MODULE 1
PTERIDOLOGY

INTRODUCTION

0 Pteridophytai Haeckel(1866)

(@]

Pteron - feather , Phyton plant

(@]

Vascular Cryptogams

0 Origin T Silurian period of Paleozoic Era

O«

Pteridology

SALIENT FEATURES OF PTERIDOPHYTES

9 Plant Bodyi Sporophyte(2n)
1 Terrestrial - cool, moist and shady places
U Aquatic - Azolla, Marsilea, Salvinia
U Xerophytic - Selaginella lepidophylla, Equisetum arvense
U Epiphytic - Lycopodium phlegmaria, Selaginella rupestris
9 Leaves arenicrophyllous omegaphyllous
U Microphyllousi simple leaes with a single unbranched midvein.
U Megaphylloud large ,compound leaves with dissected vein
1 Root and stem possessgll developed vascular systébambium is absent
1 Vasculatrtissue is usually arranged in various kinds of steles
1. Protostele
2. Siphonostele
3. Dictyostele
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4. Polycyclic stele

consisting of
central core of
xylem
surrounded by
phloem, without
pith.

TYPES OF FEATURES FIGURE
STELES
Protostele A stele

Protostele

Siphonostele

A stele
consisting of
central core of
pith, surrounded
by concentric
layers of xylem
and phloem.

Dictyostele

A type of
siphonostele
with overlapping
leaf gaps.

Polycyclic stele

Two or more
concentric
vascular bundles
which are
solenostelic in
nature
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REPRODUCTION

U By means of spores producedsimorangia

U Position of Sporangia leaves, stems or on modified leaf like structures
calledsporophylls

U Psilotumi Synangium

U Marsileai sporocarp
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U Ophioglossumi spike

U Pteris - sorus

DEVELOPMENT OF SPORANGIUM

I By EusporangiatandLeptosporangiate

1 Eusporangiatei Group of superficial cells

1 Leptosporangiatei From a single initial cell
U In orderFilicales sporangia are aggregated to form sorus.
U Sorus are of three typésSimple, Gradate, Mixed




i1 Are of two types HomosporousindHeterosporous
U Homosporousi lycopodium,pteris,equisetum
U Heterosporous- selaginella, marsilea,salvinia

Microsparangum

Megasporangium

Lgue

A. V.S. Microsporangium,
B. V.S Megasporangium

1 Sporesgerminate to producgametophyte(n)
1 The gametophyte is a free living generation .1t is highly reduced and is
called a prothallus

Sex Organs
i Antheridia and Archegonia

0 The gametophytbear antheridia and archegonmsame or different
prothalli.
0 Water is essential fdertilization.

3% -y
ANTHERIDIUM ARCHESONIUM

Fig. 213. Antheridium and arch ium of fern.
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Zygot

1 Male gamete (n) + egg(n) = zygote

1 Zygote(2n)i First cell of sporophytic generation

1 Zygotedevelops into a well developed sporophyte

1 The sporophytic generation is dominant and conspicumusiependent on
gametophytic generation early in life.

PTERIDOPHYTES EXHIBITS ALTERNATION OF GENERATIONS

o)
h m /

T”ntampm.
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STELAR EVOLUTION

STELAR EVOLUTION IN PTERIDOPHYTES

(@]

STELET The central vascular cylinder in higher plants

0 COMPONENTS OF STELE
u Xylem

u Phloem

u Pericycle

U Medullary Rays and Pith( if presént

STELLAR THEORY

0 Proposed byan TieghenandDouliot (1886
0 Highlights of stellar theory are:

V Stele isa real entityandpresenuniversallyin all higher plants

V Cortex and stelare two fundamental parts of a shoot system

V Main components of stele aire<ylem and Phloem

V Pericycle medullary raysand are also the components of stele
V Stele and cortex are separatec:hy



= Phloem

- Pencacle
Protoxyvien
Computive tissoe

Metaxylom

1 sector enlargad

TYPES OF STELES IN PLANTS

1. Protostele
2. Siphonostele

3. Solenostele

1. PROTOSTELE
U A stele with a sotl core ofxylem at the centrsurrounded by phloem,

pericycle anc&endodermis

U Pith is absent
U Simplest and primitive type of stele



Epidermis

Trabeculae
Xylem

Phloem

Cortex

Figure 2.28: T.S. of Stem

Types of protostele in pteridophytes

a. Haplostele
b. Actinostele
c. Plectostele

d. Mixed Protostele

e. Mixed Protostele With Pith

Haplostele A protostele with a central co
of xylem surrounded b
uniform layers of phloem
0 Named byBrebnerin 1902
0O Most primitive type of

protostele
0 Usually present in fossil gene

i Rhynia.
0 Living generai Selaginella

Lygodium

Figure 2.27: T.S. of Rhizophore
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Actinostele

O¢« O¢ O« (@]

O«

Protostele with xylem cor
having radial arms

Xylem is star shaped ¢
stellate

Phloemis not continuous
Named byBrebnerin 1902
Example 1  Lycopodium
serratum

Plectostele

O«

Xylem occurs as sever;
plates which are more (
less parallel to each other
Xylem plates alternates wi
phloem patches
Zimmermann

Lycopodium
clavatum

Mixed Protostele

O«

(@]

(@4

Xylem is divided intg
several units or groups

Xylem groups are scatterg
in the ground mass ¢
phloem
Example

cernuum

Lycopodium

Mixed Protostele
(Lycopodium cernuum)
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Mixed Protostele 0 Formation of pith started fq
With Pith the first time inevolution

Patches of parenchymato
region occur in associatig

O«

with xylem.

0 Most advanced amorn
protostele

0 Considered asa connecting

link between protostele ar
siphonostele
Example i Lepidodendron
selaginoides

O«

2. SIPHONOSTELE

0 Medullatedprotostelgcentral core of pith surrounded by xylem)

0 Advanced type than protostele




ORIGIN OF PITH
SIPHONOSTEL

[ 1. Inter- stelar
l origin of pith

[ 2. Extra stelar
l origin of pith

1. Inter - stelar origin of pith

0 Proposed byBower in 1923and supported bigahn in 1960
0 Innermost vascular tissue in a protost#langes into parenchymatous cells

2. Extra- stelar origin of pith

0 Proposed byleffery
0 Pith is formed by the invasion of cortical parenchymatous cells into the stele

Invasion of pith occurs through the leaf gap

Different types of siphonostele

0 Basedon the position and distribution of phloem, siphonosteles are of two
types.They are :

1. Ectophloic  Siphonostele

2. Amphiphloic Siphonostele
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TYPES OF
SIPHONOSTELE

FEATURES

FIGURE

Ectophloic
Siphonostele

O«

Phloem present
only on the
external side o
the xylem.

Phloem IS
externally

surrounded by
pericycle anc
endodermis
Pith is located
at the centre
Leaf traces
present, bu
leaf gap absent
Example:
Osmunda

(@]

O«

O«

O«

Ectophioic Siphonostele

Amphiphloic
siphonostele

O«

O«

O«

Ox¢

Phloem is preser
on both sides of th
xylem.

Pith is located a
the centre

Xylem on innef
side is surrounde
by inner
phloem,inner
pericycle and inne
endodermis
Xylem on outel
side is surrounde
by outer phloem
outer pericycle an|
outer endodermis
Example- Marsilea

Amphlphlou. Slphonostele
(Marsilea Rhizome)




) » Cortex <-
> Quter Endodermis <«
» Quter Pericycle -
> Outer Phloem -

= Xylem <
—=> Pith <———

Inner Phloem <
Inner Pericycle <

Inner Endodermis “

- Leaf Trace <

Ectophloic Siphonostele Amphiphloic Siphonostele

3.SOLENOSTELE

0 Solenostele is a sutategory of siphonostele
0 A siphonostele with a leaf gap is called a solenostele

L eaf trace and leaf gap

0 Leaf Tracel is an extension of the vascular system of the stem with that of
the leaf

0 Leaf Gapiis a break in the vascular tissue of a stem above the point of
attachment of a leaf trace
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Different types of solenosteles

1. Ectophloic solenostele
2. Amphiphloic solenostele
3. Dictyostele

4 Polycyclic stele

5. Eustele

6. Atactostele

Different FEATURES FIGURE
types of
solenosteles
Ectophloi 0 Derived from
C ectophloic i
solenostel siphonostele Pericyele I
e © Thus phloem is W )
present only on the L)
outer sideof xylem. S
0 Leaf trace and leaf
gap is present Solekastele
Amphiphl 0 Derived from
oic amphiphloic
solenostel siphonostele
e 0 Phloem is present ol
both sides of the
xylem.
0 Phloem in both side
IS inturn surrounded
by pericycle and
endodermis
0 Leaf gap and leaf
trace is present.
0 Examplei Adiantum
pedatum
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O«

Dictyostel Solenostele(amphiph
e oic solenostele) is
broken into many
separate vascular
strands

Each seprate
vascular strand
meristele

Large number of leaf
gaps are present
Example- Pteris
Eustele 0 Type of ectophloic
siphonostele with
overlappingeaf
gaps

Stele is broken into
distinct collateral
vascularbundles the
it is called eustele
Individual vascular
bundle in the eustelé
are arranged as
broken ring in the
ground tissue

epidermis

(@]

O«

O«

O«

(@]

Polycyclic 0 Dictyostele

stele arranged in two or
more concentric
rings

0 Always
solenostelian
nature
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Atactostel
e

Similar to eustele
But the individual
vascular bundles arq »=%
scattered in the ;
ground tissue

0 Namedby
Esa|f1953) 2N o,
Examplei in | - e
monocots

Q¢ O«

O«
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-> Cortex <-—___

-» Outer Endodermis <. _ ,:7:\' e
-= Quter Pericycle <-—-
> QOuter Phloem <--f-—-

Inner Phloem <\ #
Inner Pericycle <~ ) 2
““~~.__ Inner Endodermis “_':,» -
e Leaf Gap -t

"> LeafTrace <

Ectophloic Solenostele Amphiphloic Solenostele

—————————————— > Cortex <————————--,
W, 0
. """"" > Meristeles <-===f====_ @8 ™™
. 0 ..0 . Bith ol
O
. o . LeafGap <-----\;------=-

Atactostele Eustele
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Types of Stele in Plants

v

Protostele
( Stele wi ;hout Pi th}

Il

7

Haplostele

Smooth central xylem

Xylem surrounded by phloem
Eg. Rhynia, Lygodium

Actinostele

Star shaped xylem

Phloem between star arms
Eg. Lycopodium serratum

Plectostele

Xylem as plates

Phloem between xylem plates
Eg. Lycopodium clavatum

Mixex protostele
Xylem as patches in phloem
Eg. Lycopodium sernuum

Mixed protostele with pith
With pith like parenchyma
Eg. Hymenophyllum

v

Siphonostele
(Stele with Pith, no leaf gap)

> Cladosiphonic Siphonostele
Withoutleaf gap
Eg. Selaginella

> Ectophloicsiphonostele
Phloem external to xylem
Eg. Osmunda

> Amphiphloic siphonostele
Phloem both sides of xylem
Eg. Marsilea rhizome

Stelar System

Evolution
(in Pteridophytes &
Higher Plants)

2

Solenostele

s !Stele withigi}‘h Vand qu[ggg)

>

>

|

Ectophloic Solenostele
Phloem external to xylem

Amphiphloic solenostele
Phloem both sides of xylem
Eg. Adiantum pedatum

Dictyostele
Many meristels
Eg. Pteris

Polycyclic stele
Many circles of VB
Eg. Pteridium aquilinum

Eustele
VB arranged as a brokenring

Eg. Dicot Stem 6 S
Atactostele "W easybiologyclass cam

Scattered arrangement of VB
Eg. Monocot Stem
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CLASSIFICATION OF PTERIDOPHYTES

The termPteridophytavas first coined by1aecke{1866)

Eichler(1883) divided the plant kingdom in€ryptogamiaand
Phanerogamia

The Cryptogamia was further divided intballophyta , Bryophyta and
Pteridophyta.

Engler(1909)included th&ryophytaandPteridophytaunder Embryophyta.

Sinnot(1935) introduced a new terimacheophytdor a division
which possess sporophyte with a well developed vascular tissue.

Arthur J. Eame$1936) classified racheophytanto following four
groupson the basis of nature and relation of leaf and stem vascular
anatomy and position of sporangia.

1. Psiloposida
2. Lycopsida
3. Sphenopsida

4. Pteropsida
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CLASSIFICATION OF PTERIDOPHYTES (Reimer(1954)&
Sporng(1966))

I Pteridophyta I

Ses ’
Psilopsida [ Psilotopsida I I Lycopsida I I Sphenopsida ] I Pteropsida I
——p| Rhyniales Ptotolepido-
Psilotales — " r—— Hyeniales
dendrales
Trimero hytales
— s o [
Isoterophyllales Lapidodend =
- . [

JapI0

b— Isoetales —— Equisetales
Selaginellale

Primofilices | Eusporangiateae | I Osmundidae I lLeptosporangiat l I Progymnospermopsida I

=

-~

%

|

- g
w

. | =
§_ o Cladoxylales _’ I Osmundales I —bl Filicales I I Aneurophyt I
> I Coenopteridales ] _’I Ophioglossale | » I Marseliales I I Protophytal I
e | Salviniales I Anthaeopte
riales

CLASSIFICATION OF PTERIDOPHYTES

0 According to recommendation of I.C.B.N (1952) the name of the
division should end in the suffik phytaof asub-divisionin i phytina
and aclassin T opsida

0 On the basis&mith(1955) divided the pteridophytes into
four divisions
1. Psilophyta
2. Lycophyta
3. Sphaophyta
4. Pterophyta
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4 DIVISIONS
’ DIVISION-
:,l,\g::g;: FSILOEHYTA Q!YISﬂ!p\I}HYCOPHYTA(LEPIDOPHYTA) SPHENOPHYTA(ARTHROPHYTA)
1.CLASS-PSILOPHYTOPSIDA moms':wm CLASS-SPHENOPHYLLOPSIDA
ST q PROTOLEPTOSPORANGIOPSID)
9FAMILIES TWO FAMILIES -LALA Mops'm

FAMILY-LYCOPODIACEAE

FAMILY-RHYNIACEAE ‘ .
CLASS-3.LEPTOSPORANGIOPSIDA

FAMILY:EQUISETACEAE 7 FAMILIES
FAMILY-POLYPODIACEAE

2.CLASS PSILOTOPSIDA

FAMILY-PROTOLEPIDODENDRACEAE

FAMILY-PSILOTACEAE

FAMILY-SELAGINELLACEAE FAMILY-MARSILEACEAE

FAMILY-SALVINACEAE

FAMILY-LEPIDODENDRACEAE

FAMILY-AZOLLACEAE
FAMILY -ISOETACEAE

FAMILY:PLEUROMEIACEAE2
o

RHYNIA

Division: Psilophyta
Class: Psilophytopsida
Order: Psilophytales
Family: Rhyniaceae

Genus: Rhynia

O«

Fossil plant

Rhynia majorandRhynia gwyne vaughani
Discovered byKidstonandLang(1971)
Seen in Devonian period

O« O¢ O«

Sporophyte

O Plant Bodyi subterranean,creeping,cylindrical and dichotomously branched
rhizomewith dichotomously brancheakrial leafless shoats
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O Root absent but tuft of rhizoids develop from rhizome.

~

O In Rhynia gwyne vaughaaerial shoots hamany adventitious branches.

O Aerial branches ends in tapering vegetative apices or pear shaped sporangia.

dichotomously
branching stems 3

MN2ZoMme
{underground &
stem)

ANATOMY OF RHYNIA STEM

O«

Epidermisi single layered,thick cuticle, stomata present
Cortexi outer and inner

O«

Outeii 1-4 layeredcompact polygonal parenchymatous cells.

Inner spherical, parenchyma cells with intercellular spaces, the chief
photosynthetic region.

Fig. 207. Rlryormia. A, T 5. srxaoome: 8,
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0 Central Cylinder

Protosteleprimitive.
Xylem composed dfracheidswith annular and spirahickening
No sieve plates in phloem.

Endodermis and pericycle absent.

REPRODUCTIVE STRUCTURES

0 Sporangia were present singlytlat tips of some aerial branches

0 Sporangida oval to cylindrical, with distal pointed and broad basal end

0 Sporangia oRhyniamajorwerelarger tharRhynia gwyne

Vaughani

Structure of sporangium:

O« O¢ O« O« O¢ O¢ O

(@]

Sporangium is surrounded byltilayered jacket
Each sporangium had a massive wall of 5 cells thick
Outer layer was auticularisecepidermis.

Middle layeri 2-3 layers ofparenchyma cells.
Innermost layer tapetum

Large number of spottetradin sporangial cavity. i
Sporeshomosporous ¢y o

No specialised mechanism for dehiscense. R
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GAMETOPHYTE

0 Lyon (1957)Some germinating spores which show multicellular structure
developing at the end of germ tube was the indication of the presence of
gametophyte in Rhynia.

(@]

Merker(1959) is of the opinion that thenderground creeping parts of
Rhynia is the gametopte/but not the rhizome.

O«

Not much is known about gametophyte of Rhynia.

CHARACTERISTIC FEATURES OF PSILOPHYTOPSIDA
Group ofextinct plants

(@]

¢

Plant body is a&porophyte

(@]

Possessdichotomously brancheprostrate rhizome and dichotomously
branched upright aerial branches.

Tuft of rhizoidson the rhizome.

(@]

Roots and leaves were absent.

(@]

(@]

Stem isprotostelic

(@]

Spores ar@omosporous

(@]

Spore tetrads were borne at the terminal sporangia.

(@]

Examplei Rhynia,Horneophyton, Psilophyton, Asteroxylon.
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Division: Psilophyta
Class: Psilotopsida
Order: Psilotales

Family: Psilotaceae

Genus: Psilotum

0 Two specie$

1. Psilotum nudurf25cm)i Whisk fern
2. Psilotum flaccidun{@0 cm pendulous epiphyte)

MORPHOLOGY

O The plant body is a sporophyte

1. Rhizomei branched, brown in colour ,lack roots, rhizoids are present
-- is associated witinychorrhizal association
2. Aerial shooti green, slender, cyindrical adechotomously branched

3. Leaves small scale like (sterile and fertile appendages)
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Synangium

0 Fertile appendages at the distal end of the aerial shoot bears in axils a
trilobed structure

/'W
/’L

foliar appendage /’,‘}':','
|

synangia

ANATOMY OF AERIAL SHOOT

Epidermis 1 single layered, thick cuticle, stomata : .... T o
2.  Cortex - outeri 2-5 layered chorenchymatous cells oo
-middleT 4-5 layered sclerenchymatous c¢ b
-inner- many layered parenchymatous cell §
3. Endodermisi well developedg¢asparian strip
4.  Stele- Actinostele A

Fig: Section of aerial branches

ANATOMY OF RHIZOME

1. Epidermis i single Iayered thick cuticle w-w'm-

- middlei prenchymatous cortex -{‘/-«*‘“‘”f::s‘::“ ‘

Futhymugy '\ ,"' 0
e

-inneri phlobaphene( brown) HEAY e | O
Endodermis andPericyclei single layered i ye &
4.  Stele- protostele e

w

Fig 1 bt 75,0l R
A Secor Elired, B, Ceeed P
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REPRODUCTION

1. Vegetative Reproductioni Gemmae

2. Sporophyte reproducesby asexual reproduction

3. Gametophyte reproducedy sexual reproduction

ASEXUAL REPRODUCTION

O Spores, produced in compleiobed structuresynangium

4

O Itis a stalked structure borne at the apex of short lateral branch

O A bilobed appendage is present at the base of each synangium that
curve and surround the stalk of synangium

Structure of synangiunt

0

Q¢ O«

(@]

O«

Wall of synangiums 3-4 layered
Thick outer wall forms the epidermis
Inner wall separates tlieree locules

Each locule is filled up with large number of spores. Spores are
homosporous

Mature spores aneniform



Fig 23, Palotwn. T.5. of Matxe Synangium with Spores

GAMETOPHYTE

0 The prothalli are irregularly dichotomising, colourless and cylindrical
structures covered with rhizoids

0 Endophytic mycorrhizean be seen in the early stages of development

0 Prothallus isnonoecious

Rhizoids
Antheridium cell
Ventral
canal cell

EER\ with mycorrhizal

Spermatozoids
fungus D

OOZEES

Fig: Psilotum spp. (A) Prothallus showing antheridia and archegonia:
(B) A mature archegonium: (C) A mature antheridium.
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0 Development of male sex organ and female sex organ

0 Wateris essential for fertilization

0 Fusionof male gamete (n) and female gamete (n) occurs

O«

Zygote(2n)is formed after fertilization

0 New sporophytic plant is formed
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L;f’e: Clyci le Pelotum JUJE:  Raanincation)
of Psilotum $77

Embryonic
Stem sporophyte (2n)

3 Zygote Antheridium
7 . Sperm with sperm

with egg

CHARACTERISTIC FEATURES OF PSILOTOPSIDA

0 Includestwo living genera PsilotumandTmesipteris

0 Plant body is a sporophyte and avetless

0 Numeroushizoidal hairsare present

0 Rhizome is subterranean and it has an aerial shoot

0 Aerial shoot possess many scalyexf like appendages

0 Spores are homosporous and are produced in sporargiasorgia

0 Gametophytes are colourless,branched,subterranean and are non
photosynthetic. It grows as a saprophyte with fungus

0 Partially embedded antheridia are present on the

gametophytes
0 Antherozoids are multiflagellate
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LYCOPHYTA

Division : Lycophyta

Class
Order

: Ligulopsida
: Lycopodiales

Family : Lycopodiaceae
Genus  : Lycopodium

SALIENT FEATURES:

O« O¢ O«

O« O«

(@]

O¢ O¢ O¢ O¢ O

Club moss Ground pine, Trailing Evergreen.

Cosmopolitan in distribution.

Common Indian Speciesycopodium clavatupl. cernuumL. serratum

L. phlegmarial. volubile, L. selagoetc.

Sporophytic plant bodig well differentiatednto roots, stems and leaves.
Leaves are small and simple, withlpa single unbranched vein or vascular
bundle.

Vascular cylinder is &rotosteldn most cases, but issgphonostelén a few
extinct and some living forms.

Leaf gaps are altogether absent

Secondary growth is absent, excepisinetes

Sporangia areocated singly either at the tips of microphones or in their axils
Sporophylls aggregate to formonesor strobili in most cases.
Antherozoidsarebiflagellateor multiflagellate

HABIT:

O¢ O« O¢ O¢ O«

Most species areerbaceous or shrubby sporophytes
Epiphytic form i Lycopodium phlegmaria

Erect and shrubbyi Lycopodium reflexum
Creeper - Lycopodium clavatum

Climber 1 Lycopodium volubile



EXTERNAL MORPHOLOGY:

0 Plant body is a sporophyte
0 Differentiated intoroot, stem and leaves

Stem

0

O« O¢« O«

Root:
0

0]

Leaf:

Weak,slender.

Erect or pendant , creeping in others.
Branchesbasicallydichotomousometimesnonopodial
Two branches of a forking may be equal or unequal.
Stem and branches covered with leaves.

Primary root is=phemeral
Older plants have adventitisuoots; they arise from the pericycle or
endodermis.

0 Small, simple, sessile, eligulate.
0 Single unbranched midvein.
0 Leaf may besophyllousor anisophyllous€g. Lycopodium volubile
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leaves

| strobilus\ stem

<

root

Arrangement of Leaf :

Spirallyarranged on steiineg :Lycopodium clavatum
Whorled arrangemeiiteg :Lycopodium cernuum
Opposite deccusate arrangemnierg :Lycopodium complanatum
Considering the variation in habit of different species, Pritzel (1900) divide
the genud.ycopodiumntotwo sub genera
1. Urostachya
Eg: Lycopodium selagandL. Phlegmaria
2. Rhopalostachya
Eg: Lycopodium cernuurandL. Clavatum

O« O« O¢ O«

Urostachya Rhopalostachya

4 4

O Erect or pendant stem O prostrate stem with branch

O Stemi dichotomously branchel O first dichotomy later
monopodial

0 Root from base of stem 0 Adventitious roots along
entire length of stem
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Leaves and sporophylls same 0 Sporophylls smaller than

size foliage leaves
0 Vegetative reproduction by 0 Sporophylls arranged to
bulbils form cones ostrobili
0 Eg:L.selaggL. phlegmaria 0 Eg:L.cernuumL.clavatum
ANATOMY

ANATOMY OF ROQOT:

4

O Epidermis- Single layered
- with thin walled cells
- sometimes possess unicellular root hairs

O Cortex- composed of parenchymatous cells
- Older roots have thick walled sclerenchymatous cells for mechanical
support
Stele Protostelé monarch,diarch,triarch
- Xylem is curved ( C or U)
- Phloem lies in between the arms of xylem

(@]
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ANATOMY OF STEM:

O¢ O«

O¢ O¢ O¢ O¢ O¢ O

Epidermis- Single layered,thick cuticle
Cortex- Nature varies with species and stem diameter
- Homogenous or heterogenaus

U Homogenous either parenchymatous or sclerenchymatous

U Heterogenous

a) outerchlorenchymatous, middle parenchymatous and inner
sclerenchymatous

b) outer and inner elongated sclerenchymatous cells and middle thin
walled parenchymatous cells

c) Outer parenchymatous cortex and inner thickwalled sclerenchymatous
region

— Epidermis

—— Protoxylem
~—— Metaxylem

Xylem
Phlcem \1\\’;%’” B

s (0

3.725: A.T.S. of Lycopodium ciavatum stem. B. T.S. of stelar regions of stems of (a) L sersatum, (b) L ann
and (c) L. cernuum

Stelei Protostele
Has only primary xylem and primary phloem
XylemT consists of protoxylem and metaxylem
Phloem sieve tubes,s ieve plates,phloem parenchyma. No companion cells
Cambium absent
Types ofProtostele
1. Actinostele
2. Plectostele
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3. Mixed Protostele

Actinostele

0 Xylem star shaped
0 phloem between the arms of xylem
0 Egi Lycopodium serratum, L. selago

Plectostele

0 Xylem in the form ofplates
Xylem plates alternates with phloem patches
Egi Lycopodium clavatum, Lycopodiwwmompanulatum

O¢ O«
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Mixed protostele

0 Xylem is divided into several units or groups
0 Xylem groups are scattered in the ground mass of phloem
Egi Lycopodium cernuum

O«

ANATOMY OF LEAF

Leaf is triangular in outline

Outer epidermis is covered bbyticle

Amphistomatous

In L. companulatunandL. volubilestomata aréypostomatous
Mesophyll is undifferentiatednade of chlorophyllous cells

A median concentric vascular bundle witflem surrounded by phloem

O¢ O« O¢ O« O¢ O¢

cuticle - Phioem

Fig. 229. Lycopodium. T.S. leal.
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REPRODUCTION

1.

VegetativeReproduction by
0 Gemmae
Fragmentation
Formation of bulbous buds
0 Formation of root tubercles

0
0

2. Asexual Reproduction by Sporiesiomosporous condition

3.

Sexual Reproduction by fusion of male and female gamete

Gemmae

0

¢

O¢ O«

(@]

Modified lateral branches that develop in the fornowafgrowth near the
stemapices

Consists of a short reduced axis surrounded by thick fleshy leaves with
stored food material

Falls on the ground and grows into a new plant

Fragmentation Death and decay of older parts of the stem leads to
separation of younger branches which grow into new plants.

Eg: L. inundatum

Formation ofbulbous buds At the base of the stem arises large leafy buds,

and on separating they develop®inew plants. EgL. phlegmaria

Formation of root tuberclesSwollen root tubercles are present in the
adventitious roots of some species. Parenchymatous cells of the cortex of the
root may give rise to such tubercles. Eg cernuum

Germination -
of bulbil

A B
Fig: Lycopodium spp. (A) A portion of stem bearing gemma;
(B) Germination of bulbil; (C) Germination of gemma.
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Sporeproducing organ:

Spores are presentdporangia

Sporangia bearing leaves are cabedrophylls

Aggregation of sporophylls is calledtiobilus

A strobilus has a central axis on which spirally arranged sporophylls are
present

0 Sporophyll and foliage le@s differ in different species

Q¢ O¢ O¢ O«

A
Fig: Lycopodium spp. (A) LS of sporophyll; (1) T'S of strobilus,

Position of sporangium on sporophytl

0 Sporangia are presedtthe base of the sporophyll
0 Axillary in position
0 Directly on the stem in a position just above the sporophyll
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Structure of sporangium

Sporangium iseniform

Size varies from 1:2.5mm in diameter

Has short andhassive stalk

Sporangial wall is three layered

Innermost layer is the@petum

Each sporangium is unilocular

Sporogenous mother cells undergoes meiosis and préetuadsof spores
Spores ar@omosporous

O¢ O« O« O¢ O« O¢« O« O«

Structure of spore
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Homosporous

Occur intetrads

Unicellular and range in size from 0:0305mm in diameter

Three flat surfaces of the spores are separated with the help of weak
triradiateridges

Spore wall may be smooth or variousbulptured

Has a single haploid nucleus

Cytoplasm filled with reserve food material

Dehiscence of sporangium

O¢ O« O¢ O«
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A line of cells are differentiated on the sporangial wall cadkednium

Inner walls of cells of stomium atkick and lignified

Exposed sporangia lose water and. dry

Split opens in thetomiumand sporangia opens into two valves and spores
are liberated

Air disseminates the spores

Germination of the spore

0

O¢ O¢ O«

O¢ O«

Time taken for germination varies from few days to several years after their
liberation from the sporangium

Germinating spores produce aerial, short lived and gyeshalli.

When spores take longer time to germinate, they get buried under the soill
And producecolourless subterranean prothé#fat are large, tuberous and

long lived.

The spore germinate toquuce themulticellular gametophyte

The gametophyte is called tpeothallus
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0 lItis free living independenidf the sporophyte

Mature prothallus:
O Gametophyte areionoecious
O It produces thantheridiaandarchegonia
O Itis free livingindependent of the sporophyte

Gametophyte
91 Three types of prothalli are presentiycopodium

1. Cernuuntype
2. Clavatumtype
3. Phlegmariaype

Cernuum type

Independenprothallus Lycopodium cernuumLycopodium inundatum
Erect,cylindrical body,23mm long

Grows on the surface of the ground

Colourless basal portion buried in the soill

Lobed generative zoridearing sex organs at the base of the lobes
Rhizoids restricted to lower buried portion

Endophytic fungus is preseinithe basal pordin.

A A28 -49 ~

N

Clavatum type

Reaches upto-2.5 cm in length or breadth and alisc or carrot shaped
In the central region are present more or less elongated cells
Endophytic funguss present in the cortical region

Theupper flattened surface balae sex organs

Archegonigpresent orihe margirandantheridia at the centre

O« O¢ O¢ O¢ O«



e ENTRI

0 Numerous rhizoids arise from the lower surface

Old antheridia
Generative region
Mature antheridia

. Young embryo
Archegonia %

Generative
tissue
o Meristem

Cells_
containing p s ! Cortical
fungal hyphae 2~ Basal cell § m())frc::nhizal

region

. ~Palisade layer
Archcgggu (Mycorrhiv)al)

Meristem

Antheridia

) . Rhizoids
V/ 2 Epidermis 3
Central region} < Corlex with mycorrhizal fungus

Fig: Lycopodium. Three different types of prothallus.

3. Phlegmaria type

0 The prothalli areerial but saprophytic in natymgrow on tree trunks
The prothallus consists of a short, tuberous central part from which a number
of colourless,slender and cylindrical branchesdevelop in an irregular
fashion
Branches bearsex organs and are surrounded by glandular panegphysis

O«

O«



VEGETATIVE REPRODUCTION IN GAMETOPHYTE

1. By bulbils
2. By fragmentation

3. By budding

Sex organs in gametophyte

1. Prothalliare monoecious
2. Male sex orgaii Antheridia
3. Femlae sex orgainArchegonia

Development ofantheridium:

(@]

An epidermal cell of the gametophyte behave azraineridial initial

Antheridial initial undergoepericlinal divisionto form outeljacketcell and
inner primaryandrogonial cell

Outer jacket initial divides and redivides to form a jacket layer

Inner primary androgonial cell also divides and redivides to form a mass of
many androgonial cells

The androgonial cells transform irtodrocytes

The androcytes metamorphosis iattherozoids

O«
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Anthecidia Jacke Pr. androgonisl call
irital initials —__ §

- Andiocyles

Fig. 7.31 - Lpcopadiug @ A-D. Siages n the develop-
ment of antheddum, E. Antharczoids

Structure of antheridium:

0 Antherozoidsareuninucleate and biflagellastructures having pointed

anterior end and broad posterior end

0 Mature antheridi@arecompletely or partially sunken in the gametophytic

tissue

Development ofarchegonium

O¢ O«

O«

An epidermal cell of the gametophyte behave aarelnegonial initial
Archegonial initial undergoggericlinaldivision to form uppeprimary
cover celland lowercentral cell

Mature archegonium consists of a short neck composed of faticave
rows ofneck cells, formed from primary cover cells through repeated
divisions

Lower central cell undergoes periclinal division to form an uppienary
canal celland lowermprimary venter cell
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Structure of archegonium

~

0]

0

(@]

Neckenclosegl-8 neck canal cel(sformed from primary canal cell through
transverse divisions)

Venterconsist ofventer canal cell and egg céflormed from primary venter
cell)

Venter is embedded in the gametophytic tissue

Cover cells

Ventral canal cell ~

)
0@ @ Egg cell — ea

Spermatazoids Prothalial tissue

- e
Fig: Lycopodium spp. (A) An antherisium; (B) Spermatozoids;
(C) Archegonium

FERTILISATION

)l

Whenarchegoniummaturestip of neck cells spljtneck canal celland
venter canal cell disintegraéad forma mucilaginous substance
Antherozoids enter the archegoniamd one fuses with the egg to form the
zygote

Thediploid zygote germinateand produces th&porophytic generation



Life Cycle of a Lycopodium

x Q i ;@Strobllus & :
' 4 porangium
SPOROPHYTE \%; {) / ] A containing spore

mother cells

‘ Rhizome Spore mother
20SPOROPHYTE _ FRlisunders
n GAMETOPHYTE ? , to produce

L
Antheridium AT

Archegonium
containing egg

CHARACTERISTIC FEATURES OF LYCOPSIDA

O«

Includesfossils(eg.Lepidodendropandliving generaleg.Lycopodium
Selaginellalsoetes Stylites Phylloglossum

Sporophytic plant body differentiated into root,stem and leaves
Leaves are small, unveinespirally arranged and eligulateyopodiumn)
Both sporangia and sporophylls are arranged in the fostragilus
Spores may be homosporousopodiun) or hetosporoustelaginelld
The gametophyte developsiependently
Antherozoidsarebiflagellate or multiflagellate

O¢ O¢ O¢ O¢ O¢ O
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LYCOPHYTA

Division : Lycophyta
Class : Ligulopsida
Order : Selaginellales
Family : Selaginellaceae
Genus :Selaginella

SALIENT FEATURES

(@]

SmallClub Moss Spike Moss.

Cosmopolitan in distribution.

Mostly found in tropical regions

Common Indian species Selaginella kraussiana,Selaginella
monospora,Selaginella rupestris,Selaginella megaplegta
Xerophytesi Selaginella rupestris,Selaginella lepidophyR&surrection
Plants

Epiphyte 1 Selaginella oregana

Creeper i Selaginella kraussiana

Climber - Selaginella alligans

O« O¢« O«
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EXTERNAL MORPHOLOGY

0 Plant body is theporophyte
0 Differentiated intoroot, stem ,leavedigulesandrhizophore

Root
0 The root of young sporophyte is of primary root while others are
adventitious
0 Theadventitious rootarisesfrom the apices afizophores



It is greendorsiventralandprostratewith short erect branches

0

0 The branching is alwaydichotomous

0 Reproductive structures callsttobili develop at the apices of these branches
0

Apical growth of stentakes placdy the activity of asingle apical celor
group of apicainitials.

Stem

Rhizoph

-

Figure 2.25: Selaginella Habit

Selaginella. External features.

Rhizophore

0 Inrhizophore some species, long, cylindrical, leafless and colourless
branches arise from the prostrate stem near the point of dichotomy.

0 These growvertically downwardsnd have group of adventitious roots at
its distal end.

0 They are called ahizophores

Leaves

Leavesi small ,simple,sessileticrophyllg

Each leaf has an unbranched meain

Vegetative leaves and sporophylls bgelate

They are of two typesk IsophyllousandAnisophyllous
The anisophyllous leaves are in pairs. They may be
Smalliinserted on the dorsal side of stem

Largei inserted on the ventral side of stem

O¢ O« O¢ O¢ O¢ O¢ O«



0 Small tongue like outgrowtlon adaxial side(upper side) of the leaf near the
base is called ligule.

Exact function is not known.

Ligules are considered to be associated wilker absorptioandwater
secretion

Thus theyprevent the dessicatiaf the shoot.

Concerned witlupward movement of inorganic solutes.

Pointed outgrowth seen at the base of the leaf.

Has three portions glossopodiumbodyandterminal lamella
Glossopodiunm large, thinwalled and polygonal cells ,rich in granular
cytoplasm..

It is covered byloss@odial sheathThe sheath cells hawasparian strips
Body and lamella are formed of isodiametric cells, densely packed with
protoplasm

O¢ O«
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Selaginella. Adaxial surface of a leaf
showing ligule, Fig. 212. Selaginella. A single ligule.

ANATOMY OF STEM

O Epidermisi uniseriate epidermis,thin walled rectangular
cellsfpprosenchymatoygovered withcuticle, devoid of stomata

O Cortex- Outer and inner cortex
Outeri thick walled sclerenchyma cells and it forms the hypodermis

Inner- Below the hypodermis is thin walled chlorenchymatous cells
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Air space Cuticle
Trabeculae 3 Epidermis
I

Sclerenchymatous Sclerenchymatous
cortex Cuticle, Epidermis ~ cortex

Protoxylem Parenchymatous
d cortex

Protoxylem
¥ Phloem
Parenchymatous

D, o
cortex Protoxylem

Air space
Metaxylem
Trabeculae

Fig: Selaginella spp. T.S of Stem. (A) T.S of monostelic stem: (B) T.S of distelic stem.

0 Endodermis

The cortex and central tissuecsnnected by radially elongated cells
called trabeculae

they contain casparian strips
trabeculae are modified endodermal cells

Central stele is separated from cortex by large air spaces
Pericycle- single layered,thin walled ,enclosing vascuissues
Stele- protostele
Xylem present in the center. It consists of protoxylem and metaxylem
Protoxylemi occupies two ends of metaxylem

Metaxylemi occupies the major portion of stele
Xylem is composed of tracheids and parenchyma cells. Fibeabseat

O¢ O¢ O«

Phloemis composed of sieve cells and phloem parenchyma.
Companion cells are absent.
Phloem surrounds the xylem completely

O¢ O¢ O«

ANATOMY OF RHIZOPHORE

Epidermis i single layered and cutinized

o)
0 Cortex - outer and inner cortex

outer many layered, sclerenchymatous hypodermis



D entri
Below the hypodermis is thin walled parenchymatous region
Endodermisis single layered
Thin walledpericycleis present around the vascular tissue
Stele- protostelemonarch and exarch

O¢ O¢ O«

ANATOMY OF LEAF

O«

Epidermisi both upper and lower epidermis. Are uniseriate and have
chloroplasts

Amphistomatougstomata present on upper and lower epidermis) or
hypostomatous

Below the epidermis there iisesophyll tissudaving thin walled
parenchyma cells.

These cells contain chloroplasts and have air spaces
Central VB is surrounded by bundle sheath
Xylem atthe centre is surrounded by phlaem

O«

O«

O¢ O¢ O«



Flg. 216, Selaginola. T S Jeat

ANATOMY OF ROOT

O« O¢ O«

O¢ O¢« O¢ O«

Epidermis 1 single layered epidermis ,covered by thick cuticle
Root hairs arise from epidermis
Cortex

outer sclerenchymatous hypodermis

inner parenchymatous cortex
Single layerectndodermisand pericycle
Steleis protostele
Rootxylemis monarch to tetrach and exarch
Phloemis in theform of ring around the xylem



Fig. 4. Selagirelia T, 5 of roct

REPRODUCTION

Life cycle exhibitsalternation of generations
Both spore producing and gamete produgiagerations are independent
Some species reproduces vegetatively

o<« O¢ O«

VEGETATIVE REPRODUCTION

0 By fragmentation
During favourable conditions prostrate branches produce roots.

These branches break away from the parent plant and grow to new
plants
0 By stemtubers

The tubers produced by certain species may be aerial, developing
at the apices of aerial branches or-gerflbanean.

During favourable conditions tubers grow to new sporophytes
By production ofresting buds

At the ends of aeridlranches bear resting buds which germinate to
new plants during favourable conditions

O«



REPRODUCTION BY SPORES

O¢ O¢« O¢ O«

Sporangia ardimorphic

Micrasparangrum

Megasporangium

Ligule

A. V.S. Microsporangium,
B. V.S Megasporangium

Spores ar@eterosporousi microsporeandmegaspores
Small size microspores are producedigrosporangia
Large size megaspores are produced@gasporangia

Megaspore

Ligule

<) A megasperangium enlarged

Figure 2.29: Reproduction in Selaginelia
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Strobilus

Sporangia are produced on the axils of ligulated leaves called sporophylls
Microsporophylls and megasporophylls

These sporophylls are organised to fdemtile regioncalledstrobilusor
conesat the end of shoats

O¢ O¢ O«

L.s. of cone

Each cone hassporophyll bearing axis

In most speciedoth micro and megasporangia are found within the same
strobilus

In mostspeciesmegasporangia are present in the basal part and
microsporangia in the upper part of strobilus

In Selaginella inaegalifolipone side of the strobilus bears only
megasporangia and the other side bears microsporangia

In Selaginella kraussianghee is only one megasporangium at the base of
the cone and all others are microsporangia

O« O« O¢ O«
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microspores

micro

H 3 4 . T X
Ry
Poa sporangia v X
[ &_microsporophylls X
54! 3 ’ &
= egasporophyll §

megaspore

& megasporangium B ¥

ligule

Top

strobilus axis ﬁlt'

Selaginella. 1..s. strobilus showing different positions

Structure of sporangium

0 Microsporangid they are small, stalked, oval and varying in shapes
0 Megasporangié they are stalked and lobed, larger in size and present at the
base of strobilus, spores are of larger.size
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Both consists of 2 layered sporangial wall surroundindghetumand
sporogenous tissue

Tapetum is developed from innermost layer of sporamgad.

The spores are formed by the meiotic division of spore mother cells.

In microsporangia, all spore mother cells undergo meiosis and form
microspores

But in megasporangia ,onbne of them forms the functional spore mother
cell and the others degenerate

It undergoes meiosis to form four haplogkgaspores

Number of functional megaspores in a megasporangium ranges-#om 1
Both differ in their size, location and number of ssor

To release spores, both sporangia form vertical cleft in wall

(@] O¢ O¢ O«
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Gametophyte

Sporedorm thefirst cell of gametophytic generation

Two types of spores are produced in Selaginella( heterosporous)
Microsporedevelop into thenale gametophyte

Megasporalevelop into théemale gametophyie

O¢ O¢« O¢ O«

Fig 11 (A-F) Sedeginals. Structure of spores : AL A Sngle mirsapars shawing detalied struchure,
B Askoal view of spore, C. Dazal vew, O Megespors |n Weraed, £ A single magaspore.

Male gametophyte

0 Microspore has 2 layers and single nucleus surrounded by cytoplasm
0 Outer thickexineand inner thinntine.
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0 Start germination in microsporangia itself (insitu),uptecéBed stage
17 prothallial cell
8- jacket cells
4- primary androgonial cells

0 Further development takes place after the liberation from microsporangia

0 Primary androgonial celldivides to form numerous antherozoid mother
cells orandrocytes

0 Jacket cells disintegi®,so that androcytes can free float in the fluid

0 Finally each androcyte metamorphosis into spirally coiled biflagellated
antherozoidsspermatozoids

0 They liberate by breaking the wall of jacket

0 They can swim freely and reaches into female gametephy

Prothalial cell

A Antheredial cell
Jacket cells
'1 Primary
spermatogenous cells

Fig: Selaginella. (A-G) Stages in the development of male gametophyte.

Female gametophyte

0 Megasporeslarger,1.55mm in diameter
0 It has 3 wall layers and single haploid nucleus ,surrounded by cytoplasm

outer thick exospore
middle mesospore

inner endospore
Megaspore germination and development of megagametophyte takes place
within megasporangium
During germination ,megaspore nucleus divides continuously resulting in the
formation of large number of free nuclei

O«

O«
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They remain distributed in peripheral cytoptasentre is occupied with
large vacuole

Cell wall formation begins from periphery to centre ,in the apical region of
spore

Continuous cell formation at the apex results in the formation of cellular
cushion

It is differentiated from rest of theegasporéy a diaphragm

Below this tissue, gametophyte is still in free nuclear stage

Diaphragm separates 2 clear cut zones

Apical cellular cushion/generative region

lower nutritive region
Few archegonial initials develop at the apical region

Development ofarchegonia

O«
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Archegonia are produced in large numbers and occupies at the central
position of apical cushion

Are produced fromarchegonial initial

Archegonial initial undergoes periclinal division to form uppemary
cover celland lowercentral cell



Archegonium
Divided oospore

Archegonia Rhizoids

QQ‘

Megaspore tetrad

Megagametophyte

Megaspore Endosperm

Fig: Selaginella spp. Development of female gametophyte.

O«

Lower central cell undergoes periclinal division to form an upper primary
neck cell and lower primary venter cell

The primary venter cell divides and form an egg and a venter canal cell
In the mean time the primary cover cell undergoes two divisions and forms
four neck initials which later on form a short neck

The primary neck cell does not undergo any further idimisbut it directly
functions as the single neck canal cell

Maturearchegoniuntonsists of a distinecteckand aventer

The neck is composed of two tiers of four cells each

The upper tier functions as cover cells

Neck encloses a single neck canal.cell

The venter consists of a singlentercanal celland aregg

Venter is embedded in the gametophytic tissue

O¢ O«
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FERTILIZATION

0 Fertilization takes place even when the female gametophyte is within
megasporangium

0 Before fertilisation NCC and VCC disorganise and form free passage for the
entry of antherozoids
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0

Bi- flagellated antherozoids swim in water, attracted towards chemical
substance secreted by archegonial neck, fuses with the egg faiplami
zygote

EMBRYO DEVELOPMENT

O¢ O« O¢ O«

O¢ O¢« O¢ O«
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Fig 7.57 * Seiagineiia A-D. The stages in th

Zygote divides transversely and form

upperepibasal suspensqrcell and

lower hypobasa( embryonic) cell.

Suspensor cell divides to form suspensorciipushes developing embryo
deep into the female gametophyte

Rest of embryo develop from embryonic cell

The cells nearer to suspensor divide and form the foot

At first the foot act as aaustorial organ

At this stage? cotyledonget differentiated at the apical region. In the axil
of each cotyledon Egule develops

The part of the embryo posterior to cotyledons develops to the
hypocotyledonary part of the stem

The stem grows with the help of the apical cell of the embryo

After the formation of cotyledons and stem, the apical cell of the root
differentiates on the lateral surface of the foot

. :

Megaspore

Suspensor

Megaspore Rhlzophore‘ Young Sporophyte

Germination of megaspore within female gametophyte and young

ment of embryo.
3 sporophyte

The derivative of this cell develop to th@zophore

Root develops at the apex of the rhizophore

After the establishment of roahd stem, the sporophyte becomes
independent.
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ALTERNATION OF GENERATION

Strobilus

Strobilus

Developing
sporophyte

Microsporangium
(contains developing
male microspores)

Megasporangium
(contains developing
female megaspores)
Sporophyte
Diploid (2n)

Haploid (1) /
Male gametophyte
within spore @
—
o
s i
T g S G

Sperm

=

Microspore

Archegonia

@DaveCarlson

Megaspore
containing mature
female gametophyte

Megaspore

CHARACTERISTIC FEATURES OF LYCOPHYTA

Includesfossils(eg.Lepidodendropand living genera(ed.ycopodium
Selaginellalsoetes Stylites Phylloglossun)

Sporophytic planbody is differentiated into root, stem and leaves
Leaves are small, unveined, spirally arranged and ligutssiaginelld

O«

Spores may be homosporousCopodiun) or hetrosporou§elagindgn)
The gametophyte develops independently
Antherozoids are biflagellate or multiflagellate

O« O¢ O¢ O¢ O¢ O«

Both sporangia and sporophylls are arranged in the form of strobilus
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SPHENOPHYTA

Division : Sphenophyta
Class :Calamopsida
Order : Equisetales

Family : Equisetaceae

Genus : Equisetum

0 Latin. Equus = horse and seta = bristle

0 Horse tai] Scouring rush

0 Cosmopolitan in distribution

0 Most species occur in Northern Hemisphere

0 Common Indian speciésEquisetum arvens&quisetum debileEquisetum
diffusum, Equisetum ramosissimeto

HABITAT

0 Ponds or on banks of streantsquisetum palustre

0 Damp and shady placésquisetum pratense

0 Xerophytic habitat (in open grass lands, road sidegyiisetum arvense

0 Field horse tait Equisetum arvense

0 Grow in hydrophytic and xerophytic conditions
Equisetum debile

0 Ecological indicator$ to indicate mineral conteruif

the soil in which they grow.
SIZE
0 The height of the plant varies from 15 ciadquisetum
scirpoide3 to 10 m (Equisetum giganteum

0 Mostspecies range in between-&6 cm in height
0 Indian species Equisetum ramosissimuattain a height of 4 m



EXTERNAL MORPHOLOGY

0
0

Plant body is the sporophyte
Differentiated intorhizome, aerial shoot, root and leaves

Rhizome

0
0
0
0

Long, creepingunderground and branched rhizome.

It is divided intonodesandinternodes

Roots arise from the node of rhizome.

Rhizome possess round bodies called tubEBrguisetum arvense

Aerial shoot

O« O¢ O« O¢ O« O¢ O¢ O«
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From the rhizome ,thaerial shoots arise towards the upper side.

Aerial shoots may be branched or unbranched.

Branchedaerial shoot$ Equisetum arvense, Equisetum limosum, Equisetum
palustre

Unbranchederial shoots Equisetum hyemale

In most species, shoots afdorophylousand some of them bear strobili at
their apices egi Equisetum debile. E. Ramosissimum

The aerial shoots exhibits dimorphi$neg E.arvense

Vegetative/Sterile shootsare well branched, green apdotosynthetian
function

Fertileshoots’ unbranched, brownish in colour¢hlorophyllou}bears

cones at their apices and are reproductive in function.

The rhizome as well as sterile and fersitoots are articulated.

Both sterile and fertile shoots are divided into nodes and internodes.

Both rhizome as well as aerial shoots posses scaly leaves at its nodes.
Externally the internodes have ridges and furrows and internally hollow tube
like structues.
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Leaves

Roots

0
0

0

~

0]

(@]

(@]

O«

O«

Leaves are small, scaly and
microphyllous

Leaves are present in the form of a §
whorl over the node of rhizome as
well as aerial shoot.

The number of leaves per node
varies in different species (40).
The distal end of scaly leaves are
free.

The lower ends of each leaf unite to

form a sheathing leaf base.

The number of leaves at a node corresponds to the number of ridges on the
internode

Develop from the node of rhizome
Long , slender, well branched and adventitious

Functions of different parts

0
0
0
0

Roots Absorption of water and fixation of plant in the soil
Rhizomei Storage of food

Sterile aerial shoot- Photosynthesis

Fertile aerial shoot- Reproduction

ANATOMY OF INTERNODE OF AERIAL STERILE SHOOT

Epidermis, cortex, central stele and large central pith cavity.
Entire structure appears wavy due to the presence of ridges and grooves.
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Epidermis

uniseriate ,thick cuticle.
stem appears hard and rough dusilioa deposition
possessunken stomata

22T .
Epidermis — <—,;;”’ i ~\
Stoma - K ‘@"5 =
,/,{ . N
= Sclerenchyma -:WXW 4
"1 @) oo

% Chlorenchyma 5, T IR X
O o 4 : rgi,:
i\‘ Vallecular canal -

NG
()= _) T = x,; =
3 ﬁ ‘; } Wy Endodermis _

e

/,,,’?:- _ Pericycle
{}( " Metaxylem —
<t
3l ~— Phloem - ‘
Protoxylem —-—/J\& 3
\\\\
- Cannal canal

——————————— Pith——

Fig: Equisetum spp. TS of aerial branch through an internode, (A) Duagramatic; (B) Cellular.

Cortex

0

O«¢ O¢ O«¢ O« O«

(@]

Inside each ridge is present a large patctc@drenchymgafollowed by
chlorenchymatoutissue.

Chlorenchyma extends upto tepidermis in each furrow, in which lie the
stomata.

Chlorenchymatous cells are elongapedisaddike.

The sclerenchyma is mechanical in function, while chlorenchyma is
photosynthetic in function.

Rest of the multilayered cortexgsirenchymatous

Just irside each groove is present a large air canal in the parenchymatous
cortex. This is calletVallecular canal

Vallecular canals are present inside the grooves.

Endodermis

form a general sheattiound the central stele
Cells havecasparian banasn radial walls
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Pericycle

All VB have common endodermiskE. arvense, E.palustre
Each VB has its own endodernii&. Giganteum

VB is covered by two layers of endodermig. hyemale and E.
Sylvaticum

Uniseriate
below the endodermis

Vascular Cvlinder:

Siphonostele

The vascular bundles are arranged img and present below the
ridges and alternate with the vallecular canals of the cortex

The number of VB and vallecular canals is equal to the number of
ridges and grooves respectively

Each VBis conjoint, collateral UMM gy vosmom o OV
: A
closedand consists of xylem, i A O s
phloem and some parenchyma .’ A ‘,
In each VB water containing . \h ’ 7
cavity calledcarinal canais s il
present. 7
Stele
0 The xylem isV shapedpoorly developed. v
0 endarchand consists of protoxylem and oy
metaxylem. o ey ot
O In each VB the phloem is present in B
between two strands of metaxylem. IR AT B
o It consists ofieve tubesindphloem o 2 "~ SN
parenchyma. ’\L:‘ Sl
“.\ \ . / (";-:Lf' CARINAL CANAL
B
Pith
0 itisin the form of cavity
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Xerophytic characters of aerial shoot

W Presence afidgesandgrooves

W Thick walled cutick.

W Presence afunken stomata

W Presence diilicain the epidermal walls
WReduced andcaly leaves

Wwell developedsclerenchyma

W Presence ofhlorenchymatous cortaxhich indicates the photosynthetic
natue of stem

W Presence ofvell developed vascular cylinder

Hydrophytic characters of aerial shoot

W Presence ofallecular canals
\W Presence ofarinal canals
W Presencef well developed pith cavity

ANATOMY OF INTERNODE OF RHIZOME

Ridges and grooves are not so promirasnin aerial shoot
Absence of sunken stomata

Poorly developed sclerenchyma

Absence of chlorenchymatous cortex

It will developed pith cavity

O¢ O« O¢ O¢ O«

ANATOMY OF INTERNODE OF AERIAL FERTILE SHOOT

0 Absence ofstomata



Poorly developed sclerenchymatous region
It will developed chlorenchymatous cortex

ANATOMY OF ROOT

O«

Epidermis

ROOT HAIR

EPIDERMIS

single layered

with root hairs
Cortex

(@]

outer and inner cortex

outer few layered, thick wallec
exodermis

ENDODERMAI

.\.‘ 7 LAYERS

s
PHLOEM

;@ : % PROTOXYLEM
(R~ METAXYLEM
\\ \.-'-‘ % é’:l' '

NNw

Fig. 7: T.8. of root

Inner 34 or moreayers of thin
walled parenchymatous cortex
0 Endodermis:

Two layered

Outer endodermal layer with
casparian strips

Lateral roots originates from
inner endodermal layer

Lacks Pericycle
0 Stele: Protostele

Triarch to hexarch

Having 36 protoxylem groupsurrounding a single metaxylem
element in the centre

The space between the protoxylem groups remain filled with
phloem

The xylem consists of many spiral tracheids while the phloem is
made up of phloem parenchyma and sieve tubes



REPRODUCTION

Vegetative reproduction- By tubers

The subterranean rhizome of some species ( Equisetum arvense)

forms tubers

Which separation from the parent plant

Germinate to produce new sporophytic plants

By spores

0

¢ O«

(@]

¢

(@]

Spores are presentdporangia
Sporangia arborne in cones

Theconesare compact structures present

terminally on the main axis

Typically the vegetative shoots may bear

cones in most of the species

In some species two different types of
branches are formed having different

functions

l.e. some are sterile and green while other

are fertile and nogreen

lertile
stem

/ \‘
y )
)/

o

v
o,

spores

_//

,
S

<
elaters

The fertile branches in such species are short lived and wither soon after

spore dispersal

Structure of cone

O¢ O¢ O«

Each cone has a thick central axis catlede axis
On the cone axis are attached many umbrella shgpedngiophore

Each sporangiophore is a stalked and sporangia bearing organ, the free end

of which become flattened to formpaltate disc
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0 The flattered tip of the peltate disc provides protective covering for the
sporangia

N .
strobilus

.

™

v -
o 4
,.

¢ s
*~ N ‘, ot d
J'

&

Fig: Equisetum spp. (A) A part of fertile shoot bearing strobilus;
(B) LS of strobilus; (C) TS of strobilus: (D) Single sporangi-
ophore.
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91 Each sporangium is an elongated ,pendant and sac like structure having a
round apex

The sporangia vary in size ,atigkir number varies from-%0 in each
sporangiophore

Below each strobilus is present a calyx like whorl in some species . It is
calledAnnulus

It is protective in function

(@]

O«

¢

Mature sporangium

(@]

It is anelongated salike structure
surrounded by jacket layer, generally
consisting of 2 layers. |
Inside thgacketare enclosed many spores
Spores ar@omosporous

O¢ O«

Spore

0 The spores argpherical or globular in
shape

Each spore contain a centralcleusand
filled with densely packedhloroplasts

The spore wall showsur concentric layers
Innermost is the delicate intine/ endospore
followed by thick exine/ exospore, the
middle cuticular layer and the outermost
epispore or perispore

0 Theintine andexine are the true walls of the spore

O«

O¢ O«

Elaters

0 At -maturity ,.the outermost Ia_y'e'ar _ Spores of Equisetum
epispore splits to produce foubbon like = and Elaters
bandsor strips with flat spoon like tips. "“""\
They are called elaters ‘
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Four such bands aegtached to common poion the spore

The elaters arbygroscopidn nature and quickly respond to environmental
changes

In moistconditionsi elaters remain coiled rourtde spore but in dry
conditions they become uncoiled and free

Function of elaters

0 The function ofelaters is not known
The expansion of elaters maglp in the dehiscence of sporangium
Help in thedispersal of spores
GAMETOPHYTE
0 Equisetum isromosporous
0 The haploid spores germinate to form gametophyte
0 The germination takes placemediately if the spores land on a suitable
substratum
0 The spores are vegelicateand after shedding they remain viable only for a
few days
0 The spore swell up by absorbing water and shed their.exine
0 The firstdivision of the spore results in two ungg cellsi asmall and a
large cell
0 The smaller cell elongates and forms the finstoid.
0 The larger cell divides irregularly to produce tivethallus
0 The prevailing environmental conditions determine the size and shape of the
prothallus
0 Prothalli ae of two types:
1. Filamentous type
2. Cushion type
0 If a large number of spores are developed together within a limited space
,then thin filamentous type prothalli are formed
0 Thick and cushion type prothalli are developed from sparsely germinating

spores



Mature gametophyte

O«
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Mature gametophytic plants may range in size from a few millimeters upto 3
cm (Equisetum debi)ein diameter

The mature prothalli are green ,thall@idd branched structures, each

divisible into a compact cushion like basal portion and many erect ,green
photosyntheic lobes

The prothallus may beonoecious or dioecious

Equisetum arvends a monoecious species

Equisetum debiles a dioecious species

SEX ORGANS

Antheridium

O¢ O« O« O« O¢ O¢ O«

O«

Male sex organ

In monoecious species, antheridia develop later than archegonia

They are of two types projecting type and embedded type

Antheridia first appear on the lobes of gametophyte

The periclinaldivision of the superficiahntheridial initialgive rise to jacket
initial and anandrogonial cell

The jacket initial divides anticlinally to form a sindleyyered jacket

The repeated divisions of androgonial cells form numerous cells which on
metamophosis, produce multiflagellated ,spirally coil@otherozoids or
spermatozoids

The lower part of antherozoid is expanded whereas the apical portion is
spirally coiled
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0 The antherozoid escape through a pore created by the separation of the
apical jacket

Antheridial
initial

Equisetum ! Development of antheridium. A-D. Successive stages in the development of antheridium,
E. A mature antheridium, F. An antherozoid

Archegonium

Female sex organ

Any superficial cell in the marginal meristem act asernegonial initial
Archegonial initial undergoes periclinal division to form upper primary
cover cell and lower central cell

The uppeprimary cover cell , by two vertical divisions at right angle to
each other forms a neck

O¢ O« O«

(@]



1 Equisetum. Development of archegonium : A-E. Successive stages in the development of archegonium,
G. A mature archegonium

Development of archegonia

Lower central celundergoegericlinal divisionto form anupper primary

two neck canal cells and lower primary venter.cell

The primary venter cell divides and form an egg and a venter canal cell
The primary neck cell does not undergo any further division ,but it directly
functions as the single neck canal cell

O«

O¢ O«

Structure of archeqgonia

Mature archegonium consistsafshort neckand asunken base
Neck enclosesvo neck canal cells

The venter consistd asingle venter canal cadindan egg
Venteris embeddedh the gametophytic tissue

O¢ O¢« O¢ O«
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Jacket layer

Fig: Equisetum spp. (A) Single antheridium (immature); (B) Single spermatozoid;
(C) An archegonium (mature).

FERTILIZATION

Water isessentiafor fertilization.

Before fertilisation2 1 Neck CanalCellsand *VenterCanalCell
disorganise and form free passage for the entry of antherozoids

Many multi flagellated spirally coiledantherozoids swim in water
attracted towardshemical substance secreted by archegonial neck canal
cells and venter canal cell

0 Finally one of the antherozoid fuses with the egg formiipgpid zygote

O¢ O«

(@]

EMBRYO DEVELOPMENT

0 Zygote divides transversely and form
upper epibasal cell

lower hypobasal de
0 In Equisetum arvense

Entire shoot develops from epibasal region

foot and root differentiate from hypobasal region
0 In Equisetum debile

Stem, root and other parts develops from epibasal region
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foot from hypobasal region

ALTERNATION OF GENERATIONS LIFE CYCLE OF EQUISETUM

Vegetative
shoot

Sporophyte

Gametophyte Sporangium
' Rhizome Spore
- R?ot , moc}her cells
“=""2n SPOROPHYTE N
FERTILIZATION n GAMETOPHYTE(, ¥~ MEIOSIS |
a Archegonium
a7 C?,x &/Q/ spores

R £
O Egg
7 -
3o ‘

CHARACTERISTIC FEATURES OF SPHENOPHYTA

Only one living genu$ Equisetum

Sporophyte is differentiated intoot, stem and leaves

Stem containsodes and internodes

Leaves are smalscaly and arranged on the nodes in the formvatfiar|.
Sporangia are formed in special appendages cahlechngiophore
Peltate disc of sporangiophores possess comspactius

Equisetum idfiomosporous

Thegametophyte is photosynthetic

Possesspiraly coiled, multiflagellate antherozoids

O¢ O¢ O¢ O¢ O¢ O¢ O¢ O« O«
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FILICOPHYTA

Division : FILICOPHYTA

Class : LEPTOSPORANGIOPSIDA
Order :FILICALES

Family :POLYPODIACEAE
Genus :PTERIS

O Pteris vittatg Pteris cretica Pteris stenophyllaPteris quadriaurita tropical
and sukbtropical regions of the world

EXTERNAL MORPHOLOGY

0 Plant body is the sporophyte

0 Differentiated into rhizomatous stem that produces root and leaves
s pinna

rhizome

shutterstock.com + 782459782
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RHIZOME

O«

Creeping and branchediirPteris vittata,Pteris grandiflora,Pteris biaurita
0 Rhizome is stumpy, serairect and branched teris erectica

0 Rhizome is covered with scaleRamenta

ROOTS

O«

Primary roots arephemeral.

O«

Usually adventitiousoots develop from the lower surface of the rhizome

O«

But in some species ,they arise from all over the rhizome surface

eg Pteris biaurita

LEAVES

O«

Leaves arise from upper surface of rhizome.

O«

Leaves are unipinnately amultipinnately compound,with a long rachis.

O«

The pinnae are sessile and rough.

O«

Pinnae are small near the base, large towards the middle,and small towards
the apexspindle like appearance.

O«

The leaf apex is occupied by an odd leaflepior

Petiole is coered with scales.

O«



Frond

O«

O«

O«

O«

Vienation is open and furcate (forked).

Each pinna is traversed by a central midrib which gives off lateral veins that
bifurcate near the tip.

Leaves bear reproductive structure cakbedi, along the ventral margin of
the pinnae.

Leaves shows circinate vernatiotypical feature of ferns
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ANATOMY OF RHIZOME

a. EPIDERMIS

O uniseriate with thick walled cuticle

0 Young parts of the rhizome is covered by ramentum
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b. CORTEX

0 Differentiated intcouter and innecortex

0 Outer cortex is sclerenchymatcard it forms the hypodermis

0 Inner cortex is parenchymatous.

(@]

Endodermig uniseriate,form a general sheath around the central stele

(@]

Pericyclei stelar region is externally delimited by pericycle

C.STELE

0 Stelar organisation of the rhizome varies with species

(@]

May besolenostelic, dictyostelic, mixed protostele

(@]

Solenostelic i Pteris vittataandPteris grandiflora

¢

Dictyostelici Pteris eretica

(@]

Mixed protostele- Pteris biaurita
0 Meristele

U Thevascular strands are brokdue to the presence lefaf gaps.

U Each broken strand is calledreeristele

U The stele consists of a number of meristelssially arranged iftwo
rings ,inner and outer

U The inner ring consists of 2 or 3 langeristeles while the outer ring
consists of a number of meristeles

U Each meristele haspate like xylem mass

U One or two protoxylem groups remain embedded in the meristele
Mesarch

U Surrounding the xylem is the phloem

U Each meristele possessdtsn endodermis.



ANATOMY OF ROOT

0 Epidermisi single layered, with thick walled cuticle and root hairs.
0 Cortex 1 outer and inner cortex

0 outer thick walledsclerenchymatous regipforms the hypodermis

0 Inner thin walledoarenchymatous cortex

0 Stele:
U Protostele : haBxarch or diarch Xylem.

ANATOMY OF LEAF

Has three main partsEpidermis, mesophyll and stele
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Fig 7,104 : Piois - T5, of pinelida showig 500 3 portien)

a. Epidermis

0 possessipper and lower epidermis.
0 The cells ofupper epidermiarelarge with thick outer walls.
0 The cells of théower epidermiaresmall and thirwalled

0 Stomata ee restricted to theower epidermis

b. Mesophyll

0 Mesophyll may or not be differentiated intgalaside and spongy
parenchyma

0 Palaside and spondgigsueis absent around the miidib.

O«

Possesdistinct endodermis and pericycle.

Vascular strand

Ox¢

U Mid-rib region has a single concentric type of vascular strand
U Bundle sheath extensions is prominent



O«
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*It is protected by the upper indusial flap that  *A delicate membranous structure, known as
is formed by the curving of margins of the indusium also arises from the lower side
pinnae (false indusium) placenta and covers the sorus of sporangia

ANATOMY OF PETIOLE

Epidermis
U itissingle layere@nd covered bhick cuticle
U Ramentarise from some of the epidermal cells

Cortex

u Differentiated intoouter and inner cortex
U outer thick walledclerenchymatous regipforms thehypodermis
U Innerthin walledparenchymatous cortex




REPRODUCTION

REPRODUCTION

Vegetative Reproduction

Asexual Reproduction (by
means of spores)

1. VEGETATIVE REPRODUCTION

U By the death and decay of older portion of rhizome.
U When the decay reaches the branching regions,the two branches
separate and grow as individual plants

2.BY SPORES

U In order Filicales , sporangia are aggregated to farms.

U Sori are usually borne on theargins of leaveealledsporophylls
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U All spores are of same tyjjenomosporous
U Sori are of the continuous tyjjecoenosorus

U They are borne on marginal connecting veins and are protected by
false indussiunformed by the reflexed margin of the pinnae

REPRODUCTION BY SPORES

Sorus are of three typésSimple, Gradate, Mixed
In Pteris sori are ofmixed type
Sterilehairsare presein between the sporangia

O« O¢ O«
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DEVELOPMENT OF SPORANGIUM

U The development of sporangiumégptosporangiate type
u of the receptacle functions as #@rangial initial
whichdivides trangserselyto producean upper cell and a lower cell

Apical

-'-":':__.'——Upper cell

B SIS

LO\:ver

Fig. 7.105 : Freris - A—-G. The successive stages in the development of Sporangium

U Thelower cell does not take part in spagium developmenwvhile the
upper cell, by intersecting oblique walls, gets differentiatedantapical
cell with three cutting faces.
U The apical cell cuts off two segments along each of its three cutting faces.

U Theapical cell divides periclinally to form an outeciket initialand an
inner tetrahedraarchesporial cell

U Thejacket initial dividesanticlinally to form a singléayered jackeof the
sporangium.

U Thearchesporial cefurther dividespericlinally to form an outer tapetal
initial and an inneprimary sporogenous cell

STRUCTURE OF SPORANGIUM

A mature sporangium hasstalkwhich terminates in a capsule
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The wall of the capsule has the following three parts:
1. An obliquelyvertical annulusvhich completely overarches the sporangium
2. A thin walled and radially arrangediomium

3. Large parenayma cells with undulated walls.

Fig. 7.106 : Frers : Matura sporangium. A. Front viow,

B. Side viaw

SPORE
0 The spores are triangular in shape
0 Each spore contaia central nucleus and filled with densely packed
chloroplasts
0 The spore wall is thick and hags outer exine and inner intine.
0 Exine is variously sculptured
GAMETOPHYTE

0 Pteris ishomosporous

0 The germination takes place immediately if the splaned on a suitable
substratum
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0 The haploid spores germinate to form gametophyte, cailgtallus

PROTHALLUS

0

(@]

Prothallus is smallgreen flat and somewhéieart shap@n outline

Numerous delicatdgrown hair like, thin walledunicellularrhizoids arise
from its lower end

Prothallus isnonoeciouswith antheridia and archegonia

Antheridia are found among thieizoidsandarchegonia towards the apical
notch.

Fig. 7.107 : Preris : Gametophyte

DEVELOPMENT OF ANTHERIDIUM

0

0

A superficial cellon the vatral surface othe prothallusfunctions as an
antheridial initial

Thisdivides transverselto form anouter upper ceand annner first ring
cell.

Due to thenigher turgor pressuia theupper cell the crossvall between
these two cells bulges down and as a reésalupper cell becomes dome
shaped
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O«

(@]

O«

Thenthe upper celdivides by ararched periclinal waltio form adome cell

and the primary androgonial cell

Thedome celfurther divides transversely formirsgcover cell and a second

ring cell

Then thecover cell and two ring celly anticlinal divisiongform a single

layered jacket of the antheridium.

Theprimary androgonial cetlivides repeatedly to form0-25 androcytes

and eventually eacindrocyte metamorphostsforma multiflagellated
coiled antherozoid.

Antheridial initial

Pr. androgonial cell Cover cell

- Antherozoids 1
Fig. 7.108 : Preris : A—H. The successive stages in the development of antheridium, . A mature antheridium

MATURE ANTHERIDIUM

O¢ O«

(@]

O¢ O«

The mature antheridium ispaojected structure

It remainssurrounded by a jackeonsisting of two ring cells and a cover
cell

Inside the jackieare preserit0-50 uninucleate, coiled and multiflagellate
antherozoids

At maturity ,theantheridium absorbs water and swells

Its cover cells open opreleasingantherozoids



CANAL CELL

NECK CANAL
CELL

ANTHERO20I0S 0 £
8

Figure 85 Sax organs of fam. A, Mature antherdum, B. Lberaton o antherozoids,
0. An antharozold. 0. Young atchegonium, E. Mature archegenium

DEVELOPMENT OF ARCHEGONIUM

0 Archegonial initialundergoegericlinal divisionto formupper primary
cover cell and lower central cell

(@]

The upper primary cover celtlividesvertically and thusour neck initials
are formed

(@]

Each of thesaeckinitials dividestransverselyo give rise taa neck of 57
cellsin height

Structure of archegonium

O«

Mature archegonium consists ofaollen basgor the venterand a
projecting short and slender neck

Neck encloses amall neck canal with single long neck canal cell
Venteris embedded in thgametophytic tissue

Venter has no venter wddut contains the naked eggda venter canal
cell.

O« O¢ O«
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FERTILIZATION

O«

Fertilization ekes placen water

Before fertilisation NCC( Neck Canal Cellsand VCC( Ventral Canal
Cells)disorganiseand form free passage fire entry of antherozoids
Many multi flagellated ,coiled antherozoids swim in wateityacted to the
egg by the fluid formed by the digegration of NCC and VCC

Though many antherozoids enter the necky, one of them fusewith the
egg to form aliploid zygote

(@]

O«

EMBRYO DEVELOPMENT

0 Thezygotgundergoeswo initial divisions and forms a quadrant

Thefirst division of the zygote iserticaland thesecondonetransverse

O«

0 Further divisiorresult in the formation of @2-celled embryo

0 Embryonic development isndoscopicand there isno formation of
suspensor
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0 Hypobasal cellof the embryo fornstem apexandfoot and epibasal cells
form cotyledonsandroot.

0 Root develops earlier and it pierces the prothallus and reaches the soil

Ao i Cotfodon

Pl 1100 A Sl o e o onby

ALTERNATION OF GENERATIONS

= Gametophyte

<= <o
germlnatlon , ﬁ\

.
‘. - ‘Released
- spores

Antheridium
(rmale part)

Archegonium
(fermale part)
Sperm
Haploid (1) =eille Fertilization

Diploid (2m

Sporangium

Frond = blade + stipe + rachis

(clusters of
sporangia)

Sporangiophyte
= emerging from

Underside gametophyte
of frond
—~————— 25 e Rhizoid
Blade & =
Stipe (stalk)

Fiddlehead

(developing frond) Root



CHARACTERISTIC FEATURES OF FILICOPHYTA

(@]

Pinnately compound leaves are called fronds

(@]

Sporamia occur in groups called sori.

(@]

Sori occur on the margin or abaxial surface of leaves

¢

Spores maype homosporous or heterosporous.

¢

Spores germinate amvelop into prothalli and bear sex organs
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HETEROSPORY,SEED HABIT AND
ECONOMIC IMPORTANCE OF PTERIDOPHYTES

TYPES OF SPORES IN PTERIDOPHYTES

A) Homospores

B) Heterospores

wThePteridophyteghat producesone kind
of similar spore

wSuchPeridophytesare known as
H Oomos po res homosporousand this phenomenon is
known ashomospory
wEg Psilotum Lycopodiunetc

wPteridophyteghat produceswo different
types of spores.

Heteros pO (fS2eY wSpores differ in size, structure and

function.

wEg: SelaginellaMarsileaetc

Homospores Heterospores
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HETEROSPORES CONDITION

)l
)l
)l

The two types of spores armecrosporeandmegaspores
Microsporesaresmallerin size and develop intiie male gametophyte
Megasporearelargerin size and develop into thiemale
gametophyte
According to Rashid (1976) only 9 genera of Pteridophytes are
heterosporous. These are

0 Selaginella, Isoetes, StylitesMarsilea, Pilularia, Regnellidium,

Salvinia, Azolla and Platyzoma

ORIGIN OF HETEROSPORY

The origin of heterospory can be better discussed on the basis of

1.
2.
3.

Paleobotanical evidences
Developmental studies

Experimental studies

1. Palaeobotanical evidences:

(@]

(@]

It has been suggested that heterospory arose di@)to

As more nutrition becomes available to less number of spores, the surviving
spore grow bette hence increase in their size.

Palaeobotanical evidences show that the earlier vascular plants were all
homosporous and the

A number of heterosporous genera belonging td_tlwepsida Sphenopsida
andPteropsidawere known in in the late Devonian and early Carboniferous
periods
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0 Some fossil plants oflate devonianand carboniferous periodwere
heterosporous:

U Lepidocarpon, Lepidostrobus, Mazocarpon, Pleuromeia,
Sigillariostrobus- members of Lycopsida
U Calamocarpon, Calamostachys, Palaeostachyambers of
Sphenopsida.
9 According toWilliamson and Scof1894) an indication of heterospory can
be seen in two species ©hlamostachys
1 These species wefgalamostachys binneyamadCalamostachys casheana

Calamostachys binneyana Calamostachys casheana

1 Most of the sporangia posse 1 Microspores and megaspol

small. present in different sporangia
 Some sporangia have larg 1 Some megaspores are abortiv
spores

1 A similar abortion of species was also observed in certain species of
Lepidocarpon, Calamocarpon and Stauropteris

1 Lepidocarponand Calamocarporpossess only a functional megaspore ,as
other spores are aborted during development

1 In Stauropteris the megasporangium hado functional megasporeand
two aborted spores

1 So the paleobotanical evidences suggestithatrospory evolved in fossil
plantsand it happendue todisintegration of some spores in sporangium



