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1.1 OBJECTIVES

Following are the objectives of tissue system:

1. To identify the various types of plant tissue.
2. To study positional, structural and functional eiffnces of these tissues.
3. To state significance of each tissue of the plant.

1.2 INTRODUCTION

Plant tissue is a collection of similar cells penfiing an organized function for the plant. Every

plant tissue is specialized for a unique purpogskecam be combined with other tissues to create
organs such as leave, flowers, stems and rootdamt pssue system is defined as a functional
unit, connecting all organs of a plant. There are types of tissues named as meristematic and
permanent tissues. Meristematic tissues are divitethe basis of their origin and positions.

While permanent tissues are of two types, simpte @mplex. The simple tissues are made of
only one type of cells. e.g. parenchyma, scleremehycollenchyma. The complex tissues are
made of more than one type of cells. Complex tssare dermal, ground and vascular tissues.
Tissues protect the plant organs from injury, hadp various cellular metabolism like
photosynthesis, regeneration, respiration and geovlexibility and elasticity to the plant.
Meristematic tissues help in the growth of the plan

1.3 TISSUE SYSTEM

The tissues in the plant body are classified orfalewing basis: according to their position in
the plant, the cell types of which they consisgitfiunction, the manner and place of their origin
and their stage of development. The classical ifieestson of the main plant tissues is based
primarily on the segregation of cell complexes betbe promeristem, structure and function are
also taken into consideration later on structusauies, on the basis of physiological similarity or
topographical continuity, in reference to divisioiabour are organized into tissue system.

According to Sach’s (1875) convenient classificati@sed on topographic continuity of tissues.
The body of vascular plant is composed of threigssystems — the dermal, the vascular and the
fundamental (or ground) tissues. The precursotBasfe tissue systems are meristem.

1. The Dermal or Epidermal tissue systemThe dermal system forms the outer protective
covering of the plant and is represented in theng@ry plant body by epidermis. During
secondary growth, the epidermis may be replacednogher dermal system, the periderm with
the cork cells forming the new protective tissues.
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2. Ground or Fundamental tissue systemlt extends from epidermis upto the centre of axis
(excluding vascular tissue). The ground tissuesstiioie cortex, hypodermis, general cortex,

endodermis, pericycle and pith.

3. Vascular tissue systemlt consists of a number of vascular bundles wlaoh found to be

distributed in the stele. The stele is the centgindrical portion of the stem and root
(Pteridophytes). Each vascular bundle consistsyténx and phloem tissue with or without
cambium. The vascular bundle elements are derinad the procambial strands of the primary

meristem.

1.3.1 Origin and Development

A vascular plant comes into existence from a singlieellular zygote. The zygote develops into
the embryo and ultimately into the mature sporophgt plant body. In the higher plants,
division of labor exists and due to this the tissaee arranged in system, known as the tissue
system. The cells are associated in different veaygkform tissues. In the higher plants, cells are
of different types and they combine to form tissimesuch a way that different parts of the same
organ are different from each other. The arranggnoé cells and tissue in the plant body
maintain topographic continuity. These units aduiss are known as tissue systems.

Structural development, zonation and differentiation:

Shoot Apex organization— It is present above the youngest leaf primorttiaconsists of
meristematic cells. Lateral branches of stem aaddg are formed by the activity of shoot apex.

PLEROME . PERIBLEM DERMATOGEN PLEROME PER{BLEM

PROMERISTEM
= == T S - T\ Sy
T A RN Nz .

\\\\\\\\“&'\'\\\\\&\\ TR R R R \\\\\\—e\\\\\\\“

.

EA LS
//// tz,,,””"

DERMATOGEN
Fig.1.1: The shoot apex: diagram showing histogagion (L.S. and T.S.)

Theories to explain the Shoot Apex organizatian

a. Apical cell theory: slt was proposed by Hofmeister (1857) and supplolty Nageli
(1878). According to this theory a single apicdl t=ads to the development of entire

UTTARAKHAND OPEN UNIVERSITY Page 10



PLANT DEVELOPMENT MSCBOT-508

plant body. This theory is applicable to algae adl ws to most of bryophytes and
pteridophytes.

b. Histogen theory Hanstein (1868) proposed this theory. Accordiagitis theory the
apical meristems of stem on division forms thregaes — the dermatogen, periblem and
plerome. Dermatogen forms outer most layer epidgermperiblem forms cortex and
plerome forms central cylinder which get differatéd into endodermis, pericycle,
vascular bundle and pith (Fig. 1.1).

c. Tunica corpus theory — It was proposed by Schmidt (1924). It is basedptane of
division of cells. According to this theory, shagex consist of two distinct layers as:

Tunica — It is single layered and forms epidermis. Thésad tunica are smaller than carpus and
divide in two planes.

Corpus — It represents the central core with larger déle cells divide in all planes (Fig. 1.2).

Sometimes tunica is multilayered, only outer laf@ms epidermis and the remaining layers
with corpus from central mass of shoot. In sugagdhere is no distinction of tunica and corpus.

TUNICA

Fig. 1.2: Apical meristem (L.S. through shoot apkawing Tunica and Corpus)
Modification of Tunica- Corpus concept

According to Phlipson (1947) the corpus has theggons: (a) Central zone (b) Basal zone (c)
Peripheral zone.

Propham and chan (1951) divide the apex into fegron: (a) Mantle (b) Subapical initial (c)
Central meristem (d) Peripheral meristem

UTTARAKHAND OPEN UNIVERSITY Page 11
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Gifford and Corson (1971) again reviewed the zamatif shoot apex in dicots.
Significance of the Tunica— Corpus theory:.

This theory served well in the establishment ofistematic pattern of the shoot apices of seed
plants. The tunica corpus theory is of topograghvedue in studies of detailed development.
The lateral organs of the stem, i.e. leaves, bremalmd floral organs arise near the apex and this
theory explained well for the development of thesgans.

Root Apex organization: Root apex consists of mass of meristematic celistRpex is not
responsible for the formation of lateral roots. Rowristem becomes subterminal in position
due to root cap or calyptra. If root cap is indegent in origin, it arises from calyptrogen. Ifst i
not independent in origin, it arises from the dewgan. There are three groups of initials in root
apex of angiosperms (Fig. 1.3).

AR wymm
TS

PROCAMBIUM

s

PLEROME

PERIBLEM

QUIESCENT
CENTRE

PROTODERM
(DERMATOGEN)

CALYPTROGEN

ROQOT APICAL
MERISTEM =

Fig: 1.3: The root apex (L.S. of root tip of Zeaysp

a. Terminal: groups form dermatogen and root cap in dicotsabtg as calyptrogen to form
root cap only in monocots.

b. Middle: group of cells from periblem in dicots and penbland dermatogen in monocot
roots.

c. Innermost: group of cells form plerome.

Theories to explain Root Apex organization:

1. Korper—Kappe theory: It was proposed by Schuepp (1917). This theogormaparable
with the tunica and corpus theory of shoot apexpkp means body and Kappe means
cap. It is based on differences in the planes bfdo@sion. According to this theory the
cells in the root apex divide in a pattern callediVision.
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2. Quiescent cell theory:This theory was given by Claws in 1961Nfaize According to
this theory root apex consists of an inverted ckg $tructure the quiescent centre. The
cells of this region are with very low mitotic adty. They have low amount of RNA,
DNA and protein. They are surrounded by layer divaty dividing cells which are
responsible for the formation of different struetaf roots.

1.3.3 -Structure and function of Primary and Secondry Tissues

The primary tissues include the surface layer adespies, the primary vascular tissues, xylem
and phloem Which conduct water, food and the grdigsties. The secondary tissues arise from
lateral meristems and their formation is mainlyp@ssible for the growth in thickness of stems
and roots.

1.4 -Permanent tissues:

The permanent tissues have lost the ability todéivirhey are classified into two major groups
simple and complex tissues. The simple tissuesrerge of only one type of cells. They are
parenchyma, collenchyma and sclerenchyma type.coh®lex tissues are made of more than
one type of cells. They include xylem and phloerylexh and phloem are further divided.

Characteristic features, functions and distributbbpermanent tissues are following:
Simple Tissue -They are made of only one type of cells. Theyah®llowing types-

(1)Parenchyma -Characteristic features of parenchyma are-

(a) The cells are nearly isodiametric.

(b) The cellwalls are thin. These are made of tdle, hemicellulose and pectin substances.
(c) Parenchymatous cells are living and thereforgain cytoplasmic organelles and nucleus.
(d) They act as storage tissue.

(e) Parenchyma forms a major part of the cortexpatidof roots and stems.

Distribution - They are found in pith, mesophyll of leaves, thdp of fruits, endosperm of
seeds, cortex of stems and roots, also occur enxygnd phloem.

Types of parenchyma (Fig. 1.4):
Chlorenchyma— Parenchymatous cells contain chloroplast. They#atwo types-

a) Palisade parenchyma- They are radially elongatedcantain many chloroplasts situated
closer to the cell wall.

UTTARAKHAND OPEN UNIVERSITY Page 13
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b) Spongy parenchyma- The cells of different shapessares occurring in the mesophyll of
the leaf, they contain chloroplasts and leave miateycellular spaces.

Aerenchyma Parenchymatous tissues with large intercellypaces formed due to partitions.

Storage parenchyma Parenchymatous cells which can store reserve likedstarch, amides,
proteins, fats etc.

Nucleus
Cytoplasm
Vacuole
Intercellular
H-pilL'-C

Storage parenchyma

Chloroplast
Intercellular
space

Aerenchyma Palisade parenchyma

Fig. 1.4: Different types of parenchyma

Functions of parenchyma:

1.

o0k W

Stores food and nutrients.

Involved in growth and development.

Provide mechanical rigidity to the plants.

They are the site of all metabolic activities.

In leaves, these cells are also responsible fotoglgathesis and exchange of gases.
Involved in the movement of water and other nutsen

(2). Collenchyma: It shows following characters:

o

The cell shape varies from isodiametric to elongjate

The cell walls are unevenly thickened. The walks made of cellulose, pectin and other
wall substances, but no lignin.

If the thickening occurs in the corners, these aalded angular collenchyma. In some
other cells, the thickening appears on the tangewmtalls. This type is called lamellar

collenchyma.

Collenchymatous cells retain active protoplast atuning and capable of further growth
and division.

UTTARAKHAND OPEN UNIVERSITY Page 14
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Distribution : Cells are present at the periphery of herbacetams, petioles (e.gegonia)and
in the ribs of some leaves (eNerium). They are also found in the floral parts, fruit aaetial

root and petioles.

Types of Collenchyma (Fig. 1.5)

Annular: They are uniformly thickened collenchymatous cell&l appear as circular in cross
section.

Angular: Collenchyma tissue in which cell walls are thak angles where several cells are
joined together.

Lamellar: Collenchyma tissue in which tangential wallsltodf tells are thickened.

Lacunar: In this type intercellular spaces become thick thudeposition.

Angular wall thickening

Cell wall .
¥ Vacuole

Nucleus

Angular collenchyma

Lacunae

Lamellar

thickening

Lacunate collenchyma

Lamellar collenchyma
Fig: 1.5 — Different types of collenchyma

Functions of Collenchyma

(). They provide mechanical support mainly in primalanp parts such as young stem, roots
andleaves.

(ii). They are more flexible than schlerenchyme. Here®y tan bend the plant parts without
breaking the structure.

(iii). 1t permits the growth and elongation of plant parts

(iv). Collenchyma with chloroplasts can perform photolsgais.

(3) Sclerenchyma Sclerenchyma shows following characters —
(1). It is supporting tissue,the cells are devoid otg@ptast and hence,they are dead.
(ii). Sclerenchymatous fiber is a long and thick cellpynémes longer than broad.
(ii). The ends of the fiber taper into sharp points.

UTTARAKHAND OPEN UNIVERSITY Page 15
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(iv). The cell walls are mainly made of lignin, cellulppectin and hemi cellulose.
(v). The thick walls have many slit like pits. Borde@ts may be present.

(vi). The lumen or cell cavity is very narrow.

(vii). The fibers are mostly unicellular but may also hétizellular.

Distribution -They are distributed in cortex, pericycle of stepith, xylem, phloem, stones of
fruits and in seed coats.

Types of sclerenchyma (Fig. 1.6)

Fiber: An elongated tapering sclerenchyma a cell with mooe less thick,
lignifiedsecondarywalls, generally dead at maturity

Sclereid: They vary in shape and size but not elongated.Wdlks are thick and lignified with
simple pits.

Sclereid may be of the following types:

1. Stone cells: They are short, roughly isodiamettiergid and similar to parenchymatous
cells.

2. Macrosclereid (Rod cells): Rod like and found iedeoat of leguminous plants.

3. Osterosclereid (Prop cells): These are rod likenwlitated ends or barrel shaped. E.g.
leaves and seed coat of many monocots.

4. Asterosclereid (Star cells): They are star shamed. stem and leaves ofxerophytes
(dicots).

5. Tricho sclereid (Internal hair): Long hair likedaoiched sclereid. e.g. Hydrophytes and
found in aerial root oMonstera.

Functions of Sclerenchyma

1. It provides mechanical strength and protectiorh&glant.

It makes the plant body rigid, flexible and elastic

Act as the components of vascular tissue systerte(Xwand phloem).
Vessels and tracheid of Xylem are sclerenchymatelis.

It forms hypodermis of xerophytes (prevent watss)o

Helps in fruit dehiscence and dispersal.

o gk wnN

Complex tissues -Complex tissue is a group of more than one typeedfs that function
together as a unit. e.g. xylem and phloem.

(1) Xylem - Xylem term introduced by Nageli (1858). It is@keword xylos which means wood.
This tissue is mainly responsible for conductionvatter. Xylem also acts as supporting tissue.

UTTARAKHAND OPEN UNIVERSITY Page 16
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Xylem consists of tracheary elements like trachegssels, fiber and xylem parenchyma. Xylem
is of two types:

(a) Primary xylem (derived from procambium)
(b) Secondary xylem (derived from vascular cambium)

fibre

¥
stone cells =

Fig 1.6: Different types of sclerenchyma

Elements of xylem (Fig. 1.7)

(a) Tracheid - The cells of tracheid are much elongated wiietsng ends. These cells are dead
with large and emptylumen. The walls are lignifigdickening may be annular, spiral or
scalariform in primary xylem and pitted in secondaylem ormetaxylem (Fig 1.7). They
serve for storage of water and give mechanical @upp the plant.

(b) Vessels A tube like series of vessel members, the commalts of which are perforated.
Vessels are found in angiosperms only. In gymnaspgeressels are present only in order
Gnetales. Vessel walls are lignified. The end wallow variety of perforation. The
perforated part of the end wall is called the pettion plate. The secondary walls are pitted.
The pits may be either simple or bordered pits. pit® may be arranged in a single row

(uniseriate) or may be present in two or more rdwsliltiseriate). The adjacent vessel
members show common pit pairs.
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(c) Xylem fibers- These are most elongated cells found in xylemaedpointed at both ends.
Xylem fibers are dead cells and sclerenchymatousainire. They have thicker wall and
narrow lumen in comparison to tracheid. The celll whfiber is lignified. Xylem fibers are
of three kinds:

i. Fiber tracheid- These fiber like tracheid occur in the wood. Tleg thick walled with
pointed ends and lenticular slit like apertures.
ii. Libriform fiber - These thick-walled fibers occur in the wood. Theywe simple pits
and are the longest cells in the wood.
iii. Gelatinous fibers These fibers have thickest cell wall and lumebsent. The cell
wall contains more alpha cellulose and poor initign

Fig. 1.7: Elements of xylem: (a) Tracheid, (b) \&ss(c) Fibres, (d) Parenchyma

(d) Xylem parenchyma These are living and thin walled cells which ststarch, oil and many
other ergastic substances. They are further diviiked- (a) Axial and (b) Ray parenchyma.

Functions of xylem

(). Xylem is water and mineral conducting tissudrdnsports water and minerals from
roots to stem and leaves.

(i).  Along with phloem make vascular tissue.

(iif). Provide mechanical support to plants.

(iv). Itis also used to replace water loss during treagpn and photosynthesis.
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Fig. 1.8: A to F, Wall thickenings of tracheary relents

PHLOEM

Fig: 1.9 — Types of Vascular bundles:A-B: Conjo@llateral and open; C-D: Conjoint,
Collateral and closed; E-F: Conjoint, Bicollaterahd open; G-H: Concentric and amphicribral; I-J:
Concentric and amphivasal; K-L: Radial
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(2) Phloem - Phloem is the major food conducting tissue of thscular plants. Phloem like
xylem isa complex tissue and consist of the folloyvielements - (a) Sieve elements (b)
Companian cells (c) Phloem fibers and (d) Phloememzhyma. In the pteridophytes and
gymnosperms only sieve cells and phloem parenclammaresent. In some gymnosperms, sieve
cells, phloem parenchyma, phloem fibers, scleredisecretory cells are present.

Elements of phloem The following are major components of the phlgéing. 1.10 & 1.11):

(a) Sieve cells— These sieve elements lack sieve plates at #ralr walls. Sieve areas,
however, are present all over the walls.

(b) Sieve tubeThey are slender, elongated living cells with @ tbellulose wall and are
placed end to end. The protoplast has a large \@amd a thin layer of cytoplasm.
Nucleus is absent. It is only living cell in plamhich lack nucleus at maturity.

(c) Companion cells— are associated with sieve tubes and lie sidadgywith them. These
are thin walled elongated cells. These cells hHadypsieve tube in the conduction of food.

(d) Phloem parenchyma — It consists of some parenchymatous cells whicay rbe
elongated, pointed, cylindrical or sub sphericaklvape. They contain oil, starch, latex
etc. They lie by the side of sieve tubes. Theircfiom is translocation of sugars and
proteins, storage of proteins and transfer of fbvoch sieve tubes of medullary rays and
wood parenchyma.

(e) Phloem fiber - It develop from parenchyma cells of nonfuncti@niphloem. Phloem
fiber occurs in primary and secondary phloem. Tladisnof fiber may be lignified or
nonlignified. Only simple pits are found on the lsaif fibers. They have been used as in
the manufacture of cords, ropes, mats and clothesarly times, fiber used as bast or
bass, so they are also known as bast fibers.

Position of phloem— They are of following types

(). External phloem: Primary phloem situated outside the primary xylefra bicollateral
vascular bundle. e.g. stentafcurbita.

(i)). Internalphloem (Intraxylary phloem): Primary phloem situated iresitie primary xylem
of a bicollateral vascular bundle.

(iii). Included phloem (Inter xylary phloem): Secondary phloem embeddetthé secondary
xylem of certain dicots. e.&alvadora
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companion ce||

Sieva plate
(formed from
end wall)

sieve plate

Cell wall—
(containing
sieve tube callulose but
 sieves no lignin)
B Gompanion cell
(containing dense
cytoplasm
and a nucleus
wall Sieve tube—» )
{containing
cytoplasm but
no nucleus)
Jumen
A
Fig.1.10: A-D Elements of phloem Fig.1.$ieve tube and companion cell

Size and differentiation of phloem:

Metaphloem — It is a part of primary phloem which developgerafthe formation of
protophloem. They are large in size.

Protophloem— It is a part of primary phloem. They developlieathan the metaphloem and are
small in size.

Primaryphloem — The phloem developing from the procambium dugmnignary growth. The
first formed phloem elements are protophloem foddvioy formation of metaphloem.

Secondary phloem- the phloem which develops from the vascular gamhduring secondary
growth of the plant.

Functions of phloem-
(i) Phloem is the vascular tissue, incharge ofdpantand distribution of the nutrients.

(i) It is also a pathway to signaling moleculesldras a structural function in plant body.
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Secretory tissue -The tissues that are concerned with the sectiauofs, resins, volatile oils,
nectar, latex and other substances are calledtegctessues. They are further subdivided into
two groups — (a) laticiferous tissues (b) glaadtissue

(a) Laticiferous tissue — Latex is present in the families of many floweriplants. This
substance may be white, yellow or pinkish in coldunis is a viscous fluid and established to be
colloidal in nature. Many substances like sugarstgins, alkaloids, enzymes, rubber etc. are
present in it. e.gricus, Hevea, Carica&tc. The latex is present in laticiferous ductsich is of
two types — latex cells and latex vessels.The fanand the contents of the two are same but
they differ in their nature and morphology. Theydaumerous nuclei along the cell wall. They
may act as food storage organs or as reservowsste products.

Latex cells (Non articulate latex ducts) — These ducts areepeddent unit branches and
originate as minute structures, elongate and sprealll directions of the plant body by repeated
branching but do not fuse together..&glotropis, Nerium, Euphorbi@rig. 1.12 A)

LATEX |
VESSELS

(A) Latex cells (B) Latex vessels
Fig: 1.12 — Laticifare tissue

Latex Vessels(Articulate latex ducts)- In many plants, the ddérous system is formed from
rows of cells laid down in the meristem of the stamnoot. The cell walls between these cells are
dissolved so that continuous tubes are formed aogvk as latex vessels. They are made up of
many cells, so they are named as articulated flatzis. e.g. members of the family
Euphorbiaceae, Asteraceae etc (Fig. 1.12 B).

(b) Glandular tissue — This tissue consists of special structures, glamds. These glands
contain some secretory or excretory products. Taedg may consist of isolated cells or small
group of cells with or without a central cavity.é&yhare of two types —
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External glands — are found on the surface of plant body in threnfof outgrowths. Thus, they
are present on the epidermis. Examples — Hydathdtesar glands, Stinging hairs, Glandular
hairs, Digestive glands.

Internal glands — These glands are found inside the plant bodiesese glands consist of a
single cell or group of cells or whole tissue. Exdes — Oil glands, Mucilage secreting glands,
Resin glands, Tannin glands, Gum secretary glatuds e

External glands -

Hydathodes— These are specialized structures present in raagypsperms (Grasses), through

which exudation of water taken place. So,they &e ealled water stomata or water pores. They
are presented on the leaf margins. The exudatiovatdr as drops from the tip or margins of the
leaves is called guttation. The process of guttaisofacilitated by the hydathodes. They also
have an indirect role in ascent of sap. Hydathddesan opening through two guard cells. Guard
cells do not show any movements. The guard ceks apto an opening called stomatal cavity.

This cavity is followed by thin walled colourlessmpact and dense cells with intercellular

spaces. This tissue is known as epithem. Such hgdes found in Potato, tomato etc (Fig.

1.13).

Guard cell
Stomatal

A
.‘.‘n"-.._ chamber
'!fe..&" i
A Epithem
—4% _ Intercellular

F”‘?"m,—_.,

.g:ﬁ —] SEEI_Ce .
! pidermis
3

§ g@?‘

.F

Fi13 - Hydathode

Glandular hair — They are small hair having a single or multidelt stalk. They are
found on epidermis and have single celled headdiearetes slime or mucilage. éGannabis
(Fig. 1.14 A).

Stinging hair — These hairs are found on the lower surface aff &ad stems. Stinging
hairs have a gland at base, which secretes a poi$us poison causes irritation and blisters on
the skin. e.gUrtica.

Nectaries— These are special glands usually located offidre parts. They secrete the
sugary substances nectar or honey and thus attragpollinating insects. These glands are
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superficial consisting of epidermal cells. In soase the cells forming the more mitochondria
and endoplasmic reticulum. Cuticle is absent. Floeztaries (found on flowers) are found in
Polygonum, Theasineng{$ea) etc. Extra floral nectaries (present on stemleaves) are found
in Catheranthus

Digestive glands— These glands are found in insectivorous plants responsible for
extra — cellular digestion of insects. They secpetgeolytic enzyme, which can digest insects in
insectivorous plants, e.®roserg Nepenths. Etc (Fig. 1.14 B).

DROFP SECRETED
BY EPIDERMAL
LAYERS

LiQuID DROPS

1)
ENDODERMIS 5]
4

/

EPIDERMAL
) LAYERS OF
SECRETORY CELLS

Fig: 1.14 — Glands (A: Glandular hairs of Drosel; Digestive gland of Drosera)
Internal glands

Resin duct— They are elongated tube-shaped intercellulacespaurrounded by epithelial cells
which secrete resin into the canal. They are ugdialind in wood. Resin is antiseptic, aromatic
and prevents the development of fungi and inseatsPinus

Oil glands — These glands contain essential oil. Oils aratiteland odoriferous. These glands
originate due to split of certain cells, but theg éormed in abundance by the breaking down of
cells containing the volatile oil. On the disintaion of the cells the oil stores up in the large
cavities of glands. e.gitrus, Eucalyptus

1.4 MERISTEMATIC TISSUE

It is group of cells which is always in a stateacfive cell division or the cells are always keep
on dividing. e.g. Root tip meristems, stem tip rsi@m, cambium, leaf tip meristem etc (Fig.
1.15).

Characteristic features of meristems are

(1) Cells are isodiametric, thin walled, have denségmiasm and without intercellular spaces.
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(2) The nucleus is quite large and conspicuous. Endoptareticulum and mitochondria are not
fully developed.

(3) The cells have thin cellulosic cell wall.

(4) They lack crystals, plastids and are present iplpstid stage.

(5) Metabolically, these are the most active cellseRdtrespiration is very high.

olo o}o{o—w«m
o}ojo 000

| ——> Cytoplasm

Flg_’LS — Meristematic cells

Classifications of meristems

(1) Meristem based on origin and development :

(a) Promeristem (Primordial meristem): A group of cells which represent primary stages
of meristematic cells. Example — Root and shookape

(b) Primary meristem: They are present right from embryonic stage in fglamd remain
active throughout the life of plants. They are fdlelow the promeristem at shoot and
root apices, at the apex of leave and in intergafmarts. They give rise to primary
permanent tissues.

(c) Secondary meristems:They are developed at a later stage in the liféecpé plants.
They give rise to secondary permanent tissues. ghemr-cambium, cork cambium etc.

(2) Meristem based on plane of cell division:

(a) Mass meristem— The cells divide anticlinally in all planes, s@ss of cells is formed.
e.g. formation of spores, cortex, pith, endosperm.

(b) Plate meristem- Thecells divide anticlinally in two planes, skate like area increased.
e.g. formation of epidermis and lamina of leaves.

(c) Rib or file meristem — The cells divide anticlinally in one plane, sswrorcolumn of
cells is formed. e.g. — formation of lateral rddgmentous algae.

(3) Meristem based on function

(a) Protoderm — They are outermost meristematic cells and fopidezmis and epidermal
tissue system.
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(b) Ground meristem— They form cortex, hypodermis, endodermis, petewpnd pith.
(c) Procambium — They are innermost meristematic cells and fgommeary and secondary
vascular tissues.

(4) Meristems based on position plant body

(a) Apical meristem — It is made up of round cells (pro meristem). Sehéssues are found
at the apices of stem and root. They are respan$iblincrease in length of roots and
stem.

(b) Intercalary meristems — They are part of apical meristem and intercdldietween
permanent tissue. They bring about elongation aftpparts. It occurs in the leaves and
internodes of many monocots. e.g. — stem of grams@#Squisetum.

(c) Lateral meristem — These meristems are present along the latel@lo$istem and roots.
They divide in tangential plane giving rise to sedary permanent tissues to the inside
and outside and lead the increase in thicknessrthr of the plant body. e.g. — Intra
fascicularand interfascicular cambium, cork cambium

Apical meristem

Intercala
meristem

Lateral
meristem

Fig: 1.16 — Location of meristematic tissue

1.5 SUMMARY

Plants are muticellular eukaryotes with tissue esyst made of various cell types that carry out
specific functions. Plant tissue systems are divide#o meristematic and permanent tissues.
Meristematic tissues continue to divide and take ipagrowth of the plant. Meristematic tissues
are classified on the basis of character like stafgdevelopment (Promeristem), position in
plants (Apical, Intercalary & Lateral), origin (Brary and Secondary meristem), function
(Protodermis, Procambium & Ground meristem) andahelaf cell division (Mass, Plate & Rib
meristem). The permanent tissue ceases to dividense the permanent form and classified into
simple, complex and special types. Tissues hejgraniding the elasticity and flexibility to the
organs. They divide to produce new cells and helthe growth of the plants. They help in
various cellular metabolisms.
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1.6 GLOSSARY

Tissues Masses of cells which are similar in origin, sture and function.

Tissue systemTissue in a plant or plant organ structurally &nattionally similar.
Chlorenchyma: Parenchymatous tissue containing many chloraplast

Aerenchyma Parenchymatous tissue with large intercellul@ceg formed due to positions.
Fiber: An elongated tapering sclerenchyma cell with narkess thick, lignified
secondarywalls, generally dead at maturity.

Starch grains: Insoluble carbohydrate, occur in the form of drgedins, varied in shape, simple
or compound.

Epidermis: Outer layer of cells which is primary in origin.

Stomata An opening in the epidermis.

Xylem: A tissue in the vascular plants that carriesewand dissolved minerals from the root
and provides support for softer tissue

Vessels are sort of pipes having perforation at bothserfound in xylem).

Phloem Food conducting tissue of vascular plant.

Lignified wall : An incrustation of lignin (Polyphenolic polymen)the cell wall.

1.7 SELF-ASSESSMENT QUESTIONS

1.7.1 Give one-word answer for the following quesins:

(a) Parenchyma with intercellular air cavity is called
(b) Extra cellular digestion is found in
(c) Bast fibers are .

(d) Tunica-corpus theory was proposed by
(e) Quiescent center is present in

1.7.2 Fill in the blanks:

(a) Group of thin walled, isodiametric cells, are cdpaif division are known as

(b) The conducting cell of are called tragheklements.

(c) The zone of slowly dividing cells in root apex &lled :

(d) Dermatogen, periblem and plerome are the threedmudnes accordingto __ concept.
(e) Leaves of grasses increase in length due to gcovit meristem.

1.7.3 Multiple choice questions:

(1) The hydathode are:
(a). Oil secreting glands (b). Water secretitaqnds
(c). Mucilage secreting glands (d). Honey glands
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(2) Latex vessels are found in:

(a). Papaver (b).Calotropis

(c). Banana (d). All of the above

(3) The parenchymatous tissue is:

(a). Dead (b). Thin walled and living
(c). Thick walled (d). Made up of cellulose
(4) Root apex differs from stem apex in:

(a). Having Plerome (b). Having Dermatogen
(c). Having periblem (d). Having root cap

(5) The presence of vessels and companion cells araatbes of :

(a). Gymnosperms (b). Angiosperms

(c). Ferns (d). Pteridophytes

1.7.1 Answer key:(a) Aerenchyma (b) Insectivorous plants (c) Sclergma cells in phloem
(d) Schmidt (1924) (e) Root apex

1.7.2 Answer Key:(a) Meristematic (b) Xylem (c) Quiescent centgrHidstogen (e) Intercalary

1.7.3 Answer Key—:1(b); 2(b); 3(b); 4(d); 5(b)
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1.10 TERMINAL QUESTIONS

1.10.1Short answer type questions

Q.1

Q.2
Q.3

Q.4
Q.5

Describe different type of meristems found in ttensof angiosperms. Discuss their role
in plant life.

Write a detailed note on — (1) Laticiferous du@&sHydathodes (3) Nectaries

Describe the characteristic features and positfothe following — (a) Parenchyma (b)
Collenchyma (c) Phloem

Give an account of structure and distribution oérldtematic tissue in angiosperms.
How would you differentiate the following: (a) Veds and Tracheid (b) Collenchyma
and Sclerenchyma (c) Xylem and Phloem.

1.10.2 Long answer type questions

Q.1
Q.2
Q.3

Q.4
Q.5

What do you understand by a tissue? Describe ypissues found in Angiosperms.
Give an account of position, structure and funcbbrylem in plants.

Classify tissue systems. Describe briefly the déife tissue systems with help of neat
diagrams.

Write a short note on ‘Epidermal tissue systenplahts.

Write a note on types of vascular bundles in plants
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2.1 OBJECTIVES

After reading this unit student will be able to:
* Understand the basic concepts of vascular systegfannts,
* know about Xylem, its components and their functjon
* know about Phloem, its components and their funstiand
* Understand Secondary growth in plants.

2.2 INTRODUCTION

The vascular system of a plant is the tissue andssef tubes and veins that move nutrients
collected by the roots to the stem and leaves.aft[d vascular system is absolutely essential for
the life of a plant, as nutrients wouldn’t move doxther than the roots without it. The system
runs up the stems or in the inner bark of treemdwe nutrients upward in order to support the
leaves. It's a complex series of veins that ext#ndughout the plant, leave stems, and into the
leaves themselves. Monocots or grasses consisttiEsed vascular bundles while dicots, which
are more complex plants, have continuous vascyktems surrounding their central paths. In
trees, the central path of the vascular system thnoesigh the inner bark and that's why girdling
or stripping of a ring of bark will cut off the flo of nutrients and ultimately kill the tree. In sem
perennials, the vascular system may include thieeesttem, but in most cases it does not and
rather runs along the inside of the outer epidefayar.

2.3 VASCULAR SYSTEM

Vascular bundles found in stelar part constitutscuéar tissue system. The special parts
surrounded by endodermis which included vasculardlas, pericycle, pith forms the stele.
Xylem, phloem and cambium are the major parts eMfiscular bundle. Vascular bundle may be
of following types (Fig. 2.1):

(). Radial: When the xylem and phloem are arranged on diftewti alternating with each
other e.g., Roots.
(i). Conjoint: When the xylem and phloem combine in the same leanakre present on the
same radius. e.g. Stem. Conjoint vascular bundéesba —
a. Collateral: Xylem is towards innerside and phloem towardsidats
b. Bicollateral: When phloem is present on both side of xylem. engmbers of
Cucurbitaceae.
Open: When cambium is present between xylem and phleggndicot stem.
d. Closed:When cambium is absent between xylem and phlogmn®nocot stem.

o
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(i)

Concentric: When one vascular tissue surrounds the other. &regf two types-
a. Amphicribal or Hadrocentric: The xylem is surrounded on all sides of phloem. e.g
Ferns.
b. Amphivasal or Leptocentric: The phloem is surrounded on all sides by xylem. e.
Yucca, Dracaena

Conjoint
A

-
Coitat{.ral Bicoliateral

Clased Outer

phlioem Duter cambium
Cambiu
Xylem
Inner
Xﬂe cambium

Inner phloern
Rad:al

Concentnc
r..

r
Amphivasal Ampm:nbral

Phlcem ij‘hrm @ C:)
Xylem §
Xylem = @ C}

Fig. 2.1: Types of vascular bundles

2.3.1 Anatomy of Root

The three zones that can be distinguished in aai@ofFig. 2.2 and 2.3):

(i)

(ii)

(iii)

Epidermis: It is single layered (uniserate) and consists ightly placed, thin walled
uncutinized cells. This epidermis layer is called apiblema, pilliferous layer or
rhizodermis. Epiblema in younger roots bears urglniar root hairs (water absorbing
organs).

Cortex: It consists of thin walled parenchymatous cellthwintercellular spaces. In most
monocots and some dicots cortex layer below epigerdpecome suberised to form
protective tissues called exodermis. The cellsoofex store food material (e.g. carrot). The
inner most layer of cortex develops irlododermis It is made up of closely packed living
cells characterized by the presence of band likekeéhing made of suberin and lignin on
their radial and transverse walls. These banddripssare called casparian bands or strips.
Some cells of endodermis lying opposite to proterylremain thin walled and are called
passage cellsvhich allow radial diffusion of water.

Vascular bundles: Vascular bundles are radial and exarch (the pyt¢ox is situated away
from the centre of axis). In exarch vascular burptEoxylem elements develop in region
away from the centre of the axis and later formetaxylem develop progressively towards
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the centre of axis. So it is called as centripefak centre of monocot root is occupied by
parenchymatous cells callpdh.

Ground plan

Root haur
Rhizodermis
Corlex

Phloem
Metaxylem
Conjunctive tissue

Root har

Pericycle
Protoxylem
Conjunctive Lissie

Metaxylem

Caspanan strip
Passage cell

Fig. 2.2- T.S. of Dicot root

INTERCELLULAR

Rhizodermis i [ SPACES
LAY
\ CORTEX
- IPARENCHYMA)

Cortex "_a-ENDODERMIS

METAXYLEM

PERICYCLE
Endodermus
Phloem SR

Fig.2.3: T.S.Mbnocot root

Table 2.1: Anatomical similarities and differendedween dicotyledonous and

Monocotyledonous roots

S.No. Characters Dicotyledonous root Monocotyledonous rdo
1. Hairs Unicellular Unicellular
2. Cortex Large Large
: Develops water and, therefore Does not deyelop atalland
3. Cambium hence there is no secondary
secondary growth takes place
growth
Lateral root formation and
4. Pericycle  sometimes in the origin of Only lateral root formation
cambium
5. Vascular Radial, xylem exarch, 2-6 in Radial, xylem exarch more tharj
Bundles number 6
6. Pith Reduce or absent Well developed
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2.3.2 Anatomy of Stem
Dicot stem consists of following layers (Fig. 2.4):

() Epidermis: It is the outermost layer consisting of single lagé closely arranged cells
with cuticle (cutinized). It bears multicellularira

(i) Cortex: It is differentiated into hypodermis, general crréand starch sheath. Hypodermis
is collenchymatous. General cortex lying inner hdgronis is made up of parenchymatous
cells with intercellular spaces. The upper-mostetagf cortex is called starch sheath
(endodermis).

(i) Vascular bundles: The starch sheath separates the vascular tissoetfre cortex. The
vascular tissues are present in the form of vasduladles consisting of phloem and
xylem. Vascular bundles are conjoint, collaterabmollateral, open and endarch and are
arranged in ring (Eustele).

(iv) Pith: It is the central portion of stem consisting ofgraahymatous cells with intercellular
spaces. Narrow radially elongated parenchymatolls egtend from pith towards the
periphery are called medullary rays. The main fiomcis food storage.

—EPIDERMIS

RS N COLLENCHYMA Epidarmis

>\
\A— CHLORENCHYMA

Hypodermis
(gnlemnch'_.'ma}

SCLERENCHYMA

: : ..]—-Pmancuma
op B |
1 @7 ) —PHLOEM
[/ T—caniuM + VASCULAR

S = = BUNDLE
<// T XYLEM
X

PITH

Vascular bundies

Ground tissue

Fig. 2.4 T.S. of Dicot stem

Monocot stem consists of following layers (Fig.)2.5

(). Epidermis: It is outermost layer consist of compactly arrangacenchyma cells which are
usually covered with cuticle.

(i). Hypodermis: Cells of hypodermis are sclerenchymatous providimeghanical strength to
the stem.

(iif). Ground tissue: All the tissue internal to hypodermis represents ginound tissue. It is
made up of parenchymatous cells rich in food reséke starch.

(iv). Vascular bundles: They lie scattered in the ground tissue. Each \‘asdoundle is
surrounded by 2 or 3 layered sclerenchymatous lsloadied as bundle closed and endarch
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(Atactostele). Vessels arranged in V shaped marysigenous water cavity or canals are

present below protoxylem.

Table 2.2: Anatomical similarities and differencstween dicotyledonous and
monocotyledonous stems

S.No. Characters Dicotyledonous stem Monocotyledons stem
1. Hairs Multicellular Multicellular
2. Hypodermis Collenchymatous Sclerenchymatous
Differentiated into
a) Cortex
3. Ground Tissue b) Pericycle Undifferentiated
c) Pith

d) Medullary rays

a) Number not very large a) Numerous

b) Arranged in aring b) Scattered

c) Collateral c) Collateral

d) Open d) Closed

e) Xylem endarch e) Endarch
Vascular . .

f) Phloem parenchymais f) Phloem parenchyma is
Bundles .

present usually absent or restricted

g) Xylem vessels arranged g) Xylem Y shaped
in radial rows
h) Water cavity is absent  h) Water cavity is present
i) Bundle sheath is absent i) Bundle sheath is present

2.3.3- Anatomy of Leaf

Dicot leaf: In cross section of leaf following parts can be madt (Fig. 2.6):

(i)

(ii)

Epidermis: The upper and lower surfaces are covered by tldeppis. Cells of epidermis
are parenchymatous and are closely packed togethlilkout any intercellular spaces.
Mostly the stomata are restricted to lower surfaickeaf, such leaf is calleldypostomatic
The outer walls of the epidermal cells are thickkard cutinized (cuticle) which prevents
the loss of water.

Mesopohyll: Between the two epidermal layers there are numepawsnchyma cells
which constitute the mesophyll. In dicots, there two distinct layers of mesophyll the
palisade (upper layer consisting of closely arranged colusiraped cells containing
abundant chloroplasts) argpongy tissues(the lower layer of irregular shaped cells
containing fewer chloroplasts).
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(i) Vascular bundles Vascular bundles in the leaf are located in thdrilm and the veins.
Vascular bundles are conjoint, collateral and do®undles are surrounded by a compact
layer of parenchymatous cells which is callethdle sheath The xylem (protoxylem) is
towards upper epidermis (adaxial) and the phloertheriower side (adaxial).

CUTICLE

= /PPER EPIDERMIS
PALISADE PARENCHYMA
BUNDLE SHEATH

XYLEM

Fig. 2.7: T.S. of Monocot leaf
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Monocot leaf (isobilateral leaf)

Like the dicot leaf, it can also be differentiatetb three types of tissues (Fig. 2.7):

(i)

(i)
(iii)

Epidermis: It consists of upper and lower epidermis, both bfolv may be interrupted by
equal number of stomata so, this leaf is amphistom8oth the epidermal layers are
cutinized. In some grasses é2ga, Agropyrorepidermal cells are large with thin flexible,
walls which are called asotor or bulliform cells. These cells help in the rolling of
leaves.

Mesophyll: Mesophyll cells are not differentiated into palas@hd spongy parenchyma.
These cells are made up of parenchyma cells wiagk bholoplast.

Vascular bundles: They are arranged in parallel manner. Vascular lesndre conjoint,
collateral, closed and enclosed by a bundle shddth.xylem is towards the upper side
(adaxial surface) and phloem on the lower sidexiabaurface).

Table 2.3: Differences between dicot and monoetds

S.No. Characters Dicot leaf Monocot leaf
1. Type of leaf Dorsiventral Isobilateral
5 Stomata Usually morg on lower surfaceEqual on both upper and. lower
(hypostomatic) surface  (Amphistomatic)
Differentiated into palisade . .
Undifferentiated and made up
3. Mesophyll parenchyma and spongy
of spongy parenchyma
parenchyma
Made up of parenchyma cells
just above and below the Made up of parenchyma cells
vascular bundle. Some but just above and below the
4. Bundle sheath
parenchyma or collenchyma vascular bundle. Sclarenchyma
cells are present upto cells are present upto epidermis
epidermis
> Bulliform cells  Absent Present
24 XYLEM

Xylem (Hadrome) is chief water conducting element and is considendtth the upward
conduction of water and minerals. On the basiigin xylem is of two types:

0.

Primary xylem: It is derived from procambium during the formatiofprimary plant
body. It differentiates intprotoxylem (first formed and consist of tracheary elements and
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(ii).

xylem parenchyma) anaetaxylem (later formed and consist of tracheary elementien
parenchyma and fibres). The cells of metaxylenbagger in size than protoxylem.

Secondary xylem: It is formed from cambium during secondary growthis well
differentiated into two systems.
A- Axial or vertical system
1 Tracheary element (Tracheids and vessel$jor conduction of KD
2 Xylem or wood fibre> For support
3 Xylem parenchyma For storage of food
B- Ray or Horizontal system
Ray parenchymea For storage of food

Xylem consists of following types of cells (Fig82& 2.9):

1.

Tracheids: They are elongated cells with pointed chisel likdse Cell wall of cells is tough,
thick, and lignified. Thickening may be annularjrapreticulate, scalariform and pitted.
Cells are dead at maturity and have bodered pitptdridphytes and gymnosperms wood
mainly consists of tracheids (no vessels). In Agg@ms tracheids are associated with
vessels. The main function is conduction of waldre tracheids are most primitive type of
conducting elements in xylem.

Vessels or TracheaeThey are also elongated tube like, formed froma ob cells placed
end to end. The partition walls are either perfedadr disappear altogether resulting in an
elongated tube. Walls are thick, lignified and miagve annular, spiral, reticulate or
scalariform thickening. Vessels are dead at matand without nuclei. In Pteridophytes and
Gymnosperms vessels are absent (Non porous woahetnes primitive vessel are present
in pteridophytes such as some speciesSelaginella, EquisetumPteridium and in
Gymnosperms such &netumEphedraandWelwitschia(Gnetales).

Vessels are characteristic of Angiosperms (poroosd)h But they are absent in members of
Winteracene, Tetracentraceae and Trochodendraféasselless families), order Ranales
(Trochodendron, Tetracentrom, Drimys, Pseudowinjteeic. The main function is
conduction of HO. Vessels are advanced type of conducting elem@mts the basis of
distribution and size of vessels, porous wood isvof types:

(). Diffuse porous wood (Primitive): Vessels of same size are uniformlgtdbuted
throughout the growth or annual ring eéRyrus, Betula

(i). Ring porous wood (Advanced): Large vessels are formed in early waben the
need of water is great and small vessels are foimkde wood e.gQuercus, Morus.

Xylem fibres: These cells are elongated and pointed at botletils. Cell wall is highly
lignified having simple pits. They are commonly fiolin secondary xylem. They may be:
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(). FibreTracheids: Fibres like tracheids with bordered pits.
(i). Libriform fibre : They have extremely thick walls and simple pifbey provide
mechanical support.

4. Xylem parenchyma They are living parenchymatous cells associatétl wylem. They
may occur as axial parenchyma or ray parenchymaenWiarenchyma is diffused or not
associated with vessels, they calledag®tracheal parenchymaand when parenchyma
surrounds or associated with vessels, they areccalparatracheal parenchyma.

annular scalariform

VESSELS- vessel elements TRACHEIDS reficulate
Fig. 2.8: Tracheids and Vessels Fig. 2.9%&dnt forms of Tracheids and Vessels
25 PHLOEM

Phloem (Bast or Leptom) is a conducting tissue méantransporting food in both downward
and upward directions.

Types of Phloem

a. On the basis of position:
(). External Phloent It is normal type and present outside the xylemp,emostly
Angiosperms and Gymnosprerms.
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(ii).

(i)

Internal or Intraxylary phloem : It originates from procambium and is primary
phloem which occurs on innerside of primary xylem..eMembers of Apocynaceae,
Asclepiadaeae, Convolvulaceae etc.

Included or Interxylary phloem: It originates from cambium and is secondary
phloem which occurs in groups within the secondaylem e.g., Leptadaenia,
ChenopodiumBoerhaavia, Amaranthustc.

b. On the basis of origin:

0)

(ii).

Primary phloem: It develops from procambium. It does not show iaiad
differentiation or rays absent. It is differentdt@to protophloem (consists of sieve
elements and and parenchyma) andtaphloem (develop after protophloem and
consists of sieve elements, parenchyma and filejing the primary growth the
protophloem elements are crushed by surroundisgdsand disappear. This process
is known as obliteration.

Secondary phloem It develops from cambium during secondary grouititonsists
of two distinct systems such as:

(a) Axial or vertical system
1-Sieve element® For conduction of food (sieve tube and compangltst
2- Bast fibre> For support
3- Bast parenchym#&For storage of food
(b) Ray or Horizontal system
Ray parenchymaFor storage of food

Components of phloem

(i) Sieve elementsSieve elements may be arranged in the forsiege tubeas in angiosperms

or may be alone. They are then called sieve c&lseve tube is composed of a vertical row of
elongated cells calledieve tube membersThey are living and have thin cell walls. Young
sieve-tube members have plenty of protoplasm, oscknd various organelles. When they
mature the protoplast is greatly modified, the aeijles are reduced in size and the nucleus
disintegrates. A mass of fibres or tubules calibdhe or P-protein have been observed to be
present in the central part of sieve elements. Maieve tubes have the characteristic perforated
sieve platesat the end or side of the walls. The end walls taytransverse or oblique. The
protoplasts of adjacent sieve elements are corhedth each other by means of cytoplasmic
strands which pass through the pores of the simte (~ig. 2.10).

Sieve tube members are believed to be living amtttional for only three years and new
elements are added every year. A carbohydrate kreealloseis deposited around the margins
of pores of the sieve plate during the winter. @eeosit is calleaallus or callus pad Often it
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plugs the pores completely. In spring, howevedjgsolves. The callus is permanently deposited
in old sieve tubes. Sieve tubes conduct food nadteriongitudinal directions.

While sieve tubes with large perforations in thevsi plates and companion cells are
characteristic of angiosperms, the phloem of ptgigtes, and gymnosperms have osigve
cells and no companion cells. The sieve cells haveopsddsieve areasthroughout the end
walls as well as the lateral walls.

(i) Companion cells: A companion cell and a sieve element are sistés sece both of them
arise from the same procambial cells. While theesielement undergoes a lot of modifications
as it matures, the companion cell retains the maigstructure with the nucleus and the organelles
remaining within plenty of cytoplasm. In all the gimsperms a sieve element is always
associated with companion cell. Like the formersitalso thin-walled and elongated. The
companion cell is believed to play an importanerol regulating the function of a sieve element.
Companion cells do not occur in the phloem of ptgrhytes and gymnosperms.

(iif) Phloem Parenchyma They are very common in the phloem tissue. Theyliging, thin-
walled cylindrical cells. While they occur in pteéophytes, gymnosperms and dicotyledons, they
are absent in a majority of monocotyledons. Whessgmt they are restricted to the periphery of
phloem strands. They conduct substances to stateindies. They store food.
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Fig. 2.10: T.S. of Phloem (a) L.S. of phloem tis¢bleT.S. of phloem tissue, (c) Sieve tubes &, i)

L.S. of sieve plate

(iv) Phloem Sclerenchyma They are also known dsast fibres. They are elongated thick-
walled dead cells and give rigidity to the phloehmey are more common in the secondary
phloem. They give the famous jute, and flax fibres.
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The phloem is usually differentiated into two paptophloem andmetaphloem The former
has narrow sieve elements and no companion cdlls. pfotophloem degenerates after some
time in a phenomenon termetbliteration. The phloem fibres, however, remain on the outer
sides of the vascular bundles of many plants asllburaps. The metaphloem consists of well
developed long-lived sieve elements. The fibresumeaally absent in the metaphloem of the
dicotyledons. The metaphloem becomes inactive aaylba partially or completely crushed as a
result of secondary growth.

26 CAMBIUM

Growth of plant axis in thickness or girth resujtifrom the activity of lateral meristem i.e.
vascular cambium and cork cambium is called seayrgtawth.

2.6.1 Secondary growth in a Dicot stem

In old dicotyledonous stems and roots two typesnefistems are active. While the primary
(apical) meristems are active since the beginnimd) Gause the elongation of the stem and the
root the secondary (lateral) meristems become eanly in the old age and cause increase in
the thickness. The lateral meristem comprises dnebaum and the cork-cambium. They cut new
tissues on the outer and the inner sides and aad th the primary tissues to cause increase in
the girth of the stem and the root. The increasthickness as a result of addition of secondary
tissues cut off by the cambium and the cork-cambilirthe stelar and the extra-stelar regions
respectively is called secondary growth (Fig. 2.11)

The secondary growth in the dicotyledonous stemlires two distinct parts: (a) formation and
activity of cambium ring and (b) origin and actyif-cork-cambium.

(&) Formation and activity of the cambium ring
(1). Formation of Cambium Ring

The cambium is initially limited only to the vasaulbundles. Such a cambium is called the
fascicular cambium (fascicle=bundle). The parenchymatous cells ofntleelullary rays lying in
line with the fascicular cambium become meristemaitnd give rise to thénterfascicular
cambium. The interfascicular and the fascicular cambian jaiith one another to form a
complete cambium ring. All the cells of the cambiting look uniformly thin-walled and brick-
shaped in a cross-section. A longitudinal viewhaf tambium, however, shows the cells to be of
two kinds in structure and function. They are knoagfusiform initials andray initials. The
fusiform initials are spindle-shaped elongated scellhile the ray initials consist of small
isodiametric cells packed in regular groups.
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(2).  Activity of Cambium

The fusiform initials give rise to the secondargsties, viz., vessels, tracheids, fibres,
parenchyma, sieve-tube members and companionwbith are all arranged in vertical rows.
The ray initials produce the phloem and xylem naigch are arranged in horizontal manner.

A fusiform cell of the cambium divides by a tangahtvall to form two daughter cells. While
the inner daughter cell gets modified inteeecondary xylemcell, the outer daughter cell divides
again to produce two cells, the outer of which getglified intosecondary phloemcell. The
inner of the two cells remains meristematic andtiooes the process of addition of secondary
xylem and secondary phloem cells on the inner anerside respectively.

The amount of secondary xylem produced by the aamloing is much more than the amount of
secondary phloem. The cambium ring is, thereforadgplly pushed outward. As the stem
increases in thickness and circumference cambiumg also increases its circumference by
means of radial division and enlargement of itéscéls a result of addition of secondary tissues
the primary xylem is pushed into the pith and thenpry phloem and the surrounding tissues are
pushed to the outside and are gradually crusheel rdyinitial cuts off the secondary medullary
rays which are described below.While the cambiunaaBve throughout the year in tropical
regions, it is inactive during the winter in thenggerate regions.

Secondary Phloem:The amount of secondary phloem is comparativelyhrass than that of
the secondary xylem. It takes over the physiolddigactions of the primary phloem when the
latter is crushed. The secondary phloem consistervical rows of sieve tubes, companion cells,
phloem parenchyma and fibres, dmatizontal rows of phloem rays The secondary phloem is
more complex than the primary phloem. It considtdacger number of shorter sieve-tubes,
companion cells, phloem parenchyma and more abtimfdaem sclerenchyma (bast fibres).
The bast fibres of the secondary phloem give osextellent textile fibres of jute, flax, etc.

The phloem rays are continuous with theylem rays. They are either one-layered thick
(uniseriate) or two to many-layered thicknultiseriate) and one to many layers in height. They
conduct food from phloem to the cambium and thendjvcells of the xylem in a radial and
inward direction.

Secondary Xylem:The secondary xylem is much larger in amount amgtitutes the main bulk

of woody stems. It is composed of vertical rowsve$sels, tracheids, xylem parenchyma and
xylem fibres and radial rows of xylem rays. Theseads are shorter but larger in number in the
secondary xylem. Annular and spiral thickenings @psent in the vessels. Pitted vessels are
abundant. The secondary xylem elements besidesicting water and dissolved minerals also

give mechanical support to the plant

The xylem rays along with the phloem rays constitute t@scular rays or the secondary
medullary rays, which run in a radial direction. The xylem ray® also either uniseriate or
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multiseriate. They conduct water from the xylenthte cambium and phloem. They also help in
the storage of food and in easy exchange of gateshe outer atmosphere.

Annual Rings: In sub-tropical and temperate regions where sedsweariations are well
pronounced the growth of a dicotyledonous stemds uniform throughout the year. The
cambium is very active during the favourable sprsgason, when it cuts off large-sized
secondary xylem elements. This type of secondalgnxys called theearly or spring wood
During the unfavourable season, the late summautmn, the cambium is less active and cuts
off xylem elements of smaller diameter. This idezlithelate or autumn wood The periodical
activity of the cambium, thus results in distinob\gth layers or rings of secondary xylem. These
are calledyrowth rings. The growth rings of spring wood and autumn woosbpced in a year
constitute armnnual ring.

If the spring wood elements are much larger tharseéhof the autumn wood, they are usually
arranged in the form of rings. This type of wooatadled thering porous. If all the vessels are
of uniform diameter in the wood and there is onlgradual change in the size of the elements
the wood is called théiffuse porous
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Fig. 2.11: Stages in the secondary growth of a D&tem

Heartwood and Sapwood In a very old stem the secondary xylem elementshe inner
(central) part turn darker in, colour and are chtleeheartwood or duramen. It consists of dead
elements which have a deposit of gums, resins, t@lmnins in their walls and lumens. The
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heartwood is, therefore, very strong and durabld emparts great amount of mechanical
strength to the stem. The cells of the xylem pdrgma and ray parenchyma often produce ball
on-like infoldings into the lumen of secondary xyleelements of the heartwood. These
infoldings are calledyloses The tyloses contains resin, starch, etc. Thewarg large in size

and often block the cavities of the xylem elemegs result of which the heartwood is no more
capable of conducting water. The heartwood is tasito attack by micro-organism and insects.

The sapwoodor thealburnum is the light-coloured peripheral part of the setany xylem. It
consists of dead tracheids, vessels, and fibressante living cells. The sapwood elements
continue to perform the function of conducting wated solutes etc. They also give mechanical
support to the stem. The gymnospermic wood is dalEtwood and angiospermic wood is
calledhardwood.

(b) Origin and activity of the Cork-cambium
(1) Origin of the Cork-cambium

The activity of the cambium resulting in additioh @ huge mass of secondary tissues in the
stelar region cause lot of pressure on the pergbhesues of the stem. The peripheral tissues
including the epidermis, therefore, often get rogtu Some of them get flattened and persist for
a long time. The stem develops a new lateral negnish the peripheral part which cuts off new
cells to replace the worn out outer part. It alaases growth in the peripheral part so that it can
keep pace with the-expanding inner part. Such anskzgy meristem is callezbrk cambium or
phellogen(phellos=cork; gen=producing).

The place of the origin of the cork-cambium differs different plants. It can arise in the
epidermis, hypodermis or the cortex. One or moyerk of cells become meristematic. The
meristem is composed of thin-walled living cells.

(2) Activity of the Cork-cambium

The meristematic cells cut off new cells on both ittmer and the outer sides. The inner cells are
modified into thesecondary cortexor phelloderm and the outer cells into tleerk or phellem.
The phellem, phellogen and phelloderm constituégo#riderm.

Secondary Cortex: It consists of few layers of living parenchymalgeThey are usually thin-
walled. Sometimes they become thick-walled and hatse The cells of the secondary cortex
often contain chloroplasts and are, therefore, lnlapaf photosynthesizing.

Cork: The cells of the cork are added on the outer agfdbe cork-cambium. The cork cells are
brown coloured and are large and rectangular. Eneyarranged in a very compact manner in
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radial rows. They have no intercellular spaces.yTaee thick-walled dead cells and have a
deposit ofsuberin.

The cork is produced in a continuous manner armbisiderably thick in some plants. This is
why removal of the thick bottle cork from the cook oak plant immediately results in its
replacement by the cork cambium.

The suberized cells of the cork are absolutely nvipes to water as a result of which water and
food cannot diffuse through it to the outer tissudee outer, tissues are, therefore, killed and are
removed in the form obark. The cork-cambium, cork and the secondary cortgether
constitute the periderm.

Bark: The bark is the outer protective portion of theotlfledonous stem. It constitutes the
entire dead tissues present outside the vasculabioen. The bark can be thin or thick
depending upon whether the cork-cambium arisesiénepidermis, hypodermis, deeper in the
cortex or secondary phloem. The bark accordingfjuthes the cork, the epidermis, hypodermis,
a portion of the cortex or even a portion of theoselary phloem.

There are two types of bark: thimg-bark and thescale-bark If the bark is removed in the
form of a complete ring or sheet it is called thg+bark, as for example iBetula (birch/
Bhojpatra). If the bark is removed in the form oéles it is termed the scale-bark. The bark is
formed in a ring if the cork cambium arises in tbem of a complete ring. The bark is sealy if
the cork cambium arises in strips.

Lenticels: The bark often forms lenticels for exchange ofegasn its external surface. These are
the lenticels which are meant for an easy exchafhgases between the inner tissues of the stem
and the atmosphere. In a lenticel the cork camisuta off on the outer side a mass of eel is
calledcomplementary cellsin place of compactly arranged cork cells.

The complementary cells are small and rounded aw fa very loose arrangement. They
enclose large intercellular spaces between therpomion of epidermis and the stoma below
which a lenticel usually develops finally disapped@his facilitates the exchange of-gases
between the plant and the atmosphere. There maypleeodical blocking of the lenticels during
the winter.

Some dicotyledonous stems likBoerhavia Aristolochig Bougainvillea show anomalous
secondary growth.

2.6.2 Secondary growth in Dicot root

Dicotyledonous roots like the dicotyledonous stemasease in thickness as a result of addition
of secondary tissues cut off by the cambium anatink cambium (Fig. 2.12).
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(@  Origin and activity of the Cambium
(). Origin of the Cambium Ring: The dicotyledonous roots lack a cambium. The

secondary growth, therefore, has to be precedélebgrigin of a complete ring of cambium.

Phloic Procambium
- Xyloic Procambinm

— Ecﬁfgmx
= . 2
= Pmnc‘.'_c e

Cambium

ary Phloem

o i
Secondary Phloem

Fig. 2.12: Stages in the secondary growth of a Dioot

The conjunctive tissueson the inner side of the phloem become meristenaaiil give rise to as
many strips of cambium as are the patches of phlhketer the conjuctive cells present between
the phloem and xylem patches become meristemadigiae rise to strips of cambium. Now the
conjuctive cell arching over the xylem and the el the pericycle also become meristermatic
to produce new strips of cambium. Finally, all tb@mbium strips get connected with one
another to form a continuous and wavy band of cambi

(2). Activity of the Cambium Ring: The wavy band of cambium becomes active only in
those parts which lie on the inner side of the ehlopatches. These cambium strips cut off
secondary xylem elements only on the inner sida assult of which the cambium and the
phloem are gradually pushed on to the outer siles Jort of unequal behaviour of the cambium
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results in the conversion of its wavy band intoirautar ring of cambium. Once the cambium
assumes a circular outline it becomes uniformlyistematic and starts cutting off cells both on
the inner and the outer sides. Except in the regmithe medullary rays the inner cells get
modified into secondary xylem and the outer ceits those of the secondary phloem.

Secondary Xylem:The cambium is more active on the inner side aspawed to the outer side
and, therefore, the amount of secondary xylem predwn the inner side is considerably more
than that of the secondary phloem. Addition, of wemd on the inner side pushes the cambium
and the phloem on the outer side and the primalgnxyn the inner side.

The secondary xylem contains many large vessels »ameim parenchyma. The xylem
sclerenchyma is comparatively few in number.

Secondary PhloemThe amount of secondary phloem is few layers ioktiess. It is composed
of plenty of sieve tubes, companion cells and phiparenchyma. The phloem has little amount
of sclerenchyma.

Medullary Rays: Opposite the protoxylem elements the cambium ciftomy parenchyma
cells on both the sides. These cells constitutdifiaylered rows of radially arrangededullary
rays. Initially the number of medullary rays is equalthe number of xylem patches or vascular
bundles but later some more medullary rays arefalsoed by the cambium. These later formed
rays are however much smaller in length and lassthickness.

2.6.3 Origin and activity of the Cork-cambium

Addition of secondary tissues in the central pdrithe root exerts lot of pressure on the
peripheral tissues which get ruptured. A new memsttherefore, known as cork-cambium,
develops in the single layergéricycle to replace the lost peripheral part of the root.

Table 2.4: Anatomical differences between stemsaoid

S.No. Characters Stems Roots
1. Hairs Multicellular Unicellular
2. Epidermis Protective Absorptive
3. Cuticle Present Absent

: Differentiated in dicot stems Differentiated in both dicot
4. Ground Tissue

only and monocot roots

5. Endodermis Usually not distinct Always distinct
6. Vascular Bundles  Conjoint Limited in number
7. Xylem Endarch Exarch
8. Pith Large or absent Small or well developed
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The cork-cambium or thphellogenis few layers in thickness and is composed of thatled
rectangular cells. It cuts off cells on both théepwand the inner sides. The cells on the outer sid
are modified into brown coloured suberized corkscahd on the inner side remain thin walled
parenchymatous secondary cortex. The cork andettendary cortex are also knownpdeellem
andphelloderm respectively. The cork, cork cambium and secondartex together constitute
theperiderm.

The bark of a root is comparatively thinner. Lenticels &ever in number. The endodermis,
primary phloem and the primary cortex are compyetiedorganized and lost.

2.7 SUMMARY

Vascular system in plants, assemblage of conductisgues and associated supportive
fibres. Xylem tissue transports water and dissolv@derals to the leaves, and phloem tissue
conducts food from the leaves to all parts of tlefp The condition of the xylem, the woody
elements in the stem, defines several categorié® piotostele has a solid xylem core;
the siphonostele has an open core or one fillech vg¢neralized tissue called pith. The
discontinuous vascular system of monocots (e.gassgs) consists of scattered vascular
bundles; the continuous vascular system of dieats,(roses) surrounds the central pith.

Vascular bundles run longitudinally along the st&ascular rays extend radially across the
stem, assisting in conduction from the vasculardbesito tissues alongside them. The vascular
tissues and supporting tissues constitute the . st&éweral kinds of vascular bundles are
recognized. In the collateral pattern, the phloéss bnly on one side of the xylem, usually
toward the stem exterior. This arrangement is glpaf the dicots, the majority of flowering
plants, such as roses, apples, oaks, pines, gbtldém is on the outer and inner faces of the
xylem, the bundle is bicollateral. A concentric Hlenhas xylem entirely surrounded by phloem
(amphicribal condition) or phloem entirely surroeddby xylem (amphivasal condition). Closed
bundles lack cambium and are unable to continuethréaterally. They are typical of monocots,
such as grasses, lilies, and palms, in which thepeattered in two or more rings in the stem.

2.8 GLOSSARY

Abaxial: Surface directed away from the axis.

Adaxial: Opposite to abaxial. Directed towards the axis.

Bicolateral vascular bundle Avascular bundle with phloem on both side of xyle

Bundle Sheath:Layers of parenchyma or sclerenchyma cells sutiogrvascular tissues.
Callose An occasional carbohydrate which is of periodocuwrrence on sieve plates, but also
observed in parenchymatous cells after injury.
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Cambium: A meristem having products of divisions arrangederly in parallel files. This is
applied to two lateral meristems, the vascular damband the cork cambium. Secondary
growth takes place due to cambium.

Endarch xylem: Xylem strands in which the maturation of the s@ltogression centrifugally, in
other words, the oldest elements (the protoxylenma)closest to the centre of the axis.

Exarch xylem: Xylem strand in which the maturation of cells gmesses centripetally, the oldest
elements (protoxylem) are farthest from the ceotrhe axis. It is typical of roots in seed plants.
Heartwood (Duramen). The central portions of wood which have ceasetbtaluct and contain
no living cells and in which reserve material hde=n removed or converted into heartwood
substance. Generally darker in colour than sapwood.

Interfascicular cambium: Vascular cambium originating between vasculardiesy in the
interfascicular parenchyma.

Nonporous wood Secondary xylem without vessels.

Phellogen Also cork cambium. A lateral meristem giving risecork and phelloderm.

Sapwood Also called alburnum. The more superficial pasafter wood in trees which contains
living cells and reserve material.

Sieve tube A series of sieve elements consisting of elortyatdls placed end to end forming
lines of conducting interconnected through sieatqd.

Tracheary elements A general term for water conducting cells, tradhe vessel member.
Xylem Ray: That part of a vascular ray which is locatedh@ secondary xylem.

29 SELF ASSESSMENT QUESTIONS

2.9.1 Multiple choice questions:

1. Branch of botany deals with the internal orgation of plants is
(a) Ecology (b) Physiology
(c) Cytology (d) Anatomy

2. Vessels differs from tracheids
(a) Because they conduct water
(b) That they consist of vertical row of cells vitross walls dissolved
(c) In being living
(d) Derived from a single cell

3. Cork of commerce is derivative of or cork ismh@d from
(a) Vascular cambium (b) Fascicular cambium
(c) Inter fascicular cambium (d) Phellogen

4. Inroot xylem is
(a) Exarch (b) Endrach
(c) Mesarch (d) None of the above
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5.

Fasicular cambium found in dicotyledonous sigm
(a) Primary meristem (b) Apical meristem
(c) Secondary meristem (d) Intercalary meristem

Periderm includes

(a) Cork, dermatogens and cortex

(b) Cork and secondary phloem

(c) Cork cambium, cork and secondary cortex
(d) None of the above

Phloem parenchyma is absent in
(a) Phloem fibres (b) Sieve tubes
(c) Companion cells (d) Phloem parenchyma

Amount of phloem is double the amount of xyli@em
(a) Collateral vascular bundle (b) Bicollaterascular bundle
(c) Concentric vascular bundles (d) Conjoint wdescbundles

Tyloses are found in
(a) Xylem vessels (b) Secondary xylem pareneghym
(c) Alburnum (d) Duramen

10. Commercial cork is obtained from

(a) Pinus (b) Mangifera indica
(c) Ficus religiosa (d) Quercus suber

2.9.2- Fill in the blanks

aprwpdE

Vessel less angiosperms belong to the family

The conducting cells of are called traghekements.

Medullary rays are absent in stem.

All the tissues outside the vascular cambium cuurtsti

Sieve tubes become functionless when ssited on sieve plate.

2.9.3- True and False

aprwbdpE

The cambium ring in roots is partly primary andtlyasecondary in origin.
The phellogen in roots arises from pericycle.

The most active zone in the root is endodermis.

Vascular cambium is secondary in origin and secgnidafunction.

Only dicot stems show secondary growth.

2.9.1 Answers Keyl(d); 2(b); 3(d); 4(a); 5(a); 6(c); 7(a); B 9(d); 10(d)
2.9.2 Answers Key: 1. Tetracentraceae; 2. Xylem; 3. Monocot; 4. B&rlCallose.
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2.9.3 Answers Key: 1. False, 2. True, 3. False, 4. False, 5. False
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2.12 TERMINAL QUESTIONS

2.12.1 Short answer type questions:

Q.1 Write short notes on the following:
(i) Annual Rings (i) Cork cambium
(iif) Suberin (iv) Sieve elements

Q.2 Differentiate between the following:
(i). Tracheids and Vessels
(if). Xylem and Phloem
(iif). Heartwood and Sapwood

2.12.2 Long answer type questions:

Q.1 What is vascular system in plant? Describe itsedft types.
Q.2 Describe xylem in detail with its function.

Q.3 Describe phloem in detail with its function.

Q.4 Discuss the cambium in detail.

Q.5 What is secondary growth? Describe it with refeestacDicots.
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UNIT-3: STOMATA AND TRICHOMES
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3.1 Objectives
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3.1 OBJECTIVES

The objectives of the present unit are:

* To know the distribution and structure of stomatd &richomes.
» To study the different types of stomata and hairs.
* To study the importance of trichomes and stomatherlife cycle of plants.

3.2 INTRODUCTION

The epidermis is the outermost layer of all plagfams and acts as a first contact point with their
surroundings. Epidermis plays a key role in plaginvironment interactions and is essential for
the maintenance of physically favourable conditionschomes are epidermal outgrowths and
play diverse roles in the defense against biotit @biotic stresses. The epidermis also contains
stomata (minute pores), that regulates gas exchandecontributes directly to the control of
water status.

3.3 STOMATA

Stomata are small pores in the epidermal layetaftgissues. They are most abundant on leave
but may also occur on any other part of the placept roots (Fig. 3.1). The number of stomata

present in the epidermis of leaves ranges fromvatdeover a 100000 per cm square. They occur
on both upper and lower surfaces of the leave.dnynwoody species, they are confined only to

the lower surface, while in aquatic plants, they @nfined to the upper surfaces.

EPIDERMAL CELLS SUBSIDIARY CELLS

() )

Fig.3.1: (a) Epidermis of leaf showing stomata gbpStomata magnified
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3.3.1 Types of Stomata

(A) On the basis of position and distribution of Staanah both the surfaces of the leaf, plants
may be of following types:

1. Water lily type: In free floating hydrophytes, Stomata are cordirumly to upper
surface of the leaf. Such leaves are called epstons.
2. Potamogeton type In submerged hydrophytes, Stomata are entiredgm@tbbut when
present they are non-functional
3. Apple and mulberry type: In this type, Stomata are found only on the losarface
(abaxial side). Such leaves are called hypostorsatag., Walnut, Peach.
4. Potato type In potato type, stomata are found more in nundrethe lower surface
(abaxial side) than on the upper surface (adaida)s
5. Oat type: In most of the monocots like Maiztomata are found equally distributed on
both surfaces. Such leaves are called amphistosatou
(B) Structurally the stomata may be of different typ@hey are generally found in
dicotyledons (Fig. 3.2):

1. Ranunculaceous or Anomocytic typeln this type stomata are surrounded by limited
number of subsidiary cells, which are quite alikenf the remaining epidermal cells.
The subsidiary cells are five in number.

2. Cruciferous or anisocytic In this type stomata remains surrounded by three
accessory cells of which one is smaller than theratwo.

3. Rubiaceous or paracytic Here stoma is surrounded by two subsidiary cetih are
parallel to the long axis of the pore and guartscel

4. Caryophyllaceous or diacytic In this type the stomata remains surrounded pgia
of subsidiary cells and whose common wall is attrangles to the guard cells.

5. Gramineous In this type stoma possesses guard cell of wiielmiddle portions are
much narrower than the ends. They are much fourgramineae and Cyperaceae of
monocotyledons.

Van Mohl (1856) prepared a stomatal clock and oleskthat stomata open in day light and
close in night (Fig. 3.3).

(C) Loftfield (1921), On the basis of daily movementstbmata classified plants into three
categories:

1. Potato type In this type, stomata are found open all the dag night except for a
few hours during the day time (after sunset) oirdunight. e.g., Potato, Onion.

2. Alfalfa type: The stomata are open throughout the day and.nigii type of stomata
is found in thin leaved mesophytes. e.g., Pea, 8€Radish etc.

3. Barley type: The stomata are open only for a few hours dutirggday time. e.g.,
Wheat, Maizetc. (Cereals)
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(D) Considering variable behaviour of stomatal movemefivte categories have been
recognized:

1. Photoactive movement Stomatal movement is controlled by light. Thesnaén open
during day time and closed at night.

2. Scoto-active movementin this type stomata remain closed during dayetand open
during night. Such type of stomata is found in Sieat plants.

3. Hydro-active movement Here stomata open due to excessive loss of weiaer
epidermal cells and close due to turgid conditiohepidermal cells. This type of
movement is found during mid-day.

4. Autonomous movement In this type, stomata is open and close at a o&tE0-15
minute interval showing rhythmic pulsation.

5. Passive and active movementActive (opening) and passive (closing) is caubgd
the turgor changes in the guard cells.

SUBSID LAY CELLS

Fig. 3.2: Types of stomata: A. Anomocytic, B. Azysio, C. Paracytic, D. Diacytic, E. Gramineous
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Fig.3.3: Stomatal clock in average plant

3.3.2 Structure of Stomata

Each stomata is made up of two specialized epideceiks, called guard cells, each is kidney
shaped or semicircular (Fig. 3.4). Between each @laguard cell is a small opening or pore,
through which gases enter and water evaporategd@eds and pore make one stoma. Guard
cells are surrounded by epidermal cells, whichkai@vn as accessary or subsidiary cells. The
chloroplast of guard cells contain both chloroptgl and “b”. Guard cells are characterized
with endoplasmic reticulum and chloroplasts. Thererotoplasmic connection between guard
cell and neighbouring epidermal cells through whashmovement of dissolved molecules and
ions takes place. The cell wall of guard cells el to the stomatal pore is less elastic and thick
than the wall adjacent to the surrounding epidercadls. Due to variations in the thickness,
elastic part of the wall of the guard cell is sthetd largely and inelastic thicker part is stretche
to small extent. Due to this an elliptical porevibetn two guard cells is formed. Subsidiary cells
differ from other epidermal cells. They are susmehccompletely or partly, above the
substomatal cavity. They function as elastic bsffegtween guard cells and epidermal cells.

nucleus inner thick

Lwai! of guard cell

chloroplasts B

Fig.3.4: Closed and open stomata
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3.3.3 Importance / Function of Stomata

Mechanism of stomatal opening and closing

The mechanism of the closing and opening of thenata depends upon the presence of sugar
and starch in the guard cells. During day time dgnard cells of the stomata contain sugar
synthesized by their chloroplasts. The sugar igldeland increases the concentration of the sap
of guard cells, due to higher concentration of ¢gplasm of guard cells, the water comes to
them from the neighbouring cells by osmosis ang tlecome turgid, with the result the stomata
remain open.

In the night or in the absence of light the sugasent in guard cells converts into the starch.
The starch is insoluble, and this way the cell egphe guard cells remains of much lower
concentration than those of neighbouring cells, #red neighbouring cells take out the water
from the guard cells by osmosis making them flaeeid the stomata closed.

The conversion of sugar into starch during nighd sice-versa in day time depends upon the
acidity (pH) and alkalinity of the cell sap of gdagells. During night there is no photosynthesis
and the CQaccumulates in the guard cells, converting the safi into weak acidic starch.
During daytime the carbon di-oxide is used in threcpss of photosynthesis, the cell sap
becomes alkaline and the starch converts into qlg@gr3.5 & 3.6).

'CONVERSION .-
OF STARCH 'NCREASED

INCREASED TO SUGAR CELL SAP

CONE ' ENDOSMOSIS
UGHT  pecreasep  PH EOF WATER

’i o CON- S O @ 3  INCREASED

PHOTOSYNTHESIS * (2) | _TURGOR
STOMATA @ ' cxreeccec e STOMATA
CLOSED \\\ \\\\\\\\\\ OPEN

Wy N
£) \0.\\
- NP PHOTOSYNTHESIS
DECREASED ™ - STOPPED
TURGOR P\ g 3
\INCREASED
EXOSMOSIS ‘ " " COz CONC
OF WATER — gt Ry
- DECREASED onvERSION DE_CF;?&ED :

R . RO
- COMC. 10 STARCH

Fig.3.5 Summary diagram showing the mechanism@fiiog and closing of stomata
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= cuticle ‘

_' \upper epidermis

palisade

xylem
phloem

spongy parenchyma
> A air §pace

TT(H lower epidermis
’ stomata

Fig.3.6: V.T.S. of leaf showing the movement oéwat

Theories regarding mechanism of Stomatal opening anclosing
There are two main theories regarding it:

1. Starch- Sugar inter conversion theory According to Lloyd (1908) the turgor change
for stomatal movement is brought about by the ognedtect of conversion of starch to
sugar and vice-versa in the guard cells. Amourdtafch in guard cell increases during
night (closed stomata) and decreases during damné&é open).

Effect of pH - According to Sayere (1926) and others, a chamgeél affects the opening
and closing of stomata. Light increases tfigdf concentration and darkness lowers it.

When the pH is high the enzymatic conversatiorntaich to sugar is favoured and at low
pH, a reverse process of starch synthesis is fadodrhis increase in pH is also due to
the consumption of C{n photosynthesis.

Effect of ATP- According to Steward in 1964 that ATP is esséfidiaproviding energy
for opening and closing stomata.

2. Active K¥ transport mechanism Japanese scientists, S. Imamura and M. Fujino in
1959-1967 put forward active K+ transport mechani®m opening and closing of
stomata.

According to this theory, the accumulation of K the guard cells as occur in light
increases negatively the osmotic potential of tharg cells. This causes opening of
stomata. According to this theory, the accumulabbik™ in the guard cells as occur in
light increases negatively the osmotic potentiahef guard cells. This causes opening of
stomata.
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It has been proved that the accumulation bidfis brings the opening of stomata and loss ‘of K
ions, the closing of stomata.

Dunng day light

Accumulation of K7 1ons by the guard cells

-

Increaszed solute concentration

-

Decrease water potential

-

Endosmosis of water

-

Increased turmdity

-

Stoma open

In dark, K" moves out ofthe guard cell and their turgidity decrease. This causes stomata closure.

Dunng mght / Dark

Loss of K+ 1ons by the gnard cells

-

Decreased solute concentration

-

Increased water potental

Exosmosis of water

-

Decreased turgdity

-

Stoma closed

When leaf is exposed to light malic acid appearsha guard cells. This malic acid is then
dissociated into malate and kbns. The H ions thus produced are then exchanged withoks
enters the guard cells. Theri Kns join with malate to from potassium malatetHa presence
of potassium malate, water moves inside the gueld érom the adjoining epidermal cells,
which results increase of turgor of pressure in ghard cells inducing opening of stomata.
During night, the reversal of 'H— K" pump decreasedKon concentration in the guard cells.

This lowers the osmotic pressure of the guard celthicing closing of stomata through
exosmosis.
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Fig.3.7: Mechanism by which guard cells open amselthe stomata

Other theory of Stomatal mechanism

1. Theory of photosynthesis in guard cellsVan Mohl (1856) observes that stomata open
in light and close in the night. The chloroplastgent in the guard cells photosynthesize
in the presence of light resulting in the productad carbohydrate due to which osmotic
pressure of guard cells increases Endosmosis fdkes from subsidiary cell to guard
cells. This increases turgor pressure in guard @t due to this pressure stomata open

(Fig. 3.7 and 3.8).
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STOMATAL PORE

Fig.3.8. A. Closed stomatal pore, B. Opened stohpatae

2. Theory of Glycolate metabolism:Zelitch (1963) proposed that production of glycoli
acid in the guard cells is an important factor tiongatal opening. Glycolate is produced
under low concentration of GOAccording to him glycolate gives rise to carbotatd,
thus raising the osmotic pressure and also thebutd participate in the production of
ATP Which might provide energy required for the oipg of stomata.

Role of plant hormones in stomatal movements:

1. Presence of Cytokinin is needed for the activekeptd K* ions.

2. Presence of Abscissic acid (ABA), a plant growthiliiting hormone favours closing of
stomata by blocking uptake of Kons by guard cells in the dark. It also prevesffisix
of H+ ions from guard cells. ABA and G@onc. together help in lowering the pH in
guard cells and making the medium acidic. This $iglxlosing of stomata. ABA acts as
stress hormone during drought conditions.

Factors affecting Stomatal movement:

1. Light greatly influences the opening and closingstifimata. It stimulates production of
malic acid due to conversion of starch to sugaonfata are not open in UV light and
green light but remain open in the blue and reibregof spectrum.

2. Stomata open with rise in temperature and closéower temperature as light and

temperature are directly related.

Potassium chloride causes opening of stomata.

The increase of organic acid content in the guahd causes stomata to open.

5. At low concentration of C®the stomata open. With increase in the conceaotrabf
CO,, the stomata begin to close.

6. Water is responsible for causing changes in thgotypressure.

W
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34 TRICHOMESOR HAIRS

Some of epidermal cells of plants grow out in ttverf of hairs or trichomes. They may be found
singly or in groups. Hairs may be unicellular orlticellular and found in various forms. They
vary from small protuberances of the epidermal treiomplex branched or stellate multicellular
structures (Fig. 3.9). The cells of the hairs maydead or living. Very soon they (hairs) lose
their protoplasm in their cells.

3.4.1 Types of hairs

1. Stinging hairs: They are one of the most interesting types ofttiseomes. It contains a
poisonous liquid and consists of basal bulb liketipo from which a stiff, slender and
tapering structure is given out. This tapering dtice ends in a small knob like sharp
point. The tip is usually somewhat oblique, andhesbody of an animal or human being
comes in its contact with some force, the tip isken off, and the sharp pointed end
readily penetrates the skin of the animal, anddfisi being transferred from the basal
knob of the hair to the body of the animal.

2. Glandular hairs: Many plants possess glandular hairs. These hasssecrete oil, resin
or mucilage. A typical glandular hair possessetalk sind an enlarged terminal portion,
which may be referred to as gland. The glandularshaay be uni or multicellular.
Active secretory cells of glandular trichomes halense protoplasts and elaborate
various substances, such as volatile oils, resimd$ @ucilages, and gums. These
substances are excreted and accumulate betweewadle and cuticle. Their final
removal from the hair occurs by rupture of thedaeti

3. Scale or peltate hair: A common type of trichome is the scale, also cafletfate hair
(from the latinpeltatus, target-shaped or shiekd,leand attached by its lower surface). A
scale consists of a discoid plate of cells, oftemb on a stalk or attached directly to the
foot.

3.4.2 Structure of trichomes

Morphologically, trichome may be classified intofeient categories. One common type is
referred to adhair. The hairs may be subdivided into (hicellular, and (ii) multicellular
types The unicellular hairs may be unbranched or bradchMulticellular hairs may be
uniseriate or multiseriate. Some multicellular bare branched in dendroid (tree-like) manner,
others have branches oriented largely in one fstelate hairs).

The cell wall of trichomes are commonly of cellldosnd covered with a cuticle. They may be
lignified. Plant hairs often produce thick secorydaslls as, for instance, the cotton seed hairs or
the climber hairs oHumulus.The walls of trichomes are sometimes impregnated silica or
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calcium carbonate. Their contents are varied iatigt to function. Cystoliths and other crystals
may develop in hairs. Trichome is initiated as @tyinerance from an epidermal cell, it elongates
and if it develops into a multicellular structurarwus divisions may follow the initial

elongation.
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Fig.3.9: Different types of trichomes
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3.4.3 Importance / Functions of Trichomes

1. A trichome type have been successfully used inctassification of genera and even of
species in certain families and in the recognitdbmterspecific hybrids.

2. Generally a dense covering of woody trichomes obsithe rate of transpiration.

They also reduce the heating effect of sunlight.

4. They aid in the protection of plant body from outgurious agencies.

w

3.5 SUMMARY

Stomata are widespread in the plant kingdom andoared in great abundance on the epidermal
surface of leave. They are microscopic and aredrveddby two guard cells, which control the
opening and closing of the stomatal pore. Stomegaphysiologically of great significance to
plants. It is though the stomatal pore that gathaxge takes place, G@nd Q, important in
photosynthesis and respiration. A significant antooihwater absorbed by plants is lost as
vapour through open stomata during the courseoofiatal transpiration.

Some of the epidermal cells of most plants, grotmthe form of hairs or trichomes. They may
be single or in groups, unicellular or multicellubnd occur in various forms. Trichomes control
the rate of transpiration, reduce the heating eftécsunlight and give protection to the plant
body from outer injurious agencies. They have hessu in the classification of genera and some
of the species.

3.6 GLOSSARY

Stomata: A pore in the epidermis of a plant.

Trichome: A plant hair

Transpiration: The loss of water vapour from a plant, especidigugh the stomata.
Dicotyledons: One of the two divisions of the Angiosperms.

Turgor pressure:The hydrostatic pressure setup within a cell bywheer present acting against
the elasticity of the wall.

Epidermis: The outer single layer of cells on an organ.

3.7 SELF- ASSESSMENT QUESTIONS

3.7.1. Fill the blanks

1. Glycolate hypothesis for opening of stomata wappsed by
2. If the atmospheric pressure increased, transpiratio
3. The opening of stomata is under the control of cells.
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4. In mesophytes transpiration takes place mainlyuitno
5. Modified epidermal cells encircling guard cells aedled

3.7.2. True or False

In CAM plants stomata open during day.

The transpiration rate of a plant is affected loyrsital frequency.

The ABA content of guard cells decrease under ¢mmlof water stress.
The stomata that open at night are called as swiive.

The chloroplasts of guard cells are perfectly nonfional.

ok~ wbd e

3.7.3. Give answer in one word

Name the monovalent metallic cation involved inrdpg and closing of stomata.
Name the instrument which is used for measurindhthmidity of air.

If abscissic acid is sprayed on leaves the stomidita .

Name the process in which water from plants isitosijuid from

Water potential in plant tissues is usually.

Which hairs may secrete oil, resin or mucilage.

2 e oA

3.7.1 Answers Key:(a) Zelitch (b) decrease (c) guard (d) stomataeyidiary cells
3.7.2 Answers Key:(a) False (b) True (c) True (d) True (e) False
3.7.3 Answers Key (a) K™ (b) Hygrometer (c) close (d) Guttation (e) Negatff) Glandular
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3.10 TERMINAL QUESTIONS

3.10.1 Short answer type questions

Q.1 Describe the structure of typical stomata.

Q.2 How does it open and close?

Q.3 Explain the phenomenon of foliar transpiration

Q.4  Write note on roles of stomata.

Q.5 Write a short note on the following - (a) Stinginairs; (b) Glandular hairs

3.10.2 Long answer type questions

Q.1 Discuss the stomata in detail. What are theie tgpd function?

Q.2 Describe in detailed about the mechanism of opeand closing of stomata?

Q.3  Explain the role of light and GOn the mechanism of opening and closing of
stomata.

Q.4 Discuss the involvement of Kand H in opening and closing of stomata.

Q.5 Whatis trichome? Give a detailed account ortypes of trichome studied by you.
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BLOCK-2- SECONDARY GROWTH
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4.1 OBJECTIVES

The present topic provides an overview of wood tgreent in angiosperms and nodal anatomy
of plants. After reading this topic you will leaabout:

* Properties and mechanism of wood formation
* Anatomical characteristics of the wood

» Classification of wood

* Nodal anatomy in leaf traces and leaf gaps

» Branch traces and branch gaps

* Phylogeny of nodal anatomy

4.2 INTRODUCTION

Wood is a fibrous and porous mechanical tissue doum the stem and root of trees and
other woody plants. It is an organic material - aural composite of cellulose fibers that are
strong in tension and embedded in a matrix of tighat resists compressiofhe secondary
xylem formed as a result of activity of the cambiamd known as wood. Technically, it is
secondary xylem and universally developed in al gymnosperms and angiospermic plants.
The consistent formation of secondary xylem is oesgble for the increment in diameter or girth
of tree trunk. The main function of the wood in ttnee is conduction of water and giving
mechanical strength. Wood is available in varioa®urs, patterns, structures and odors. It is
strong in relation to its weight, insulator of haatd electricity and has
desirable acoustic properties.

Wood is produced by approximately 25,000 to 30,pl@dits, including the herbaceous species.
Although a less count (estimated 3,000 to 4,00€iepg is suitable for commercial purpose.
Wood is a material of cosmopolitan in their disiitibn, great economic importance and can be
sustainably managed as a renewable resource irasbt petroleum ores and coal. Wood has
been used science thousands of years back asudbstasce, as a structural material, for
making apparatuses and armaments, paper and fetnits a material, wood has been in service
since humans appeared on earth. Recently it emeagea feedstock for the production of
purified cellulose and its derivatives, such asopdlane and cellulose acetate. Despite of the
advancement of technology and strong competitiomfsynthetic and advanced materials, wood
still uphold their place and its roles and its sm&bility is growing through new uses.
Furthermore, to its well-known byproducts such wasber, plywood and furniture, it is also
utilized as a raw material for wood-based panelfp pnd paper industries and many other
chemical products. By means of its harvesting nests, transportation, processing and its trade
and use, wood provides jobs and supports econoavielapment. Revealing of this importance
is the continued high demand for wood and wood yetsd
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4.3

PROPERTIES OF WOOD

The various properties of wood determine its fuori qualities and suitability for diverse
purpose. By virtue of its mechanical propertiesodias able to resist the different external
forces which tend to effect its shape and sizepanduce deformations.

4.3.1

Some
given:

0)

(ii).

(iii).

4.3.2
0)

Surface characteristics

important surface properties which give the ikentification features of the wood are

Colour and figure: The colour and figure of wood determines the a¢istivalue and
are differ in different woods. For example the emlof sap wood is distinct which may
be yellow, grey, red and pink. The colour of tharmeavood is also variable. It may be
rose red (red ceder), purple (black walnut), blézttus), golden yellow (red mulberry)
and wine red (mahogany) in colour.

Odor: Odor is also a peculiar characteristic featureamhes trees. Odor depends upon
volatile compounds present in the wood. The charetics odour is due to deposition of
infiltration products in the heart wood. Some woaelith distinct odour are red cedar,
white cedatr, fir, sandal wood, cypress etc.

Luster: Luster of wood depends upon the ability to reftbetlight. For example quarter
sawn timber or lumber reflects more light than f&wn timber. Woods with less
infiltration substance are more lustrous. Among sadods bald cypress and red cedar
are the most lustrous woods. Among hard woods vadsteand sweet gum are the most
lustrous woods.

Physical properties

The important physical properties which impart inté resistance force in the wood are-
Strength: Strength of the wood determines the economic inapee of the wood. The
wood strengths is influenced by the direction of jrain and various external and
internal forces. Several types of strength are geieed. They are crushing strength,
tensile strength, shearing strength, bending sthegig.

The crushing strength is the measure of its abitityesist a load that tends to crush the
wood. Wood with good crushing or compressing stitengs generally used in the form
of column are posts to give support to house, gaedg Tensile strength is the measure
of its resistance to forces that tend to pull theod apart. Shearing strength is the
measure of resistance offered to opposite forcetwteinds to tear it apart. Bending force
is the measure of resistance to forces that cénesledam of break.
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(ii).

(iii).

(iv).

(V).

4.3.3
0)

(ii).

(i)

(iv).

Stiffness: Stiffness is the measure of a wood'’s ability tasteforces that tend to change
its shape.

Toughness: Toughness is the measure of the capacity of thedwm withstand
repeated, sudden, sharp blows or shock. A toughldwalb not split on ear easily. Woods
of red ceder, beech etc are shock resistance.cotighmess of the wood depends mainly
upon the amount of wood and composition of celllsval

Hardness: Hardness is the ability of wood to resist indentatabrasion and wear. The
woods of oak and black locust are hard. The harigesefluenced by number and
arrangement of wood fiber, presence of knots acdykl areas.

Cleavability: Cleavability refers to the comfort with which tiod can be split into
two. Woods with high cleavability are suitable éamversion into fire wood.

Other properties

Moisture content: Wood is hygroscopic in nature. The moisture contériitesh timber
varies from 30% to 200%. In soft wood, sap wooth@@e moisture than heart wood. In
hard wood no such differenced is occurred. The woftd from conifers contains high
moisture. The hard wood from willow, poplars, elmdabutter nut contains high
moisture. The wood water occurs in two forms.

They are hygroscopic water and free water. The vrater is present in cell cavities. It
evaporates when wood is exposed to drying. It leag Ntle influence on the properties
of wood. Hygroscopic water is present in the celllsv The loss of this water results in
the shrinkage of the cell walls. The cell walls ergb contraction. As a result, the cells
become more compact. The fiber becomes stifferstnociger.

Density: It refers to the actual amount of cell wall matepiar unit volume. The amount
of infiltration products is also taken into accangtdetermining the density of the wood.
It is expressed in terms of specific gravity. Ithe ratio of the weight of a piece of wood
of the weight of equal volume of water. For examfile wood density of Teak (a
hardwood) is considered approximately 41-61 ibyfhile another hardwood named
Balsa have only 7-9 Ibfit

Durability: It is refers to the ability of the wood to resisetattack of wood decaying
organisms. Wood of red ceder, cypress, red woatkbivalnut etc is the good example
of wood durability. Wood of willow, cotton wood asesceptible to decomposition.

Thermal properties: Wood is poor conductor of heat, electricity andreh Dry wood

is the poorest conductor of the heat. Dry woodamgletely resistance the passes of
electricity current. The moisture content presarthe wood makes it partial conductor of
electricity.
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4.4 MECHANISM OF WOOD FORMATION

The growth of the tree is the result of productanew cells by tissues termed meristems.
Meristems consist of cells that are undifferentiadé®d retain the ability to divide and produce
new cells. The increase in the height of tree stemesignated as primary growth and is the
result of cell production by apical meristems lechat the tip of the stem. Just below the apical
meristems, some of the cells form a lateral menstalled the cambium. Secondary growth (to
diameter), begins with formation of the cambiumngiudinal cells of wood are produced by
cambial cells designed as fusiform initials aneh$reerse by ray initials. Cambium initials divide
periclinally, namely with walls parallel to the chiam layer, and produce xylem and phloem
mother cells. The phases of development of woold eeé: cell division, cell enlargement, cell
wall thickening, lignification and death.

The first phase, cell division, occurs when a cahiitial divides, forming two cells. The
outermost cell remains meristematic and the innstroell develops into a mature wood cell.
During the enlargement phase, the cell grows igtlemnd diameter. Softwood cells increases
only in radial direction. During the enlargemenagpé, a very thin and plastic cell wall (primary
wall) encases the protoplasm. During next phasd,thiakness is increased by the addition of
secondary wall. Lignification involves the formatiof lignin between the newly formed cells
and within their cell walls. For most wood cellgath occurs immediately after lignification.
However, for those wood cells that perform the fiorcof storage, this step is postponed for an
indefinite period. Cells performing the support aedduction roles usually pass through the five
phases of cell development in 14 to 21 days.

4.5 ANATOMICAL CHARACTERISTICS OF WOOD

In woody angiosperms and gymnosperms cambium agisto produced inwardly secondary
xylem and outwardly secondary phloem year after,y@athat the stem increases progressively
in thickness. However, the amount of secondary mylgroduced far exceeds that of the
secondary phloem. Moreover, it persists and evégticams the great bulk of plant body while
the secoundry phloem is pushed farther out andaduglly crushed and sloughed off the tree. In
some long-lived treesSgquoiadendron giganteyrRinus aristataetc) secondary growth has
been occurring for several thousand years.

If there were to be no secondary growth, lumberld/awot exist. The secondary xylem of the
dicotyledonous plant is considerably more complexqsisting of cell types such as vessel,
tracheids, fibers, xylem parenchyma and rays déiht sizes. The first three components run
longitudinally, the rays run horizontally, and xyleparenchyma may occur either as an
occasional longitudinal cell or as the chief or legsive component of the rays. Tracheids
perform both the functions of support and conduntivessels are mainly conductive tissue,
fibores are chiefly supportive tissue, ray cells &oe horizontal transmission and xylem
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parenchymas is for storage and to a limited extendonduction. It is estimated that 90% of the
wood is made of tracheids, and the remainder ispesed of ray parenchyma and longitudinal
parenchyma cells, as well as resin ducts in cesja@ties.

The vessels when viewed in transverse section aggelaoles or pores which gives the wood a
designation termed porous. The distribution of theres within the growth rings is a
characteristics feature of woods. In many wodtlse(, Populus, Betuédc) the vessels are more
or less uniform in size or diameter and are digted randomly throughout the growth rings.
Such woods are describes as being diffuse poroustHers the vessels of early wood are
distinctly large than those produced in the lat®dvor they may be restricted to the early wood.
Such a condition illustrates ring porous vessetribistion examples ar&raxinug Quercus
Robiniaetc.

Rays and parenchyma occupy a higher proportion addwolume in angiosperms. Rays are
usually multiseriate. Many dicotledonous wood congum ducts, but lack the resin canals so
characteristic of gymnosperms.

The structure of gymnospermic wood on the othedharmuch simpler and homogenous than
that of angiosperms consisting almost entirely recheids with bordered pits. A significant
feature of the wood is the absence of vessels pexgeetales) and the relatively small amount of
wood parenchyma, the latter forming an epitheliaing around the resin ducts which may
eventually become blocked by enlarging epitheliallsc (a tyloses like intrusion called
tylosoiders). Rays are thin (for the most part enae) with one row of cells, becoming
multiseriate wherever there is intrusion by theirresanal. Another conspicuous feature of
gymnosperm is the hardness of wood. In the lumtaetet gymnosperm wood is designated as
softwood.

4.6 CLASSIFICATION OF WOOD

According to the seasons, location and type oftpldme wood can be categorized in different
category.

4.8.1 Classification based on seasons
i.  Spring wood
ii. Autumn wood

The cambium becomes more active during the spmagan and forms plenty xylems vessels
with wider cavities called spring wood or early wlodts development takes place during the
favorable season. This wood presents at the begjrofi the annual ring and comprises major
part of it. It contains larger and wider elementsilgvtracheiary elements are less thickened in
this wood. Spring wood is characterized by feweleny fibers, lower density and lighter in
colour.
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The activity of cambium slows down during the wimteason which gives rise to narrow
xylem elements known as autumn wood or latewoode @btumn wood is produced in

unfavorable season. It is present at the end oatimeial ring and makes only a thin strip in the
annual ring. The autumn wood also contains cavitesylem vessel but is narrow. It has

abundant of xylem fibers and tracheiary elemenéscamparatively more thickened. Autumn
wood is characterized by higher wood density arrétetan appearance.

One spring wood ring and one autumn wood ring ctiltely formed an annual ring or growth
ring. By counting the number of annual rings in the stem, the age of the tree and be
calculated (Fig. 4.1).

Annual growth rings

Autumn wood (Dark narrow circle)

Spring wood (Light wider circle)

Fig. 4.1: The section of the tree trunk showing alatumn and spring wood. The numerical digits
(2,4,6...n) represents the number of annual growtd.ri

Growth ring/ Annual ring

The concentric circles appear in the cross sectbngoody stems by the actively of cambium.

These rings are refers as growth rings. The cliraaégts the noticeable effects on growth rings.
In climates with well-marked alternations of seasomhen water is easily available and growth
is rapid (spring or wet season) the cambium prodldaege and thin wall xylem. On the other

hand, during the unfavorable season (winter seasben the supply of water has diminished
and the growth is comparatively restricted, smatl #hick walled cell produced. Therefore, a
sharp contrast rings between the large and thited/aklls of the spring wood followed by small

and thick-walled late-season wood cells producethduhe same year collectively formed an
annual ring (Fig. 4.1).

Annual ring (1 year) = one large and thin wall xgyleng + one small and thick wall xylem ring

In tropical forests, where climate is consisterd growth take place throughout the year. There
is usually little or no gross visible contrast appbetween the annual rings, however differences
exist. When rings are noticeable, they may be @ulim order to obtain a reasonably accurate
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approximation of the age of the tree. They are edflective (by their range of thickness) of the
climatic and environmental factors that influencevgth rates. The science of dendrochronology
is based upon the phenomenon of variability intkilekness of annual rings. Dendroclimatology
is the science of determining past climates fragadrprimarily from the properties of the annual
tree rings (Sheppard, 2010). Using tree rings,néisits have estimated many local climates for
hundreds to thousands of years previous.

Significance of growth rings
In climate

The branch of science which deals with the climatindition of the past by using wood annual
ring during different periods of time is called deoclimatology. It is a scientific tool for
synthesizing the data related to past events artdritng and also useful to determine the rate of
changes in the environment (climatic) during thetpears. For example adequate moisture and
a long growing season result in a wide ring, whildrought year may result in a very narrow
one.

In archaeology

Annual rings are also helpful in dating of ancimoden structures. The dating of buildings
with wooden structures and components is also ddrye dendrochronology. The
dendroarchaeology is the term for the applicatibrdendrochronology in archaeology. The
dating of building via dendrochronology thus reqairknowledge of the history of building
technology (Sawyer and Sawyer 1993). For example Post Track and Sweet Track,
boardwalks or timber track ways, in the Somersetlg England, have been dated to 3838 BC
and 3807 BC, respectively (Brunning, 2001). Thishteque is also helpful to estimate the
precise age of samples, especially for those wéiiertoo recent for radiocarbon dating.

In art history

Dendrochronology plays an important role in datifigpanel paintings in art historians. Besides
the dating, it can provide information as to tharse of the panel as well. Oak panels considered
in a number of northern countries such as Englarahce, Germany etc. For example: A portrait
of Mary, Queen of Scots in the National Portraitll&g, London was believed to be an
eighteenth century copy. However, dendrochronologpealed that the wood dated from the
second half of the sixteenth century. It is nowarelgd as an original sixteenth-century painting
by an unknown artist. (National Portrait gallerycAived, 2013).

The dendrochronology has become an important tooldating oak panels, however not
effective in dating the poplar panels because efetratic growth rings in poplar. After "16
century this technique is less often applicableabse a gradual replacement of wooden panels
by canvas limits its application in paintings (T&etty Conservation Institute, 2013).
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4.8.2 Classification based on location
i. Sapwood
ii. Heartwood

Sapwood or alburnum is considered as the outernpbstsiologically active, newly formed
xylem elements of the woody stem or branch. The light coloured region of the wood having
living cell associated with vessels and fibres. sTpart of stem actively engaged in the
transportation of water and dissolved minerals betwroots and the canopy of the tree and
storage of food etc.

Outer bark

Inner bark

Sap wood

Heart wood

Pith

Fig.4.2: Showing the heartwood and softwood in@ssrsection of an old tree trunk. The lighter regio
considered as the sapwood and darker region astveaod.

The middle portion of the old trees trunk which vdgveloped earlier and contains resins, gum,
tannins and other organic substances which makel Wou and durable is called heartwood or
duramen (Fig. 4.2). It is the dead, inner and piggically inactive portion however it gives
mechanical support to the stem. It appear usuahket in colour due to the deposition of
various chemical sustains in it. The vessels remphigged withtyloses The walls of the xylem
vessels produce some balloon like outgrowths iheoltimen of the vessels, are called tyloses.
Usually tyloses formed in secoundry xylem but saime they can formed in the primary xylem
also. Tyloses are formed by the enlargement ofpihenembranes of the half-bordered pits
present in between a parenchyma cell and a vesgehaheids (Fig.4.3). The nucleus of the
xylem parenchyma cells along with cytoplasm pasgs@sthis balloon like outgrowth. The wall
of tyloses may remain thin and membranous or vargly it becomes thick and even lignified.
In fully developed tyloses, starch crystal, resimg and other substances are present, but they
are not found very frequently. The number of tgksaried between few in number in a single
cell or many. Tyloses undergo division in some fdaand form multicellular tissue, which
compactly fills the lumen as iRobiniaandMaclura. Tyloses are characterstic feature of certain
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species, and always absent in other. In many ptaetdevelopment of the tyloses takes place by
means of wounding.

Fig. 4.3: The figure showing the balloon shapeddtire called tyloses in the wood xylem tissue

In young stem of trees or young parts of the oldees, all of the wood is sapwood which
gradually converted into heart wood. During thasformation, a number of changes take place.
As the tree trunk became older it increases in diamNo longer is needed for conducting sap
however need for structural support. This causéswarthy changes in the anatomy of the stem.
The cells nearest the center of the trunk get agetdie which ultimately metamorphosed as
heartwood. Those cells stop to transport watertaredood reserves. The residues of the once
living cells and additional chemical compounds &g sustains, gum, resins, phenols, terpenes
etc) deposited in the heartwood. These depositetnidal compounds not only help make
heartwood more resistant to attack by insects acdydorganisms but also tend to give this inner
portion of the stem a distinctive darker color.

The proportion of heartwood is comparatively higtiean the sapwood exceptionally in young
trees or the youngest portions and branches ofr dldes. The percentage of heartwood to
sapwood in the main stem does vary with speciesekample, some trees do not have clearly
differentiated heartwoodPppulus Salix Piceg Abiestc), other possess thin sapwoblfinig
Morus Taxug, the still other possess a thick sapwoadef, Fraxinus Fagug. In general, more
vigorously growing trees tend to have wider barfdsapwood.
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For the economic point of view, heartwood is maseful than sapwood. Heartwood is used as
timber due its durability than the sapwood becaheeless of food material is available for
pathogens by the absence of protoplasm and st@hehformation of resins, oils and tannis and
blocking of the vessels by tyloses and gums, retiteemwood less susceptible to attack by the
organism of decay. A natural dye haemotoxylin isaoted from the heartwood bfaematoxylon
campechianumDue to the absence of resin, gum and colourithgtance sapwood is preferred
for pulpwood and for wood to be impregnated witbgarvatives.

The sapwood contains the sap-conducting cells eftitke, it tends to have a relatively high
moisture content. This is good for the living treet it is not so good for the woodworker,
because sapwood tends to shrink and move consigendien dried, and it is much more
susceptible to decay and staining by fungi.

4.8.3 Classification based on type of plant
i. Hard wood
ii. Softwood

In general, hardwood comes from a deciduous traehnbses its leaves annually. Hardwoods
have a tendency of slow growth, therefore usuallgrendense in texture. It belongs to

angiospermic (not monocots) group of plant. Fomepla sal, Mahogany, oak, maple eucalypts,
poplar, cherry, beech, blackwood etc. Hardwoodéhaamber of vessel elements which support
to transport water throughout the wood (Fig. 4.4a).

Late wood
(slow growth)

Resin duct

Wider vessels Y

Early wood v |
(rapid growth) '

®) . i

Fig. 4.4: The cross section of wood showing (ajJdhaood: belongs to angiospermic group of plant
having wider vessels elements and (b) soft woddngs to gymnosperm group of plant
having not visible pores due to tracheids
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Under the microscopic examine, vessel elementseoibod appear like as pores. Hardwood has
narrow range of application due to its high pricel &low growth rate of the tree. It is more
likely to be used as quality wood products suchuasiture, decks, flooring, and construction
that need to last. The fire resistance rate ofwbed is comparatively high.

The softwood comes from an evergreen tree and geltm gymnosperm group. Generally it
considered softer than the hardwood. For examplesd@r, pine, redwood, douglas-fir,

cypresses, redwood, larch etc. In this wood medullays and tracheids transport water and
produce sap. It has no visible pores due to trasheihile examine under the microscope
(Fig.4.4b). Tracheids constitute about 90-95% ef thtal wood. Most of the timber products
(near about 80%) come under softwood. It has a wadge of applications due to its lower cost
and fast growth rate as compare to hardwood. bagcally used in building components (e.g.,
windows, doors), furniture, medium-density fiberltb&@DF), paper, Christmas trees etc. The
fire resistance rate of the wood is poor theretateh the fire easily.

Hardwood is not necessarily a harder material (nuemrese) and softwood is not necessarily a
softer material (less dense). For example wood @i Yree is considered as softwood that is
relatively hard while the wood of Balsa trees, édeied as a hardwood that is softer than
softwoods. Both the hardwood and softwood are usedimber purpose as structural to
decorative function.

LR s
Vs

A d
gy @iy g2 +
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Fig. 4.5: (a) Manoxylic wood and (b)Pycnoxylic waafdhe gymnospermic plant

Softwood or gymnospermic wood can be divided imto types on the basis of the xylem cells
present inside them, they are classified as;

(a). Pycnoxylic wood
(b). Manoxylic wood
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The gymnospermic wood having less number of xyleits called manoxylic wood. It has non-
compacted wood with large amount of parenchymaé, getls and cortex mixed with less amount
of xylem tracheid (Fig.4.5a). In this wood, the grashyma cells are filled with the starch grain.
This wood is commercially unimportant because & ¢fuality of wood is not durable. For
example:Cycas wood.Pycoxylic wood has large number of xylem <efi it. The cells are
compacted with large amount of xylem tracheid amélsamount of cortex and pith with the
small amount of parenchyma (Fig.4.5b). This woo@ammercially important because of the
wood is comparatively more durable. For examplauswood.

4.7 PERIDERM

In older roots and stems due to the continuousdtion of secoundry tissue the epidermis gets
stretched and ultimately tends to rupture and va#id by the death of epidermal cells and outer
tissues, and a new protective layer is develop#ddcperiderm. Structurally it consists of three
parts (Fig. 4.6):

1. A meristem known as phellogenor cork cambium.
2. The layer of cells cut off by phellogenon the owtiele, the phellem or cork.
3. The cells cut off by phellogen towards inner sithe, phelloderm.

1. Phellogen

In contrast to the vascular cambium, the phellagerlatively simple in structure and composed
of one type of cells. The cells of phellogen appeatangular in cross section and somewhat
flattened radially. Their protoplasts are vacualadaed may contain tannins and chloroplasts.

At the time of beginning of the development of alpdgen in epidermal cells, the protoplast
loses their central vacuoles and the cytoplasmeas®s in amount and becomes more richly
granular. As soon as this initial layer develogsdivides tangentially and to a lesser extent
radially, in the similar way as division takes m@ain true cambium. The derivative cells are
normally arranged in radial rows.

Generally, several to many times as many cellsareff toward the outside (phellem-cork cell)
as toward the inside (phelloderm). Phelloderm caksfew or absent; rarely phelloderm is grater
in amount than phellem.

2. Phellem (cork cells)

The cells that constitute phellem are commonly km@s cork cells. They are like the phellogen
cells from which they are derived. As seen in taumigé section, they are polygonal and uniform
in shape and often radially thin as seen in cresian of the stem. The cells of the commercial
cork (Quercus sub@rare radially elongated.
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3. Phelloderm

A tissue produced inwardly by the cork cambium. Ther of tissue, often very thin, produced
on the inside of the cork cambium in woody platitforms the secondary cortex.
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Vascular cambium

Xylem
Vascular bundle

Pith

Fig. 4.6: Structural diagram of periderm. The pemith is consist of three part i.e., phellem, phedlog
and phelloderm

4.8 NODAL ANATOMY

The nodal anatomy considered as one of the mosifisant aspect of angiosperm systematic
and comparative morphology of the stem, leaf and/dr. The plant shoot contains nodes and
internodes which are significantly differed in theiructure. This anatomical difference occurred
due to the presence of vascular supply to the tearel branches from the main vascular
cylinder of the stem. The degree of differentiatimiween nodes and internodes influenced by
the relative development of leaves attachmenteamtides. In the higher plants, each leaf which
originates from the node contains vascular tisgubkeoleaves and connected to the stem.

Leaf trace

A vascular strand that extends between the vascylarder of stem and the leaf is called leaf
trace or foliar trace. The number of leaf traceindependent to the shape, size, type and
development of the leaf. The number of traces supgplin a leaf may vary one to many and
they are constant to each family or even in a lgrgeip. In pteridophytes, usually one leaf trace
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is occurred while in gymnosperms the number of lgahce may vary one to two. In
angiosperms, one, three, five or many leave trawsbe present however one and three are the
most common phenomena. Three leaf trace perhagsithgive number where the one is either
the fusion of the original three in evolutionarywdmpment process or the reduction of the three
to one by the loss of the lateral vascular bundl&ésee leaf traces are the characteristic feature
of families included Rosaceae, Aceraceae, Asteea@ta while Lauraceae, Ericaceae and
Lamiaceae etc possess only one leaf trace.

The leaf trace comprised both xylem and phloem efgsmhowever, the relative proportion of
xylem will be more than the phloem. The proximatte® (near the vascular cylinder of the
stem) contain only the xylem whereas, the distd ef the leaf trace (adjacent the leaf base)
contain both the elements. In the process of plothssis, translocation of water from the
xylem to leaf lamina and prepared photosynthetimdpcts from leaf lamina to stem is also
facilitated by the leaf traces.

Leaf gap

The leaf trace considered as the extension of éiseular cylinder to the leaf even though they
are not a continuous supply from the main vasccjéinder. In the vascular cylinder a minute

parenchymatous patch arise just over the regioth@fleaf trace. This parenchymatous zone
between the leaf trace and the main vascular ostirglcalled leaf gap or Lacuna (Fig.4.7). The
leaf gap situated just above the leaf trace. Thicab parenchyma turns out to be persistent with
pith due to the existence of leaf gap during theyestage of secondary growth. Leaf gap is
constant in appearance in Pteropsida and abségtapsida.

/

LEAF GAP
HLEAF TRACE

ey

Fig. 4.7: L.S. of node through leaf trace and gap
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4.9 CLASSIFICATION

The nodes can be classified according to the nuwideaf gap or number of leaf traces and leaf
gaps in plants.

4.9.1Nodal classification based on the number of leaf gaps

Depending upon the number of leaf gaps left stgleldparture of traces, nodes described as
Unilacunar, Trilacunar, Pentalacunar and multilacuiNodal pattern often expressed in terms of
number of traces and gaps for example:

Unilacunar node with a single leaf trace described:1
Unilacunar node with two diverging leaf traces disx as 2:1
Unilacunar node with three diverging leaf tracesadibed as 3:1

Trilacunarnode with three leaf traces describe8:asHere, the first digit denotes the number of
traces and the second digit is number of leaf gaps.

Unilacunar node with two leaf traces is common inkBphytes and other Gymnosperms and
some angiosperms. Multilacunar nodes are relatimeommon in dicotlydenous family but are
present in some primitive order (Ranales) or sodwamced family (Lamiales). Unilacunarnodes
scattered in various groups but can distinguishrdire family that is Theaceae.

4.9.2Nodal classification based on the number of leaf traces and leaf gaps

The number and arrangements of leaf trace andyegafvaried in between different families or
even different plant species. Basically four maypes of nodes (Fig.4.8) recognized in
dicotyledons. i.e.,

1. Unilacunar single trace node:The node possesses a single leaf gap and a siagéeto a
leaf. Ex. Spiraea Unilacunar nodes are exstipulate. Unilacunar nagecommon in
Centrospermae and in certain members of Laurateasys, Myrtaceae Eucalyptu$ etc.

2. Unilacunar two trace node: The node exhibits two leaf traces associated siitgle leaf
gap in a leaf. ExClerodendron

3. Trilacunar node: This type of node contains three leaf traces (oregliam and two
laterals) and three leaf gaps in a leaf. Each timessociated with single leaf gap. Balix
AzadirachtaindicaAmong the three traces, the median trace is dang&ze while remaining
two lateral traces comparatively smaller in sizRisTtype of node has stipules. Asteraceae
(Chrysanthemuin Salicaceae SaliX), BrassicaceaeBfassicg etc showed the trilacunar
node.

4. Multilacunar node: The node which contains more than three leaf tranddeaf gaps in a
single leaf considered as multilacunar node. Eaabetis meeting with single leaf gap.
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Generally the sheathing leaf bases plants contaiftilacunar node. Ex. Polygonaceae
(Rumex etc.

ABOVE NODES

Leaf crace -
-~ '( o 0

Branch

Trace g
eal
op |\ S
U ]
g (B) O

LEAF GAP
MEDIAMN TRACE

Fig.4.8: Nodal anatomy of dicotyledons (A) Spirgeailacunar node): each leaf has one leaf trace and
one leaf gap; (B)Clerodendron (Unilacunar two-travede): two leaf trace with single leaf
gap;(C) Salix (Trilacunar node): each leaf has thteaf traces and three leaf gaps; (D) Rumex
(Multilacunar node): many leaf traces and many lgaps per leaf
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4.10 NODAL ANATOMY OF MONOCOQOT STEM

In the wheat stem (monocot stem) the course of/éiseular bundles through the internode and
the leaf sheath is almost parallel. Near the nbddeaf sheath is considerably thick and attains
its maximum thickness just above its union with gbem. On the other hand, the stem has the
smallest diameter above the junction with the Eafath. The stem is hollow in the internode
and solid at the node. The sheath remains opemerside at higher levels, just near the node.
Massive collenchymatous bundle caps are presdheibundles of leaf sheath. Just beneath the
junction of the leaf sheath and stem the smallghefleaf traces are prolonged in the peripheral
part of the axis, and the larger leaf traces becpantof the inner cylinder of strands. The inter-
nodal bundles located above the leaf insertion mssyust above the node a horizontal and
oblique course (Fig.4.9 C, D) and are reorientedatd a more peripheral position in the node
and below it (Fig.4.9 D, E). These horizontal abtique bundles variously branch and coalesce,
and their number reduces. The large leaf tracestladundles from the internode above the
insertion of the leaf make the inner cylinder of thundles of the next lower internode (Fig.4.9

E).
/ ‘*---ﬂH\f SHEATH
by R O e STEM
[

" COLLENCHYMATOUS
VASCULAR TISSUE

BUNDLES Sy,
. - (J/"N' ?; -.\_L:\-
S A7

LT CAVITY IN PITH [
ABOVE NODE NODAL REGION BELOW NODE

Fig. 4.9: Nodal anatomy of Triticum stem. Bundlésheath and their traces in stem are depicted in
black; vascular tissue of internodes and its camdiion through node is hatched. A-E,
transactions of stem at various levels. Toward netieath increases and stem decreases in
thickness
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In this cylinder approximately half of the bundbe® leaf traces from the nearest leaf above and
the other half of the bundles are from the integsodbove the insertion of the leaf (Fig.4.9 E).
The peripheral bundles are mostly leaf traces.ibst conspicuous character of grass stems is
the presence of transverse bundles in the nodaimeg

4.11 BRANCH TRACES AND BRANCH GAPS

The primary vascular supply to lateral branchealss derived from the vascular system of the
main axes, usually in the form of two bundles, lefen, one bundle. These strands are known
as branch traces or ramular traces. Dicotyledodsggmnosperms commonly have two branch
traces, connecting the vascular systems of thechemnto the main stem. In monocotyledons the
connection of the axillary shoot with the main steomsists of many strands. The branch traces
are extended within the main axis and appendagedied together by a primary vascular
system. When the branch possesses two traces, Ibo@skes unite within a short distance,
forming a complete vascular cylinder. When onedraccur, this stand usually possess the cross
sectional form of a horse-shoe shaped structure thi#¢ opening downward, and the vascular
cylinder of the branches is formed by the closudr#he opening as the branch traces passes out.

4.12 CLOSING OF LEAF GAPS

The closing of the gap may be define as a phenomehere the development of cambium take
place in the parenchyma of the leaf gap and fotmasvascular tissues in continuity with those
bordering the gap. The parenchymatous cells nearp#riphery of the leaf gap are act as
cambium and after that inner portion converted .k A, B). This process is slow and
gradually takes place. The gap parenchyma is maedaas such within the secondary body
until and cambium is differentiated throughout émtire tangential width of the gap.

Some complicated changes also take place in tlidrbeze during the secondary growth. The
phloem pushed in outer periphery while the primaylem buried by the secondary tissues
(Fig.4.10 C). The upper portion of the leaf traepalts outwardly and crosses the plane of the
cambium. The part of the cambium which differemtsadbove the trace in the leaf gap developed
vascular tissue between the vascular cylinder eafittace.

The newly developed tissues after secondary grewgints a pressure upon the leaf trace resulted
ultimately breakout of leaf trace (Fig 4.10 D). Tbeeakout is sealed with parenchyma tissue
which converted into cambium strip and joints tlaenbium of the lower part of the trace with
that formed in the leaf gap. After cambium format®ome secondary tissues, the end of the
trace below the break becomes embedded in secoryiemy (Fig.4.10 E). The upper severed
end is carried outward, and in time it may be thwaff, together with the cortex, by the activity
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of the periderm. Since the cambium within the tréself pushes the trace phloem outward, the
buried part of the trace consists of xylem only.

XYLEM | YEAR

LEAF TRACE

[}

%J:‘-__ ==1 E

il
w

Fig.4.10: Closing of leaf gaps by the secondarydio A and B: T.S. through nodal region of stem in
first year of growth; C-E: T.S. and L.S. througlrstafter several years old; D and E: depict
stages in closing of gaps and rupture of leaf trace

4.13 PHYLOGENY OF NODAL ANATOMY

There are varies theories are present in the pbglagdevelopment of the nodal anatomy. The
most accepted model is given by Sinnott (1914).0Ading to this model, in the dicotyledons,
trilacunar condition is most primitive whereas uaind multi-lacunar have been derived from it.
Reduction occurred either by the disappearancéetwo lateral gaps with the associated two
lateral traces or the two lateral traces becaméwamt with the median trace. In the latter case a
single bundle is formed consisting of three traddss bundle is associated with a single gap to
form unilacunar node. Trilacunar condition also @aige to multilacunar type by the formation
of more new gaps and traces. The unilacunar fornode is considered as the most recent. After
Sinnott, Bailey (1956), Fahn and Bailey (1957) aseleral studies give another model.
According to them, unilacunar condition is morenptive than tri- and multi-lacunar condition.
They support their model by given a strong reasen inany primitive groups like pteridophyta,
fossil gymnosperms like Bennettitales and Cordest@inkgoandEphedracontains unilacunar
condition. Unilacunar two-trace node also seembet@rimitive as it is represented by extinct
Bennettitales and Cordaitalesand extant ferns, fexsni Ephedra and the primitive
dicotyledonous genus Austrobaileya etc. Trilacumaddtion is extensive and is occurred in
Asteraceae, Meliaceae, Rosaceae and Winteracea€hetnopodiaceae and Degeneriaceae are
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presented multilacunar conditiohepidiumlatifolium has unilacunar node with several leaf
traces. It is regarded as more primitive than thikaaunar one-trace node.

Previously the nodal structures were describedhenblasis of number of leaf traces that are
associated with each leaf, e.g. one-trace, twafrduee-trace and multi-trace. Later the nodal
anatomy is interpreted on the basis of leaf gapgtdte associated with each leaf, e.g. unilacunar,
trilacunar and multilacunar. Still later leaf gapldeaf trace —these two aspects were combined
to describe a node, e.g. unilacunar-one traceacumlar-two trace etc. Later in the light of above
facts it is now interpreted that the evolution @fdal structure proceeded in the following two
sequences:

(i) Two trace unilacunar gave rise to trilacunahjet terminated in multilacunar condition;

(i) Two-trace unilacunar, by the loss of one tragave rise to one trace unilacunar that formed
trilacunar node by the addition of two new gap®esded with two traces.

The multilacunar condition is derived from theadlinar type by the addition of more new traces
and gaps (Fig.4.11). This evolutionary sequence bwybserved in a single family namely
Chenopodiaceae. The trilacunar type may also geeeto one trace unilacunar condition.

Leaf traces

Xylem
crosshatched

Unilacunar Trilacunar Multilacunar
node node node

Fig.4.11: Diagram showing the probable lines of @epment of nodal vascularization.

4.14 SIGNIFICANCE OF NODAL ANATOMY

Nodal anatomy shows the phylogenetic primitivenesadvancements of the plant. The nodal
anatomy is a good taxonomic key for systematiclafgs. Due to its phylogenetic importance,
nodal anatomy is concerned with the study of syatenand phylogeny of angiosperms.
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4.15 SUMMARY

The wood may be possibly the most useful and muitipse material on this earth with
thousands of different commercial as well as cotivaal benefits. The wood contains the
specific surface, physical and mechanical properildie growth of the tree is the result of the
production of new cells by tissues termed meristeMsristems consist of cells that are
undifferentiated and retain the ability to divideda produce new cells. The phases of
development of wood cells are summarized as calisidn, cell enlargement, cell wall
thickening, lignification and death. When examinerenclosely, the wood can be classified
according to seasons, location and type of thetmlarhe cambium in wood becomes more
active during the spring season and forms plentgmyg vessels with wider cavities called
spring wood or earlywood. The activity of cambiunmuohished during the winter season
which gives rise to narrow xylem elements knowmaimn or latewood. The portion of wood
which contain more moisture, light in colour andrig cell layer called sapwood. Inside the
sapwood there is a dead, much darker and hardiecadked the heartwood. The concentric rings
visualized in the cross sections of the stems lyaittively of cambium. These rings refer as
growth rings which tell about the age of the ti@kssification based on the type of plant, wood
can also divide into two distinct kinds called haotdd and softwood, though confusingly the
names don't always refer to its actual hardnessftmess.

The nodal anatomy considered as one of the mosifisant aspect of angiosperm systematic
and comparative morphology of the stem, leaf amdvél. A vascular strand that extends
between the vascular cylinder of stem and the igafalled leaf trace or foliar trace. This
parenchymatous zone between the leaf trace anchdlive vascular cylinder is called leaf gap.
The nodes can be classified according to the nuwideaf gap or number of leaf traces and leaf
gaps in the plants. Before the discovery of unit@cutwo-trace node, trilacunar node was
regarded as central type from which unilacunarranttilacunar node arose. It is interpreted that
unilacunar node is more advanced than trilacunden®he closing of the gap may be define as
a phenomenon where the development of cambiumpiake in the parenchyma of the leaf gap
and forms the vascular tissues in continuity whbse bordering the gap. The nodal anatomy
plays a significant role in the plant taxonomy. Mbdnatomy shows the phylogenetic
primitiveness or advancements of the plant. Dugstphylogenetic importance, nodal anatomy
is concerned with the study of systematic and pismy of angiosperms.

4.16 GLOSSARY

Cambium: The layer of actively dividing cells between xylemd phloem in a vascular bundle
which responsible for the secondary growth of stamroots in higher plants.
Dendrochronology: It is the scientific method to determine the agetrek by counting the
growth rings.

Gymnosperm: It is the group of plants which do not produce féosvor fruits. The naked seeds
produced on the surface of scales or leaves ofiefiguired as cones.
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Hard wood: It belongs to angiospermic (not monocots) grouplaht have a tendency of slow
growth, therefore usually more dense in texture.

Heart wood: The middle portion of the old trees trunk whichveleped earlier and contains
resins, gum, tannins and other organic substanbehwnake wood firm and durable.

Leaf gap: A leaf gap is a space in the stem of a plant tjinouhich the leaf grows.

Leaf trace: An extension of vascular tissue from a main stérthe plant into a nearby leaf,
resulting in a leaf gap in the plant's stele

Manoxylic wood: The gymnospermic wood having less number of xytsits. It has non-
compacted wood with large amount of parenchyma, getls and cortex mixed with less amount
of xylem tracheid.

Periderm: The corky outer layer of a plant stem formed iroselary thickening or as a response
to injury or infection.

Phellem: The outer protective layer of tissue of bark which iade of dead cells.

Plant anatomy: It is the general term for the study of the intdstructure of the plants.
Pycnoxylic wood: Pycoxylic wood has large number of xylem cellsitin The cells are
compacted with large amount of xylem tracheid amélsamount of cortex and pith with the
small amount of parenchyma

Sap wood: It is considered as the outermost, physiologicatyive, newly formed xylem
elements of the woody stem or branch.

Secoundry phloem:It is a type of phloem which forms from the vascutambium during the
secondarygrowth.

Secoundry xylem:lt is the type of xylem originated from the vascutambium by the activity
of secoundary growth.

Soft wood: The softwood comes from an evergreen tree and geltm gymnosperm group.
Generally it considered softer than the hardwood.

Xylem fibers: The fibers made up of dead sclerenchyma cells twden thexylemvessels and
tracheids which chiefly provide mechanical suppothe plant.

Xylem parenchyma: The short, lignified and thin walled living celBhysiologically functioned
for water conduction and storage of food.

Xylem tracheids: Theseare the elongated cells in the xylem of vasculantsl that served the
transport of water and mineral salts.

Xylem vessel:These are the long tube like structure which helfransportation of water and
provide mechanical support.

4.17 SELF-ASSESSMENT QUESTIONS

4.17.1 Multiple choice questions:

1- Where the sapwood located in the stem?

(a) Below the outer bark (b) Below the innerkbar
(c) Above the pith (d) Below the pith
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2- What type of trees is called deciduous tree?

(a) Soft wood (b) Hard wood

(c) Spring wood (d) Autumn wood
3- Opening on the radial surface known as

(a) Pits (b) Pith

(c) Reaction wood (d) Mitochondria

4- Which of the following is an example of soft vatio

(a) Sal (b) Oak
(c) Deodar (d) Mahogany
5- Which properties of wood belong to sap wood?
(a) Medullary rays are less distinct (b) Annuags are less distinct
(c) Dark in colour (d) Close grained

6- The age of tree by counting the annual ringsalied
(a) Chronology (b) Countology
(c) Dendrology (d) Dendrochronology

7- In an old stem the major part of the wood iedilwith tannin, resins, gum etc. this region is
known as

(a) Sap wood (b) Soft wood
(c) Heart wood (d) Spring wood
8- Wood that entirely lacks vessels
(a) Non porous wood (b) Homoxylous wood
(c) Early woo (d) Late wood

9- Trachied percentage contribute 90-95% in

(a) Soft wood (b) Hard wood
(c) Sap wood (d) Heart wood
10- Cork cambium and vascular cambium are
(a) Part of secoundry xylem and phloem (b) Pipeoicycle
(c) Lateral meristem (d) Apical meristem

4.17.2 Fill in the blanks:

The moisture content of fresh timber varies from
is poor conductor of heat, electricity aodrsl.

1. The secondary xylem formed as a result of actimtthe cambium and known as

2. The secondary xylem developed in gymnosperms and

3. The formation of secondary xylem is responsiblerfiorement in of tree trunk.
4. The main functions of the wood in the tree are catidn of water and

5. Odor depends upon present in the wood.

6.

7.
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8. Tracheids perform both the functions of and

9. The activity of cambium slows down during the season

10. The concentric circles appear in the cross sectainwoody stems by the actively of
cambium. These rings are refers as

4.17.3 True and false:

1. The branch of science which deals with the climatiodition of the past by using wood
annual ring during different periods of time isledlDendroclimatology

2. Avascular strand that extends between the vascylerder of stem and the leaf is called
Leaf trace or foliar trace.

3. This parenchymatous zone between the leaf tracdhenchain vascular cylinder is called
Leaf gap or Lacuna

4. The node exhibits two leaf traces associated wiigles leaf gap in a leaf is called
Unilacunar two trace node

5. Meristems consist of cells that are undifferentdatand retain the ability to divide and
produce new cells.

4.17.1 Answer Key:1(b); 2(b); 3(a); 4(c); 5(a); 6(d); 7(c); 8(a); B(a0 (c)

4.17.2. Answer Key:1. Wood; 2. Angiosperm; 3. Diameter; 4. Mechanstabngth; 5.volatile
compounds; 6. 30% to 200%, 7. Wood; 8. Supportdaotion; 9. Winter; 10. Growth rings
4.17.2. Answer Key:1. True; 2. True; 3. True; 4. True; 5. True
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4.20 TERMINAL QUESTIONS

4.20.1 Short answer type questions:

Q.1
Q.2
Q.3
Q.4
Q.5

Listed the differences between spring wood andrantwood.
What do you understand by tyloses?

Explain the different components of periderm.

Discuss the nodal anatomy of monocot stem.

Briefly describe the term leaf gap.

4.20.2 Long answer type questions:

Q.1
Q.2
Q.3

What do you understand by wood? Explain the prageedf the wood in a detail.

What are growth rings? Describe their role in detai

What is nodal anatomy? Discuss the classificationoales. What is the significance of
nodal anatomy in the field of plant taxonomy?
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5.1 OBJECTIVES

In the present unit you will come to know about:

* Characteristic features of leaves and roots
* The diversity in anatomical structures of monocut dicot leaves and root
+ Difference between monocot and dicot leaves antsroo

5.2 INTRODUCTION

The leaf is a specialized organ in which the fumctof photosynthesis is centered. It is an
appendage of the stem but it differs from it irustare. Leaf shows high level of variability
morphologically as well as anatomically. They aremmonly called as foliage leaves,
cataphylls, hyposophylls and cotyledons. The cdiyes are the first leaves of the plant. The
foliage leaves commonly do not have a storagedisthe leaf has a flattened part called lamina
and a stalk called petiole by which it is attachtedthe stem. Leaves have the following
characteristic features:

. The leaf is a lateral dissimilar appendage of thms

. A leaf is always borne at the node of the stem.

. Generally, there is always an axillary bud in tki¢ af a leaf.

. Exogenous in origin and develops from the swolksi primordium of the growing apex.

. The growth of leaf is limited.

. The leaves do not possess any apical bud or aareguawing point.

. A leaf has three main parts — Leaf base, petialieleaf lamina. In addition, it may possess
two lateral outgrowths of the leaf base, calledusés.

. The leaf lamina is traversed by prominent vascstiands, called veins.

Just like leaf, root is another important orgarplaint with which it absorbs water and essential
nutrients from soil. The first root of a seed pldetrelops from the radical and is called tap root.
In dicots it goes deeper in the soil and makesdap system. In monocots these are short lived
and replaced by adventitious roots. Roots havéalleving characteristic features:

« The root is the descending portion of the plans.axi

« It is positively geotropic.

It is usually non-green or brown in colour.

- The root is not further differentiated into nodesl anternodes.
« As per the rule, the root does not bear leavedraeduds.

« Usually, a root cap protects the root tip.

« The root bears unicellular root hairs.
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- Lateral roots arise from the root. These are enumgin origin (arises from pericycle).

Some roots become specialized due to their funetsofleshy roots of beet, carrot, raddish and in
respiration in mangrove plants. Similarly the pam@gplants develop sucking roots.

5.3 ANATOMY OF LEAF OF MONOCOTSAND DICOTS

Commonly the leaves are of two types dorsiventlaots) and isobilateral (monocots) Fig. 5.1 A&B.
The dorsiventral has distinct upper and lower s@$aand grows in horizontal direction. Most of the
monocots and some dicots have isobilateral leavasugh the leaves have lot of variability still yhel

have same tissue system as the root or stem. Bedédave dermal, ground and the vascular tissue
system.

Veins
Veinlets
Mid rib
(A) (B)
Monocot leaf: Long and cylindrical leaf Diocot leaf: Broad leaf area and
parallel veins branched veins

Fig. 5.1: Difference between monocot and dicot ésav

5.3.1 Monocotyledonous leaves

Majority of monocot members have isobilateral/uciddfisolateral leaves (isos=equal, bi=two,
lateris=side). Internally these are different fratorsiventral leaves. The mesophyll is made up of
isodiametric cells which are all alike (Fig. 5.B)ternally it cannot be differentiated into two &snand
structure is similar on both the surfaces. The atanare present on both the epidermal layers argdith

is called as amphistomatic leaf. Anatomically marideaf can be differentiated into following regson

a. Epidermis: The epidermis shows high variation in structuree Tpper and lower epidermis is
almost similar in structure. Usually epidermis iada up of thin walled compactly arranged cells.
Epidermal cells are uniseriate and more or les$ iovahape. The outer wall of the epidermal
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cells is cuticularized. A group of bigger cellsledlas bulliform cells or motor cells are present.
In Ammophilathese cells are restricted in the depressionshatin rolling of leaves. In water
plants, e.gPotamogetorthe cells of both upper and lower epidermis haweroplasts. On the
basis of distribution of stomata the leaves cadifferentiated into three types:

i. Epistomatic: In floating leaves stomata are present only enuiper side.
ii. Hypostomatic. the leaves are present on lower side only.

iii. Amphistomatic: the stomata are present on both the sides oé¢eav

In date palm the epidermis is more than one layefdtt epidermal cells may also be
impregnated with wax.

b. Mesophyll tissue:The tissue of the leaf that lies between the uppérlower epidermis
and between the veins is made up of thin parenchgaileed as mesophyll. The
mesophyll is not differentiated into palisade angorgyy tissue but consists of
isodiametric parenchyma cells with chloroplast artdrcellular spaces continuous with
outside. Bundle sheath extensions are present eropbtoth sides of veins which are
made up of sclerenchymatous patches and contint@ the epidermis. IrLillium
palisade like layer may be present on the uppefaserrof the leaf. In date palm
sclerenchymatous patches are also present belogpttiermis.

Bundle sheath
Xylem Adaxial
epldermis

Adaxial
epidermis
Phloem

sesosi, g s ¢— Xylem
. i ':':.i'l';ﬂ“:-ii.llll.*.' jq Palisade M{Iqﬂp}w”
i -
kY UL kL S Sub-stomatal
NG aary
“ ""\;,,,-If;i;"-ﬁ\;f'? #‘*ﬁ.ﬁf Alr cavity
: %}““““" :ﬁ'ﬁ’ **\'gﬁ Spongy ’ Abaxial
| HLIYTYS ﬂ;‘ *@! llllli"-uﬁlhvll "It'p]".li.‘flﬂlls
*'— o, . ﬁlllll'h'lllm.l[.ll e | Stoma
f _-! g wavity Phloem
d Stoma Abaxial

fa) epidermis b

Fig. 5.2: Figure showing difference between a di@tand monocot leaf (b).

c. Vascular bundles The vascular bundles are arranged in parallelnmanThe bundles
are conjoint, collateral and enclosed by a bunbeath. The xylem is towards the upper
side and the phloem is on the lower side. In soasex bundle sheath is two layered of
which the inner layer is sclerenchymatous. e.g.auh&he bundle sheath cells have
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starch grains in them. Xylem consists of vesseld phloem of sieve tubes and
companion cells. Sclerenchyma cells occur in patdreboth ends of the large vascular
bundles which give mechanical support to the leaf.

5.3.2 Dicotyledonous leaves

It is also called as bifacial leaf. It is differated into dorsal and ventral region. Anatomically
dicot leaf shows following structures (Fig. 5.2).

(A) Upper Epidermis: The leaf is covered on both surfaces by a singlerkd epidermis. It
is made up of single layer of cells, closely fiteaal has outer thick walls. The outer wall
is cutinized, covered over with a waxy substandied¢&utin. Due to cutin water does not
pass through them and transpiration is greatlygeduThe epidermis also checks entry
of pathogens into the leaf. INerium epidermis is multilayered. The chloroplast and
stomata are generally not present.

(B) Mesophyll tissue:lt is made up of parenchyma which is differentiated two regions:

Palisade tissueit is composed of one or two layers of closely aged columnar
cells. The cells are elongated and more or lessdnital cells with their long
axes perpendicular to the epidermis. The compastnépalisade parenchyma
depends upon the light intensity. A large numbechlbroplasts are present in
each cell. The palisade parenchyma is presenbgletv the upper epidermis and
is meant for photosynthesis. It is connected witkrcellular spaces to receive the
proper gaseous supply. In some xerophytic plarnlisgake tissue may be present
on both sides of the leaf. Efucalyptusas leaves hang vertically.

Spongy parenchyma:lt is present just below palisade tissue. Theylaosely
packed, thin walled cells, parenchymatous and haegular outlines with
branches extending from one cell to the othendks like a net and the cells have
less or no chloroplast and helps in exchange oéggastween the leaf and the
atmosphere.

Both spongy and palisade parenchyma contain disdoiokoplasts arranged in
parallel rows in the cells. The palisade appearddogreener than spongy
parenchyma

(C) Vascular bundles:The bundles are irregularly distributed in the gpoparenchyma. In
mango and some other cases a midrib is presentsffineture of the midrib and other
bundles is similar to each other. The vascular sdre called veins. A large number of
veins arises from the midvein and form a network.
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Each bundle is conjoint, collateral and closed. edylis present towards the upper
epidermis and the phloem towards the lower. Themytonsists of annular or spiral
vessels, tracheids, wood fibres and xylem parenehyline entire bundle is enclosed in a
parenchymatous bundle sheath, which is made upropactly arranged cells.

(D). Midrib region: In this region, in place of palisade, collenchyisapresent above
vascular bundle. On the lower side parenchyma rasept.

(E). Lower Epidermis: It is similar to upper epidermis in structure. Maspmata are
present in this layer. The stoma is surrounded vy guard cells. The leaves are
hypostomatic. The guard cells may be present eithéhe level of epidermal cells or
may be placed in pits. The characteristic diffeemnbetween monocot and dicot leaves
are given below (Table 5.1).

Table 5.1: Differences between monocot and dieotds

S.N. Character Dicot leaves Monocot leaves
1 Venation Reticulate venation Parallel venation
Coloul The upper surface is dark green wl  The two surfaces are equally gre

2 the lower surface is light green.

3 Epidermit The epidermal cells have sinuc The epidermal cells have alnt straight
lateral walls. lateral walls.

4 Silica Normally not deposited on tt Deposition occurs on the walls

deposition epidermal cells. epidermal cells.

5 Stomat: Stomata are absent or less abundar The stomata are equally distributed
the upper side. The stomata have the two sides. The stomata have dumk
kidney-shaped guard cells. bell-shaped guard cells.

6 Mesophyl Mesophyll is differentiated into tw Mesophyll is undifferentiate
parts, upper palisade and lower
spongy.

5.4- MECHANICAL SUPPORT IN THE LEAF

The function of the midrib and the lateral veine & strengthen the leaf. The important tissues
giving mechanical strength to leaf are:

(a) Collenchyma 1t is present in the centre in upper portion lod midrib. Wall is thick,
such cells are also present just above the loweespis. It is made up of living cells
with thick wall at the angles where cells contadgthweach other. This thickening
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increases the strength and the thin places allpn rmansfer of materials from cell to
cell.

(b) Sclerenchyma These cells or fibers are associated with vasdigaue of the leaves.
They occur as bundle caps adjacent to the phlodmasd are thick walled, dead and
lignified. They lie exterior to thin walled phloeamd gives mechanical support. They are
elongated in the longitudinal direction of the nidr

(c) Turgid parenchyma: These are turgid parenchyma cells which strengthenmidrib
region.

(d) Woody Xylem: These are lignified and dead cells and their mairction is conduction
of water but they also give mechanical supporttduieir thick wall. These are lignified
and dead cells.

5.5- ANATOMY OF THE PETIOLE

In petiole usually a groove is present on the umpee. There is a close similarity between
petiole and stem. The ground parenchyma of bosiamse and collenchymas and sclerenchyma
are present. The vascular bundles may be collatéead. Syringg, bicollateral (e.g.
Cucurbitaceae, Solanaceae) or concentric. The rmyatbpetiole reveals following structures:

The epidermis is made up of single layer of bashelped, elongated or
a. Epidermis . radially elongated compact cells with no interdeltuspaces. It is
generally cuticularized.
Hypodermis is generally multilayered made up oflesathyma or
sclerenchyma.
The ground tissue is made up of thin walled pargmehcells having
intercellular spaces.

b. Hypodermis

c. Ground tissue :

The vascular bundles may be in a complete or ivadfar scattered. The vascular bundles are of
various sizes, largest on the lower surface anduglly smaller in size towards upper surface.

The bundles are made up of xylem and phloem. Thenxys always found towards upper side

and phloem towards lower side. Generally the cefdrgest bundle is surrounded by single

layered endodermis followed by multilayered perieyc

5.6- ANATOMY OF PHYLLODE

The phyllode is a modification of petiole in whighbecomes flattened like leaf and it shows
xerophytic characters anatomically. It is gener&bbilateral. Anatomically it shows following
structures:
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a. Epidermis : It is single layered covered with cuticle. Sunké&mmsata are present
and below it is present substomatal chamber foe@asexchange
b. Palisade and : Palisade parenchyma is one or two layered and hatps
parenchyma photosynthesis, intercellular spaces are present.
c. Vascular : These are present in a ring. The central and margandles are
system large in size with well developed sclrenechyma aduhem

(characteristic of phyllode). The margins have aligielongated
epidermal cells.

In Gymnosperms special tissue surrounds the vasbuladles called as transfusion tissue, it
brings vascular bundles near to the mesophyll.tiEsee is of two types living parenchyma with

non lignified walls and thin walled but lignifiedacheids with bordered pits. Near xylem the
transfusion tracheids are elongated while they tmecshort when away. Near phloem they have
cells similar to the albuminous cells having denygeplasm and prominent nuclei.

The parenchyma is more near endodermis and trachieal bundles. The bundles get separated
from transfusion tissue by sclerenchyma. This &ss& supposed to have originated from
centripetal xylem or it is a transformed parenchymtside bundles.

5.7 ANATOMY OF ROOT OF MONOCOTYLEDONS AND
DICOTYLEDONS

The internal organization of the root, though MValeain different plants, is simpler than stem as

it does not have nodes and internodes and latppgnalages. Root is a leafless structure and in
both monocotyledons and dicotyledons it’s intestalicture shows a clear differentiation of the

three systems of tissue system-epidermal, groudd/ascular tissue system.

5.7.1 Monocotydenous root

The monocot root has the following anatomical gtrices (Fig. 5.3a):

€) Epiblema/ Epidermis: It is outermost layer is made up of thin walledlls with
unicellular root hairs. The root hairs are tub@atensions of the epidermal cells in those
places where xylem tissue is mature. They incréesabsorption for minerals and water.
As root grows the root hairs on older portions @il new hairs continues to grow in
relatively young parts of the root. But in planisel Eupatoriumpurpureumthey are
persistent. The root hairs are usually absentriala@ots and present in terrestrial roots.

Though any epidermal cell may initiate root hairt lsometimes some cells get
morphologically distinct from other cells called taghoblasts. In aquatic plants the root
hairs develop straight but in land plants they rtedge different shape depending upon
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(b)

(©)

(d)

their contact with soil particles. Epidermis is altyi uniseriate but in aerial roots of some
Orchids and epiphytes it is multiseriate called@amen. The velamen is a special tissue
present outside the epiblema having few layershaoi-walled, compactly arranged,
elongated and dead cells.

Velamen is supposed to have many functions likeorgbi®n of water from the
atmosphere, mechanical tissue for protection asd eheck loss of water from cortex.
They get filled with air in dry and with water iiny season. It also has dense spiral
thickenings called pneumatodes for gaseous exchange

Cortex: Inner to the epiblema there is present a largedbaf parenchyma with
intercellular spaces. These cells often contaircktgrains and leucoplast. In old roots of
Zeamayssuberized cells single or multilayered are usugitBsent known as exodermis.
It is protective in function. Starch grains are adbantly present in cells and sclerenchyma
cells are commonly found. Chloroplasts are usuatgent from cortex.

Endodermis: It is innermost layer of cortex. Cells are barséaped with prominent
casparian strips on radial and tangential walle Gasparian strip is part of primary cell
wall. The inner walls are thickened. There are mtercellular spaces. In monocots the
endodermis undergoes some wall modifications. Eitimdy casparian strip is present or
it gets covered by suberin and cellulose which mmakehick walled just opposite to
protoxylem poles and are called as passage cells.

Since these passage cells are meant for diffubiey dre also called as transfusion cells.
This thickening usually begins in those endodercetis which are adjacent to phloem.
Various functions have been attributed to endodeasi

I. Mechanical protective layer

ii. Inner accessory epidermis

iii. Maintaining of root pressure

iv.  Air dam which prevents clogging of water condngtcells

V. Barrage which prevents leakage of nutrients fuascular tissues and
vi.  Regulates inflow of water and nutrients salts

Pericycle It is the outer side layer of the stele lyingenrio the endodermis. It has a
single layer of thin walled cells parenchymatouliscdn older roots it may undergo

sclerification partly or entirely. In many memben§ Graminae and other monocot
members likeSmilax Agave Dracaenaand palms it may be multilayered.The pericycle
may be interrupted by xylem (Graminae) or phloenotgfhogetonaceae) elements
differentiation. Pericycle is derived from procaalbistrand and it maintains its

meristematic activities.

UTTARAKHAND OPEN UNIVERSITY Page 103



PLANT DEVELOPMENT MSCBOT-508

()

(f)

(9)

Vascular bundles: The vascular tissue differentiates from the prodambwhich
consists of densely cytoplasmic cells elongatedglbhe longitudinal plane of the root.
The differentiation of vascular tissues takes pla@opetally. Unlike stem the
differentiation of vascular tissue is reverse tattbf stem i.e. centripetally. These are
radial and arranged in a ring. The xylem bundlesnaimerous and alternate with phloem
bundles. The bundles are referred as polyarch. m#pg upon the number of xylem
bundles roots are called as monarch (one xylenmdyraliarch (two), triarch (three) to
polyarch (many bundles). The adventitious rootsPafmae and Pandanaceae have
considerably large number of bundles as many aod @tbre.

In Triticum roots a single vessel is in centre and is sephiatenon-tracheary elements

from the peripheral strands, in others variable Ioemof large metaxylem vessels are
arranged in circle around the pith eZgamays The protoxylem vessels are narrow and
have annular and spiral thickenings where as mitaxyessels are broad and have
reticulate and pitted thickenings.

In woods monocots the inner metaxylem elements vaay from two to three circles or
they may be widely separated from each other Rlgpenix dactylifera or scattered
throughout the centre. In Iridacedisyrinchiumhas a large central metaxylem vessel
surrounded by five to seven protoxylem strands,levim Gladiolus there is only one
metaxylem vessel at the base of each protxylemditra

In some monocots lik€ordyling Musa Pandanceae phloem strands are scattered among
the trachery elements in the centre of the rooé ghioem is in form of strands near the
periphery of the vascular cylinder beneath thegyete. The phloem is made up of sieve
tubes, companion cells and phloem parenchyma. hiteem strands are also exarch,
protophloem towards periphery and metaphloem tosvire centre.

In between and around vascular bundles parenchysatr sclerenchymatous
conjunctive tissue is found. The center is occupmd large pith which may be
parenchymatous or sclerenchymato@ar(ng Oryza sativa Avenasativg. Xylem is
exarch, i.e., protoxylem lies towards periphery @mel metaxylem towards the centre.
Structurally they are similar to the bundles ofaflyéedons root.

Conjuctive tissue The small parenchyma in between the xylem andgvhlbundles is
the conjunctive tissue.

Pith: It is differentiated and consists of parenchyraatoells with intercellular spaces.
Sometimes as i®isyrinchiumthe pith is completely obliterated due to develeptmof
metaxylem vessels in the centre.
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5.7.2 Dicotyledons roots

The young root of a dicotyledons shows followingistures (Fig. 5.3b):

(@ Epiblema or piliferous layer: It is formed of a single layer of thin walled celSome
cells are enlarged outwards to form tubular andelhilar root hairs.

(b) Cortex: These are many layers of parenchyma with interzellspaces. The cells
contain leucoplast and starch. Sometimes it's oldager function as exodermis on
degeneration of epiblema.

Hn ur
ool Hair
Epiblema

B

Yiem

P g'.?ﬁgrian
3
B3y ona

Phloem

_ Sclerenchyma

- Pericycle
Endodermis

Casparian
Sinps

(a): Monocot root (b): Dicot root
Fig. 5.3: T.S. showing differences in monocot &) dicot roots (b).

(c) Endodermis: It is the innermost layer of the cortex and foransng of compact, barrel
shaped cells around the stele. The radial and imadls are thickened in form of
casparian strips. There are no intercellular spa&gesie cells above protoxylem are thin
walled and known as passage cells.

(d) Pericycle: It is the outermost layer just below the endodsrimihe cells are thin walled.
(e) Conjunctive tissue:lt lies between xylem and phloem.

) Vascular bundles:these areadial, the xylem and phloem alternate with eaclerott
bundles are 4 the root is called tetrarch, 5 themtgrch, etc. The bundles are arranged in
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a ring. The protoxylem is exarch and consists ofiutéar and spiral vessels. The
metaxylem has reticulate and pitted vessels. Thieeph consists of sieve tissue,
companion cells and phloem parenchyma. On the widerof phloem sclerenchyma is

present.

Table 5.2. Differences between Dicotyledonous amilozotyledonous roots

S.N.  Character Dicotyledonous Roac Monocotyledonous Roc
1. Cortex Cortex is comparatively narrow Cortex is very wide.
Epiblem: The epiblema, the cortex and even Cork is not formed. The cortex a
2. endodermis are peeled off and replacthe endodermis persist. Only the
by cork. epiblema is peeled off.
3. Cork Older root has a covering of cc Older root has a covering
exodermis.
4, Caspariar Endodermis is less thickened & Casparian strips are visible only
strips casparian strips are more prominent.  young root. The endodermal cells later
become highly thickened.
5. Passag Passage cells are generally absen Thin walled passage cells gener:
cells endodermis. occur in the endodermis opposite the
protoxylem point.
6. Pericycle Pericycle produces lateral roots, c' Pericycle produces lateral roots o
cambium and part of the vascular
cambium.
7. Xylem 2 to 6 rarely moreXylem vessels ar Xylem and phloem bundles &
generally angular. numerous and are 8 or more |in
number. Xylem vessels are oval |or
rounded.
8. Cambiun Present and appears later as a secor It is altogether abse
meristem
9. Secondan  Secondary growth takes place with Secondary growth is abse
growth help of vascular cambium and cork
cambium.
10.  Pith Small or absel Large and well develop

Special dicot root: The root ofFicus shows some special features like they don’t hae r

hairs.

* Exodermis: these are few parenchyma layers outside epiblenyaung root. After
secondary growth they dry up.
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» Epiblema: Single layered and below exodermis.

» Cortex: many layered with chlorophyll bearing cells. Feuter cells are filled with
tannin like substances.

» Endodermis and pericycle: like other dicot root.

* Vascular bundles Xylem are 6 or more in number and alternate wpotiloem
bundles.

» Pith: large, well developed and parenchymatous.
» Secondarygrowth: It is typical dicot type. Periderm is well devpéal.

The differences between dicot and monocot rootdbeaiabulated as shown in table 5.2.

Secondary structure of root: The secondary growth is observed in the roots ah@spems
and dicotyledons. Monocotyledons mostly do not skeaondary growth and remain in primary
state throughout their life. However some monoti&ts Dracaenado show secondary growth.
The fundamental structure of secondary structuggnidlar to that of stem. In roots the bundles
are radial. A few parenchyma cells in the inneresdgf phloem becomes meristematic and form
crescent shaped strips of cambium.

These strips make secondary xylem centripetally sewbndary phloem centrifugally. In the
roots of herbaceous dicotyledons there is verle Igecondary growth. In these plants cortical
layers beneath the epidermis becomes suberizetband a thick walled exodermis. However in
woods roots enormous amount of secondary tissioersed due to extensive vascular cambium
activity. In these periderm is formed due to thavig of cork cambium or phellogen. In the
roots of some angiosperms like Hypericaceae, MgglacRosaceae the periderm is made up of
two types of cells suberized and non suberizedraltang with each other.

5.8 DIFFERENT TYPES OF ROOTSIN PLANTS

1. Adventitious roots: These are the roots that arise from any part oftméher than radicle,
like stem, leaf or hypocotyl. Majority of monocaed vegetatively propagating dicots have
these roots. They have endogenous origin, thegirosites may vary from plant to plant

» Cortical tissue of buds and hypocotyls €gdaminepratensis

» Stem pericycle e.Zeamays

* Ray parenchyma e.gropaeolunmajus

* Non differentiated secondary phloem and cambiunResa

* Interfascicular cambium and pericycle or the stetm @.g.Portulacaoleracea
» Parenchymatous regions in secondary xylemRilgesnigrum

» Tissues of leaf margins and petioles. &glanchoe Bryophyllum
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2. Contractile roots: In herbaceous dicots and many monocots the radace shows
wrinkling, and these are known as contractile rodisy. Daucus Medicagq Oxalis
Trifolium

3. Storage roots: The storage roots are those which store food nadtém the form of
carbohydrates. They have excessive parenchymargbesambial rings are formed after
primary cambium ceases in function. They are fimimed in pericycle and later in
parenchyma tissue outside secondary phloem.Bfagsicarapa, Raphanusativus Ipomea
batatas Betavulgaris

4. Aeration roots/ Pneumatophores:In plants of swampy habitat and many halophytes lik
Avicennia, the roots are negative geotropic andkamvn as pneumatophores. The surface
of these roots is covered by a thick layer of claikned by the underlying cork cambium
(phellogen). The cork has many small lenticels fyas exchange. The cortex is
parenchymatous with many intercellular spaces.

5.9 SUMMARY

The leaves are of two types dorsiventral (dicotg) i@obilateral (monocots). A monocot leaf has

epidermis, mesophyll and vascular tissue. Epideald are cuticularized, uniseriate and more
or less oval in shape. The mesophyll is not diffeeted into palisade and spongy tissue. The
vascular bundles are arranged in parallel mannke Bundles are conjoint, collateral and

enclosed by a bundle sheath. The xylem is towdresipper side and the phloem is on the lower
side.

The dicotyledonous leaf is also called as bifatalf and it is differentiated into dorsal and

ventral region. It also has epidermal, mesophyltl arascular tissues. The single-layered
cutinized epidermis. The mesophyll is differentthieto spongy and palisade parenchyma. The
bundles are irregularly distributed in the spongyemchyma. The bundles are conjoint, collateral
and closed. Xylem is present towards the uppereepid and the phloem towards the lower.
The tissues that give mechanical strength are radigmas, sclerenchyma, turgid parenchyma
and woody xylem.

Like leaf, petiole also has epidermis, hypodermisl ground tissue. It sometimes becomes
flattened and is called phyllode. In Gymnospermspacial tissue surrounding the vascular
bundles is present called as transfusion tissue.

Root is a leafless structure and in both monocdtyte and dicotyledons it's internal structure
shows a clear differentiation of the three systavhgdissue system-epidermal, ground and
vascular tissue systerm monocotyledons root, theutermost layer is thin walled called as
epiblema or epidermis and has root hairs. Thaex hasa large band of parenchyma with
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intercellular spaces containing starch grains anddplast. The endodermis is innermost layer of
cortex and has barrel shaped cells with prominagparian strips on radial and tangential walls.
Passage cells or transfusion cells are also preBewbdermis and pericycle are present. The
Vascular bundles are made up of xylem and phloeypterX is exarch, numerous and alternate
with phloem bundles. The root can be monarch (gmenx strand), diarch (two), triarch (three)
etc. The phloem is made up of sieve tubes, compaocéls and phloem parenchyma. The
phloem strands are also exarch. Conjunctive tissakso found.

The dicotyledonous root also shows epiblema ofepdus layer, cortex, endodermis, pericycle
and vascular bundles. Conjunctive tissue is alesgnt. Vascular bundles are radial and xylem
and phloem alternate with each other.

Some plants likd=icus have special roots. Adventitious roots are algs@nt. Some plants like
Gymnospems and dicotyledons show secondary growtbots. Monocotyledons mostly do not
show secondary growth and remain in primary sthteughout their life. The roots may be
Contractile, storage or aeration in nature. Thésavs slight variation in their anatomy.

5.10 GLOSSARY

Abaxial: Directed away from the axis.

Adxial: Directed towards the axis.

Adventitious roots: Roots that develop from any part of plant othanthadical .

Bulliform cells: Group of bigger cells, restricted in the depressiand help in rolling of eaves,
also called as motor cells.

Cambium: A meristem with products of divisions arrangedeslgin parallel files.

Casparian strip or band: A band like wall formation within primary walls antbntaining
lignin and suberun. Typical of endodermal cellsaats.

Centripetal development: Developing successively inwards towards centre.

Centifugal development:Developing successively outward from the centre.

Chlorenchyma: Parenchyma having chloroplasts.

Collenchymas:Supporting tissue composed of more or less eloddaiag cells with unevenly
thickened walls.

Closed bundles:Cambium is absent between xylem and phloem

Conjuctive tissue: The small parenchyma in between the xylem and phlbendles is the
conjunctive tissue.

Conjoint: Bundle where xylem and phloem lie opposite to estbler on the same radius linked
with the help of cambium.

Collateral: Bundle where xylem and phloem lie opposite to eatbler on the same radius with
phloem located towards periphery of the stem aadyem towards center.

Cotyledons are the first leaves of the plant

Dermal tissue: Outer covering tissue of plant that is epidermipeniderm.
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Diarch: Two protoxylem strands.

Endogenous:Arising from deep seted tissues as lateral root.

Exarch: Protoxylem lies towards periphery and the metaxyiewards the centre.

Ground meristem: Meristematic tissue derived from apical meristerat thive rise to ground
tissue. Also called as fundamental tissue.

Hyposophylls: Various types of bracts associated with flowersctvimay function as protective
organs or to attract insects if colored.

Hypostomatic: The leaves are present on lower side only.

Intercellular space: Space among cells within a tissue.

Isobilateral/unifacial/isolateral leaves: (isos=equal, bi=two, lateris=side)

Isodiametric: Regular in form with all diameters equally long.

Lamina: The flattened part of leaf.

Lignin: an organic substance of high carbon content asteociwith cellulose in the wall of
many cells.

Mesophyll tissue: The parenchyma tissue of leaf that lies between upper and lower
epidermis.

Openbundles: Cambium is present between xylem and phloem

Palisadetissue:it is composed of one or two layers of closelyaged columnar cells
Parenchyma: Cells with live nucleus concerned with one or macéavities in plants.
Passageells: These are thin walled cells in exodermis or endogehaving casparian strips.
Periclinal: Parallel with the circumference.

Pericycle: Part of ground tissue of the stele located betvieeiphloem and endodermis. Present
in roots and absent in stems mostly.

Phloem: Principal food conducting tissue of the vasculianp made up of sieve elements,
parenchyma cells, fibres and sclereids

Sclerenchyma: Cell having thick lignified secondary walls, ast supporting cells.

Spongy parenchyma-It is present just below palisedee, loosely packed and made up of thin
walled cells, parenchymatous cells.

Suckingroots: Also called as haustoria. These penetrate hastdssfor water and nutrients.
Xylem: Principal water conducting tissue, may also aciuggporting tissue.

5.11 SELF-ASSESSMENT QUESTIONS

5.11.1. Multiple choice questions:

1. In a vertical section of dorsiventral leaf
(a) Mesophyll is undifferentiated
(b) Mesophyll is differentiated into palisade apadisgy parenchyma.
(c) Palisade is present but no spongy parenchyma
(d) Spongy parenchyma is present but palisade absen
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2. The ground tissue of leaf is called as

(a) Mesophyll (b) Cataphyll
(c) Chlorophyll (d) Veins

3. Multiple epidermis is found in
(a) Nerium leaf (b) Guard leaf
(c) Guava leaf (d) Grass stem

4. In a vertical section of a typical dicot ledfetphloem in the mid-vein is situated
(a) Facing the upper epidermis (b) Facing the taspédermis
(c) Facing sideways (d) All around the xylem

5. Which of the following can be seen in a monaoot
(a) Large pith (b) No or poorly developed pith
(c) Medullary ray (d) Endarch xylem

5.11.2 True or false

1. Bulliform cells in grasses helop in rolling of less:

2. In dorsiventral leaf palisade tissue occurs on mbaxrface and spongy parenchyma on
adaxial surface.

3. In submerged leaves stomata occur on both surfaces.
Mesophyll is differentiated in palisade and spopgyenchyma.
5. In leaf xylem is towards adaxial side of leaf

B

5.11.3 Fill in the blanks

1. A leaf is described as when the two surfacasnot be distinguished
anatomically.

The tissue between upper and lower epidermis isdcak

Stomata are present on lower surface only in

Roots have vascular bundles.

Some endodermal cells lying opposity to the prolemxyare known as

akrown

5.11.1 Answer Key:1 (b); 2(a); 3(a); 4(a); 5(a)
5.11.2 Answer Key:1. True; 2. False; 3. False; 4. False; 5. True
5.11.3 Answer Key:1. Isobilateral; 2.Mesophyll; 3.hypostomatic; 4. Radia passage cells
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5.14 TERMINAL QUESTIONS

5.14.1 Short answer type questions

1.
2.

B

Compare the internal structure of dorsiventral it of isobilateral leaf.
Write short notes on:

(i) mesophyll (i) casparian strip (iif) velamen

Write the difference between monocot and dicot root

Write the difference between moncot and dicot leaf

Write a short note on:

(i) Phyllode (ii) Transfusion tissue (iii) tyjé roots in plant

5.14.2 Long answer type questions

1.

2.

Describe in detail the internal structure of a tieaf. Give in details about its various
tissues.

Compare dicotyledons leaf with monocotyledons Veigth well labeled diagrams.

Draw well labeled diagrams of the following:
i. T.S.of monocot leaf
ii. T.S. dicot leaf
ili. T.S. monocot root
iv. T.S. dicot root

Give in detail well labeled diagram of a typical meaot root.
Compare dicotyledons root with monocotyledons withh well labeled diagrams.
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UNIT- 6: ANATOMY OF STEM IN MONOCOTS AND
DICOTS AND C3 AND C4 PLANT LEAVES
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6.1 OBJECTIVES

As you have seen in earlier units that both mondedons and dicotyledons are group of
angiosperms which differ not only in anatomy buanhe every aspect of life. In this unit you
will be able to know;

* Anatomy of leaf of monocotyledons and dicotyledplasts.

* How monocotyledons and dicotyledons differ in seamatomy from each other.
e Structure of C3 and C4 plants.

» Differences between C3 and C4 plants.

6.2 INTRODUCTION

The higher plants generally divided into two groufise angiosperms (flowering plant) and
gymnosperms (non-flowering plant). The angiospearss further sub-divided into two group
i.e., dicotyledons and monocotyledons. Monocotytedare those plant which give rise one
cotyledon while dicots have two cotyledons aftexdsgermination.

In angiosperm, the plant body is clearly dividedoimoot, stem and leaf. The stem is the
essential aerial part of the plant, which bearsdinas, leaves, flowers, and fruits. It is also
responsible for the conduction of water, mineral¢riants, and gases within the plant. Other
than these stem provides support to the plant bbaly.characteristic features of the stems are;

» Stem arises as a prolongation of plumule.

» The shoot system is heterogeneous and consistsmf Branch, leaves and flowers.
* The stem is negatively geotropic, hydrotropic andifvely phototropic in nature.

» The stem bears nodes and internodes.

» The stem bears vegetative buds which could be tadror axillary or lateral.

» Lateral branches of the stem are exogenous omorigi

Both the monocotyledons and dicotyledons plants aeeell developed shoot system having the
same basic architecture of nodes, internodes, feweauds, etc on it. Many other internal
similarities and differences are also found in kesmw monocotyledons and dicotyledons stems
which we will discuss in this chapter in detail.

The green plants are unique to possess the atalifix light energy from sunlight through a
process called photosynthesis. The process of phatiwesis is take place in two process i.e.,
light reaction and dark reaction. In the light i@t the chlorophyll pigment absorb the sunlight
and synthesized energy rich chemical compound IKEP and reduced coenzymes
(NADPHH+). In dark reaction these energy rich males are used for the synthesis of
carbohydrate with C® There are essentially three different types ok deaction pathways are
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operated in different plants on the earth and #reynamed on the basis of compounds of these
pathways. They are C3 plants, C4 plants and CAMtpla

In majority of plants C@is fixed into a three carbon compound (C3) by phetosynthetic
enzyme ribulose bisphosphate carboxylase oxygefradggisco). This is normal photosynthetic
process that occurs in plants. This unique enzyof@dRo has a dual role, when the 4©more

in atmosphere it behaves like carboxylase and fatesospheric C®into sugar but when
oxygen is more it undergoes oxygenase activity @articipates in a wasteful process known as
photorespiration. In this process it loses fixed,CI® overcome this certain plants undergo C4
pathway. Such plants are called C4 plants. Fordh#&nge these plants have undergone certain
changes in anatomy and physiology.

6.3 ANATOMY OF STEM

The anatomy of the monocotyledon and dicotyledemst discussed here in detail. There are
several differences as well as some similaritiesfaund in between them. The characteristic
features of monocotyledon and dicotyledon stemgiaen below;

6.3.1 Anatomy of monocotyledon stem

It is mainly composed of hard, organised, rectaagcklls coated with a waxy substance known
as cutin. Generally a typical monocot stem possesgll-developed epidermis, hypodermis,
undifferentiated ground tissue, and numerous geatteascular bundles. Maize, wheat, grass etc
are the examples of monocot stems. The generahdiesistics of monocot stem are:

» Circular stem, may have depressed structures dilre foresence of lateral branches.

» Have thick cuticle, single layered epidermis andiemnal hairs are absent.

» Single layered cuticularised epidermis may contairticellular trichomes.

» Ground tissues are not differentiated into corted pith.

* Hypodermis is generally sclerenchymatous.

* It has no distinct endodermis and pericycle.

* Epidermis contains stomata with guard cells.

» Scattered vascular bundles are surrounded by scleymatous bundle sheath cells.

» Each vascular bundle is oval, conjoint, collatarad closed.

* There is no distinction between pith and pith rays.

* Xylem is endarch, phloem is represented only bypammon cells, seive tubes and little
phloem fibers.

» Secoundry growth of stem is absent.

Example: Zeamays(maize) represent as an example of a monocot §amn6.1). The detail
description or internal structure aéamaysis described in brief under the following sections.
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Epidermis: It is the outermost, cuticularised, parenchymat@ingle layer of cells. It is
made of barrel shaped cells arranged in a layeildeBpal stem hairs are completely
absent. Epidermis basically provides protectiomfitthe mechanical, chemical, physical
and biological injuries to the internal tissues.

Hypodermis: Just below the epidermis, a layer of compactlyragea sclerenchymatous
cells without intercellular spaces is present kn@agnhypodermis. This layer provides
strength to the plant.

Ground tissue The ground tissue is inconspicuous or undiffestat or not well
developed parenchymatous region. This region is difterentiated into cortex,
endodermis, pericycle, pith and pith rays. Thescefl this region are parenchymatous,
compactly arranged (toward center) or loosely ayedn(toward peripheral), small, and
polygonal or round in shape. The scatter vasculardles are imbedded in ground
tissues. These cells contain reserve materials.

. Vascular bundles Endodermis and pericycle are not found. The Masdwndles are

scattered throughout the ground tissue. The vasbuladles are oval in shape, conjoint,
collateral and closed. The vascular bundles magalbegorized into two types. The large
vascular bundles lie towards the center (less imbar) and smaller vascular bundles
towards and periphery (more in number). Sometinhes dentre of the stele in many
monocot plants is free from vascular bundles amatcsipied by parenchyma cells, which
dry up and disappear at an early stage, thus makaémg hollow as in most of the grasses.
Each vascular bundle surrounded by a sclerenchymatoundle sheath which
encloses xylem and phloem.

Bundle Sheath
Phloem

DB matous) Metaxylem

xylem A Protoxylem lacuna
Q‘&mn’ Y "‘ifln‘-,w\ . .
Vﬁ’ bundies 7 Ground tissue
@ Ao, " R
) ground Lssue !

&
iy

(A) (B) (©)

Fig. 6.1: (A): T.S. of Zea mays (diagrammatic) sté®): T.S. of Zea mays (cellular) stem and (C):

structure of vascular bundle (magnified 400 X).
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» Xylem consists of vessels, tracheids, xylem parenchyrddiamited xylem fibres. Vessel
is Y-shapedwith larger two round pitted metaxylem vesselsnfmg the arms and
smaller annual or spiral protoxylem vessels, fogrine base. The xylems are endarch
with outer metaxylem and inner protoxylem.

* Phloemlies outside the xylem in the vascular bundle.cdinsists of sieve tubes,
companion cells and phloem fibers, but lacks phlgamenchyma. The outer phloem is
protophloem and functional metaphlo&einner portion.

The cambium is absent, which means that monocaigleterm usually do not have secondary
growth. Pith region are not clearly distinguishedhie stem. There is no distinction between pith
and pith rays.

6.3.2 Anatomy of a dicotyledon stem:

A typical dicot stems represented by a well-defiepedermis having cuticle, a layer of dermis
along with multicellular stem hair. The internalusture of a dicot stem mainly consists of
epidermis, hypodermis, well developed cortex regemdodermis, pericycle, vascular strand,
and well defined pith region. Sunflower and Cuctatare examples of dicot stems. A typical
dicot stem show the following characteristics:

* Presence of well-defined epidermis with cuticle amdticellular stem hairs.

* Well developed collenchymatous cortex is present.

* Hypodermis regularly or as discontinuous patches.

* Endodermis is distinct as the innermost layer efdbrtex.

» Pericycle composed of parenchyma and sclerenchiteraately as irregular patches.

» Vascular bundles are conjoint, collateral, endaacid, open, arranged in a ring.

» Cambium cells are present in between xylem andephlo

* The center region of the stem is occupied by a d@lkeloped of pith, made up from thin
walled parenchyma cells with distinct intercellutgaces.

» Pith rays or medullary rays are found as sepatdttwo vascular bundles.

e Secoundry growth in stem is present.

Example: Helianthus annugsun flower) represent as an example of a dicoh ¢fég. 6.2). The
detail description or internal structure blelianthus annudgs described in brief under the
following sections.

(i) Epidermis: The epidermis consists of a single layer of badethaped cells and is the

outermost layer of the stem. It contains stomath @moduces various types of trichomes. The
epidermal multicellular stem hairs help in protentiand heat loss. The outer cell walls are
greatly thickened and heavily cutinized. The cealls compactly arranged and do not possess
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intercellular spaces. In transverse section ths eppear almost rectangular. It serves mainly for
restricting the rate of transpiration and for potitey the underlying tissues from mechanical
injury and from disease producing organisms.

(i) Cortex: The region that lies next to the epidermis is ¢betex. The cortex region is well
defined and can be divided into three region;

Hypodermis: It is the outer most layer just bengh#hepidermis consists of 3-5 layers of
collenchymas cells without intracellular spaces l& photosynthetic active region having

deposition of cellulous with pectin. It gives thechanical support to the plant.

General cortex: After hypodermis a region of indfitdar space with resin ducts, each

surrounded by a layer of small thin walled sphéricaoval cells is present called general

cortex. It is made from loosely arranged parenchigos The cortical cells may contains

chloroplast and perform photosynthesis.

Endodermis: The innermost layer of the cortex is émdodermis, also known as the
starch-sheath. It consists of a single layer dsaghich surrounds the stele and contains
numerous starch grains. Frequently it is most yasstinguishable from the surrounding

tissue by the presence of these starch grains.

(i) Stele: The part of the stem inside the cortex is knowith@& stele. The stele consists of three
general regions-the pericycle, the vascular buralheisthe pith.

a. Pericycle: The region between the vascular bundles and theexds known as the

pericycle. It is generally composed of parenchymma aclerenchyma cells. The

sclerenchyma may occur as separate patches oc@#tiauous ring in the outer part of

the pericycle forming a sharp line of demarcatietween the stele and the cortex. The
sclerenchyma cells in the pericycle are like og@erenchyma cells in being long, thick
walled dead cells which serve as strengtheningnnaate

Vascular bundles: The vascular bundles as seen in cross sectioroajeit, collateral,
open and arranged in a ring (eustele). Each vaskutalle consists of three parts.

Xylem: The xylem which is formed before the activitytbé cambium is called primary

xylem. It is composed of two parts. The xylem fodrfest is nearest the centre of the
stem and is called protoxylem. The more peripheaal of the primary xylem is called as
metaxylem. The xylem is composed of three diffetgpes of cells-tracheary cells that
include tracheids and vessels, wood fibres and wpaeknchyma. The diameter of
vessels is usually much greater than that of tidsheThey form long tubes and

constitute the principal water conducting elemefithe dicotyledon stem. The tracheary
cells may be divided into several types accordmghe method by which the walls are
thickened.
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Annular tracheary cells have thickening in the fafrrings, while spiral tracheary cells

have spiral thickenings. Pitted tracheary cellsehamlls which are uniformly thickened

except for thin place in the form of pits. Whendad like thickenings are present, the
vessel is said to be scalariform.

Epidermis

Collenchyma
Parenchyma

: : Starch sheath
v Bpidermal haurs e .
gel 8 . Sclernchyma
~Epiderus : :
_Hypoderms
Paranchyma
Y Starch sheath Philset
5 Bundle caps =k
o ol
Vascular bundles Cambramn
Meta xylem
Medullary rays
it
Fith Protoxylem
Pith
(A) (B)

Fig. 6.2: Transverse section (T.S.) of young stehetianthus annus (diagramatic)

* Phloem The primary phloem of the dicotyledon stems cstssof three types of cells-
sieve tubes, companion cells and phloem parenchyima.sieve tube consists of thin-
walled, elongated cells arranged in vertical roWse sieve tubes serve primarily for the
conduction of food material. The companion cells small cells which are attached to
the sieve tubes. Each companion cell is the ststrof a sieve tube cell, the two being
formed by the division of a mother cell.

» Cambium: There lies a layer of meristematic cells betw#en xylem and the phloem
known as cambium. The cambium consists of a silayler of cells which by division
gives first to xylem cells toward the centre of ttem and phloem cells toward the
periphery. At first the cambium is confined to thendles, but later the parenchyma cells
of the pith rays which lie between the edges of dambium in the bundle divide and
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form a layer of cambium which reaches across thie g@giys and connects that in the
bundles, so that the cambium becomes a continudinsler.

* Pith rays: The vascular bundles are separated from eachr dtheradial rows of
parenchyma cells known as pith rays. The pith &is@are usually elongated in a radial
direction. They serve primarily for the conductioinfood and water radially in the stem
and for the food storage.

c. Pith: In a dicotyledon stem the centre has thin-wallacepchyma cells known as the
pith. The cells have distinct intercellular spaaes occupied the central portaion of the
stem.

Variations in stem structure of dicot plants

The description given above is typical type of didon stem, but there may be some minor
variations.

* The pith may be wide or narrow and when it disapp#dge stem becomes hollow.

* The vascular bundles vary considerably in number size, while the pith rays and
cortex varies in width.

* When phloem is present on the outer side of xyler ¢alled as collateral bundle and
when it is present on both outer and inner sideybém it is called bicollateral. E.g.,
cucurbitastem.

* In the stem oAristolochia,just beneath the uniseriate layer of epidermis a fewwray2-
3) of collenchyma are present. The pericycle regionsists of a continuous band of
sclerenchyma. Seven bundles are arranged in a ring.

The monocot and dicot plants are different kinglaints, however, they have some similarities
in their stem anatomy which are listed as;

» Epidermis is usually single layered in both thenfda

» Thick layer of cuticle are present.

* Hypodermis is present in both the group of plants.

» Photosynthetic chlorenchymatous zone is presdiigitcortex region in both the group.
* Major portion of the groud tissue is paranchymatous

* Xylem and phloem are organized as a vascular bandle

* Vascular bundles are conjoint and collateral.

* Xylem and phloem composed of both proto and metamehts

Despite of having many similarities they are quliferent in their anatomical characteristics.
The over view of the difference between mono amdttidon stems are given in table 6.1.
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Table 6.1: Differences between monocotlydon ancktigion stem

Particular

Dicotlydon Monocotlydon

Physical
state

Usually solid Usually hollow at the centre

Hypodermis

Formed of collenchyma fibres whichypodermis is made of sclerenchyi
are often green in colour. fibres, and they are not green.

Epidermal

Epidermal hair may or may not exist. Presence of epidermal hair.

na

Trichomes

Trichomes is present Trichomes is absent.

Ground
tissue

The ground tissue is differentiated eThe ground tissue is the same and
endodermis, cortex, pericyclecomposed of a mass of similar cells.
medullary rays, pith, etc.

Vascular
bundles

The vascular bundles are formed {The vascular bundles are scatte
broken rings. They are conjointirregularly around the ground tissy
collateral and open. They are Conjoint, collateral and clos

Vascular bundles are less in numbThere are numerous vascular bundle
and are of uniform size. different sizes.

The vascular bundles always remaThe vascular bundles are closed.
open, due to the presence of cambium
within phloem and xylem.

The Dicot stem does not have The monocot stem has
bundle sheath on the outside of sclerenchymatous bundle sheath on
vascular bundle. outside of a vascular bundle.

Phloem parenchyma is present. Phloem parenchyma is absent.

Xylem vessels are of a polygoneVessels are rounded or oval and
shape and are arranged in rows arranged Y-shaped formation.
chains.

Usually, vascular tissues stoVascular tissues remain the sa
functioning when they get old. Newthroughout the plant’s life cycle.
vascular tissues replace the old ones.

red

Yo

°2}
o
=

a
the

are

me

Secondary
growth

Dicot stem can feature secondaiNo secondary growth is withessed
growth as a result of secondarcase of monocots.

vascular tissues and periderm

formation.

in

Pith

Pith is not
monocots

Pith is well-developed. as well-developed

Pith rays are present. Pith rays are absent.
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6.4 ANATOMY OF C3 AND C4 PLANT LEAVES

The path of carbon in photosynthesis includes thesetions which incorporate carbon into
more reduced or more energetic compounds; & be fixed by three major and one minor
pathway.

* The first is C3 cycle or Calvin cycle as the fimbduct formed is a C3 compound (3
Phosophoglyceric acid, PGA).

» The second is C4 cycle as the first product is @pound (malate and aspartate).

* The third is known as Crassulacean acid metabaisththe minor is known as C2 cycle
(C2 photorespiratory carbon oxidation cycle).

* The aquatic algae show another unique pathway krasn1 pathway.

C3 plants: C3 cycle is found in nearly all plants (nearly 85%cluding wheat, rice, soybean and
all tree etc. C3 plants undergo Calvin cycle todpie the final product. The first step of the
Calvin cycle is the fixation of carbon dioxide hybisco, and plants that use only this mechanism
of carbon fixation are called C3 plants for thestiicarbon compound (3-PGA) as the final the
reaction produces.

The enzyme RuBisco (Ribulose 1, 5 bi phosphateosgtase also called as carboxymutase) is
located on the stromal surfaces of thylakoid memdsa It is synthesized in the chloroplasts
itself. Besides catalyzing carboxylation of RuBB #nzyme can also oxygenase this substrate to
produce phosphoglycolate, as is the case in phsgwetion.

C4 plants: In 1965 H.P. Kortschak, C.E. Hartt and G.O. Bumrfd that malate was the first
product of CQfixation in sugarcane leaves. M.D. Hatch and C.Rcl5(1970) also confirmed
the above observation. They worked out the entithvay and gave C4 cycle also called as
Hatch and Slack pathway. After wards it was obsgtienany tropical grasses and some dicots.
C4 plants are common in habitats that are hot,abaitless abundant in areas that are cooler.
The C4 pathway is used in about 3% of all vascplants. E.g., crabgrass, sugarcane and corn
etc.

The C3 plants have normal anatomy but C4 plante baveculiar type of leaf anatomy, called as
Kranz anatomy (kranz = wreath or border) whichifecent from C3 plants. In Kranz anatomy
the vascular bundles of leaf are bounded by latderaplast containing bundle sheath cells
having chloroplast (Fig. 6.3). The mesophyll cellso have chloroplasts as in C3 plants. These
cells are thick walled, radially arranged and hygiikveloped. This ring of bundle sheath cells is
in turn surrounded by one layered mesophyll celtéctv are denser and compact that in C3
plants. There is a possible division of labor betwehloroplasts of these two types of cells since
initial fixation of CG, occurs in the mesophyll cells and the productstramsported to bundle
sheath chloroplasts where these are convertedgtohsand eventually translocated to a carbon
sink.
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Mesophyll chloroplasts are small and usually do cmttain starch while bundle sheath cells
chloroplasts are large with starch. Mesophyll ahypests have well developed grana where as
bundle sheath chloroplasts have no grana or rudanemgrana. However they lack ribulose

biphosphate carboxylase activity, which is presemhe mesophyll chloroplasts of C3 species.

The large bundle sheath chloroplasts on the othedhusually lack grana when mature, and
they frequently accumulate much starch. These cplasts do have ribulose bisphosphate
carboxylase activity and thus can synthesize phmggberic acid from C@ and ribulose
bisphosphate.
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Fig. 6.3: Diagram showing difference between C3 @ddplant leaves

In overall photosynthetic C{assimilation in C4 species there is a co-operadiemveen bundle
sheath chloroplasts and mesophyll chlorplasts. Kranatomy is thus an adaptation which
achieves a C@ concentration in the internal tissues which insibphotorespiration and
subsequent loss of GOFurthermore less Oconcentration is likely to be associated with
relatively less PSIlI (photosystem II) activity ofurmle sheath chloroplasts lacking well
developed grana and this situation seem to mini@jzehibition.
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Table 6.2: Differences between C3 and C4 plants

S.N. C3 plants C4 plants
Wheat, rye, rice, cotton, sunflowerMaize, sugarcane, sorghum, amaranths
Example

chlorella

Majority of plant is C3 on earth. C4 plants areslesnumber.

Leaves are simple type Specialized Kranz anatomy.

Perform photosynthesis when stomata |@Perform photosynthesis even when the

open. stomata are closed.

.~ £ |Bundle sheath cells do not contaiBundle sheath cells  contain
c_CU % chloroplasts. chloroplasts.
o £ | Chloroplasts monomorphic (single type)|i€hloroplast dimorphic: those in the

C3 plants. bundle sheath are large agranal and

those in mesophyll are small and
granal.

Chloroplast do not contain peripheraChloroplast do have peripheral

reticulum reticulum

They are cool season plants commonly SeEney are warm season plants,

in cool and wet areas. commonly seen in dry areas.

E The optimum temperature folThe  optimum  temperature  for
< photosynthesis in C3 plants is very low (1§hotosynthesis in C4 plants is high
I 24°C) (32-55C)

Growth of C3 plant take place when the saBrowth of C4 plant take place when

temperature reach £Q the soil temperature reach 16°¢1

C3 cycle is evolved about 2.5 billion year€4 cycle is comparatively recent |in

ago. origin, evolved about 12 million years

ago.

C3 plants uses C3 cycle or Calvin cycle f&@4 plants uses C4 cycle or Hatch Slack

dark reaction of photosynthesis. pathway for dark reaction of

photosynthesis.

CO:fixation take place only at one place Ciation takes place twice (one |n
> mesophyll cells and second in bundle
E sheath).

E The complete steps of dark reaction taKdéie mesophyll cells will only do the

place in the mesophyll cells only.

Possess only one G@&cceptor.

The atmospheric CQacceptor is RuBR
(Ribulose 1-5- biphosphate).
No secoundry acceptor is present.

initial steps of C4 cycle. Subsequent
steps are carried out in bundle sheath
cells.
Possess two ¢£écceptor.
P The first CQ
(Phosphoenolpyyuvate).
The second atradspCQ acceptor
is RuBP

IS PEP
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The CQ compensation point is high (abguthe CQ compensation point is high (2
50 ppm) in C3 plants. to 5, even 0 ppm) in C4 plants.

The CQ fixation is slow in C3 plants. The GOfixation is comparatively
faster in C4 plants.

The first stable product in C3 cycle is a Bhe first stable product in C4 cycle is a
carbon compound i.e., Phosphoglyceric carbon compound i.e., Oxaloacetic
acid (PGA) acid (OAA).
The rate of translocation of the end produ¢he rate of translocation of the epd
of photosynthesis is very low in C3 plants.product of photosynthesis is very fast
in C4 plants.

First
product

In C4 grasses, bundle sheath cells (BS) surrounddins and these cells are then surrounded by
mesophyll cells (M). The two adjacent veins arestheparated by two BS and two M cells in a
V-BS-M-M-BS-V pattern where as C3 plant is typigail-BS-M-M-M-M-M-BS-V pattern.

In C4 grasses bundle sheath cells (BS) surroungdims and these cells are then surrounded by
mesophyll cells (M). The two adjacent veins arestbeparated by two BS and two M cells in V-
BS-M-M-BS-V patterns where as C3 plant is typicalBS-M-M-M-M-M-BS-V pattern
leaves. Both the C3 and C4 plants show some sitgikand dissimilarity (Table 6.2) in between
them which are describe in brief.

Similarities:

» Both C3 and C4 are types of dark reaction.

» Both plants fix energy from sunlight.

» Both plants synthesize carbohydrates.

* The general equation of photosynthesis is simildrath the plants.

» Both plants require 6 molecules of €@nd 12 molecules of water to synthesize one
molecule of glucose.

» The carbohydrate product of both C3 and C4 cycléhise carbon sugar phosphate
molecules called glyceraldehyde 3 phosphate (G3P).

* Both plants require chloroplast for doing photossis.

* The light reaction of photosynthesis is similaboth the plants.

* RuBP can accept G both plants.

6.5 SUMMARY

The monocot stem is differentiated into an epidsrmicortex and a stele. No epidermal hairs are
present. Sclerenchymatous hypodermis is a usuairéea he cortex may be well developed and
sharply marked off from the stele, or it may betguiarrow and inconspicuous. Endodermis is
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absent. The bundles are scattered throughout éhe, shcluding the pith so that there is no
distinction between pith and pith rays.

The bundles are oval shaped. The xylem is towaesdre of the stele and phloem towards
periphery. Cambium is absent which shows absenseadndary thickening and thee bundles
are many in number.The dicot stem has three distegions-the epidermis, the cortex and the
stele. The epidermis contains stomata and trichorfilkes cell wall is thickened and heavily

cutinized. The innermost layer of the cortex is¢hdodermis, known also as the starch-sheath.

On the innerside of the epidermis there is usuallipand of collenchyma which serves as
strengthening material in some plants. Rests of dbés are parenchyma which helps in
conduction of water and food and also act as spetiaage organ of plants. Sclerenchyma,
stone cells and sclereids are also present in sas®s. The peripheral portion of the bundle is
composed of thin walled cells called phloem.

The vascular bundles are xylem and phloem whiclseparated by a cambium layer. The xylem
is made up of protoxylem and metaxylem. The xylemmade up of tracheary cells, that include
tracheids and vessels, wood fibres and wood payemechThe phloem of the dicot stems consists
of three types of cells-sieve tubes, companiors@id phloem parenchyma.

In plants CQ can be fixed by three major and one minor pathwéese pathways are named
according to the first stable product formed aff€d, fixation. The first is C3 cycle or Calvin
cycle as the first product formed is a C3 compo(®dPhosophoglyceric acid, PGA) and the
second is C4 cycle as the first product is malateé aspartate. The C3 plants have normal
anatomy but C4 plants have a peculiar type of &@tomy, called as Kranz anatomy (kranz =
wreath or border) which is different from C3 plants

In Kranz anatomy the vascular bundles of leaf avanided by large chloroplast containing
bundle sheath cells. These cells are thick walladially arranged and highly developed. This
ring of bundle sheath cells is in turn surroundsddme layer of mesophyll cells having
chloroplasts which are compact and denser than3ihe@ves. Kranz anatomy is an adaptation
which achieves a CQconcentration in the internal tissues which inisiphotorespiration and
subsequent loss of GO

6.6 GLOSSARY

Bundle sheath These are photosynthetic cells arranged intglalyi packed sheath around the
vein of a leaf.

C3 cycle or Calvin cycle When the first product formed is a C3 compoun@l§@sophoglyceric
acid, PGA).

C3 plants: Those plants which uses calvin cycle for dark tieacf photosynthesis. E.g. wheat,
rye, cotton. These plants show C3 cycle.
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C4 cycle or Hatch slack pathway When the first product is a C4 compound (malatd a
aspartate).

C4 plants: Those plants which uses Hatch Slack pathway far tark reaction of
photosynthesis. E.g. maize,s ugarcane, sorghunselgiants show C4 cycle.

Collateral vascular bundle: When phloem is present on the outer side of xylem.

Collateral: It is a vascular bundle in which xylem and phlokenon same radius, phloem on
outerside and xylem towards center.

Endodermis. It is the innermost layer of the cortex, consisfsbarrel-shaped, elongated,
compact cells, having no intercellular spaces antbam.

Kranz anatomy: It is a special structure in the leaves of Chidavhere the tissue equivalent to
spongythe vascular bundles of leaf are boundeatyelbundle sheath cells having chloroplast
and then mesophyll cells is clustered in a ringuadbthe leaf veins outside the bundle sheath.
having chloroplasts.

Metaxylem Sclereids: These are reduced form of sclerenchyma cells wighly thickened,
lignified cellular walls. e.g. apple and guavas.

Metaxylem: The more peripheral part of the primary xylem g@htbem lie opposite to is called
as metaxylem.

Pericycle: It is the region between the vascular bundlesthadortex.

Photorespiration: A respiratory process in which plants take oxygethe light and give out
carbon di oxide.

Photosystem Il: The primary function of this is hydrolysis of watnd ATP synthesisstele. It is
a specialized protein complex that uses light gnevglriveconsists of pericycle, the transfer of
electrons from water to plastoquinone, resultingvascular bundles and the production to
oxygen and the release of reduced plastoquinonghetphotosynthetic membrane.
Plastoquinone: It is involved in the electron transport chainthe light dependent reactions of
photosynthesis.

Protoxylem: The xylem formed first is nearest the centre efdgtem and is called protoxylem.
RUBISCO: It is short name of enzyme Ribulose 1,5 biphosplatboxylase oxygenase that
catalyses the first major step of carbon fixation.

6.7 SELF-ASSESSMENT QUESTIONS

6.7.1. Multiple choice questions:

1. In a dicot stem
(a) The vascular bundles are scattered
(b) The vascular bundles are arranged in a ring
(c) Xylem and phloem occur in separate bundles
(d) Xylem is always exarch

2. In monocot stem the hypodermis is
(a) parenchymatous (b) chlorenchymatous
(c) collenchymatous (d) sclerenchymatous

3. Bundle sheath is present in
(a) Dicot stem (b) Monocot roots
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(c) Monocot stem (d) CA4 leaf
4. Kranz anatomy is present in

(a) C1 plants (b) C2 plants

(c) C3 plants (d) C4 plants

6.7.1 Answers Keyl(b); 2(d); 3(d); 4(d)
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6.10 TERMINAL QUESTIONS

6.10.1 Short answer questions:

Q.1 What is assimilatory parenchyma?

Q.2 What types of cells are present in hypodermisaobaceous plants?
Q.3 What is starch sheath?

Q.4 Where do you find large pith cavity.

Q.5 Name any five plants showing C4 cycle

6.10.2 Long answer gquestions:

Q.1 Discuss how C3 and C4 plants differ in their amgtdrom each other with suitable
diagrams.

Q.2 Differentiate how dicot and monocot leaves diffeom each other with suitable
diagrams.
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BLOCK-3- ANOMALOUS GROWTH
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7.1 OBJECTIVES

By now you all have come to know about the vasowain root and stem. In root the
bundles are radial and xylem and phloem lay orembfit radii but in stem the xylem and
phloem comes together in vascular bundles.

* In this unit you will come to know how vascular liles change their orientation and number
when they enter stem from root and also about slodtroot development.

7.2 INTRODUCTION

The root and stem together make a continuous steictlled the axis of the plant. The vascular

bundles are continuous throughout root and shdwe. épidermis, cortex, endodermis, pericycle

and secondary vascular tissues are directly cantisiin these two organs but the arrangement of
vascular bundles is quite different in these organs

In root the protoxylem develops in peripheral reagiand metaxylem in the centre. The
orientation of xylem maturation is thus centripedad it is called exarch. In stem protoxylem
develops in the centre, thus orientation is cargaf and the xylem is called endarch.

In root the bundles are radial while in stem they@njoint. There is special region where these
changes take place. The change of xylem positiomnbgrsion and twisting from exarch to
endarch is referred to as vascular transition hedegion where this change takes place is called
Transition region.

This region can be very small or sometimes fewineters long. The position of change can be
in the top of radicle or base of hypocotyls, inntgldle or in the upper part.

7.3 ROOT STEM TRANSITION

In plants there is a region where the transitiomfiradial to conjoint type of bundles takes place;
this is called transition region. This is also kmows hypocotyl region. In this region the
metaxylem rotates by 18@round its longitudinal axis whereas protoxylemsioet take part in
rotation. The rotation may take place in a numbeways. Eames and MacDaneal (1947)
described four types of root stem transition imfga

1. Type A/Mirabilis type/4-4: In this type of root stem transition each xylemastts
forks by a radial division. Each xylem strands Ire troot divides radially into two
branches. The branches turns %80e to the left and other to the right and joihkopm
of the respective strand. The phloem strands dochahge its position as they pass
directly from the root to the stem. The number asaular bundles formed in the stem
will be equal to the number of phloem strands ia tbots. This type of root-stem
transition occurs iMirabilis, FumariaandDipsacus.
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2. Type B/Cucurbita type/4-8: In this type both xylem and phloem strand divide in
two strands. The xylem turns through 1&®d joins one phloem strand each. Thus the
number of bundles increases to double in stem agpared to roots. It is found in
Cucurbitg Acer, PhaseoluandTropaeolum

3. Type C/Lathyrus type/4-4: In this type phloem gets forked. The xylem rotdigs
18C. The phloem halves moves laterally to take pasisind fuses with adjacent phloem
and xylem. Thus the number of bundles remains urgddh E.g.lathyrus Medicago
andPhoneix

4. Type D/Anemarrhena Type/4-2:This type is rare. Half of the xylem gets forked.
Both divided and undivided bundles gets invertelde Tivided xylem moves laterally
and fuses with undivided xylem. This xylem compfages with the phloem. Thus the
number of bundles becomes half in shoot as comp@aredot. E.g.Anemarrhenaand
some monocotyledons. All the four types of transisi have been shown in Fig. 7.1.

Fig.7.1. Root-Stem transition: Type A, Type B, Tgp&ype D

In monocotyledons this situation is very complicbéad different from dicotyledons as there is
only a single cotyledon. These bundles of the rate with that of the cotyledon and even with
the leaf bundle. The transition region is very dnmamonocots.
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Scheirer and Hilson (1973) found a special typg&rarfisition inHelianthusannuus In this the
bundles becomes 6 from 4. Bisalputra (1961) foumdChenopodiaceae that the vascular
connection is between root and cotyledon and nivtd®n root and stem.

Thus various types of patterns are found due tferdifices in phyllotaxy (Sporne, 1974). In
many cases there is another region which is knasvmesocotyl. The mesocotyl is formed by
the fusion of hypocotyl with the neck of the cotdda. This position of cotyledonary bundle is
very different. It is found in cortex. E.gCarex In other cases it is found deep in pericycle. E.g
Juncus In some other plants it is found within the steldypocotyl. E.g.Panicum In extreme
cases it is not differentiated from hypocotyl stdtemerges with the stele of hypocotyls. E.g.,
Zeamays

7.4 SHOOT DEVELOPMENT

The part of the axis of the plant which is usuakgending and aerial in nature and bears leaves
and reproductive structures is known as stem. Tém® $ogether with leaves constitutes shoot.
The stem bears nodes and internodes. The shodbdenent in various plant groups has already
been discussed in SAM (Shoot apical meristem) ufé@re we discuss the three important
theories that explain the development of shoot@ifb

7.4.1 Apical cell theory

This theory was proposed by Hofmeister in 1857 sungpborted by Nageli (1878). According to
this theory there is a single pyramidial cell i tthoot apex of vascular plants. This cell takes
part in shoot formation and its development. Apicall theory is found appropriate in case of
some algae, bryophytes and pteridophytes butlieigry is not applicable for gymnosperms and
angiosperms as these plants possess many cefladnstta single apical cell (Fig. 7.2).

Apical Cell

7%
%

Z
0
%
=5
a
N

Q=SS
S “é?g%‘h‘?é.%
N CE 1
7
1R SR S
Qaegh

Apical Meristem Organization in Shoot

Fig 7.2 Apical meristem organization in shoot
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7.4.2 Tunica Corpus theory

The Tunica Corpus theory was proposed by SchmitoAling to this theory the shoot apex has
two zones (Fig. 7.3).

Tunica: It consists of one or more layers of cells and wgaeericlinal division ot anticlinal
devision to give rise to epidermis, leaf and aryllaud primordial.

Corpus: It is the central region whis is surrounded by ldéngers of tunica. Corpus cells devide
irregularly in almost all planes to gice rise taledermis, pericycle, cortex, xylem, phloem and
pith.

The Tunica corpus theory is rather descriptive @oels not predict the relationship berween the
apical zonation and the formation of respectivsugs. However this theory explains the
formation of epidermis from the outer layer of wami

=P rocambium
===Ground merstem

Fig. 7.3 L. S. vegetative shoot apex showing Tutidcpus region

7.4.3 Histogen Theory

This theory was given by Hanstein in 1870. Accogdim this theory the shoot apex comprises of
three distinct meristematic zones. Each zone yerlaonsists of a group of initials which is
called as Histogen. Hence the shoot apex has hist®ens.

Dermatogen :this is the outermost single nerved layer and fepidlermis of shoots.

Periblem: it is the middle layer composed of isodiametritscéhese cells give rise to primary
cortex.

Pleroma: it is the innermost layer which gives rise to teescular cylinder which in turn
comprises of primary xylem and phloem, medullagsrand pith.

However the histogen theory was not accepted bedhese is total absence of clear distinction
between dermatogens and periblem. These tissueadtigens and periblem) were supposed to
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be produced by particular histogen were sometimmeadd by another histogen for example the
dermatogens which is supposed to produce epidalsosforms the cortex which is supposed to
form by Periblem.

The shool apex—diagram showing histogen
fegions. A, longliiudinal secticn; B, transvorso
soction, (Afwr E. & M)

Fig. 7.4 shoot apex diagram showing histogen regjion

Besides the above theories there are two moreidseexplaining the shoot development.

7.4.4 Mantle-Core Theory

Propham and Chan (1950) proposed this theory. fhieigry explains the division in peripheral
tissues in shoot apical regions of some angiospeiins theory is similar to tunica-corpus
theory. This theory does not explain about thesitivi ofcells; it only states that mantle is
peripheral cellular region of the shoot apex. Magthvers the central core region (Fig. 7.4).

Apical gl groug

eaddeal dacthee
cell soaie
1 ore |
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i:_.:::f:.-' .-"hr"{-_l ) \ ||L-.:I'I.fl'l:1l.llI

Fig. 7.5 Scheme of LS of shoot apex, accordingantld-Core Theory (arrows indicate growth).

7.4.5 Histogen Layer Theory

Dermen (1947) proposed histogen layer theory. Adiogr to this theory, shoot apex of
angiosperms is organized in three layers. Whicty beacalled as L-I, L-Il and L-IIl. According
to this theory, epidermis of leaves and stem degvétom LI; hypodermis, cortex and some
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regions of the vascular bundle develop from L-Ihil vascular tissues and medulla develop
from L-IIl. This theory may be considered as a rfiediversion of histogen theory.

The first stem meristem is organized during theettgyment of the embryo. The embryo axis
has at its upper end, one or more cotyledons amglhot primordium, whereas at its lower end
it bears root primordium covered with root cap. Témbryonic shoot is found above the
cotyledons. This shoot has an axis having unexteimdernodes and one or more leaf primordia.

This shoot (first bud) is commonly known as plumatel its stem part is called epicotyl. The

hypocotyl located below the cotyledonary nodesithe transition zone between the shoot and
root. It pushes the cotyledons above the groundeieelop. It eventually becomes part of the

plant stem. The cotyledons are the first leaves.

During seed germination the shoot meristem devetbpsfirst shoot by adding new leaves,
nodes and internodes. The lateral stems normalbe dvy the development of new apical
meristems laterally in the mother axis. Axillarydsualso form shoots; these are present in the
angle between leaf and stem i.e. in the leaf dwilsome plants, adventitious buds are also
present which develops from the older parts of shad root remote from the main apices.

A lateral shoot apex is initiated on the flankstleé main apex but at some distance below the
point of emergence of the youngest leaf primorditlmsome species a tunica of more than one
cell layer quickly forms so that the new apex apped@he differentiation starts only when the
new primordium has attained considerable mass.rEwe apex must reach a minimal volume
before it in turn can begin to form its own latgpaimordia and to organize true axillary buds.

As in the main apex the formation of new primortiaassociated with the annular zone, the
lateral shoots also develops in the same mannédrth@ugrowth in lateral shoot is not fast in
comparison to main apex, as it is absorbing mucthefavailable nutrients. The axiallary bud
grows very fast initially but as some leaf primard@re formed, the apical activity slows down.
Cell division gradually stops. The bud in effecegas into a state of dormancy even though the
external condition is suitable. This phenomendmi®yn as correlative bud inhibition.

The differentiation of the vascular system appéeiew the apex, in a zone of tissue which is
recognized by a small area of cells. These celleentide procambium zone, by divisions at right
angle to the axis and may form a complete cylinéerther the vascular bundles, increase in
thickness by more cell divisions and makes conarectvith the vascular systems of axillary
buds. The cells differentiate to make phloem vessaghloem parenchyma and phloem fibers
toward outside and xylem vessels towards the isigler. The differentiation occurs in an upward
direction so that the maturation of the vasculkssues follows at a more or less constant distance
behind the apex. This is applicable for gymnospeantsferns.

In older stems of dicots the stem increases in eiamby the activity of the cambium which
makes secondary vascular tissues. When secondekgiting begins the parenchymatous cells
between the vascular bundles also resume dividiimately forming a cambium cylinder. In
many monocotyledons the vascular strands that gg@ass from each leaf primordium into the
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stem do not contribute to a single cylinder asuhscular bundles are scattered in the ground
tissue of the stem.

7.5 ROOT DEVELOPMENT

The roots are generally divided into two categories

i. Primary: normal roots, which originate from the eytband usually persist throughout
life and

ii. Adventitious roots: which arise secondarily frorerst leaf or other tissues and which
may be either permanent or temporary.

The roots have a tendency to grow downwards omsigle rather than upwards and they do not
bear leaves. They are endogenous in origin ancchiag. They have a relatively short zone of
growth at the apex. The root apex has already desmussed in RAM (root apical meristem).
Here we will discuss about the development of #taoots. But some theries of root
development are worth mentioning.

7.5.1 Apical Cell Theory:

This theory was proposed by Nageli who believedadteurrence of single apical cell or apical
initial that form the root meristem. A single agicall is present only in some alga, bryophytes
and pteridophytes. The apical initial or the apiall is tetrahedral in shape and generates root
cap from one side. The rest three sides contribelie to form epidermis, cortex and vascular
cylinder. In other words all tissues that form atuma root with root cap are derived from a
single apical cell. Thus the apical cell theorgasfined to vascular cryptogams only as the root
apical meristem of gymnosperms and angiospermsotigpaossess a single apical cell instead
they have group of cells for root development.

7.5.2 Histogen Theory:

Hanstein (1868) developed this theory. Accordindhito the root apical meristem consists of
three cell-initiating zones known as histogens .(Ff@5). The histogens are named as
dermatogen, periblem and plerome that form epiderntortex and vascular cylinder
respectively which are present in a mature rddte derivatives of dermatogen vary among
plants. InZea maygmonocot) dermatogen generates root cap only andcistogen is referred
to as calyptrogen. IBrassica(dicot) dermatogen generates both protoderm amtdcap and this
histogen is referred to as dermatocalyptrogdistogen theory explains both root and shoot
apical meristem. Though histogen theory is not Wigecepted for shoot apex development,
Eames and MacDaniels explained the root apicalstezn on the basis of histogen theory.
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Fig 7.3 Schematic diagram of rooi apex based on
histogen theory A. Raphanus sativa, B. Zea mays
where root cap has iis own hisiogen. Broad lines
indicate fistogens, arrows indicate the divection of cell
Jormation.

Fig 7.6 Diggrammatic represeniation
of root apex merisiem according to
Korper- Kappe theory

7.5.3 Korper-Kappe Theory:

This theory of root meristem organisation was psggbby Schuepp in 1917. Korper-kappe
concept is also referred to as body-cap conceptp@to= body and kappe = cap). According to
this theory, the cells of root apex are dividea itwo elements. The first division is of transverse
type that forms two cells, out of which one dividegiclinally, this is called T division. In some
of the regions of the root apex, especially inrtiddle area ‘T’ is seen upright while in rest of
the regions, inverted T is seek)( When ‘T’ is upright, it means this is directesivards the
apical portion, but, when ‘T’ is inverted, it isrected opposite to the apical portion. Schuepp
named upright ‘T’ as Korper or body while invertdd was named as Kappy or cap. This type
of division is found in the members of poaceaesTheory is considered to be equivalent to the
Tunica Corpus Theory of shoot apex development (F&).

7.5.4 The Quiescent Centre Theory:

This concept was given by Clowes (1958). He studoed apex inZea maysand suggested the
presence a cellular region between the meristernatis and root cap and named it as Quiscent
Centre (QC). The cells of this centre produce ceflsoot. He claimed these cells as the
constituent of pro-meristem. At the end, the roetistem is covered by the root cap. The cells
of root cap continuously shed-off. The root apiteristem and tissue patterns are formed at the
embryo stage in primary root (Fig. 7.7).
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— Protoderm
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Fig. 7.7: Root apex organization according to quiE# centre theory

The cells of quiescent centre remain inactivethi# peripheral cells divide but in unfavorable
condition such as roots damage they start to divitleey repair the damage of primary as well
as secondary roots. The division of meristemasgutes enables roots and root hair zone to grow.
Root cap protects the roots from the damage unkersbil. The cells of root cap are
impermeable to water while meristematic cells aftrapex absorb water and have capability to
divide. The function of the quiescent centre maydoprovide a reserve block of cells within the
root.

Besides primary root development lateral roots gleov. The lateral roots are also endogenous
in origin i.e. from inner tissue of mother root n@&ly in pericycle beneath the endodermis
(sometimes in endodermis also as in Pteridophytés)ally lateral roots come out opposite to
xylem in vertical rows. The number of lateral rogsequal to number of xylem strands. The
pericycle cells against protoxylem become meristenaad begin to divide first tangentially and
then periclinally and anticlinally making few lageof cells.

This creates pressure on endodermis which is thshgu outwards and a protrusion is formed
which comes out of the cortex. This root is nowfeténtiated into three different zones. The
endodermis and some of the cortical cells form wag. The lateral roots thus pass through
cortex and epidermis and enter the soil (Fig. 7.8)

The position of lateral root primordia varies frgofant to plant e.g. in diarch they originate
between xylem and phloem, in triarch and tetrarpposite to protoxylem and in polyarch
opposite to protophloem as well as protoxylem.

Adventitious roots may occur on the hypocotyls fegdling, on nodes and internodes. They
may be formed in young or older tissues. They diseelop endogenously. The roots that arise
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from stem make the main vascular system in ptehgi®s, most of the monocots, in water
plants, in saprophytes, in parasites and in thasetydedons which propagate by means of
rhizomes or runners.

The adventitious roots arise in the vicinity offdrentiating vascular tissues of the organs from
which they arise. In young organs they arise niearperiphery of the vascular system. In older
organs they arise deeper near vascular cambiugaung stem from interfascicular parenchyma
and in older stems from vascular ray. In certasesgrom cambial zone.

Endodermis —
Pericvele

First divisions

Xvlem

Fig.7.8: Diagram showing lateral root formation

7.6 SUMMARY

The root and stem together makes a continuouststeucalled as axis of the plant. The vascular
bundles are continuous throughout root and shdw#. arrangement of vascular bundles is quite
different in these organs. In roots the orientatbérxylem is exarch while in stem it is endarch.

In roots the bundles are radial while in stem they conjoint. Transition region is that region

where this change takes place. This region carebesmall or sometimes few centimeters long.
The transition region is very small in monocots.

The rotation may take place in a number of waygygse A/Mirabilis type/4-4 where each
xylem strand forks by a radial division and the be@mof bundles remains equal in root and
shoot e.g.Mirabilis, Fumaria

In type B/Cucurbita type/4-8 both xylem and phloem gets forked and thus the number of
bundles increases to double in stem as comparembts. In ype C/Lathyrus type/4-4 phloem
gets forked and the number of bundles remains unydth In ype D/Anemarrhena Type/4-2
which is found rare, only half of the xylem gets forked and the number ofdles becomes half

in shoot as compared to root.

The first stem meristem is organized during theettgyment of the embryo. During seed
germination the shoot meristem develops the filgios by adding new leaves, nodes and
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internodes to the shoot system formed in the embFpe lateral stems normally arise by the
development of new apical meristems laterally entdrminal meristem of the mother axis.

The lateral roots are also endogenous in originfrem inner tissue of mother root normally in
pericycle beneath the endodermis (sometimes ind=rduos also as in Pteridophytes). Usually
lateral roots come out opposite to xylem in vetticavs. The number of lateral roots is equal to
number of xylem strands. The pericycle cells aggnstoxylem become meristematic and begin
to divide first tangentially and then periclinalind anticlinally making few layers of cells.

The adventitious roots arise in the vicinity offdientiating vascular tissues of the organs from
which they arises. In young organs they arise tteaperiphery of the vascular system. In older
organs they arise deeper near vascular cambiugoumg stem from interfascicular parenchyma
and in older stems from vascular ray. In certasesgrom cambial zone.

7.7 GLOSSARY

Adventitious roots: These roots develop from any non root tissue aageduced both during
normal development and in stress conditions.

Apical meristem: It is the growth region in plants in tips of rootshoots and leaves. It
differentiates and makes different cell types.

Axillary: in or growing from an axil, in between leaf andmt

Cambium: it is a tissue layer that provides partially ufeliéntiated cells for plant growth. It is
formed between xylem and phloem. It makes secorttksyes.

Collateral: Bundle where xylem and phloem lie opposite tchaatber on the same radius with
phloem located towards periphery of the stem aadtem towards center.

Conjoint: Bundle where xylem and phloem lie opposite tcheatber on the same radius linked
with the help of cambium.

Cotyledons: These are the first leaves of the plant.

Endarch: Protoxylem is towards the center of the pith wihiletaxylem towards periphery.
Endogenous origin:Origin from deeper layers.

Epicotyl: the region of an embryo or seedling stem abovedhdedon.

Exarch: protoxylem lies towards periphery and the metaxylewards the centre.

Hypocotyl: it is the part of the stem of an embryo plant la¢im¢he stalks of the seed leaves or
cotyledons and directly above the root.

Interfascicular: the cambium between two vascular bundles, itss@ndary meristem. During
the secondary growth the interfascicular and iaseitular cambium fuse together to make a
ring of meristematic cells called as cambium.

Lateral roots: These arise horizontally from the primary root @edve to anchor the plant in
soil.

Mesocotyl: it is formed by the fusion of hypocotyls with theck of the cotyledon.

Metaxylem: it is the part of primary xylem that differentiatafter the protoxylem and are larger
than protoxylem.

Parenchyma: Cells with live nucleus concerned with one or macéavities in plants.
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Phloem: Principal food conducting tissue of the vasculianp made up of sieve elements,
parenchyma cells, fibres and sclereids.

Phyllotaxy: arrangement of leaves on stem or axis.

Plumule: the rudimentary shoot or stem of an embryo plant.

Polyarch: having many protoxylem groups.

Primordia/Primordium: is an organ or tissue in its earliest recognizabdge of development.
Normal roots/Primary roots: it is an organ which forms at the root pole & fhant embryo.
Protophloem: it is the first part of the primary phloem that tov@s and usually smaller than
metaphloem.

Protoxylem: it is the first part of the primary xylem that met¢s and usually smaller than
metaxylem.

Radicle: the part of a plant embryo that develops intoptteary root.

Stele: Central part of root or stem having tissue derifyexm procambium, these include
vascular tissues and in some cases ground tisslgesicycle.

Transition region: the region where the change from radial to conjoipe of bundles takes
place is called transition region.

Xylem: Principal water conducting tissue, may also aciLgporting tissue.

7.8 SELF-ASSESSMENT QUESTION

7.8.1. Multiple choice questions

1. In root stem transition 4-8 system is found in

(@) Type A (b) Type B
(c) Type C (d) Type D
2. The bundles becomes half in
(a)Mirabilis (b)Cucurbita
(c) Lathyrus (d)Anemarrhena

3. Hypocotyl is located
(a) Below cotyledon (b) Above cotyledon
(c) At same level of cotyledon (d) None

7.8.2. True or False

1. The transition region is that region where changeiientation of vascular bundles takes
place
2. Axillary buds arise at the tip of main axis.

7.8.3 Fill in the blanks
1. The transition region is also called as
2. Type B is also known as and
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7.8.1Answer Key: 1 (b), 2 (d), 3(a)
7.8.2 Answer Key: 1. True; 2. False
7.8.3.Answer Key: 1. Hypocotyl; 2. Cucurbita type and 4-8,

7.9
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TERMINAL QUESTIONS

Q.1
Q.2

How does a root differ from stem in internal stuwe? Discuss the process of change
over from root condition to stem condition.
Write short notes on

a. Origin of lateral roots

b. Origin of stem branches

c. Transition region
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8.1 OBJECTIVES

After learning this unit you will get familiar with

» Brief recap about secondary growth

* What is anomality

» Different type of anomalous secondary growth

» Causes of this abnormality

» Detailed description of Anomalous Secondary GrowtiDicot stem
* Anomalous Secondary Growth in Monocot stem

* Anomalous Secondary Growth in roots

8.2 INTRODUCTION

Readers, till now you must have known about pringrgl secondary growth of plant. Primary
growth results for the growth of plant and increaselength and development of lateral
appendage. Secondary growth results in formatioseobndary tissues frolateral meristems
which results increases in the diameter of the st&acondary tissues forms bulk mass of the
plant and help in protection, support and conductibwater and nutrients.

8.2.1. Secondary growth in dicot stem

Secondary tissues are formed by two types of latemistems, vascular cambium and cork
cambium or phellogen. Vascular cambium producesrstary vascular tissues while phellogen
form periderm.

Normally in growing season vascular cambium ismfed by joining fascicular or intra-
fascicular and inter-fascicular cambium . Cellsra$cular cambium divide periclinally both on
the outer and inner sides (bipolar divisions) torf@econdary permanent tissues.

The cells of vascular cambium are of two typesngéded spindle-shaped fusiform initials and
shorter isodiametric ray initials (Fig. 8.1). Fuasih initials divide to form secondary phloem on
the outer side and secondary xylem on the inner $t).8.1B). Formation of new ray cells also
occur each year. Periclinal divisions results imfation secondary tissues and while anticlinal
divisions cause dilation of the cambium ring.

Secondary growth adds to the girth of the planprétvides support to increasing weight of the
aerial growth. Secondary growth produces a corkk baound the tree trunk that protects the
interior from abrasion, heat, cold and infectidnadds new conducting tissues for replacing old
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non-functioning ones as well as for meeting incedademand for long distance transport of sap
and organic nutrients.
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Fig. 8.1 Stages of secondary growth in dicot stem

8.2.2. Secondary growth in dicot root

The roots of some herbaceous dicotyledons andlafyainosperms and woody dicotyledons
show secondary growth in thickness. The tissuesobndary origin in the dicotyledonous roots
are basically similar to those of the stem, butviag of formation is different.

In dicot roots there are limited number of radialyanged vascular bundles with exarch xylem.
Pith is very little or absent. A group of parenclaygells beneath each phloem patch become
meristematic and thus form strips of cambium whdohde and produce secondary xylem inside
and secondary phloem outside (Fig 8.2).
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The cells of the uniseriate pericycle external asheprotoxylem group start dividing to form a
few layers. The first-formed cambium internal teale@hloem patch now extends both ways and
joins with the innermost derivatives of the perieyand finally a continuous wavy ring of
cambium is formed. The cambial cells produce muchenxylem at a higher rate than phloem
and thus the wavy cambium cylinder ultimately beesraircular.

Due to continued secondary growth the primary xyisnpushed towards the centre and the
primary phloem is pushed towards the peripheryaliinthe centrally located exarch primary
xylems are fused to give a star-like appearandeaimsverse section. The strands of secondary
vascular tissues remain collaterally arrangedtlikese of the stem.

——Epitarmis-
~Corgr——
——Endodermis
Pericycle-—
——Cambiurm-

- Phioec procambeum
Xyloic procambium /7 xylem

] ——Lambium-

Fig. 8.2 Stages of secondary growth in dicot root

The sieve elements of the primary phloem oftencgethed. The cambial cells originating from
the pericycle against protoxylem groups functionrag initials and produce broad bands of
vascular rays which are also called medullary raysese rays running between xylem and
phloem through the cambium are characteristic @ftiots (Fig.8.2).
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To cope up with the pressure generated by the dacpmrowth, the periderm is formed in the
outer region. Phellogen arises outside the percytlproduces cork cells on the outer side and
some phelloderm inside. The pressure due to secpmptawth ruptures the endodermis and
cortex, which are ultimately sloughed-off. Lente@hay occur as transversely elongated rough
areas.

8.3 CAUSES OF ANOMALOUS STRUCTURES

Anomalous secondary growth is the result of desratn the cambial activity from the normal.
The term anomalous simply serves to assemble grpattkerns that appears to be less common
(Esau, 1965).This type of growth is more commom tiseknown at present because the tropical
flora in which it is frequently found has not beadequately studied anatomically (Obaton
1960). In normal conditions, in most of the dict#rss the vascular bundles are arranged in a
ring whereas in monocots they are scattered igitbend tissue. The division of lateral meristem
i.e. vascular cambium increases the thicknesseoétdam. The division of the cambium results in
formation of secondary xylem towards inner side aadondary phloem towards outer side or
periphery. The cambium remains functional/ activeughout the life of the plant and hence is
referred as normal secondary growth. This occuraast of the dicot stems. In some dicots and
monocots the structures appear different from nbr@ambium shows variation in its activity.
The other terms used to describe such conditioefésred as cambial variants, anomalous (less
common) growth or aberrant secondary growth.

Haberlandt (1914) on physiological grounds clasdifianomalous secondary growth into-
adaptive and non-adaptive anomaly.
* Adaptive anomaly includes lianas which are woodylers of tropics.

* Non-adaptive anomaly includes anomaly &umex, Boerhaavia, Bougainviella,
Mirabilis, Chenopodium, etc.

However in a number of plants abnormal conditioresraet with Abnormality is due to the two
causes:

1. In some the primary structure itself is abnormal.

2. The primary structure is normal but secondary ghowtabnormal

84 DIVERSITY OF ANOMALITY IN PLANTS

The anomalous structures found in the primary badg defined as primary anomalous
structures, which occur in both monocotyledons diabtyledonous stem and may persist
throughout the life of the plant.The arrangemeritsissues exhibited by the majority of the
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plants are considered as normal, variations fronchviiound in minority are considered as
anomalous. The various abnormality are as follows:

Presence of medullary bundlein some dicotyledonous stem in addition to the radrmng of
bundle, extra vascular bundles may be found inpitie, which are referred to as medullary
bundles. InAcanthus(Acanthaceae) collateral and inversely orientedlutiary bundles occur.
In Achyranthes aspargAmaranthaceae) two medullary bundles at internaai@ in Cyathula
prostatafour medullary bundles are observed.

Presence of cortical bundlesin dicotyledonous stem the vascular bundles reraagircled by

the endodermis to form the stele. But in some glledbnous stems accessory vascular bundles
occur in the cortex in addition to stellar bundlébsey remain scattered in the cortex and are
referred to as cortical bundles. In most of thecggsethe cortical bundles are the leaf trace bun-
dles. In Campanula pyramidaligCampanulaceae)Crepis, Senecio, Vernoni@Compositae),
Momordica(Cucurbitaceae),

Plumbago europaedPlumbaginaceae). IlNyctanthes arbortristiOleaceae) four inversely
oriented cortical vascular bundles occur with xylemtside and phloem inside.

Occurrence of atactostele in dicotyledonous stemNormally vascular bundles in the
dicotyledonous stem are arranged more or less nm@ In Thalictrum (Ranunculaceae),
Podophyllum peltatum (Podophyllaceae),P. somniferum (Papaveraceae)Bougainvillea
(Nyctaginaceae), Piper betle and Peperomia langsdorfii(Piperaceae), Nymphaea
(Nymphaeaceae) etc. the vascular bundles remagguikrly scattered throughout the ground
tissue.

Occurrence of arranged vascular bundles in monocotgdonous stem:Vascular bundles are
scattered in the ground tissue in monocot stemsBhe in Coix, Triticum, Oryga (Poaceae),

Tamus communiéDioscoriaceae) etc. the vascular bundles are motess arranged in one or
two rings.

Occurrence of internal bundles: Besides normal ring of bundles presence of exascwar
bundles above the medullary bundles . They areregfeas internal bundles.ge Rumex crispus,
R. orientalisetc.

Occurrence of internal phloem or intraxylary (perimedullary, medullary) phloem: The
phloem that occurs at the periphery of the pitkhm form of a continuous cylinder or strands is
referred to as intraxylary phloem or internal plmboer medullary phloem. e.gVrightia, Vinca.
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Anomalous Secondary Growth in Monocots and storageoots: It is abnormal type of
secondary growth that occurs in some arborescenbawts €.9., Dracaena, Yucca, Agg\end
storage rootse(g., Beet, Sweet Potato

85 ANOMALOUSSTRUCTURE IN DICOT STEMS

Cambium shows variation in its activity giving riseconditions which are rather typical. As the
variants are of quite regular occurrence in cenpdamts, anatomists have discouraged the use of
the term anomalous secondary growth. Instead cambigant has been recommended for
usage.. Anamolous secondary growth is the resuttofbial activity that deviates from normal
type. This may be due to:

1. Those in which cambium of normal type is presertt parsists but by peculiarity and
irregularity in its activity give rise to unusuatrangements of secondary xylem and
phloem.

2. cambium which itself is abnormally situated andyae rise to abnormal arrangement of
the tissue.

3. Formation of accessory and additional cambia (C19&1).

8.5.1 Normal Cambium with Abnormal Activity

In many woody climbers or lianas abnormal actidfynormal cambium result in formation of
anomalous structure.

Vascular

Fig. 8.3. T.S Aristolocia stem A. One Year old BoVear old
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In Vitis (Vitaceae), Clematis (Rannunculceae)Aristolochia (Aristolochiaceae, Fig 8.3),
Tinospora(Menispermaceae) etc. a normal cambium ring iséar by the union of fascicular
and inter-fascicular cambia. But, during functioe fascicular cambium produces secondary
xylem and phloem as usual on the inner and outissrespectively, within individual vascular
bundles, whereas the inter-fascicular cambia predudy ray-like parenchyma cells on both
sides. As a result, broad and enormously elongatstullary rays and fluted vascular cylinder is
formed.

scigrenchyma
ok

Fig. 8.4: T.S. Bignonia stem: diagrammatic andudat

In Bignoniaand other members of famiBignoniaceaethe cambium is normal in position and

activity for some time, but immediately it cuts diifferent proportions of xylem and phloem at

four alternating points arranged in form of a crdasone set of alternating points the cambium
produces less amount of secondary xylem and muchu@inof secondary phloem and vice versa
in other set of alternating points (Fig. 8.4).

Cambium is single layered, present in between xyd&wh phloem and bent towards inner side
along the furrows of secondary phloem. As a regwdt woody cylinder appears to have four
longitudinal grooves alternating with four ridgé&he ridges are wider than the grooves. The
cambium breaks up into a number of strips. The mahes remain on the top of the ridges while
the narrower ones remain at the bases of the gsoove

This is a kind of adaptive anomalBignonia is a woody climber (liana) and so its stem is
twining and thus is inextensible as it hangs frestg has to bear its own weight. The stem is
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also flexible as it has to withstand high velo@fywind and again subject to radial compression
due to unequal growth in thickness for twining ppep
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Fig. 8.5: T.S. Cucurbita stem: diagrammatic andutar

In Cucurbitastem there are ten vascular bundles arrangedarritws of five each (Fig. 8.5).
This normal cambium behaves abnormally as it cfitsezondary xylem and phloem in vascular
bundle region only, resulting in the increased siz¢he bundle. The cambium forms vascular
tissues only in the region of vascular bundle. ®bter cambium of both inner and outer bundles
becomes active along with the parenchymatous oéltbe ground tissue and the combine to
form a more or less wavy ring of cambium. Each ukscbundle is conjoint, open and
bicollateral having an outer and inner cambium. BhleEm of Cucurbita ten vascular bundles
arranged in two rings of five each.

8.5.2. Cambium Abnormal in Position but Normal in Activity

Serjaniais a woody climber of the family Sapindaceae eitinip several discrete vascular
cylinders (Fig. 8.6) each of which has its own camband pith and is encircled by an endo-
dermis. Thus a polystelic appearance is obsenad the very beginning, as if, several stems
are fused together.
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During secondary growth each cylinder of primargatdar bundles becomes notched at certain
points and thus folds and ridges are formed. Téhges are constricted-off from the cylinder and
the thickness by means of a ring of cambium preserthe separated bundles behave as
independent cylinders. Each bundle ring undergeesrslary growth in them.These cambia,
though unusual in position, normally give rise taternal xylem and external phloem.
sclerenchymatous cylinder occurs encircling theeuks cylinders. It is again notched and wavy
in outline with less amount of tissue at the nosche

——— Epidermis
Parenchyma
Starch sheath

Epidermis
—Parenchyma
Starch sheath
i ~Selerenchyma
ke Cantral stele

Fig.8.6: T.S. Serjania Sterdiagrammatic and cellular

Serjaniaand other members of the family instead of sirggied woody cylinder, the stele is
broken into many parts even in the procambial s{&ig 8.6). These modifications make the
stem compatible with twining habit. The vascularlinders remain encircled by soft
parenchymatous tissue, which helps to make the &iagh, inextensible but flexible. So, this
peculiarity is obviously adaptive in nature.

8.5.3. Anomaly due to formation of accessory camhil

In the families Nyctaginaceae, Amaranthaceae, GQhmtiaccae, etc., different types of anomaly
is observed. The collateral and open vascular lsndbrmally appear either in a ring or they
remain. Irregularly scattered in the ground tisstedked medullary bundles. Cambial activity in
the primarybundl es commences but soon ceasesisTtidowed by the formation a secondary
accessory cambium encircling the primary bundldss Tambium cuts off secondary bundles
inside, which remain embedded in a nonvasculangisknown as conjunctive tissue consisting
of either thin-walled parenchyma or thick-walle@yniified elongated cells. The cambium
produces very little tissue on the outer side. $&eondary bundles may be irregularly scattered
or may remain arranged in concentric rings. Sonserges are as follows:

UTTARAKHAND OPEN UNIVERSITY Page 153



PLANT DEVELOPMENT MSCBOT-508

Formation of rings of vascular bundles includethi@ parenchyma . e.Boerhaavia,
Abnormal secondary growth due to Cortical bundles

Formation of rings of vascular bundles embeddezbmjunctive tissues.
Interxylary or included phloem

1.
2.
3.
4.

aer
EEatEITIES
callenchyma

&y chigrenchyma

i B oo
. -"—-—-—Epﬂmary philoem
; T - prmary gylem
secondarny xylem

prmary xylem

Fig. 8.7: T.S..Achyranthus Stem Fig 8.8: T.S.©pediums Stem

8.5.3.1 Abnormal secondary growth due to Medullanpbundles

In Achyranthes (Family — Amaranthaceae)stem anomalous growth in thickening takes place
by the development of the successive rings of dilateral bundles from one ring of secondary
meristematic tissue in the pericyclic region (Rgdl). The secondary arch of rings or secondary
meristematic tissue in the pericycle gives risedabflateral vascular bundles successively. The
conjunctive tissue between bundles may be consstquhrenchyma in some species and in
others of lignified or unlignified parenchyma. Sedary vascular bundles and conjunctive tissue
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are present without any sharp limits. So phloerthefsecondary vascular bundles appears in the
form of patches. This phloem is the included phlobtadullary bundles are leaf traces.

Secondary growth i€henopodium (Family-Chenopodiaceae)s abnormal and takes place by
the formation of extrastelar cambium in the periey€ig. 8.8). The first ring of the cambium is
a continuous ring. It first produces a small amafrthin walled ground tissue which pushes the
primary vascular bundles towards centre which nppear as medullary bundles. This cambium
later on produces secondary vascular bundles amdrutdive tissue which is thick walled. Such
cambial rings are produced in the pericycle sudeelys and the ring external to the phloem
burries the latter in the conjunctive tissue. Tiidoem gives the appearance of included phloem
or interxylary phloem.

’ cambium
T secondary xylam

R x
L e 4 ; ¥ “collenchyma
S ‘#1.-'_-_,.;&__ s

stlarch sheaih
primary phioem
secondary

selorenchymaiout

pericyein "

SOnANGING .
iUl

camsum | vascular & ‘cambum
(L b A secondary
melaryiem |TF LHE
pretayigm _ @ nioem 53
midaiary bundle -y %
i et g @ - xylem EE
2 o, cambeun, /
bundle of €
EyIRM | innef 6 @ pith
itk
Fig 8.9: T.S.Boerhaavia Stem Fig 8.10: T.S. Milias Stem

In Young stem ofBoerhaavia (family) Nyctaginaceaethree rings of vascular bundles occur.
The central one is having two big sized vasculardies forming first ring of vascular bundle
known as medullary vascular bundles (Fig. 8.9).r&urding the medullary a ring of 6 to 20
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normal sized vascular bundles forming the secongl of vascular. Outside of it a third ring of
vascular bundles containing 15 to 20 vascular esdl

At the time of secondary growth the cambium oftfasd second ring of vascular bundles remain
active and show a very little activity within thascular bundles only. The cambium of the third
ring of vascular bundle remain active and by theetigpment of inter-fascicular cambium
completes the cambium ring. Now this normal cambnmg shows abnormal activity. In the
regions of vascular bundles the cambium forms xyl@wards innerside and rest of places it cuts
sclerenchyma, while towards outerside it forms $engarenchyma only for a short period and
then cambium begins to cut the phloem on the @itk just above the xylem which alternates
with the sclerenchyma and in this way the previpéstmed parenchyma gets pushed up and the
cambium ceases its activity. After some time themgttion of cambium takes place from the
parenchyma. Interfascicular cambium also soon besoactive and cuts internally the row of
cells which become thick walled and lignified amd known as conjunctive tissue.

In Mirabilis (Family — Nyctaginaceae; Fig 8.10 many medullary bundles are scattered in the
pith which are ‘leaf traces’.
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Fig.811: T.S. Amaranthus Stem

Anomalous secondary growth occurs in the form a@teasion of rings of vascular bundles. De
Bary (1884) was of the opinion that a de novo, astlar cambium ring arises in the pericycle
but according to Maheshwari (1930) separate stfpmterfascicular cambium develop in the
medullary rays between the outer rings of normaldbes. It forms a complete cambium ring by
joining with the strips of fascicular cambium.
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In Amaranthus — Stem (Family — Amaranthaceae):Many scattered medullary bundles are
present in the pith (Fig. 8.11).

Each medullary bundle is conjoint, collateral anach, with the cambium either feebly
developed and functionless or absent. In the paeagegion the outer primary bundles become
meristematic and develop few layered cambium. Thimbium cuts collateral vascular bundles
towards inner side consisting of secondary phloach secondary xylem. Cambium also cuts
many layered parenchymatous conjunctive tissuetwibézomes lignified and thick walled. This
vascular bundle lies completely embedded in corjuatissue.

8.5.3.2 Abnormal secondary growth due to cortical bndles

Cortical bundles have been reported in some fasnifech as Casuarinacea@aguaring,
Umbelliferae Eryngium), Papilionaccael@tkyrus marytimus Mclastomaccac, Rutaccae, etc

cuticle
> epidermis
S cortical bundle

starch sheath

primary phloem

J———LL————secundary phloem

cambium

=
secondary xylem
SQH—I-L primary xylem

pith

@_Aanical bundle

epidermis
{ collenchyma

parenchyma

X83100

sheath starch
primary phloem
secondary phloem.
cambium
secondary xylem:

primary xylem

-----

Fig.8.12. T.S Nyctanthes Stem A. Diagramatic Ba#t cellular

In Nyctanthes Stem: (Family — OleacegeFour vascular bundles are present in the cortex,
situated one each in each protruded bulge. Eacltalobundle faces its pointed xylem end
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towards outer side, i.e., epidermis, and is comjainllateral, open and exarch.These bundles
may show secondary growth at maturity (Fig. 8.12).

Abnormality inNyctanthess the presence of cortical bundles, which arersely oriented, 4 in
number and never directly connected with the maial aing of the vascular cylinder. These are
leaf trace bundlesi-our vascular bundles are present in the cortédateid one each in each
protruded bulge. Each conical bundle faces its tpdirkylem end towards outer side, i.e.,
epidermis, and is conjoint, collateral, open andrelx.. These bundles may show secondary
growth at maturity.

8.5.3.3. Formation of rings of vascular bundles engalded in conjunctive tissues

In Bougainvillea,Boerhaavia, etcthe vascular bundles appear to be embedded insa ofa
conjunctive tissue. IBougainvillea stem (Fig. 8.13) cells of the secondary parenchgnea
fusiform, more or less radially arranged and usuddivelop lignified, thickened walls.

Fig 8.13 Bougainvillea stem T.S: Diagramatic (upper) Youtags(lower left) and Old stem lower (right)

The cambial ring cuts off secondary xylem altemm@tivith secondary parenchyma on the inner
side and secondary phloem above secondary xylem.fif$t cambial rings are extra-stelar in
origin and arise from the pericycle, followed bysessive rings of cambia. Successive rings of
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cambia are formed which behave in a manner sindlahe first ring, as a result, concentric
layers of vascular bundles are formed embeddednjunctive tissue.

8.5.3.4. Interxylary or included phloem

In some plants due to the irregular activity of ttembium at certain places, the secondary
phloem is formed towards inner side instead of séany xylem. Other adjacent cambium cells
are normally producing secondary xylem towards rinside. After some time the cambium
resumes its normal activity and thus forms manghmes of secondary phloem in the secondary
xylem. These are calledterxylary phloem or included phloem patches.
ﬁmemﬂerm"s

Fy - BT TE
—hborench gy rrsa
S parenchyma
paricy cle

e ullary ray
irvbearxoyiary:

Fig. 8.14: T .S. Salvadora stem

In stem ofSalvadora (Family — Salvadoracehcluded phloem develops due to the irregular
activity of cambium. Some cambium cells which acenmally responsible for the formation of
secondary xylem form secondary phloem (Fig. 8.8ther adjacent cambium cells keep on
normally producing secondary xylem. After sometithe same abnormally behaving cambium
cells start to behave normally, and thus many d8af phloem are formed.
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8.6. SECONDARY GROWTH IN MONOCOTS

Most monocotyledons consist entirely of primargtiss. The usual vascular cambium is absent
from this group and so there is no normal secondaswth. However, in some monocots, the
thickening and elongation of stem occurs throughmary thickening meristem, diffuse
secondary thickening and secondary thickening rtesnis

8.6.1. Analomus secondary growth in monocots

Abnormal secondary growth also occurs in some agmant monocots (e.dPracaena Yucca,
Agave and storage roots (e.@®eet, Sweet Potatoln arborescent monocot stems, a secondary
cambium grows in hypodermal region. The latter foroonjunctive tissue and patches of
meristematic cells. The meristematic patches gmiw secondary vascular bundles. In storage
roots (e.g., Beet), accessory cambial rings appeahe outside of endodermis. They produce
less secondary xylem but more secondary phloem.sEeendary phloem contains abundant
storage parenchyma.

8.6.1.1. Primary thickening meristem

This meristem is observed in palms, in the rhizowfelusa and in the bulbs oAllium cepa
etc. In these plants, the shoot apex is not largk produces only a small part of the primary
body. A considerable thickening occurs below theoshapical meristem. This is due to the
intensive cell division of primary thickening megm.

This meristem lies below the young leaf bases arginates by periclinal division of the cells
situated below the region of attachment of yourad primordia. The meristem appears as a flat
zone in longitudinal section of the developing eyabrThe zone gradually assumes a concave
form in the mature young plant.

The meristem consists of several layer of cellscare rectangular, elongated and oriented
parallel to the surface of shoot apex. The denrestiof meristem are the ground parenchyma
cells. Sometimes localized mitotic activity withims meristem forms procambial strands, which
run horizontal to the surface. These procambiahsis gradually mature into vascular bundles.

8.6.1.2. Diffuse secondary thickening

In palm stem such aRoystoneaActinophloeusegtc. the ground parenchyma cells close to and
distant from the shoot apex , expand along witlpprtional increase of the intercellular spaces,
thus causing diffuse secondary growth. Sometimessethground parenchyma and the
procambium cells, destined to produce the outeesilof bundle sheath, divide, expand and thus
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contribute to the diameter of stem. The diffuseosdary thickening occurs after the completion
of expansion and elongation caused by primary #nclg meristem.
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Fig 8.15. T .S. Dracaena stem

8.6.1.3. Secondary thickening meristem

Secondary thickening meristem occurs in a numbemofocotyledonous species such as
Xanthorrhoea, DracaendFig. 8.15), Cordyline, Aloe, Yucca, Kingia, Dioscorestc. This
meristem is a type of vascular cambium, which oaggs in the parenchyma cells present on the
peripheral sides of the entire mass of primary wscbundles.This region may be the inner
layer of cortex or pericycle. Though this lateraériatem is distant from the stem apex, in
seedling stages it develops in continuity to thenpry thickening meristem but in mature plants
these two meristems are found to be discontinuous.

The secondary thickening meristem consists of s¢uers of cells that may be of different
shapes, such as fusiform, rectangular, polygonainty with one end tapered. This cambium
divides tangentially, some of the peripheral dames divide repeatedly and the others form
secondary cortex. These parenchyma cells usuathaire thin walled and sometimes may
contain crystals.

The bundles are either collaterdirfgia) or amphivasal racaena, Alog Some localized
region of the tiers of cambium is involved in tlegrhation of a single bundle. The conjunctive

UTTARAKHAND OPEN UNIVERSITY Page 161



PLANT DEVELOPMENT MSCBOT-508

tissues with embedded secondary vascular bundle& shdial arrangement in contrast to
primary strands, which are irregularly arranged.

8.7 ANATOMICAL STRUCTURE OF STORAGE ROOTS

The underground roots may become very much thickeme serve as organs for the storage of
food. Such is the case in sweet potatoes, radisinesps, carrots and dahlias. In such roots the
food may be stored largely in the cortex or xyleagion or in both. In food is stored largely in
the xylem and phloem and cortex are relativelyoarin the radish and sweet potato the xylem
is also the chief region of food storage, but faélso stored outside the xylem. In the carrot
there is a more even distribution between xylem zaréf.

STORAGE REGION
Fig 8.16: Cross section of roor of Ipomoea Fig 817 Cross section of root of Ipomoea
batatas (Left) and Daucas carrota (Right) batatas

Roots of sweet potat pomoea Batatas) family Convolvulaceae show a complicated type of
anomalous secondary thickening (Fig. 8.16 & 8.1@)primary state the root is pentarch or

hexarch. The cortex is delimited by a single-lagledestinct endodermis from the stelar region.

In the normally developed but highly parenchymatpusiary and secondary xylem, anomalous
cambia arise around individual vessels or vesselgg and produce phloem rich in parenchyma
and with some laticifers away from the vessels, adheary elements toward them. Massive
amounts of storage parenchyma cells are develapdibth the directions thus forming the

tuberous roots.
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Radish (Raphanus sativus) family Cruciferae The fleshy roots of radish show a proliferation of
parenchyma in the pith and in the secondary xykemd, a differentiation of concentric vascular
bundles within this parenchyma. Here, the flesloptgshow a diarch primary xylem (Fig. 8.18).

The normal cambium cuts off secondary phloem towgodriphery and secondary xylem
towards the centre. Several concentric vasculadlesrare seen in the transverse section of the
fleshy root. The concentric bundles are made obrs#&ry cambial rings with few vascular
elements in the centre.

In Beta vulgaris, family Chenopodiaceaé¢here are alternate layers of xylem and phloermgwi

to the formation of successive cambia (Fig. 8.18 secondary tissues of the root accumulate
starch in the same kind of cells as those of teesthat is various parenchymatous and some
sclerenchymatous cells of the xylem and the phloémgeneral, roots possess a higher
proportion of parenchyma cells than do stems.

= STORAGE REGION <
{MAINLY XYLEM)

Fig 8.19: Cross section of root of Beta vulgarig éd A part cellular (B)

The primary cambium that gives rise to the innetmvascular ring in the beet root develops in
the interstitial parenchyma except opposite thegvatoxylem poles where it is derived from the
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pericycle. The first secondary cambium in the raad lower part of the hypocotyl arises in the
phloem parenchyma, whereas in the upper part ohypecotyl is derived from the pericycle.

Later, however, a series of supernumerary camisa autside the normal vascular cylinder and
produce several increments of vascular tissue, eactsisting of a layer of parenchyma,
parenchymatous xylem and parenchymatous phloem.

8.8 SUMMARY

The pattern of the secondary thickening shows dewdrom the normal type in many plants.
The term “Anomalous Secondary Growth” is given finis deviation or variation. The
anomalous secondary growth is more common in tabpmlants. Anomalous secondary
thickening is NOT an anomaly or disease in plaatkar it is an adaptation to suit the habit and
habitat of the plant.

In dicots vascular bundles are conjoint, collatecgden and arranged in a ring. Formation of
secondary tissues takes place by fascicular cambiustele and Cork cambium in cortex. In
monocots vascular bundles are conjoint, collatetaked and are scattered in the ground tissue.
Secondary growth is absent. Any deviation in thevalbpattern of development in Primary and
secondary structure is called “Anomalous secondeswth”.

There are some reasons of this anomality such as

» The normal cambium behaves peculiarly or irregylaresulting in the abnormal
arrangement of the vascular tissue.

* The normal cambium is situated in an abnormal osihence the tissue cut is placed
abnormally.

* The normal cambium does not develop or if presgnis replaced by additional or
accessory cambial rings.

The anomalous structures found in the primary badg defined as primary anomalous
structures, which occur in both monocotyledons dimbtyledonous stem and may persist
throughout the life of the plant. The arrangemaesftsissues exhibited by the majority of the
plants are considered as normal, variations fronchviiound in minority are considered as
anomalous. The various abnormality are as follows:

* Presence of medullary vascular bundles:

» Presence of cortical vascular bundles:

» Occurrence of atactostele in dicotyledonous stem:

» Occurrence of arranged vascular bundles in monteztitpous stem:

» Occurrence of internal bundles:

» Occurrence of internal phloem or intraxylary (pezdullary, medullary) phloem
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Abnormal secondary growth also occurs in some agmant monocots (e.dPracaena Yucca,
Agave and storage roots (e.@®eet, Sweet Potatoln arborescent monocot stems, a secondary
cambium grows in hypodermal region. The latter f®roonjunctive tissue and patches of
meristematic cells. The meristematic patches gmte secondary vascular bundles. In storage
roots (e.g., Beet), accessory cambial rings appeahe outside of endodermis. They produce
less secondary xylem but more secondary phloem.sEeendary phloem contains abundant
storage parenchyma.

8.9 GLOSSARY

Collenchyma: Tissue composed of cells with unevenly thickenatisy

Cork: lItis the soft, light weight bark of the cork ota&e.

Graft: A plant shoot suitable for grafting; loosely,c@os, sucker, or branch

Leaf trace: A vascular bundle connecting the stele to a leaf

Monocotyledon: A flowering plant whose embryo contains one cotgle@¢seed-leaf).
Parenchyma:Thin-walled cells, varying in shape, size, and fiorc

Phloem: The food-conducting tissue of a vascular plant.

Pith: The parenchymatous, often spongy or porous cembrébns of stems and branchlets.

Sclereid: A type of schlerenchyma, made up of gritty celléem called "stone cells.” Sclereids
are what make a pear slightly gritty.

Schlerenchyma: Tissue composed of thick-walled cells containingnin for strength and
support.

Sieve element:Cell in the phloem tissue concerned with longitadliconduction of food
materials.

Sieve tube: A series of sieve-tube elements arranged end toaeudinterconnected through
sieve plates.

Sapwood:It is an outer layer of wood in a tree and corddiving cells

Vessel:A tube-like series of vessel elements with openseiithe walls that join the members
have perforations or holes in them to allow wabepass through freely.

Vessel elementindividual cells that make up vessels.

Xylem: The water-conducting tissue of a vascular planndvhls are also transported through
the xylem.

8.10 SELF-ASSESSMENT QUESTIONS

8.10.1 Multiple choice questions

1. When secondary growth occurs, girth of stem in@e&ambial ring increase in diameter
due to
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(a) Periclinal division and radial elongation of canitmalls

(b) Anticlinal division and radial elongation of cambazlls

(c) Both periclinal and anticlinal division and rade@bngation of cambial cells
(d) Radial elongation of cambial cells alone

2. Interfascicular cambium is situated

(a) Between xylem and phloem (b) Between vasculadlasn

(c) Outside the vascular bundles (d) Inner sidd@vascular bundles
3. Secondary growth is the production of

(a) New tissue from intercalary meristem (b) New corithgccells

(c) New tissue from lateral meristem (d) New grdbeells

4. Cucurbitastem is an exceptional dicot stem because it has
(a) Bicollateral bundles
(b) Bicollateral bundles have and several layered thekcycle
(c) Bicollateral bundles and hollow centre
(d) Bicolateral bundles arranged in two alternate rings

5. Vascular strand having numerous scattered fibratasbundles is
(a) Eustele (b) Atactostale
(c) Polycyclic stele (d) Dictyostele

8.10.2 True and False

Cortical bundles are found in Nyctanthes.
Dracena has Primary thickening meristem.
Root of Beta vulgaris showing secondary growth laaning storage in function.

Boerhavia show abnormal cambium showing normavigti
Zimmermann categorarisd plants anatomically orbtsas of their adaptive nature.

ok wnNpRE

8.10.1 Answers Key1(b); 2(b); 3(c)4(d); 5(b); 6(c); 7(d); 8(d); 9(d%0(a)
8.10.2 Answer Key: 1. True; 2. True; 3. True; 4. True; 5. True
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8.13 TERMINAL QUESTIONS

8.13.1 Short answer type question

Q.1 Cortical vascular bundles

Q.2 Medullary vascular bundles

Q.3 Normal behavior of abnormal cambium
Q.4 Secondary growth in dicot stem

Q.5 Cork cambium

8.13.2 Long answer type question

Q.1 Draw well labeled diagram of T.S. Nyctanthes stem.

Q.2 Write descriptive note on difffernt type of anaoityafound in plants

Q.3 Comment on Primary thickening meristem

Q.4 Comment on secondary growth of storage root vetgetab

Q.5 Write descriptive note on plants having interxylphtoem with their anatomical details
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9.1 OBJECTIVES

After reading this unit students will come to know-

» About meristems, specifically shoot apical and eguital meristems.
» Development process in the plants.
» Difference between Shoot Apical Meristem (SAM) &bt Apical Meristem (RAM).

» About different theories about development of Shégical Meristem (SAM) and Root Apical
Meristem (RAM).

» The various cytological and molecular changes thie place in shoot apical meristem (SAM) and
root apical meristem (RAM) will be discussed in thowing unit.

9.2 INTRODUCTION

In higher plants the plant body is complex and iaden up of following tissues: (i). Meristems or
meristematic, (ii). Permanent and (iii). Secretiisgue. The word meristem was introduced by Nagelli
1853. Meristos means divisible or able to dividbe Tneristematic tissue can be defined as a group of
cells in continuous state of division or the cedi&ining power of division.

The meristematic cells have the following charasterfeatures as:

The cells are isodiammetric arranged without irgkbutar spaces.
The nuclei are large and takes deep stains.

The cells are without vacuoles or vacuoles are sarall in size.
The cells are devoid of stored food.

Plastids are absent and endoplasmic reticulumddypdeveloped.
Meristems have capacity of perpetuation or abibtdivide.

o0 ks wNPE

The meristems can be of various types:

Based on stage of development.
Based on origin of initiating cells.
Based on position in plant body.

Based on function.

NP

The shoot and root apical meristem is based oriposh plant body and are the apical meristemsyTh
lie at the apex of shoot and root of vascular glaDtie to their activity the organs increases mgtke.

9.3 CYTOLOGICAL AND MOLECULAR ANALYSIS OF SHOOT
APICAL MERISTEMS (SAM)

According to Gifford (1954), Clawes (1961) and amtner of other workers “shoot apex is the
meristematic region beyond youngest leaf primordiufihe form and size varies in different stage of
growth. The size of shoot apex is maximum just keeformation of leaf primordial. It is called maxam

area phase. The size of the shoot apex is mininugh gfter formation of leaf primordial called as

UTTARAKHAND OPEN UNIVERSITY Page 169



PLANT DEVELOPMENT MSCBOT-508

minimal area phase. The stage in between is calienid area phase. The time lapse or period between

the initiations of two successive leaves is capdabtochron. It may be few hours, days, monthsiand
certain cases in one year. Thus it is highly vdeiaffhere are various theories about shoot apex

organization:

a. Apical cell theory

At the end of 19 century Hofmeister (1869) and Nagelli studied shajex and concluded that shoot
apex is made up of single apical cell (Fig. 9.19 aence gave apical cell theory. Nagelli on thasbaf
his observations on vascular cryptogams proposdekémples: In algae, Bryophytes and Pteridophytes

this single cell is structural and functional unit.

- ) 4 Dermatogen

/ /-" 4 / /—' Periblem

Plerome

Fig. 9.1: Figure showing apical cell Fig. 9.2: &yram showing histogens

Apical cell is an inverted pyramidal cell with 3téng faces on the proximal side and 1 cutting fane
the distal side i.e. it has four sides. The difage may or may not give rise to cells. But thdwed
cutting faces are sufficient to give 3-dimensiostalicture. Their derivatives give rise to leaveny Aell
divides by anticlinal and periclinal divisions agives rise to leaf primordial. This theory was not
accepted due to water ferns, etc. In higher plamshoot apex is complex.

After this theory a number of theories were given b dominated till Hanstein proposed Histogen
theory.

b. Histogen theory

Histogen theory was proposed by Hanstein (1879-83). Accordinghis theory, the shoot apex of
angiosperms has three distinct meristematic zdrigs 9.2) i.e., (i). Dermatogen, (ii). Periblem aiid).
Plerome. Each zone has its own sets of initialsmMmnas histogens. The dermatogen is the outermost
histogen and its cells are arranged in paralletrgythis forms epidermis. Periblem is responsibte
giving rise to cortex and procambium. Plerome gpomsible for pith. Later on it was found that eher

no morphological significance of these zones. Téwnétogens can form epidermis and cortex. Periblem
can form cortex and vascular tissue and pleromdaramcortex also.
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c. Tunica Corpus theory

Schmidt (1924) proposed this theory while workinglateral buds. According to this theory, the shoot
apex is made up of two zones:

(). The outer meristematic zone of parallel layeretsaedually from one to four cells thick is tunica.
These cells are smaller and divides anticlinally.

(i). The inner zone is called as corpus, the cells athvhre larger, irregularly arranged and divides
in all directions i.e. anticlinally, periclinallynal tangentially.

This theory has several benefits over histogenrtheo

(). Mechanically this hypothesis is superior. It coms&ithe growth of surface and the mass inside.

(i). This theory described zones and not the merist&tis.theory never stated that tunica give rise
to epidermis or a histogen itself. The present thesbated that tunica has got its own initials
known as tunica initials and corpus has corpuglsit

(ii). There is no specific destiny assigned to tuniczapus, therefore, there is no rigidity in the
differentiation of tissue from tunica and corpus.

Majumdar (1931) while working oHordeumvulgareobserved that if the apex is stained with vitalrst
like fast green then three zones of different stgirtan be observed. The cells of the peripherakzo
stain densely while those of rib and central zdaadightly. If tunica represents the peripheeldr and
corpus inner region, the four cytohistological zonan be differentiated into:

a. Tunica
b. Corpus: The corpus has three zones; i. CentRéiipheral iii. Rib zone (Fig. 9.3)

e Tunica initial
S
d:?}\ % E{grpus imitial

Leaf primordium

\1 s Peripheral zone
/ / ‘ Rib meristem
I | II| III\

Fig. 9.3: Diagram showing the cytohistological ztioa of apical meristem

Foster (1931, 1936) did sideways work in Gymnosetie observed that cytohistological zonation was
very much clear in this case. He called one ceatrak as central mother cell zone whose derivatives
given in all directions i.e. the zone responsilolediving rise to derivatives on all sides espégial the
cortex region.

d. Mantle core theory

It was proposed by Popham and Chan (1952). Accgrttinthem shoot apex is made up of two
meristematic zones mantle and core. In mantle délisles anticlinally and sometimes periclinaliyn. |

UTTARAKHAND OPEN UNIVERSITY Page 171



PLANT DEVELOPMENT MSCBOT-508

core cells can divide in any direction. This sugigeswas criticized by Gifford (1954) by saying thhis
concept is not far away from tunica corpus the8uwyt one important observation given by Popham and
Chan when they were studying shoot ape&lafysanthemurorifolium, they observed that shoot apex is
large enough it has the tunica, corpus with perglhend rib zone apart from this there is a zoneedis
transversely stretched therefore it was calledaasbium like zone. They described three major dater
associated with this:

1. A feature of larger apices- e.g in many cases Aikabidopsis Kaunferiaseaposawhere shoot
apex is small, this cambium like zone is reportedmaller apices there are not too many cells to
draw attention thus many authors might have miisisccambium like zone.

2. ltis prominently observed or appeared during micheximum phase
3. ltis responsible for elongation of shoot apex. this there is lot of controversy.

In many cases includin@alotropis in members of Labiatae, VerbenaceaePlomeria it has been
observed. For leaf formation periclinal divisiore atbserved and periclinal division occurs at onéhef
flanks of this palatine (cambium like zone) thusvdas concluded that it was representing differéintia
of nodal region.

In Calotropisseveral such zones could be identified down irattig, therefore, it was found that it might
be representing the nodal region.

1. Butis predominantly found where node differentiatis clear cut.

2. It is predominantly developed in minimal phase tio phase. In minimal phase it is disturbed
and is left and in next mid phase a differentiatitbmew node takes place.

3. It is not responsible for elongation of shoot apestead it is responsible for the development of
nodal region.

4. |t establishes the site of leaf initiation andtagpresents nodal differentiation several suclegon
may be observed down in the axis.

e. Anneau initials and meristeme de attente theory

The theory was proposed by Plantefol and Buvet Z19%lantefol (1947) worked ofPapaver
somniferumand studied the pattern of phyllotaxis on basigrghnization of apex and proposed that there
are foliar helices. Therefore any phyllotaxis canrésolved on a few spirals (may be 1-3) or heliéds
those helices end up in specific region in sho@xap@nd this region is called as anneau initiausTh
anneau initial is a meristem ring which is respblasfor giving rise to leaves and was suggested apa
this ring is utilized in formation of leaf and irext plastochron this ring recognizes to form a cletep
ring.

This concept was further supported by Budder aneaB(1950, 52). Buvat maintained that vegetative as
well as foliar activities are controlled by apexe lduggested that in the axis several meristemsean
identified depending upon the activity. The shopéxis made up of three zones. The peripheral and
central zones are dividing cells and active cealld the distal cells are inactive. The three zorieshoot
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apex are; anneau initials, meristeme medullaireraedsteme de attente. The central zone or distad n
dividing cells are meristeme de attente and is mga®f promeristeme sporogene and promeristeme
receptaculaire and these two are awaiting meristérhis waiting meristem becomes active when
vegetative shoot converts into flowering. The inoentral zone is meristeme medullaire which divime
make pith and vascular cylinder.

Thus this concept was based upon the final stre¢hat the shoot apex is going to give rise. Thigept
contributed important information and their apptoace as;

1. Low mitotic activity.

2. Low cytoplasmic reactivity to different vital stainlt was shown that cytoplasm is thin and
lightly stained.

3. Cells in resting state, nucleus is in interphaatestacuolation preset and cells are of large size

But this concept was not accepted by some scigntttiding Philips (1947), Gifford, Cutler (1972),
Wardlaw (1968), Sahni and Steeves (1983), Awadthl. 1984, 86).There was also an another sctentis
Gregorie (1937) according to which “flower is orgargeneris..

The studies which went against Buvat are:

Presence of mitotic figures in central zone,
Some divisional stages,

Histochemical studies,

Cell nuclear ratio,

Surgical experiments,

DNA synthesis studies,

Ultrastructural studies.

NookrwnpE

All these studies have gone a long way to prové ¢blls in the central zone are not completelynsile
Surgical experiments were done in f&ryopteris Wardlaw cut off all the peripheral region of tigoot
apex and it was the central axis which was lefusTtine leaves should not be formed. But the ceaxial
grew and also gives rise to leaves. Thus this regiay not be considered as inactive region.

Sona and Ball isolated the shoot apex removedalldaves, make a scar 1 to 2 cells deep. Theyfoun
that the gap was healed up. The cell that was desnags replaced by new cell. Other set of expettimen
performed by them was unique. This was based osuHace growth. They separate the young leaves
and put a carbon dot on shoot apex with the helpaofand saw that it moved down and radially. They
concluded that there occurs surface growth in tingcé layers consequent of the divisions just below
the corpus or so called central zone.

Newmann carried out experimentshacrozamiaandLutoinusand it was concluded that there is growth
in the meristeme de aattente region during vegetagrowth. Sahani and Steeves carried out DNA
synthesis studies iHelianthusand observed that in the central zone the cetingghg to medullaire de
attente could show radioactivity in ultrathin sea of 1 or 2 u thick. Thus they concluded that DNA
synthesis does occur in the apex in central motedr zone or medullaire de attente zone. This
radioactivity experiment could not be performeddbdyers because of the fact that the cell cycldeée
cells is long enough (20-21 days) while the syrithphase (S1) is only a few minutes. In Ultrastneit
studies it was observed that concentration of dbwes is very low, and the endoplasmic reticulualss
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sufficiently differentiated and therefore it wasnctuded that these cells are less activity celld an
therefore equivalent to initials.

f. Neumann Concept

It was given in 1958, 1961, 1963. It was unique &= based upon the idea given by Pratt. If a cell
divides it loses its entity and is replaced by tdaughter cells and same concept was accepted by
Newmann. This cell which continues the activitynobther cell was called as continuing meristematic
residue (CMR). He explained his hypothesis on #easbof filamentous structure. As the growth prdsee
this apical cell divides by transverse divisioroitwo and the apical cell has lost its entity asdeplaced

by two daughter cells. The upper cell will now done to show meristematic activity and is called as
CMR. In later stages the penultimate cells has afstergone divisions which are much more vigorous
(4-5 times). After this the apical cell now agaimides into two. He suggested that in any meristieene

are two types of cells:

a. CMR: cells retaining the office
b. General meristem (GM): cells derived from apicdl aad has capacity to divide.

Neumann suggested that cells of GM continue taddivapidly in comparison to CMR. He suggested that
this CMR is equivalent to initials and GM is a ded meristem. He associated it with high merist@mat
activity which is short lived. CMR have comparativéow meristematic activity but it is long lived
activity. The GM is constituted by cells that digiat a higher rate and therefore they lose tlagiacity

to divide quickly and finally differentiated. Ondlother hand CMR will divide at a lower pace bu th
span of activity is extremely prolonged one anddfure these CMR can be compared to initial cells.

These CMR at the time of complete succession ofrovill divide very fast as GM and mature. This
concept is very unique because according to ittshpex is made up of several such filaments joined
together. Therefore apical cell must come closettuay at a definite level. The region which is pras
just equivalent to CMZ is the region constitutedgogup of initials and these initials are very lowtheir
mitotic division in comparison to GM constituting iand flank zone.

Tunica is applied to those layers which dividesyaahticlinally. So this hypothesis of Neumann has
completely shaken the concept of meristemee detattln vegetative phase the CMZ or central zone or
meristemee de attente is constituted by initialeerathan awaiting meristem. During flowering prese
the cells of CMR divide very rapidly because theskis are in a stage that is prior to complete atéss

of growth. On the basis of these entire hypothgsple have tried to divide the distribution also.

Popham (1951) divided the organization of shootxap& seven types, out of which 5-7 have been
recognized to belong to angiosperms. Tunica angusohaving its own initials, corpus further divided
into flank and rib zone. The cambial like zone wesognized by Popham and Chan. While Neumann
recognized three types of shoot apex namely:

1. Monoplex: CMR is represented by single apical cell.

2. Simplex: only one CMR which give rise to tunica,rmes, rib and flank zones. E.g.
Gymnospersm (Cycadales)

3. Duplex: CMR is complex and can be analyzed inté3lé2ts.
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94 CYTOLOGICAL AND MOLECULAR ANALYSIS OF ROOT
APICAL MERISTEMS (RAM)

Root apical meristem is very unique and is havihgt af differences from shoot apex in:
a. Being subapical.

b. Differentiated into following zones:-
()  meristematic region
(i)  root hair form zone
(i)  zone of cellular elongation
(iv) region of lateral root formation
(v) region of maturation

c. Apex does not have any plastochronic changes.
d. The apex does not show variable organization wiiak be time bound.

e. RA enters the soil thus the apical tissues are vethand are to be replaced. One assumption says
that ~10,000-10,00,000 cells are damaged per dayhars high mitosis takes place.

a. Apical cell theory

It indicates that whole of root apical meristem w@ade up of single cell. It was proposed by Hofteeis
and Nagelli. There is an inverted pyramidal celthwthree cutting phases. One cutting face towards
peripheral side gives rise to cap and other forppeu part. But this theory is applicable in Ptepilgtes
and absent in angiosperms and gymnosperms.

:h- Vascular v.‘_',,r]mder1
| T ! :
F 1

It

w-gTmra-om

o ! | |

|

Fig. 9.4.a: Diagram of root apex based on Histogiegory. A. Root apex of Raphanus sativa. B. Root
apex of Zea mays where root cap has its own histage, Calyptrogen. Broad lines indicated histng.
Arrows indicate the direction of cell formation.
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b. Hanstein histogen theory

According to this histogens, dermatogen, periblemd alerome have been postulated with a little
difference (Fig. 9.4 a). In some cases outer laj@eriblem was forming epidermis. Where calyptioge
gives rise to dermal tissue than it is called dgptadermatogen. Here three layers i.e., pleroregpfem
and calyptrodermatogen are present. This was peopiodate 19 century but one thing lacking in this is
does not give any indication upon plane of division

c. Korper and kappe theory

Schuepp (1970) proposed a concept of plant of idivifor organization of root apex which came to be
known as Korper (body) kappe (cap) concept i.eerebody type divisions and cap type divisions were
described. The body type divisions were describeiims of L' or ‘A’ and cap type in terms of ‘T’ or
‘Y’ also known as korper types of divisions and ogetof divisions, respectively. It is based upoa th
derivative cell (Figure 9.4.b).

Thus Hanstein theory is being proposed by Korpg@pkaconcept superimposed upon it. But in root
apices ofPisum Fagus sylvaticatc the apical meristem in root does have a regfaneristem but it is
not differentiated into histogens, therefore, tlégion is called as transversal meristem. According
Guttenberg (1960) there can be two types of trasaVeneristems:

a. A transversal meristem with differentiate callecclsed type.

b. Undifferentiated meristem called as open type.

Normal
T-division

— &
Columella showing
inverted T-divisions.

Fig. 9.4.b: Longitudinal section of root apex (\ddaba) showing the arrangement of tissue domains
based on Korpae kappe theory

It was observed that in open typeigum and Fagug there is a slow transition from kappe type of
divisions to Korper type of divisions i.e., cap a¢ypf divisions were more common in periphery arahth

the transition begins downwards. Open type is dmmedd as advanced and closed type is primitive.
Depending upon the organization one could agaityapp concept of continuing meristem to designate
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and identify the regions where continuous, long istematic activity at a slower rate that would
constitute type transversal meristem. The secopd iy general meristem which will be represented by
actively dividing cells but this activity is shoand this is represented by cells around transversal
meristem, therefore, according to organizatiornrtite apex can be classified on various types:

1. One classification is open, close type and anathdry Esau, where she describ&diantumtype
having pyramidal shape with 4 cutting phases.

2. Second category was Psuedosuga type organizatiogrewthere is a transversal meristem
differentiated into two sectors one giving risdrtitials on three sides and one sectors givingailsit
on two sides.

3. Third type is Allium type where there is undiffetiated transversal meristem giving rise to cerdachl
peripheral cylinder and from the tissue to transakmeristem a columellar like tissue could be
identified.

4. Other two types are:
» Nicotianatype: there are three different histogens oneémtral, second for peripheral and third
for Calyptra.
» Zea maydype: one meristem giving rise to central, otleepéripheral and the third giving rise to
a calyptras but innermost layer of calyptras giies to dermis hence it is dermatocalyptrogen.

Neumann (1961) recognized following types:

a. Simplex: Can be compared #adiantumtype where there is only a pyramidal cell.
b. Monoplex: CMR is undifferentiated as illium type.

c. Duplex: CMR is differentiated into two or three sets dfials as inNicotianaandZea mays

9.5 SUMMARY

Shoot apex is the meristematic region beyond yostnigaf primordium. The form and size varies in
different stage of growth. The size of shoot apemaximum just before formation of leaf primordiald
minimum just after formation of leaf primordial &l as minimal area phase. The stage in between is
called as mid area phase. There are various tisesiigut shoot apex organization:

Table 9.1. Differences between shoot apex andapex

S.No. Shoot apex Root apex
1 It is termina It is sub terming
2 It is dome shape It is cone shape
3 Quiescencentre center is abse Quiescencentreis preser
4 Covered with young leav Covered with root ce
5 Leaves, branches and flowers corout as lateral orga No lateral orgar
6 Plastochron is prese Plastochron is abse
7 Lateral organs are exogen Lateral roots are endogen:
8 Cells continuously divic Quiescent cell never divi
9 It is complex structul It is simple structul

UTTARAKHAND OPEN UNIVERSITY Page 177



PLANT DEVELOPMENT MSCBOT-508

a. Apical cell theory: Nagelli on the basis of his observations on vasctigptogams proposed
apical cell theory according to which shoot apem&le up of single apical cell.

b. Histogen theory: according to this the shoot apex of angiospermssiir@e distinct meristematic
zones; dermatogen, periblemi and plerome. Each baseits own sets of initials known as
histogens. The dermatogen making epidermis, penitdertex and procambium while plerome
makes pith.

c. Tunica Corpus theory: according to Schmidt (1924) tlshoot apex is made of two zones, outer
tunica and inner corpus. Majumdar (1931) observest torpus has three zones central,
peripheral and rib zone.

d. Mantle core theory: Popham and Chan (1952) gave this theory. It wag sinilar to tunica
corpus but they made an important observationith@hrysanthemurorifolium a cambium like
zone was present.

e. Anneau initials and meristeme de attente theoryit was proposed by Plantefol and Buvet
(1952). Plantefol proposed that in apex there aliarfhelices, these helices end up in specific
region in shoot apex called as anneau initial. Thmseau initial is a meristem ring which is
responsible for giving rise to leaves. Buvat sutggbshat the shoot apex is made up of three
zones, the peripheral and central zones are diyidells and active cells. The distal cells are
inactive. These three zones are called as annémlsinmeristeme medullaire and meristeme de
attente. The central zone or distal non-dividintiscare meristeme de attente and is made up of
promeristeme sporogene and promeristeme receptacad these two are awaiting meristems.
This meristems becomes active when vegetative stwoterts into flowering. The inner central
zone is meristeme medullaire which divide to maikle and vascular cylinder.

f. Neumann concept: This idea was given by Pratt. It was elaboratedN&wmann and he
suggested that in any meristem there are two tgpeslls:
(). CMR (continuing meristem residue): cells retainthg cells activity.
(ii). General meristem (GM): cells derived from apicdl aad has capacity to divide.

The GM have short lived meristematic activity amddes rapidly in comparison to CMR. This concept
was very unique because according to it shoot &pmade up of several such filaments joined togethe
The Neumann hypothesis shooked the concept of imere® de attente. In vegetative phase the CMZ or
central zone or meristemee de attente is conglitoyeinitials rather than awaiting meristem andiroyr
flowering process the cells of CMR divide very dipi

Neumann recognized three types of shoot apex namatpplex, simplex and duplex.

Root apex is also an apical meristem having diffeee from shoot apex being subapical and having
various zones in meristematic region. Unlike slibdbes not have any plastochronic changes.

a. Hofmeister and Nagelli proposed that root apex @slenup of single cell and this was known as
apical cell theory.

b. Hanstein proposed histogen theory according to vlermatogen, periblem and plerome are the
three histogens which makes epidermis, cortex asdutar bundles respectively.
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c. Schuepp proposed Korper (body) and kappe (cap)yythéacording to Guttenberg (1960) there
can be two types of transversal meristems, meristéth differentiation (closed type) and
undifferentiated meristem (open type). It was obsérthat cap types of divisions were more
common in periphery and than the transition begiognwards. Open type is considered as
advanced and closed type primitive. The root apax e classified on various types: One
category is open, close type and anothekd&ntumtype; second waPsuedtsugdype, third
type isAllium type,Nicotianatype andZeamaydype.

d. Neumann (1961) recognized following three typespsim monoplex and duplex.

9.6 GLOSSARY

Anneau initials: that part of apex that produces the primordidhtgral organs.

Apical meristem: meristem at the apex of a root or shoot.

Continuing meristematic residue (CMR): Cells which continues the activity of mother célshows
meristematic activity.

Core: The cells can divide in any direction. It is calesied equivalent to corpus.

Dermatogen: The young or embryonic epidermis in plants.

Duplex: CMR is complex and can be analysed into 1/2/3 sets

General meristem: Cells derived from apical cell and having capatitgivide.

Growing point: A part of plant body at which cell division is kized, generally terminal and composed
of meristematic cells.

Histogen: Tissue producing zones or layers, plerome, paritaad dermatogens.

Mantle: Meristematic zone in which cells divides anticlipand sometimes periclinally. It is considered
equivalent to tunica.

Meristem: It is a tissue in plants that consists of unddfdiated cells capable of cell division. They give
rise to various tissues and organs and are redperisi growth.

Meristematic: Consisting of meristems, tissue cells of growingp

Meristeme de attente:It is central zone of non dividing cells and istfier made of promeristeme
sporogene and promeristeme receptaculaire

Meristeme medullaire: The zone which divides to make pith and vascufinder.

Monoplex: CMR is represented by single apical cell.

Periblem: Layers of ground or fundamental tissue betweemdgrgen and plerome.

Phyllotaxis: the arrangement of leaves on an axis or stem.

Plastochron: It is the time interval between the two successients during the growth of plants.
Plerome: The core or central part of an apical meristem.

Primary meristem: Ground meristem, procambium and protoderm.

Promeristem: Meristem of growing point, and primary meristem

Promeristeme sporogeneWaiting meristem which forms flower when vegetatishoot convets into
flowering.

Promeristeme receptaculaire: Waiting meristem which forms stalk bearing flowevken vegetative
shoot convets into flowering.

Protoderm: The outer cell layer of apical meristem, primordepidermis of plants, superficial
dermatogens.
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Quiescent centre:A region in the apical meristem of a root wherk di&ision proceeds very slowly or
not at all, but the cells are capable of resumirgristematic activity if the surrounding tissue gets
damaged.

Root cap: A protective cap of tissue at apex of root.

Simplex: There is only one CMR which give rise to tunioaipis, rib and flank zones.

Tunica: Apical meristematic cell giving rise to protoderm.

9.7 SELF ASSESSMENT QUESTIONS

9.7.1. Multiple choice Questions:

1. Plerome gives rise to:

(a) Epidermis (b) Cortex
(c) Vascular tissue (d) Ground tissue
2. Root hairs are present in:
(a) Meristematic zone (b) Elongation zone
(c) Maturation zone (d) Root cap zone
3. Who proposed apical cell theory
(a) Nageli (b) Hanstein
(c) Clowes (d) None of the above

4. Quiescent centre cells may be stimulated fasidin by:

(a) Surgery (b) Cold treatment

(c) Radiation (d) All of the above
5. Root apex differs from shoot apex in having:

(a) Plerome (b) Dermatogen

(c) Periblem (d) Root cap

9.7.2. Fill in the blanks:

The cells of the tissue which are in state of &ctiell division are called as
Histogen theory was given by

Quiescent centre is present in

Korper Kappe theory was proposed by

The origin of lateral organs in shoot apex is in nature.

arLONE

9.7.3. True or false:

In shoot apex plastochron is present.

Quiescent centre is present in shoot apex.

According to Guttenberg root have open and cloggé of organization.
The permanent tissues are derived from apical teermis

Wardlaw divided shoot apex into 5 regions.

arwpdpE
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9.7.1 Answer Key:1. (c); 2.(b); 3.(a); 4.(d); 5. (d)
9.7.2Answer Key: 1. Meristematic cells; 2. Hanstein; 3. Root apeX3ehuepp; 5. Exogenous.
9.7.3 Answer Key:1. True; 2. False; 3. True; 4. True; 5. True
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9.10 TERMINAL QUESTIONS

9.10.1. Short answer type question:

Q.1 Write a short note ona pical meristem.

Q.2 What do you understand by Histogen Theory?

Q.3 Discuss the mantle core theory.

Q.4 What is quiescent centre?

Q.5 What is Korper Kappe theory?

Q.6 Explain shoot apex organization on basis of wirpus theory.

Q.7 Name the growth regions in the shoot apex of gysparms as given by Foster.

9.10.2. Long answer type question:

Q.1 Give various theories about shoot apex orgarmiaati

Q.2 Explain the organization of root apex by meansgasfous theories.

Q.3 Which theory of shoot apex organization convingesi most? Explain it with suitable
reasons.
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