PTERIDOPHYTES
INTRODUCTION:
Pteridophyta (Gr, Pteron = feather, phyton = plant), the name was originally given to those groups of
plants which have well developed pinnate or frond like leaves. Pteridophytes are cryptogams (Gr. kruptos
= hidden, and Gamos = wedded) which have well developed vascular tissue.
Therefore, these plants are also known as vascular cryptogams or snakes of plant kingdom. They are
represented by about 400 living and fossil gene 10,500 species. Palaeobotanical studies reveal
that these plants were domlna on the earth dfring the Dgvonian period gnd they were originated about
400 million years ago in |an period offthe PalaeoXpic era. A

GRAERAL CMERACTERS OF PT PR DOPHY TES:
SPOROPHYTIC GENERATION
) oty of e ingher @Mxn&ef

(8.9, Marsﬂea Azolla),

Fig 1 (A-G). Different forms of Pteridophytes A, Rhynia, B. Lycopodium,C. Selaginella, D. Equisetum
E. Pteris, F. Adlantum, G. Marsiiea
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(if) Majority of the Pteridophytes are herbaceous but a few are perennial and tree like (e.g., Angiopteris).
Smallest Pteridophyte is Azolla (an aquatic fern) and largest is Cyathea (tree fern).

(iii) Plant body is sporophytic and can be differentiated into root, stem and leaves.

(iv) Roots are adventitious in nature with monopodial or dichotomous branching. Internally usually they
are diarch.

(v) Stem is usually branched. Branching is mo i dichotomous. Branches do not arise in the axil
of the leaves. In many Pteridophytes stem is rgpresented By rhizome.

(vi) Leaves may be smg A0, scaly (migrophyllousie.g., Equisej# simple and sessile (e.g.,
Selaginella) or large gg#pinnatelfycompoundlmegaphyll@us e.g., Drybpteris, Mdiantum).

(vii) Vascular tissue 1§ present in Syg@®8M0 root. It consistS © and phlogm. Xylem consists of
tracheids only and phlo§mn has only S|eve tubes

(viii) The stele is protost8le (e.g.,

Adiantum) or polycycl e.g., Angi

(ix) CargloiUTmig,absgnt; henc

3. Repfbduction Pterlow | @
The gforophyte of Pte @o e U .,@aﬁve propagati§g and

sporepgQduction.

(A) Vegetag g &

e [tisrare 3 entati %ms develop roots
and brealf i h dev S s of¥Selaginella

propagae by i ; dun erground
ETSTIn S. ¢ itious buds arls,gy:me axil ofjlea nd arcdeteeheg

from the plan S é /Ill e

In some ferndffie rafhi .‘,5

When this bud falls a ooty
plarievenl alre

am .
getatlve d or ge =1ﬁg|‘ern aresealled proliferous
% pla as iny ﬁmglﬂml ra. etimes the ne
ed to the m@ﬂﬁoug the bvejght o

plant, th@fron | bé soifmtae sma@ll new fern
can start ® root™Ex: P umatopterls unita, A m sandersonii).
(B) Asexug® Rep iog: takes place by“:pores. Sporophy€ p$ces neiospores
inside ttle capsule cal¥gd sporangla

(ii) @€ development 3 ep@rangiate (Spqut gium*ginates from Ngjngle

cell) 8 eusporangiate (s : ayegsro

(iii) Spyangia ygeMbe b : )@ Wwal (e.g.gRhynia)
[ e ve

Dgal (Pteris,

or later Lyc8godiu t
Adiantum) or dorsal (€8 Equisetum the ﬁ are hgfhe on spemal structures

called sporangiophores @hich consti B]Aisjb a, Salvinia §porangia are produced in
sporocarps.

GAMETOPHYTICAENERATMON

Sexual Reproduction

(iv) Spores on germinatiofgive rise to Iticellularg gametophytiCye®0ies called prothalli (sing.
prothallus) which are small and inconspicuous@The game@bphytes in some pteridophytes are subterranean
and in others they are retained within the resistantwall 0T the spore.

(v) In homosporous Pteridophytes prothalli are monoecious (antheridia and archegonia develop on the
same prothallus). In heterosporous species prothalli are always dioecious. Microspores on germination
give rise to male prothalli and megaspores to the female prothalli.

(vi) Antheridia and archegonia are developed on prothalli.

(vii) Antheridium is surrounded by a single layered sterile jacket.
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(viit) Archegonium consists of four vertical rows of neck cells, 1-2 neck canal cells, ventral canal cell
and egg.
(ix) Antherozoids are unicellular, biflagellate (e.g., Selaginella) or multiflagellate (e.g., Equisetum and
ferns) and motile.
(x) Antherozoids are attracted towards the neck of the archegonium chemotactically by certain substances
like malic acid) present in the mucilaginous substance formed by the degeneration of neck canal cells
and venter canal cell.
(xi) Water is essential for fertilization (zooigogamous)@ Therefore, Pteridophytes are also known as
amphibians of the plant Kigg@OWNg
(xii) Fertilization res In the T§mation offzygote or gspore, whigh ultima develops into well-
developed sporophyte?
(xiii) The fertilized eg®divides transversely or Another cross wallgforms a quadrant stage
producing stem, leaf, foojand root. &
(xiv) Plants show
alternatigh Bfageneyfftion. 9‘"“”""“‘
plant @dy is sporo hytic (n)
domjglant phase |nt
Vegetagive
gametop
takes plac
gemmae r
Lycopodi

[ ycI

terldophytes

UGm- )% is
a domin@int p
Sporophyic p
sporangia®in
tissuegg#Tormed. S
diyles meiotically
SPORES.
Majonty of
homosNgs®Us
Pteris etc. Spores 0 ger
produce monoecious ametoph
Some Pteridop#tytes
heterosporous anglf produce WO
types of spores: miSegspored” and m spermatozold
megaspores.
Microspores on germination produce
male gametophyte (prothallus) while
megaspores on germination produce
female gametophyte (prothallus).
So, the prothalli are dioecious.

¢ Antheridia and archegonia develop
on the same prothallus (monoecious)

sporophyte

Fig. 4. Life Cycles of Homosporous and Heterosporous Pteridophytes
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or on different prothalli (dioecious). The male and female gametes fuse to form zygote which develops
into sporophyte. Thus, the life cycle of a Pteridophyte consists of an alternate succession of sporophytic
and gametophytic generations.
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CLASSIFICATION OF PTERIDOPHYTES AS PER KR SPORNE

¢ The term Pteridophyta was first coined by Haeckel. Eichler (1883) divided the plant kingdom into
Cryptogamia and Phanerogamia. The Cryptogamia was further divided into Thallophyta. Bryophyta
and Pteridophyta. Engler (1909) included the Bryophyta and Pteridophyta under Embryophyta.

¢ Due to discovery of the fossil plants, the classification of Pteridophytes has undergone vast changes
in the recent past. Older taxonomists divided the vascular plants in two divisions—Pteridophyta
(primitive vascular plants with absence of sefaSy ara spermatophyta (presence of seeds).

e However, this distinction begame invalid duf to the dis@overy of seed Qgaring fossil plants
(Cycadofilicales). Sinng#®(1938), therefore gntroduced @ new term Tgch®@ghyta for a division which
possess sporophyte @ith a well-8gvelopegdadscular tiss

e Arthur J. Eames (1986) classifie® 1 racheophyta into followI™¥ four group§ on the basis of
nature and relation J§ leaf and stem v tomay and position of sp@rangia:

e Tippo (1942) called thg groups@ﬁMy& Wg‘(w%) gave them the rank of
sub-divgsiQQ.

e Accoglling to Toag mend% of .G (1952), the na ﬁ%\ shoulyge@ In th&suffix-
phyg#, of a sub-divisiqn i gfeind a class i ida.
e SpBlgne (1975) sug a ifi i i A eridophytes ingg five
classc§porne’s m of i ion i i i .S (1954) sytem.
CLASS- AFPSI HYZF OPSIDA
Order- Pglloph s*
' f
Drder- Psilota iMotu s
/71 1A
LASS- C. LY% N S A AEERBW
tolepidodendron

Drders- 1 Pro (aledt pammEun
Ly ‘ Aycopo L
 Lep A - Lepidoden Saapss

- Isoetes

Orde 1 Hyenial

2 Sphenophylales* - Sphen
3 Cala 'tales’?} alamites L
4 EaSettles ‘

CLASS-E. PTEROP§LDA
SUB CLASS- a Primofijftes*
Orders- 1 Cladoxylalgs*
2 Coenoptegdales™ Botrypteris
SUB CLASS- b Eusfegangiatae
Orders- 1 Marattiales - Angiofteris
2 Ophioglossales - Ophio@ossum
SUB CLASS- ¢ Osmundidae
Order- Osmundales - Osmunda
SUB CLASS- d Leptosporangiatae
Orders- 1 Filicales - Pteris
2 Marsileales - Marsilea
3 Salviniales - Salvinia

elagiw - Selagin
CLASS- WP SPHE Os
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SYSTEMATIC POSITION:
Division: Psilophyta
Class : Psilotopsida

Order : Psilotales
Family : Psilotaceae
Genus : Psilotum
Distribution of Psilotum:

There are two well defined species, viz. #P. nudum@(P.
triquertum) and P.flacg@®yP. complanalum).
Psilotum is distg#lted botMyin the t@pics and Whe
subtropics. P. nud® is widely Qys#buted being found in
all the warmer regiogs of the world, inclum

a. \VY /
In India it is found inBengal, As ?t &ji&s |

of Maglhya Pradesj imw and Karnataka. P." |
nud I 0 gLultivate iogiiy anica
gagflens. P. flaccidum%o w8l uncom and is
rgborted from tropigdlysliand i alayan '
peMgsula, Mexi i

In thelNghabita Qy 3

While R¥nud

is maingy epi

Sporophwe of tuny A

yrorpnology. Fig. 7.11: Psilotum nudum : A. A sporophyte plant,
The plant b i S anti i QO parts B. An enlarged part of stem showing scaly
N
RIpers r

Viz., a horiz ct aerial . appendage, C. A fertile twig

: S, O - — : . :
shoot. The rhi A ous|yaaransh&¥ The fihiz is studded wit
a nuMler of Sl s. ssuayw

Some @ the ud or pefidulous (P.

flaccidgn) sho =75 cm long and are suw ibbe@ and multi-

angulagThe ul : !

In ¥ tlaccidum ) i flips lattened. Owlike the
zome, the aeri : ¥ and ar€ teep green in @lour

in§gcating their phot e

Her&and tjpeft 8y the a § g ges \ are ofgh called

leave¥¥These are Bfgwo t

The sterile ones are @und all rﬁm.w while th&rertile ones are generally

restricted to the uppgr portions and b 18X abed spore bearingstructure which is often

called a Synangiugl. The leavesgmigether fertile or sterile aregdegoid of any V@sculature and could be

regarded as only dggrgences

Internal Structure:
1. Aerial shoot:

A transverse section of the stem shows Wakeeskegidns, Viz., epidermis, cortex and stele (Fig.21).
Epidermis is single layered and has closely packed cells. The layer is discontinuous due to the
presence of stomata. The stomata are restricted to grooves between the longitudinal ridges and are
sunken in nature. Above the epidermis there is a thick cuticle.
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e The cortex is divided into three zones. The outer zone
is chlorenchymatous and is made up of 2-5 layers of - g“,':‘fmls
cells. The cells are loosely arranged with intercellular e
spaces. As the leaves are reduced, this constitutes the 3~ Chiorenchyma
chief photosynthetic tissue of the plant. :
The presence of thick cuticle, sunken stomata, Sclerenchyma
photosynthetic stem and reduced leaves [jreies s
xerophytic nature of Psilgtum. The midde region
cortex consists of 4-5Je¥er§of sclerenchfma offeri
mechanical suppq@®to the stm. The jgller cortex Parenchyma
made up of a few Iyers of clos8gPdaCked parenchyma
cells.

The stele occupies tf8 central regi M¥ 'I&

outerggost layer ofgfie stele,i mis. Next to the

endgflermugapfl|-defi
ste§€ varies in the uItir% Endodermis
p@rtion. In the ate : g
actmgstelic prot wit
mass e ce
central gegion
(Fig.2ly. Th
pointsocat
o1 scalarifo i tracheids. Sometimes
spiral trach burpounding t%ylem
is the phloe
. Rhizome:
o [NIS WSO shm anfepiderwis tex an he
epider is is i [ . The cortex is divided into three Fig. 21. Psilotum : T.S. of Acrial Shoot (a sector enlarged)

zones. Rhe ou Is parenchymatous Mlls J & 7

have myco al
S

Sclerotic pith

fung#S. The mj
a@Ttex

pAenchyma cells ric

in sWrch gra Ic
The MEIrmost regign
of the cortex alsg
consists

parenchyma that gre
usually dark browgg in
colour due to tIt®
deposition of a : Inner cortex
substance called
phlobaphene. This is
believed to be an
oxidation product of
tannins.

The stele IS
protostelic and s

Corex

Fig. 20. Psilotumn : T.S. of Rhizome.
A. Sector Enlarged, B. Ground Plan.
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surrounded by a typical endodermis which is followed by a layer of pericycle. The shape of the xylem
varies with the diameter of the axis. Usually it is circular in outline. The xylem is exarch and is
surrounded by phloem.

3. Leaf:

e Anatomically the leaves show epidermis and the mesophyll. The epidermal cells are cutinised. The
mesophyll has chlorophyllous cells which may be loosely or closely packed. The stomata are absent
in the epidermis as such the chlorophylloug=eehllesimeme no means of gaseous exchange. There is no
vascular supply to the leaf. But in P. flaccilum a leaffirace which starts from the stem terminates at
the leaf base. The absenge®OoT§tomata and tiie lack of vadgcular supply gaRgthe chlorophyllous cells of
the leaf ineffectiveg#®photosyrigesis.

e Apical growth: AYsingle weye®Shaped apical cel
contributes to the grayvth of the stem.

Reproduction: ‘g‘MY &
The sporgphyte reprogices b @ propagation as
well as @ spOwegrogfiction.

1. Veggtative Propagatio

The gborophyte incre i
gemmiagor brood bQeh s '
and are uSHg Iy res dt @ i u he Fig. 25. Psilotum : Sporophytic Gemmae (Note the starch grains in cells)

branches. Egch g i ] ek ness
an apical cgll wit I . eserve fo
especially@tarc e g#gmmae detach from the plant body germinat

BROTVE rise to w llant of PsilQtum. P\

. Spore Prod . ’Q samn
he sporophytm \l the formation of s{#ﬂg: Sporangia
G PROREC synang m B
aerial shod(g 5

" MAppendage

A

Psilotum nudum : A, A part of fertile axis bea-
ring sporangia with bifid appendages, B. A
trilocular synangia showing dehiscence

it}
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Development of the Synangium:
Wall layer . The development is apparently of the eusporangiate type,
even though each sporogenous mass appears to originate from a
single cell.
o In many cases the first division of the synangial initial
produces an outer jacket initial and an inner archesporial cell
(Fig.22). initial undergoes a number of anticlinal and
periclinalf divisionsf§to produce multilayered wall of the

Sporogenous cells

e number of sporoge ig.48). There is no well-

Spore tetrads define mln sporogenous tissuegome cells here and there
| ﬁéu se by/hei

ainder. These are
spo

e spore e
tetrads of ha spores.

uctur,

. th t

Fig. 23. Psilotum 1
A.TS. of Young Synangium, B. Sectional View (a portion) of nan g I
Synangium with Spore Tetrads e Wal e

trilobed

yrangium is : S
utermost layer, i . 217 o “ T Wallof Sporangum
ynangium ther D o

~ Spore Sac
ontaining spore
Dehiscenge of t
When thé spor?'n
reduction (jvisio
except in ggall vﬁ
of dehjg#€nce. The
line herating the spofes.
Struclre of the spore: gyes va
GametQphyteg#P{ilotum;

Germinaa#®n of the Sgore a | :
Germination starts afteryyour mo lacing the sporges o itable sulgglratum. The first sign of
germination is the splitgffig of the oute A\ﬁ&i}g ion of a smaffgubular outgrowth.

Later a cross wall cuts gif the outgroggh from the remainder of the ggore. In this Vgy two cells are formed.
Of the two cells, the yper by furtlgfr divViSemg establishesywe®TCal &I which pr@uces a mass of tissue.
Early in the developmermMinghe gghetophyte g@s infected fy the fungus?

Structure of the Mature GaMetophyte:

e The gametophyte is partly or totally subterr@ean. It jusually cylindrical in shape with dichotomous
branches or irregular branching. In size, the gametophyte ranges from 0.5 to 2 mm. The colour of the
gametophyte is usually dark brown. This is due to the presence of endophytic fungus.

e The gametophyte is wholly parenchymatous with strongly cutinised cell walls. The outermost layer of
the cells gives rise to a number of rhizoids. In the hypodermal region the cells have the endophytic
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Archegonium

Archegonia

Antheridia

Fig. 7.18 : Psilotum nudum : A. A gametophyte, B. An enlarged portion of the gametophyte showing sex organs and
rhizoids, C. T.S. of gametophyte

Integfial Structure of@da : '
o A traflgyerse secti t “Wat are matous. Sogg€ of the
g ) ; N - :

superficraheells ! _ hei corneg®r the walls
of the perjphera : in of Qe cells. The
central rgfjion i asculdure.

e The iptclestin and)

e vascular i : i seatari i tracheids.

tracheids we Y, ) i engBdermis. In thes
prothalli ther e y ttherficial layer|

Ronroduction: 177
A\

“\aw

(1) Vegetafive pr@ g

(1) Vegetatjyve Pr : @
e Hollowge®1939) ¢ i mmac¥n the &face of the

gamgPphyte. The . iferations fromsa rhizoid i are similINg those
pr&uced on the rhiZome. ‘
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e A mature gemmae has 8-12 cells, usually spheroidal or occasionally flattened and on germination gives
rise to a new gametophyte. Holloway (1939) has also described the formation of special vegetative
buds on the gametophyte.

(2) Sexual Reproduction:

This is brought by the formation of

antheridia (male) and archegonia

(female). The gametophytes are

MOoNOecious.

Structure of the Antherigg®r

e A mature ant@g#fidium S
somewhat spherical §n shape and
projects out of the garRgtophyte as

a hemispherical proW berang

The jacket is made yg#of about
cells affd Mg spglial cellé}

the 4 opercular™ cell

degnerates at matu i
for e liberati
antheroZ8ygds. ro

about 25Q8anth
inside th@anthgfigium
Structurefof thg
g archegon

which is destiped
arcneogomium i

archegorfial init

e Archegoriia h%
two neclgpcanal S,
shortz#fed venter*
lower egg cell wit
nuclgus.

e As tIR archag®Mam is ng
maturit e nech cana Fig. 28. Psilotum : Development of Sex Organs in the Gametophyte of P.audum;
A-E. Antheridium, F-J Archegonium, K-. Archegonium and embryo respectivel
degenerate. In some Pases t , d

degenerate as soon they are ~=&q I AL]'JI-’
formed. In a mature glrchegoniumggome of the terminal tiers ofghe neck slough off (Fig.28j) leaving
only the basal onefor two tieg” A smgtage excepis@®cgg Wl other cel® in the archegonium
disintegrate.

Fertilization:

e The antherozoids come out of the antheridfum. throudh the passage formed by disintegration of the
opercular cells. They swim in a thin film of moisture, approach the archegonium, enter into it and
fertilize the egg.
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Embryogeny:
e Soon after fertilization, the zygote enlarges in

the cavity of the venter. First division of the
zygote is transverse and it results in forming an
upper epibasal cell (cell nearer to the
archegonial neck) and a lower hypo basal cell
(cell away from the archegonial neck) (Fig.2
The hypo basal cell gives risg to the foot andgthe

epibasal cell gives rise

A RS
/1 LAY

1
N 5‘{1 O G

§ :

&/
by

;.; mother cell
Sporangia */ GAMETOPHYTIC - -
f (n)y &
f : AR o

SPOROPHYTIC
(2n)
GENERATION

Archegonium

Fig. 7.22 : Life cycle of Psiotum
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Lycopodium

SYSTEMATIC POSITION:

Division: Lycophyta

Class  : Eligulopsida

Order : Lycopodiales

Family : Lycopodiaceae

Genus : Lycopodium

Habit and Habitat of Lycg@®®ium:

e Lycopodium is comge®hly knoWg as ‘club finoss’
due to their moss likK@ appearanceqggse?®D Shaped
strobili. It has abo(§ 400 species, which are
cosmopolitan in distriution. They ‘M_l
colder arctic regiong®s well perate,
tropicall a ub#Opical '
abungently fourt®in trop

o 33 gpecies of Lycopedi been reports
fro dia. Mostl growmg in
and shaWy place m
other org@hic
species gre
cernuumy etc.

_oms1e Sﬂl
Urostachya

originate fro

along th@stem
e Mostly thg trop

phlegmagi®) an Fig. 1 (A=C). Lycopodium. Sporophyte with stroblll : A. L. cernuum
trun e tempe (terrestrial), B. L. clavatum (terrestrial), C. L. phlegmaria (epiphytic)

foby (e.g., L. re i .. a@r erect form 4., L.muum) etc.
Exte pal Morphology : ,
e The MybacequsMant b i I'k;‘t eeith@ﬁate g with egfct leafy

branch8ss®T weak p8gdent

The plant body is distiNstly di nto (|) Stem W nd (iiigfLeaves. (Fig. 1 A-C):

(i) Stem: i‘\

e In Urostachya stem j§ erect (terregirial) or pendent piphytic) agd may be brgnched (dichotomously)
or unbranched. In ghopalostacjgfa (Mc™seeg is prostr PN er8gt branches.¥irst the branching is
dichotomous and lateMagbecgfMes monopofial.

(i1) Root:

e Usually small, adventitious roots are presenfi_In Urostéchya roots originate only from the base of the
stem (not arising from the whole length of the stem). In some species e.g., L. selago etc. the roots arise
endogenously from pericycle of the stem, do not penetrate the cortex of the stem but turn downward
through the cortex and finally emerge only at the base of the stem.

¢ Due to this reason a T. S. of stem usually shows roots within the cortex and are known as cortical roots
(inner roots). In Rhopalostachya also roots are adventitious and arise all along the underside of the
prostrate portion of the stem.
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(iii) Leaves:

e Leaves are simple, sessile, small in size, eligulate and possess a single unbranched midrib and are
known as microphylls. Usually the leaves are spirally arranged (e.g., L. clavatum) but may be arranged
in whorls (e.g., L. cernuum) or pairs (e.g., L. alpinum).

e In all the cases they condensely cover the surface of the stem. Leaves are usually homophyllous
(isophyllous) i.e., of same size and shape but in some cases e.g., in L. complanatum the leaves are
heterophyllous (anisophyllous) i.e., of differs

e Usually the leaves near the gpical portion off the brancfles bear sporangia and are called sporophylls.
Depending upon the speg#®S tg sporophylisfinay or may@inot be differgffticteg from the ordinary leaves.

e These sporophylls yally formWg condepsgistructure atfgge apex ofthe branc®s which are known as
strobili. The number§of strobili e tip of branches differ IMoM#erent specieg

Internal Structure of [§copodium:
(a) Stem: P ‘EMY &
A transvgigse sectiongdl.S.) o w of Lycopodium is SM irculaln outline gad can be
differegfiateCafg IIowiggéJ e regi y
1. Epigfermis: )
o It the outerm &% , spdorh

covemgg I 3

comprisifg of

cell in thi€kness:

epidermif is cutiiised

on the dliter an

errupted ac
by the presgfce
stomata.
ortex:

Inner t10ORhe epidiérmi

IS preseriga wi ne

of cortex Which S

a great ation S

strucige in diffe

sp&ies. - B
Ig. 2 L lum:T.S. of X
Usua four types Of(’, g. 2 (A-B). Lycopodium : T. S. of Stem A. L. clavatum, B. L. cemuum

cortex &ce regedfed: % \;;/ ?V

e The witE of the cOgex is of parenchymatous cells i or lagfe intercEMlfar spaces
(e.g., L. selago). Such @rtex is% eQ SM

e The whole of the cortgk is made up 0 )& , without interc@lular spaces.

e The cortex is differghtiated into gmégr and inner sclerenchymajeas cells and Riddle parenchymatous
cells (e.g., L. clavatyg, Fig. 2 A"
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e The cortex IS
differentiated into outer
and inner
parenchymatous  cells
and middle
sclerenchymatous cells
(e.g., L. cernuum Fig. 2.
B).
e Next to the cortex
present a single layg®of  Fig. 3 (A-D). Lycopodium : Various types of steles in stem : A. Actinostele,

well-defined cells krigwn B. Stellate shaped, C. Plectostele, D. Mixed protostele
as endodermis ith

conspicuous casparian'$trips but
Endodegais is folloy®U by peri
pareng . S. ép
3. Ste
e |t @made up of onl
steleNgsituated in
species ong the s
e In case offL. se
periphery (pro
much m@re an
days. [his typ
to be in the f A piftes ﬂm\l [ een them. Th
type of stele i etggtete<ig. . In case : ndii etc. xyle
and phloem are SF e. i stranage faxyl éhére
15 VP8 of sl‘ﬂ ety B, 3 D). \\u#Z#
e The prot@xyle ly exarch in all the cases. Xylem is usually composegfof meids
of sieve tigpes a parenchyma.
(b) Root:

The rog€are adve*us.

o Aansverse sectior’(Y.S.) of
of Mycopodium is soéw at
outlirn® and sw®Wg the #
structu j

) : _ ) protoxylem -
(i) Epidermis:
e It is the outermost ering layer a ,]

R i Flg. 4 (A-B). Lycopodium . T. S. root : A. Aerial root, B. Cortical root
only one cell thiclf The cellsgage thin
walled. Epidermis iggrovided vgth numeregs root hairs ent in PRIrs (characi@ristic of Lycopodium).

(ii) Cortex:

e Just below the epidermis is Present a wide Zbne of corgex. It is differeMliated into outer sclerenchyma
and inner parenchyma. The outer one gives Wegdnechadical strength to the root.

(iii) Stele:

e It may be di-, tetra-, or polyarch. In prostrate species it is polyarch i.e., having 6-10 plates of xylem
arranged radially (star shaped). The xylem is exarch. The phloem is present between the radiating arms
of xylem. In erect or pendent species stele is diarch or tetrarch. In L. selago, L. serratum it is diarch
and xylem is C, U or crescent shaped. The phloem is present between the 2 ends of xylem, only in one

group.

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY, B G S SCIENCE ACADEMY & RESEARCH CENTRE



http://cdn.biologydiscussion.com/wp-content/uploads/2016/09/clip_image006-18.jpg
http://cdn.biologydiscussion.com/wp-content/uploads/2016/09/clip_image008-12.jpg

e The cortical roots are exactly similar in their internal structure to that of aerial roots, except that the
epidermis and root hairs are absent.

e The xylem is composed of tracheid and phloem of sieve tubes and phloem parenchyma. The
endodermis and pericycle are indistinct structure at maturity.

(c) Leaf:

T. S. of the leaf shows epidermis, mesophyll tissue and a single median vascular bundle:

1. Epidermis:

: esent 0 ter as well as inner
cterophyllous (anisophyTe species tjge stomata are mostly

idermis (hypost i
pdermis WPERRNY o o

‘epidermal cell  stomatal opening

Fig. 5. (A-C). Lycopodium : (A) A leaf, (B) Transverse section or vertical section
(T.S. or V.S.) of leaf, (C) stomata on leaf surface.

. [ rrounded on algdes by a scleenehymatou
Lycopodium Eod es hy \»"b‘o‘{ﬂpo Ively A

vege
‘lng

Fig. 6 (A-C) Lycopodium : Vegatative rep
(A) Stem bearing g ,(B)Ag , (C) A germi

e Species with creeping ftem repr etativ Wﬁdeca f older parts of the stem
up to the point of bragiEhing. This sepa m later on growgindependently.

(iii) Resting buds:

e In L. inundatum th
This tip portion of the
develops into a new plant.

(iv) Fragmentation:

e In several epiphytic species fragments of the plant body are capable of giving rise to new plants.

2. Sexual Reproduction:

Spore Producing Organs:

e Lycopodium is a sporophytic plant and reproduces sexually. The plants are homosporous i.e., produces
only one type of spores (without differentiation of mega- and microspores). These spores are produced
in sporangia which, in turn, are produced on fertile leaves known as sporophylls. Usually the
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sporophylls are grouped together to form a compact structure known as strobili (Sing. strobilus) which
are terminal structures (Fig. 1 A).

Strobilus (Reproductive organ):

e In the primitive species of Urostachya every leaf on the plant is a sporophyll or at least potentially so
and the fertile and sterile zones alternate. The sporophylls are loosely arranged. In species of
Rhopalostachya and in some species of Urostachya the leaves of the apical portion of the branches
only bear sporangia and are called sporophy lismiswessesg behave as vegetative leaves.

e The sporophylls may be of the same size or off different §ze from the foljage leaves in different species.
The arrangement of spogef is same on fhe central gkis as that of e Wegetative leaves on the stem
i.e., spiral, whorled @PUOecussatRgtc.

e The position of thé&ysporangiunis
also different in difgrent species.
The sporangia may béaxillary
protecteg  with e he
sporoghylISYeng
A) gF foliar and protec
cegluum Fig. 7 B)
exposed (e.g., L. s

C) or a ary a 0 Flg. 7 (A-D) Lycopodium : A strobilus showing position of sporangia In various species;
lucidulu Fig A. L. Inundatum, B, L. cernuum, C. L. squarrosum, D. L. lucldulum

Longitudihal s
strobilug¥sho

a Stopllus axe

On both side

axis are pr

Fig. 8 A). Each
pears aply
(Fig. 8 B} All t
similar stru
arranged gpacropetally

strobjd#f i.e., the )*ges
at e top (Fig. 8 C

Strucyyre of Sporangiug:
e Sporaqygia 3 S
structufe® but usuMly ki ﬁ

shaped in appearance)Fig.

B) Sometimes they ire sub- Fig. 8. (A-E). Lycopodium : Structure of strobllus; (A) A strobilus, (B) Longltudinal section of strobllus,

. . f C)A Il showl la on the adaxial surface, (D, .
spherical in appearaffce. Their i e i

colour varies from gfange to yel#fw. Ed®mgporangium gg ofQbasal short¥nassive stalk i.e., sub-
sessile, with an upper gégQulagtinilocular b@ly containifig numerousNgpore

¢ The body of the sporangiur®onsists of 3 o@more layefs of wall surro8Aing a cavity. The inner most
layer of the wall of sporangium is called as @petum (Ely. 9 F) which is nutritive in nature and persists
till maturity.

e In the young sporangium inside the wall is present a mass of sporogenous cells which in due course of
development form spore mother cells which by meiotic divisions, produce haploid tetrad of spores. The
spores at maturity separate from each other.

e The wall of the sporangium is provided with a transverse strip of cells known as stomium from where
the sporangium at maturity splits into 2 valves and the spores are dispersed away in the air.
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e The spores produced by a sporangium are all alike (homosporous). They are small, rounded or even
spherical structures. The surface of the spores is usually rough due to the presence of reticulate ridges
or knob like protrusions. Each spore is provided with a triradiate ridge (Fig. 8, D, E) and is somewhat
yellow in colour. A small amount of chlorophyll may or may not be present in spores. Reserve food is
in the form of oil in the spores.

Development of sporangium and formation of spores: The sporangium develops from a small group

of superficial cells arranged in a transverse rovyremstisesseigxial side of the sporophyll near the base.

e Its development is of eusporgngiate type. Thise superfi@al cells are called sporangial initials (Fig. 9A,
B). These cells divide hys#ri®inal divisiongforming agouter and ingrmggr of cells. The outer cells
divide periclinally ag# anticlinaWy formingJdinree celled Rick wall gffthe sporcmgium (Fig. 9A-F).

agficr layer or gfChesporial cells divide
RO e OO in all directions fgfming a group of cells
. - I;R/n as sporogghous tissue which finally

g 0 spoymother cells. During
ents TR inggMo% layer of
di tlated a5 a nutritiNg layer

etum. It is a perggstent
eserve food pgferial.

» Ve X ! 354 nderggg®a process
Sporangial RS g a teRad of spores
initial i tra al agangement.

i These 'spores lat& on ggparatQ from the

B oS a resu regare produced,j;ﬂ'd&t-:‘\ach rangrome
Dehiscence 0 : Q: Asthes jﬁ@\qppr ards maturit
i

a transverse r i thawall Eangium know
as stomium. waumEy/

ical porti

e [hewsd oftluaell d mthewmw&ce ofﬁspor e, AS
p

the spordgiu S \Wiater, it creates a pressure on the wall which leads to th#f a nce @f slit in the

stomium @s a re ich the wall splits epemssiato two halves and the gpor dissgminated by
air currens
Gametgfhytic Genegation: \

The¢@velopment of tA&gamet e (protha ta ace from thegfeploid sp@res which are ™99 unit

of gargtophytic generatigﬁach e is unicellular, uninucleate oid st re, 0.03 mm in dgfmeter
and surfgundedgs?R laye i ig. 8 !

Chloropf ay or Mgy not indi Ies. In few ie8’sporegfay gertgfite within
a few days after liberatiOp but in i ”B en theyfare 3-8 years old and the

development of gametoghyte upto formati B]Ar"sef_o S may take afime of 8 months to 6 or
even 15 years.
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The rate of the formation of photosynthetic tissue is usually proportional to the rate of growth of
gametophyte. Both the male and female
reproductive organs are produced on the Aa 5 i MO e
same gametophyte. The male sex organs S\
are produced earlier than female sex
organs.
e Usually at the time of germination of
spore, it swells up to absorb water. First
the spore divides into tyg#imgual cells
by a lenticular divig#h, formig a very
small lens shaped ceRgknown as riTgei®a
cell and a bigger cell §ig. 10 A, B).
This rhizoidal cell take¥po part in f ﬁ
developgent of gaggtophyt
colouggss ™S . At thi@tye celle
staggll the spore” will
triggiate ridge. Sec
the Dgger cell intg \ %
cell nea™gge rhi i @w mycorrhizal gametophyte  gametophyte

zone
basal cell #nd t
upper celf (Fig ) Fig. 10 (A-H). Lycopodium : St Ive stages In the development of prothallus

phycomycetodfungffs (my Xarpungus) attafRe it ey

If this fungus@lst atta age, furth evelopméﬁﬁa st This infectio
takes place th ? 'of devgwmnmeil Bf garfletopfryte the apical ce

urtner mvide develop%»ﬂ(l’stem . The= =S, Dy

further o isior%

Structure § the ametophytes: &

The form gg#l stru of M gametophytes

In gengyfl they hav*en uped unden

Typ€l or Cernuum #fpe:

e GarNgtophyte is partial | 0 3 millimetre infheight
and 1R millign®TRg in . he grglind and

consist®Pa colourle8g basa % sol , greenawgal portion
having lobes (Fig. 11 7. h
e The sex organs develgp between the BIAIE& prothallus iQelf is a nourishing body.

The underground pagf contains eng@phytic fungus e.g., L. cernuign, L. inundatyym etc.

Type Il or Clavatun@gl ype:

e The gametophyte is wiTSky suterranean an@totally sapfophytic i.e., Rgn- gp#en structure. It is tuberous
and without lobes. It may be&¥one to two cenfimentre logig or wide and ®1op shaped, conical or discoid
in shape (Fig. 11 B, C). The endophytic fun@us.dspres@ht. Sex organs are formed on the upper surface
e.g. L. annotinum, L. complanatum, L. clavatum etc.

Type 11 or Phlegmaria type:

e The gametophyte is subterranean, saprophytic and colourless. This type of prothallus is seen in L.
phlegmaria and other epiphytic species. The prothallus is about 2 millimeter in diameter and
monopodially branched (Fig. 11 D). Sex organs are borne on upper surface of large branches and are
interspersed with slender filaments known as paraphyses.

The upplr cell apicgl cell with
e Ing f i \ this stage the%]etophyte is,,&.tiaﬂeq stru urggd the Sy
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e Besides these three forms some antheridia
intermediate forms of prothalli 2a _embryo
are also observed. In L. selago :
the prothalli may be
subterranean or epiterranean
(aerial). If the spores are buried
under the soil after liberation,
they form subterranean prothalli
and if the spores are ngjg#liNgd
under soil after theg#fiberatio
they form epiterrane@n prothalli.
The internal struct§e of the
prothallus is very singple. The
outermqst layer isgf€pidermi
follovygd bYegetigd mycorrfiiz

regigh, palisade regiovand

cepffal storage re@ It
attaChgd with theﬁ atu
.
pe

epidermis

unicelluts rhi

prothalli gof

monoecigus i. [
archegogiia de@b ol the same
oTU allus.

Development 0
Both the , :
antheridia (m% antheridial initial

eimaie dev
protha” , us 1cti Fig. 11 (A-D). Lycopodiun gg@'
patches of the ace. The gametoph
protandrg@s . ridia  develop
archeg#fia. Sex o j
theg@pical meristem

Develgpment of antheri

o A sinyle supgui®g| cel
meristoy®IC cells Jes ri
superficial cell is knovyas ant
A). This cell divides pgficlinally to ﬁ.
known as jacket iniffal (primaryguall cell) and an
inner cell known g primary agfirogO™eiinitial or
cell (Fig. 12 B).

e The jacket initial divides oW anticlinally big several Fig. 12 (A-F). Lycopodium : Development of antheridium
divisions resulting in the formation of singldlayered
covering known as jacket layer. In the middle of the jacket layer a triangular cell is differentiated, which
is known as opercular cell.

e Simultaneously, the primary androgonial divides by various divisions, forming a mass of cells
embedded in the prothallus, known as androgonial cells which finally give rise to androcytes
(antherozoid mother cells, Fig. 12 C-F). The number of androcytes per antheridium varies in different
species.

A jacket initiel
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e Each androcyte later on metamorphosis into a biflagellated antherozoid. Each antherozoid is a haploid,
uninucleate, fusiform structure with broad rounded posterior end and an upper pointed biflagellated
anterior end (Fig- 12 G).

e The triangular opercular cell becomes mucilaginous as a result of which an opening is formed at the
apex of antheridium through which water —
enters into it. The antherozoids absorb water  archegonial initial  cover cel neck Initials primary canal
and swell up as a result of which a pressure §
created on the wall of angheridium whig
finally ruptures and tlg® aNgherozoids afie
liberated.

Development of arch§gonium: neck g

e Just like antheridium@§the archegonium also canal cells
arises from a single Yperficial afN]
archegqgdal initial, syffated just
merisgmatituaglis the a
archggionial initial di
diygion into an upp i
lowemgasal centra

e The primgry c
verticallyy tw
angle to flach
which Ig¥er o lopment

"rcells high S \ 4

The central ¢ Ivi SV ' i ﬁ;ﬁl lo rimary ventra
cell (Fig. 13 imapyoSt@} i VB ariable numbsg
of neck canal ' : - iy L. planatum).

e The prifgary 4 M’ forgan upper
ventral c@nal ¢ the est part of

archegoniym. rchggonial jacket is absel archegonium is a sunffen shaged structure
with neclgProjectifiy out §f the prothallus. \

Fertiljgaffion: \ / |
o AtQpe time of fer .»am‘ventral cang/Cell disdrfanise and the C@hs of

the Ypper-most tier o separate gpart formin assage$Ppto the egg (Fig. 43 H).
a%er on

FertilRgatioggs T8 wat

e The biffQellate antf&gozoi e archegonium by swimmij ‘0 e surface OMgrothallus.

The antherozoids are g fﬁonium by@ chemotactic movement.
They enter the archeg@nium through n Dﬁ. :
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¢ Only the nucleus of one antherozoid fuses with the egg nucleus thus forming a diploid structure-known
as oospore (2x). The act of fertilization ends the gametophytic generation and the initial stage of
sporophytic ~ generation s
formed. 25

Embryo Development (Young , £ o R

Sporophyte): §

e The rate of development of the
embryo is extremely slow. In
Lycopodium embryo dg#IC
downward ings the
gametophytic tissue§instead of
developing upward i.8 towards
the neck of archegonMym. The
first digision of theg#bspore,i
alwaygl trarngsasl formindi a
uppeffcell (epibasal) and er

cellf (hypobasal) @N : 3 S/ wosr
empNgnic cell. 91 g s K

Y The up Q Ce” Vi Fig. 14 (A-L). Lycopodium :(A-J). Stages In the development of embryo, (K, L). Portocorm
further a beh%as V(e Iowmonic es\ tweaserticadivisions at
right ange to eg&tyothg, followed @ a tra on, formi@ 8 cells gctaW® ig. 1R A-D). The
4 cells gf the tuated near the suspensor by further division, form a igallular §oot which
. c tissUe.
Out of the 4 rM#ini ﬂﬂ icRegiqe-give rise to ste
and the other GLElls Qive risetgpgypiesy : ry stem is sho
- - 3 [N . A -
ived and is replaced
rom UTdstem

e The prim@ry ro are ghdogenous
in origin.{§he e 0 ' (

e In some gpecies e, L. . generally green. e nor&gally divides
tran selyformil* (0! PRRERE mbryonic cell ctant. TheXgr which

I

gi€s rise to stenf, elo structe of
paregchymatous cells,

suspensor
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e It grows through the gametophyte, becomes green and develops rhizoids on its lower surface. The upper
surface of the protocorm gives rise to a few to many erect outgrowths which are leaf like and are known
as protophylls.

e The protophylls are provided with stomata. At this stage the protocorm separates from the gametophyte.
Now at the upper side of protocorm a region is differentiated which develops into stem. Protocorm is
regarded as the intermediate phase in between normal embryo and definite leafy shoot.
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Selaginella
SYSTEMATIC POSITION:
Division : Lycophyta
Class : Ligulopsida
Order : Selaginellales
Family : Selaginellaceae
Genus : Selaginella
Habit and  Habitat of
Selaginella:

e Selaginella s gmmonl
known as ‘spike §noss’ or
‘small club moss’. It\§s a large
genus comprising of aput 700
species distributed glyfOver the
world #ADWmgantlyit is fo B ot kit rapy
growdng in tropiCal rain

o Mq#tly the species p I d shady plac grow but a fe em%so found groving in
| . 'S

xerOpgyvtic conditi stris etc. A ygfy few

are sold ;

species g epiph 4 @ i gor % _ _
o A few xej phyt i : : stip@e habit and

all like when dry

: He be@n reported
ia. T RS

They are mairi§fou i) o er Western/] ﬂﬂ%\ e MOf South Indig
Some of the JardSRe)e da, S. bl( gSmdentic@latai=Sg monospora,

semlcordata Sﬁﬁ) "S7kpe i Vﬂ greeRiQuse 7/

=/lorp \\uwysy

=/

o The sporg@phyt ie pecigh i.e., from
a few cmyto 2 ter enusgIn the sub-
genus hggloeoph plants are erect is, S. spi § in te sub-genus

heterggfyllum the s alprostrate e.g.,

Theg@lant body is digtictly rentiated

(i) Sty (i) Leaves (iii) les (i v

(i) Stery @ %

e It is useefly profust Ilcate an reen. The b ing is ofgMonopoCTalglype. The
growing apex of the st con5| ristematic su% single apig@l cell. In homoeophyllum
the stem is erect and sgmewhat cylm !gil It is prostratevith stout erect branches
and is somewhat dorgiventral.

(i) Leaves:

e They are usually smalfNgimplgfand lanceolde with a pginted apex. Bgch lgg1s provided with a single
unbranched midrib. In hom®€ophyllum all thg leaves ar@of same size aN&are spirally arranged forming
a dense covering.

e In heterophyllum the leaves are dimorphic i.e., of two size (small and big) and are arranged in pairs.
Small leaves are present on the dorsal side of the stem and bigger ones on the ventral side of the stem
(Fig. 1 B). The bigger leaves alternate with bigger ones and smaller leaves alternate with smaller ones.

e Usually the leaves near the apical portion of the branch, bear sporangia (micro-or mega) and are called
as sporophylls (micro-or mega) respectively. The sporophylls are usually aggregated into a condense
structure which is known as strobilus.
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(iii) Ligules:

¢ On the adaxial side of the leaf, near the base
is present a small membranous out-growth
known as ligule. It is embedded at the base
of a leaf in a pit like structure known as
ligule pit.

e It may be tongue shaped (e.g., S. vogelii),
fan shaped (e.g., S. martensii), fringed (e.qg.,
S. cuspidata), or lobed (g7 Jj\caulescens).
It is more than one in thickgess except
at the apex. The strigture of the Wg®#e can
be differentiated Yinto two  parts

glossopodium and the§body of t Iﬂa
(Fig. 2 A B).

A

Flg. 2 (A, B). Selaginella. Structure ot ligule : A. Leaf with %
Glossonddl 0 g.2 (A, B). Selag g eaf with ligule, B. Longtudinal section of ligule

b 4

e |t is e basal hemispheri@part up of Iar'ﬁin walle t i@r undel by a glosSgpodial
shefftth. Q

Body Bthe ligule: ‘%

e Above tiMyglosso, m @ i upofm @cells. e function
of the ligie is . eting i %prot tive organ.

Accordi toE@ igule i ial organ
(iv) Rhizgbhore;

NIS structureH )$ i i i ”.“‘ e%wnwar.
NG 1

- tﬁ roots at its fre
raussiamndmRife"in otfiers IS absent e.g., S
cuspidatg. It a nd from sm%%ing le

(v) Roots:

e They oridginate e the tips of rhizoph e sw@llen base of
hypocoty(Fig. Their origin i , They are usu ichetomously branched
strugjeffes. The ro t hairs.

Intefpal Structure lagineNg:

1. Stely:

A TrarNgerse og (T.S. i hat cj % 0 &and sifows the
followin®Structures:

(i) Epidermis: % L}e

e It is the outer most cgWering layer co A‘Lgl In thickness. Tge cells of the epidermis

are without stomata gl he epidermisgig surrounded on all sides Dy thick coating of cuticle.

(ii) Cortex:

e Inner to the epidermiSNigPESent a well-@efined zong of cortex. YheBiex may or may not be
differentiated into inner and Outer cortex. Infgase of S. glaginoides, the®whole of the cortex is made up
of parenchymatous cells while in S. kraussiJRamiissgli ferentiated into sclerenchymatous outer cortex
and parenchymatous inner cortex.

¢ The parenchymatous cortex is usually made up of angular cells i.e., without intercellular spaces but in
some cases the cells are rounded and provided with a few inter-cellular spaces.

(iii) Stele:
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e The central portion of the stem is occupied by a well-developed stele. The stele is of protostelic type
I.e., Xylem is present in the centre and surrounded by phloem on all sides. Phloem, in turn, is surrounded
by a single layered pericycle. Pith is absent.

sir space cuticle
trabeculae

e The stele remains We centre @y radially i
as trabeculae. These are ed by the raglial elongdion of the en¥#ermal cells. Trabeculae are

provided with conspicuous casparian strips.lin betweed the trabeculae are present large spaces known
as air spaces.

e The number of stele is variable in different species of Selaginella. It is 1 (monostelic e.g., S. spinulosa),
2 (distelic e.g., S. kraussiana) or 12-16 (polystelic e.g., S. laevigata). The organization of the stele is
also variable in different species. It may be protostele (e.g., S. spinulosa) to siphonostele (e.g., S.
laevigata, var. lyalli).
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e The stele is surrounded by a single layered pericycle made of parenchymatous cells. The xylem is
usually monarch (e.g., S. kraussiana), or diarch (e.g., S. oregana) or multiarch (e.g., S. spinulosa).

e It is usually exarch but sometimes it may be mesarch (e.g., S. selaginoides). Xylem is usually made of
tracheids. Vessels are completely absent. Xylem is surrounded on all sides by phloem which consists
of sieve cells and phloem parenchyma. Companion cells are absent in phloem.

2. Root:

A T.S. of the root is somewhat circular in ou

(Fig. 4) and shows the following intdnal

structures:

(i) Epidermis:

e |t is the outermost cyering layer 1S only one
cell in thickness. Thg cells are large a A
unicellular root hairs ar§se from th ‘E‘M

(i) Cortex

e Just bgfow TegRigermis i
cortgX. The cortex may b&gither
of @in walled parenézv
be sC¥genchymat
3 to 5 C8lled in
inner cort@x. In
cortex co
Air spages ha

ortex (e.g., » i iM). SRS
"=
trabeculae. samn

ii) Endodermigd

is usually no‘tﬂ
only ondcell i
(iv) Pericygle:

e Endodermyis is f
(v) Stele:

e It isg@Mpical prot*e.

sit@ated at the periphery. Xy
phlogm elements is sirré 0

3. RhizZQphogs

e The in®¥rnal structlgg of l@
similar to that of root. is also

It shows the followinggtructures (Fig.

(i) Epidermis:

e It is single layered d{g the outegfvall of Epermal
cells is covered with a (gl citicle. Root halirs and
stomata are absent.

(i) Cortex:

e Inner to the epidermis is present a wide zone of
cortex differentiated into outer sclerenchymatous
and inner parenchymatous zones.

(iii) Endodermis:

e It is inner-most layer of the cortex. It is ill defined L
single layered structure. Fig. 5. Selaginella . . S. thizophore
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(iv) Pericycle:

e Inside the endodermis is present a single layered parenchymatous pericycle.

(v) Stele:

e It is typically a protostele. The xylem is surrounded by phloem. Xylem shows distinct protoxylem and
metaxylem elements. The position of protoxylem is different in different species. In S. martensii xylem
is exarch and monarch. In S. atroviridis the metaxylem is crescentric with a number of protoxylem
strands situated on the concave adaxial side j*=S=ramissiana, S. poulteri etc. protoxylem is mesarch
(centroxylic).

4. Leaf:
A T.S. of the leaf shqufS epidernWg, mesoplyll and a single mediamwdle which has been

discussed below in degail: — upper epidermis chloroplast
(i) Epidermis: o
e |t is the outermost surr@unding lay: Mx

cell in thickness. In g#fOst of t e stomata

are prgSent e the lo
midgb. The stomata ma 9 K
ougr and inner epidegis. Thegllls of the epide lower epidarmis interceliviar space
are pRyided with plagfs. A
AF c Fig. 6. (A-B). Selaginella : Internal Struct f leaf. A. T. S.
(i) Mesophy: ®) g LT g ol
e It occupigh a w. etwee per an
epidermif. Th soghyll is usu ma enchym;\!l;s cells hiaave abnspicuous
intercell@lar spacés. Egch mesophyll cell has one (e.g., S. martensii), two (e.gQ S. siar@), or eight

2.0., o. wille viijfchloroplasgs. ,//‘ii’\;\\\
Each chloroplgSt has@everal like bodie some sp#‘ﬁg,ﬁ. co
distinguished uper pah wer spongy parenchyjig: m m m i

waumey/
e
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(iii) Vascular bundle:

e Only one vascular bundle is present in the centre. It is
concentric and amphicribal (ectophloic). It is made up
of a few xylem tracheids (annular or spiral) surrounded
by phloem elements (a few sieve elements). A single
layered bundle sheath encircles the phloem on all sides.

Reproduction in Selaginella:

e Selaginella reproduces by two methods: V@getatively
and by formation of spgsé

1. Vegetative reprog#Ction takKg place M following

methods:
D lding

(i) Fragmentation:

e Under humid condit@®ns in S,
branchegyof the stegfdevel us branches.
Thesegfran €T disjoirgfrem the
devedOp into separate ind alp

(i) @lbers: %
e TheS8ygppear tow e

The tubé ay

of aerialf bra 0. .
subterrangan ( 5, ysorrhizo‘Under

conditiofs tub ermiinate into a new plant (Fig. 7A).

Resting b% '
These are the iU g
apical end of'g@ihe derial b “ ﬂ? [ A

egion are clo Ve Fig. 7 (A-B). Selaginella. Vegetative reproduction,
points. Rhese e A. Tubers, B. Resting buds

=

unfavourgble ¢ ioRs. Under favourable conditions these buds give off rhj opr@that ar roots at
their tips Ao

2. Sexual 8

Spore gfdducing or*: \ g ——
e Sef@ginella is a ophyti
repr@duces sexuallyﬁ}The
heterO§poroysstR produ diffe
of spor8®=—megaspigs an ores. These ~ N\
spores are produced Jn megasRor@dei \ _
microsporangia, respgftively which, I Aﬁ N\
produced on ferifle leaves ggknown as (7
megasporophylls and rosporomaylls
respectively. Usually Sagh thg8e structuresgare
grouped together to form @compact struclure
known as strobilus which is usually a termfna
StrlgC::U re (Flg 8 A) &A?;:é::ltrm’:;:;!s::‘:;::::glm lgllnth:nb;:;,l‘mo V°9:m'" region,
Strobilus: C. Amegasporophyl, D. A microsporopyl
e It is a reproductive structure formed by the aggregation of ligulate sporophylls at the apex of the
branches of stem. The length of the strobilus varies from 1/4 inch to 2-3 inches in different species. In
some species as for e.g., S cuspidata, S. patula etc. the growth of the stem continues beyond the strobilus
and such condition is called selago condition (fertile part is alternated by vegetative parts, Fig. 8 B).

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY, B G S SCIENCE ACADEMY & RESEARCH CENTRE



http://cdn.biologydiscussion.com/wp-content/uploads/2016/09/clip_image014-10.jpg
http://cdn.biologydiscussion.com/wp-content/uploads/2016/09/clip_image016-7.jpg

e The Longitudinal
section (L.S)) of
strobilus shows that it is
a very simple structure.
It consists of a central
axis  covered  with
spirally and densely
arranged ligulate
sporophylls. Eac
sporophyll adaxd
bears a single stalked
sporangium in its aMis
(Fig. 8C, D; 9A).

The pgsitions of gffe
sporania weiffe in
diffegent species.’It may‘
be gh axil (axillary
littleSupward o
position (c ).
Selaginel ce
two typgé of es
megaspa¥es @
OSpores.
dimorphic co

the spores is
heterospory.

e N twem

sporangiugn 1S NU & microsporangia and megas A. S. Inaequalifolis, B. S. mp.m.. c S. martensil, D. S. kraussiana
small megbra re known as lig porophyll is simi @fyegetafe leaf. The

micrgg@Orangium ran produceSgsually 4

megaspores.

o StroRili are usually bis i megasporophyllgdiffer
in diffgrent spe®Rs. In S74 i e pregfmgon oneglde and
megaspe8phylls o

e In S. rupestris megasp@rophyl n the Iow crospog@phylls on the upper side
of the strobilus (Fig # B). In case h eﬁlﬁporophylls a mixed irregularly with
megasporophylls (Fig. 9 C). In S. lraussiana only one megasporaphyll is pres@nt while all the rest are
microsporophylls (gg. 9 D). Ing€ase OT8mgracilis the gtw@BTIus unisporangigte i.e., either it bears
microsporophylls or mM8gaspogdphylls aloné

Microsporangium:

e Each microsporangium is a stalked, globula or elopgded structure (Fig. 8 D). Its colour varies from
red, yellow to brown in different species. The wall is 2 layered thick which is followed by a conspicuous
tapetum (Fig. 10 F). In the young sporangium inside the wall is present a mass of sporogenous cells
which in due course of development separate into microspore mother cells and later on by meiotic
divisions produce numerous haploid tetrads of microspores.

sporoph | a
S . Fig. 9. (A-D). Selaginella. Longitudinal sections of strobill of different species showing position of
no
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e The microspores at maturity separate from each other. At maturity the tapetal cells as well as the inner
wall of the microsporangium disorganizes i.e., wall of the sporangium is usually one layered at
maturity. Microspores are smaller in size.

Megasporangium:

e Each megasporangium is also a stalked but lobed structure and somewhat bigger than the
microsporangium. Its colour varies from whitish yellow to red. Its wall is also 2 layered thick and
followed by a single layered tapetum (Fig. 1 & glyoung sporangium inside the wall is present a
mass of sporogenous cells which in due coulise of devefopment separate into megaspore mother cells.
All the megaspore mothg#€el¥§ accept one dégenerate.

e The remaining one ¢fer on by Mgiotic diifion producdgonly 4 ha#loid mega®gores. Sometimes less
than 4 megaspores af¢ produced et each megasporanglu Wag for examplg S. rupestris produces
only one megaspore PRr megasporanglum e tapetal cells usualfy along with inner wall
of the sporangium disofiganise. M microspoigs (Fig. 10 G).

e The spgghgia usua dehls caI slit formed in ap of the Sporangia andgdhe spores
are digfemimeeg igfthe air.

Develgbment of sporan

for f tlon Of SpOI’eS' ? umml jacket Initials
0

o As 1 position
either caBhine or,
are elther |tuat

the Ig
develop ent

initial

ormation o
mega) is simi
of spore m

ollows:

e The evemnen
eusporarigiate i
with the Relp o
which ag kno i Fig. 10. (A—-G)“' Inell pment of sporanigu (A-E).“I i ges in the d
Inltl .g., S kr 5 9 some inS. kr I F. Mature P g G. Mature meg:

ca$gs from a single §pdrangialNgitial cell e&splﬂsa) These cgifS are suMicial in positioFig.
10 A

Gamethy' Ge ratior? ?
e The deW€lopment & mal £ male gametophytes (prom haploid

microspores and megaspoy exine Intine
respectively i.e., rgfcrospores and™«
megaspores are theinit of malegggd
female gemetophyt&§, respectivg
Spore:
e The microspores are small, ¥ 015 to 0
05 millimeter in diameter, spherical or
round in shape and double layered
structures. The outer wall is thick and
known as exospore (exine). While : ;
inner wall is thin and is called exospore
endospore (intine, Fig 11 A-C). B

Fig. 11 (A-E). Selaginella. Structure of spores : A. A single microspore showing detalled structure,
B. Apical view of spore, C. Basal view, D. Megaspore in tetraed, E. A single megaspore.
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e The megaspores are much larger than microspores, 1.5 to 5 millimeter in diameter, tetrahedral in shape
and show triradiate ridge. The megaspore has three wall layers namely exosporium, mesosporium and
endosporium (Fig. 11 D, E). The microspores on germination give rise to male prothalli and megaspores
to the female prothalli.

Development of male gametophyte:

e The microspore is the initial stage in the development of male gametophyte. The development of the
microgametophyte is in Situ or precocious i.q=reses ithin the microsporangium.

e Each microspore is a unicellylar, uninucleat@ rounded @r spherical, hagloid structure with outer spiny
thick exosporium and iggef trlg endosporiu

¢ Primary androgoniagCells divid§and rediydie to form W8 or 2564fndrocyte antherozoid mother
cells.

e Each antherozoid moter cell finally met m ingo a single antherozoigf (Fig. 13 F, G) which is
a spirally coiled, uninfcleate andgdi

ct T flagellagre unequal in size. The
antheroggids are libgfated b ring of endosporium a i watelNglll they reagh the neck
of arcjgegonTthg - A

prothalial ceil ev emale

o aspore is {p# initial
e of female
eto ﬁ devglopment of

etéphyte Sparts while

antheridial col the megdgporemmis sHll inside
e W P !.ﬁm r iughe megaspore
maiemw\ libgrate from th
IR R her at the tim
formation g

n.
the g@xospore or
s fas@er than the

Fig. 13. (A-G) Selaginella. Schematic representation of the development of male gametophyte hich ggult in the

N ormgftti space “Wgetween
ex@porium and mMporiu ' ur(ﬂeases insi f which a big @ntral
vacgle appears (Fig. L
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megaspore

Fig. 15. Selaginella. Female gametophyte. A.
Dehiscent megaspore and rhizoids In S. kraussiana

Flg. 16 (A-G). Selaginella : Development of archegonium. A-F. Varlous stages in the development,
G. A mature archegonium before fertilization, H. A nearly median section of a mature prothalius showing various
stages In the development of archegonium.

w \
Structure of Mature Archegonium: ‘ !
e The archegonium is a short flask shaped stru ded in female gametophytic tissue (Fig. 16 H).

Only the upper tier of neck cells projects out. Each archegonium consists of a short neck of 2 tiers of 4
cells each and a broad venter. The four cells of the upper tier of neck function as cover cells.

e The neck encloses a single neck canal cell and the venter consists of a ventral canal cell and an egg
(Fig. 16 G). There is no definite wall of venter. At maturity the neck canal cell and the ventral canal
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cell disorganize and absorb water which creates a pressure to separate apart the cover cells (Fig. 16 F)
through which the antherozoids enter the archegonium and reach the egg.

Fertilization:

e Water is necessary to carry out the process of fertilization. The swimming antherozoids reach the egg
through the neck of archegonium and the nucleus of antherozoid fuses with the egg nucleus thus
forming a zygotic nucleus. The fertilized egg secretes a wall around it forming a diploid structure
known as zygote or oospore (2x). Thus thge=gewsetemlytic generation ends and the initial stage of
sporophytic generation is formed.

e In some species e.g. S. ig Alia the egg deflelops into @nbryo witho TeNglization. This phenomenon
is known as partheng@€nesis.

Embryo Developmer§(Young SpSsephyte):

Development of embryg:

e Oospore is the initial stBge of spor velopment Qi the embryo, the oospore
first divides by a trang®erse diyi an uppersuspensor% asal)a da lower emlryo initial
(hypojgésalfaig. 47 A, B).

e Lategfon by further w-nwww suspansor

din#Sions it forms N .

multhegllular g

structuréhich ” %w
o stem £

differenti ed °mtmmw
foot,
stem a cot

g. 17 E-J).
In some sp %
Selaginella (

> us and S. ru

megaga top
are nevefgshed
the meqgagPoran

and g#fMain on L%
str@Dilus. T

oosfigre  completes |
its develefMent
within t
megasporangium

and the young
embryo grows into ;
seedling,  develqg

p” mary root anc Flg 17 (A-J). Selaginella : Development of embryo.
then falls on the A various stages in the development J. Longitudinal section of female gametophyte bearing embryo.

ground (Fig. 18). | '

Life Cycle Patterns of Selaginella:

e Selaginella is a sporophytic plant (2x) and produces two different types of spores i.e., microspores and
megaspores. In other words we may call it as heterosporous plant. These spores on germination produce
male and female gametophytes (x) respectively which in turn developing upon the strobilus of parent
produce antherozoids and egg in antheridia and archegonia respectively.
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e These reproductive structures after fertilization produces zygote
(2x) which again on germination gives rise to a sporophytic plant
(2x). In this way the sporophytic and gametophytic generations
alternate with each other although the sporophytic phase is
dominant over gametophytic phase (Figs. 19, 20).

sporophyte
2

n
Independent

e

mother cel
young 1 Fig. 18. Selaginella. Young sporophytes
e [ developing upon the strobilus of parent

plant In Selaginella rupestris.

\% (

tuber

bulbils
dormant buds
fragmentation

vegetative
reproduction

selaginella

young sporophyle strobilus
sporophyte (2x)

2X
Fig. 19. Diagrammatic life cycle of Selaginelis 7 ©°
o) /7
embryo
o\ P
6 ¥ microsporangium
I& @x)
~ \

megaspore

embryonal reproduction mother cell

cell 2x
(2x) by (2x)

spores microspore

mothr ol

} (2x)

(sexual

reproduction) megaspore melosis

fertilization

Fig. 20. Selaginella : schematic life cycle
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Marsilea

SYSTEMATIC POSITION:

Division : Filicophyta (Pterophyta)

Class : Leptosporangiopsida

Order : Marsiliales

Family : Marsiliaceae

Genus : Marsilea

Habit and Habitat of Marsjlgg:

e Marsilea is commonlyg®howiRas “pepper @ort” or
“water fern” (althQugh it is & ferg hardly
resembles a true ferr§y It is represefited by about 53
species which are cosgnopolitan in distci 'g

r

abundantly found in plcal co f
and Auygeglia. Aboto spe been reported ’
Fig. 1. (A-C). Marsilea. External features. A, External

fr_om dia. y % . morphology; B. Leaf showing arrangement of segments as
o Eit the species arg h a result of three dichotomies, C. Pinna showing venation.
i.e¢hey grow rooteé g G S bmerged or paiially
or entigly out of in Yt habitad . i ~ cies. M. hig#lta and
M. quadriiplia aréwo \ i iNg i hy plges, wet soil
or near m@lddy insg@ in U. jab, Ri Ihi etg.
External Beatu i

The malu® sporbpigyte Jf an herBaceous plant. Its underground rhizome spreads ac@eter ' eter
rmore. The pI@bod is distinc dlfferentlatedAO rhlzome/)ﬂm root (FIE A).

FTT L L\

. Rhizome: \ X°/
All the speci@;os ss a<hiZeME Wbich creeilon gr just“!ﬂaﬁ i ze It is slende

siahgiomously ranclled wi I”a:'l\ nodes odes RS 8 Mindsfinite growth g
directionfg as a It & which it'oCcupies an are 5 metre or mofe”in diange

ter
e In aquati@ speciggsthe ternodes are long while.dn,sub-terrestrial species thg ar@rt. Sually from
the upperQide at@es, he leaves are given from their lower sidg/ th

2. Leave
e Theyflre borne alte ly oMypper side of des, in two royfs. Yo*leaves showmicinate
veration (like ferns) (Eig. 1 AglIn some's dlie g leaves ag oveEEd with multicellulagghairs.

The Wgaves are campoufid,“ith baSllygetiole anditerminal largis®.
e In subNyerge® plaimg the is a lond e pestPPICture an‘@hina PatS gl th¥ surface
of watel but in mud®y or m nts the petiole of the# rt andgPigid with short lamina

spreading in the air. ﬂ% !J
e The lamina consists gf 4 leaflets (pinnae !fé t at the apex of peQole. The 4 leaflets arise

as a result of 3 dichgtomies of thg/f@maiga in close successigp#e*®Rch other i.e.\R leaflets arise slightly
higher than other tWi§ig. 1B

e Pinnae have got a dichotO®g#fSly branched Wein syste ith cross coRggetions (Fig. 1C). The veinlets
at the margin are connected with loops th@ls forminglla reticulum. The shape of pinna varies from
obovate to obcuneate and margin also varies*#8 ® to crenate or crenate to lobed.

e Sometimes the pinnas are once or twice deeply dichotomously lobed (M. biloba) or toothed (M.
minuta). At night the pinna are folded upwardly. This is known as sleeping movement of pinna. Near
the base of petiole the stalked bean-shaped sporocarps are borne.

3. Roots:
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e The roots are adventitious, arising from the underside of the node of rhizome, either singly or in groups.
In certain cases the roots are given out even from the internodes (M. aegyptlaca)

Internal Structure of Marsilea: inner pen

1. T. S. Rhizome (stem): inner endodermis

e A T. S. of the young rhizome AR TA (rooionnin)
shows a protostelic structure i.e., NSRS X
pith is absent and xylem is
completely surrounded by phloem
but in the old stemgPIthy is
developed in the cgfftre and ™g
stele is amphiphloic§iphonosteli

type.
A. T. S. of the oldi stem

is
somewhag.circular iggdutline ﬂ
shows ti#e foMesing tructuné
(i) Ep@lermis:

o It iglthe outermost Iir@g a .
i 1 A, B. M, 'a. al r rhi ia . a —_
Slng Ce” 8 arsilea. Internal structure of A. Diagr B. A part ;

- €
parenchigatous gels! T - abse O
(ii) Cortex; ﬁe
e |t is diffgfentia ree region§s- the o he middlgjcortex an®the I CONEX.

(a) Outerortex.
S present | i is (also called podermls) ,Iﬂa\wnch at nd may pe o
to several cel g contain t Il . . =T L\
p) Middle cor \||llll|

middle cortex

also call ; ‘ '”’ air_Sfiaces (chambers
separatel by i ' e ., M @egyptlea the air

chamber§are ofgffferat§y. | @

(c) Inner cQrtex: * )y % @

e It is a solgPtissue i . / i cterénchyigtous) while
the ig#®r layer of * ; r*( Some of Thgge cells
ar&illed with starc in .

(iii) Swle:
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e Stele is amphiphloic siphonostele i.e., in the centre there is a pith which may be either parenchymatous
(aquatic species) or sclerenchymatous (terrestrial muddy species). Xylem is present in the form of a
complete ring which is surrounded on both sides by a complete
ring of inner and outer phloem, pericycle and endodermis.

e In this way the continuation of different tissues in the form of
complete ring in stele is as follows—outer endodermis, outer
pericycle, outer phloem, xylem, inner phloerg= pagicycle
and inner endodermis. The protoxylem may be well dgfined
exarch (M. vestita) or ae®arcy (M. aegyptigica) or ill dgfined
(M. quadrifolia).

e A T.S. of the nodal Rgion shows®s®amphiphloic solenosteli

condition and is proviged with one leaf ga
2. T. S. of Petiole: pN‘.Y &

o A T. SpQf the petighfis so ‘gl‘ar in outline and
differghtiatCtvgig ider% ex an :

(i) Epiermis:
o |t i@the outermost Ia@of Si ceII thlckness e cells are
ght

parerMigymatous am Fig. 3. Marsilea quadnfolm. T.S. of petiole
(i) Cortext
e Itis diffe ntiate&to ee regio The 0 [ :
(a) Outer rte@

o It s _Drgbent jusly the epidermis, (also called hypodermis). It is magle oam
parenchymalg. //;Il‘;\;\\

b) Middle corfex; [ EERw
It lies below t isany Q [aerenchymg. It consistaiaar g Beiichaber

g separated Iayer D paren\!ﬁ!#ﬂ

=/

(c) Inner Gortex«
e It is a sold tissUe@f seReral cells thickness. The cell layers are parenchymat @ iy starch and
tannin fil o ceIIs&M. inuta few sclerenc ayers are also prese JusWrto ddle cotex.

(iii) Steleg

o |t iggg®@Mmewnhat triax
wilQ 2 distinct arms.
situed at both the ma

e The xWemge*€lrrdynded
parenchymatousperi®

3. Transverse Section g Leaflet:

e T. S. of the leaflet sjgows epidermis,
and vascular bundle

(i) Epidermis:

e |t is the outermost surroUNg0 layer and isgonly
one cell in thickness. It is differentiatedfinto
upper and lower epidermis. In floating leaflet vascular bundie
stomata are present on the upper epidermis but in - gig. 4. Marsilea quadrifolia. V.S. of leafiet or pinna
case of plants growing in mud or moist soil where
the leaves are aerial, the stomata are present both on upper as well as lower epidermis.

(it) Mesophyll:

e |t occupies a wide space between upper and lower epidermis. It is usually differentiated into an upper
palisade tissue and lower spongy parenchyma. The palisade tissue is made up of elongated cells

/eidefmis
>

s palisade
3 "i'[—spongy parenchyma

aerenchyma
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provided with chloroplast. The spongy tissue is made up of loosely arranged parenchymatous cells with
large air spaces separated by single layered septa. In submerged species, however, the mesophyll is not
differentiated into palisade and spongy parenchyma.

(iii) Vascular bundles:

e In between the mesophyll tissue are present several vascular bundles. Each vascular bundle is
concentric and amphicribal type i. e., made up of a centrally situated xylem, surrounded on all sides by
phloem. The phloem is enclosed by a single |pyeweestimgk endodermis.

4. T.S. Root:

e A T. S. of root is someygfet Qycular in outline and carfibe differentigtetNgto epidermis or piliferous
layer, cortex and stg ig. 5A Q).

(i) Epidermis:

e |t is the outermost, paggnchymatous, smgl vm&

(i) Cortex:

o |t can bgygifferentiafg® into two uter cortex and mner e outeMgortex consigts of large
air chgihberse edln ofar ersa scpa®td Mpm each
otheg/by longitudinal se r cortex i fferentlate renchymatous arl inner
scl@fenchymatous re@.s ner cortex is ited by single red@ndodermis.

(iii) STNg

e It is of PgotostehiC™ype,

and occuges t

position. it is

pith. Em is

e centre whi
and exarcIa
surrounded

e phloem i

externa b

layer of gericy

Reproductypn

Marsilea: &

Marsijgé reproduc*by

twoethods:

(i) Ve Wetative reproductle') Fig. 5. (A, B) Marsilca quadrifolia. Internal structure of root. A. Diagrammatic, B. A part cellular.

& (i) ual [gproN c'_uon \ Ak / @V

Vegetati e Teproducign

e |t takes place by meanSipf tube ﬁm uced i d‘.\;ﬁfh ons from e rhizome. First a branch
is given out from the ghizome, whic fn e accumulat§pn of food material. The
structure is termed agftuber and isggpable of tiding over the unfayourable congitions. On the return of
favourable conditiogg it germingy€s to prodmge a new spqpeBfytic pRnt, e.g., M. _Birsuta, M. quadrifolia.

(i) Sexual ReproductiC

1. Sporophytic Phase: Spore®roducing organs:

e Marsilea is heterosporous i. e., it produce tl.types gf spores—microspores and megaspores. These
spores are produced in microsporangia and megasporangia, respectively. These sporangia are borne in
special type of spore producing organ called sporocarp. The sporocarp are born laterally on the short
and lateral branches of the (called the peduncles or pedicels) petiole of leaf either near the base or a
little higher up.

e They arise solitary or in clusters. The peduncle is usually unbranched but it may be branched also.
Number of sporocarp differs in different species and varies from 1 to 20 or more. In M. vestita
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Sporocarp arises single, in M. quadrifolia the peduncle is dichotomously branched bearing 2-4
sporocarps, in M. polycarpa several sporocarps arise in a linear row. The attachment of the pedicel
sporocarp varies in different species.

External Morphology of Sporocarp:

ae @ % e Each sporocarp is an oval or bean

shaped biconvex, flattened structure. It is
green and_soft when it is young but at
i mes very hard and brown

£ B Ly

Fig. 6 (A-D) Marsileas. Attachement of sporocarps on petiole in different species.
A. M. coromendelica, B. M. polycarpa, C. M. quadrifolia, D. M. minuta.

5 -
and Nger one is s e er one. es the tubgrcl
Internal wgictur Qroearp:

e The spofocar i
structurefit ca
dorsiverfiral p
vValVves).
we split opeHe S

2nd palisade

an see the follbfiing P S ol o

all of sporocarp:
o [t IS VEW ha

resistant§o m icql injury. " e T
can be \ ffe re e tO th ree Fig. 7. (A-D). Marsilea. Structure of sporocarp. A. sporocarp, B. Wall structure of sporocarp in T.S., C. sunken

stoma in the wall of sporocarp, D. A multicellular hair.

zones—aquder e iSA. middle ~w

hypogefmis and i d*de up of Mgad and
coif i es ig¥C).

e Sonwg of the epiderma into multm llular hairs (" : dermis consistsgf two
layerf radigh¥longa I . B0 i ittercelmgspaces gnd have
chlorop¥e®t In theireglls. atous zgy€ (Fig. /Bifn mature

sporocarp the cells of @is zone jse and form a tirﬂ ng which¢g#®lps in the dehiscence of
the sporocarp. A Aﬂ

Cavity of sporocarp:

e The alternating rongof sori (sing, soruS;emgroup of spogeta 1s clled sorus), e along each side lies
transversely-dorsiventrably to e long axis @f the sporogarp. The sorRgn ei® side alternate with each
other. The number of sori 1M¥de the sporocadlp varies fr@im species to sPp&Cies. It may be from two (e.g.,
M. aegyptiaca) to twenty (e.g., M. vestita). Bach sorus @ears both microsporangia and megasporangia.

e Their number also varies from species to species. In M. minuta a sorus has 4-8 megasporangia and 8-
13 microsporangia. In M. aegyptiaca each sorus has 5-16 megasporangia and 9-19 microsporangia.

e In M. minuta, M. vestita, M. rajasthanensis, sometimes megasporangia are absent in sorus. Each sorus
arises on a ridge like placenta or receptacle formed on the sporocarp wall. Each sorus is surrounded by
a thin, membranous two layered true indusium. The indusia of adjacent sori are partially fused.

5 _ parenchymatous
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dorsal bundle sporocarp wall

Vascular supply of the sporocarp:

e It is supplied by a main dorsal vein which runs along the
narrow side facing the peduncle. From the dorsal vein, lateral
branches are given alternatively right and left, at right angle to
the dorsal vein which supplies laterally (Fig. 8). These lateral
veins at their middle divide dichotomously. In the region here
Iateral vein forks, arlses a placental bundle w

placental branch placental
bundles

Fig. 8. Marsilea. Vascular supply of sporocarp.

ﬁl"ﬁ?p & R

): Section Is

. Sectlon‘ut vertic
Mnsversely Pe

prominent
than

’ “megasporangium

gelatinous ring
microsporangium

Fig. 9 (A, B). Marsilea. B. Horizontal longitudinal mtion (H. L S. ) of the sporocarp as shown in plane A.

transversely along wity their t Andusm Sori rrangement in the two

rows. Each sorus hagfa receptacle ngium and two lateral
microsporangia, onegn either side,_The Iater salso cut ransversely low each sorus.
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e A V.L.S. of the sporocarp shows the usual wall layers. The peduncle along its vascular bundle is cut
longitudinally. The entire gelatinous ring is cut vertically and it appears as a complete ring around the
sori. The section cut the sori longitudinally, which are arranged in many vertical rows.

dorsal bundle e If the section passes strictly through the median

)Q R

NSSRY

Fig. 11. Marsilea. (A, B). B. vertical transverse section
of the sporocorp as shown in plane A.

megasporangium
indusium

Fig. 10 (A-C). Marsilea. Vertical longitudinal section (V.L.S.) of the sporocarp as shown in plane A., B. Section
passing slightly away through the median plane (showing microsporangia), C. Section passing strictly through the
median plane (showing megasporangia).

N Vs
of sporocarpm me orangia are% eﬁ 10A, B) but j#1t pass* ightly away
n line, only micr@rang e visible (Fi LlO )

I

5 o
ol S usual wa .Pedunclei
ring appears in the foMy of do ral mass (as_ii‘l-k

side is much more prgfhinent. BA!FI
.T.S. i ith indusia are visible on the i

ridge on the outer ig. , B)° sori reve
microsporangia at the Shggs. TR dorsal bundlies, the late
visible.
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Structure of Microsporangium:

e It is somewhat oval structure with a long stalk and
is present laterally on the receptacle. It is smaller
in size. It has a single layered jacket followed by
two layers of tapetal cells. In the centre is present
a cavity filled with microspore mother cells (Fig.
14H).

e At maturity the tapetal cells disintegrate angeach
microspore mother cel#”dNgdes reducti@nally
forming 4 haploid g#ficrospore§(Fig. 1410 The
microspores are usuglly 32-64 in\ge®Der and are
liberated by the'§ disintegration of
microsporangial wall (Rig. 14J). ‘wa?

Structurgyof Megaspgfangium:

e It is affphelteg tcture w
presght on the top of thewpta
is @ogger in size th i
14 AN|is structure,
except
megaspor,
liberated

lee ration Of Fig. 13. (A-F). Marsilea. Successive stages in the development of sporocarp.

' //I.-“‘\\
pores: e :‘l\\ H
The decayingmhe all o d}}t}.’(&- p takes place due to b({c‘eh‘ u sporangia an

spores are liberated. Whe sp ®p Bursts o watergia walveclifar ngnn ong the ventrg
- 74 ,
side arogapex. gefatinuo s extends mgdﬂroug he magEeor the

sporocarf thus ing out sori along with it.
It straighteRs an as sporophore. The inous ring bears two al ing“rows @f sori. The

na
delicate mygtlage sporangia (michk opens in water angfthe es (nggro-or mega
are libeggafed which g*na oon (Fig. 15 4 *
2. Ggnetophytic Phase: ‘ 1
re the unit ofjmale and fe

The n¥crospores and the aspo ni es respectively.
They g&mingies®yprod i metophyt i :
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Fertilization:

e The free swimming antherozoids are
attracted chemotactically towards the
neck of a mature archegonium but only
one enters the neck and reaches the egg.
The male and female nuclei fuse to form
a diploid structure called oospore or
zygote. _ Thus the gametophytic
generatigfieggnds and the unit of
sporoghytic geMggation is formed. In
ag¥ species gg., M. drummondii,

parthenogenesighas been observed.

ﬁvelopment f embryo:
ore 14the initial stage of
gendgatiog e first
ospore is in aWertical
ar 0 the long aXys of
= archegoMym) rm 2 unequgfcells.
The bigQ Oneaiédglm 08 e r one as hiypobasyl ce . 18 AgB). This is
V]

followed @V a s i0. 1

P L
/71 1A
FTT L L\

pamman

amey
\‘\:\‘ 174

“\aw
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eThe epibasal half
indusium gives rise to shoot and
leaf  whereas the
hypobasal half gives
rise to root and foot.
The cell of epibasal
half near the neck
gives rise to cotyledon
and other away from
e neck, to the stem.

a—— eln the
androgonial cell same
way the

cell of

the

young

-

neckegives
archegonial angium and megasorangium, a ther
sl with microspores. t

thick calyptr
0 in young sta
i an ad

@
o ure pl
‘_Mhl ea is a heteWgsporous fern because it

Fig. 17. (A-G). Marsllea. A-F successive stages inthe development of female . Is ar(_a prOd uced II’_]S Ide
gametophyte G. a mature archegonium. gasporangium reSpeCtIVE|y

which represents the late stage of
sporophytic generation. After reduction diwospores and megaspores are produced which
represent the initial stage of gametophytic generation.
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e Microspore gives rise to make gametophyte which, in turn, produces archegonium and egg. Both
antherozoid and egg fuse to from a diploid oospore (2x).The oospore is the initial states of sporophytic
generation. Hence, in the way the -
sporophytic and  gametophytic
generation alternate with each other
although the sporophytic phase is
dominant over gametophytic phase
(fig 19,20).

micropsor
mother cell tetrad

/'-

megspore
mother cell
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fragmentation

of rhizome
tubers
vegatative
) reproduction
Marsilea

sporophyte
(2x)

sporocarp (2x)

germination megasporangium (2x)

v\

microsporangium (2x)

Spore SEXUAL J—
pﬂzgu} REPRODUCTION meiosis

£
O
S
=
et /
m \ megaspores (x)
S
@
¥

fertilization female gametophyte microspores (x)

\\eg archeg cnium/ /
S ——— male gametophyte

antherozoids
antheridium

Fig. 20. Marsilea. Schematic life cycle.

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY, B G S SCIENCE ACADEMY & RESEARCH CENTRE



http://cdn.biologydiscussion.com/wp-content/uploads/2016/09/image-422.png

Brief account of Evolution of Stele or Stelar Evolution

e Stele (= Greek word meaning a column) can be defined as the unit of vascular system that is made up
of xylem, phloem, interfascicular tissues, medullary rays, pericycle and pith (if present).

e The term stele refers to the central core of plant axis and is restricted only to primary tissues. The term
is used in case of Pteridophytes and is seldom applied in case of angiosperms and gymnosperms.
Endodermis delimits a stele on the peripheral side.

There are two basic types of stele:

1. Protostele, and

2. Siphonostele.

1. Protostele:

e A protostele is comp@sed of a sol/#€ore of xylem mass surrouneed by phloe which in turn remains
encircled by pericycl®& Endodermis delimi on the perlpheral Je. In protostele pith is

absent and the protoxy®m i f otyledon@us roots have radial stele
where piR.is complgfe radlal stele is also refe rotos 3
ollow

There gfe threes . g
(A) Hépblostele:
o Hafflostele has a cyI Dk « % xylem mass agpears

circulgor oval in 3 8. aginella, Ly#0dium,
the extinCypsilo [ 6

(B) Actinogtele (

e Actinostgle ha
the x\vlg ma i racgting ribs.
Phloem also % ‘ m lobes an%fﬁr;b}ql Ex. Rsi and the extITit
psilophyte As . L\
) Plectostele? EeEman
Rlgciostele ha 3 plate\ H;,As en in gross-section 1
plates arg of d ent izes and unlted at one‘emf’ Cylingler loengrsurrounds
xylem m@sses higgm also occurs between xylem plates. Ex. Lycopodiug cl m.

e Lycopodi$§n cer h& mixed protostele (Fi & 15.3B). In this tyge of/Spefe as sfen in cross-
section € xylen¥is mesyli i istributed and apfears,to*be emiugdded in the

groy® mass of ph *

2. Shonostele:

e SiphQnostele, where x in tf ; @hato pith at thgfCentral
regiorNQf ash®m. Wge xyle? rroundee 3 encirg€d ™gerigcle. The
tS|

whole stele is limitetiyou tlnuous endodermls In gt stele xgffem and phiSem are in

the form of a continuog6 or split w
The following two typ#s are recognize asis of position(@ of phloem in relation

to xylem in siphonosj€le:

(a) Ectophloic siphofgstele:

¢ Ectophloic siphonostele affontinuous cyllinder of phloem surroun®yngg#e peripheral side of xylem.
Parenchymatous pith occurs at the central r@gion of xylem. The whol€ stele is delimited outside by a
continuous endodermis. Sporne (1976) defin ic siphonostele as ‘medullated protostele’. Leaf
gap is absent in ectophloic siphonostele. Ex. ferns like Osmunda, Schizaea etc. and dicotyledonous
angiosperm like Phlox, Lindenbergia etc.

(b) Amphiphloic siphonostele (Figs. 15.1 & 15.3C):

e Amphiphloic siphonostele has cylinders of phloem on the peripheral and inner side of xylem. The
peripheral phloem is termed as outer phloem and the other as inner phloem. Pericycle and endodermis
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appear both outside and inside of vascular tissues. To distinguish them the terms outer and inner
pericycle, and outer and inner endodermis are used.

Endodermis

Endodermis

FLECTOSTELE AMPHIPHLOIC
SIPHONOSTELE

Endodermis

Leaf trace

Diagram  Hiustrating
spirally arranged teaf
traces of Lycopsid
protastele without
leaf gaps.

MIXED PROTOSTELE

Endodermis Leaf trace
Phlcem — -

ey

ECTOPHLOIC POLYSTELE SOLENOSTELE
SIPHONOSTELE (SELAGINELLA
WILLDENOWIT)

Figure 15.1

Diagrammatic illustration of different types of stele in t.s.

view, Xylem = crosshatched.
Lycopodium cermuum has mixed protostele (Figs. 15.1 & 15.3B). In this
ty pe of stele as seen in cross-section the xylem is mesh-like mass that
is uniformly distributed and appears to be embedded in the ground
mass of phloem. '
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e The outer pericycle occurs surrounding the peripheral side of outer phloem whereas the inner pericycle
Is situated on the inner side of inner phloem. Outer endodermis delimits the whole stele and occurs
between cortex and outer pericycle. Inner endodermis occurs between inner pericycle and pith. Ex.
Marsilea and Adiantum etc.

e Ectophloic and amphiphloic siphonostele may be cladosiphonic or phyllosiphonic. In cladosiphonic
siphonostele the vascular tissues, in cross section, appear as continuous cylinder as the leaf traces are
without gaps (e.g. Selaginella). The traces gf=mip@sgphonic siphonostele are with gaps and so the
vascular tissues appear as isglated bundles ifitransversdisection (e.g. Polypodium).

I. Solenostele:

e Solenostele can be @&Tined as aYype of ag@hiphloic sipfgnostele \ith non-oVglapping leaf gap. The
leaf gaps are distanti§g spaced. SolRm®Stele consists of two vaSCa# strands-the gmall leaf trace and the

large principal vascul& strand as seen in a ¢ro ion,of stem at node. The grincipal vascular strand
appears horse-shoe-sha@ed due to Mf r&/m leaf gap.

e In the vgggular strang®phloe oth outside and insi The tWgQ vascular sggands have

iithe for

indiviglial COngigudUs en . The ontin deRpetween
leaf gaps. The vascular cyifder iggffterrupted places ¢ on the ofigin of lealyjraces.
ExgAnemia, Adian edaty, Davallia etcN\@iis to note that 8gtoph iphonostele witMynon-

overfagping leaf gﬁglpso er 0 as so
ii. Dictyo : @
e Dictyoste)e can ingd as a typ&bf amphi onoste i ﬁf gap8. The upper
part of afeaf ps the lo part adjacent S are rigt distantly

ction. Thﬁ%@hl\vand are

like manner < mmmEmanl =
occurs  in m/v Endodermis  Xylem Vascular bundle
vasculal s S
vascular tranc@co
of xyleM surtgende

phloem, w

Thiggfmphicribra scu

str@hd is surroun b

perigycle and the wholdbek

boundgd opg® Bytside

continu®S endodengis.

Mohria, Polygpdium *  prcTyosTELE EUSTELE ATACTOSTELE
falcatum, Ophiogfossum,

Dryopteris etc. Eachfvascular ~ Phloem Endodermis

strand of dictyostgle (Fig.
15.2) is referred Mgy a
meristele.
iii. Eustele:
e Eustele can be defined as a ARSI % Figure 15.2

type of ectophloic X AR ‘;”. Diagrammatic illustration
siphonostele with e of different types of stele.
overlapping leaf gaps. The P! Xylem = crosshatched.
leaf gaps occur parallel to POLYCYCLIC

each other and are not STELE

nged in a ring

spaced fllom e jmelrical §etwork of
erconnecte ig. 15.1C) is formed when viewle‘é@\\mree- i nal object.
The vascular enin crosé
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distantly spaced. The upper part of a gap overlaps the basal part of the upper adjacent gap. When viewed
as three-dimensional object the vascular strands form an interconnected network. The vascular strands
are separate as seen in cross- section. Each vascular strand, also called vascular bundle, is conjoint and
collateral.

e Parenchyma occurs at interfascicular region. All vascular bundles are arranged in a ring like manner.
Pericycle surrounds the vascular bundles on the peripheral side, the whole being bounded by a
continuous endodermis. Eustele is the chargetenistiesgf gymnosperm and dicotyledonous stem. EX.
Helianthus, Xanthium etc. Eustele with bjfcollateral Wascular bundle is observed in the families

e

i@ 15.3E) etc.
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e In angiosperm polysteles occur
in the families like
Acanthaceae, Nymphaeaceae,
Palmae etc. In cross-section
polysteles appear to be
scattered or organized into a
ring. In longitudinal section it
IS revealed that individyal
steles, by anastomosis g0
themselves, form a ggfvork.

vi. Polycyclic stele:

e Polycyclic stele can b&defined
as having two or more§oaxial

cylindegg of vasculargfrands
obserygd e g ss-secté
of g stem. The indi
cyl#nders are interco ted a
the Ngase of i

Polycyc

referred

siphono

innermo

gFpipnloic

15.2). The

remain Figure 15.3

Microphotograph of different types of stele. A. Actinostele
of Psilotum stem. B. Mixed protostele of Lycopodium stem.
C. Amphiphloic siphonostele of Marsilea stem. D. Polystele
of Selaginella stem and E. Atactostele of Asparagus stem.

parenchyma.
. C A
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HETEROSPORY IN PTERIDOPHYTES:
Most of the Pteridophytes produce one kind of similar spore. Such Pteridophytes are known as
homosporous and this phenomenon is known as homospory. However, there are some Pteridophytes which
produce two different types of spores (differing in size, structure and function).
Such Pteridophytes are known as heterosporous and the phenomenon is known as heterospory. The two
types of spores are microspores and megaspores. Microspores are smaller in size and develop into the male
gametophyte while the megaspores are large angssiemelepsiinto female gametophyte.
According to Rashid (1976) or modern Pterid@ogists only 9 genera of Pteridophytes are heterosporous.
These are Selaginella, Isoetgs®SWdites, Marsile@, PilulariaiRegnellidiumy@38dyinia, Azolla and Platyzoma.
Origin of Heterospor,
The origin of heteroSgory can b&pe®eT discussed on (Mow=eggd€ of evidenges from Paleobotany,
developmental and expefymental studies.

1. Palaeobotanical evideRces: -g‘y‘

It has been suggested tigft heteros ue to degene att me spofeg in a few sporangia. As

more nutgio™NagCom avalla e SS nuMbgisespe e grombetteL®NeQe increase

in their ghze.

Palaegpotanical eviden e earlier vas 1 s and the hetero§gorous

conditig appeared s y in the lower heterosporoyg#enera

belonging g, the L i @ an i evonigg®and early

Carboniferoy¢ peri

During thi i poptant hetero‘orous

Plaeuromej@, Si riogirobiis (members of Lycopsid) Calamocarpon, Cala ostags, Palaeostachys

(Ruorees o !

According to W 6 )4) two specifls of Calamastat p in| stage that miglat

Igad to the heter pgsyere C. binReyana and o & ana most of tle

b O et i but‘& i were large.

e w g ? ; WETGupiiese

different sp@rangigySimifg 3 (Ch@oner, 1958

Lepidocarpdn and

2. Evidenceg¥from

In heterqg@Orous Pteri and megasporgfgia fpllow the Sage pattern.

They 48 |dent|calo i megasporangfa mosgif the spore mothgy cells

degen®&ate but in microsp, ercellS are disorgz :
The phégomenongiybeter Bagisti elllher before e nﬁn Sedgginella Is@etes it is
distinct Defg eioNg, In 0 mejfiSis aMeniosm a large
number of microspores. poranglum a part (e ogengyfS tissue degenerates they
provide nutrition to growghg sporoc S K

In Isoetes there are gonly 50-300 megas egasporangium. InYSelaginella erythropus
megasporangium contg@ins only onegnctmaggre which is fupcligne

In Marsilea, Salvinia 2wg Azoll@ the phenofhenon of h@terospory Wgcome inct after meiosis. In
Marsilea 64 microspores gl 64 megaspofies are foined after m@y@#’S in microsporangium and
megasporangium respectively. In microspofangium gl the microspores are functional while in
megasporangium one megaspore is functional 28 #®8enerate.

3. Evidences from Experimental Studies:

Experimental studies on Selaginella (Goebel, 1905) and Marsilea (Shattuck, 1910) suggest that nutritional
factors mainly govern the heterospory. Under conditions of low light intensity, the photosynthetic activity
of Selaginella was retorted and it produced microsporangia. By sudden lowering of the temperature, the
size of the microspores in the sporocarp of Marsilea increases by six times.

Biological Significance of Heterospory:
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The phenomenon of heterospory is of great biological significance on account of the following facts:
(i) The development of the female gametophyte starts while the megaspore is still inside the
megasporangium.

(if) Same is true of microspores i.e., they also start germinating into male gametophytes while they are still
inside microsporangium.

(iii) The female gametophyte derives its nourishment from the sporophyte i.e., female gametophyte is
dependent on sporophyte for its nourishment.

(iv) The dependence of female gametophyte g sporoph e for its nourishment prowdes better starting

iti chude
 following féatures:

0 henomenn of heterospory.

A RS
sporangun V7 LI\
porangium Bither till the/ mi‘fe

_' 5‘: \|I-lll
offd Ead e ium for\mmg;/m
% all as lower Spermatoiﬁs shows homologies in

Lower Spermatophyte§

1. Nucellus of ovule.

2. Megaspore (Embryo gé

3. Endosperm.

4. Archegonium.

5. Egg.

Even then the seeds are not formed in Selaglihella becallise:

1. Megasporangium is not surrounded by integ®8

2. The retention of megaspore permanently inside the megasporangium has not been well established.
3. The embryo immediately gives rise to the sporophyte without undergoing a resting period.
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PALEOBOTANY- GEOLOGIC TIME SCALE

The geologic time scale is an essential tool for understanding the history of Earth and the evolution of life.
Geologists have divided Earth’s history into a series of time intervals. These time intervals are not equal in
length like the hours in a day. Instead the time variables are variable in length. This is because geologic
time is divided using significant events in the history of the earth. The first principal subdivision is called
the eon. An eon, the largest division of the geolQgiedidageseale, spans hundreds to thousands of millions of
years. Geologists generally agree that there are fwo major Bons: the Precambrian eon and the Phanerozoic
eon. The Precambrian goes j##Mthe formatiorgof the eartf to the time vyegulticellular organisms first
appeared - that's a real g##Ong time{from 4,50@million yealls ago to jugabout SA8gnillion years ago. Then
begins the Phanerozoic§on, which g es up to today. EonS“amggMmade up of gras, divisions that span
time periods of tens to hugdreds of m|II|ons of ye ee major eras are thefPaleozoic, the Mesozoic,
and the Cenozoic. The Ce®ozoic era j Wn an 65 mifion years ago, right about
the time t e dinosg Went ras are subdivided mtc% e eveMg that boungdghe periods
are widegSpread eir ex g oo nd thegae® Subdyision of
periodglinto epochs can be d i : legiime scale. This isgecause
older&gcks have bee C R ified by long-tergearth
processeSNgVvidence @1 ‘ i i.ef imentatigg®saltiness

of the ocean ghd th I i i g areffimited to the
last 45,000 years.

caused by,humans. A majeextinctiofgwa eto

Little Ice Age. Major habitat change and\%res tions

mtroduc@)ests and (h( st major ice
. \ age ends‘and the sea “lm 80- 10 rldwide,
en020|c . ) ’ causi tine aches Climat

Rlgary still f in ten litteYLE 2d6s.
i e Climate fluctuating cold to mild#Th a offf ice ages.
lacial advances, desey6 o ge sgale; Sahara
iIBng over gurasia;

ntain builgg, with
phere.

e
Moderatﬁf ; jation begins agfin in
her iSple lift QifMRQcky Mglintains.

[ ntra

A f Alps,a yas. Land f0enerally low.
Dlicocene Jﬁ ountains. So§h America separates
g from Antarctica. Forestgdecline to nigke way for

Cenoz_oic - -2 Lilys Bmsslands. Org#0T mafy modern faiilies of flowering
Tertiary pldhts.

66.4-1.6 Mya

Mifld to very tiopical climate. Rustralia separates from
Anlaisiieamballia collides with Asia. Formation of
grasslands.

Mild to cool climate. Wide, shallow continental seas largely
disappear. First known primitive primates and Mammal
carnivores.

65 Mya Mass extinctions

Eocene
55-38 Mya

Paleocene
65-55 Mya
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Tropical to subtropical climate. Elevation of Rocky
Mountains at end of period. Africa and South America

Reparuteditootienialg planes eaoeha aksindeukaryosiaccetls and
npigHioe lépdanidsi dry el orestfsigads. Angiosperms dominate

Precambrian
3960-590 Mya

Bkte texidef focy dalontizel diogt Bhal lowl skaersifgcumulation of

3960-2500 Mya

Jurassic

- \/IQNLlN

‘;i@ﬁle’@f Qﬁﬁteoﬁsml REHHEaOR A PApg e DACHRT B Jekidgr gipen

2ins rise from Alaqka to Mpxmn

Mesozoic
245-66.4 Mya

208-144 Mya

%, 1S these [ ts and the heat caused by

/
4500-

€ heat melts the

ONAYHE:

Iquid

BIS'S 0 f

10 Ale
i AA.. J‘i 0
m nﬂg rg
N ‘E@ﬂ#

arietion of
HN' nﬁ’éF‘é%“ts

e sun fgefs,
Qi rotatiopal m@mentum has
: the plahets. he sun's
interior heats to 15 million degrees, Wot engugh fdg nuclear
fusion: protons fuse mto ) helium

The exa e of theu
time is

09 Gya). Belo
this I|ne
lll

r2above it, time fis
relati esen

Uni expande&lggiﬁ pregent $ize. Nugjes
reactions inside stars (supernovas) hve e mogt of the
heav nts from which terresgal ts argfmade and
th ecessary for life. e Waygour galaxy,
W ,000 Mya. The |vewools furtMigio 3°K,

RI0SiO8

Formation of;
universe
d b Gya

it e today
Matter. Glusters into eygifarger . Stars are formegf/ The
erse becomgssfinspare adiatigaele back#fround

radiation, 1s still obse ay.

ABALL

fars ago. G¥a = billion gears ago.
EOBONANIST - BIRBAL SAHNI

949) was an Indian paleobotanist who studied the fossils

Note: Mya=gillion = thou

CONTRIBUTION OF PA

¢ Birbal Sahni (14 November 1891 — 10 Apri
of the Indian subcontinent.

e He also took an interest in geology and archaeology. He founded the Birbal Sahni Institute of Paleobotany
at Lucknow.

¢ His major contributions were in the study of the fossil plants of India and in plant evolution. He was also
involved in the establishment of Indian science education and served as the President of the National

g years ago.
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Academy of Sciences, India and as an Honorary President of the International Botanical Congress,
Stockholm.

e Birbal Sahni was the first botanist to study extensively the flora of Indian Gondwana. Sahni also explored
the Raj Mahal hills in Bihar, which is a treasury of fossils of ancient plants. Here he discovered some
new genus of plants. A model of the extinct plant Williamsonia sewardiana which thrived in Rajmahal,
Bihar about 140million years ago. This model is based on the reconstruction envisaged by Birbal Sahni.

e Pentoxylon was an important discovery of jlaemgiasige Pentoxylae from Nipania in Dumka district,
Rajamahal hills, Bihar (age 110-114 milliofj years ag@). Reconstruction of plant with leaves, stem,
flowers. The tongue shapg#®®lossopteris, r@presents afunique groupgOfgxtinct vascular plants (age:
Permian, 250-280 my#8h years ®§go) was degfribed by Sghni.

e Birbal sahni divyadafshanii, a foSQijs@™an enigmatic flowe afgan of the gktinct plant discovered
from Hura coalfield, Qanthal Pargana, Bihar 50 280 million years) by Sahni and Prof. Divya

Darshan g‘
e Sahni wggked on livingfplants dlng NephrotepS| , Psilotum, ITmesipteris
and AcgfopYresgxagfining e ions. VAgen gy MiRing wood
remais from Hardppa, he 3 8 e peOple there nyyst have
hadg#fade links with w i ; i ‘ ed foreign polleRyin the

ts, swampggfCe.
éere. @S drain

' )?for ed by end
Q Origin of Cnifers,

Cycads and Ginkgos; possible origirgof flﬁring lants;
earlier forest types Walng;ii’\\\\

Slower €afth movementsy Se8Beds bdhan to+ise. Climate

> warm; caaditjons like ®8s8% ' st btroflicalaehes; little
sea%on,m)@! iul. Lhds low, covered p
shallo s or great coatsWamps. @reat. swampsgfforests of

ferns, Gymnosperms (naked seed pfentshad Hoggetails.

[
gfiscape by volcaMgactivity
W0 and @untain forminMySea
PQeozoic . S most'of land. Cligg#te became drier. Extinction
540-245 Mya 4087 primitivésvascular pjefts. Or@ modegg groups q
With true le@ oots gt sté e Earth
k areen Someslants S mdfnnmduracm:rlc

oo O

) putrons, rotons
rmatlon of P

Gleotidles g m'lld, £ \. Jdam 18 ‘*'.‘ og-en
Bt 08 m‘:\t} ). Woc ; _aif |n%f\£%{jné nndgfunm

230W ; M A5 o T o"o‘. OUp O
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temperature 0-10" | hillon degrees 10'*°C. Electromagnetic radiation and matter
s are indistinguishable.
ovules of living Gingko biloba and noted in the New Phytologist (1915), the problem with assuming that
fossil pollen in ovules belonged to a single species.

e Sahni was among the first to suggest a separate order, the Taxales, within the conifers to contain the
genera Taxus, Torreya and Cephalotaxus. Another major contribution was in the studies on the
morphology of the Zygopteridaceae. Sahni orreyites, a close relative of Torreya, which
extended the range of the Taxales into Gondviie

3 ; d Deccan Intertrappean
ada area around Nagpura i afvas coastal on the basis

imilarity to est%wfvofggenus Nipa.
QEJ
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PALEOBOTANY

e Paleobotany refers to the study of plant Fossils, which lived some millions of years ago and are now
extinct (not present). If they exist even now in living form they are called living fossils. It requires
thorough study of paleontology or the study of rocks.

e Fossils are the firm portions or parts or whole organisms of plant or animal preserved in various forms
inside the earth’s crust by nature. The word fossil owes its derivation from Latin verb ‘Fodere’ which
means ‘to dig’. Therefore, basically fossil me gre=smy=grganic remains obtained from earth and excludes
inorganic objects or objects fashioned by hurians. It canfalso be defined as imprints of nature in the
womb of mother earth.

Process of Fossilizatidg or Forma®ongisPessils:

e Most fossils are found§n sedimentary rocks, those rocks produce py the accupulation of sediment
such as sand or mud. SQ, minerals, evegélm nd other matgfials will be broken down
into smaller pieces thrg h ralnf | ers, wi h ring comgitions and wash away
sedimenffOmland, dgfositingd down ghereasgsM8g and
lighteg articles susp 3ipr e WBCeans b\the
rivegfand are depositeg.in . Si AL eposited at the bgftom
of sBag, lakes etc. T ; i : i s on the lowerd#¥ers
with theNggight of r 3 ve gets ggfMpressed
and gradually hardem intog i A ata t§ey are called
sedimentaffy roc

e During flgw of i i [ > etc., that fals for

IOUSFEaS0N : edi
hich prevent p@sitign and disintg@ration. As larwuivedlme th into layers o

ocks, the plan ; ded and p ved. Rarél pod ma preserved
ntact. Generally,“Sepdkati ‘Tﬂ mﬂ-"’ hawg thl!h

Important actorfor Assil " \‘3.!5/’/ by

e Nature 0 'ssueg @

e Conditiongjfo wh [ j d during fossilizatio g

e Hard tis such & f] S tti
leavegiTarely prese

o Aft8g embedding if
begi

e |deal cORdit omfossil jon i clo ke Q
only fin€ grained sedify jng.about g burlal

e Low oxygen content angl hi i vents decqy. Then perfect
fossilization takes plagg.

of fl&wers and

Types of Fossils: There Mrgdiffgfent types of §ossils depefiding upon pRgcessgdftossilization.
Compression, Impressions, PEMfactions, Molds, Incrustatiion, Casts, Pap®@Coal, Coal Balls,
Compactations or mummified plants etc.,
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Petrification:

e Petrification is the best but perhaps the rarest type of fossilization. This
literally means transformation of the organic tissues into stone.
¢ Although the actual process of petrification is not very well understood, it is
clear that no ‘molecule by molecule’ replacement of the organic, ‘molecules
by mineral molecules’ (around 20 minerals such as iron, pyrites, silicates,
carbonates, sulphates, phosphates, calcite, dof@mite, etc}j takes place.
o Water is full of dissolved rjgrals. It seeps firough thefayer of sedi
to reach the dead orggsfSm. en water @aporates dhly the hargfhed, N “teoosts =y
materials are left beh¥§d. The buri8g plagisme®erial absorb®miggral sgfutions ™ rroToTLEH
like silicates, carborfgtes, sulphat€s, phosphates etc., and IMiltration Tig-50% Scction ofa coal bull showing

t.s. of a petrified Sphenophyllum stem.
followed by precipitati@q takes place o) Ici
carbonate, magnesiumg®arbonat , “etc., ,

impregrgeglwithin € tissu
Most g the orJ@wi€ mater
somggoriginal cell wall %un
struS§yre becomes 54)
obtainé¥yby stone iong

structures WFig.

scope.

External,

Ofaieioft pldAtg

petrifications. @ i ; twigs,

seeds, sporangjagetc. Silicifi _ jf found.
alcified fossi '
RASEEXam . alls
(Figs. 508& 50 [ gingin
diameter §om

often in gréat nun?s
mass o# calci nd

somsg €s, iron su y Fig. 505. A. A mass of coal showing coal balls, B.
agre at number of plant f Section of A showing petrified stems within coal balls,

thoseQays.
Even d&jj Partseg
anatomy as well as th@&gorph

is known for its ce mx{
petrifactions but morghological structure

understood. Rhynie glants are exgffmlggCallixylon logs i
upper Devonian blathgghale ing€ast Pennsyvanian aggfin
Colorado.

Compression:

e This type of fossil is most common in the sedimentary a
deposits of rocks. The whole plant or plant part gets buried ~ Fig: 509- A clay nodule split open showing a
and the sediments go on accumulating over the plant. As the ZAeeEos ackcpromton Euide:
name itself suggests the buried specimen gets flattened and is retained as a carbonaceous film with
outlines of external features.
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e The growing pressure of the sedimentary rocks removes the air and the watery contents of the fragment
out and causes the plant tissue to compress.

e The compression shows the original outline of the plant or plant parts but the original thickness of the
plant material cannot be determined. Although sometimes the cell pattern of cutinized epidermis is
retained. Often coalified plant structures with variable amount of cellular organization preserved, may be
removable intact from matrix using mineral acids.

e Various types of sediments are involved f sion and are shale, sandstone, volcanic ash,
diatomaceous earth etc., Useful for external florphologigal studies and to relate evolution. But, in good
compressions it has been pg&SMRle to swell oullthe organ b some chemiglfMegatments so that some details
become visible.

e A good type of compfession fossil\es#€ Clay nodule. In thistresgdfnt material gets encased in a ball of
clay, gets compressed 3d the clay ball turns in On spllttlng open this ngdule the organic remains
are found very much int¢t (Fig 509 mw in a petrifiegffossil.

o Attractivg fossil florgghriched wh ressions of I|verw Ginkg®yleaves and conifers has
been ofgfervViungg WOrkshire of En : er folged 4®er Yimulating

condi#fons exists 1 Purye?!\ of organg i of thTS fossil flowg.
e Larg€ number of epi spores and cer‘r details of foSSgJ d'%nen are observad. Big
ith s

HornWgguntains in er of thj area carpgte fied woods aggStumps
affixed iMgeir na ron. ®

Impression ‘ ‘

e These fogfils a
a negative of |mpre35|on Wm
alves, an obv SR/ ,,. EEanN
hile sedime (T TH{ERR compresi’tllllla!eh|
gader compre DTN ’
But non-@mpr
of organi@matt
e Impressiorg foun inggrained matrices e

any orgagg€part fatli m| stlffclaye
surfagd1n course o!ie
tur§, into stone. Thesé fossils useful i dyi
venalign pattern g Ieavé?i' .5 iIR
e The imRess@1s Ofen of%rcolo QLY Of#€n retains
some ofthe organic Material’ ecimens are extremely I lookigg”like painti™gs or base-

relief of the actual twiggfln some M teriakat | e skin or t§e epidermis remains intact
so that structures like gfomata are clear m 10ns.

e Deposit of Puryear igfwestern Tengeagee (United States) is a tegs®ure of a larg&number of impressions
in brown clay whiclgjs overlagpPed by a T@ght coloure@ Clay dep@git. The fg#er bears a variety of
specimens of leaves, secH® ge number dF pollen gr@ins and fruit§frgs® lower Eocene comprising
Wilcox group. Clay dug may be separated al@g bedding plane to exposE fine leaf impressions.

Amber: Transparent golden-brown resin fossil' Tormed Trom hardened pine tree sap.
Cast: Fossil formed when a mold is later filled in by mud or mineral matter.

Mold: Fossil formed when acidic water dissolves a shell or bone around which sand or mud has already
hardened.
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Pseudo fossils: Sometimes watery solutions of various minerals speed through the sediments and it takes
the shape of some plant part or animal. Their study shows that they are neither plants nor animals. Such
fossils are called pseudo fossils.

The following points highlight six main sophisticated techniques which are employed these days to
study the fossils in laboratory.

1. Ground Thin Section Technique:

The specimen to be studied is4e4t into small-siZd sectionsj Its surfaces a oothed with 400-
carborundum. The smoqp#®trfacqof the sectigh of the speimen is moyfited Ofg glass slide. It is
warmed and coated wifQ melted reswg. Thg r hardens uBemgoling” The fastengtl specimens are cut to
form very thin slices which are grount on revolving 100-carborund®m lap. Liquigfresin-mounting

medium is used for mourging the sections Y

2. Peel Teghnique:

The firsgbtep of echni i S i pPSome mygeral
acids (#7g., hydrofluoric acidyand g i il structure. AnoWger
mixtutgusually used f i i : ghh),
toluol (10%Q), amy! algohol i i etching g#fposes,

this mixture |8 age : . i i d wil water,
dried and cqyered ; i [ durmgg this
period. It isipeele

7L

Iy
ansfer Tec@ue T
[¥elicate fossil ' : M is technigle.)Several niéfh m of transfer

t@chnique. In the Ash byicell fos2fliiire | so i cate fossil
Sermiagjoinin ksurf "% es, the pei on of il materia
IS removed§25% then used for dissolving the rock material

4. Macerati@n Tec

In the usyg®method of ga ' i i ixture of 39 KOH
and Cgfic. HNOs for op&wee ialll *o that the acithy
compltely removed. It isﬁ < ic acid is used fo

cleanin(Rthe thus semarate R il matgsiel. @

5. X-ray TEchnique: % g
Highly sensitive celluloigffilms are use A%Wﬁp s of the fos§il specimens.
6. Microtomy Technigle:

Fossil specimens, specialagheirghacerated tisgues, are enfibedded in ceWpidig ax before microtomy.
Sectioning of the embedded nt&erial is done bl usual progess of microtoM#&/. The sectioned materials are
stained and studied.
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Rhynia

» Class : Psilotopsida

» Order :Psilotales

» Family :Rhyniaceae

» Genus : Rhynia
External Structure of Rhynia:

e The plants of Rhynia were herbaceous. R.
major was 50 cm. in heig®n®1.5 to 6 mm
in diameter whereas #0wynne-Wgughani wa
only about 20 cm. in Reight and 1 nn
diameter.

e The plant body was diff§entiated i
subterrangan rhizomegfth an ab e

é} .Ro

uprightghot®eygathglic aerial
were ZBsent but at places ?ome

proyded with tufts of dnicellul izoids ' s
((:I;ll%]r.]dri, B)r.](;l'lhee i WihO g. 1 (A-B). Rhynia. External featuses. A. . major, B. A. gwynne-vaughani

Fi
=1

dichotomogsly b stem. b
¢ In R. majgr the @&rial shiPots were s‘oth (F’\ .gwyn\i@i ma

adventiti@us br es Were present on the aerial shoots as well as rhizome (Fi 1Bﬁhese ranches
PETRapS nelp i etalive propagation.

//’i’i'\\\\
he tip of the | bfanch u sa solitarhrminal spﬁfl@h&‘wﬂch as MUt 12 mmin

ength and abom m
\/ i\é-(‘?epidmloelh
C

Transverse ecti@l’.s. of Aerial shoot S8as : : ': (/
and Rhizong: & ; LY
e Anatorg€ally, the aerjal sh ] O

A __

rhi e are almost iar.
==

aeridhshoot can be diffeggntiate

three Mgrts: epidgmpis, c @1 S .
(Flg' 2 Fig. 2 (A-B). Rhynia. Internal Structure : A. T. S. of aerlal shoot, B. a stoma

2, e
(a) Epidermis: %ABA‘J‘JB‘Y

e |t was the outer-mostgurrounding layer. It was one cell thick and govered by tgn cuticle. In aerial
shoots it was interrugied at certay’plaC™usygstomata butgier¥la (Ryg. 2 B) wer@absent in rhizome.

(b) Cortex:

¢ Epidermis was followed by cortex. It is diffefeatiated ido outer cortex and inner cortex. The outer
cortex was only 1-4 cells thick, thin walled and without intercellular spaces. The inner cortex had large
intercellular spaces and its cells had chloroplast. It is thought that this was the chief photosynthetic
region of the plant. The endodermis and pericycle layers were absent.

Stele: The centre of the aerial shoot/rhizome was occupied by stele. The stele was a protostele
(haplostele). The xylem was made up of annular tracheids and there were no sieve plates in phloem.
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Reproductive Structures of Rhynia:

e The sporangia were borne singly on the apices of
some aerial branches, each sporangium being
oval or slightly cylindrical structure with a little
greater diameter than that of aerial branch on
which it is developed. They were 12 mm long and
4 mm in breadth in R. major and 4 mm long gha
mm broad in R. gwynne-vaugiani.

A longitudinal section 4e#S.) of§porangium
shows that it had a fie cells thickval
outermost layer was 1%gell thick cutfCularized

epidermis. It was folloWed by 3 cells thi "Nl
layers of thin walled cel8.

The inngasggst layegfvas 1 c
The wafl was Sthg@lindin
cavi/'which was withqut gefum

conf@ned large num spQyfS. The spores
were ofggme size afid Opi

diameter. d@
It means tiat Rh omospor@us. In m
specimeng/the i@m contained®etrahe
clradssai¥fsporobe(f

Cc
o e R A ot () ™tz
generation. O : EEEEE Z
Hheiaals N0 SPEBi i hce. TR on o ems tQ Dae
taken pla@e by tegfati ¢ H)hyt of Rhynia

is known.

D

RANJITH KUMAR H T, ASSISTANT PROFESSOR, DEPARTMENT OF BOTANY, B G S SCIENCE ACADEMY & RESEARCH CENTRE



http://cdn.biologydiscussion.com/wp-content/uploads/2016/09/clip_image006-17.jpg

Cycadeoidea

» Class :Cycadopsida

» Order :Cycadeoideales
» Family : Cycadeoideaceae
» Genus : Cycadeoidea
History of Cycadeoidea:

e Cycadeoidea, also called Bennettites by fiseveral
European palaeobotanistgg®T8gresented by @out 30
species. The name adeoidec®yvas put folward in
1827 for petrified ®unks from \Ygk#®0Or Portland.
Though Bennettites is§ill employed for plant j
from the Isle of Wight, idead 'ﬂi{% (
name Of e genus_ | Fig. 6.1. Cycadeoidea dacotensis. External features. (after Macbride)
Jurassigl 10"glppg

Ameria, India, Rlssia an?v
cougltries. It occurs i for

numBag of petrifacti n

e The Cyc@ldeoi

eaves Of i col '] g almost completely spherical stem. (after Wieland)

emarkable res%la e Wit Zpst [ ' T T T THowers
Cycads.
e Some offthe i ere short while others (Cycadeoidea

jenneyanafjattain t of 3to0 3.6 metersg k generally

attained gg®tiame ersistent,

rhompgflal leaf ba 3). f Cycad-

like€large, pinnately po ta apex. The

leafl&s had many parall@ins.

AnatomWig@¥CadeMgea: 61. - :

Fig. 6.3. Cycadeoidea gibsonianus Tangential

e The stem was roughly; ircularﬁ% [ lige. gt mﬁ‘ ik e s
covered by heavy armglr of leaf bases. A.ﬁ K_L‘J

e The epidermis was ngt very disting

e The cortex was parefeymatouggnd posseS3ed many muEilage canNg and leafg@ces. M

e any conjoint, collateral, Opgoghd endarch &scular buriilles constitut®g i€ primary vasculature of the
stem (Fig. 6.4).
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e A large centrally located pith was present. The xylem and the
phloem have been studied in detail by Wieland (1906) (Fig. . / -~
6.5 A, C) Most of the tracheids were rectangular in shape. They . }/ A
were scalariform. The tracheids of protoxylem were spiral. oY g
The secondary xylem and the secondary phloem were
traversed by secondary medullary rays, which were either
uniseriate or bi-seriate.

Cambium was clearly visible, A leaf trace geveloped §ingly
from the primary vasculagg#famy. It divided irfflo many megarch
strands upon enteringg#to the cOWex. At the Blace of its gtigin
the leaf trace was C-S@aped.

Reproductive Organ§of Cycadeoidea:

Fig. 6.4.
The Bennettitalean repgoductive Mzn asye TS sten
“flowersgs. The flowggbuds iE t were present in th @)

muciage canal

leaf bagfs.

As mghy on 500 flower bu ere trunk in
suclgfas Cycadeoidea " ‘u).

In seV8gal species o e present

a trunk ar% tt a5
Fig.8.5. Cycademdea w:glandn A T.S. stem passing

Some pal bot ve flo near cambium, B, T.S. secondary wood; C, T.S

phloem showing thin-walled and thick-walled

Only oncefdurin . . wielen tracheids. (all after Wieland)

the flowdrs in : i
freveloped on icel. \ ed by as many m&%(ndre&nraca/hlcm
A\ \ |

man

and protective am -‘

lowers in di [ ads ) al Cycac{gg
dartonii they attai NOT & ter of\ﬂwl
1.5cm While i i cm long 3L
cm in didgeter: i i
floral axisad ab
A whorl g#stame ! stamen was
pinngig® branched-<dlig. 6. i uble row of
pur€g-shaped sporafigia. sporangilbres ed with
synaRgium. A conical f i resent: jus‘m)ove the wh
stamen§, Theg compa@: d with

Microsporophyll in Cy8gdeoid

e According to Wielangf(1906, 1916),
bearing region consigfed of aboutg@ypinnate, microsporoph
These were somewh@gdixed or yfited at the@ase.

¢ Bean-shaped pollen capS®lgs @ere arrangedfin two rows on each
pinna of the sporophyll. This microsporophfll’s remaigied folded
round the gynoecium when young, but probd gallirity they
expanded.

e Delevoryas (1963), however, opined that the microsporophyll’s
never expanded. He further concludes that synangia-bearing
structures, described as pinnae by Wieland (1906), were similar to
the trabeculae. These trabeculae established a connection between  Fig. 6.7. Cycadeoidea dacotensis. Apical part with

. . anded d d hyl
outer and inner walls of the androecium. prscor st s iy
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¢ Pollen capsules or synangia were borne along these trabeculae. Several (20-30) pollen sacs or

microsporangia were present in a pollen capsule or synangium. The wall of a synangium consisted of
outer palisade-like, thick-walled cells followed by thin-walled layer and then a tapetum. The tapetum

was not clearly demarcated (Figs. 6.8, 6.9). The pollen grains were oval in shape and measured up to 68fi
in length. Multicellular pollen grains in Cycadeoidea have been reported by Taylor (1973).

Gynoecium of Cycadeoidea:

the nu‘us, excep

ropous wi

e ovul
rop A
chamier and bea
presefllin eaci‘e 6.11).
The seed was somewhat elongated

in shape apd possessed/m§
s (Fig. 82). Crep ’ﬂ|

o FY

000059

%
L0,

1972)".reported ag lineam |
Fig. 6.8. Cycadeoidea dacotensis. L.S

thv regiama WOt |
sporangium showing stalk and two loculi with

microspores. (after Wieland, 1906)
Fig. 6.9. Cycadeoidea dacotensis TS of a
synangium (after Wieland, 1506)

interserminal

receptacie
Fig. 6.11. Benneltites moneri. L.S. seed. (after

Wieland, 1906).

tubular cells
of sheath

Fig. 6.10. Bennettites gibsonianus. A female strobilus
showing terminal seed with dicotyledonous embryos e
LN 7.4
Al
vascular
bundie in scale

staik of
interseminal
scale

Fig. 8.12. Bennettites albianus LS seed along with two surrounding interseminal scales (after Stopes)
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Pentoxylales

e Stem Genera of Pentoxyleae:

e Pentoxylon Sahnii: Pentoxylon sahnii and Nipanioxylon guptai
are the stem genera of “Pentoxyleae”. The stems of Pentoxylon
sahnii attained a diameter from 3mm to 2cm. The stem has always
been reported in association with the leaves called
Nipaniophyllum.

e Presence of five steles in a g#@gs- section of e stem ha§been the
main reason for givingg#®t narMg Pentoxylod to the genfis. Many
short lateral shoots ofgdwarf shoo®weLgale® present on Hessig.

e Five steles (Fig. 7.1) Qgcupied greater part of the stem in a cross-
section. Each stele haQl its own campi
uniformly active in tf
secondafMeigsue dey®
seconglry wootag

e Primgry phloem and pri
andSgner sides of t i
also bezyabserved ahng @

Fig. 7.1. Pentoxyion sahnii. T.S. stele.
(after Sahni)

e According #6 VisgawMit
along the flengt thegbtem. Thel@ were
smaller b#indle t alernating with®the main bundles of the
aaamivent e St8Ms. Hich such bundle had a large amount of
secondary woc@' he ‘ ‘ ébundles. A
edullary ra th i _ te) and theydd
acked ray trachéids, T (O . Thél

poneaky \\VO 9- ' ucaria.\‘\l
Uniseriat@ or bi-SesiateW®ordered

wall of tragheid

Fig. 7.2. Pentoxylon sahni. Reconstruction of stem
and leaves (Nipaniophyllum raoi) (after Sahni)

Fig. 7.3. Carnoconites compactum. Female cones. (ater Sahni)
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