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PREFACE TO THE THIRD EDITION ~

The prezent edition of the book has been thoroughly revised in
order to keep with the recent developments in the subject and many
suggestions received from colleagues all over India. Chapters
incorporating life cycles of Jsoetes, Salvinia and Azolla have been
sdded, A large number of figures have been redrawn and some new
diagrams have been added to illustrate some sspects of morphology
and development.

Some chapters have been vevised to extricate details not required

for the degree atudcma In doing a0 much caze has beon taken not to
ta rocent i tion and fo give legitimat dotmls and provide

an informalive reading to the teach and §

The author has received many useful suggestions from colleagues
all over India. 'l‘he author wishes to express his thanks and sincereat

P T

g P ly in the sck g

It is & sincerest request to my colleagues to point out to we
the defacts and drawbacks in the present edition so as to enable him
to improve the book in the subsequent editions.

PREFACE TO THE FIRST EDITION

. The study of vascular cryplogams forms an esuenﬁnl part of
our syliabi for both undergraduste and po d It
is an intereating assemblage of plants that inhabited land for the
first time and beoams established to s terestrist mode of life, Their
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study reveals s striking array of characters that speak of their anti-
quity is eorly land plants. This book is designed 80 as to acquaint
the students with the struoture and reproduction of theso temarkable
yascular, but seedless plants,

The book, in its present form is meant for the degree students and
covers the syllabi of most of the Indian Universities, It was decided
to give & detailed account of the structure and reproduction of the

_representntive types of vascnlar eryptogams so a8 to equip the under-
gradnates with & thorough fnformation about them.” Withoat such an
information it is impossible to foliow a comparative account and a
generslised treatment of the subject at advanced levels, With this
ides in mind the author deviated from the trend of giving brief lifo
history descriptions that do not satiefy the inquisitive students.
Tremendous amount of research has been carried, during the past
twenty-five years or 8o. on the various aspects of theso lowly orgsni.
sed vascular plants and many new and interesting facts have been
brought to our knowledge. With the increasein the knowledge of
the fossil histary of the group some newer interpretations regarding
the conquest of land snd origin of vascular cryptogams have been
advanced, Most of these hypothesis have been dealt with in Chapter
One. Lot of experimental work has beon done and is being done on
the probl of apospory and apogsmy. I ing results have
heen obtained as & result of studieson ‘tissue culture in Indis and
abroad. A brief discuselon on these topics has been inoluded in
the first chapter. Such an inf jon is y for the stud
50 a8 10 equip them with modern trends in the subject. Theso valu.
able informations are given in the research papers that are not essily
available to the students. 'Their brief description in this book will
certainly go & long way to enhance the horizon of knowledge of the
studonts in tho colleges. Lot of additional information is incor-
porated in the chapters dealing with the life histories of representa.
tive types. This has added to the volume of the chapters con-
cerned. The authar has also deviated, st certain places from old text
book versians of some topics. 'This was necessitated on account of
some recent work on these topics and newer interpretations. The
anthority and the year of publication have been quoted in all auch
cases,

‘This hook is not an ouhome of author’s original research but is
a pilation work the hes of the pterido-
logiats in 1ndia and abroad. The matter bas been compiled from
standard texts, roviews, monographs and research journals in a

wanner suitable to the degree students. The language of the book
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is simple. and easily understandable, It is profusely illustrated.
Most of the figures have been redrmawn or adapted from standard
books, journals, monographs and research papers. Sources of all
such figures havo been duly scknowledged in their legends, Some
figures have been drawn from agtual specimens and prepared slides.
These were drawn with the help of Camers Lucida or otherwise,
by the author himsolf,

A short bibliography has been given st the ond. It includes
some of the rocent publications, but isin no ways complete and a
romprehensive compilation as is not needed for such an elsmentary
type of book. To save space titles of papers have been omitted and
only the names of the authors, yoars of publication snd the names of
journals have been given.

The suthor wishes to express his indebtedness to the authors
and the publishers of standard texts, phs, h journals
and mv:ews from whore the matter of this book has been compiled.
The eminent among the authors who deserve special mention are
D. H. Campbell ; F. O. Bower; D. H. Scott ; O, W. Wardlaw;
Elizabeth, G. Cutter ; I. Manton ; P, N. Mebn T. 8. Mahabale;
H. Y. Mohan Ram; D. W. qurhumz i A, Arber H. €. Bol;
H. N. Andrews ; G. M. Smith and X. R. 8porne.

My sincerest thanks go to Prof. B. R. Vasishts ; Dr. 8. 8. Bir
(Prof. of Botaay, Punjsbi University, Patiala). Dr. 8. C. Verma
{Reader in Botany, Punjab University, Chendigarh), Dr. D, 8. Loyal
(Reader in Botany, Punjab University, Chandigsrh) and Dr. H, K.
Palta (Lecturer in Botany, Punjsb University, Chandigarh) who gave
we 2}l help in the form of suggestions and lending me some of their
recent publications on the subject. To my class fellows Prof. R. P.
Sood {Ramgarhia College, Phagwara), Prof. V, P. Chadha (Govern.
ment College, Ludhiana), Prof. M. B. Sethi (Goyernment College,
Hoshiarpur) and Prof. B. N. Sood (G. M. N. Collegs, Ambala Cantt.),
I am indebted for many useful suggestiona that they offered to make
the book & sucoess. I must thank my collesgues in the department
Bhri P. 8. Gil} {Senior Leczumr in Botany)and Shri 8, 8. Sekhon,
for their thought.p! i I am grateful to my old
stodent Shri T N. Lakhunpa.l (Lecturer in  Botany, Hans Raj
Collegs, Delhi) for going through a portion of the manuseript.
Appreciation is also due to Shri Sarban Singh for undertaking the
srduous task of typing the menuscript and to Shri Mini Lal Verms
for taking great pains in drawing the figurer. Last but not the
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I offer my thanks to my publishers particularly Bhri Shysm Xal
Gupte and Shri Rajinder Kumsr Gupta for bringing out this
volame,

1t i3 & sincere request to my collesgues all over India to point
out the defects and give naeful suggestions to improve the book.

Government College, P. C. VasigRTA
Chandigarh.
January, 1871
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Prof. Inderjit Singh Klair, GQovt. Collegs, Sangrur; Prof. Bslwant
Singh, Lyalpur Xhatsa College. Jullundur City; Prof. H.M; Sharma
of D.AV. College, Jullundur; Prof. B.N. Sood of G.M.N. College,
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this book. Tt is a pleasure to record my ewcerest gratitude 10
Shri Shyamial Gupts, Propristor B, Chand & Co, for bringing ocut
the present edition.
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CHAPTER'T &

THE VASCULAR CRYPTOGAMS (PTERIDOPHYTA)
Al

" . 2 5
iycopsids, sphenopsids and' ferns) nse treated ss vaseular erypto.
° g L W._..Sy. L SR

. .
M o L.
LT U FRERTRY - -
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a T N - - -
- . . .

\ e st

. » e

their ancestors. &{lamn.@)nd Trmesiptetis, our twa surviving rem.
nants of Psilopsids retain_the priwitive features of the first land
plants.

1In tho pages ahead wo shall discuss the charncteristics of the
Yiving Dteridophytes o the seedl eryp

Characteristic Features

{a} Sporophyte. The vascular cryptogams possess an_indepen.
dent sporophyte with a yasculsr system. It exhibits n great variation
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in form, size and structure. All the living pteridophytes are nearly
Fome® 0

herbaceous except a few woody tree ferne - dorsiventral
or radial iﬂ‘ guamessie ot + + .« Jly branched
' ) Co . The roots sre
LI . RE . FE short hived.
H R N © 7w by weans ot a single, two.sided
“eteeaed apeal cell or by & plurality of such apical initials, A
distmet apical meristem hae %=~ “eported m o number of
Leenr? a0 ° . sculature of the sporophyte
™ . - protostele (siphonostele),
di , = o puiyeychie stelar orpaniegtiom v T >
present in some w-—* T . 1
w.absent ' !
exception -
SPOTOus e
1soetes, A
called the +, by lenf-like
appendages caneu the sporophylls f . » ! the sporo.
phylls may be acattere - - . .. Or msy be

restricted 10 a particul., wiuay  LhOY are i many cases compacted to
form distinct spore producing regions called the cones or the
strobili (Selaginella, Equisetum) The sporangia, in s0me cases may
be produced within speminhsed structures colled the sporocarps
(Marsilen Saluie. ¢ . 1stinet segregation of vegetative and
+ have also been reported in some
. arvense, Malteuccia strulhiopteris).

o oy be eusporanmate oxlepte.sporan-
. wnd_germinate ive_ rise_to_the

rrophiy i v .
{b) Gametophyte. The homosporous pteridophytes generally
have mgnoesovs protigi.  They may be protandrous or proto.
gynons (Equisetum). Dicesous prothalli have afso Leen reported in
Equieetum and some ferns (Pleris. Dlevilinm T35 ¢ Lo

in hemas=-
atr: P

aome .

» s, I,

Tho sex organs may ko=’ .-, i .
the bryophytes in genersl + . ) .
invariably four longitudina - o N .
from two to gix cellsj.;!‘h_nr. oo o iu:m : .’ \
Squisel to in oL e ape suchentdia
n‘rﬁ&g}uae i er_leptosporangiate. The
mnclgsing a_variable_number
atalhs “or may be eessile
Y swwsud U3 cens oo jmhet also varies from 3—many. \T«’A"‘
gamctophy tes are exosporic in homosporous loris and_endoporic in
heterisporous forms.
The zygote develops into, an_embrya_wuhin_the. archegonial

i inded and _pourishedt Thy_the prothatial_traege.
i -




v , -
g vés?uﬁfm'cn YPTOGAyg (pu:mnopaym) 3

The dcvelopment of the embry, May he endoscopic, exoscopx'c or }
lateryy (See chaptep vy for details).

The altemagign of genemtions is heter@ogous inayy the yaq.
cular o Plogams; T =2 Tl
~y -2Bams,
Alternau'on of gencrau'ons

Hofmei:tr-r 1851 Used thiy term in pIants.
in Mosses and Foing the 870 twg of.
individuals in the life cvelg, Bot}, i €. Chelo te, there
AT8 Somg BFén‘:?FIITEE L L e Ny Oduce g Othar
an, U8 _Caise érn&tibn’.“‘ ® adtyg] phénozuenan responsible
for Brinizir?,q’i:bﬁiib‘ilt?rnu onyag Xposeq p; the Sighificgp, discopep,
of «the eriodje Redu;l.j(%’x_gl‘ ngrpmg§gmeg" b :

Strashyr 2 diScovere; the ‘mcoss of

discover.\fmvca I ThRE e 7e tet

leads ¢, the for, i

indiv;,
TS 5

reg Lt
to the Ram, toph 'te
- - Y Plogame—Piyte
N pe, Todyeq vegctativc!y and effect an
T in, ividuals.

by the Normay life erele of a
8iong .

Fasey) conely, i QY There a
tng Yaseulap Crypto, amg
@) These Mation op the mgnloid
8pareg ap, 8 0, Uced] by the 8pores
18 the Bamey, (nbufed th, fune, ion of‘scxuul
Feproducts,, Zyy lopmducos the o Yo
Which Bives pig uaf T, Heq the sp, ©phy-y t
°ars by, 1 80, “Pores) fter o Proces, Calleg the
Mejos; (r) The ¢ ey, It With €ach Othep in qj
life oy tr) Mejo Zamy- (fereiy),, € tho ¢
Sgnifican, Stages g Witeh o life oy Te COCLAL g ¢
he gy, (ri7) Numpe, Moy halveg during
Meiogiy and jg donlg A¥ngam,. or I‘f-nilis:xtion.

820 mnclusions, as Oltlinng lxbm'o,'i{ We
"¥ophytes. The only- differep, beten,



the bryo, hytes ang the Yascular i i
SerYoPhytes ¥ Dlants iy that i the former the
gamgtppgytg 18 an™ing, ondent mid domny,PAL. vidual wh
;bo‘gpql_'gphyte i Indep e a om‘n’r:iqg individia Whereqs,
e, ent Wholly o Partially o the fametg ik is;
y R Metophyte, There—jg
Jowever, 5, eVidonce of rogrossive claborntitfn of ¢k )
mn the *Yophytes, ut itpneve e e nded !
I3 always ahort.h'ved 23 compareq to the Metophyte In the
cmzmmns\‘ vascular Plantg tho cage 3 _reverse,
éé% T e T%pbyw Ndividya) i3 & com
L Sons. T e I rcor Indepen et and~
(s [FETTaarry Beneratioy whgreag~y O POt hyte
‘ hﬂ xs"coxr_npnFutircly much rcduce_dfp “The
:ronoanN 2rGare gametophiti I ihg 003poroyg
N formg, though inconspicuous and cop;.
o A

(L] -% fected by an etdophytic Or 8 mycop.,
1 in g 0P

hizie funguy in

an:ively horc-h‘ved, is indepcndent
mr‘ig%‘n‘n; and may be surface living nna -2 1
MECASPOREs Nede (autophvzm
Mace N green
@@ ®—ocmsromns v
FICRGS SR gY iN exospc eus ure not encloged
f SRy by the 8pore wal], They gre also jn.

P :

B. Lifo ey ' 8 hotorayporg,, gametophytes 4ro reduced apq endo.
vascular eryptogam, Sporic. They have, ag 4 rule, separgpe
Male ang female brothall, Tpe ale prothafj,e is Cxtremely reduced
an] Tepresente,} only by o single Prothallia} cell. _The cmale pro.
thally,,” on the contrary, jg yeif developeq because jy has to nourish

The 3porophyte in the vascular °ryptogams jg o doubt indepen.
dent by 1t has'te depeng upon the &8metophyt, during y¢q earlier
~tages pf development. It achteves jig Complexity, after estabhshing
ny mdependence. The SPorophyte, however Complex ;¢ may be, hag
BEver achieveq complete indupendence The Uge and piang Sporo.
Phytes of the gymnusperms, during their carher Stages ofdevelop-
ment, prg completefy ot the Tmercy of the food stored jn the Eameto.
Phite, This jg true even iy the case of npognmously formeq Sporophy.
s Thig food in ghe bomosporouv Plants 3q truly Bametophyti, in
arizing by the heterospomus Plants the food jg mainly drayey from
the Sperophyte plant ang i only storeq in the Bametophygio tissue,
The an"i'upcrms, On the othep extreme, o} 3 differeng tale. Th,
10011 stored in the endosperm iy derived from the SPorophyte and jg
stored jn 4 triploid tissue, T}, morpholagica) complexitios of tho
S rophyte of Yaseular plants coupled w4 their claborate and wely

Tused Anatomjea] set-up ang equipped it efficient means of



disperg, 1 T upoy them tcntmlitiea 0 live var,
eonditions. hese mb:lities 0 ©3ponsip), 1
their by, t S officieny lang d rs,

Bothiho homo{!porous and heterospprou Plant
oxhibiy Eeteromorp)uc YPO oIy e thation o S ze neratB\n“H ca
the o hvig and nlriefogbyte "d a* SEHE™ m
mor,; hoiogwal En_a _nnplamlad d; renc sam,

tho i??'rﬂx} ivtes,

at ’_g thc hfo Syele

o8 HJ

1 \\

i Common ur i, ‘rho d:lf‘ nc e TRy

~ snzo of Seripyg e‘m Be? 0ro g, Why tho
Nictos, aller 1y, Siz ¢ _mgle 3metg, Qh and
the ' nicgas ‘\g m_{nplutc_’ ¥ s ques 43 Tiog
cm\%?fo\‘\gmu )sxe, DPossiple r doubg

he ﬁrst Siggestion tends ¢, eXplaj 10 the of di ﬂ'erenca in
Size. pp . inogaspores are ]arger in size o nd roduce fe;

malo pro-
thajy,, ¢ latter have fo )ml e thd IQ m”\c"lb
Dliyto ¢ t u of

a Teq, ires unshment e roa Jzﬂ.ro
greator nu!nlmnnr s(ore "] duce ;'?f?

L ni] ! pro l‘emale
mehnMus ﬂmt is eapy oﬁ\ dmg foo, d sufY‘cn T the lop.
ment of mbryo sporoph_}te The nncm 'Lam,,llﬁuxuxze
and thye hme little 1, Stored ;, n}: 13 pmtoplast T ey Cinngy
affo d ¢ roduce ma SSIVB rot allml ti ey Qingte to
deverﬁ nTpran 0-colleq prog, Imll S that ™+ bea, rs ingle 5 s:rlheridium.

he funct; of ¢, m Aft,

The fi Netion of C anthe, hd Um js 4o Prog Iuce spe atozo:d er
therr h'beratmn, it hag not, o do ‘n and, therefo re, enslzex ﬂus
can g [ Cansg oy therr 8m n"er 8ize, The Micros Ores 870 p, Ged
in Ja cmumbcr&ns\tﬁ_e)~ —bLCI.‘Llo b sted,x(u Ting, dlssemina-
10, 1.,

The Causg of thejr being Unisex g, a] g 2ppe, ars to be o conbn'vance
touards 38 pollnmtro he m noeomuy lusexu a} LZamet,, h es
ofhomosEnrouL\ cular EI bnve nj ol fﬁllﬁ?t?r’;‘i%;.
tion Unleyy the su\ryergeamae ter The d‘og,piéﬁg\ .
tharl; 2Y0 oxt tare P
1

| Ortilisat “%o
5 Hsation and &n er
Icr lerrestrial Soditiong,

6

i Tenre, ary clmn
fmmagrcalasaarantagu i) ey oro “

il
Undep Such clrculnstnn they have llttl chap
h atozmd

) ‘ v o anc, hof fertill'satioa
JeCayg, "¢ Sporm, Canpg, Teach ¢ ® arche, Onig, “hi;
diffenjey. i3 Solye, eltog reater Cxtent Dby the p_h\enomenai ofbet%‘ro‘-s
sgory. m T ospores thag Need oy carry EdEb\meRIlEbb
in Weighg ang Smaller ;,, Size Th A d be €asi]y, Carried , i
Other n{:e'nls to
af nate
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ranid evalution, Heterosgury hag, a matter of fact,
juatic envntonments. uch an emanci-

has conferred on the sporophyte the
freedom t:hgro;v under :'ial;;ed environmental counditions, Het.
spory is, therefore, regarded as a necessary step towards the e evolu-
ti5n of 8553 habit, and must. e slgmﬁca!_l—ty 59% fopment_during_the
struggle to conguer Jand, et

’*}v

Sex Expression ™

~tham wasy nNNTLARY 18CI0T TNBY SNOVIA NOT DO 10T SIZAY O
b ! “ins, This iz
-ametophyte
\ difference in
. . ecious pro-

' evident only

. N - notﬁponsnb}s

er; ams
eanyf%’lgnm
! . ' . . spores to the
female PIOLLAILL, 1u 1y weenn - . 3 plants this
property of gex_ determmatmn hss shifted to the sporophyuic mdividusl, In
°m ~smdant fromn the position nml su‘ucture Of

Origin of Alternation of Genperations
Celakovsky {1874) histed three clistinct types of alternation of generations
in plants. These ar6 1
- £ ~enpentiang by which he meant the

A jon of G

2, Thet that wns beusseu by
him to be pravalent among algse and fungi.

or the al of shoots,

-1 4%a farms antithetic and homologous nnd repla-
for antithetic theory and Transform.
Theso two theorien have heen advanced
f generations. Both of them are aimed
ic individualin the life cycle.

Interpolation or Antithetic Theory _ “’\Q\P*/\“

S -.". b rnvlh hv_ane: and lntcr uupmrh‘d by Overtou (1893), Scatt
. TSR senased

T R .
. ~re LLY " v 0 . ..
N s e, .

-
FEEE R ) = . oo

WRA AVIAOIS Oy wew



THE VASCULAR CRYTTOCAMS {PTERIDOFHYTA)

{3} Dovelopment of Jacketod sax argans expecially the sarchegonium,

(i7) Tho xerention of the Fertilisod ogp within the_archegonivm that
could provide T will sufficiant food, 8 -

ity The zypoto or the fertifund egp divided mitatieally and not mnisti.
zally to_f{orm A diplord_embryo, which in primilive land plants disting.
wishad ite & aterile jacket ercleding a_nmmivr of diplold cella or epose mother
el

{fv) Tha dipleid kpore mother colls underwent_meiosis to form telrads
of haplod spares, Buch & primailive aporophiyta ia exampliniod Ty Ricela;™

{v) Groduatly the primitoe e hiyte underwent p iva aterili
tion and gave rise to complex pmopﬁxyw of liverworta like AMarchantia,
Anghocercs and Mosses,  Thosw sporopliytes wera dependent wholly or partiatiy
upon tha gamotophytes for T, -

R N P T LTI Y S S N Jers

The events of apogamy and apospory were dismissed by BDower axsex
post facto’ events. IHa stated, «They illusttats the potentialities of plants of
present day rather than evolutionary features of the remote past, and will

have no part in prothucing that normal ion which is ic of
the Archegeniataa.! .

PP P ey
Homologons or T ¢ 1 Theory—f"’""“vw

This theory woa put forth by Pungelelm (I876-37) and hue a large
. L e ' P 4

r g R B PEETN
. LTI - . . -

. . e . L - .
s - N . “ v

. Existonce of isomorphic slternation of generations in the aigae
¢ ¢, Cladophera, Ulm, Ectocarpus and Dictyots. Both the genarations are
photosynthetis,

2. Trosence of Chloroplasts in ths sporaphytes of some bryophytes,

3. Tresence of trachoids fn the Jt of romo lower cry)

e.g., Psilotum,

. Occurronce of phonomenon of apospory snd apogemy, ‘Theso
deviations from the normal life eycle suggert that cither generation can grise
S e et s TR e e s o e indiyidunt
. wapospory the
. . T e, phengnivha

’ ' eation of tha
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’?ha supporters of this theory further believe that the free living
porophiyte later becamo hed to the phyte and partially depend

upon it. Sucha step leads to the red in of the sporophyte
asin Itho‘brs:ophyt,es. Further reduction leads tothe orgin of simple and
enemntabste Hen em 1 T This permanent retention of the
. o " ** be responeible for the develop
' 2 generations and led to the
P . « .enerations in the bryophytes,
. - is retained within the game-

tophyte.

rovides mare support for the homelogous origin of
“e T 1960) but even if we accept this theory
- . “hological (ifferences_between_the sporo-
" o .« 1 must be certain factora which initinte the

. - + for the distinct morphological character.
" L - & metophyte, Two hypotheses have been
advanced to explain these differences.

Modern

alavmabian ~F

A. Lang’s Hypothesis

Lang intraduced s hypothesa in the year 1009, Ho emphasized that
the spore and the zygots, which are the first cells of the gametophyte and the
sporophyte respectively develop under i 1 dati
The spores after dissemination are free from the influence of the gporopliyte
and are freely exposcd to_external environments. The zygoto, on the other

med fpmateims Smtal oL aoa Eav ° . (v S et

8L ¢ generationa may bo sufficient ta necount for thedifferences between thera.
Ths hiypothesss hins recently been pot to experimenta) tests and soms favour-
ablo rosults hinve been achisved, So far 1t has not been possible to produce
& sporophyte from & spore, Ward and Wetmore (1954) and Jayasekera and
Bell 11938) were successful an ~ad <~ 3t entoaind o tha wypaata
by cutting away archegomal 1

embryos of verious ages ore ¢
and were auccessful in germine - P T o

from the infinenco of the gametophyte. In most’ of these experimenta the
freed tiesuo ut derwent Ik 1 deés eloy but 1y was able to
produce s rperophyte. It however, showa that_gametophytic influentea are
sgnifleant n‘y\ the deselopm ntg(ﬂ;"ﬁpomphyto, but_notf;;gcqmry. i Todea
tarbara the frecd zypotes prodiced winall thallmd sttuctures of gametophytic
nature, but it was not posuble 1o achieve the forination of sex organs on these

thatlusdike structures,

B. Blackmun's Hypothesis -

Dlackroan (1909 attached no i
eonditions to whick the ryrote nnd_t
o

" 1

e exprosned_the
er_jntnineic diffe-
for _morphological

in the struciures g heiT ROrTni uri. Thell (1663) made
eytochomical and ulttnstriictural stulies on “ho™fern “ecx cell and concluded
1hat thers are oany evtochemicsl and eytological differences Letween tha

pporo and the egg cell.

Tt sppears that the views expresaed in bath the Lyjotheses atn partinlly
corrert.  Lanitee 1, eytoy . 1 wod and, genetic
factors rouplest tepotber agjeat to e respenuibde for tha dietinet ey slppmenial
differences botween tha two penemtuns, Notie ¢f theso hypotheses have
taken, Inta rontderstnn (e effeet ¢ ferpanie and inorpanic nutnitien and of
Yoorme nes on 1he develog mental pattern of the spore the vypote. Recent
experimental Golm enlfected ¢n s Rumber of ferns indicuts tlo impurtarcs

of fiijon that differrncesin thach
rencea betwern spute
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T f npogamy, B6vera) explanations bav,
rth, 8) iuducr.*dt eformntion of Bpompbytic
‘2 4), roo"‘ts,'sp' Orangiy (Fig, 1-3) and tracheids in Yarjoyg
ip idin, o alli 1y,

by
(Fig.

fern Totha)); Y_ avoig. terin the p ™ aboye,

Brownp (1923! summunse hlemture regnrding}t’bc inductiou of apo.

Lamy ¥ avo:ding !‘crtxlisation of the Leg, Many Work, Ieg;

fajlure of Horma ertih'ggggn_‘qg. 2 cangg of ; 2DOgemany duet;,

snomphvtcs. er (193 however de, ed {hag in ey
T Sl sation does p,, induy,, 2pog, my,

' en.
o~ e T
wmnmcma 2ctors there
st LT 8 "’1?&""
LT QTS fSucl as ¢ Bturg op
t ibil:ty duc to
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be induced by growing the prothalli on an agar culture medium
rich in ghicosé. Weltmore and his ascoeiates (1963)” deémonstrated
thatWhsrprothalli of Onoclea, Osmunda and Todea are planted ercct
on a medium containing one per cent sucrose, cylindrical and rachally
symmetrical growths with vascular strands arc produced. De Maguio
(1964) induced the formation of sporophytic buds on the prothalli of
Lycapodium-sbscurum grown in culture media containing eoconut il
and sucrose, These experiments reveal the effect “of nutriticnal
factors in indueing apogamy. Loyal and Chopra {I073) induced
apogamy it Regnellidium diphyllum.

Cytology of Apogamy. Work during the last 15 or 20
years has revealed that one out of every 15 species of ferns has what
oot ' " vttt Tt generations have
N [ = warses as to low

. . % . ctologieally. JTwo

. . = = vhich is rare, hoth
the processes of spore formation and f6rtilisation. arc_eliminated from

the yelo. The sporophytc ar the fern plaut produces a~ prothal-
1 6r the gametophyte which arises as & bud from the leaf and
develops into a full-fledged prothall It is produced from the
diplod tissue T

This diplody . [T

rise ta sporop . R

a method, t' , .
apogamy in the same plant. It 1s not a common mctl}od and has
since been reported in Athyrium filiz foemina var, clarissima, Dryop.
teris filiz-mass var. cristata apospora (Farmer and Digby, 1907) ; and
in Trichomanes kraussiang (Georgevitch, 1910), Sarbadhikari (193%)
discovered 1t 1 Osmunda javanica. It has been induced in Pleris
vittata by Palta. —

- - © e el . [ Py

-, P 1 s

. - . - . .
i!ﬁyte is 60 the spore mother colls in such ferns.will }ﬂve 120 cl\rc‘\‘
mosomes. They will
—nropa UL 2TITEE

afid 18 b; ﬁ;r the cc ! ., L t .
Aapidium{’falmlnm ; by Steil (1919) in Nephrodiwm kirleps ; by Dopp
(1932.1933) in Aspidium filliz.mas var. cristata, and Dryopleris
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remotium 3 by Patternson (1942) in Polystichum tsussemense ; by
Mehra (1044} in Adiantum lunulgtum ; and by Mehra and  his
students (sea Mehra, 1961) jn thicty species of Himalsyan ferns
(Pleris_cretica, P. aspercaulis, P, Llumeana, P. biaursda ; Dryopteris
polencen, D. fibrillose, D. odontoloma, D. attrata ; Adiuntum cauda-
fm and others), Mehsn (1961) has given s vivid deseription of the
spogamous and aposporous Himalayan ferns and  has discussed
their bearing on speciation and phyletic rclationship among the
forns. On tho bams of his intensive sesearch on the cytogenotical
constitution of apogamous ferns in the Himsalayan region snd his
kmowledge obout the work done elsewbers he grouped them into
Sve waegories. These 1o () Diphoid apomicts whih e of
two types and nchude the apecies DigopIens }.?HZCBC!B. Piteris cretica,
A Adianium lunulatum snd Drypoptens borrers 155 Ta” sloid_apo.

? paicts that gre af €he-~* necies 3 (114}

, tetRRp! ¢ . wnd includa
abame+4 . B . only three
species Ty VTt ] Adiantum
hispidul « wwwplenenaive analysis
is not wy v awupt v uug book,

Regently Evans {1045) has reported an_interesting case of apogaray in
a gpequs‘urz’alyp&m?é-, 17 Ehis eses ho fopattad the forfabion og 22 wmito-
#pores’in W5 Eporr g,  The eporangia have 18 spora mother colla Which do

ol undergo _mefona, but_instead sivide mitotically inl0 32 FpETes.  Lhess
o e senitoren L st kP8Rl Busut 1h dlsde-Tathor thif fotrads  He
reported this sequence to oceur regalatly 1o K BPOTARKE THa sor~r o B
veadily to_form prothallh which bear nt LI ' -
budd THS prothalli boar stdmita bavfodue |, = * ¢ ‘e -
wpetics on whith Evans worked wss s triplo *  wws wuppbsed parents

wero teteaploide. 1t 1w an example of genetically fixed taxon thet is barred
from interaction with other taxs Heun (1939) reported the absence of
reduction divinan in the spore mother cells in Pleris creticn var. alhativa-r |
He reparcud that spore mather cells form totrate ~* -

sod thers iano mejosis, -1 T .

shows the formation of to S
M. Marzonti (1087)zepn v . . ter ot wretomoss0 A0A A, plenum.
Ta both the species the & « s vens do oot undergs Teduction division
and act diroctly as aparos. Those apores g te to producs

that bear anthendia containing viable sperms, and slso boar apogamus
sporophytes,

tophvie was di

A very ing furn p red by a bryologist
A J. Sharp from the Appalachion region of Nurth America. Hp wae v 750 0y
place it among the bryaphytes. This game*s ' LI
they aro only rudimentary. It * o v
and 18 a ribban ke and branchin, +
of marginel clustors of colls ory [N ' .
sporophytes under patural eone . L, Shyomem ot
Vintaria (shoe string frw. 3 4v -
tion. It)s conaderest © ¢ v . «
Stokoy (1952) eultureds - - [ , e was abla to induce
the formatian of arasll w o evpuytes directly from the gametophyte,
These dy produced sparephytes had certain i tic featuros of
tho Vittariacese, :

e
Cuewt e p oy
1 P

Investigotionson tha - > *
enalia - - -
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Apospory. The phenomenon of npospory was recorded by
Druery (1884) in o fern_ealied Athyrium filizfeming var. clarisoms.

v
APOSPOTY SPC L e e . '
ment of gam - tar oty e o .
without the - - o .
of Trichomar = \+»" 1

produced from soral regions of the leaf and from leaf fips. Later
apospory was reported by fg_rlg_\i (1889) in Pteridium aquilinum, by
Goebel (1905) in Asplenium™ dimorphum, by Kupper (1906) in Asp.
lenium dimnrphum, by Lang (1024) in Ogmunda regalia (Fig 1-2, B,C),
by Lawton (1032, 1936) 7013 species of forns, by Beyerle (19323 in
34 ferns and by Sarbadhiker: (1936) in Osmunda” javanica, Druery
and Neurnberg (1938) and Sterl (1039, 1951) reviewed the literature
on apospory 12,1'1‘] apogainy lm ferns,  Steil (1844) was able to induce
apospory in Tectana Irifolinta, Bristow (1962)_developed gameto-
pg;";;s $rom s caling th\{n derive * 7 - . ’._-:7'2"'"""!"’""":
DPteris cretica.  This callus develr  ° ) .

in média containing only mineral - LI :

{10B1) isolated zygotesand un¢ . . .
CoTT T T oo e ™ -+~ ~== able to induce
no. . = i that resem.
v ' d many cases

of apospory in ferns and was terspted to state that the phenomenon
of apospory must be general among forns. Wetmore and Do
Maggio (1963) have also reviewed cases of apospory and apogamy
among forns.

o Cytology and Artificial Induction of Apospory

. Joo T e T om0 soported the formas
. \fthe young or old
o . - © .+« {_as heart.shaped

+ prothialfi hore an

. roduce_archegonia,

‘. these aposporously
ded the ‘presence

. . + +oemer produced

' Y] . . +  The game-
' o @ gmx;'qtcs
rophytes

ga irglsced

. ' may lead
to the formation of octaploid sporophytes. Lawlon siso observed
where tho diploid gametes of diploid aposporous gametaphytes
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ey, Whe structnrrs bev.mso they beg
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Charles Morlang (1967) induced apospory in three species of
Asplenium (4. plat on, A rhizophyllum and A. ). He
cultured the leaves cut from the sexually produced sporopbytes
of these ferns, under controlled conditions. The leaves were observ-
ed to produce two types of mneoplastic growths. These were two
dimensional growths and three dimensional growths, The former
developed into a normal heart-shaped prothallus that produced both
types of sex organs that bore gametes. They had a diploid chro-
: a

mosome complement. The three di 1 growths developed into
sporophytes.

A L T "~ T T °nPleridium

- - i - * 3 growthof

- .o L " “margmms of

. P01 nmesopiyl

Causes of Apospory

1 n

Several factors seem to infl the aposporous develop
of gametophytes from vegetative tissues of the sporophyte :—

o et '+ vV " ' mineral nutriti

FRLISRTR Aoy e

2. Goebel (1902) and Beyerle (1932) demonstrated that there
is & pronounced relation between the stage of development of sporo-
phytic cells (under culture) and the kind of organs regenerated. They
observed that in Ceratopleris thalictroides aposporous gametophyte
developed on decapitated young sporophytes with one or two leaves
whereas in older sporophytes only shoot buds developed. Beyerle
(1932) observed that in Davallia canariensis and in ‘Nephrolepis biser-
rata the prothall develop on leaf tips and shoot buds at the basal and
older parts of the leaf. ,

3. In some ferns eg,, Drync * I T e
and P, heracleum the_leaves deyelc -
sporophytic buds under strong I, — gL '
trated that in Plaigcervum bifureatum prothalli 'develop on leaves
grown under dim light wherens the samo leaves produce sporophytic
buds on exposure to strong light.

4. The work done in Panjab University Botany Laboratories
(Mehra and Palta, 1069 unpublished) on tissue culture has revealed
interesting results that have far-reaching conclusions. A few ex-
smples are being cited here  They obtained root callus tissue from
the roots of & tetraploid Cyclosorus dentafus on Knudson’s medium
499 sucrose4-2, 4—D., The callus was fragile and its cell suspen-
sion$ were obtained in sterile distilled water. The isolated cells of
the callus were then placed on three different media :

.
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The pteridophytes resemble the g, T in the following

respects jom

1. Both have independent and well.developed sporophytes

that are distingnished into root stem and leaves. ™™ —

. In both the sporophytes have n distinct vascular system,

. Heterosporous pteridophytes have inconspicuous gameto.

phytes that ere wholly or partially dependent upon the
sporophyte.

3. The xylem lncks vessels in majority of pteridophytes and
EYmnOSpeTms. T

4. The phloem Jacks companion.cells.

&, ‘Sexual reproduction is oopamous, In some gymnosperms,
eg., cycadales the sperms are motile hke the pterido.
phytes. Heterospory is prevalant in some pteridophytes.

6. Asexual_reproduction by mitospores is absent.

7. There is a distinct embryo stage.

8. Alternations of genorations is hoterologous.-

9. Thers is a great resemblance between the foliage of cycads
and tree ferns.

IS

Origin of the Vascular Cryptogams
~ A number of theories have been put forward to expleil:l the nriginAc(
the vascular cryptogame, All of them tend to explain the origin of the ine
dependent sporophyte and sre based on two assumptions :

L. LI

nmL s opaven Bt tiee s Vanal o + L

orffinated from an GathoceroteAn typs of & bryophyte.
believe algaa to be the ancestore

2. The adharonta of thy ssrond viow belious sl to bo the eocertors
) . H i -

Anthocerotean Theory

Tt wes put forth by Campbell (1859) and later supported by Smith (1638).
Preaenee of ’;ntorc&l;ryymerlstem and photosynthetic tissue in the sporophyte
of Anthoceros {ead Campbell (1895, 1899) 30 p;.lt rmhh l:m V;e:h tha:&:u‘i!;

i o vascu!
(Perepyieane yery nter 0, G P L R ke

i) The Iary meristern of like wporophytes shifted to
ho aper)an idtintod dshotomous branehing (Fig. 1.4, A~D).
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{5} Dich ! hing (Fig. 14} itsted the fo of
termiaal sporangia like ¢hose of the Prilophytalea {Rhynia, sod Peflophyton),
{665} Metamorphosia of the an.

thocerotean columells into & condus.
tivs steand,

tir} Qecurrence of canducting
tiemte in $he Jower portiona of the
rophyte of Antheceros funformas
{Campbell, 1924) and rewtrichion of
aporo formation {0 apical regions alone,

Quntsd amoymt T

[N "
the archegonia of Anthorerns and ths
teridophytes 18 the presence of a
acket Iayer mround venter of tha
former miiu absento in the latter.
This is dus to tho divisions of the Fig. 14, (A~D). A schoms Hins-
archegonial initial of Anthocers into 1ratlog vrigin of cerly land plants
thros fackot initists and an axinl coll. from  Anthocsros-Fils  wncestors
1n pteridophytes this division is sb. {ARer Bmith).
sant and the initisl functions directs
Iy as an axinl cell, A ding to Bmith obll jon of thess of the
urchegonial {nltisls wouwld e8¢ 1o the plesidophytean srchegonfum, which is
homojogoua to the cmver colls and axisl row of cells of the anthocerotean
[ Taa . st ose o+ s, Sealth pointsd oul theb tho entirs
. ' _r tent ta the fortils rogion of tho antherls

Campbel] (w”? pared the simple b of Anth with
Ah» green algae, Bmith also pointed townrds worms superficisl resemblances
between the embryoa of Pailotum and Tmesipteris with thoss of Anthoceroa,

‘Thie theory bas not received wide acclaim and bas almoet boen discard.
od by the modern batanists,

‘The Btrobilus Theory
Xt was put forth by Bower in 1894 and supperted the originof
Ihytes of vascular tgxnlggnm: from the hvamr?-m Accordin; tﬁ%@ry
;Y;e Bimple sporophyle of s Tiverwor

4 evaived Mito a0 elaborate and & come
ex atructuse nlong the fullowing lined :m

X 1 €50 wax {iination of the =g tissue fn the
hva;m:rt eporophiyte. It fed o 4he formet{on of nfiernating sterils and festile
regions. Y

2. The fortile regions or sporangia bocame superficial in position.

3. The sterile parts gnvo rine to laters} projoctions calfed the enations.
The epatious wors sither below tho sporanms or besides them. At thin stape
the ontire sporophyie Jooked Jiko a strobilus. The sporangie lin in the axis

or 8b tho hases of tha ensbione, Buch o vonditien woa visustoed 5n Phylle-
p)omm;l. I“toela and those specics of Lycopodium where &lt the leaves ate
sporophytie. -

., 4. Ultimately the spotangle shitted on 1o the vnntions, The enstions
oconld then bo called the ) or the 2!

6. Funther aterillastion led to the

Ly
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raphylts. This step led to the [ t f stori
m hP. v);.' P forraatian of sterile Iatersl sppendages catled

8. The central columalla. ik R d dersbly in size and
botame an axis or the stem beating leaves and sporophylis.

7, The lenves and sporophylls later bocame Iarge and slahorata,

8. The roots daveloped from the bass of the stem and &tamped the
spoyophyte as an indopendent plant,

T Pasqedad gad has only histotical importancs,
[ ) . 13 belonging to the psilophytales doss

« « " ple sporophyte as pictured by Bower.

N R . = opranched stems that were not small
. . € ' w7 te-qrag g explains the origin of

s . * ket tha mcrophylls which

. ’ - a » ta_his strobijus

- ' . ‘o 2 r  Later, Dowsr,
Lt ' . . « plain only the

. L) » leading fo the

. P . «x+  Zimmerwmsan’s

B

Protocorm Theory
This t-h'eery was put forth by Treub in 1884, ¥e regarded the profo.
R vo8 a8 & pri dargunmd idered it o be
« , ¢ in some contemporary species
. atod that it might have been of
LR | '+ vasculsr cryptogams. ‘This fdes
' * s sorphologists snd :s now of historie
* gorded the profocorm aa soppore
*, ts. Mo astached only ecologics!

» . " O
: o - ' «w in eotsblishing the young eparo-
" [T S et 1t merpeve ax s aodie
" - - e ®
I ) . P .o - IS
LI ! . - e et gt
" I

Phyton_Theory
This theory was_put forward by Celakovaky in 1901, o denied the
exstence of the Bfem a8 8A IRGSPENE! Theraber.  His Lliary waa closely
- T 4% = svmabrlus theory of Bowver bocanse ha anhnlaud that the early
. . I - v7as nothing but & SIGHET of jeavea_ar
PR S ~ » ' athe sporop i(bases, Schoute (1931)
. o ' spverely eriticised Celakeovsky's momnir
n . Coe e @tructed a schome of thought witheut
b . . * his idesa, which ¢an be explained other
wise slso.
w1t o otvead und Gaudichsud (IB4l) were the estliar suthors who gave
. " vmorphologists,  Wolff mads & very frank

- . . & e plany pxcept the leaves and stem. He
o~ - . ' . of the stemn. The stern was tegarded to
bona o * o stalks, His views were Jater elaborated by
" TS S s {re0.

Algal Oxigin of the Vascular Cryptogams

The cousenaun of opinion mow favovrs the view that early land plants
originated from an aigal ancestor. Tho algat origin of the vasculsr Crypto-
gams snd the seed plants is supported by the following facts 3

3. ‘The chloraplasts of bath the gresn algus and the vescular erypto
gams contaia chlorophyll @ and b,
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2, Mot of the enrotennld pigments in thess groupe are also similsr,

3. Their carbohydrata rexorvas 1o mmilar, Theie stareh graine contain s
misture of two types of glucoss macromalecules, amyloen snd _amylopeetin,

4, Their eoll wall steucture and eompoaition sre aleo similar, e.g. the
cells In both the groups aro charactetivtically wusrounded by a partle wall
{nyer that contains palacturonic acid and v wall Iayer rontasning cellutoss,

8, 'The fagelia in the male gametes of vascular eryptogams bhs those
of grren slgas aro of whip-lash type.

P . PR . ,
- " = P

" . . - . -
f ' 1 . . . .

- » . . LT - -

* =m e - -

> - .

Lotey (1509) traeed the otigin_of vascular plants frota s chactophorsceons
xn:v,\“lgn‘) meE(WlS}Eumel(eB “T:TTx‘xrh an algn must havo Desh an
Qr&mdw"nchg:mwu forta with isormorphic alternation of genorations,
All thaea authors belioved that bryophyta and ihe yvasmuisr eryptopams are
LwS parallel (in%s of Byolution u\I; ]&:u _here fs_nio pliylogenetic_conneciion
b St %

e 2
fiener {hom.  Greguws (103%), Andrews (1034), Leclorrq (1053), Axelrod
LI Pl N PR S /e S B 4 Pl

1. Church’s NypothesleweDr. Chuech in his publieation entitled
W The suleacriol _Transmigration™ mn&ﬂun—d » paolyphye

Ot VaATTIAT Tand planial 115 Wwrbte his tasay without any
A R A e 4

Y . - - R
! . . "

.- LTI T TR . .o
- = . . - "

s = A = " .
A oA " a . . - -

. e wo=n ta mar
the soe battorn ptaried rising st cestaln placesand the plankion stage was
sutceeded by the sBenthia Btage,” which incladed & number of attached and
vooted ses weads, This process went on for agos and the attached sea weeds
graduslly sttained u wery high degres of arganiastion. This wplift of sea
bottom was seeomponh‘z by e largs number of environmental changes that
{neladed incresse in the amount of atroospheric oxyges and hight intenaity.
The uprising ves buttom Ister srmerged cut of the sea and that was the Srst
afght of land, Thix brought in the Jti of dexl nad insolat]
The ves weeds which emerged cut of waler slong with the land were now
under terreatrial environments and were exposed to free oxygen, hght and
desiceation, This led to struggle for existauco among the exposed algse rnd
breught fn adaptationa among them, Natural selection played its role and
mate sdapted ehanges accompanted by variations were Lrought sbout in these
« oods,  Chusch bs! od that hn‘ pla mau:rl undor tropiral cone
rlientupit e ‘e s PR

[ VTN err tn ¥ gt

- e . « mom . - a0 -l
{0 take on s naw function of lbsolpﬁo;l. The spareancoded a resistant cel}
wall to spwp them for the changes and chancesof disscmination bysir, Accord.
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ing to Church the sporangial tetrads of the early vascular planta originatod
from the umlocular tetrasporangia of the algal encestors, The female sex

MONOCOTYLEDONS
DICOTYLENONS

ANCIENT
YASCULAR

GREEN ALCAE .
(ANCESTORS 0!
LAND FLANTS) pACTERIA

FIRST LIVING
CBJECTS
i tion of th fo relati

Yig. 15, Sh " o phy! hips among
Eiants and polyphylotic origin of vascular plants (Basod on Axslrod),

orge ia were postulatod to have ovolved independently sfong
B ot the pvmetaphyte antl the. steroniytos wore bolioved 2




Trves
Sy

TR VASCULAT. CRYPTOOAMS (mnmopxg‘fh)gf [y
\r¢
A aboy hiplioknies
acdipti .

\ Iealy and sutopbytle. Tt spprara from the

bo-ms{-n iero mmhfnid to bo the pmbﬂb’ﬂ\:f‘l\(t&x‘ ol

ples. Ry VG e
o grolngicts do not tagant the land to hnes_emorged e ) the

They l?‘mvi (1.5; Tand wes. nirrndy i vanlenco when the n‘c{mnﬁ;mnivd.

Churel 1] putlissis,” therefof & trmot-ronxidersd to Lo tenable, Moreover

1t hax beon ucged that the highly organised tranemigrany Leown _algho That

wors Tt T BAYING TN S ron bt " 613 100 A[ReTdllscd {0 ndapt entirily o,

now inode of oxistenca or Aty lwI!."::"“‘"""’""" -

L Bapes g 7

DI, Seott {1924) winls vpholding Church's view statrd, »Tho chisf u}%
on which we haro to roly {a that some of the early Dovonientand plante,
though sascular, svo much 1iko sea weads in tholr externa! characters, The
Rhynio discoveries a0 far as they po, tend to support, in a general way, ths
view that the vaacular plants care from falrly high algss,*

2, Gregase’s Hypothesis. Greguss put forth hie views in 1055, He
traced the origsn of vasculsr plants from the three m.:for divislonyof algae, de.,
Chlorophyia, Phacophiytn and Rhodophiyta. He did not take inta conside.
ration the pigmont constitution, the products of photoaynthesis, and the

roacnice of abacnco of culin in the reproductive urute, IHe laid stresi on tha

tassehung of 1ho organimma i.r., whether it ja dichotomous, monopodial or
vorticillate, o derived momsea from Chiorophyceas and liversosts from the
Thaeophyceas, In tha same way ho traced the origin of the Rhynia and fHorn.
eophyion from tho Chlorophyceas and Pedotum snd Tmeriptsrie from the
Thacophyceae, i iypothenis is quite ungenable and is not tasod on sound
knowledge of the varour hving and extinet groups of the vracalar plants,
Tam (!OATIIrritltbm! Groguas's hypotheals and regarded it na basod on unsonnd
footings, 1o almoat disregarded the ph io relationxhip of the plant
groups while traciag their orgin ¢, g., Ptllp‘)ytalca and Peilotalae thatare Xullo
clowoly relatad ta sach otber huve boen regarded aa doscendants of two diffes
rens nlgal groups,

3, Andrewe® Hypothesls, Andrews {1938, 1039)slso belioved in the
polyphylatic origin of vascular plants, His conclusiona sre bssed on the
discovery of somo poculiar fossile that are not vascular plants but can be

garded as descendants of marine algas that mads several sttempts to
mnmman 3gad Thase aca Necgptarhalfup fMogaefanl fap ae3 Py 0o 0 sy
. e " -

N - T

- . ! . - . ‘e . -

. LELIY , N

Vo . . - - .. .

e [l - .
T . - . . "
' - ! . . . . .
- . " ' . . LI |

- P "y -, .

' - - [ LI LY . "
belio! was dus ta y in the phalogy and of
the varioua groups of land plants auch as L phyta. Psilop , Aticul

henopt P Ts considered that morphatogical end

P an P i Lyin,

structural varistions pmwm'od by these main divisiona of vascular cryplo-
gams ars dus 40 their origin elong various and indepondent hines of evolotion
from different algas rothar than from Jor & grouvc. He gave a vivid des.
cription of the importsnt foamls from tha carly Palneozoio in 1050 and then
commented on Zimmormann's telame concept, Ho supporied his concept
ting the ovolution of the peida anil aphenopeids, but disregarded
hin concept for the evolution of the }: i d 4 d

bypothelio approach > has itasa purely

4 Terlerrg’s Hopass

L L .
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ancestral algal complex. As e result of her palasopalynclogical studies of the
oatly land planta that inhabited the earth from the Upper Dovonian down to
the Cambrian, she concluded that the land plants originated in tho pre.
Olqrehaian ~amen A Troaoteodan oo dbo Feee - girycture of the sporesin
correlation between theso

L . . ' ores from lower horizons
" »d that land plants existed

3 . - . sted in the Pre-Cambnan
B:ﬂod. 8he aleo reviewed the extinet land plants belonging to the Middle
vonian, upper Silurian and Cambrian periods, BShe found that the Rhyne
fossils (Rhynia, Horneophyton) that were discovered by Kidston and Lang were
of quite simple orgamsation os compared to those which occurred in earlier
periods like the Upper Silurian, The fossils belonging to 'thJis period were

quite complex and elabor: and, , led her to that simple
peilophytes hike Rhynia and Hi h are not primitive and 1, but
represent the last remnants of a dymg race that might have flourished in the
earlier ages (Pre-O ician), B8he ded that the psilophytes like Rhynia

nnd Horneaphyton are the last and recent 1n the series thathad an independent
origin from the algal stock,

5, Axelrod’s Hypothesls, Axclrod (1959) followed the lines of pedercf
and Andrews and regarded the vascular cryptog: to have orig

along different, phyletic lines of evolution from diverse algal stocka (Fig. 1 8).
Ho regarded Rhynia and ite allies ae «bradyletic types’ and not ancestral to the
other Ptoridophytes. Di y of Bixty types of spores with cut.
inised and resistant walls from the Cambrian period led him to beliove that
1and plants originated somewhere far down in the pre-Cambrian age from dive-
80 algal stocks, The idea is based on the assumption that these spore types
at might have colonised the land in the
. v Fenwm $haaa glpal estnckn  were

' ) - - . . .
orignating from the pre-Cambrian slgal stock. These five lines rapreson:
the fiye hypochetical transmigrants from where the five major divisions ©

Those are the

. T .+ leading
» ) . . . 1 erophyta
. . .+ 8 or the

e et .

. ’ ST + . ' Antho.
! . . . dophyta,

P 3 phyta, phyta) and the Pteridosp lijta to tivs
originsted independently and directly from the independent algal stoc
(Fig. 1-5).

6. Merker's Hypothesls. Merker (1961) postulatod that the land planta
along with the Bryopiytes eriginsted independently from & group of pro.
Cambrian archegoniatea which in turn wore derived from different algal
mources, He the ing five v off-shoots from the
ancestral archegoniates ;—

1. Extinct Rhyniaceso, Pailotalos and Ophioglosaceao.
2. Bryopsida which includo the liverworts and mosses,
8. The Sphenopeida,
4. The Lycopsida.
. The Ptoropsida and Pteridesprrma, Ghinusporms and Angiosperms
were believed to have evolved from the Ptarudospering,

s i that the ¢ ) and tho wparoplytes in the
.m.‘ﬂf Arehegoniates wore almost alike and nidepandent, Such s condstion
persistod in the first evolutionary lina of origin, which included Rhiynuicose,

Puyls. ALOIrod 8 puyieLo SCHEWe 1egmiuts -
Lepi Frlioont o
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pnlohln and Ophioglosaceas, During the courss of evolution the sporo.
hym either pmgnesed or dregm!sed The former lines are repmaen Q\Q

ids, The latter tine in vrepresented by __ .
the Bmpsxdn. " He regarded Rhyniacens a3 reduced n{sd simplified forma

;:n; 1ot a primitive and anceatral group of land plants. e - ,L[A _a

Wahoq 1I0ASS palead qn Utasttos oestows ate S ESTSLETSSS Tof \[/
- - . - . «~of
R , o . uill Qan

. - atitis not pcmxble to beheve m QL
v.he\r mdeptndent arign along varions lines from the algal sncestors.
mthendmm - slsa ot‘ the sarao, embeddnd typs in the pnmltlve vucu!nr cryp.

- e

M4

‘There ave twa well founded objections to thia hypothesis {Mohrs, 1

To darive conifsropsida from the Lycopaid stock does not sppear to be j ;nd

fied, The second objection is that Lam grovped Casuarina with other mem.

‘bers of the Onetopbyta. Cosuaring is very much an Angiosperm and

not have been grouped with the Gnetophyta. 1tis, however, known
biochewical u»!ymu (Alston and 'I‘urnar. 19662 that L‘ama;hna iss unique

are not pmduced by sny other anglospmrm but are produced by man; 6ymdn
wonifers end other gymnnapm In iis lignin chemisiry also Z

foatures which are unique for this
genus ‘esnnot ba ignored in doummng its phyletic relstions,

8. Mehen's Hyphothesls Professor P, N, Mehra in his fiftaenth Albert
Chasles Bowal e maria) ture entitled »Conguest_of Land and Evo)utlon.
- tterns in Farly land plants'* gave s vivid description of 158 svolntlon.

‘patterns 1a Uis oatly Tand pianta and summstised 1] a wm roganding the
‘ggm of lend plants, “Whils concluding bis lecture roposed his own
hypothesia {Fig, 1'6) axplaining the origin of land plmh (1968)

Aqsad stgs st

o e

Deva!opmmz of thaaa -
damcutian. Tbm p!anta wore emt. nosn-vascular,

that were 7"
.nd phceocynlhehc. both had epical call organisation and were

Buch & group of planta could live under subasrial
Mohn ealled them Frolosrchegoniotas (Fig 146). ¥rom thees ,
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gomntae there diverged two lines of ion : {A) the psilophy us line
s and (B) the Lycoy line of N

.
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Fig. 1-6. Mohro’s schemo of polyphy\ahc origin of
wasculer plants (Aftor P.N, Mohra).

‘A% Pallovhytaceons Line of i The
t-=te4as  possesaed lucke(od 86X OrgAns
' - . with apieal col! segmentation
LTI - - - as were projecting type, super-
. - . pdependont and their terminal
. - . re termunal and head a distinct
tam . rise toa termlioal sporanglate
. ' & ths archegonia after fortilien«
» wrophytes of this plexus follows
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from the

3) Along one line the y 7 one
’(")‘“‘ ‘§‘ ke g -emained ettached o

R

. . » gamotophyte, o

- rase af dgvelopmant.

3, whereas along the

- phytoa with the for-

tha mosses, where-

. . Both the linea of
evolution ondet DUALY.  LLo SperiIatuLoius Were Liliate,

(b) This line of evolution led to the app of vascular tiasues in

peroph which ined ind dent and became well established

- mllmdded sex organa mt‘h muitiflax

the

Te P
" Thisled to the sppearance of the
' ' out into the following four lines of
evolution :

{i) Prosphenopsid ine. 1t was linked with the Rhyniscoous stock by
plants tike Profokgenic, which gave rise to Hyenic and Qalamophyton of tha
early and middle Devonian periods. From thom aress the ephenophyla
{Equisatales},

{if} Provpteropsid line, It was linked with the Rhyniaceous stook
through Protopteridun like plants, They had terminal sporangia but also bore
short storile branches with Circinate ptyxls, Such plafits gave riee to the
Filirales or Filicophyta,

{5i3) Progymmospermopsid lne, Itis ropresonted by Archacapleris,
Collizglon type of plants that showed secondary growth, Some- of them
had elso established hetercapory, ‘They gave rise to the pleridosperms on one
hand and to Oastophyta, Cordailtales, Coniferales and Ginkogoales along other
independent lines ol Yuti The 3 gave riso to tha Peanettl.
talos and the Cycadalee,

{w) Psilophy Yne, It bifl inte two lines of svolution,
One eulminated in Rhyniaceae wheress the other gave rise to the Pailotales
represontod in the modern flora by Paslotum and Tmesipteris,

(n)r': 3 cous F{x-‘ggn‘)f" " o N 14 ?t&t(’:«&_{ditmﬂy_ frlon'.xth?

and tes thrm:g).z;

Professor Mehra has nod indicated the origin of snglosperms in
wchems. Ths problem of origin of angiosp iss‘l;ﬂlun Do inabi mylbe,:;

Waiarite af tha hatanlabg sy poess o0 vewc2®s o Y 0

EVOLUTION OF THE SPOROPHYTE

According toa general belief the carliest and the °.°
eparophyte of_the lond plants wss axinl in_nature. « leaves
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branches _were evolved later by a modification of the central stem.
Theso. primitive land plants were supposed to have rootless, leafless
snd dichotomously branched green stems. The vasenlar system_was

a simple protostele. Some of the ultimate branches terminated in
sporangia This assumption is supported” by the Qiscovery ol some
simple plants in the upper Silurian and Devonian periods of earth’s
bistory (Rhynia, Horneophyton, Psilophyton, Asterorylon snd others).
Discovery of such plants’led many botanists to propose theories
explaining the appearance of leaves, branches, roots and sporangia on
the sporophyte. These theories tend to_explain the process of
claboration of the primitive sporophyte 'intd the Wodern sporo) fiyte
possessing roots, leaves and variously disposed sporsngia, ~Of all
these theories Telome theory” of, Zifomermann_{1930) liad atracted
great attention and has a farge number of supporters.

Telome Theory - 7 {\nvpgn yr sovnsn =5 061 4 (o07a

This theory was first proposed by Zimmermann in 1930 and
later elaborated by him in 1938 (Manual of ~Ptéridelogy, 558-618).
Zimmermann postulated that all the vascular plants evolved from a
very simple, leafless and a dichot ly branched tral
type like Rhynia: Such a plant s made upof sterile and fertile

branches? PR ha aimnla

and termina: P
ted as telo: P .

point of Jor¥, .. ¥ - i ' . .

mesomes (Fig. 1°7). The telomes were classified as sterils or

vegetative telomes also called phylloids and fertile telomes. The

fertile telome consista of a termitial and a stalked sporangium nsusliy

ol C *i % 4 o toits base.  As evolution

T fran.

- . “The

were

= telome trusses were called

1-pes of syntelomes’ also

1 tel ™17 trusses or mixed synte.

lomes,
Zimmermann postulated that the primitive vascalar ury}ﬁo

gams originated from the green algae. The unicellular preen algae
divided inall planes fo form a parenchymatons thollus, Later
meristematic” tisues developed and erect radially constructed
branches enmo into existence. It was followed by the appearence
of distinet alternating generations. The sporophyte branched
dichotomously and possessed n central conducting  strand. Such
algal ancestors, aceonding to Zimmermann, led to the evolution of
early vascular plants of tho upper Silurian and Devonian periols.
They poucssed heteramorphic alternation of generations snd their
rophytes were simple and  dichotomously hranched. Some of
the brnnches terminated in sporangia  They posaessed no feaves and
tad no roots. oynecular system was a simple protostele. The
18 poswssed stomats. ThE TURCLIGR OF roots

serial and simple stems pos<essed stomats. T
e lrrned by fiair or rhizaids. Thesa apormphytes had subter.
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Overtopping : The equally dichotomising axes developo
unequal dichotomy (Fig. 1.7, B). This resulted in the formation o
short and long branches. The ghort branches appeared as Jatera
shoots. This led tothe development ofa sympodial axis whicl
ultimately changed toa monopodial axis with Iateral branches
These lateral branches metamorphosed into leaves.

Planation : The equal dichotomies wero originally in more
than one plane, They were arranged in planes successively at
right angles (Fig. 17 ). During the process of plamation the
dichotomies became arranged in & single plane. It is an important
process that led to the evoluiion of the leaf,

Syngenesis or Webbing : (Fig. 1.7, D—E). As the name indi.
cates the adjacent telomes and mesomes were connected with each
other by the development of a parenchymatous tissue between them.
Thus is also called parenchymatous webbing, During this process the
steles of the concerned telomes also fused, Syngenesis was considered
to be of two types by Zimmermann :—

a) Foliar syngenesis. During this process there is conle-
scence or fusion of apical meristems of the telomes, When these
meristema fuse to form a marginal
meristem, a’lamina with veins deve-
lops. The activity of these meri-
stems leads to the formation of
parenchymatous webs between the
tel Such develor ts resul-
ted in the formation of lateral foliar
eppendages. In case foliar syngene-
sis is accompanied by overtopping
the leaves with pinnate venation
are formed. Sometimes foliar syn.
genesis i8_accompanie by fusion of
the vascular strands. This resulta
in the development of netveined
Ieaves or leaves with reticulate vena.
tion. Overtopping, planation and
foliar webbing brought about the
evolution of a megaphylious leaf.

(b) Axial syngenesis. Zim.
mermann  visualised that during
this process there was absorption of
& number of branches into a single
Fig 18 (A—T,) A~C. Tllustrating  stontaxis. The fusing branches had
¥ 101 © tosingle  py Ies end their fusion led to
Deodie-liks fatoral appendoges  the appearance of a complex stelar
S oitis) TET. Hoourvation  OTE . In case the shoots
(All after Zimmermann, 1939), united by the formation 9! paren-

chymatous webs the resulting stelar

- was o polystelic condition. 1In case during axial eyn-

*: the steles m 1 in dilie the r ¢

1
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The bifid tips of the sporophylls and Jeaves of the extinct genus
i’rotalepidodendmn may bo cited as an example of an intexme%iia'-ﬂ
ype.

Filicophyta or Pterophyta. The elementary processes of
>vertopping, reduction and folior syngenesis lead to the development
»f the megaphyllous sporophylls of the ferns. As a result of over-
‘opping, planation and syngenesis a pinnate sporaphyll was evolved.
The sporangia were marginal in position (Fig. 149, C, D). Later
recurvation led to the shifting of the sporangiz from the margins to
he ventral side (Fig. 1-9, F—H). Intermediate types were pro-
vided by the extmct genera Pseudosporocknus, Stauropteris, and
Botryopleris.

-2 mann postulated that roots developed from the creep-
ng rhizomes of the primitive or ancestoral types before the evolution
»f the leaves.

Merijts of the Telome Theory. It is an outcome of a master
mind that has portrayed, ine skilful manner the origin and evalu-
tion of the sporophyfes of land
platifs.” Zimmermann has based
his theory mostly on account of
his comparative study of the fossil
as well as living genera of the
vascular plants. Many of his
assumptions are correct and based
on exact phyletic relationships bet
ween the various groups of plants
both living and cxtiz;cbi.\ His five

ary p of pla

o PREBs 570 i
and recurvation give us a unified
congept of the manner in which
evolution might have proceeded

. =~anaana

. . - - [ ' . i

an aenal PML sonud 7 .
The_appendages of . shoot Jhae‘i‘;
ia__an

RN .
phyta origiated.

A, B. Planation and overtopping;

C, D. Syngenesis; E~J1. Stages  the sporophylls, sporangi

leading to tho shifting of  gf%TIle. _leaves_ are_ not but
sporangia to margm aod  podEed parts of the stem ~ Whilo

e ‘:‘::r%p‘ilx;‘l‘l‘:,‘l .E:BQ:\( butlding up his theory Zimmer-
Zymmormann), mann has taken inte considera-
tion the morphological aspects of

o various groups of extinet and living groups of plants,
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that finer structure of the tissue has been very nicely duplicated and
rendored permanent, Theso types of fossils are numerous and
important.

3. Casts or Molds. A plant or an snimal that has lain
in mud or clay long enough to_have_left its_impressi e
hardens about the boTw ard fomm- 250 O
integrates and the e L
the matrix may thon® =« .. | w7 e

4. Imprints, Theso aro formed from the burial of plant
parts in soils, which harden into rock. The imprint of _tho organism
18 left in tho rock, ofter jts .decomposifioh. Yrints preserve the
external features only I

5. Actual Remains. Such plant fossils are of compara-
tively young age and do_not_decompose_completely due to "low
temperature or vagium. Allmatorials that are resistant tomatiral
decomposition are prescrved like this, eg., cuticle, cutin, sporo.
poliinin in_the walls of pollen grains and spores. B

6. Chemical Remains. Chemical materials like _amino
acids_and_hydrocarbons may. bo obtained in o natural state or in a
modified form from the rocks in_which ‘ofganic matter of the petri-
fiéd plant part or organ has been incorporated.

7. Products of Activity of Organism, Some times pro-

ducts excreted by living organism are obtained from the
e.g., secreted lime deposits of algae  Such products have been found
on pottery and other manufactured goods discovered during excava-

tions.

of new tools and
fairly an accurate
various rock strata,
. salt in the sea and of
decomposition of radio-active substances such as wramium and
thorium.

On the basis of their st *
logical history of earth into ¢
and modifications, see Kulp, J. -
these in turn are sub.divided 1into periods; each period has been
split into still smaller umts of time intervals called the epochs

(see table).

Geologic Time Scale, ng:_ the hc‘lp
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Era

COENOZOIC

MESOZOIC

PALEOQZOIC

Geological Time Scale (Modified after Hulp ond Eicher)

Imporiant Plant Begioning in

Eveats 2Mitions of Years
8 pocmuon af her- One
ous plants
Spread of herba. Thirteen
eeous dicots
Riso of herbace.  Twentyfive
ous  angibsperms
Dispersal of Thirty-six
woody angiosperms
Riso of woody Fifty-eight
angiospornia
now extingt
Aod i of 8Bixtv-th
angiosporms
Earliest known  Hundred thirty
Pines five
Qrigin of Angio.  Hundred and
epoeiag sighty
pread of Conl. Two hundred
fors. Rise of Cy. and thirty
cads
Rise of conifers; Two hundred
coal swamp extinet eighty

Widespread coal Tbm hundred
forma.

swampe,
tion of coal beds

Development
cosl swamps thh Three hundred
gynosperms,  Iy. an
capaids, epheavp. forty-five
sids and ferns

Flourjshing _psilo.
B
apheEnbpl arns,
agedjgn& and bry- - Faurﬁhnndred
mmes:r n'hm:o
of brown slgae and
dmoﬂngenntes

nis,.tha old.
own vasgular
sn Raeo f Four hunderd
86mé_fon-vascular twenty.five
land plan|

oo

Marine ved and Five hundred
grean algne

Evyidence of lime Six hundred :..

TABLE 1
Period Epoch
( Quarterbary { Pieistocene
{ Pliocene
i iocene
Tertiary { Dligocene
! Eocens
Pltkocm
Cretaceous
Juraasic
Triasic
( Perralan
Pennsylvanian g
&
8
£
Mississipian ]
L&
Devonlan
Devonian
Silarian
——L
Ordovician
Casabrizn
~

BOTESLINE BIguY™
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Late Precambrian Eukaryotic orgs. Twolve hundred
DIBINS

Middle Precambrian Stromatolites  of
slgal orign. Blue Two thousand
groen algac, Bace g
terin, .mivm ofen. Yive hundred
karyotic coll

PRECAMBRIAN

Early Precambrian Bacteria liko_cells
et anigIleT al.
go hke organisms
of age 3,000 mil-
lion years

Four Thousand
Five hundred

Graphites of possi-  Five thousand
ble organic origin

Origin of procary-
otic cell, origin_of
ot~

Coal Formation

Cogl is one of fhn maiar Fusle tn g
formof ver oo . ) .
mavernonts . . . .
remarikable ¢ . )
changed thern nio thack tarbonacecus sesms winch we mins or sometimes
quartry in the foxm of coal. The thickness of the cosl seams vary from expo.
sure to exposure,

Geologienlly speaking, the coal deposits of the world are divisible into
w0 groups a5 follows @

(3) Carbomferpus pool, 1.e., conl of carboni period of Pal
era, produred about 220 to 275 mullion years ago,
{2). Tertiary coal: I6 18 comparatively quite youngst, produced in
natara nearly 70 million years ego.
- Based upon the percentage of carbon contents, cosl has been classified
into four parts as below ;
(1} Peat Coal.
(@) Ligmite coal,
(3) Bigummous coal.
(4) Anthracite coal.
Anthracite coal 15 the most pure variety wherens. Poat_coal_is poorest
eo far ns tho percentage of carben contents are_concernod. R
The Tertimy conl of India {3 generally of Anthracste quality. The msss”
with 100%)-eathon_contents 13 known 18 dismond which 1s the hardest Khiown
mineral for the presont. e T e
Indin is sufficiently rich in coa Jdeposits and 1t is hstusbuted in almost
all the states of the country. Tho progsently known coal daposits of India
point to the fact that the country can tlepend upon cool energy for st least
one hundred years raore,

CLASSIFICATION
The dassfication of the vasvular eryptogams has undergone
wast changes fs the recent past, On the basis of the presence or
absence of steds the older taxonomists placo the vascular plants
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3. Sub.division Sphenopsida.
Class Equisetinene,
(¢} Order Equlsetales.
(i3) Order Sphenophyllales.
(#11) Fossil oxders,
4. Sub-division Pteropsida, The term is msed here in & restrictive
wense to cover the megaphyllous pteridophytes only,
Class Filicineae,
) Order Ophioglossales,
(i:} Order Filicales,
(iti} Order Oamundales,
() Order Marattiales,
(v) Fossil orders,

3 'The ineressing knowledge about the vascular anatomy and the
osition of sporangia in the above mentioned sub.divisions has
evealed marked divergence among them from one another, The
nodern writers thus consider that tho differences between the
>ailop iyeopsida, Sphenopsida and Pteropsida series are of the
nagnitude of a division.  Smith (1955), Bold (1957), Benson (1957)
nd Zimmermann (1939) have given these groups the rank of &
ivision. According to the recommendations of I.C.B.N. (1952}
he name of the division should end in the suffix phyta, of a sub-
ivision in phytina and ofa class in opsida. On ‘this basis Smith
ivides the vascular Ceyptogams into 4 divisions, Psilophyta,
.epidophyta, Calamophyta and Pterophyta. Some writers
uggest other names, Given below with slight modifications is one
f the widely accepted modern classifications of the vaacular Crypto-
BT 1

1. Division Psilophyta.
pitive and oldest known land inhabiting vascular plants which a
dotless, The sporophyte is differentiated into an und
tem (rhizome), bearing rhizoid.like structures and an serial shoot
ystem. The leaves when present are small, ‘simple and veinless,
‘here are noleaf-gaps and the vascular cylinder is protostelic,
'he sporangia are always terminal in position and borne singly.
\1l the b are h ous. 'The division comprises the
ollowing classes :—

1, Class Psilophytopsida,

(i} Order Ps"oph{talel. It includes the most primilive foesi!

voscular  cryplogams with the serial portion radial snd
i hed are Rhynia, Horneophyton,

In it are included the most pri.
re

etc.

®, Clase Psilotopsida.
(i) Order Psilotales, It includes two living geners which are
allied to the psilophytales, Theso are Psilotum and Tmesi-

pteree.
. Division Lycophyta or Lepidophyta. The sporophyto
 differentinted into stem, roota and leaves. The leaves are small,
; ith a single voin. The vascular cylinder may bo proto.

"
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The order is rep d by two imy t g O phiogl and Botry.
chium,

{¥) Ordor Marattiales. The sporangia are borns on the sbaxinl face

of the feal blado and aro grouped 1n sori, It includes six genorn of Which
Marattia is woll-known,

. 2. Class Protoleptosp {opsida., Tho bers of this class form
& link botween FEusy iopsida and Loy iopaids. The class inclu.
des the folloawing order ¢ )
() Order O dal Itis d by three living genora of
which Osmunda s widely distuibuted, ) 7 &8

3. Class L P i da, Tho sy ium arises from the eingle
sporangial mtial. * The wail of the sporangium 18 one coll layer thick. The
antheridia s1e omergent. The modern Pterologiets divido the clasa into the
following three ordera :

{i) Order Filicales, Almost all tho membora of this order are homo-
sporous. The groon, thallus-liko prothatlus bears sox organs on the lower
aurface. Tho sporangia are borne in groups called the sori on the margin or
abaxial face of the sporophyll.

{#) Order Marsileales. It includesh forms. The sori are
contained in a spocial structure callod the sporocarp, Each sorus containa
bot] gia a3 well as ia, It includea threo genera of
which Marsilea is the best known,

. (#ii) Order Salviniales, This orderincludes the heteroaporous, free-
0l sting equatic forms, The sporangie are produced within the sporocarp,
L tthe latter contains either n singla T or many mi
rangia only. The order includes two living genora, Salvinia and Azolla.

I T T fnaludaa the many extinct
' v+ and (i3} Cocaos
* irns and appeared

alagozoic.

gasp 14

This system has been followed in this text.

Bold used the term Microphyllophyta instead of Lycophyta.
The Microphyllophyta ineludes all the Lycopods because Pf their
microphylious leaves. Benson (1957) used the term Pteridophyta
instead of Pterophyta. Zimmermann added the Division Noeggera-
thiophyta.

Doyle {1971, p, 5) divided Pteridephyta into four classes :——

1. Clava Psilopsida (Pailopaids)

2. Clav; Lycopsida {Lycopsida)

3. Class Sphenopsida {Horsetails)
4. Class Pteropsida (ferna)

He included these classes under sub.division Embryopbytina and
division Chlorophyta (green plants) The seed plants were included under
clasa Spermopsida. |

Bhrerhorst (1971} followed tho fotlowing systom of c'assification :—

Division :—Tracheophyta
Clags :—Rhyniopsida.
Order :—EBhyniales
Clasa :—Zosterophyllopsida »
Orxder :—Zosterophyllales
Class —Lycopodiopsila
Orders 2

Aeteramytales, Protalepidodendrates, Selogi~
nellales, Lendodendrales, Isoctales.
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Class :Cladorylopsida
Order :—Cladorylales

Class :—Equisetopsida
Orders :—Hyeniales, P

Yobarnink,

1ales. t
Class :Coznopteridopsida

Order —Caenopferidales
Class :Filicoprida

Osders N kinlea, Filicales, Mursile

PRI

Equise.

Class ;.Ophioglossoprida

Order 1-Ophtoglossales

Class :.Maratiopsida
Order ;~Marattinles

4



CHAPTER 11
PSILOPHYTA

. The division Pailophyta includes_living_as_well as extinct represen-
tatives. The division shares most ef ita” chovattoriatics” wToh- EHe-Fe lophy-
tales (discussed below). They have a eimple vasculature with xylem lacking
:&a:els an_} ﬁ}:Trﬁu. ‘The truheldnd may be epiral, annular, scaliriform or
pitted, ore )8 _no Becondary growth. Mycorrhizal infections are
common in the ﬂ.u;ome?ﬂ’iilotmﬁ)."’ry“ T —
It is divided into two classes s

(i) Class Pailophytopsids. It includes all the extinct members of
this division, It is furihief divided into 6 einglo Ordof Piilophytales which is
further split up nto families.

{#i) Class Psilotopsida, It includes the order Psilotales which is
et

represented by two l.“!‘.’lw_’fj”
PSILOPHYTOPSIDA

Order Psilophytales. They are the simplest extinet vascular
plants that were discovered among the rocks of the Early Devonian
period of the Palaeozoic age. Among these plants, the first to be
lrecorded (1858) was Sir William Dawson’s Psilophyton princeps that
was discovered from the Gaspe Sandstone. Laterit-way 4lse tedor-
ded in beds of various Devonian horizons in many countries, such
as the United States, Scotland, Norway and Belgium, It_is the
first plant with which_our knowledge of the group Psilophyfales
started. T

The group Psilophytales was actually recognised and named
when tho Rhynie discoveries rame into light. Our present accurate
knowledge of these simple vascular plants is mostly due to inves-
tigations of the Rhynie chert.bed. This locality is in Aberdeenshire,
and the bed was discovered by the geologist Dr, Mackie in 1913, The
plants have been thoroughly worked out by Dr. Kidston and Prof.
Lang, whose results are recorded in therr remarkable series of
memoirs that were published in 1917 to 1921,

The Psilophytales are most prevalent in the lower and the
middle Devonian period. They have been recorded by some in the

42
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Family : Rbym'aeeae
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Thig Eenyg ;o Nameg after the locnlity and possesses two 4 ecicy,
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Rhynia geynne.vaughuni is o small (Fig. 21, A) herbaeeous
plant, possibly about 18- cmbigh, consisting of slender cylindrical
4 acrial stems and branches arising

from o basal rhizome.like por-
tion (Fig, 21 A) that was buried
in the peat formed by the dead
remains of other plants of tho
same kind, Thero is not much
difference in tho structure of the
rhizome and the acrial stem ex-
copt that the former bears at
ploces tufts of rhizoids on its
undersido, There are no roots
and tho rhizoids performed the
dual functions—absorption and
anchorage. The aerial stem is
dichotomously  branched and
+tapors gradually towards its apex
and is not perfectly smooth but
bears a number of hemispherical
outgrowths (Fig. 21, A), These
outgrowths have often been re-
garded as rudimentary leaves but
this interprotation is doubtful.
They appeared very late in the
life of the plant, usually as new
formations beneath the stomata.
The acrial shoots may end in
pointed tips or they may bear
® oval sporangia (Fig. 2-1, A, B).
Fig. i: (5\-12). Rbl;&-;ml;::; Stomata B.fre Eresent all over the
vaughani. A. . surface of the aerial shoots,
s}é?vxx;%cl;:gan.I‘A“;F:;tmglum. Adventitious branches also arose

) from the aerial shoots,

SPCRANGIA

According to Mercker (1958, 1059) the rhizomatous parts of the
plant represent the gametopbyte and the upper erect part is the
sporophyte, The two evidences that support Mercker's view are:
(s) the presence of some flask-shaped ities in the subt
creeping saxis that have been regarded as disintegrated sex organs,
and {is) presence of groups of four cells with openings in the centre,
in a section of the subterranean part from Munich, resemble the sur-
face view of embedded archegonia, Mercker states that the pre-
sence of these groups of 4 cells “reminds s very much of the general
type of sunken, more or less neckless archegonia.”” Similar groups of
4 cells are also present in the pictorial material presented by Kidston
and Lang referring to R. major e.g., Fig. 16 in b1 : 3.4, 1917, Vol. LI,
Mercker regards the prostrate regions of Psiloph A Yyl
and Rhynia as richly t hed g hytes. He that the
primitive land plants like Rhynia must be possessing massive and

11 developed gametophytes as are found in the present-day euspor-
ates (Lycopodium).
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Sporangia. They are club-shhped or eylindrical structures
(Fig. 2-1) borhe terminally on the ﬁer aerial branches (4 m.m. long

Fig, 23. Rhynia major. A. Re-
construetion of & complate plant
B.apo

TANEIS.
(Altor Kidatone snd Lang).

and 1-4 m.m. broad). Their wall
is three layered : an outer epider-
mal layer, a middle threo cell
rows thick layer and an inner
layer. The outer layer is heavily

tinised, e sp gium con-
tained large number of spores
arranged in tetrads like the
modern ferns, They are homos-
poxzms and measured 40 p in dia-
meter. The spore wall must have
been tough 50 as to preserve them

layer and aninner layer of pri-
mary sporogencus cells.

RHYNIA MAJOR
Tt is wholly a Jeafless p]an:a

PR 2o S A S Y

of .;my h‘emisphe.rica:l .out.gtow.'ths.
a8 are found in the other species.

about 12 mm. long and 4 m.m.
in breadth. -
Internal structure too is very
simple and agree in all respects
to that "of Rhynia gwynne.vaugh-

maf Qaala e g bzminal meatantols,

[ : H
£y R 1.
aro the points that differentiato
this species from the smaller
Rhynia geynne-raughanic
Pant (1960) regarded the
11.nized R' o r) k. i

vy ¢l
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Tho Sporangi, are borne termingp i

. 2 Y tpon certajn brancheg of the
Stem, Thero jg very little dxﬂ'erentiation in the wall, althoygh 4 is
ta

th, ell aPetum ¢q Id 1o doubt pe i -
arching centry Iumellg .24 B ) bfacrecof: ls;gm(::z:
2re notj, 2 but enp, sed tipg of the brancheg 1 certajp cases the
Sborangi, ¢ e dj hotomoy, Y forkeq (Fig, 2. L 188 poing of
interegy hat g OWS that ¢, Tangium jg ot & distin, an byt
Just ¢, ud of anch, moq ed for 8pore by, ! 0,

her Ortant g, a feature is th
central g, rile ¢ Iu}zrzm cellp Hgd he colum, gzs?esslon *h
2ddeq ¢, th bearin layer Overarcheg th colume]), Tecall.
ing the Situay h PR nm. lilke featury

S Atrong| Y Suggegteq that €oplyto d fts alies, though

Vasculap ture, Y have hag Hnitiey With th

he 1o, OTangia the columel), 3 fo. 8. 2.4 ¢
The SPoreg grq for, es in t§t d; are 50, mmetd f gbg ceH}s
of th, elly longa a) nting, the phloem of
the gy, elow 7, served for conductio, of 23 in g
Tecent, Plantg T s o shing tissy the dnveloping

Brier accoupny of the other Mmembers op the f‘amﬂy Rhynlcaeae

. Spamgonites €xuberance, This 1g 2nothey fosgy), from Norws, , of
lower, pOmIAn age a0 88 descry g by Dr. Fape’ The 4
in gjgg, the stem o naked gpq the Eporangiy torming). The SPOTang)ym fo
Mmuch Taore ke the mogq SPOrangiym, Tt 18 5oy Mmore thap 9mm iy lengthy
iamete, Varigg £ 04 . °Te is 5 weyy developcd columglfy
P of 8londer cells, occupying the bn?a of the sporangiurn and extendmg
ile cels, i

o y
Tight iy the cong,, 3 colump of g4, Ttig dl's!mctly OVerarohed by
a !l?omgenous layer, The Spotes grg formeg in tetrada. oir dmmnnter
varies from 20 to 25, Regurdmg the mechanism of debiscence. Bothing ;s

9 yet,

In the 8tom 1o grae, Of vageyya, 8trand jq seen, Ty, 8bsencg 1 most
Probabyy, Uo Lo faple. Preservasioy, It makeg the DPositioy ¢ sporp,mm,
doubtfy], The rosomblancy of the SPOTangium ith & mogs £apsulo ang absencg
of Vasculgy astrand Places 2D0rogonstey 8mong 41,4 Bryuphytea. But ng ombey
ofBryophyles has beep, Toportod from the Dovonizg 280 with, COrtamgy o,
SPorogoniies vy Placed in Pailophytyleg. closaly " ;
Presence of Vasculap 8Ystem iy reported the loa
Comes sure, Ty, d:acovcry of Ilnmeaphynm and Halloy ites have
thrown much ligh, on the Analogy of thesg early Vaseyls, Plants o) the
IMmosses, hia i g pont of mnsxdemblu inecrese, for praviously tho fossi] pe.
cord haq failed ¢ throw 8ny light on the history of the Dryophytas.

Another Epecies of g,y Spomqonim discovareq in tpy uppor Silurian of
Australig ] Sppmggm‘lu elﬁapmani.

nia, und i 41, lower Davonmn °f Wajey {Lang,
1037) by has not been fully wy, ked oug, ro are Pociey, %, O,
t8pherng and . n, he ary hake, alrajghy and diop, tom, usly
braneh 028 foatnrey Telate jt 4 Rhymia, 1y, is mucy, broader
thaq Ion, The 'PCT Nurfaeq ore or 28 royp, Much ',
own Barding the atomy of 4, aterm tho interns} Structur, of the
fporang,,, . _Th *Porang iy, tormingy no douby, It
overed fry, Bohemiy by Obrhep {162,

the frucliﬂuﬁon calleq
o

3, via, 1 Cookaoy dixcove,
Tarvarug i xErmm Moriogr 103 hody of Austral, Theso bog, have
tod belong ¢4 the mxdtI;o thuinq potiod, '3, chief oy o”nlerut
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tiea in the fructitications that ars closely joined togsther at the Lasa but free
at the ends. Three to five aval bave_ besn in lateral
union as above, Thess spotangia ate boma urmmally on & smooth, straight
and loafleas stalk. Thaote aro tow spacies difforentiated with respect to the
shaps and siro of sporangin, Thess spocies are Y. subspherica, ¥, oblonga.

4. Hickiingis, It wan di 3 in Caith in Bcotland in the
eotrm ot o =7 =T " 7 "ot rhizopatous portion
L] LR - ngnaly. The branchin,
- D} ' *ngia are terminal ani

. - -a .-, - = == leafless and sbout 18
em. long and about 2 mm, in dismeter.

DISCUSSION

Tn n.. wordenf D pn Rantt «ctha Rhynigensa simela
[ X

' . '.mcter; pro-
T LR L unarypm.

Lo
cem=ate 1 ML

Rhyniaceas can vory well be treated as o synthetic group of plants
oombining the characwu of mcnhr v:rypmgnma and tbo bryophytes on
ona hand snd i me of the ch of the on the other
tide, Buch a conclusion In mshﬁod by the stmctum! facts actually known to
us. The question arisas whather the Rhyniscose wore really primitive plants,
Thair en: were quite and ibis just possible that the
planta beeams reduced dus to onwmnmontsl stresses, Whatever the case
may bo the {acts remain that Rhyniscese are & group of simplest and the
sacisnt of the plants known fo ua,

Out of the living Pteri the Rhyni bear b

with the Psilotsles, The order mcludea two living representatives, i.s.,
Pailotum and Tmeaipterie. The serial aterns of Pailotumy are deveid of trus
laaves ke RAynia and srein the same fuhmn, dxchowmom!y branched,
There are no toots. The with tufts of

rhizoids. T'mexipleris does boar jeaf. e n.ppcnda.geu but they are
fattoned htemlymd marge with the stem by etrong decurrent bases, the
sporangia are borne on shor branchey that arise laterally from the stem,

| The 'blﬂba\u thitoma of H: » mm. the of some

ol alway: devn!op
bat'm the mota nnd are wnnmtod to the soil by menm of rhizoids,

opinian is that tha enrly ptendophyhes {Psilophytales) had an algal ancéstor
rather than s bryophyte,

LA SO
Beyop v . LRI
gomites ' . . ERCI .
Bryop’ + . .
tothe.a o ' .

conere . .
Las been lound out,



Smith hag drawn 5 ling o!'mmlunt betwee, the tubergyy rhizome of

ophyton anq 0] f AnMacerw. An!hocemtem

2Porophy ¢, has been very cl_oaely homologlsod by the BUPborters Of this vigw,
\ynia ) ginated rom g

24 . s

&ated DPortion dovelopeq Vasculgy fystem ghay is not Tesent in 3

theo of Anthoe, has Soveral Jayor, of wapp upml the celly contain
LS

© 8po;
chlomphy 180 that they can manufacyy, food, Stomaty o also Drosent jn
the ®Prderm,, However the sporophyta of AnMJceru: 18 partly Parasitia on
agamet.ophyto But there ia everypo&glbihly that ¢ called a4 O e
mdependently the Anthocerw SPorophyte ©an sury.... H v - d
OXperumonty)], by Dr. Campoy Haa 2775 can . e,
and grew they Blrannrs . . .o
phea TN . . e, i

e, . . Y 8w
- . « biantg Wero in thefr
'tV flicestrg) formg of the firat vasculsr
More fecent vigyy beliove iy, the origiy, of both bryophytes and
Phytes from, 8 common ock, mogt likely from algao gy altornggion of
genamhons, 81nce thig 5 shown by a1 Archegoniutna. No igher Plants oqpn
¢ deriyeq from the bryophytea; they form 5 bling alley of evolutiop_ B
Phytes and Pterx‘dophytes form Paralfg} branchcs of the mlutiomry tree,
stammmg[ ™ & commep 8reen algal ANcestor, Sueh an 8nocestop bulonged
Mmogy Probably 1, the heeemtnchous Ch:etophorulaa.

Family , Astex-oxylaceae

Itis Tepresentoq by the 8ingle genug Allerazylon. ‘hig genug
is Tepresented in the middle Davonjan Period by two Bpecies, viz, 4,
mackie; angq 4. elberfelden.ye‘ They were discoye, in tpe Rhynie
valloy, he Iatter 5pecies vy found jp the midqle Devonia;, near
Elber{eld in Germauy. .

A mackse; wag Teconstructeq from 86vera] fragments of the
tossilg of the same plant. © complate TOC0nstruction i i
of jtg externa) morphology, The rhiz, 10 smooth and begp slender
brancheg that functioneq 88 roots, rhizomes 4, L di
me of the slender branches that Penetrateq the
a8 roots, The aerial gtemy are leafy, and

co
which extends g wards through © cortex
kil Owever, it does noy extend. g leaveg o dorsj.

. The 8erial gpop, brancheg laterally and theg, branches !'orkgd
dichotomously (Fig, 2.5, 4). Dichobomy has 415 been recordeq in
the majn stem, " Ty, diametey of the stom iy about 3 °W. near gpe
bage, Jp is 1 mp, in the outer OXtremitjey of the &tom, 0 leaves

"t S mm iy lengt), and hgve Stomaty diatn'buud among the epider.

" cells, Thers i 4 well defingg cuticle tog i the Jagyag £ O€r-
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The tracheids are spirally thickened and show an annular thickening
in the smaller tracheids. The phloem oxtends s a thin Jayer alt round
tho xylem. Indications of the presonce of ill.defined endodermis are
also found in some specimens. The stels is actinostelic.

In the rhizome the xylom is eylindrical and rod shaped and ig
composed of tracheids. There is no distinction iato proto and
metaxylem. It is surrounded by phloem,

Lo [ TRNUPRE ) TIPS SIS X T N B s Thacganan of
Travally it §s composed of
- cortex are more

. Lt fe. : : r where tho cells
are trabaculate. The inner cells of the inner cortex are also compact.
Presence of fungal hyphae has also been reported from the cortical
cells. They are attributed to the genus Paleomyces.

Spore Bearing Members

It is unfortunate that the evid as to the rep
organs of Asterozylon is less satisfactory thau in the case of Rhynis
and Horneophyton, for the fructifications attributed to the plant have
never been found in connection withit. FPoculisar naked branches,
quite different from the vegetative stem, have been found in close

iation with some speci and iated with these doubtful
branches sporangia have been observed. They are ususlly different
from those of Rhyniaceae and rather resemble the spore sacs of
certain carboniferous ferns. The sporangia thus attributed to
Aateroxylon bave a definite dehi tike fern ap gia while no
such provision exists in the Rhyniscese.

Dr. D.H. Scott remarked, *I eannot underiake to say whether
the reproductive organs provisionally assigned to Asterozylon really
belonged to the plant or not. It Jooks as if they did, but thers is no
proof.” -~

The uncertainty regarding the fructifications of Asterozglon
leavea the affinities of the plant quite doubtfal.

The sporangia are pear-shaped and one millimetre long and are
horne on Jong, naked, h hed axed. Asteroxylon is 1 POTous
and the diameter of the spore is 64y, These fructifications have
T TN U3 be T (1984). Lyou (1964)

* ' + ackiey. He bhas found
- wngia borne on_ short

4 among the leaves.
* can now no
ylon because it
d fertile shoot.
wtod stele and
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Division s PSILOPHYT,
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ALty — T d

) ~§‘amﬁy: PSILOT i3 08 -

ALY N7 Qhlz deot, Doty f
e e h g mfal Horg TRy
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3 o0
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ceae, R N
e
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flatteneq stems,

Body, plant
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; of nnc_hutago_an Y Sorption.
A 3L A g e ", Bierhorat 1005014 tho opision
B. Part of stom bearing aynangi, ha hing of the thizome jg
[£:X AneerzsI). dependent, Upon the type of
obstacles encountered by ite

0
an,



PSTLOPHYTA - PSILOTALES . 5
P { piee whe?
(B} An crect or pendent green aerial portion, which
L R N R ar St B Tt

- 3 SHISANn derpie

ribbed. Near the upper region the serial stems show three longi.
tudinal ridges. The epical meristeros of both the rhizome and the
acrinl stems consista 6Ta mngle totrahiodral Apical coll Witk three
cutting Taces,  {Ford, 1908 Maraden and Wetmors, 19537 Berhorst,
1854},

Anatomy of Stem. The outermost boundary of stem is
formed by a single layered epidermis with thick outer walls. The
epidermis is lined by a layer called cuticle which is mads up of cutin
and waxes. It issecroted by the epid ! cclls and extends into
the stomatal pore. The stomata have no subsidiary cells and havo
two prominent outer ledges (Fig. 3-3). They are restricted to the
grooves belween longitudinal ribs.

Pig. 32, Psllotum nudum, A, T.part of asti .
roson sty &eﬁno‘k)o,P” of aerial stem nenr the upper
- B, Portion of T.8, of atalo of aerial stem ¢ot near the apeax-
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layes devoid of stomata and chioroplasts (Fig. 34, B). The chloren-
chymalous mesophyll is continuous with chlorenchymatous cuter
cortex of the aerial stem, In P. flaccidum a leaf trace ends at the
base of the leaf liko emesgence. -

Vegetative Propagation of the Sporaphyte

Holloway (1939) and Bierhorst (1954) reported the presence of
minnte, ovoid and multicollular outgrowths arising amidst the
- thizoids on the rhizonig~ of ~FPsilotuns
. L e Ly

a " e e
Each gemma grows by means of & two-
nid?d apical eell, Iis cells nre.tbin-\'w;nl'lled

Reproduction by Spores

Fig, 3 §. Certmas o7 Spores are produced in specialised
Brood bodiea from the  podies called the sperangia or synangia
shisomen sl Pallotum  4hat appeay_ou the derial shoats (Fig. 31,

<o not_terminal but
31, "By essooiated

* throogh the thyee
sl into three Bporo-

“hres _apical
t gpomnglb‘
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Development : The dovelopment of the sp jum is of
the eusporanginte type. Accor-
ding to Bower { N : a[:trl;
ises a8 oan oulgro
Bng‘?m. ?.r.l,z.l ~dn Af tha éﬂn‘wd

— PORANGIAL INNER WALL sm%!gm
Each laters} outgrowth des. ""m";’;&\ WAL
tined to develop iz;)to atrﬂobe% K I rarmin XD,
rangium, ws by means o - . .
Bulr’xo ap%cal ::gﬂm to_form 8 short
wulticellular fertile axis (stalk
of sporangium), Throe soparate

- .

The sperangial stalk and 30, (A—E), Pall s
the partition walls between the Fig. 30, A—(-D ). Pallotam oodan.

) od 2 Sbragas in diavs-
sporangia Jocules are trmvers lopment of sporangium,
Pt O X
3:; (:xtcnd into the foliar appen- T Agm fiakiniy

Marphology of the Spornnginm

Throe divergent views bave been advasced to interpret the spore pro-
duciog stry in Peilotum. Aocording to eno view the trilobed sporanginm

garded ss 8 te,itia dared to be a fusion prodoct of thres
aporangis {Bierhorst, 1958). Tha second view regards the forked sppendage ea
the sporophyll bearing a tai P i This view waa putforth by
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Solms-Luubach {1884) and wag SUpborted by Bower (1908), Schouta {1838,
Beward 119!0) and Vahumvsky (1910). The thirg view ToRards the ADorangium,
as Occupying a tormyng) Position gn 5 shory latora} branch, Accordmg o this
view the Sporangium jy triloculay and cayline in origin with g termna] posj.
tion, This view wag 8dvanced by Jurany; (1871) ang A8 supported by Sachs,
Btrasburger 82ad Goobe], Eichler also SUpported thi, view,

Presence of a Vaaculay strand in-the~uporsngium 2upports ity ing
axial in posire B ~=RRPorta s bein

8ome Togard the Sporangia} aall oy omparable 0 the e - - re
in the ©quisotales,

Biorhaas .o\, . . - .. e
with the LI - ey L
Bards the . - . . - . »
leaf.like aj - - =
ood atructy ., - -
the eporg " - LI e,
archesporia . ' . " .- o
Observed ¢, |, .. L T, . " ! e three
locules, 1y - - sveuus that ghe trilobeq &poran,
gium is appy . & e futenog by the fusion of three Bporangiy,

Gametopbyte Generation

Tt starts wigy, the spore ang bas boon describeq by Darnelt
Smith (1917) ang Bx‘g&o;s_f_'( 1953) in p. nudum,

The Spore, Pn'lulum_ is hgmosporous. The sporg tetrads
may bo tetahadra OF 6ven isobilstora. The two curvedpo “€0da of the
up MEDIAN sy mwaturs kiQ_!LeLg_hgpgd_ppgma.am

seonss [ 3  joined p 8 DAY ridee trayar.
ed b lian _.Litgtbgt\ runs

- . 0 _exine js
Fig. 3.7 t " Spinulosge. The 8pore 75 Tioho:
s o St Lopans et -
;B Te; O,
n'oen in npueul?:eum, o Germ.luﬁ’on of spore
5 uﬁ‘. BM‘ g’ 'iu:we tel ; 0 The #pores germinaty very
L N
e Darmeli 5 ! ”I°:;{ ‘and it takeq 3]to 4 montb;
for & 4 mtogerminneoinareiﬁuial tures, The' carlier stages o
germing?)n_ (an‘38) 28 studieq by Darnely Bmith (1917) can bo

listed o below
L The e_xino;pp_gxm along q\g_mgz&_'as slit,

2. The intine Protrudes ong as
which ME’!]A@M in sizo,
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t

I Py, -
nt D i, i)
.o e
an \nhl\da tin 1,
OUCh 1 rl:[rq@:_. M*:nfunm‘n‘"g‘. p‘?ﬁ’hﬂa\nﬂ' Tk

;a.'on!:‘t.. The £ erop&_ﬂo 1, Atylmdr{

oty Debod Ltyetepd vith 5 g

The Tay Feowy Zelsy,

diri«ym J;._r

on g,



BOTANy FoRr DEGRER «STUDENTS
in p, nudum, and descrip, od the ocg, I'inte Tupteq Vasenlgp
System ghae Was eg bia, protostel Hef tb t the prot,.
stelo ypyo Periodiea)) in ten- te
chyma, Hol, Y foun,

by inter Tve; gregx ong of paren-
d thay t growth in thegy inte

rothall; v,
@

H

i

Sy

A
7
5

Fig, 39 Pallotum A, Jluungnrn
n‘-‘mn ;-m.:oph_yt. -:n-ln
strand ; iC—p,

iR g
&nd . cenu-l Yascul,,
pbyu £ema,
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A mature antheridivm (Fig. 310, G, H) §
bular structure without o 5 Saaiet o & S Teeed ot
batar stevctur spema:oc y?Ze ’atalk. It consists of a single layered wall

Archegonium. It dovelops from a sin i
11, AywHRE Givides pericb‘nal;y Into an Qg‘;giagoeﬁﬂi-mi!“] En&l‘z%
inner central cefl. The cover cell divides by two interzecting anticli-
:1;1 walls to form fou{ cells, whith act as initisls of the four rows of
“,sj!ﬁhqg"mﬂlﬂtik (Fig. 3-11, C).  Theso four cells divide by repea-
transversa walls to form four fongitudinal rows of the neck, each
10w from 4§ cells high, The ceutral cell divides (when the neck
is only threo rolls Jong) by o transversa wall into an upper prinyary
canal cell and o lower primary ventral cell (Frg.'fiﬁ?r:%r'rha
formor divides by a transverso wall to farm two neck canal cells, In
MG covepcann most cases the wall separating the
two neck canal nuclei has not been

@ obgerved (Fig. 311, E). The pri-
N

maary_veniral cell divides.frans.
vergoly (Fig. 311, ¥) _into an upper
wventral canal “cell “and_s_lower
egg _cell.  Bisthorsl (1954) has
feported & case where the central
cell functions directly as the £gg
cell.

The necks of the archegonis
are straight, and the vepier is
embedded _in the tissue of the
gawetopoyto, .

A wature srchegonium con-
gists of 4 longitudina} rows of neck
cellameach tow 4 to 6 cells bigh,
The neck eucloses n neck canal
(Fig. 311, F) with two neck canal
nuclei or two neck canal cells.
There i1 & single ventral caaal
cell and a smzle egg cell_ THere
feho stenle wall surrounding the
venter ag $his portion js embedded
in the tissue of the gametophyte.

As the archegonivm matures
the cell walls between upper liers
of neck cells becorne cutimised and
the u;}?er part of the neck bresks
away (Fig. 3-11, G).

Fig. 3}!)‘. :hgu im ¢he Pd(;;relop-
men} of Archegonjum w Psilotnr N
pudut. ‘After Hiorhorat Bierhorst (1954) states that
e (Ao Tiechortt] 1o brenling off of the neck takes
place after the process of fertilisation, Earlier workers believed it
1o have taken place before the act of fertilisation.
the usual disi tion of the

Prior to fertilisation, it app
* Urow of cells (neck canal cell and ventral canal cell) takes place.

[
3
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as
Thg_;: Absory Moistype becoma Mucil, inoygy and foreq 2Den_the
Uppormosg - <celly ¢ ;»rmlff""g\-tb“pt:rmatpzpzﬁ' to
eu{QW""\“"T?E%LHLMQKc Ronial npgy 21d reach, 1y egg, —
Fcrtilisa!ian Consjytg in the Unjon spormnlozoid and ¢y, egg,
followeg by the fusion of tho mgy, and tye femafy nuelej (ayngnmy).
Thero j, Cvery pmibility thay fertili«alio 3y not even talg Placg
in the diplord o the Polyploiy Stophytes.
Vegemn’ve P gatiog op

e Gaznttophyte
Hoﬂuwny (1939) 4, ierhorgy (1053) Teporteq the dou!op.
ment of gommp, on the Surface of the p, allug (Fig, 37, E, F),
‘\\\* .. PN
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to fo 8emmy, jp. Btructyre t 3 contajy, 812 celty
a matm: t; Thege F:d Eorminate to give Fige OW prothaljj,
In additio, to gom oWy (193 °Ported ¢, ation of

. . Hep
buds.. They diffor from gemmag 1, their of p,
N0t arige on the tips of shor Outgrovyp, but directly on the
Prothaljyg,

The Embryo
® Zygote dj, ides t trangye, wal] & basa])
cellor oot (Fig, 312, OWardg Jeck of the archego,
Mum gpq YPobaga] cell or ¢, Begmene belo epibaga]
cell giyp, ri he shoot tem (both thizomg o aeria]
ancheg) th bypobasal 1l divig fous pJy €5 o give
Tise to & by, foot Which gives oyt bauslon’al ~8rowthg jn¢,
ametophy, (Fig, 312, 02 e the g, Tophyte to the
gametopy, d abgorhg nutrition ot tin Doroph;
dependep, While ¢, 00t ig do: eloping ¢he ©Pibasa] cepy
dividg, diffore, 3 (Fig, 12, ¢,
ag: I cel] thy ung #porophyt, Soop dﬂ'erentxates t the tip of
8 outgry, ig. 3. ). thig stag, 2lges ‘out
Prominens OUtgropwy, n th BUtface o 8amety \Yte (Fig,
312, E), he Betivity op 4 Bical col] thg g,
8 Brows oy lly ang b o3 Prominey, ¥ Urroundin,
colls of ga: etophyte divig 1o form a calyptraJLka Outgrowth
envelopin, the youn mbry, By furthe, OWth e emb,
Pierce, throyg| the calyptra (Fig. -12, The shoot
00D gg, blisheg itsolf 4 ung axiy With Vascular 6. It iy
the fyy Thizome which £ branc| L
nc) a later Stage, young rp;,

The Thizome Contiuney ¢, grow in lengtp and bram:hes re|
edly i o dichotomous manner, The tips of 7y ® Ultimate branches
develop into aeria} brancbea that Come ot o the
humyg and groy, erect,

The embryg of Lsilotys, is remarkably differny from most of
the Other. pteridnphytea in lucking initia)g of Suspensor, leaf ang
root,

Distiney Featureq of the Protballna

The gamstnphytmof the Pu'lola:eae are tubturmnean. 2 The
eolonr light broy or dark browy, 3. The lack ehlorpp, L 4, The
body )" N o SRR Brorebhyl terminay

wn
usually tylindrie.l. It brlncheq an v
Meristem, 3. 'S Prothali,, tisaug iy Unifory, OXCOPL 3hy OPidermg} Iayer
that s gy, distines. 6, fesency of rache;gay co”q_pr\evan‘dil_tinﬂ vas.
nj UTe of g gur.ngtop{i te. 7 The
at

0L tha- 00
cked dy an_endopy, 1o funguz = o 8ur.
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antheridia bulge sbove the eurface of the prothalt 13. The arch ial
neck is composed of four longitudinal rows of cellaand projects above the
surface of thellus. The venter is embeded. 14. Disorganisation of the
tiers of peck colls.

Affinities of Psilotales

Regarding the affinities of this group there are still doubts In the minds
of botanista. Four theories have been pub forth to explain the position of
the group:

1. XKidston and Lang (1817--1921) propounded s theory suggesting

close relationship betwaan Pailoiales snd the Pailophystales. This theory is
also supported Holloway and Bower.

2. Arber suggested their late origin slong icdependent lines from
the algse,

8. The hypothesis maintained by A.P.W, Thomss snd formerly
suggasted by Bower and Scott, of an afiinity with the Sphenophyllales,

4. The old fashioned view that Pailotales are essontislly Lycopods
{Tawson, 1917}

Connidering the rst theory, the Psilotales resomble the Pailophytales
in: (i) baving rootless rhizomes, ({#) protostelic stem, {§is} small Juse of
the loaves, and (iv) dichotomaualy branched shoots,

They differ only in the position and number of sporsngis, Kidston
&ng! !:sng pointed out that not anlyLdo "13 Prilotalea recemblo the foesil
R A s b bR ST ey i S P

PR . v [ A grm -y
mmbeu"of the Pailotales are living remnants of Devonian flora that has come
down to the present day without much change from the very anciant times.

Lawson {1917) exprosses himself favoursbly towards the nffinity with
the sphenophylisles while pointing out that the gametophylic generation can
offer no positive evidence,

Affinity with Gphenophylk)llu is lx;:;ad out because thers are mas

jmportant differences Lotween them the Peilotales, The lesves xg

Hphenophyllalos ave whorled as vompared to upiral srrangement in ¢ )

biton. “he braebing in the Sphenaphpliste is Bomens In Sho Dello-

the dich t hing in the Pailota) -
Regarding their affinitles with the Lycopods as mpgesied by Lawsan

Arber egrees with Thodsy snd others in  that the Teilotales sre
an entirely distinct group from either the Lycapods gnd the Sphenopbyliales,
Avber rogards it as quits an indspendont rase had sa algal ancestor,

B T e R -

'
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1. The axial pk ate > 2. The underground
aporophytic stem and the hytes are indi ighable in both,
3, The gsmutophgks baar septats rhizoids in both. 4. Alternate periods
of growth in both the phyle and the phyte produce short and
lopg eells. 5. The archegoma in both the families dehisca by the decapi:
tation of theneck, 8. Sporophytes sre rootless. 7. Spores are manolete,
8. Similari in the deval snd wall structurs of the sporangis.
9. The terminal leaf of Tmesipteris and ina) pinna of & g pteris
develop from the apical meristam and consume it, 10. Large superficial

heridia with lateral op cell which breaks down at maturity. Dis.

continuons vascular tissno in smallar sxes of the sporophyte, 1l. Synchro-
subterransan steray. 32, Mesarch xylem
H . . - R

nous xylem ruaturation in smaller
erithacs menbnyodare alooay fan 4% 4 3e S

. .
L N | L .

wan, o
. ’

ao! . N oo . a0
faonizes 15, Nucleols at mitoms permsting ap to snaphase stage,

Bierhorat regards the asrial axes of Prilotum and Tmesiplirie as
fronds,

Signifcaoce and Phylogeny of Psilophyta
The affinities of the two classes of Pailoph have been di d in
detail in the relevant chaptera. The division Psilophyts is of grest evolntion.
sry significance as it includes two clonsly related elassen of extinct and living
plants {Peillophytopsida end Pailotepsi are the oldest known and
v mda cegnaetn Dl - ©r w aither leaflesa or
a P e ++ connscting links betwaen
PR " . .+ oplex vasculsr plants like
- + * lophytales resemble some
- P . + > b) absence of leaves; and
\vs Busvuty UL IO, uey Liusr LAUIm Kigse 1 possessing f (o} definits cnticle;
{b) stomata; {l;) cutinised spores and (d) s vascular system with well defined
xylem and phloem.
This division of planta offers a number of evidences that have a great
evolutionsry importance, These can be luted ss below :

Prof. Lignier

L They ¢ light on the origin of root, ag suggested b,
e ‘Tfly hrav_v_:g"\-‘n.x e L e e 7 and entered
. . L e ' L v nchorage and
Doame o wa O - e ophytales and
. AN

» ** = u' 2 benesth the

- o aer iy oA
lao muggest the origin of phy and
luvos%ﬂy‘tct;g;a snd lgi‘gnu The ﬁaf-hke _emergences of Asteroxylon and
Pyilotum might have developed into -ma'u single \;emed nn.d‘ _microphyllous
leaves of the Lycopods. In £ & end pieridivm, the leaves
are formed by fattenng af the brauch ayatem and ere supposed to have lad to
the development of larger and megaphyllous leaves of forna,
9, The snatomy of the shoot in ths Pailophytalos also suggest that
i, d and that rigie

B e by tha. appeianse of Dith. 35 ‘also sugaests thaf the Samular
from it by the sppearance of pith. alss t 8|

:lr:‘::eid: sro {ha n'xnx;ﬂeu& and the spiral and scalariform tracheids ere
advanced, .
. A comparative study of the Puilophytales and the higher vasculaf
lants ‘t.lso luggoit the ectabli{hmsnl of four diatinet ;ubdxmnz_n., namely, the
a i id: Br‘ da and the P The Y

finos of evelntion which lead to the development of
2 jda (Fig. 337}

f P
dizate cloarly tho these
piida, S ida snd the ¥

Ly
amall

6.0, Avlsrorylon posstas
night hdve gison rio @ the Lyeopeid Jine

srtain h of the F
feaveas that afiso &g sergencos and
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relntiamhip Blaopg gﬁ:vnﬂulxs EI:J;,.Z! v:aﬁ:v:?;l(au'g. "9 e phykg%m




CHAPTER IV
LYCOPHYTA

Introduction

Tha division Iycophyta in represented both by 1i s
.nnd has s very long Avflvmnqrv etnre aa i .fn‘:!,!wl.vgn..‘gm‘?ﬁ ”f.‘f.'ff..gﬁ,“:

N R R
di vizion i obaracterised by the following well defined features -

1. The sporophyte shows clesr distinction into stems, Jeaves and roots.
4 Thestemsand tho roots branch freely in a dichotomous manner, In
selaginello the roots ariso from rhizophores, 3. Tho leaves are spirally srean-
Zod and are microphyliyous, { 4., they ate traversed only by a single unbran.
ched vase alar strand sad the leaf traces do not leave s leaf gap. In some
933':.(3-‘;‘%9;%,’&&_22}’: :r.qeieg $he Iebv';:;arg_ﬁg;}am 4 3'hQ Yyasonlar r"eéion

R o

' . cee “ R

s vl

LY . -
prouvce exosporic gametopnytos, -~

Clasaification

The division Lycophyta has been dividsd into wo clesses s

1. Clazs Efigalopsida which inciudes only one order :

{a) Order Lycopodisies. It comprises two familiss and have both
Hving and extinet plants,

Family : Lycopodiacene, It includesliving es well a9 oxtinct planta:

ium absent, ep hylls with i in Ivoss
strobili; b i s P ; sperms  bifagell The
family iucludes L 2 F and ites {extinct).

Fenily : Protolepedodendrrcene. It includes the genus Profolepedo.
dendron which is extinet. It cccurred in the Devonian age and had only
primary growth; leaves forked; no definito steobili; gametaphytes unknown,

2. Class Ligutopsida, It includes the fallowing four orders s~

{3) Order Selaginellales, It includes both living and sxtinct forma,
Tt Ia characterisod by microphyilons and Ligufate lsaves which may be isophy~

20
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ot ) i

1tous or anizophyilous : strobili loose; heterospe £ T i

sscondary growth abaent; sparmatoroids hiflogellate, Xt mciudes only on

family Belagisellacese, The family includes two geners, Selaginells {living)
and Seloginellites {extinct).

dral Ineludes only extinet plants that had tree~

“ -ff)' Order l:phll:u_!m- S e Gl _p_ 1 Jigulate leaves,

- - - L 1o of the genern

. - ' ' Siigmaria, Sigis

Fig. 41, Lycopodium clavatum. A, Poriion of 5 plant showing babit; B, A
sterile leaf ; C, A sporophyll beanng sporangium; D. A apore seen from sbove
showing trisradiate ridge. E. spore ehowing reticulations of exine,

{d) Ordor Yavetales, Includes both living and extinci forma, They are
isod by ith a Tik ial root produci

2t il tern; g g
merigtern; aecondar;: grawth; small and ligulate leave; iwo types of spores;
-t eI T e T S e RS N

o Seosy

Herdelb, Akad. Wiss, 1959; Abh. 1, 2) (hving) and Jeostites (oxtinet).

(c& Order Pleuromelales. Tt is nn extinet ordor with teee-lka sporo-
phytes that bore ligulate microphylis near their apices, They were hetero.
sporous, 1t includes family X ! with Pel ta as one of the
goners,
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I

i ith aha anl r»d Ieaves. mou-h'kon ar.

Anco \1‘ ‘llm s ™ them the me iclo); Moy .I’}{‘
Most of tb !mplu apcr-l T® epiphytio and prop.

h Bing from ) 1runlr IMarig (P 1-3j, LE tywz

T} rPecicy o in SR Llanrh,nnd on mojy e

8cidia 2l 1 4, Tl ang ef any ul 717:

L g )andL cern

. Ty erect
Orme, " r(amlum, " undatym, (Fip. 4.1 1,44 mm nru
Cmmon Lfeeping forin, Z, rolulite (Fig. 4 s 8 climbe,. 2 creep.
in formy Rive oy erech bmnchoa 8t inte, valy, SL2er
k\\\

The fom rd .omm ¥} gn:h The tyg bran.
cbba !om oy Tesult 5 J'c‘!.;zom yb\
o grow and und Crgo fur, lh

0 cq 8l ang ntinng
tomy, or the bmnc.'.oa ofy
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(L. clavatum), In prosteate species the main exis or the rhizome fs
completely or partially subterranean,

Leaf, The leaves are simplo and small in size and posses
singls “Wedian vein that fails to reach ths toaf BpeX. Buch leaves are
called s micraphyllous or wicrdphylls: The  leaves Tack a Tigale.
i(]suaély the leaves ar5 210 mm 18%g but in eome msesedthef(;
oty Lt e Tho leaves are g irally arranged an
L L in 80516 tapes ih?)clz’ifnm'?fg'émene iy

| T, @gsnum) or oven whorled (L. verdicillatum and
L. cernuum).

The leayes msy,bejspphyllogg ggggislsphﬂl_gu. (L. volubile).
The short branches in L. volubile "bear four 16w8 of Jeaves s two
lateral rows of larger leaves, venfral row of gmaller leaves, snd &

dorsal row of medium sized lesves, In addition to the normal leaves
the trilbils in L. selago develop thick and fleshy leaves,

Fig, 44, I i E 1 morphology
'Y fum.
3 i: ::Izg?nou that the sporangia oceur ssattered and do not

A
B,
C

" form a distinet strohilue.
. Asteriloleaf. R
D. A sporophy)! with sporanginm.

L.
the roots come out from the basal part of
af:mt ha;’tﬁi r:r:’ua roots elsewhere along the entire length of



4 The o0ty may ®Morge a4 80¥ boing 80 they the Wholg Axiy 5, Overeq
by advenem'oua Foots,

Gro"'th

elmze. he Totod, m erigge, .
m bg Protoq, ives pig thy o, pmtectlvo] y:'x:f
the pidormyi, 8 Cristor g; OTentiatey X, endg.
s, pe, el g he Pith, The Proes iu, s ise 3o the
Yagey]y, tissug lom and ¢he pbloem). tmorg (1943 h W
that ¢ Drocamp;, centmlly locy and g " very logg ¢4
the shoot Ita coppy elongatod 1 gy, Hy dividy ing on
tudinal Plang d Iy in trg, )
ATOMP



T

Cortex. It is present next to the epidermis and ghows & grest
P
varation in s thickness and structure. usily % are
it ts thickn d structur Usually three type:

1. In some cases the whole of the i i
walled cells, They encloss small or 1 intorenttoondo up ol iy
o cortex is ealled gomogeneuus [¢78 :elf:zrggae)l.‘ intercllular spaces,Sath

2. In somo species the cortex in the mature s is made up
i 1 stoms i
wholly of sclerenchymatous cells, There ato no intercellular 8paces
Y]

8. In others (L, claw 1 P . .
zones (Fig, £6, 8) (L. clavaium) the cortex is differentiated into thres

(i) the outer zome of
thick-walled cells (Hypodes-
mis).

(§i) the middlo zone of
large and thin-walled colls.
‘These cells enclose lot of intet:
cellular spaces. !

{i#i) the inner zono of
thick walled cells.

In L. cernuum the outer
and ioner cortex aro thite
walled and the middle_corteX
iﬁ)ﬁclerench}‘mnwus {¥ig. 46,

The last layer of corth
eal colls is ealled tho endo-
dermis,  Endodermis
clearly recognisable jn ibe
carlier stages of devalopment
because of the presence O
essparian etrips, As the deve
lopment praceeds, in mstur®
stetus, the endodermal cellt
become thickened.

Pericycle. It is present next to the endodermis end I8
composed of one or many Isyers of compactly arranged parenchy”
matons cells.

Vasculsr Reglon or the Stele. 1t consists of only primss¥
tisnes, 4,2, the primary xylem and the primsry phloem. Tho spore-
tings of ali the epecies of Lycopodium show & central protostele with
radiating arms; i.e., actinostelic condition. When the sporclings grow
the stelar structure goea on becoming complex and shows variation$
In various spocies. Sometimes the errangement differs st different
levels in tmhwt of the same apecies.  Haaleally the arrangement
of primary xylem and phloem is & protostele. In this case the
x3lem forme the central core of the stem and pith s absent. Tho




LYCOPHYTA-LYCOTODIALES (1]

phleem surrounds the xylem (Fig. 4-0, ). The protostele, as studied
in the various species of Lycopedium shows variations with respect to
its shapo and arrangement of vascular tissues (xylem and phloem).

Fig. 46, Lycopodium—Stem anatomy,
A, L. clavatum—T. 8, portion of stera, Note inner sclaren.
chymatous cortex,
B. L. cernuum—Thie middle cortex is aclerenchymatous,
C. L, serratum—Actinoatelic protostele, B
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Generaﬂy it jg 8ub.divigeq into fopp types . %) ha Tostele i, Which

the . xylem Tormg 5 o 4F Contra) oo, a { Ploxylem sy be
o

ro Pro
in the centre gp surraunding the Metaxylom absent, iy, copodium) ;
(%) Ctinogtey, (Fig. 46, ¢} in which the xy(lem nppealﬁl;lar-aba
fo £ ]

With pro Xylem Situateq 3, the (Fig, 46, ¢) tips of ¢he 5tar.shaped
Projection and g xarch (r, 2elago,” . serratum r. Phle, ria)
113) plectostel which the Xylem, transvcme 8ection, 3ppears

b the Paraty Plates ¢ (L. volupyy, valum) vari.
able 4; phl batweeu tle, (Fig, 46) ; and ) mixed
protostel_ hich and ph, &re rmly distriby.

in g transverse Section, jy o Dears a5 if atrangs of Xylem ary
eWbeddoq in the Phloer, (Fig, 4-8) which formg ¢pe 8round mass
3 1 i8 oxpr,, .

1 8 plectostela the 80paraty bands of xylem and phloem
8ppeayr mteraonnected ing Iougieudinal 8ection, They remain fres only
u a i up ap elow, ixod Protostels the
T Of jrrg scatt in the
¢ (Ogurg, 1938) 1y 44 8lso found g L. lateraly

ex oures EPDEAMAL gy
’fg;-k','f,;ém@“ WiTH CHLOAGKAsy sTor
LE 5

EHEATH

o e MAT e
LY PHe,

iral
The rotoxylem elomenty are SOMpoged of 2nnular op Bpira;
trxcboida. pomeﬁmes the Tingg iy the annulgr trachejdy are inter.
i 2

ids are o and poggegs elongated
s 08ed of gigyp, cells ang Phloem, zal}ez::h};m:!
i 1is o ® long ang tubula, With sieve areas on the laters)
3}? T:vz;; s‘wnrlls. Ii"be sieve elements develgp centripetally from

outer angleg towards the Centre,
trands of vaseulap tissyg called 4pe Ieal'traces extend out.

8 .
the stele and ryp obhquely Upward, tbrougb the cortex,
W;Jr;in?':?mndoentexu tho Jeas to form 5 single Medign Vein.  Gim;.



larly telo ted ch by, ch by Tace, 1, a
tranay, ection ¢hq leary, ces ar ag digt; ct Ular g
Therg are &aps,

Lear,

The leaveg arp micropb_yllous and pay, 8 8imply intemal
Structyp, In Ly:opodium lavatyy, tho Joat hag 4 tn'angular Outling
in 5 trnna verse gq, oction, In 7z, 2elago (Fig, 47) the leaf j, almoys
Tattene, ed, ere is igtj) ho leas Is 1, ed by,
8 single midn‘b. A transvorso 8oction revea]y the foIIowm
atructn

E, Idermis. he Pidern;, is g 8ingly lay, of o, pactl
armngeg celly Sinugtg and thiop Outer peri, I ina} Wall.s wb:cb also 4
COvored §, layer o, Articly, 1, 78 pe, fora, byg mats bave
only Outep artlcuhrl gos, The Cuticly OXtendy Over tbo gunrd cells,
The , 8tomg B the o f the Joqs ¢

May po on bogp, 8ideg me ylloua
BDocieg and oaly” o, lower pndel'mx}; in Some 8mogy) yI aus pecm
(ge volup, ile, T, Complanatum) Soin selag, ° (Fig, 47), w) which
uopbyllou

Me, €Soph y1I, It ;, d'ﬂ'erenhalod an, ooaely arran-
god cbloropbyllos cell S With g, ] or I, 2ge ji mtel'cell ular The
cells or g I:gbtlyl lobeg,

May he und op T ovaj o,
Vasg, Ln Re egion, brancb od Vasculay 8t d

tranavemes the Joag, The v, cular bundl €sarch, an

6 Xyle; ot 5 'Y8 shoy, eleg, T dig Stinction intg Foto.
and metaxylem. Protoxylem Whep dxsem et jy surrounded byﬁ:
Xylom, Phloom is Spicuoyg on] nthe b gion of tho Joar
an Toundy the yle Noar th, Doy o! tbel eaf ¢, evaaculu-
Strang 'Posed . alang, The trach ids the Xylom
8Y0 8pira) nnuly, thi kening, he Phlogy, COngigsy f sioyy
tu, nd Phlogp, Tenchym, The slove ¢ beg Iroy, Iumena
Endog S or ¢}, undle cath t be gy,

- 48, 4y t COnsigty of g glo i
Vereq by numorous root b nr roog hajy
are app, ed jn Pair; and oir origin jq charg, Acterigti, for the genyg
Lycquodr'um. i Vides €1ther 5 in,
1

Corte; a Zon,
£an po lTerentmt d 0 tyg distines Tegiong, Outer

blcb 13 com Mposed 86very) Inyem of thiclnwalled 23/} ]
and ghe ney encbjmatou Cortey, Endodermh fnd Pericye), are
not dlshngmshabl R .



80 BOTANY FOR DEGREER STUDENTY
ROOT Ham

PRy

-THICK wiay, o]
Ou'roftncm‘r‘sx
]

THIN WaLLED
CORTEX
THICK WaLLEp

TEX
FSCLERENCH YA, Tousy
SHEATH

METAXY£M:
PHLOEN

B

Fig. 48, Zseopodium #lapo ; g, Root,
A A T8, Aerial Root,
B, T8 Cortieal Raoe, .
C. Diagrammatio T.8, througy, stom showing one em stols gad
two cortias) roots,



8t
o dinrob, totmrcb, or pal_rarcb. n
‘Ping speciea, g, Z, c/cz‘afurn, the btoly
8 nne it} an, ° stel, eouaiats, of giv to ¢,
o Artangeq ! The X¥lon, iy OXarh,
me!axylem Unjg, in ecentre to
&ivy e fy Presen, in the Torp,
s o Xlon, Thig structute
Potastele.
In Most op °Ct ang CPiphyy;
Tarey, : 3 px'/&ym'a’eo it is i
bape With Progo,
occupies i
4

2 ane Parg of the
ch eondihon ig 419 iy Simjpy
r 7 pn'lhyoia’ea n tatrarcb coudition the 8telg
°Dargge bang, Xylem, with proéaxylem at Cithe, on
Teky, T4, twoon the Tlom banda. Thig Cong;,
tiog 0, 8i lar ¢, plectostelic proﬂoste]e.

foog and

ang L&) are alluost siml'lm-
the Aerigp Tooty, In the
Dot persistent ang bajp.
Protyp, oeg (tricy,

the Toog
oblasta). .

com'cal
are absgyg or

1) A
llaéﬁq Ay 1[) \Q
ke Q place ) oy
Inariy ang A lucl'duluﬂz.
Ced axj, rrmmdedb & nyp,
ora‘ﬁ)b\d m\aana A oy
2 on thsg Orleng 8tep,.
Teny layy 2nq Srike
T ang S3tably theﬁulln‘l
(Eig, 4-14).\“"\
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In L. phlegmaria bulbillike structures have been roported to
arise near the basal and older regions of the main stem ({Chowdhry,
1933). Their germination or ultimate fate has not been reported bub
were considered to bo organs of vegetative propagation.

Morphology of the Bulbil

There has been o considerable
discussion regarding the morphologh-
cal nature of the bulbil. This has
been regarded on purely morphologh
cal basis as being 8 modified sporat
gium, an arrested shank of a dichoto:
my, a latersl branch or a modifi
!eaf‘ Tta leaf-like nature is auggoft:d

L e e et te ha

s A :
- vt .o P . !
show that if shoots of young plants
are decapitated immediately belo
the apex, the young leaf rudiments
transform into regenerative buds.

2. Fragmentation. Death :ennd!
decay of older regions of the Sl
le’é'di{xg_{gﬁeﬁ_sepémhp%z_u, T ygunger
brafehes _which, grow intd o) amtz_
plants is also n common mel od 0.
vegetative  propagation in Lyco
poditm, —

~ 7 . -F Papting
Fig. 49, Lycopodum, Vegets. '
ti¥e'reproduction,
A, Portion of stem of L. luci. . . bea
uwlum bearing gommal. buds of rhizome and its branc L
. oYL s T M

vy -

o g e arrrA

— i .
vegetative propegation.
‘ 4. Farmatioa of Root Tubercles. In some species the
sdventitions rools Dear swolleni tubercles whoso cells storo fi
material. In L. ramulosum {Holloway, 1871), theso tubercles
originate from the parenchymatous region of the cortex. The¥
consist of s group of cclly with stored food material and protected by
thick walla and Eava the capacity to gerininate into new plants.



8L _calls: 16 5, .. The lower
Tilo g cnon,zn Tely ag Oliage
lls I'LcaIIEdee_nrobﬂus T the

Ment o7y horo hylla_mny_beJOOse When By

2 T; OF & Toose Strobily, ort\hgy: may py arrangey com otly
to B nT a ae?m:te Strobitns, lea comFam‘t‘E
f T Tnten rin, 3,

Qm_and\'ﬂ\m Ure jg 8imyj Fry

e, - Peflezum, . A hyllg are
Simify, to tl;’e €avey 818 arrap ed in 0080 Wanjier a8t
in ONg the Erect bmnc e, Ueh 3y armngement 8iveg
Tig 15 ths to aTig ?erl:lc'n‘n‘ H'slen]o Tegions, Sugb. a condition ig
rngarded by Wany morpbolog:s.ts 83g atmbllus compnsmg the entirg
Plang, Th, Pporterg of thi View rd th £

® Suppo, Toga ° foliagg leayey ag
!econdarily sterilised 8poropy s, Sucp 8 cong, Usion is bageq on the
obssrvntion that Such loaveg also beay nbarnve 8, 0rangia. The S3me
I8 the €onditiop, in g, lucia'ulum. In g, squarrnaum © _Btroh;
term;, 2 Position but cap be bard{y .dixtmguisbed frogy the Sterile
,ﬁ?}b@mse tlﬂanoropbyMs are Simjly, to the foliage leaves and
a s2ly 8rrangeq:

Ingz, p)slegman'a (Fig, 4:3) the sporopb_ylls are Smafer thap
the folinge leayag and are atrranged in g compact munner to f,
t i (F, i f

0]
distinces bil; (p; - 43) 4 the lista) ends g the Stery and irt‘:
bmnehes. Tbe'atmbﬁi intbis 8pecieg arp dicbotomo Iy b, ched
and Pendyyy,y

In ¢y Section I?hapaloslachya there i34 8reag vnriation Amgy,
the Sterjle leavca and ¢ spomphylls. In Ly Opod, y o8
(Fig, 4y 4) the sporopbﬂls diffey [} th, i

Ce
. nly inghtIy
leaveg and the 8trobjpy, i8'ngy very distiuctly Darkeg
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Vegetatiye shaot, The Doroph 2re slighg) modified (g,
80 83 ¢, Protect, ¢p, sporangiugx.y By mod le ¢

In LycapMium BnNOLinyy, the Strobilug ;4 quite
the Vogetativg shoot, 8porophyjy, i
Sterilg op Vegetative leaveg, Each Sporophyj; has 4 abaxial "oy, ,
8rowth o flange that Protects 4p, Sporangi, beIonging“to_tbe lower
#POrophyyy, The Strobili of this gponiog termingte Hormal, Jeafy
brancheg and the Bterile Jeyeg 8re all alike, s

InLcIaua.'um (Fig. 41) the Stobili 4re quite digtinai and ..
Compact o g 310 borng op the tipg of SPecial grooy shoot, 4, they -
are nog borne by ap the €rect brang| €es, e i
8trobili have egetative leaveg that gre Small ang Beale.Jike, They
are yellovyistx Teen jn Coloyy, The |, ves of sterilg branches gry .

® i o 8o in g5 0850 the aterjle '

2]
leave, 8re of tyyq kindy, TN
Ing, volusly (Fig. 42 4_p) there g0 three o our " kinds
of sterjly leaves, © Creeping 8 in iy 8Decies pepry long “anq
eedlo g 3ped legyeg, ® brancp, bear £, 8 TOWS of Jeayes, or.
thege ¢, W0 laters v broaq faleate leayeg, th, lower ¢ popr
223 hair.Jif, leaveg the IO bag m inm giz0q needlo.
like leayeg, The 8trobyjj ¢4, Winate youuger'brancbes that arise’ on )

rmi;
the Younger Parts of g 8Xis The 8r0bil; are COmpact ang branched
(Fig. 42'B), The SPorophyyg Posses g *2all bulgg °F & flange on
ial) gj is oy h affordg some P{O‘“fw",

Apart from ¢p, Yaliationg iy, the shaps apg the gize of tb.e:‘ -
Hpomphylls there iy 8lso 5 mn.siderabls Yariation regarding the posi.
hqn of the sporangiym with Tespect ¢ the aporqpbyus. In 2z, selag

(Fig. 4.4 ), bucidyp, » A), and [, $nundatum the spor
8ngia are Xillary 1, Position (¥ b A), Z, TAUum anc
(Fig’ 4'10,A) Porang; 1 arigeg on the orsa) (ndA,XiﬂU

Surface of th rophylls, that , it iy of ar? o ‘epiphy]y, In
um the 8ub-folig,, that jg i this cage b

. ion g e
8porangi, does nop g pree PXB0tly in the axil of ¢, TOphyll, but
v % p}l,[ed from

A carefy) Porusaj of 4, Tacts cited apgyp, give U8 a clear .

Picture o the Variation, aTong ¢he ape of COpMI'Ilm..' With
€80 facty availably toug, i Iz not diffienle to arrarngo a
Tesentin, TOgressive Btages i the dn‘l!'erenliationn the ..
fnd oxgurﬁsaugn of g atrogb‘;?ua. Such 4 oerios iy g clear anifestation .
ofa COUrsy orevoluuon that the More Compley ?ccles -
In the Simpler. 163 whore there jy 1, OF very Ji
between Vegetatip, and rupmductlyu Tegiony (e Stems
oy branchod and a8 radia] type of stelo, The cone

‘ b«ring "pecies o the otbu‘hnd Bave .Alemy with 0n0pod s .
bmnc!dng A0d mogt o them llbow tho mllcl-bandeq typo of steo, -

N . R
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SPORANGIUM
. 'The position of the gium with respect to the sporophyll
has already been discunsed. Hegarding ita shape the sporangium is
N
SPORANEIUM SPORDRHVLL

b - Fig, 4.10 (A~B), Lycopodinm,
; A, V.B. portion of styobilius of L. elavatum,
B, A compact strobilas of L. stichenss,

moatly reniforne or kidney-shaped (Fig. 4.1, C; 42, 0, 1; 410) end
mmelsx'ﬁrg‘ﬁm&%ml and vaties in diamater hateoes 10100

3 Vb e

o, It i necalle s

1

o e 4 sy e ceraum, L. dlavatum,
' iz the laver case they are. protected by fange lke out.
growth from the sporophyils above. They vary in colous from orange
ta yellaw and are unilocalsr,” : Tm————

Si;uct&x"e«ef the sporsngi Xl:n . N
~ A longiludinal “gection of a- fully developed spornnglum &f ol
- he'epecies of Lycopodium presents a atmost identical internsl set-up -
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(Fig 411, G). There are minor differences regarding the length of
stalk number of wail layers and amount of sporogenus tissue, Dvery
sporangium is clearly distinguishable into two (Fig. 4-11, F, G} pro-
minent parte (i) the stalk and (%) the capsule.

The stalk may be short or may be just represented by a cushion
of celle. Xt may be nartow &5 in L. selago or groad aa in L. alpinum.

Tho stalk bears a_ ﬁurxgt‘i‘nnd rcni{g;%) capsale which is _pot

lobed a-? N &), It has a three
or mor: et o, - . Lo . of spore roother cells
@ig g 0oL e U R Teyersd at

the apes anu sy be mure then “wirce isyers near its base. Tho
ingermost layer of wall is called the (apetum. Tho tapetum foris a

cdtaplete_ investmeént “of v ¥ FTEgre pro-

minent due to the more , e - .. .'wm and
bigger nuclei. Thess cells ot . fapetal
layer maintains jts identi -, - - '+ orangiom

L yus_cells se: _E_gg_ggé__tg@d

. L L IITGrﬂﬁ'égaun ergo tetrad

tetrads are tetrakedral and

BLIOL KOLTOLLIE LIEI ORI WaLLS they separate into spores. The number
i bl —

of spores per sp g varies id

Development of the Sporangium (Fig. 411, A—G)

Tho development of the sp fum in the genvs Lycopodium
was studied in detail by Bower (1894}, The development in L. scloge
in given below :— .

- ot fusim g stmate deqpaverse
N . C 0T, i Farace
[l ' ' Tt w .chment

P v A . row i8
visible and it appears as if the eporangium develops from  single

cell. As a matter of fact all the cells in this transverse row take

part in the development of the sp tum. Each of these cells divide
periclinslly to form a middle_row of archesporial cells (Fig. 4'}1.;
. LI L] Ty

lower cells as they appear‘in a tangential sectson conatitute the sul.
archesporial cells.  Since the aporangium griginates_from a_grozp
of colls the davelopment is oI ih ewspornngiate typo.

Ranams —

The primary wall colls undergo periclinal and anticli 1 divisions

to form a three or more layered thick sporangial walls. The inner-
* layer of wall is differentiatod as the tapetumm, Tis colls are
oontain_natored_J6od fiateeial,  This layer provides
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{Fig 411, G). 'There are minor differences regarding the length of
stalk number of wall Jayers and amount of sporogenus tissue, Every
sporsngium jv clearly distinguishable into two (Fig. 4-11, F, G) pro-
minent parte (i) the atalk and (i) the capsule.

The stalk may be shart of may be just represented by a cushion
of cells. It may bo ndrTow a3'in L. selago or broad as in L. alpinum.

The stalk bears s_curved and reniform capsale which js_not
lobed and is unseptate and_dnilocular—{Fig 10, &Y. It fas o three
or more layered wall surroundity o mass of spore mdiher cells
(Fig. 411, G). In L. selago the sporangial wallid threo Iayered at
the apex and may be more than three layers near its base, The
innermost layer of wall is called the fapefum. The tapetum forms &

iplete_investmiont of the sporogenous tissue, 1ta cells 616 pro:

minent due to the more grinular. nature of their cytoplasm and

bigger nuclei. These célls contain nutritive substance, ~The tapots!
s identity throuct

la.y;r i :i i ity throug t the life of the spazﬂﬂgi"’g
and nover disintegrates, The sporogenous cells eeparate and roun
off to form spore mother éE[ls,(th . 4 11, Gy wﬁxcgaunaergo tetrad
formation a8 a reéult _of merosis. The tetrads are tetrahedrsl and

after seoreting their own walls they separate into spores, The number
of apores por gium varies derably.

X okl

Develop of the Sporangium (Fig. 411, A~G)

Tho development of the sporangium in the genus Lycopodium
was studied in detail by Bower (1884). The development in L. selago
in given below :—

.

" ‘nates from s single transyerse
i} on the dorsal or apper suriaco
. e to its point of attachment
L L . lyoneof the cellsina rowis
visible and it appears as if the sporangium develops from & singld
cell. As a matter of fact all the cells in this transverso row }le
patt in the develop of the sp ium. Each of these cells df’w)d)a

. * Fonne ma * I

esyorial celfls Wiy
nal

H
[ Y] . i T L
lower cells as they sppear in a tangential section constitute the sube
archesporial cells.  Since the sporangium originates from s_group
of cella the dovclop_gintjayi_lb{_e_g_-ylrgggi& type,

e e

The primary wall colls uad iclinal and anticlinal diviei
mfarma{hmeg more isyered thick sporangial walls, The inger-
tla erof wall is differentiated uthc"t_ap_e_rum. Jiu colls aro
ont an  ogutain_stored TOod FatsEal, " Thi er_provides
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m—tatti, 0

SPOROPHYLL

SPORANGIUr :
WAL | STEM A

Fig. 411 {A~08). Lycopodinm selago. Various stoges in the dovelop-
tuent )
B i st et oo soas 5 oy sprsagle

O tam, 80d anorogenous tiams,

p mrpe

JACKET INITIAL

- periclinally into »

w .. u g two-wall layers,
¥ stage ehowing apore mather cells {All after Bower},
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Strnclnre of the Spore

Lycggod{um is gomgammgs_._ The 8pores gpe Bhicellyly, and
Tange i diameter between 0-03—4)05 mm, Ty 8poreg Oc¢eur jp
eetrahedml tetrady and h, hedrat o

3
ad oNee have 4 tetrg bape wity 4 roungeq
or Semicireulay basge (Fig, <41, E). Each re hag 5 trimdjate
tdge ang is eng enc!qmu:itbinuhin.nc thick_, j,r'en wall, ol Spore
wall hag tog layerg (Afzeling o7 e, 1057 Tbel;gnerl er ag revegled

. aYyer a
y ultramicmsco ¢ studieg j5 Branylap end jg Surroundeq by an outep
layer which iy made gy o0 concentri, lamellgq 8¢k snore has o
singlo pg, loid Nueleyg Srroundeq by C¥toplagm Which 15— 1o With
Fe36TT6 Tood o erial (fats anq 0ils).” ffpq Chloroplagty way o may
not he Dresent,

The 8pore wajp may by IM0oth o ;4 ay be Varioygly Seulp.
tured (Fig. g3 D, g). cu)pturing may be i the form of pits op
Toticulate ridgeg g4 in . complanarum, L. lavatyy, Fig, 43, D, E)

+ 8elagn apg L, Phlegingr, the outey 8POre vyl I3 besgy %ith roug.
OF peg.like Outgrowths, In 2, -'nuna'alum, z Fernum ana somp
Other species 4, oliter layer of the 8porg wall iy thro into
sligmly Taised Tidgeg thyy alterp ith ghy low Erooves In gome
0 copod‘umtos ore wall

ho time Bien by
to 8ermingy, VaTios fropm
after tho;, liboray
fangium Severa)
Years), Thig Rnugy,

A 0 13 erogt Varist
goung regarding tho dagg;
germmarinn. The Usyal
loag tho £horp the fo,
Watyrg Prothajyy, e oy
beloyw,
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collg The ¢, P Copodyy, emnm intacy and doea Dot
undergo dmo tm to Ly 5 e per, iplasing odiaf

The aerg bose Numpep nstant, am:ougb
m 8oven l?‘ tb.? veloping pomngm of L selago dividy 1y

Varioy, plan form , group af ells _calle, O ~EPorogenons
tssye hege ceHs then prosry Bize "T“uud o, na\epﬂrﬂn“"m

a 8
ong anotb to form Spore tnotber <ell or g orocytes, The sporo.
oy te\undergo O3S amy Foduce tei;a_!;dral teiyﬁas of_baploid
2poroy Tb‘es?ﬁiz‘a"y‘?sﬁm ».80d Secrots o wa, se Orbamentatjon
YAries with 8Pecigg, The £, ully or own 8porangj, m 0re of less rop;.
form and Possess shorg atalk

Ly 9 selag, Shovg ¢ ¢ Orangiay deve]y, Ment that can by
rogarded gy chammme.o for thaya};utlonpllmag va, Tlf © Other spacisg of
thig 80¢ction that ‘Werg sludieq by B, Wor ;nclnded L d,dw omum, r. caring.
fum, r,, nummulan/nlium and Phleg IMaryg, The yp, Que featyrg 4} that is copy.

0 of 18 the developm l‘mm a smgla ro ¥ of initials, of  single
tangent,,) Tow oflrchesporl.l uu-. Therg are, howoyey, Qifforences i ghg
oy, o h archosporiay TO% and in the nump e, o{lﬂye" in the
Fichotornym the g angial waly gy 4T layers th, ek,

Howoyqr ;1 z, Clabatyy, 20d L. alpyny, s both of whicy beleng 1o gy,
mlwlachya group thero gr, threg tangentml Tows of o, ehespcnal celfm The
9 the

8 TaNngium U8 18 mop, Maggiye In theg % 8pacie, Subay,] hespo;

is eoznpnmhvely woll developag and gy, nds in betryg,, n tb Pomxﬂfmu "”"’
88 8]y DProcegge,. The SDorang e X Stalk iy thick ap, * 25 comparod o
the izzong 38 narmgy 'alnlk m 7, nl 392 Bower o regnrded L. iny; ’ldaé"“;" 2"
an rmadmte form inkyp, the 0 ¢ of g tal developmm
L and 1, o, rum € Tbea Porang

Deblscence of Sporangi

bili the g bxscence of the Ipn-
3‘3.‘3’\".171' 0 1 ga%l_gg_ufllie Tiilar, bI0des wxﬁ
3 8Dr

on;

usresu bells s 92d_ont a5 X ROSE ¢
pornngl d]ls aalgxfgalinalo‘f colly X‘ul‘l%jpl]?%cmg the er sur.
0 ki duey~sbaped apornngium. Thnslme of ceIIa 18 ifferen-

tiaeed in the Sutermogy 1, er of g ial wall o And may b, desig.
soted ag ¢h, Stomiup, :f'l‘he innrc'x? aft of the cojj Contituting tb;
spoiim arg thick ap lignifieq, 7™ CoHls making gy grtudi ulk o
SPorangyy wall, othep than tpe 8tomiym, have the;, sido 1raj)y ;Ft‘:fm
ened Only, 4 the ¢ %0d sporan, 181036 water £.2nd dry g won
Of stregs and sfgarm de veloi~p°b goells of the sporaugnal Wall: Theso
8trogscs lead ¢4 !he a pcarnnce o! aaht in the Stomium gpg mu”
i P" to the bage of the sporan-

P .
gilunpgn the form of two vAlves. ThS Jooge 2pbre magy Projects
out of g Open aljy, The ajp SLiTonts peayp, 80 spores and disse.
Fainate thop: \
TOPHY]E
I0_tha, Dinatey 8ivo rige o8 gow
ludln Elod th EQW\E\S\Q\ E’Lop’“’m My ———2-8
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S!rncture of the Spore

oditm iy U3, The 8Pores np, Unicellylay and

range jp diametcr between 0039 g5 om,  The 8Poreg Oceur i
tetrabedml tetragdy and hong, have 4 tetmhedml shape With 5 Toundeq
or Semicireylap base (Fig. 41, p, E), Eaoh 2D0re hag trimdlntc
Xidge and jg nelogeq wighin.n,thilLoz_ thic POre wall The 5 0re
Fall hag gy layery (4 olivs ef o] 1954) s inner 1, " rovefled
y ferogeg, J! i surrounded b
layer which jg Wade yp, concentrj, lamellyq, ac]
8inglp hg, loid Nucleyq AU roundeq by Cytoplasy, which 3 fillg wit!
Toserty Tood DaErial (fats apg oils). fpe cbloruplasta may o may
not he Present,

The 8pore way may be Smooth op ;4 may bo Variously Sculp,
tured (p; D, ). Sculpturmg May be i the forz.n of pite or

- 41, D,
eticulate Tidges 4g inr, complanamm, L. clavayy, (Fig, 4 1,'D,
Ing, selago ang L, p €gmarg the Otor spor, wall jg begot, With Toun.

i A f alum

I ® Spore
i Taised 828 that alternage With shal)gy 8rooves, In gopy,
fPocieg of Lchpodx'um the spory Yall is thicy and Cutinigeq
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The warrer ceer-ieitn under molst_conditipns. They absorb

e " 'te the spore wall ruptures along thotri-
ERNTI N N .1 [ the apore have already divided into
two unequal cells.  One of these cells is small and lenticular or bicon-

f e ’ g .
" ' R |_'
. te
LR
‘ e ,
[T . .
. ot ' -
Lot e : oo
a8 T, .
. _ v e .
¢an . Y 1
FUNGAL NYPHAE ' .

Fig. 413, Lycopodium selago.
4 mature prothailus showing details of internal structure. The
genorative region bears antheridia and archegonia
{After Bruchmann)

vox ond lies under one of the three arms of the triradiate mark, The
vest of the gporeis oceup "¢ T e T e ted

the rhizoidal cell and * ne - .
’ ! ’
. ' ' . (et
1. It soon divides
. o . cells, The second

Lt ls differentiates the
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basal cell lying next to the rhizoidal celland the third cell (Fig.
-12). At this stage the young. Prothallus has thres ecolls,
These are the xhizoidal cell, the basal cel} and the upper cell,

The third cell divides further by two successive divisions ta dif-
ferentiato an agiml cellwith two_cutting faces (Fig. 412, E). This
is the five-celled stage of the young prothallus. A+ ¢hie_~zga the

colls are devoid nf ~bYe---® In the
spedies deatit ' TR of the
stages loadin; N npleted
within the & o gww wudllaok of the mycorrhizal
fungus. Tncase tha mewas-t® == the five-celled
prothallinr ) ung_prophaljis
may die, ‘urther growth
stops at il sbout & year
intervenes During this
interval tk was muceuon takes place (Fig. 412, E, F).

This infoction takes place through the hasalcell (. 414, Djand
§ 810) 1

it {8 Baljeved that physiologically, the. funzus_supplies cortain sube
stantes vital for the_pro E%'develo ment of the ﬁﬁhmu‘;ﬁ “Fiittaer
growih is resiimied And i3 marked by the activity of the apical coll
which cuts off six sogments, Later the apical cell is replaced by a
group of meristematio cells. These cells divide repeatedly and con-
tribute to the further development of the prothallus,

Wotmore and Morel (1951) cultivated the spores of L. cernuum

Fu et sinerals and glucose. The spores firsh

divide into two unequal cells, The

' large divides by ablique walls to cut

' cuts off segments to form s mass of

N - .w wuu primary tubercle (Treub, X884).
surthor development is arrested here and continues further only i
an endophytic fungus attacks the cells. Resumption of further
growth reaults in the characteristic shape of the ¥ fus of L, cer-

nuum. It tekes six months under controlled conditions.

Structure of Mature Prothallus

The structure of the mature prothcllus, in various species of
copodium, was described by Treub (1884, 1889) and Bruchmann
(1898—1916). As a result of their studies threo inter grading types
of prothslli (Figs. 4-14, 4:15, 425, 4:26) have been discovered. These
*are : {i) Green and serial prothalli with a lower conical sub terrancant
region and upper epiterranean green and lobed portion, The latter
bears photosynthetic lobes among whose bases the sex organs are pro-
duced. L. cernuum (Fig. 4 27), L. inundatum and L. salakense oxom-
plify this type-of prothslius ; (i1) campletely subterranean or under-
ground prothalli that are fleahy, it and totally saprophytic.
They lack photosynthetic Iobes and the sex organs are borne on the
upper surface of the prothallus, e.g, L. annotinum, L. complanatum
(Fig. 4-14), L. obscurum, and L. clavalum (Figs. 4-15 and 4-25) ; (i¥}




NI tayen
ﬂ»(aamz‘u

Fig, 415, ympodlmn d:v-'lun.
Eem'nu lhmugh the Prothap,. ahowing dotajloq iuterna; l’tﬂlcture.
(After Ifrucbm&nn) °
%};’Pmtha"us 2

is independent becaygg it Banufa ety S _its oy fc
pl’otlmllus Of thig & cie; ity w,

Teaches p, ithin gy ontp, and
g’““}‘ by Teapg & Merjgy,, tic zq, that ;. ESENL Belog the apoy
sad jg Rarging) in Sition, It £ ms g p, Tound 1, cylmdn‘cal
"Pper bart ¢ the Protha),, © sex. Organg dovel, from eolyq cut
2Ir by the mcristem and tho Youngegs is Presepg Rear the Cristem,
Tho Portioy, Blothalyyg o Ting ‘the 18303 i3 caflq he gen,
rativ, 20n,, 13 zone ;, Lreen ap, le up, of y llTercnhA!ed
Pareney, atoy ce i fi

L L s, Whiel are devojg o] Unga} p 'Phac, In
" falal'enu th Breen lobe, rurIl'mcnmry Or evep nbsent"This 8pecieq
(i
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Second Type

This typo includes subterrancan thalli i
saprophytis mode of putrition. - It l??c‘p;\%%tlght?; m.“:;:p uvl:f?lf:
(Fig. 4:14), L. clavatum (Figs. 416
and 4:16), L, annofinum and L. obs-
curum, The prothalli in all thes

species are iubprous ellowi:
bmmw:.mn_cﬂw,e%s_.ﬂ%w@v
sufficiont food msterizland vary in
dimensions from 12 to mm.
long, oir eliapo also varies and
may be top-shaped (L. clavalum)
carrot-shaped or conical (L, compls-
natum) .m'a discoid, _ They have
s-=n distinct regions (f) the lower
s N ACTThmer

. [P
P L -

N
the severa) layered corticas N
which is composed of Tightly pack-

ed p&mnch%mataus colls that 18
filled i &_ondophytic fungal
hyphae. Next to thid zone s the
palisade zone which is made np
of clasely packed colummarcells
that ale—oontair—hyphmr=(Fig
4'14), Next to this is the central
starage zone whows calls are diled
with storad ~feaa (Fig 518 The

Fig. 4-16. Lycopodium phiegm
aria, Matuze prothallus upper~broad-region of the prothal-

A,
covered with numerous filamen. A
A T e R
us. C, emma besr.
S ™ parenchyma cells upaflected by

g secondary gemmae, Y
{After Gook i1*s funpng, It has a margl-

and_bears sex organs on R + s 810
found near Yhe marping and the antherds™ 1o fo. + iy, In
L. complanatum (Fig. 4-14; the upper broad TégioR ISTFregularly
lobed and bears sex orgens. The lobes in - this case aro not as promi-
nent as in the aerial prothalli of L. cernuum. In L. Clavatum the
lobes are absent and the upper generative region is flat and irregular-
ly cup-shaped (Fig. 4'15) with a depressed centre surrounded by &
broad rim. | In L. obscurum De Maggio (1967) induced the formation
of tracheids in the prothallas. Under cultural conditions the pro-
thalli were exogenously supplied with various concentrations of suc-
rose, cytokinins, gibberiling and auxins singly and in combination.
Quantitative analysis revealed that sucrose alone is an officient sub-

trate for tracheid induction.
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repeatedly branched monopodial prothalli that are found only in the
epiphytic epecies of Lycopodium. The typical type is represented
by L. PHlegmaria (Fig. 416, A—~C). Tho prothallus bears colonrless
and cylindrical branches and grows in the humus collected on the
branches of the trees on which this species grows, Tho branches
orise itregnlarly and ramify into the dead bark, The prothallus is
attached to the substratum hy means of sbsorbent rhizoids that grow
in Pﬂ dirgotions. The growth of the prothallus and its brauches is
:sp:cal' and takes place by the activity of two prismatic ipitial cells
Yat lie side by side. The divisions of these cells do not follows
.egular.seqnencg and are imregmiar. In this case tho endophylic
fungus is found in the inner core of cells. These cells also store oil 88
reserve food. This centrally located mycorrhizal region is surrounded
by one or more Iayers of cortical cells $hat are devoid of endophytic
fungus and ave colonrless. The rhizoids arise from the outermost
Iayer. The prothallus is marked by unlimited apical growth follow-
ed by progressive death and decay of older regions. Thisleadsto
fragmentation and thereby to vegetative propagation of the prothal-
tus. The branches also bear, near their apices, shortly atalked and
multicellulsr bodies called the gesamae (Fig, 416, C). They get
easily detached and can germinate to produce new prothalfi, The
86x organs are borne on the upper surface of the branches and aro
always intermingled with ‘parapt Tho branches bear both
sutheridia and archegonia but antberidia alwaya develop first.

The prothallus in L, selago (Bruchmans, 1910) may be subterra-
nean or opiterranesn (seria)). In case the spores of this species
germinate soon after their liberation and are not buried under the
goil, they give rise to an serisl and photosynthetic prothallus, If the
spores are buried under the soil they give Tise to a pale and a subter-
ranean prothalivs, Regarding the form of the underground rothatius,
it depends upon the depth and character of the soil. If the soil i8
firm, the prothallus is elongated and cylindrical in, form. Inan
open and Joose soil the prothalli are compressed and fiattened and
taper below into a conical point (Fig. 4-13). The upper region i8
broad and cup-shaped and bears sex organs. It js also called the
;o Tt Tt falpus, Tt e lobed and the

. inwards. The outer side

. W . * eble transition to dorsiven-

The meristematic zone occupies the margin of the cup-

o ot -*=1 region. The

. outer layer

g endophytic

halli of other

orsiventrality

. " n within the

ro. 'The antheriha are borne 1 u rugular sequence
the marginal meristem (Fig. 4:18) and are follow

Tig. 4-19). Tho lobes bearing the sex organs also hear

paraphyses.  The underground prothalli of Z. 2elago when growing

near the surface of the soil may emorge out partly and becomo greent

in colour, Such prothallt are partly colourless and partly green. 802

genus and elsewhe:
from the centre to

by archegonis {



418, p.. Selagy, A'medjgy Longituginag
n throygl, ° 82thergy, bear, Togion of
!halluuho & anther,qi, ¢
8t (o)

ng
B varoy, 8tageg of develnp.
- (Aftor Bruchmann).

aeria],
T ang Dartly colourjesy ©or they cqpy
and Partly cpiterranean.
3. i
aboy, . i:'heu- Tor;

Day pe Obeonjeg) beloyw and flg; and Jopeq
DProthaj); 8rowing i loose goj),
4 ¥ Bssume 3. qylindrioy n firm goir OF When
tl; Ving in Totten Wood they give ot branches that gy 8 dorsjyey,,
Tal Frmotyy,
5, Y exhibjy oth Ixolophytic andy, 'Prophyiic nutritioy [
6. © aeriy} Tegion of 4, thallug iy ] !
A, THE Tanean phyteg L, selugo Tesemple the
feg’chph}‘ r Diphy,, Pecies I . p&leynuma (Treyp 1884.
o g) and 7 lard ey Hollow,y,, 1910.1920) in 550381y
m;"‘ €z an cyIianncal braney, S and j, © Presency
00g the sex Badergroung

pampbyatm
Prothallug op Z. tolubily
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which is very much like that of L. clovatum rescmbles L, selago
in that it sometimes emerges ont of the soil and develops chlorophyll.

Fig, 419, Lycopodinm selago, L.8. through archoe.
goniaf region of the Fmthnllun ehowling archegonis in

various stages of development (a—g),
(After Brachmann,)

L, clavatum, L, complanatum, L. i L. voludile and othes
subterrancan epecics have at least of & few common stages i
their ontogeny with that of L, selags. These aro~(3} the presence
of  two rided apical cell in tho earlier stages of dovelopments
}ii) further development depending upon the attack of endophytic
ungwa.; {iii) formation of & meristematic zone whose position !
marginal 3 {ir) the obconicnl or conteal shape of the lower yeginn @
and (¢} ‘prescnce of lobes in the upper tegion. The prothalli of sll
these m{l(rrmnun species resemblo with that of L, sclaps fn their
. maprophivtic mode of nutrition,

The aetisl prothalli of L. cernuum, L. inundntsm and L.
#alatense rearmnble that of aerial prothalli of L., eclaga fn severs) ey
pects.  The entamon features being .

(8) Their autoplytic mode of nutrition,
{5, Thete green colonr.
¢iif) Preanee of lobvw in the apper dutal rezion
{7} Bhisnnds rostneted only to the boner emlesl region.

te) The myrarrbina alw trettictnd ty ha Liwer entiraf portcd
ard s dragpbatad in mae b the sape manner,

s in e ppire I Ved 0 0

tei) Preverre laer ooy
trony Farler oazes cf dnaloproent an ) presancs of manister
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It becorypg elear from the aboye acooung )y Prothallyg of

Z selago bears Tesemblanpeg o all the three types of Prothalli of

L_f/wpodz'um. It can, thetefore, be regarded 44 an mtermediate

type which linkg {ogether the three types of Prothayy, Partly gy,

termnean and Partly epitermnean types of Drothajl of “ 8250 and
e, i i elween th an

> In g gene ¢ W
an snprophyticf. Pes.  Such link hag been Pointed ¢4 by Lang
(1899); Campheyy (’1‘539), and Bowep (1935), Mantop (1950 studjed
the Sytology four Britjsy, 8Species of . CoPodium ang 45 a regyy
she Came tg g, Conelusion that [, Setlago, often Considereg to be g
Centrg] and pri; ive type, is foung on C¥tologics) ewdence, to be 5
h °ry high op, 0mosom, =

As a tter of fact the Brouping o the 8aMetophyiag of varioys,
Species of Z; COpodsy, inte threo types jg only Superficia] amd jg
i in form apg 8Ppearance of the

Vegetntive propagan'on of the Prothallyg

The Prothajiyg in somg Species of LycopMs'um Teproduces
vegetatively by the !‘o]Iowx'ng Methods ,

1. By the forxnatx'on ofgemmae. They are borne op the
bﬂlncbes [ " PTothy: - Palegmayin and arjse eingly op in
Clustorg Ntear the tips of the brancheg, Each gemmg (Fig. g.05 (o]
on s, fon from, the py; u W8 infp 4 newprotba"us.

gemmg g 0 brapey nd jg
8 larpe

2. B the pre Tessive decay of the older Darts of ¢p, Prothgl.
!us‘apd therehy sepagmﬂmbﬁvaungerbmncbmbmrbehm-e as
mdlhdual, Brothayi;. Thig method 4 Yery common With the game.
t0phytey oz, o, “Imaria ang r, billargipr

the .3+ In L. l'nundalurn Vegetatiye buds o 8emmae griq, from
© Injureg Parts of ghe lobes,

Sex Organg

Tho £X03porie gumétoi;hytcs of Lywp"d!":!" _9'9&“54‘!1@“1
m‘%‘)\l{s U DrGEATIT: I -‘Thmt’mrmﬁ and archegony, in
Mogg o the 5 EW‘EW*@—@M;W, 2re formeq i, distinet Patcheg
Spe. te, N the S. In [, ducey,

s Shust, s o or surl'ai‘e of othallug, wlum
Dessarg (1929, epprte interminglmgpl'tho antheridia apg arche.
'.":_':.'“-. here isg Temarkalle similarity in carly tlcvolopment and
nrlh"m t 5CX organg in the Lenus © poy C antherjgi, and tho

o Conia develoy, Tfice cell callog 1o nitial ceyy, 'f°
boty,, this gqSle h

m g su. N .
dividey first by 5 Periclina] yapy Which oo, "
th, Primare .

Sterily Jackes Cell ang
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the antheridiam and primary cover cell snd the central cell in
the archegonium, '

Antheridia

the Targinal ‘meristem. To L
tucidulum there is intermingliog
of the two kinds of sex organs.
The anthesidia sre mostly embed-
ded (Fig. 4:18, 4-20) in the tissue
of the prothallus.

Development (Fig, 418 & 4:20)

The antheridium srises from
: which

a rfeola ceepe an??

E Hll‘l!_“a"“l el and
sn  ipner primary npemuﬂl’l-
genous cell, 6 primary wa

cell divides by anticlinal wall to
orm 8 _one Iayered wall or the

jacket of the antheridium. A tri-
snguler opercular cell ir olti-

V1.

e =

Fig. 420 (A-G). -y - - -
Lycopodinm clavatuza, primary !p_e_%&;i!ggenuul cell
A~E, Various stagee in the divides repeate ly to give rise to &
£ e ity ’rl«- LT

develapment of antheridinm,
F. 8permatocytes. G, ', »-
- rastozoids,
v {After Brochman @

mother cells (Fig. 4.4 i, weome™s = ‘oo
L. pMegmaria a single section of the anthoridium contains up to
two hundred spermatocytes. The development of spermatozoi

within the spermatocyte has not been studied in detail.

Bruchman &ns studied the structure of the spermatozoids in
L, cldvatym. 1t is aval in shape (Fig. 4-20, G) and about twicess
Ioiig a8 broad. It is pointed st the anterior end_which_ bheary two
Rageils,, The cytdPlads Y5its 1S “major portion of the spermalos
761 anid the nuclens lies on one afde It s interesting that unhike st
“vther pteridopliytea 1o nucleus in the_spermatornids_of Lgrapadi
Aoernot form w maer pard of 113 body.” In this seapeet ji resembles
the male_gametes of somie afgan.  Spesard (10‘22‘ studied the sper-
wratorus of L Tacidulum And esenbed S the pucens as rlongated
and cursed. Treub described the spermatozcrds of L. phlegmaria
sa rlonzate) sl twbsted. They resemlle the spermstozounds of the
Leyophytes,




" A{m;}tum 20theridiym i3 oithes COmpletey bedde,
1530 o, g,gmﬂmljys L. 2elag) op slightly Projecting Tt Jug a
mngle-)ayered nntberidiaJI wal] nith?Iistinbt'trianEuInr OPercylay

e wal] Chiclogeg 5 arpo Number apermatocytes % hose pro.
toplagsy motamorphose into biﬂngellntc spermatozoids.

It dehigoeg by the mucilaginisation of the single OPereular ooy
Ore.group Of jacket cells, “qp, spematocytes containing spermg.
t;?zlmda] Iabsorb Water, Swell up apg cause thy Tupture of tho anthey,,

1al wa)),

Ard:egonia (Fig, 419)

. eVehplnent. The arcbegonium Arises from a single, super.
ficia] 8%chegonial Initig] "y, divides py, o Periclina] vy into an oygep
or g i '.-1, and g Joy,,
"Qﬂ":ﬂ cell, The Primay Cover copp divideg by two intersecting
walls intg 8 Quadrgy, of equal colls (Fig, 419, o These fouy cellg
80 the neck initiate and djyige further by transverg, walls to g1vo
F1%6 £ the neck thay Yaries from three to ANy cells in hoighg Since
the nock jg deriveq from 4 initiap neck collg Gy has four Iongitudmnl
Towg, The Centray cell divideq by a Lransyerg, wall into gy

o

Prima, al cely and ma ral cell (1,
41y The g 2y functio, d:rootly 83 8 ging], cana}
cell in'thy Acheponis Of aeria] Prothalji op 1y may g Tepeated]y ,
i divj 8 Varigble ny, ber of k cana} cells.” I

Aelago ¢}, y seven necle canal ¢, Fig. 419, /) I
z Plan, T are 14 4, 16 nec)e canal cej, Freeby; and
Morg (1 57) Cultureq Prothalli of these tip, Species ane pg,
Porteq hat ¢, ©gonia y, o ultura} conditiong Vo very short
N 1 1 S Primary, ventral celq

Canay , 18 419, ) oo cases thg Ptim

Ventry) €ell dopg Dot djyid, 80d becomeg slightly broader and fipg.

tiong di octly ay the 88 coll, Iy Vtoplasm ang Aucleus form the
L ©0sphere,

- Strucmre (Figs, 4.19 Sie1 p ) i~4 magyr, )
d'“mguishnble into g dlightly b der ang embedded opee Portion
the v, T and 5 Projacting bart called ¢ neck. Tp, Iengt.h

of the Neck varj COnsiderap) in the genus T, Tongest, neck jg
foung ing, Complamzlum (Fig. 4) and selago (Fig. 419, /- Spessard
{1023, reporteq 4 < 8pecien iy subterranegn Prothalfi pey, long
Beokeg archegonia with g} neck capg) cells, The neck jg usuall:y
m“‘?" Up ofgq Towy of cells oqcp ¥ 3-severs) celly high , five longi.
t}'dm&l fowg of Deck cejyy havye 2l50 beep Teported gnqg such archegg.
i bave Very long Necks of bryophyte arcbegoma). Tmu!) (1884
3L greeg, A0d sypfy living Prothgll; have archegonia with

thory Reck “ells highy png one neck capg) cell. Tpe neck en.
i 13,
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f different species are variable, In some the foot becomes massive,
nothers a specialised structure called the protocorm (‘1‘ ig. 417, D,
B} develops and in some no such promi 4 structures me evid-
nt.  We shall now consider the embryalogy in different specics.

" LYCOPODIUM SELAGO AND L. PHLEGMARIA

In these species the foot is quite prominent and develop fram
the hiypobasal quadrants of the oclant stage. The epibasal quadrants
form sn spical meristem by repented
longitudinal and transverse divisions.
In L. phlegmaris (Fig, 4-22, A—C) the
foot is massive &g compared to L. selago.
The foot and the apical meristom divide
in diﬁ"_erent planes, but the divisions
ate quite regular. The embryo is deep-
1y embedded in the prothallus tissue
{Figs. 492 and 4-23) and has large cells
in foot region. Later divisions result
i3 2 curved embryo that bursts through
the prbibaling tissue in an upward di-
fection, s apex ia the shoot apex made
P of & row of meristematic cells.
Root. differentintes laterally above the
*fool Leal primordia and stem primor-
42 diferentiate from tho shoot meri-
elem. The Jeaf primordia arise 1 &
%18l ssquence, The shoot end tho
‘00t rogions are transversed by a dis-
stinet Procarohist strand that later mat.

. Iota the -ageulat™ of the root
the g The v - stages sro
ta ' .

P

! gt
<imstuson Pt
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wall of its own but is protected and surrounded by the tissue of the
prothallus,

Dehi The archegoni when mature dehisces by the
digorganisation of the neck canal cells and the ventral canal cell
and oponing of tho uppermost tier of the neck cells. This creates an
open passage for the spermatozoids to enter the neck and reach tho
oasphere.

Fertilisation, It is effected in the presence of water through
which the biflagellate spermatozaids swim and reach the open arche-
gonial necks, Bruchmann (1909) reported that the spormatozoids are
attracted by a chemical stimulus, Ho stated that tho archegonial
necks sccreto free citric acid or its =alts shose smell attracts the
spermatozoids. Only onc spormatozoid is able to reach the ogg and
cffect fertilisation. The malo and female nuclei fuse together (syn-
gomy) and form a diploid fusion nucleus, So the act of fertilisation
switchea on the diploid generation. The diploid nuefous with its
surrounding cytoplasm and a wall is called the oospore.

THE EMBRYO

Treub (1814, 1816, 1890),
1615) and Wigglesworth (1907) lic
towards the embryology of the ger
in sl the species whoso embryolog
Tho venter of the archegonium in .
nuity with tho prothallial tissue and the
embryology in all of them is endascopic
(Ve., theshoot apex is dirccted away from
the archegonial neck), The nucleus of the
oosporo divides by mitosis into two doughter
nuclei that are separated from each other
by a transverso wall (F~ 4-21, A). This
first division of t'r - v etermines the
polarity of thes results in the

formation of an 1. hypobasal
cell. Thecell * onial neck
st is epibasal an the hypo-
e basal cell. TI ‘ dergoes no
further division netion as

& d the suspensor, ivide on

or twice. The or 1

embryonal ce _cm!{

and divides by t;ldl

B C walls to form -21,

Fig. 421, Lycopodlam

clavatum., Farly stages
of embryo avelop.
meat.

embeya porbes it doop

Tho hypobasal ex
the suspensor ¢
rise to the foot (
guadrant forms
root (Fig. 422,

{nto the timae of ¢}

apd awsY from the srebegoms

¥
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of different species are variable. In some the foot becomes masaive,
in others s specialised structure called the protocorm @ig, 417, D,
E) dovelops and in some no such promi structures ovid-
ent. We shall now cansider the embryology in different species.

LYCOPODIUM SELAGO AND L. PHLEGMARIA

In these aspecies the foot is quite prominent and develop from
the hypobasal quadrants of the oclant stage. The epibasal quadrants
form an apical meristem by repeated
longitudinal eud transverse divisions
In L. phlepmaria (Fig. $22, A~~C) the
foot is massive as compared to L. selago.
The foot and the apical meristem divide
in difforent planes, but the divisions
are quite regular, The embrye is deep-
ly embedded in the prothelius tissue
(Figs. 4-22 and 4:23) and has Jarge cells
in foot region. Later divisions result
i5 & curved emhryo that bursts through
the prdthallua tissue in an upward di-
rection, Its apex is the shoot apex made
up of n row of meristematic cells.
Root differentiates laterslly sbave the
foot, Leaf primordia and stem primor-
dia differentiste from the shoot meri-
stem. The leaf primordisa ariso in a
spiral sequence. The shoot and the
faot regions are transversed by a dis-
tinct procombial etrand that later mat.
urey into the vasculature of the root
and the shoot. The carhier stages nro
similar to s described above,

In L. phlegmariz the cpibasal  Fig 422 Lycopodlum phle.
quadrants give rise to the first legsf and S (ATS) Lover stages
the apical meristem. The root _initial e oot Seey
:’riu? in the lle@é.‘ guadrant, Further }

evelopment leads to {he cmergence of first stem that
and carries tho totyledons abose. Later other feaves apg;;oa? n;'ebci
root grows down but is short.Jived and i» s0on replaced by edventi-
tious roots.

L. CLAVATIN AND L. ANNOTINUM

In these spocies the growth of the apieal region of th,
is comparatively very slow snd the first tg‘o ka“%s are appz;;:ﬁb:r{g
not epiral as in L. selago.  They develop late and aro seale-hike, Tho
procambisl strands also develop late. The massive and havetorisl
Soot, the slow development of the epical region and the procambial
strands, and the opprsite arravgment of tho first twa leaves are the
main dufferences between these two specied and L, sclags, In theso
ereeping species first stem is soon veplaced by the horizontal atem
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wall of ifs own but is protected and surrounded by the tissue of the
prothallus,

Dehi The arch fum when mature dehisces by the
disorganisation of the neck canal cells and the ventral canal cell
and opening of the uppermost tior of the neck cells, This creates sn
open passage for the spermatozoids to enter the neck and reach the
oosphere.

Fertilisation. It is effected in the presence of water through
which the biflagellate spermatozoids swim and reach the open arche-
gonial necks  Bruchmann (1909) reported that the spermatozoids are
attracted by a chemical stimulus. He stated that the archegonial
necks secrete free citric acid or its salts whose smell attracts the
spermatozoids  Only one spermatozoid 1s able to reach the egg and
effect fertilisation. The male and female nuclei fuse together (syn-
gamy) and form a diploid fusion nucleus So the act of fertilisation
switches on the diploid generation. The diploid nucleus with its
surrounding cytoplasm and a wall is called the oospore.

THE EMBRYO

Treub (1814, 1816, 1800), Bruchmann (1910), Holloway {1909,
1915) and Wigglesworth (1907) have made significant contributions
towards the embryology of the genus Lycopodium. The initial stages
in all the species whose embryology has been worked out are similar.
The venter of the archegonium in all the species is in cellular conti-
nuty with the prothallial tissue and the
embryology in all of them is endoscopic
(i.e., the shoot apex is dirccted away from
the archegonial neck). The nuclous of the
oospore divides by mitosis into two daughter
nuclei that are separated from each other
by a transverse wall (Fig, 4:21, A). This
first division of the oospore determines the
polarity of the embryo. Its results in the
formation of an epibasal and » hypobasal

AKCHEGONIUM

ERBAYONIC Cs1y coll. The cell next to the archegonisl neck
suwEnson is epibasal and away from it is the hypo-

o basal cell. The epibasal cell undergoes no

e further division and enlarges to fu'rxgllon as

a the suspensor. Rarely it may divide onco

0
i he
or twice. Tho hypohasal cell or t
q emhryonal cell gives.rise to the .emb.l'Y‘;
and divides by transverse and 1ong.mdxréa
B [ walls to form fwo quadrants (Fig. 4»21,t 2)~
The hypobasal quadrant which 13 next to
Fig. 431 Lyccpodlum 410 guonensor cell divides further and gives
clavatum, Early stagos ) D " 22 A). The epibasal
of embryo dovelop.  Fise to the foot (Fig, 422, A). i
ment. quadrant forms the shoot and the pm;xury
root (Fig. 422, A). Further grqwthgq ée
embryo pushes it deep into the tissue of the prothalius (Fig, 4'-»l~. )
and away from the archegonial neck. Later stages in cmbryology

/S
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of different species ave variable. In some the foot beoomes mnssive,
in others & specialised structure called the protocorm (fig. 417, D,
E} develops and in some no such prominent structures evid-
ent, We shall now consider the embryology in different species.

LYCOPODIUM SELAGO AND L. PHLEGMARIA

In these species the foot is quite prominent and develop from -
the hypobasal quadrants of the oclant stage. The epibasal quadranta
form an apical meristem by repested
longitudinal and transverse divisions.
In L. phlegmaria (Fig. 422, A—C) the
foot is massive aa compared to L. selago.
The foot and the apical meristem divide
in different planes, but the divisions
are quite regular. The embryo is deep-
iy embedded in the prothallus tissue
(Figs. 4-22 and 4-23) and has large colls
in foot region. Later divisions result
is n curvod embryo that bursts through
the prithallua tissue in an upward di-
rection, Ite apex is the shoot apex made
up of & row of meristematio cells.
Root differentiates laterally above the
foot. Leaf primordia and stem primor-
dia differentinte from the ehoot meri-
stem, The leaf primordia arise in &
apiral sequence, The ehoot and the
root rvegions are teansversod by a dis.
tinct procambial strand that later mat-
urés into the vasculature of the root
and the shoot. Tho earlior atages are
aimilar to as described ehove,

In L. ‘_11 7 i the l". 1 Fig. 422, L. d s phie.
quadrants giva rise 1o the Sret Jeaf and m’{‘,;g‘};ﬁ;};;,‘:;"“ﬁ“
the apieal meristem. The root initial (Aftor Tranh)

:!rise; in the leadf quadr;nt. Further
, development leads to the cmergence of first stem that grows
and carries tho cotyledons above. Later other Jeaves ap%::r. u’;‘bc:

root growa down but is short.lived and is soon repl; .
ot growa replaced by adventd

L. CLAVATUM AND L. ANNOTINUM

In these species the growth of the apioal region of t
is comparatively very slow and the first t&a lcarga ate op::seizb:gg
not spiral ax in L. gelago. They develop lste and ave seale.tika, The
grocambial strands also develop late. The massive and haustorial
foot, the slow Famateome et wrin s, g 0 " 7= ocambia}
atrandy, and  *  sa o= . e e arethe
wain differen =« ' o=r | DR

03 0y » ". A .-. l
creeping lpe‘uaa‘ﬁnt atem s soon replaced by lh: ho;imt:‘lm
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Fig 423 (AT} Embryogeny in Lycopodizm.
~C. Throo early stages of development of embryo in &, davafins.
{Alter Bruchmann).
D—¥. Embryosof L. phlegmaria [After Treub),
G—J. Embryosof L.cermuum,
6. Young smbryo has grown through the prothatlus,
H, Lrbryo with differentiation into leaf, foot, and tuber,
1, Ap olidor émbryo with three leaver.  Rhizoide have davelopod
from tubar or protocotm, .
L L8, Older embryo, Vassulsr strand bas started doveloping
{After Troub). .
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which arises from the base of the former and bears golourless scale
leaves that are devoid of midrib and vascular supply. The develop-
ment is very slow and this young sporaphyte depends for years to-
gother on the subterranean, gametophyte for nutrition. It takes
many years for it to come above ground and become independent.

L. CERNUUM AND L. INUNDATUM

These species are characterised
by the development of a tuberous
mass of cells called the protocorm
from the epibasal quadrant (Fig, 4:25).
It is made up of undifferentiated mass
of parenchymatous cells It heats
numerous rhizoidal hair that attach it
to the soil. The cells st the base
coutain & symbiotic fungus. A coni-
cal outgrowth develops on the upper
surface of the protocorm. It soon
grows into a cylindrical green leaf or
protopbyll, This is followed by the
formation of en indefinite number of
protophylls, without any regulsr
errangement (Fig. 425, B, C). Both
the protocorm and the protophylls
lack & vescular strand. They are green
and the protophylls possess stomata.
The protocorm with its protophyfls

g, 4:25.
cernaurm.
(A~C), A, Young embryo
hea grown through the pro.
thallus,

B. Embryo showing difier.
ontiation into Jeaf, foot
and tuber,

C. An ombryo with three

* Jeaves Rhizowds have deve.
loped from the tuber & pro.
tacorm,

Lycopodinm

soon loses contact with the prothalivs.
It i8 at o later stage that the shaot
apex can bo recognised at the distal
end of the protocorm. The shoot apex
develops close to the last formed pro-
Laphylﬁ:. It soon becomes prominent
and bears young leaves in & norma
phyllotactic sequence. At a Inter stage
8 primary root also arises and penet-
rates the soil, It is exogenous in orl-
gin. Procambial strands nlso develop

in the young sporophyte and later mature into vascular tissuo.

Morphology of the Protocorm

that_has been 10:

Treub regarded

r B
tained naan ancestral featurs by somo

LY

octer. He Troub’s

that it must have boen presontin tho sncestral vascular plants.
fod na of mpare

viesw has not received
tance only,
T
1A
o ea v m
phylogenctic impartance,

Tramew 110AY whmes o1

and is now

iReo-os-t-t prowth’ that deves
. tho pmmmng envis
wrtanco to thisstru
to soil and Liss no
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CHAPTER V
LYCOPHYTA {contd,)

LIGULOPSIDA )

The class ineludea all heteros, rous forms with ligulate and micro-
pylloua leaves, It in¢luden four ordcnp.o Theso are : the Isoetales, the Selagi-
1 fdod 1

mellales, the P, and the X The last two are ex-
tinet orders, The frmt ywo include Hving s woll as extinet members.
ISOETALES

It inclades & single family Isoeta-
ceae, that s changieriudlyby {i)a

mpmdnﬁng meristem, (fv) secondas
(ef ‘h' (%) emall and lig)uhle lenv:.y,
)0 t7pes of apores, {rsi) endosporio
- hytes and (viyé) multifagollato
E’."’f"f"""d'- Tsoetes “and  stylites are
m, living, and Yaoetites ia the extinct
mabert of the family, Alylites has two
m"" found Peruvian Andes. It
©r% (rom Lavetes in having elongatod
l.m;np and unbranched roote. Rauh

a1k reported in 1959,

ISOETES
. It includes about 75 species LEAF.
{Airy Bhaw i Willis 1066) that sre
Wilistly known as ‘guillworts’
dte to their narrow and elongated
-like Jeaves with broad snd
“Pathulate bages. Majority of the
Cles are found in Furope and
-Otth America. In India four spe-
¢1%8 have been recorded, The most
SMMon gyt of them js Javetes coro. CORM.
Mandeling (Fig. 6-1). The other
C_hrga are I. sampathbumarani, I.
;M‘c“, and I. mirzapurense. Recent. SOCT
« panchananii has been record. }

il Bi
19,ls)fl‘om Pachmahri hills  (Bir,
Fig, 5:'1. Isoetea corommand-
The Sporophyte elﬁi A compleete plant show.
Habit and Habitat. Tho com-  1ng habst.
™on Indian species J. corommand-
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2tioy abam'ng

Fig, &2, Iame. eum‘"nu.,delln..
V.s, tlxmugh the axiy (dl'agm'n?n
l'l.tern&l orgmzicntton.

OfF 4 2o in, Ttddey the 4309 of the Ieaves and ¢ Toogs of
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b i o Sunke, ing &rooy, l'orzned

e,



110 BOTANY FOR DEGREE STUDENTS

elina grows wild along the Coromandel Coast, Madras, Bombay, Bana-
ras, Baroda, Serampur in Benga!, along the banks of river Jamuna

at —ea tand gt Meerut. The Indian species
are ' Isoetes coromandeling is peren-
nial n that starts about mid-October

after the monsoon and continues i March. It is mostly amphibions
in existence and is common along the edges of ponds, pools and
pivers, It also grows in shallow water with portion of leaves pro-
jesting above water, I. panch it is also amphibious

The American species 1. engelmanni isupartiu]ly submergefl
aquatic  Isoetes japonica BTOWS submerged in water. 1. butleri i3
terrestrial.

The sporophyte of Isoetes, when growing under natural condi-
tions, gives the appearance of a liliaceous or & graminaceous mono-
cotyledon. Its characteristic leaves that arise from & gubterraneant
and bulbous axis (Fig. 8 1) simulate in appesrance with those of the
sterile lilies or sterile and tufted grasses. The underground portion
of sporophyte has been given the names of #“Corm” and srhizome,
because it is thick, reduced and looks like a condensed rhizome.
These terms have been considered to be inappropriate by Eames
(1936). He uses the term axis for this underground stem Tike part:

A0 e lenrlv distinguishable into an upper leaf bearing Part
O An VPP .nte The former 18
" Lis greatly
e each other
and the line of demarcation between buu wavie zomorP
is obscure.
Axis
In young T N 1-tetar gnd i3 covered
with the leave: ' + (fFilgsl; 51 ;I‘l'y
of lobes

52). Inolder; .

from two to thres and even four Or LV I au-d s(I. saccharate):
The grooves between the lobes deepen as the axis mereascs i age ﬂ;\s
make them (lobes) prominent (Fig. 52) Brongniart (}828, p- . )
related the lobed axis of Isoetes to the Stigmarian a31% Magél‘;
frau (1932) regarded Tsoetes at i aranant of Lep‘doph,):t_cii,.pr_
Mesozoic forms Pleuromeis g CEERL R %
mediate links  This view is [ . . o
develop due_to the action . . - L
basal side, but only due to the local formativice . . b;
tissues by the cambium. 1In Stigmaria the lobes of the axis dgﬂ:“ s
the activity of & vegetative cone 50 they cannot be related 10
lobed Jsoetes axis.

The place where the lobes ariseis determined bY ﬂlell)“.:‘{‘l:’;
taxis of the young plants. In (istichous plants the grooves & terslwh
with the leaf orthostichies under which the lobes are formel Tbes
a position was first observed by Al Braunm 1547. Owee the

nro formed they maintain their position even on change of Ph)'"°‘
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thay ther, iy g Tow o
{urmya They. [
Jobgg "/ rogreSsive U1 of, thege Ce, T0m SUrfpoq to deeper In_yen;
mnl’ntains the depth Of the !‘utrow. Thiy Iz Yer. op eIongated celly
bcooraes double ang by zueristematic nc:ivi.ty pnoduca & ney, loby in
the Tegipn betncen the iy layem Neyw Jobey alsy }p};e‘zr by the
tIeve]opment of g I'urrmr between the tho bamls. .

])m}mtornom branchin» '35 also beer, nbserverl in Some Iunfs.
? 8 ; b
bug the (hc]mtomy foyy, becolnos pnaxmnent dug to the the yp,.
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dow growth of the axio. 3t is evident only by the presence of two
crowns of leaves: .

Morpholcgiml Nature of the Axis

Regarding the moxopho ogical nature axis, goversl VIeWE
pave beod sdvaneed. BT (1847) bclwved the.t, the lowet patb of
t.he Iaoclea swck base was nothmg but @ teloscoped AT in 100

s ipet

¢ inten
stu d conelud ad “thst. “eho recognition of the lower region of the
stock of Imm 888 rbxzomorph in some W&Y correle with the
upward\y growing ghoot appesrs to be insﬁﬁed". Liebly (1931}
Anred thet all her mcdnm Xongnndmnl nechons the stock 810
proofs of Braun's thes Wost, eud Taked! s (1915) pold another

LEAF TRACE

& \:b \ BUNDLE

LIGULE

STEM APEX

cAMBIUR
SECDNDRRV

AYLEM PARENCHYHA GAND

¥ pegon &N nd arran nt o
ycung !envu Alsn note the llgﬁlu
(After mmnm)

Fig. 53, Teoe corommandt ellon,
L.8. \\mmgh the \AXD [0“9’!{ part} lhc‘vmg !hp{ ste

, e g, D som o6
on! 4t
""9"‘ FA qw) resnrds by P ds ';:wcr root pesring

i

riion u\\cd the rhhomcr 4, Schouto (1638) regards U b
Lxiv ps o stem snd states ".fth;t {he stock bs2® of Tsoctes 3 ye)’w}:;'_
in its con auly teating furrows, Lure COANCE th the N
mation of toea} hud of secondsty tiasne, “« ph
forrard, 88 tweays iD sl plants. i e pirecs present g
the furso¥® he dsck of ne¥ higher stem parte €8 “’:’ "h
table phcu to be und in an un e 1

(eem stock b2 « for the sxis.
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Bartlay (1931) stated that there is an intergradation from s single
apical vell to a general i tic group. Bruck {1897
reported apical growth in Selaginella spinulosa by a general meris.
tem. Strassburger (1801) reported the presence of two initial apical
cells in 8. wallichii.  Williams (1931) also reported two apical imtials
in 8. grandis. A single apical cell has been reported in some species
of Selaginella by Barclay (1931), Pfeffier, Treub and Hofemeister.

Root

In the embryo the first root arises laterally and exogenously
(Farmer, 1890). It is provided with root hair and with a root cap,
The position of the later roots that arise endogenously is always
related to the place of the grooves, These roots, according to most
of the authors, are formed in series along the sides of the grooves
and are, therefore, 1n the same positi as the orthostichi This
is because the grooves appear in the same position as the orthosti-
chies. In each groove or & furrow the roots arise in an_acropetalons

jon, i.e , the youngest is near the stem apex or the end of the
groove. West and Takeds (1915) reported that all the roots in the
furrow are of the same age—~a statement that ia véry difficult to
believe. They have not given any observations in support of their
statement, Scott and Hill (1900) havo clearly shown the acropetal-
ous development of the roots in I. hystriz. West and Takeda state
that in I. japonica mew roots develop on the sides of the grooves
near the base. When new roots develop in the next season the
older ones are pushed outwards towards the ends of the groove (stem
apex). Accordingly the younger roots are mear the centre of the
groove and older ones at the ends of the grooves. These observations
are quite contrary to those of Scott and Hill,

The roots branch dichotomously after emerging from the
rhizomorph {lower part of the axis) ground tissne, The root apex
has been reported to consist of a group of initials (Farmer, 1890,
Campbell, 1891) that give rise to the root cap, epidermis and cortex.
Accmid‘mg to these authors the vascular tissues arise from a single
initial.

Leaf

The leaves are microphyllous as they are traversed by & gl"S’°

. median and unbranched vemn. The leaf traces leavo no gap int t:z'o
wascular cylinder of the stem. They vary in length from two ccxn i
motres to two feet (1. engelmanni). They ara arranged in ;0"’
spirals near the upper end of the axis, and range iz number rom
a few to20, Each leaf hasa broad spoon like base and & x}nfm?;
and linear upper part. The leaf tips are pointed and ﬁrux‘ghbz
recurverd and sometimes four-angled. The basal, Rroad pcr“on!,"
the leaves aro undergrennd and colourless, whereas the 1;)0“"
and linear parts are green and photosynthetic. The leaf niﬂrd
of outer loaves overlap those of the inner leaves and !hxzs)ﬂor
s bulbous appearance (Fig. 5-1), Usually the first formed i
the older leaves and thoso produced at tho end of the growing
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gium bearing (Fig. 5 5) or fertile region and an upper sterile or

photosynthetic region. At
tho junction of the basal,
spoon shaped part of the
leaf and the upper green
part or the blade there is
2 small depression on the
adaxial side. From this
Pit or depression arises a
small ligule (Fig. 5 6).
Development of Leaf
and Ligule

Leaves originate as
small outgrowths that ariso

5 &
RECASPORMNGIUN, £ / b i o)
= y the periclinal divisions
MecKroRE e < of the surfaco colls of the
Fis. 88, Maocten. honth samimen . oreson:
A. Lower portion of the loaf showin 3 : foare
hesla Fad tho volum covering tio outling ’;ﬁﬂ; 1;;3::;%
e sporangium. and 8P
B. T.S. through the sporangisl re- initials appear and initiate
gion of the microsporophyll growth in length. During
showing & microsporangium with earlier stages of growth
c ;r;b:;:;“'h th po a1 when the leaf mound is
" . ugl e megasporangial i romi-
i ofwmogmeporpiy. - D0 (o8 G R LR
s ; on the adaxial side near

the base of the leaf mound. This céll is the initial of the
ligule (Smith, 1900} This cell divides periclinally and by repeated
divisions gives rise to a filamentous structure that soon grows
longer than the leaf primordium (Fig. 7, A). Later this filamentous

structure, by drvisions in various planes and by cell differentiation,

‘ T.otF v *-=1*y gpecialised internal

h - f the foot of tho ligule

. . . + e leaf. This socketed

part is covered by a sheath that consists of a single layer of celis

continuous externally with the leaf epidermis and internally with

the epidermis of the hLgule. Dunlop (1949) reported the prosence

of casparian strips in the cells of the sheath in I. macrospora.

In I. engelmanni Smuth (1900). described the foot region of the

ligule to be n massive structure with its sides growing upwards and
downwards forming pairs of horn.like stractures.

The ligules are regarded as secretory structures that secroto
water or mucilage and kecps the leaves and the sporangia most.

ANATOMY
Axis
As stated before, the leaf bearing remon of the axis is called
stem. It has its own growing point The lower root bearing part
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in o Jongitudinal section appears like an inverted “I", The vertical
arm of the “I” represents the stele of the upper region of the axis
(stem) and ihe horizontal arm represents the stele of the rhizomorph,
Thero is o prominent constriction hetween the two steles {Fig. 52).
Tho xylem is composed of tracheids and xylem parenchyma. The
phloem is made up of & fow Iayers of prismatic celis. Tho eambium
is absent opposite the apical meristems of stem and the rhizomorph
and is, thereforo, not a complete cylinder (Fig, 5-2).

.. The extra-stelar cambium cuts off cells both towards its inner
side and outer sido (Fig, 5:2). Those cut off towards the inner side

i
I,f?
3 CES
BUNDLE ‘3‘. ,0,‘ < AIR- SPACE:
I A
ESIEE
o
SLyihie
Fig. 58, Isoetea coromandelina, T.8. through feaf.

become changed into phloem (West & Takeda, 1915) or sometimes
inte phloem and xylern elements both (Scott and Hul, 1900). In
some spectes cho inner cells cut off by the cambium develop into
* tracheids and parenchyma (Stokey, 1909). Esau (1953) examined
the cell cut off towards the inner side in 1. howellit and found them
to be secondary phloem. The sieve cells have sieve areas on
their lateral and end walls. The cells cut off towards the outer side
develop into secondary cortex. The cells of the secondary cortex store
food material and for * ' =-=- ~Teaecbeeq” Fuerw vear new
atorage parenchyme Is ft ony is
pushed outward and 18 ‘caps’
or houlders’, The slougned Ol LsSus B0 tuiwuws pos 008 OF
sscondary vascular tissue, The surface layers that persist become
suberised, Numerous leaf traces ariso from tho stele of the atem,
one going to each leaf (Fig. 5-2). In the rhizomorph root traces

Pass from the stele to the roo's (Fig. §-2).
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Leaf

A transverse section of the leaf (Fig. 5-8) shows an outer layer
of compnetly arranged cells called the epidermis. It is covered by

CHLOROPLASTS

Fig, 59, Isoetes melanopoda,
A. A coll from Jeaf with one chloroplast, B. Cell with two ohloroplasts, one on
cither sida of tne nucleus. C. Same as B. D, Cell with 4 chloroplasts
arrangoed around the nucleus. (After Ma)

a thin cuticle. Noxt to it is the mesophyll that is not differentiated
into palisade and spongy pnrelnchynix‘;. The ?le]l}s1 contain chlago-
plasts (Fig. 5'9) which range in number
REMAINS OF EMDERMR from one to four per cell. g'l‘he chloro-
plasts are very close to the nucleus.
In 1. melanopoda there may be one to
four plastids in each cell (Fig. 5.9).
The mesophyll is traversed by four
longitudinal air spaces that are sepa.
rated from each other by several
layered thick partitions. The air
spaces or the lacunae are divided by
a series of partitions or diaphragms
(¥1g. 58). There is a single central
collateral vascular bundle.

In the young sporophytes the
leaf has only two lacunae. In the
submerged species the epidermis lacks
stomata whereas in the amphibious
and terrestrial Bpecies stomata are
prosent. '

Root

A transvere section of a root
B ! (Fig. 5-10) reveals the usual tissuc .,
AF 8 gl'}}:“’““n‘:f 1:‘;:;_;::5;" tems, viz., the epidermis, the «
. A diagrammatic \
showing internal structuro, the. endot_ierxqm and the stele.
B, Stalo shown 1 dotails. epidermis is single layered
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temporary. The coxtex is made up of many lnyers of thin-walled
cells ‘und its innermost layer is called the endodermis. The

dodermis poss distinet parian strips, The cortex sar-
rounds a large air cavity (Fig, 510},

The vascular cylinder is presont on one side of the cavity and is
attached to the cortex on that sido (Fig. 5:10). Tho stele consists of
primary xylem and phlocm that are collateral in arrangement. The
phioem iy oriented towards the cavity.

Vegetative propagation

Vegetative propagation is rare in Isoctes. Formation of adven.
titious buds has been reported in somo species. Solms-Laubach (1902)
was able to induce the formation of adventitious buds in Jeoetes lau-
stris and I. duriei.

REPRODUCTION

The sporophyte produces two kinds of spores and is thus
porous. e microspores are produced in microsporangia
that arise at the bases of microsporophylls (Fig. 5:5). The mega-
spores are formed in megasporangia that are borne at the bases of
megasporophylls (Fig. 5:5). The megasporophylls form the outer-
most whorl (Fig. 5-5) and are followed by an inner whorl of micro-
sporophylls which in turn surround the innermost sterile leaves that
may in some species bear abortive sporangia. At the end of the
growing season and during the resting poriod the megasporopbyils
and the microsporophylls degenerate or die whereas the innermost
sterile leaves may continue to live. They act as outermost whorl
during the next season and generally disappesr before the new
leaves appear. In Isoetes cor deli urely gasporophyll
ous plants are found in abundance {Eksmbaram and Venkatanathan,
1933; Bhambie, 1957).

Arrangement of Sporophylls

The arrangement of sporophylls has been studied in detsil in
some species by various authors. A brief resume is given here The
Indian species Tsoetes cor deling is very § g, The first
acoonnt of the arrangement of sporophylls in the species was given
by Pfeiffer (1922).  She found that majority of the plants bore only
megasporophylls. In some specimens shie found groups of microspores
sticking to the bases of sporophylls, I?he wag unable to observe ltlw

i b i kamb !
B le:t..«a..anti"l r-x.tag‘ h ST 2 found that the first two
nption of growth by the
el e . . rangie, The leaves that
ariso later are ail fertile. They observed two kinds of plants :
(i) bisporangiate plants and (ii) megasporangiate plants, The mega-
sporangiate planta are found in abundance and bear only mcga:p)t;-
rophylls with megasporangia at their bases. The megasporaphylls
are arranged in close spirals. In the bisporangate plants ﬂ\ert;‘ l.lsl;c
only one or two microsporophylls and the rest are all megasporophyils,
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These plants are_less common and were encountered during early
rainy season, Tho ratio of bisporangiate plants to megasporangiate
plants is 2 or 3 to 50. There is no external difference betwoen the
two kinds of plants. The first microsporophyll develops after the
formation of two or three megasporophylls. In case there are two
microsporophylls, the second one does not develop immediately after
the first but it comea up later, i.e., after the formation of a fow
megasporophylls, The megasporophylls that develop late have
gasporangia with i ture megaspores or do not form megaspores
at all. This is probably due to onset of unfavourable conditions
(Ekamb and Venk han, 1933
In [soetes lacustris the innermost leaves are sterile, the middle
ones are microsporophylls (i.e., they bear microsporangia) and the
outermost are megasporophylls (they bear megasporangia). Gluck
(1924) studied various species of Isocts and observed a number of
variations in the arrangement of the microsporophylls and the meges-
porophylls, His results reveal that there is no regularity in the atrange-
ment of the sporophylls with respect to each other. Wilson Smith
(1900) also observed irregularity in their arrangement. He observed
that in Jscetes engelmanni “it was not at sll unknewn to find several
megasporophylls among the microsporophylls. Some plants which
have been growing in the laboratory for seven or eight months
formed only megaspores; some others though producing a few
microsporophylls failed to bring any microspores to perfection®,
West and Takeda (1915) stated that it is erroneous to say that there
is any regularity in the arrangement of the sporophylls. They
regard the textbook version that inner leaves are sterile and are
followed by microsporophylls and megasporophyils, as absolutely
wrong. They state, «when the plant is dug up late in the year it
often happens that the sterile leaves of the outermost whorl of the
rosette have by that time decayed away ; under these circumstances
sporophylls are found on the margin. But if such a Ieaf rosette is
carefully dissected, young sterile leaves will be found in the centre ;
these are generally regarded as belonging to the present season’s
growth but actually represent the outermost circle of next year's
growth”. They studied in detail the marphology and ontogeny in
Isoetes japonica, and found no regular sequence in the develop.
ment of aporophylls. They are irregularly distributed.

The Velum

Tt is & characteristic structure that arises below the ligule and
develops very early in the history of development of the leaf. It
originates from the tissue between the ligule and the sporangium
(¥ig. 57, A~E and 511, A). The velum is a lobed _structure. The
upper Jobe or the iabium (Braun, 1863) grows obliquely upwards
and remains short whereas the lower lobe grows downwards and is
continuous with tissues of the leaves at the sides. In some species
the lower lobe covers tho entire sporangium, like a pouch, leaving
only a small slit-like aperture below. Such a condition is found in
the terrestrial specics, e.g., Isoetes hystriz. In aquatic species the
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velum i not so well developed and the lower lobe only partially
covers the sporangium. In Isoefes coromandelina the lower
lobe is completely absent. The same is the case in sorae other
species also.

Several conflicting sccounts regarding the development of
velum have sppeared. Majarity of them describe that velum
originates fmy.:n the_ upper tiers of cells resulting from the divisions
of the sporangium initials. Hofmeister (1862} describes that velum

"4 - separates from the spo-

4 rangivm by the * earlier
divisions of the sporangial
imtial,  Wilson Smith
(1800) regards it as the
aterilised  portion of &
sporogenous tissue, or &
part of the ‘sporangiom
fundament’. Braun (1863),
Scott and Hill (1900)
describe that in I, hystriz
velum has an origin from
a tissue quite distinct
from that of the sporan-
ginm. Ekambaram and
Venkatanathan {1933 )
studied the development
of velum in I. coromande-
ling (Figs. 57 and 511}
and observed that it fies
an independent origin.
They point out that velum
ariginates much earliet
than the appearsnce of
sporangis} imtial, 8po-
rangia} initial originates
later below the velum,
when the latter is only
68 cells (Fig. 5:7) high.
The three initial ceffs of
velum later divide and
from n group of 5.6 cella
(Fig. 57, B) which later
grow into asmall tongue-
like structurs ﬁan. 517, C)
that runs obliquely up-
wards. A group of spo-
rangial initials (Fig, 6 7, E)
appears fater at the base
of the sporophyli below
i ==« tho velum. Theso cella
have larger nuclei and

¥ig, 511 {A~B). Isoe
. . -
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denser cytoplasmic contents, The velum has distinet epidermal
layers at its frec portion. Thotiss * ° © o . ‘
made up of large cells that are colo

contents when mature  Somo of .

colls with spiral or annular thickenings (Fig. 5-11, A). Such cells
make their appearance first in the upper freo portion of the ligule
and later in the lower portion. The tracheidal cells of the velum
have & definite connection with the vascular bundle of the leaf by

g narrow strip of tracheidal cells” (Ekambaram and Venl 1
1933). Wilson Smith (1900) denies any such connection in I. echi-
nospora and I. i i. In 1. cor delina velum was also found

to develop on ‘the sterile leaves,

Ekambaram and Venkatanathan (1033) regard it as a purely
vogetativo structure because of the following characteristic features :

1. It originates quite independent of the sy gi
2. Its formation in sterile leaves.
3. Presence of tions b the lar tissue of the

leaf and the tracheidal cells of the velum.

These authors regard the velum as o vestigial structure, They
state, “The exact homologies and functions of this structure remain
unknown for want of satisfactory evidence either from the fossil or
living allies of the genus, The preseuce of the tracheidal network as a
branch of the leaf trace bundle indicates that the velum, unlike the
ligule which presumably is a later interpolated structure, isa more
fundamental part of the leaf, which in the course of evolution has
degenerated, The velum according to this view will represent a
vestigial structure.”

Sporangia
(a) Position and Structure (Figs. 5-7, 511, 512, 513, 5:14).
In Isoetes cor delina the i igi from a

p ]
of cells below the velum. They have no ontogenstic connectionlf
whatsoever with the velum. Some authors describe the arigin of
velum from sporangial initial (Hofmeister, Wilson Smith), Others
(Ekambaram and Venkatanathan, Braun ; Scott and Hill) deny any
develop 1 tion between the spc i and the velum,
In some species the lower lobe of the velum covers the entire
sporangium except near its base. In others the sporangium is only
partially covered. In the Indian species, I. coromandelina the

lov;lv{ex;i lobe of the velum is absent and the sporangium is therefore
naked.

The sporangia are sessile and are largest among the living
vascular cryptogams. They are almost oblong-rounded in shape
and vary in length from 4 to 10 mm. They arise at the base of the
sporophylls and are, therefore, foliar in nature. They occur singly
and are adaxial. The mature sporangium is surrounded by a sterile
jacket of threo or four layers of cells. The innormost layer is made
up of large and transparent cells with distinct nuclei. This

v‘r‘
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called the tapetum. In somse species (f, nuftallii) the tapetum is
two-layered. The cavity of the sporangium js incompletely divided
by transverse partitions of sterile tissue called the trabeculae
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sporangial cavity is full of sporogenous tiasue which Iater disf Io.
guishes into spore mother cells or the sporocytes. The spor
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genous cells adjacont to the trabeculae and sides of the sporangium
becomo modified into tapetal 'eells, Tho rost of the sporogenous
cells function as potential sporocytes, At this stage the micro and
megasporangis follow a different course of development. .

Tho microsporangis contain a Jarger number of microspore
mother cells, which undergo meiosis and produce 3000,000 to
1,000,000 microspores. The megasporangia contain a limited num-
ber of megaspore mother cells uaually 40 to 80. The number of
megaspores varies between 160320 per megasporangium,

(5) Development (Figs. 57, 511—514). The development
of the two kinds of sporangia follows a similar course of ovents upto
the differentiation of fertilo sporo- MICROSPORANGILM WAL
genous tissuo. Both the kinds of spo-

. CHI Py
rangia originate from the uppermost ST
layer of cells of the sporophyll between "%ng%“‘

the velum and the base of the sporo-
phyll (Fig..5 7, E). This layer of cells
divides in all planes to give rise toa
group of sporangial cells. These cells
are similar and undifferentiated. No
demarcation between the peripheral
jacket cells and central sporogenous
cells exists during early stages of deve-
lopment. Periclinal divisions have, no
doubt, been observed in the outer cells
of the undifferentiated mass. These
divisions add a large number of cells
to the inner mass of cells leading to MICKOSPORE

the formation of a young sporangium MOTHER CEILS
composed of u mass of uniform colls  Fig, 613. Jsoetes nuttalli,
(Fig. 511, B). In I nuttallii (G.M. A young microsporangium
Smuth, 1955) the young sporangium, {After Smith)

at this stage, shows a diferentiation inte a single outermost layer
of cells from a large group of central cells (Fig. 6-13). The latter

have distinet nuclei and deanen- .

regarded as sporogenous ce " . Do
has been observed in I. - P S

natban, 1933). Qocbel (18 | =1 .

an early differentiation between the sterile jacket la; .er's a

i b nd th
central 8porogenous Lissue in Isoetes sporangia. Suck unyobservatics
has not been confirmed by any of the further studies.

MLt B N

a fairl . oo
and fc
These s wo wimvusovu wuuns Lo separate neadings :

The Megasporangium .
In case the sporangal mass is destined to develo:

sporangium, the following changes take place in it :— p into & mega.
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1. Bome individual cells or groups of 2to 3 cells (. coro.
mandelina) enlarge in size. Their nuclei attain larger size and
the cytoplasmic contents become denser so that they can be easily
distinguished from the surrounding cells (Fig. 512, C). These celis
are the ‘potential megaspore mother cells’.

Fig. 514, Xsoctes, A cross-scction through
p th trat

older tapetum, wall layers

wi
and mother colls,

2. Al the potential megaspore mother cells aro not capable
of reaching maturity, Their differentiation is followed by & con-
siderable enlargement of the sporangi The megasporo mother
cells also enlarge considerably.

3. Somo of the megaspore mother cells stop growing. Their
contents become less dense end vacuolated. Besides this, a number
of mother cells becomo abartive, These abartive mother cells divide
and redivide to form groups of sterilo cells. Tho functional mother
cglls keep on increasing in size and become rounded or elliptical in
shape.

4. After the functional mother cells havo reached maturity
and are ready to divide and produce spores, there is differentiation
of the sterile tissue into tapetum, trabeculac and jacket cells. Tho
outermost three or four layers of sterile cells differentiate into the
jacket ef the sporangium and the tapetum, The abostive mother
cells form strnm?s of sterile cells that become differentiated ny trabe-
culse, The sterile cellsaround the trabeculae also difforentiate into
one to two or N - : e
Jayers around the

sporangial wall, o
anathan, 1033) some sterile cells surrounding the mepaspare mother
cells deg, and are completely dissolved to form cavitics of tho
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sporangism. After the formation of theso cavities the trabeenlar cells
elongato and form distinet trabecular strands,

6. The megaspore mother cells undergo meiosis and form tetrads
of haploid megaspores.  Each megaspore mother cell has a distinet
controsomic plastid, which Jater on divides into four such bodies.
The four haploid nuclei formed as o kresult of melusxs1 s}t:psm‘:e u;lt]o

i HEY cytokinesis. Cytokinesis is accomplished by the
ha.plm.d ‘ce‘l. b }: - % ~ the nuclej {Fig. 515, A). Later
8 separating the four colls still
- cgaspore mother cells (Fig. 5+15,

D). Eaéclh of the four dn.ugh.ter cells o
,‘

secrctes a wall around itself and
contains a plastid body. These cells
now grow in size and their cell walls
also undergo changes. These cells
become  thick.walled megaspores,
They are srranged in tetrachedral
tetra T T —amtfean
the

re

}:’ﬁnully differcntiated into three
layers. The megaspores are now
mature. The wall of the megaspore
mother cell surrounding the 4 megas.
pores disappears so that the megas-
pores lie freein the cavity of the
megasporangium. 8.C. Verma (1960)
reported an asynaptio triploid indivi-
dual of TI. caromandeflinadfm;n
Meorut. This plant produced only '
meogaspores, ‘The segond meiotic .‘,S(A;fgés Tsoctes cora.
divigion is absent but wall formation  genesis. {After Rkambaram and
takes place froming teirads of two Venkatanathan)
nucleate and two enucleate megaspores. In this case cyto-
kinesis , takes place without any regard to the number of nuclei
present in the megaspore mother cell, This curious feature is sugge.
ative of that cytokinesis and karyokinesia which are normally coar-

dinated with each other, are in this case quite distinct and inde-
pendent.

The Microsporangium

In the microsporangium the sterile sporangial mass differentia.
tes into groups of microspore mother cells and storile cells (Fig. 5:12,
A, B). All the microspore mother cells are functional and undergo
reduction division to give riso to an cxceedingly large number of
microspores (3,00,000—1,000,000 microspores per microsporangium),
There 15 absolutely no degeneration of the microspore mother cells,
The.sterile cells around the ‘mierospore mother cells differentinte
into trabeculae, Wall layers and tapetum nre formed i the same
fashion a3 in the megasporangium. After the formation of micro-

o
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spores the sterile cells around them loso their confents and ultima-
tely disintegrato so that the microspores lie free in tho cavitities bet-
ween the trabeculao,

The microspore mother cells_
also contein a polar plastid which
divides into 4 similar bodies that are
distnbuted one each in the resulting
haploid cells, They, no doubt, dis-
appear in the mafure microspores,
After the completion of meiosis, the
haploid daughter protoplasts sepa.
rato, by the formation of cell plates
and their rosultant splitting (Fig.
6168). Later they wmature into
microspores that separate and are
sot free from the surrounding micro.
spore mother cell wall. At this stage
they are more or less /semilunar in
shape (Fig. 5:16, D, E), Later they
become bean-shaped and their cell
walls become differentiated into
three layers.

Fig. 616 (A—E). Microsporo- . .

geuemsin!snete)a R Deh of the sp 2
(Afte\;e?xlliz;i‘r’.:i‘:n;nd The sporangia in Isoetes ore
indehiscent and the two types of

spores (micro- and megaspores) are liberated only when the sporophylls
decay after the end of the growing seasvn, Osborn (1922) reported
that in I. drummondii, that grows in vernal pools, with its axis
buried completely in the soil, the spores are exposed or RE:Z‘:EE:;

] . . .

tissuo of the sporangium except the wall and the bases ot the spﬂl‘&g

phylls. They observed that the sporangial walls remain m(act{ ?l:

the spores are libernted by the breaking up or by the decay of the

portions of the sporangia attached to the sporophyll base. 3 "
Spores are mostly wind disseminated. They are slso carrie

by watgr in aquatic sgacies. Earthworms have also been reported

to carry the spores from place to place. |

T

: Uy white, gray or

(a) The megaspores, The pores are usually
i shape (F1g. 55, E) and vary
packein e°‘°,.““~ ?[}‘fy A %e“P'!'l‘idr‘il“:;\‘ib?{:ﬂe(rentiated mto three
nd variously sculptured,

tubercles (F1z. 5 13, B}

er wall is called exos-

' . which is followed by

intine or endosporium, According to some authors the woriginal

Structure of the Spores
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cell wall that separates the spore totrads develops, in each spore,
into an outermost sculptured layer called the epispore. Later
exine or exosporium, mesine or mesosporium and Imtine or endo-
sporium dovelop. According to them the spore wall is four layercd.
The spore protoplasm shows s spongy structuro and contains food
rescrves in the form of starch. The nucleus, in the mature spore, lies
at its apex (Fig. §15, E).

(b) The mierospores. They are smaller in size and vary from
20—45p in di ter. The microsp are il in shape when
young but become kidney.ghaped at maturity. The cytoplasm
is thin and finely vacuolated. The nuclous lies on one side. The
microspore wall is three_layered. The outermost layer or exine ia
marked with small densely packed spines (Fig. 516, E). They are
usually ash coloured or brown.

GAMETOPHYTES

He_tggospg;v,!eads‘to  the foration of two types of gametophytes
in Jsoetes. The microspores germinate 1o give fise to_the male or

T T PIRRGSPORE WALL

UPPER CELL

Fig. 517. Isoetes lacustris.
Various stages in microspors germination and formation of '
male gargotophylo, _For explanation tes toxt. (Affer Tich, ig)




- et

m{'clqgametophytes and the megas_poresJ ale_or egaga.
lqgtqp!gy}ps. Both types of gaméto}bytesﬁ{?endogpo:;‘ ﬁ
Bporey May stars germmatmg immediately after their releagy from the
agorazggm Or the g, in.ation nay pe 4 ed

o
ngial waj), The firgt division of
ucleug Tesults in the formatioy
Tothallial egllnndc"=

Interproteq
dial fnjeiag (Fig. 53’7, B).
ridial gelf Undergoes g5

] 3 i 3 h
ivides EWico £ form four
€8 Or sperm mother

0Tl (iHa.

] n
geHate‘spematozoids (Fig." 517,
L L). 1’%3 micmgametop_h_yie_ of
Zsoetesy is ®_most, r uced ¢
known amor, the vageuls, Upytg-o
g‘ams. One gametopﬂm Produces
0] 2 our BEBl‘mBE Z01ds, .
After (1, Cracking of Micro.
Bpore wall the 0Xposed wal} cells of
the antheridiym degenergty thus

vesice iberating " 4p Fhermatozoids, g
i lsodegenembea. The

Fig. 515 ?&“‘;&M Prothalljy) cell g Th
multlﬁaggllaic_gpema Of Tsoetes 5o
= in Sirikin, contrast 4o biﬂage\ﬂ;la
#perms of other Iycopods (Sdggi'%ﬂ))- ;
i 7 ig.

)
les (Fig. GJB;P The vesiclag Are s0on Jost,
Each vesclo containg fat ang Jacuole elomeyfs: tarch Iy conay eFod
to be absent, The nuclegs s pointe] a either end g is enclosod
Wwithin o SPOgy plasmatis structurs, ho nucloys does n_o:\extend s
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inted 2o

to ther end of sp id. The flagella besring
band or the stalk is homogeneous and bears about 25 flagella. The
flagella arise from the basal granules situsted on the stalk. Four
basal granules are grouped together at the anterior end whereas the

rest 4ro scattered in o single row along the stalk.

Mega-gametophyte. (Fig. 5-19, A—D)

The large tetrabedral mega-
spore stagts™ germinating _after it is
set_free_from the megagyogpgigm.
It has a large nucleus and dense
cytoplasmic contents. It has no
largo central vacuole and the nuclens
may be either at the upper and
pointed end of the megespore
(I. Lithophila) or st its bese (I. bra-
unii). The nucleus divides by free
nuclear divisions until 30—50 free

. nuclei are formed. The nuclei mig-
rate through the cytoplesm and get
distributed along the periphery of
the spore protoplast. The larger
number is” near. the apex (triradiate
ridge). Wall formation starts after
3050 free nucleate stage. The
nuclei at the apical portion of the
spore are quite close fo each other
and are the first to be surrounded
by walls, From herewall for mation
extends basipetally and then towards
the contre st a comparatively slower
rate. The whole megaspore is ulti.
mately filled with cells. The cells
at the apex are amaller in size and
those lower down are larger in size
and contain reserve food material.
There is no diaphragm demarcating
the upper small celled and lower
large-ciell;drtiss;xe. This _cellular
tissue is the female gametophyte and
i socrou T by Vhe SegoRS ol
which Tater cracks along the trira-

diate_ridge thus_exposing the upper
small _ celled t_issu:FO(Fig. : 5'10}7%).
The exposed part des not protrude
out as In Selaginells, A number of rh
part. Archegonia develop_in the

(Fig. 5:18). "I_‘_l.zo number of archegonia varica e
P ]

Fig. 5:19. Isoetes echinospora.

A. Female gametophyte pertl;
ehclosed within thﬁ ey oty

cost. A mature arche, um
with egg is also shown, B. An
srchegonium in an eatlier st age
of development phowing two
tiers of neck cells, a neck canal
cell, 8 ventral canal cell and an
ogg cell. C. A later stage of
archegonium, D, Mature arche-
gontum in which neck eanal celt
and ventral canal cell have
disorganised.  (After Campbell)

izoids develop from the exposed

exposed small.celled ti; .
first archegoniti appears ot the apex Eﬁd‘fﬂhm( e, he

ian In position
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may not develop at all. Their formation st6py after fertilization.
In case fertilization is delayed the archegonia gb' on developing i}l
the entire food supply is exchausted,

Archegonia

The archegonia are sunk in the tissue of the female gamsto-
phyte and only the upper tier of neck cells may protrude out slightly.
A T T T+ " upof4 longitudinal rows
st . toell. The venter has s ven
e baedl * T embedded the venter hss
no sterde jacket. At mafurity the neck canal cell and ventral
canal cell disintegrate and push apart the neck cells thus makingan O
open channel for the spermatozoids to enter.

The archegonium develops (Fig. 5-19 B, D) from a single super-
ficial cefl which divides perielinally into an wpper and a Jower coll,
The outer divides anticlinally and periclufally to form four tiers of
four cells constituting the neck. The lower divides periclinally to
form a neck canal cell and a Primary ventral cell. The latter o
divides into a ventral canal cell and an egg cell.

Pertilisation has not been observed in Jsogfes,but it takes
\.J:‘%

place.

The Embryo

The fortilised ovum in Jsoeles is qlﬁte conspicnous and almost

fills the cavity of the venter. The fertilised ogg divides by 3

transvorse or ablique tronsverse wall (Fig. 520 B). Both the cells

tako part in the formation of the embryo and no suspensor is formed.

The cell towards the neck of the arck can bo regarded s the

hypobasal ce and the one away from tbzﬁgck as the epibasal
K

.20, Tsoeten echlaospora. Biagesin the development of
g B0 Baoetes o, (AT ar Campbell)
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cell, The next twowdivisions are at right angles to the first wall
and to each other thiis forming an octant stage. The hypobasal tier
of the octants gives rise to the fgo alone, The epibasal tier
gives rise to the first)leaf and the woot and also the shoot apex
after some delay. Dy he absence of suspensor the development
of p=T=n f0 agnaaneins Lot fomibanTdoglopmental changes suggest
Bt o T » further development forms
an Later divisions lead to the
widening of the embryo in the plane of the basal wall (Fig. 5-20 D).
Later the first leaf originates from one half of the epibasal region
(Fig. 520 D).  From the base of the first leafa large cell becomes
prominent and divides first by periclinal walls to distinguish a ligule.
A semicircular ridge appears at the same time at the base of the
root. 'This is the primordium of the velum. Between the base of
the velum and the first leaf there is a small cleft. In this cleft there
distinguishes a small group of cells. This group of meristematio cells
is destined to give rise to the shoot apex at a later stage. Unlike
O YooV Taeedt e gl heed coow e Yoouttr g made up of a

Hegelmaier, 1872,
. f develops facing
the first with the shoot spex lying between them, Campbell (1918,
1039) observed that thevascflar strands of the first leaf and the
firat root coincide with ea¢h other. The foot is small in young em.
bryo but it becomes massive and well developed in mature” embryos.
During its growth, the embryo elongates downwards and erodes the
prothallial tissue. The uneven growth of the embryo makes it
curved and ss this growth continues, accompanied by rapid absor-

i

200t
RERSTEn

Fig.531. Embryogeny in dufferently  Fig. 522, Teoet
orionted gamstophytes of Isoctes y (A‘EDJ L. 8. .:;u;’gfn‘lm?u
(ARer La Motte), {After Baldwin)’
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ption of prothallial tissue, the polarity of the embryo becomes reverse.
The foot which in the young embryo is towards tho archegonial neck,
comes to lie on the lower side, (Fig. 6520 D) and the long axis of the
ombryo lies parallel to the surface of the prothallus (Fig. 520 D).
The young leaf clongates rapidly and in a ‘borizontal direction. It
comes out of the prothallus in horizontal position and later turns up.
The root curves downwards and as the sporophyte grows it straigh-
tens out and all its traces of horizontal position are lost. The foot
develops and persists till the storage tissue of the gametophyte lasts.
I¢ perishes after the young sporophyte becomes independent. The

* first leaf bursts out of the prothallus after seven days of the growth
of the embryo.

Bystematic Position

Bower and many other investightors regard Jsoetes as 8 mem-
ber of the ligulate Lycopsida bechuse ;—

1. Tt has ligulate and microphyllous Jesves and is hetero-

sporous.

2. Germination of spores i8

" . .
s"g‘\oiéwsm similar to Se?gmc”a.
N 5
YOG HICKOSPORGEMILL 3. {Stricture of male and
SPORORAYTE HECAFOROHTLL female prothalli is also similar to
HICROSPORANGIA Selaginello.!
e HEGASORANGIA | Campbell (1939) includes it
SpokomTIC mcrosrors  under the eusporangiate fern be-
N HOMENGY  cause of the following features :—
™ MEGASPORE.
MOTHER CELL

4 IN

7
GAMETOPHYTIC

I IGENEIADON 1 HICAQTRORE
o6 N i

1. Esrlyleaf and root for-
mation.

N 2. Delayed shoot formation.

T",m,‘t‘"m‘ N""“‘:,.,m 1 3. Relationship of vascular
et AT strands of root and leaf,

o b These features bring Jeoeles

Yaveten, Graphis closer to Botrychium virginianum

Fig. 523, . p!
representation pf life oycle.

‘and to some Marattiaceae.
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LYCOPHYTA (contd.)

LIGULOPSIDA (contd.)
SELAGINELLALES
4 end afa maccaasoted Lo iet- living genus Selaginella included
T ) enus Selaginellites was dizcovered
. - ! by Selagnellites crassicinetus, 5.
s . " . primaevus, Distinctive features

(i) The sporophytes are herbaceous 'ln tha toseords
of the species are dovsiventral; a few are, = .
S aeiial'asd —ans hansian stenstyre calle

e &

- Pregence -
sporophy . H

e axils o1 wporopnylis thal ave arranged 1o

loose_or_compact _strobili, (z) The micro and macroametophytes are

markedly different in €ize. (i) The gametophytes are endesporic (zi1) Spore

germination is precocious. (iii) The antherozoids are biflagellate, (ziv}

The emryo haa two cotyledons unlike other living lycopods.

SELAGINELLA

Distribution :—It is widely distributed genus with 700 species
found under diverse climatic conditions. Majority: of the species
grow under shady_end damp_places especially in the tropical regions
of the World. They are rare in the temperate regioris and almdet

R - A R "hfio (8. lepidophylla). 8.
- .. as ornamentals dus to

. ‘ ) .t n 1t ., 8. pygmen) 8. kraussiana).
Some of them form irridescont, bronze or bluish bues.

o "

y species ]?f Selaginells grow in the tropical and
subtropical forests along the Himalayas and in the plains of Indis.
Bome Xerophytio Indidn apeciea inc[uyaa 8. Nightii, 8. refanda, etc.
Majority of the species grow in the Eastern Himalayas (8. biformis,
8, adunca, 8. monospora, 8. caulescena 8, ciliaris, 8, intermedia, oto.)

and comparatively few in th~ Na-tbh Womsoom T ==~ 19 chryeo-
camlos, 8. chrysorhizos, S. . rows in
Pachmahri hills (central In , - are the

"
extinct species reported from Sweden and Illinois.

135 -
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Fig. 61
. Complete plant

go)_eNGlun <5
MICROSPORDAHYLL

%

Selaginella chrysocaulos (A—F)-

ghowing habite
D twa shoot showing leal arrangements
" " a = um.
" um,
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MORPHOLOGY OF THE SPOROPHYTE

Habit. Many species of Selaginella are herbaceous E\erenninla,
a few are annuals, e.g. 8. pg/%nmea. Majo_rity aro dy and grow

prostrate ‘7 -+t
siana; 6to.) » S .
8. rupestri, +* o et e
erect, Sor ° -
susing fro: | - . i, '
s few centrmetres (8. pygmaes) to a few metres (§. pentagora) in
length and are capable of growing through and over the bushes (3.
wildénovss), 8, alligans is a climber and does 8o with the help of rhi-
zophores that develop pad like discs at their ends. Some unbranched
species are also known. The xerophytic species dry art and curl-like
balls during dry seasons and sgain expand during_favourable season
or on welting with Water. -

VEMTRAL LEAYES
TLARCEY—

AKIZOPHORES:

Fig, 6:2. Seloginella kraussiana, A young plant

Hisronymus {1902) divided the genua into two seotions ;

h hl}: Hon:.?eupkyl!nm h ]’.]I‘hi-] -ectiméhincludea about fifty species all of
which have uniform or 1sophyllous leaves that are epirally arranged., The;
are 1l oonostelio, T'Ais section ia further divided info t\m)y sub-sections 3 o

(a) Bub section Cylindrostachya : It inclades those fsophyllous apsciea
in which the eporophylls are spirally arranged (Fig 5 5)e, g., S. aelaginoides

{=5. apinosa=35, spinulosa).

(5) Sub.section : Tetragonostachya t Speties included in this eection
are b, but the sporop are d jin 4 vertical rows and give
the 8 f gled ag €9 S, pygmasa, S, uliginous, 5. rupe.

#iris, S, areganc. ele,
2. Het_ergphylgum.: ‘This section inclndes large number of species that
b \| J:‘,’an by, ani {two kinds

a
b ettt Mt b



138 BOTANY FOR DEGREE STUDENT&

Oligomacrosporangiate, on the number of megasporophylls in the cone, The
commen species ineluded in this section ave 8, chrysocaulos, S. ehrysorhizos, S.
mariensis, S. Eraussiana ete.

Stem. The stem is herbageous, branched (rarely unbranched),
solid, and may be prostrate, snb-efect, caulésent, climbing or erect.
The erect species S. selagirioides S. rupestris, 8. pygmaea) are radially
constructed and belong to the section Homoeophylum, The rest are
all dorsiventral and are included under the section Heterophyllum
(8. chrysocaulos, S. chrysorrhizos, 8. pallidissima, 8. kraussiana,
ete.). Stem is usually green, smooth and glabrous, but it may be
coloured red (8. umbrosa, 8 Asematoidesj and bear unicellulsr hair
(8. braunis, 8. vogelii). It is also articulated in some North American

apecion,

e Ny

}
=
b,
HYPOCOTYL
| swouen
”‘.‘I’sx ANOT
ROOTS. -;f}.iig
NP2
’
Fig. &3 M;‘ Lagi ’ (A:" “;;;)rlm‘ﬂmht
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tes of

wards v, “ N . . .
surround the shoot ‘apex. Later pairs of epicotylar leaves make..
their appearance. *7 77 T T v T
dichotomously int

phyllous Jeaves. ©

dichotomously anc ,

podial Jateral branches arise in one plane and are at right angles to
the first dichotomy thus giving the entire shoot & fan-like appearance.
Strobili_develop_st_the tips of stronger branches, whereas the rest
remain sterile. 'Tho main axis ond the hypocoty] femain ss perms.
nent atructures (Fig. 6:3). The lower base of the hypocotyl swells up
and gives out roots. The entire plant of §. selaginoides, thereforo,

has a central source of water supply and depends upon it throughout its
life,

In the common and widely distributed S. chrysocaulos the 11:1-0-
strate and dorsiventral stem (Fig.6-1, A)is repeatedly branched.
The branching app to be dich in the younger portions of
the stem and monopodial or lateral in the older portions, Smith,
Scot and others hold that all the branches are really lateral but they
appear to be dichotomous because they are formed go near the grow.
ing apex that the latter seems to give rise to two equal shoots, These
shoots in the early formed portions of the plant grow with equal
vigour €o that it becomes difficult to distingnish between the main
axis and the lateral branch. The equal growth of the main axis and

the branch give the appearance of s dichotomy. The difference bet-

ween the main axis and the branches becomes evident in later formed

parta of the plant where the main axis grows vigorously ‘and the

branches remain small, FEames, Schoute, and others hold that

branching in dorsiventral species of Selaginella is dichotomous or

pseudomonopodial.

Leaves, The laamas qma cafocoblotion, o Y, #0 -
[ e PR .

-t - I-‘ o o '
Loy m 8. ins '
leaf colour occurs 1n 4. serpens.

The leaves are sessile and may be ovate, linear, lanceolate or
cordate. Abnormal pionalifid leaves have been report:ed in 8. lyallis
{Bruchmann, 1909),

i 1“here are about fifty species of Selaginella in which tho leaves
= actemteer om0 Tt a7 T T s called isophyll:

a . W "t . Theyurﬁrﬁﬁgﬂﬁm
i ' -t . ' tjority of T T T
< n ve sjuch & d“"
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called anisophylly and the leaves are _ggll_gd‘ani_sgp_hx_ll_ﬂl‘s or

dimorphic. These species arc groupe undor the section Hetero-
phyllum.

The phyllotaxy or the arrangement; of the leaves on the stem
is always spiral in the isophyllous selaginellas (Fig. 6:3)-

In the anisophyllous selaginellas (Heterophyllum), e g, 8, chry-
socaulos (Fig. 61, A), the small and large leaves form ﬁqgr_l»ox}gi@gdi-
nal rows. The smaller leaves are arranged it

“tiwo Tows along the
dorsal side of the stem. The larger Jeaves on the vg.xlggﬂlfsidepave
their dorsal side turned towards the sky, whereas the small dorsal
Jeaves have their ventral side facing the sky. The phyllotaxyis
essentially decussate in all the dorsiventral selaginellas. A large
ventral leaf is_slways opposite the small dorsal he ’

. pgits are unegual.

1 Ligule. The ligule develops quite early during the ontogeny
of the Teaf and arises from its base on the upper side. It varies 1o
shape in different species of the genus. The ligule may be tongue
shaped (8. chrysocaulos), wedge shaped (S. Marlensii), Tobed (8. cdules-
. éens), lanceolate or may ‘veri have fringed margins (8. auspidata)-
A mature ligule has & prominent basal portion_called the_glossopo-
dium (Fig 6710, 7) Tt 15 surrounded by & Sheath i specialised of
unspedialised cells that are continuous with the epidermis of the leaf.
In 8. rupestris the colls of sheath possess casparian strips .(D“nlopl
1949). The glossopodium is sunk in s defimte ligular pit or poe-
Xet. Its function is_nob well_understood. Accordmg to a pumber
of workers the lgule is a secretory atrucbure, which secrotes Of exu-
des water and sometifies Thucilage and keeps the gporangium an the
young leaf moist. The/ﬁgujeg  during. _t}.\ejr.glqvqlx_;pmgnb‘oﬂrgmvdhe
Jeaf primordium and xiay be regarded_as pro‘ective ) gtructures.: They
also overgrow the young sporangium.
Rhizophore. It is & stmctuxg_oi_ogg,t@gl;siuL}norphologlﬁ‘
nature_and present in most of the dorsiven a1 selaginellas. 7
sve loafless and positively geotropie organs that] have usually & local
ised oTigin_ 8D 'Hmlﬁp‘from"ths‘*gxfglgmm ristems, Whmbg:;,:
groups of meristematio eells present between !x_e_»tyg.bmnches of the
aterm. Yo ajority of speci only one ThizOPhOre ATIE0S from a1 al‘%
heristem but in 8. martenaii two rhizophores frise from such 8 m’i‘h ;
stem.” One of them is ventral in position and the other dorsal o
former remains short whereas the ventral one grows down lD}D"’E
soil snd besrs roots at its swollen end.. In the climbing speclle’g 0
'tif;sﬁof’rhiic;ﬁ}iﬁrés‘ dsvelop pad 1ike thickening snd help in chmbing:
. inoides and other radial species the rhizophores &0
nbsen}.n fn é?:lgagninaida are roots arige from the swollen base of the

hypocotyl (Fig. 6 3). . i
zY. the rhizophore. Tlgree_diﬂ'ergnb types ©
- |Morp_}_a-n10 E —o-‘-:‘n“'?:;r h:gf ~boon sdvanced to solve the mor-
el . ' v _pding toone view.thoy have
R S adventitious roots (;’fnﬁ'cr,
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Treub, Bruchmann,, uwy. ahe sup-
portcrs of the gecor . . ‘egham, Uphoff)

regard thom as roots . LS phores 18
organs sui geners (neit&er ro_ot‘ggg'r‘shoots)f“"-"“ -

The rhizophores are regarded as rogt-like structures due to the
following characters 2

1. They aro positively geotropic,

2, They bear no leaves.

3. Their internal structure resembles that of a root.

4. Their stelar organisation is always©monostelic even if the
stems are polystelic.

e BTN
™ 3

G e . R LTI
tip of the rhizophore divides to form roots, and the older beljef that |
roots arise endogcnouSIy from tip of rhizophore is not valid. These :
observations rule out any difference between the root and the xhizo;)
phore. Exogenous roots aro also known in some Angiosperms,

The stem like characteristics of rhizophores aro; -

1. Their cxogenous origin (roots of some angiosperms, .., Nas.
turtium oustriacum arise exogenously from the stem).

2, They develop from special merigtems._called-the angle meri-
stems that are present between the two branches of the ?!B&E.L\'

3. They lack root caps {capless roots are also known).

4. They have no root hair.

b, Experimental evidence that under certain experimental
conditions the rhizophores develop into leaf bearing shoots.

J. C. Schonto (1938) regards them as stems with root bearing
functions because they lack root caps and root hair and are exogen-
ous in origin. Regarding its anatomy Schoute points out thag it is
like stern in its organjsation.

Te bemo Tmnen o— .

“emonstrated by Bruchmann (1905)

(1931, 1037) in 8. grandis and 8.
o ative activity by inducing strobili
formation or by decapitating leaf bearing shoots, the rhizophore rudi-
ments can be made to grow into leafy shoots. Cusik (1954) con-
cluded that sgome hormones produced by shoot apex induce spgle

meristems to grow,into Thizophores. “He proved it experimentally,

__After ¢t~ oo o and gthere Qid not
decido to 1+t shoots but agreed
with Bower -

. - 8 suigeneris. Tha™"
term organ, yu. yenelds s Lms case imphes that rhizophores

*
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ngi't;l}er roots nor stems but are intormedinto structures, According

Lmee, . . is a novelty and has

. rorgan, He disagrees

. 5" 4w Vensuw sua uvwus ln tresting rhizophores

a3 structures sus generis bocnuse they are not novel structures and
poasess features in common with both the stems and tho roots,

Roots, The roots_are sdventitious and originate from the
(i) tips of rhizophores, (iV) from tho swollch bases of hypocotyl and
({19) directly from the stem. They arise endogenously and branch
hot aly. Tn 8, chr los (Fig. 6-3) and othisr dorsiventral
species they srise from the swollen tips of the rhizophores. In
&, aelaginovdes they arise from the swollen hases of the hypocotyl
(Pig. 65). In 8. umbross, 8. braunii, ete., thoy arise directly from
the stem and have no relation to the branching i.e., they can arise
from anywhere all along tbe stem, In some cases the roots arise
only from the places whers the stems branch, eg., 8. densa.

The_roots_have root caps and besr ropt hair. The apical
cell of the roof cuts Off some segments at its outér face. The seg:
ments contribute to the develop of the root cap, In 8. selagi-
noides_an endophytio fungus_has been reported in the cortital cells
of'the rooft, -~ S = e

ORGANIZATION OF THE STROBI]EUS

Phn pbanhilen Mre 04 AT R ‘

theep :'*" . T .
BpOTD; .
may
ginella . ep
BpoOroy” » o . ",.
phylls_sud tuose bearwmg gaup: as megasporophy
There {5 10 morphological or anatomical differcntiation betwesh the
micro and the megasporophylls. The microsporangis prod
i) H 2 o ‘mega-
L ilus is
. . ‘of an
in_the
axis of
J e e tha
strobilus to f + = .. ' e [
8. erythropus = »+ . 1+ } .
again bears v - Tt T -
in the formation of two strobilii on the same branch,

In Seluginells_selaginoides +the _Strobilus is prliggirigaL The

. ly
sporophylls _are_spirsll 1635 clear,
nxx):'t'kgd X&ff “from’ ch'e ) . B r;n‘g‘,l':
have also been found to . i vegetab ve
leaves. In a large number of species the strobilus is 'tgftmg?:xousb

Joura 7T P T core sz:_
525 . o . Do e

ate. T o Iteen R R TR .
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tative region aa well as tha Bh‘Dblll (betmgonous) are anisophyllous.

Tn glt gha oonme 4= +i ig present
IO ot i Fig. 6:8).,/

Pig. 04 14=B), V.. spikos of Selagine

meum B, 8. chegona.
e ~deal et Y
cone. . : e
of & H H -,
bispor . . 1. . U .
axilsc¢ ' Lt .
T o . N R
and tt T \ : : el .
InS. = . Yot LR el muny olners the megasporuphylls
are restricted to the bnsu of the bilns and the
to the upper !‘eg\on. In S caulescens and 8. martensii the two
kinds of are y led along the entire
length of the strobilus. In 8. kraussiana (Fig. 64, A) thers is
only one megasporophyll ut the base of the strobilus and the rest
are all phylls. In 8. oreg {Fig. 64, B) the tetragonous
atrobilus has two rows of microsporophylis on one side and two rows
of megasporophylls on the other side (Fig. 6:9).

In 8. atroviridis and S. gracilis the strobiliare ° 4

i.¢., a etrobilus either bears mxcroaporuugm or it bears unly v
: gia. Both the porang) gARD s
oocur on the same plant,
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ANATOMY

Stem, Tho vasoular regi
N = r region or tho sfelar system § i
fl?}}l‘:;,;::t:z con:txdcmblo variation in tho dm‘crentjapo”éic’: fﬁ'ﬁlﬂ:
Dot B i: ?gvy?}?z énerql in_the ssme specics. Anatomy of 8.
o audas | bgrio(‘. otail.  Variations in other gpecies are, how-

Selaginella chrysocanlos (Fi i
species an 3 (Fig. 6:5). It is o dorsjventral
el r: :i transverso soction of the c.em roveals the following

HETAXTUN Y ',
LI

A huon

Fig. 5, Btem anatomy of
S s b aie e vanian of atem
f

Epidermis. Itis madenp of & single layer of cells. The
cells are thin walled and rectangular or barrelshaped. A thin
fayer of cuticle is evident as an owter protective costing. The cells
are colourless and da nat contain chloroplasts. There are no stomsta
in the epidermis.

Cortex. It hes bolow the epidermis snd copsists of many
Iayers of cells. The outermost layers {usually 2:4) of cells develop
thick walls in the older regione of stem and form s sclerenchy-

The rest of the cortex is made up of thin

matous hypodermis,
walled and polygonal cells. They enclose smail intercellular spaces.
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RENCHYMATOUS
i

Fig, 66 (AL}, Anntomy of Selaginella.
A. 1.8. stem of S. chrysocaulos
B. T.B. stem of 8. Fraussiana. Noto distelic condition.
C—E. Development of trabeculac, v .

145
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4 octe Sl hy-

The thin walled cortical cells also tain chlorof
matous hypodermis is absent in the younger parts of the stem.

Air space. Next to the cortex there is large air 8pace in the
- 1ol L

centré of which lies the_ste - manna of trabeculae.
'ﬁ?:’aq’pf‘rinn

The trabeculae are modifie .
strips (Fig. 66, A)- These . of an endo-
" 66, C—E}

derma] layer. During the
the epdoderms.l cells elong. s o result
of this elongation the cells separate from each other \Fig. 66,D)
and lead to the formation of aic spaces. Further clongation results
m the formation of & large air space traversed by elongated endo-
dermal cells or the trab 1 The trabeculap posscss caspariat
strips, During the course of their radial elongation the trabeculae
may divide and become two or more celled filaments.

Stele or the Vascular region. There is singlo central stele

suspended in the air space by means of the trabeculae (F1g- 6:6, A)
The stele in this species is flattened like o ribbon snd is called 8

protnstele because there is no pith in the centre. Tt consists of :—

od cells called the pericycle:

(a) A single layer of thin wall
nner vascular tissues.

The pericycle completely encircles the i

(6) Next to the pericycle is phloem. The phloem consists of

s layer of phloem parenchyma cells next to_the pericycle an ]

layer or two of sieve tubes. The companion cells_are, absent.

Phlgem completely encircles the contral xylem. ho sieve cells
appear as large polygonal cells in & cross section.

he xylem tissue.

(¢) The centre of the atelo is occupied by t! t
The xylem, therefore, forms the core of the stele, there being 10
pith. The xylem consists of me
metaxylem is ‘composed of scalarifol j
chyma cells. It forms the major portion of the flattened !tle e.
The protoxylem occupies the two ends O {lanencd metaxy ",‘:’
and is composed of annular and spiral tracheids. The X lem 1%
therefore, exarch. Since there are two groups !
cither end, the xylem is regarded 88 diarch. The xylem
vessels and fibres.
ostelic becauso the stem has only on¢
tclo arc S marlensite

"Tho protostele is moOnos
such stele. Other gpecies with such & &

S. chrysorrhizos, S. ﬂabella!u, ete.

¢n5, AB) 8 section of the stem from
60, B) revesls an nctincnelic

Ian S. selaginoides (Fig.
toxylem. &

the upper region of the axis (Fig.
(!lar-uhapcd) pro(ostele with 7 groups of exarch pto - s
cross section through a portion of the stem in trailing region ]m(his
a monostelic protoslele with mesarch xylem (Fg- (()lf(i x. ‘l;l!m”
caso the protoxylem isi i is surroun otl,wo roto-

n the centre ant i
by metaxylem (Fig- 66, In S. kraussiand there are
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steles suspended in the air space. They are oxarch. Such s stele
is called distelic (Fig. 8-6, B).

The entire stem is traversed by two
parallel steles that join only at the point
of branching of the stem (Fig. 67) and
again separate. Metaxylem consists of
scalariform tracheids, Svhereas protoxylem
is composed of lar and spiral tracheid
Bierhorst (1960) and Zamora {¥960) report-
ed that the helics of spiral tracheids in
this species are variously wound in differ-
ent parts of the pame tracheid. The xylem
is encircled by phloem which in turn is
surrounded by pericyele. The phloem
consists of & single layer of sieve tubes
and parenchyms cells, FEsau (1953), and
Cheadlo and Gifford (1953) reported that
the sieve cells have many sieve areas on
their inclined end walls and latersl walls,
Selaginells  guleata, 8. galeoltes, 8. willd-
enovis, ete,, belong to this catagory.

In willdenovis (Fig. 6:8) there are three or
even four ribbon lke protosteles. The xylem is
exarch, There are two groups of protoxylem,
one st either end, in the central stela wheress
m the othel:‘two !.lfut lie on eithrer side of 1t there

i » ' '

the stem js monostelio snd becomes tristehic
in the middle region of the stem. In the upper
parts it may %o even tetra or polystelic. Al
these steles run parullel to each other and fuse
only st the point of branching of the stem. At
cerfian places the air space and the trabeculae
may be absent a1 the pericycle is in direct con
tact with the inner cortex.

The xylem in 8. oregana, §. rupestris,
8, rupicola, S. arizonica and 8. densa hag
. Seeinell distinct vessels, In 8. rupestris and 8.
1g, 67, Selagi & H is i i
k’f;‘:;m. togindla lepidophylla the air space is inconspicuous.
longitudinal courae of Rhbizophore (Fig. 6:9). In a trans.
the two stelea, THSY  verse section the ™ rhizopbore roveals the
point of bifurcation same tissue systems as that of stem. On
of tho stem, the outsido there is a single layered epi-
dermis uninterrupted by stomata. The
cells of this layer may be thick walled. Thecortex is exten-
sive and is usually distingnished into an outer thick walled or
sclerenchymatous cortex and an inner thin walled or parenchymatous
cortex. Last layer of the cortex is called the endodermis and
15 followedd by a single layer of parenchymetous cclls called the
pericycle. The endodermis is not very clear.
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The stele is typically a protostele and shows variations in
1ts form and arrangement of protoxylem in the different species of
Selaginells, In 8. mortensii (Fig. 6-9) the metaxylem ocenpies
the centre and the protoxylem forms a group of smaller tracheids

Fig. 88. T.8. (diagrammatic} stem of
8. Wildenovii ghowing three [ !

on one side, i.e., it is exarch, In 8. atroviridis the metaxylem is half
moon shaped or crescentic and the protoxylem occurs in the form
of n few groups on the concave adaxial sids, In 8. kraussizna the
condition is mesarch. The xylem is surrounded by phloem which
cousists of sieve colls and parenchyma. : ¢

) 001 Al

of —Bj. Selaginella, Anntomy of Root and Rhizophore,
A A oot o massonsis, B F. oot of 5. ehrgsocuuloss
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Root. (Fig. 69, B). The root epidermis is single layered and
is covered by a thin cuticle, Root hair are present.

The cortex is wide and extensive and usually consists
of an outer sclerenchymatous cortex of 3to 5§ or more layers
in thickness, Webster and Steoves (1963) described the entire
cortex of older root in . densa as sclerenchymatous. In the
younger roots the sclorenchyma is peripheral in position and is
followed by thin walled cortex. A distinet lacuna or air space has
also been reported in the inner cortex of 8. densa (Webster and
Steeves, 1063). It is traversed by trabeculae that are not endo-
dermsl cells but cortical cclls that elongate radially. This lacuns
is absent in othes species.

The endodermis is usually indistinct but in some species it is
distinguishable (8. densa, S, rubella, eto. Next to endodermis isa
single layer of pericycle. The stele is typical Protostele with
exarch and monarch xylem. There is only one group of protoxy-

UPPER EIDERMES

£ mAsv e\
e
L

EPDERMSS

Fig. 810, Selaginells
- A. V8. IenforS_: Eraussiona, B, Astoma from the hving leaf of
S, martenel® 4 ' . "+ martensii showing a eingle
cup ghap S D iving leaf of S, martensii,
E. V8, - Y . net palisade ami sy
bisswo. E. A nguio, . A mesophyil cell from the leaf of S, caena she
g A

the two chloroplasts (B—D, after
sfter Hatvey-Gibson),

i G, after H ;
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lem that is peripheral in position. The phloem nlmost encircles
the xylem except that opposite the protoxylem group the sieve tubes
are absent or not properly developed.

Leaf. (Fig. 6-16). Tt is dorsiventral and consists of distinet
upper and lower epidermises that are one csll in thickness. The
stomata may be present on both the epidermal layers. In majority
the specses the stomata ave restricted to the lower epidermis
in the vicinity of the mid-rib. The epidermal cells contain chloroplasts
and the cells composing the two epidermal layers may be similar
in shape and sizo or they may show some differences, The cells in
the upper epidermis of S. martensii are large and conical and those
of the lower epidermis are comparatively smaller. In this species
the stomata are restricted to the lower epidermis. The epidermal
cells 1n some species bear hair like appendages.

The mesophyll is composed of thin walled cells that are loosely
arranged and enclose small or large air spaces. In majority of the
species it is made up of mmilar cells and is well developed in regions
around the midrib and goes on diminishing towards the leaf margins
where the epidermal Iayers are in contact and the mesophyll i
bsent, The mesophyll cells contain a vatiable number of chloro-
plastsand are the main seat of photosynthesis, The chloroplasts
contain numerous spindie shaped bodies that ultimately become
transformed 1nto starch grains. They appear like the pyrenoids.
The epidermal and mesophyll cells in S. martensii (g, 610, 0)
contain one cup shaped chloroplast, In 8. kraussiana and §. coesid
there are two and in S, willdenovii there are upto eight cliloroplasts
i each cell. Ultrastructural studies on the chloroplasts of Selagi-
nells (Mclale, 1965) reveal that they are intermediate bch}vcctﬂ
the algal chloraphyta and the spermatophyta. The chiorop! "‘i’l.’f
show grana like structures called the 'gmr.nmdg.. In 8. fyn tlo.
(Fig. 610, Bj and 8. concinna the mesophyll is distingnished in
a distinet palisade layer a spongy parenchyma.

The vascular bundle is very simple and traverses the llcﬂf
from base tc the tip of the leaf or a little below it (S. chrysacau, 03)
and forms the mid rib. It has no branches and has a central xy e;n
surrounded by a layer of phloem. The xylem has truchmdshon‘ i{
and there is no distiction into proto and metaxylem. The trac cxn i
may be annular or spiral. The phloom has & few sicvo cc“? nc"s
a number of elongated parenchyma ceils. A single layer bo cdlc
completely encircles the phloem. It may be regarded as the ban
sheath, .

Li The ligulo arises from several short rowsga . super-
ficial :.:Us. ICK fully dgvcloped ligulo consiste of & qlnsi{nct and llu-ml:i
phencal basal region whero cells are lz.lrgo.uml thin \mltf;d'al:n
contain vacuolated eytoplasm. This region is the lgl_os_son _g;m
(Fig. 610, F). It is surrounded by 7 a sheath_called the 'LoFr?pr_‘;w
shesth_In 8. kraussiana and S, Fupairis the sheath culls ls o
casparian strips. The cells above the glossopodial region are n:ﬁm'
polygonal and  have donscly granular c'ytoplmmlc m“!e':‘i; T
yegion is swollen and quite ¥ inent, It is mot y
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sheath. Next to this region the ligwle usually {in meny speeies)
narrons down, or broalens or is produced into finger like processes.
Depending upon the shape of the ligule the cells in the distal portion
are likewise arranged. Tn tho tonguc shaped and spindle shaped
ligules the cells in the distal region are narrow and elongated,

Apical Growth. Barclay (1931) studied the shoot spices of
certain ies of Selaginella and concluedd that there is an mnter.

A

cutting faces and the first segments thus
cut off undergo periclinal divison to
distinguish an outer layer that by further
periclinal and actichnal divisions gives riso
to the epidernus and the cortex. The
inner cells give riso to the endodermis,
pericyclo and tho stele. In 8. selaginoides,
Bruchmann (1807} reported the apical
growth to take place by a group of cells.
Strasburger (1891) reported the occur.
rence of twa apical cells in 8. wallichii

Walliams (1931) reported two apical cells
in §. grandis. The superficial cells very -
closo to the stem apex give rise to the

leaf primordia on cither side of the apical

region. Dunng its early development
procambial strands differentiate in the
leaf and are connected with the vascular
strend  of the stem (Hsu, 1937). The

Fig. 811. A median longi-

tudinal  section through
stem apex of Selaginella sp,
ehawing @ single apical celi,

pr bial strands diffe into primary xylem and phloem.

Tha rhizanhass ~len —aes; , 1

Vegeta
nella is

*w 7 7 rthe activity of a single

+ 35 tHerS 19 8 STngle apical

tive Propagation. Vegetati tion i i
ffected by the following “g‘a:we propagation in Selagi.

Frag Fi t
of propagation. It is effected onl
i It has _been rep:

humid con:
raen tha ¢

lons

is not a method
y in species that grow under
orted 1n 8. rupeslris, In this
. . JAous branches
1 5 TR TErow

' Tubers. Formation of tubers has been reported in § i
iy . ch N
zos and 8, adyssinica. ‘In 8. chrysorrhizos they nrg fnrmml4 "m‘c”r’{/fzh:

The tuher= hoqu vt
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%o perennate ovor the conditions of stress and strain. At the advent
of favourable conditions the tubers rejivenate and germinate to
produce new sporophytes of Selaginella. .

Resting buds (Fig. 6-12) have been reported to  develop at
the ends of some aerial branches in S. chrysocaulos. They develop
at the close of the monsoon season and are vety compact structures.
The leaves in this. region. are.closely. arranged _and Gverlap each
other and cover the growing point (Fig. 6:12). The buds give off
rhizophores thaf bear roots at their tips (Fig. 612) and fix them
to the soil. The resting buds survive the_unfavourable periods when
the rest of the plant dies. They grow into niew individuals at the
return of favourable conditions. They serve the dual purpose of
perennation and propagation, '

Fig. 612, Vegetativo proy in
A. Plant formed by the germination of & tuber, Also note that
the samo plant bears & now tuber 6t the ip of 8 spocialised
branch. This is _in . chryeorrhicon,
B. Portion of plant of S. thrysocaulss boaring a resting bud.
{Hnghly onlargedy,

Selaginella is h

Reproduction by Meiospores. g P
and the meiospores aro of two kinds: (i) micromeiospores or
microspores, and (ii) megameiospores or megaspore They
are produced in microsporangia dnd Thegasporapgia s a result
of meiosis of the spore mother cells. TheTwo kinds of aporangia
arise in the_nxils_of_microsporophylls snd megasporo) hylls
and may be cauline or foliar in natire! The ‘sporoplylls are
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nged in definite_loose or compact_snd_ terminal_structures called
:}l;:n sﬁtobili»or,_spm:s. They dovelop at a coriain Btage of
maturity. -

8 MECSASPOROPHYLL

Fig. 613, Selaginelle apus*

A matire microshorangium wath liguls énd

sporophyll.

. A mature megasporangium ghowing threa
moegaspores.  (Aftor Lyon) .
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Tho tapetum lies next to the inner layer of wall and is in direct

T Gt
R

1}
"

Fig. 613,
m

fanined

galeottis {After Haupt),
contact with the sporogenous cells. Tt persists till the spores are-
ComRT T T Sl iR . ES o, B0 10 Bporen 2y
divide repeatedly and t o
spore mather cells, * s e ) oo
risgaspoTngA B el L
course.

In the microsporangis usually all the microspore mother
cells are functional and undergo meiosis to form tetrahedral
tetrads of microspores. These, later, Separate into individual
microspores. The tapetal cells now disorganise and form a continuous
plasmodial fluid in ~which_the " microspores. float_and, receive
nourishment. v

' '
‘In 8. galeottii a single transverse row of sporangial initials is
[ T D ) - e - . -
. . Coe . ' ¥

an outer row of jacket initials and an inner row of arches.
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porial cells (Fig 613). The jacket initials undergo periclinal
and anticlinal divisions to form a'two layered wall of the sporangium
(Fig. 613, C) Tho archesporial eclls divide in all planesand give

rise to a mass of sporogenous cells (Figs. 613 and 615).

Fig. 8:14. Megaspare of various
8pocies of Selaginelia :llustrating
Bpore coat morphology.

A. S, repens with  granulose
ectine, B, 8prnoge ectine in
galeitei, C. Spinose ectine in S.
ziphophila, D. Tuborculate ecs
tinein 8. chrysocaulos. E, Veriu-
eate ectmne in 8. mongolica. F.
samo 88 B, G. Baculate ectine
in 8. haematides, H. Spinose ec-

Brooks and Tepfer (1972)
have experimentally shown that a
it gium i sexually it
tod until jost prior to the deter-
mination of functiona! and non-
functiona) sporocytes, 'bef(zro meila-
S e

porangia near base of strobilus and
microsporangia at the apex. Simi-
Iar results were- obtained by treat-
ment with ethylens as a spray.

Dehiscence, The ,x)nat;x;e
. y h o
muc{as_lzti{ungx:xm dg}:_lgg;g:: g"ﬁﬂz

; B 3
the wall 1nto two vatves tust
soparate. Tho basal region of the
sporangium remainy intact and

tne n S, spinosa,
appears boat.shaped. The cells of

(Atter Rrox, 1031) - BPRe Bom e on shrink _due

to the loss of water. The shrinking lower part exerts pressuro 0
the apores within and forces thgm out with a little violence
throngh the split upper part. The semigerminated micro-spores fal
ab & little distance that may be s few centimetres, All the micro-
spores are not thrown out at once but they are expelled at intervals
either by intermittent opening and closing of the split uppurpshﬂ
of the aporangial wall, or if the sporangial splib remains open the

spares are scattered, in small masses, by the wind,
MEGASPORANGIA (Fig. 6-12)
i i Iarger in siza_than the micro-
St T o e Eagitity. o mesn-
T . ' B cspoading in
! 5lout it varies and
« + icies and white and
tand a_third layer
+_spore_mother_cells
rs_degenernie. _The
. - ! m_a_tetrad of four
o R nsually disorganises
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(Fig. 6:12, B) but this s by no means truc for all specics, The
megaspores separate and grow considerably in ﬂlzhc 80 as fto ﬁ;l bug
hole sporangium. The megasporangium becomes_four lobe:
?‘}}0 \:..o. :" el . . % H pores. 1N Bomio spocies
' P . < so that their number

[ LR L D P »spora and other species
0 me| oro is left behind. In 8 willdenovis the numbcr.of
?nly ?-‘Zc- - g Is:p'. 1-4si--= 4 24 oreven 36 or 40. The size of the

HI st *+ ' varies. In 8. molliceps one megasporo
et *o 1+ . smaller insize. In 8, stenophylla

tw.o n.:cgusporcs are large and two small in size. In S, caulescens the
has wing like extensions.
mcgaspo.r‘e( wing

A
Fal

. PRIMARY ARICHESPORIAL
» wALL CELLS

N YOUNG
SPORANGIUM

LS
ARCHESPORIAL
cELLs c

SPORE, MOTHER CELLS
SPORANGIAL POROPHYLL
wALL SPOROPHYLE e

¥ig, 615, (A—F). Various atages of dovelopment
of sporangium in Selaginella.

A—C. Selaginella martensii, !

D—F, &. selaginoides. (After Bower)

When fully mature the xlnegaspmnnginm has only one jacket
layer whose walls become thick and radially elongated,

\
Development (g, 6:15). Itis similar to microsporangium
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up to the differentintion of spore mother cells, In case it is destined
t0 becomo a megasporangium, only ono megaspore mother cell remains
functional and otherss- 1. * T SRR finctionaT me%?spu“
undergaes meioss to N - " The number of
furictional megaspore vaui. + * oy .. f . nd to vary from
one toten. In majority of spegies only one megaspore mother eell
is functional and produces 4 haploid _megaspores, ~The number of
megaspores in variolis species has beén recorded to vary between
1to42. After the formation of tetrads there is sometimes abortion
of the megaspores. This also leads to variations in the number of
surviving megaspares, In 8. ergythropus, 8. monospora, 8. rupesiris
and 8. sulcafe there is only one spore in each sporangium.
James French (1972, 224.227) has observed that in 8. bigelovis
. - 1 ~femrannranpia show growth differences before
L . . cies the developing
o * .« oand WS mors
1018t (1971) is also

vigorously before sputvcyiv ., ** . L
of the same opinion (¢f. Brooks and Tepfey, 1972).
Dehiflct}s‘nce. It is similar to microsporangium. The megs-
sporangia dehisce_violently-and. scatter megaspores to a_greater
distance as compared t¢ the microspores by the mxg:rosporangm. e
egasp start germinating n_the_mepasporangium and are dis-
seminated in o semi-germinated condition.

THE GAMETOPHYTIC GENERATION

The meiospores which getminate Yo give nise to the two types of
endosporic gametophytes (Micro- and Mega gamelophytes are tho
piohser StTickutes of this generation. The two types of gameto-
phytes are greatly reduced. Their structure and development are
diacussed below :

¢+ Micraspores (Fig. 612, A) The microspores range in diameter
»¥ from 0015 mm. to 0-06 mm. They are usually tetrahedral in shape
N 1.3 wmmarand A triradiate_mark Js_distinct. Every

4n-taom _that.is..enclosed

Ay b 2 i
3

> - fled exine and is
~ D entiated into two

thick and yariousiy svuy 1 !
and () was mnner eandine oF

layers ; (i) the outer ectine or sexine ;

nexine. 'The ectine is composed of radially arranged rods called the
columellae. - i ama fused at their tips to form’ s layer
T tewillum *

variously sculptured.
s m various specle‘s 'O
L T elate

als0., 'Lie s o
Phe intino econtains cellulose anc .
The cytoplasm contains reserve fO(?l !
otWerTatty substances and cyven nitrogenous Mace.. « .
Yittle water and no chloroplasts. The exine contains sporopollenin,
waxy substances and a varicty of carbohydrates.
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Microgametophyte (Fig. 6-16).
fiemmstaaston o oo Microspore, A complete account of
His~Ucen given by Slagg (1932) for

EEAS e e 't _starts
tha " IS___\,_D -
P tages of

iy . . o .. can be
; .

gummarised as below :

Tho haploid nucleus of tho miero-
spore  divides into two daughter
nuclei. Onc of the two daughter
nuclei migrates to one side of the
spore. Acelt wallis laid down_scpa-
rating & _emall; Jens shaped _prothal-
fial” ¢ell from s larger antheridial
&Il (Fig. 616, B)  Thiy_division_ 38
e BT
not,

cell

ives
L first

- wa

verticat wall (Fig6. 10, A,2—2). The

o

. a8

61U, 5—5) aL ppht angies to the first
plane of division This wall canbe seen
only if we cut a vertical section of the
spore. This is the_five.celled stago:

one prothallial_cell __plus _ foir an-

“theridial “cells. “Out of- the four cells
thus Tormed Tho basal celis do not
divide further. The upper two cells
divide further by a curved wall that
meets the sccond wall (2—2 somewhere
in the middle (Jhg. 16, A, 4—4).
The microgametophyte has seven cells
at this stage, e, 64-1. Out of the four
cells formedd by the last divsion the two

Fig. 616, Stlaginella_lraua.
bigger ones divide again by curved 4%ne. Development of Male

ones ametophyte. In B the deve.
walls (Fig. 6 16, A, B, 5—5)and result  foyneecbbyter in B the dovo.
m the formation of eight antheridial

shown in vertical
cells ananged in a manner that iliere  In A the spores are eut at
are four cell n the middle quite N8Pt anglen to thoso m A ut
separate from two cells on cither side '° Plone x—x, ftor 1

above and below,  The middle four (After Slagg).

sections,

¢ cells,
. . Tpri-

' ol Bage
. The
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Fe\st of the development procceds when_they fall itabl
f k rocoeds when e
_gulﬁﬁafum. i There are, However, oxamples g er? t : ;::ro;‘:‘l:ae‘:n-
z_ﬂﬁ;tes a:;: hbcréx‘te‘;l at nnde?rlier atage. In this case tlggil‘fu&lly
all on the partially oponed fomale gametophytes.and pfoceed wWith

farther deyclo,pxpent_ in t!\ﬂ‘l_L _glnﬂ%ﬁﬁ%;y In scz;m s;cc(;l;awtlhe
- we LT Vo oo T te than

+ - phytes

During further development of tho 13.celled stage only the
four central primary androgonial cells divide. They give rise to
128256 ardrocytes. or antherozoid mother cells. Duting the
formation of androcytes the eight jacket “cells of the antheridinm
.M“} the‘ ptgthulhs.l coll undergo “degeneration so that the 266

H R T "t ms_jn_the mucilage filled

this stage the androcytes

Spermatozoid. The
cympla;%m?clr’_anﬁp?ﬁ

metamorphoses_into_a_bifla-
gellate sn;tmntozoid (Fig- 618,
A_C). 'he spermatozoid of
Selaginelln has the usnal three
garts distinguished by l\liuhl-
or (1930), viz., the nuclens,
tho yesicle (the plasma part)
and the moter apparatus
that consists ol @ilis_peating

band Gr the stalkof the motor
et ke A The

apparat

Flg;rﬁ'sl'h Selaginella krnuul'ﬂlnz. .
A TS, i 1 - .
BpoTe o ot tozaids have their body coued

thallial cell, B. T.8. germinated i
ore showing & primary androgonial  around the lens shaped vesic

cella an(il jacket c:!lle},l ? T.St. mat- (Fig. 618, C1. Later the yesi-
ure mele gametophyte containing rhs water and becom¢s
apormatozoids. (Atear Slage). s”ifhgi‘;] D T B oot free.
The nucleus of the spermatozoid Is rod shaped and is embedded i
cytoplasm or the plasma part (Fig. G~}8, A, B) The stalk of t}:io
motor apparatus is located at the anterior enil of the sper.mamzolh .
1t bears two flagella (Fig. 618, A—C). One of them is at the
extreme fip and 1he other a littlo below (Fig 618, B). The former
is smaller and the later Jonger. Each onc of these cilia is attached
- Bng N el Sfaza abuidied the spermatozoids of S. in-

\ st the same point and one ©

satozoid for o cettain distance

of Selagirella resemble sper-

atozoids of Lycopodium, lwenvorts and Chara, in striking contragt

to those of vascular cryptogams.
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The male yte of Selapi: is ly reduced like that
of Isoetes, but in thia cass the wall of the antheridium degenerates before the
spore wall cracks open and the androcytes are lying free within the spore
wall, In Isoetes the antheridial wall persist and degenerates only after the
liberst: of mer phyte from the spore wall. In Selaginells there
sre 8 wall cells as compared to 4 in Jaoefes, In Isoetes one antheridum pro-

uces only 4 multiflagellate spermatozoids, There is s greater reduction in
o tissue of the microgametophyte in Isoetes, T———

IS

Fig. 618 (A-C).
A. Liberatad sporm of § nvolvens, B, Li i
Selaginella, 1n which vesicle haa been dis;eb:::dmii:l;x‘.eng.og :p‘oﬁl::“ehr
Vesicla (A, after Yussa; B—C, {after Dracinachi)

Morpholegy of Antheridium

Various morphalagienl frtamamesasss o . -

- S . .

AR i ) - . of male pametophyle

o . 1= 1o conelnta tRAY Yhiw

: thers fr he el LAt
R %

prcarabed W AN el

W
suwliLsl Varied in g

in 8. kraustiona.n  yw
(1932} ia aleo sup -rw
Belajeff and Millard

Morphology of Prothallial Cetl b g R bR
iy SIS Y
Tho single prothailial eell of the micrgarntiq M8 Bk 4 RN
valent 1o the entinn gametphytic tame nrm‘“\:ﬁ.\\\ ki AN AR
gams, ey, . B . Dryeptire, (RN A )
mann (1909) the ziémuxg';mn rONNOIEN L S
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Megaspores (Figs. 6-14, A—H, 6:19). They range in dis-

meter from one mill t=bodel jn
shape. There is a The
megaspore is also v 2 s
devoid of chloroplas tro-
genous materals, w Tare
enveloped by a two-layered thick wall. ‘Lhe Gutet wmyun and

variously sculptured and called the exine, The exine is differentia.
ted into two Iayers : (5) the outer heferogenous layer called the ectine
(or sexine}; and (i1} an inner homogenous layer called the endine
(or nexne). The ectine is composed of radislly” arranged rods called
the columellae that are fused to form a laycr called tegillum or
tectum which is vatiously sulptured. The enfline is closely applied
to the intine. The inner layer is thin and Hyaline and is called the
intine,

Megagametaphytes. (Fig. 610). The megagametophytes

develop as .. ~n af maoasnores. The germi-
nation 18 prevod i s - . " porangium, in
majority of - oot T, * Felvetica. In

these two species the megaspore germunsivs wiw. @ ng shed. The
species with precocious germination release the semigerminated weg-
aspores at various stages. In . kraussiana they are shed when the

gametophytes have produced the apical cellular cushion and
first archegomum. In 8. apus and 8. rupestris the megagame-
taphytes develop fully within the sporangia and are even fertilised in
u;:u and develop embryo and young sporophytes before being
Iiberated.

Campbell (1902) studied the development of megagametophyte
o 8. kraussiana and the following account s baszed on }’;is ab:e{tva~
tions (Fig. 6-19). The growing megaspores_obtain nourishment from
the ts‘P?}Pl ﬂuluﬁf@mgemnam& The first visible changs 18
thie separation of endine from the ectine due to greater growth of
the latter, The space thus formed is filled with a nonstainable fuid.
The tine is closely applied to the endine. The cytoplasm formsa
thin lining layer next tn intine and encloses a big vacuole with
1 bedded in the cyfoplasmic layer. Before the commen-
cement of free nuclear division the cytoplasm contracts slightly from
the intine and forms a globular vesicle. As s consequence of freo
nuclear division the number of nucle increases.” At frst the nucles
7s flattened but they boeome tounded with inerease in amount of
the cytoplasm. The nuclei are evenly distributed throughout the
oytoplasm. Later the distribution becomes uneven and the number
of _nucle increages towsrds_the apex of the spf:re_andﬁtm@@?%
tively_few toward3 the basal Yemon. At this stage thero1sa big
central vacuole and the cytoplasm Inereases in amount and ngnl:l\
touches the intine, Later due to the increased nuclear division an
consequent_increase_in_cytoplasm _the central vactole diminiahes in
gize...The oytoplasmuc” layer 15 comparatively thicker towards the

et orrn b A
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Tha cell walls are Iud down first around the nuolei in the api-

cal region,  WallTor— g Ve 6Te 18 no wall £6-
wards the inner side - I s . .. ithe wallsare first
laid down around n the apical region

so that s smgle layer of ce]ls is formed Later cell walls are laid
down around the lower layers of nuclei forming three layers of cells
in the middle and only a slngle layer towards the margins (Fig, 8- 19).
The innermost Jayer of cells is in contact with the vacuole, Later
the inner walls of innermost cells become thl-knrmr* thag Fam—i,
digphrnom  The disphranm nanazqtos s os o
the br "':_" Lot
wall - ) BN
remarkable degree the endosperm formntxon in seed p]ants The dia-
phrugm is not formed in all the specics.

e &

v T

i
'

{]
£ SNE
nzsosPoRu/M

F.% 8 ;gy (A—F}. Mi of 5. chs los  B. )

of 8. ¢ m;uulo: 0-—!{ Suges in the gurmmnhon of me 8.
{C—F after gaepore in

The fres nuclei in the lower repion enntinma to dietdo —_ 100

smount 6l oytoplasm increases fill the
obliterated.  The cell walls i this
el
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in different spesies. In 8. kraussiana this region becomes cellulsr

after tho deyelopment 0"~ * ., * N

region, In'some other ' et ST

fertilisition or during « .

arge in size and store [P e
ides_nourishment to_the developing embryo

1
afid “starches. It prov
and has heen terméd 45 Secondary endosperm by Pleffer.

SMBRYOCHLAUCH

YOUNG ARCHEGON.3 PATURE ARCHEGONIA « .
oM /e nmzmns&//

/M Q{/_‘N > 2,

ot [ b

‘ o

SPORANGIAL '
wALL
‘

¢}

LAY
N G OPL D
e e
S XA
b ".'i"né"

Z

SERMINATED
mcnélsru.meu

QHITOIDAL
ARTA

Fig. 620 (A, B).
al section through mature female gametophyte
howing the upper tushion with archegoma and

A. Median longitudin
, kraussiana o
i ;\‘l:o note the diaphragm_snd the lower tissue.

hineid o
B, giéxm.ewphyzc of 5. galeottii showing rhizoidal mounde.
. {After Bruchmann}

Mhe enticn 1nepapametophvte becomes cellular at one or the
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1. Upper cushion of small cells or the generative region. The
TIEIE R "

The megag phytes in §. &
H [ L . -
i w T

are released at this
L (SRS R )

In 8. galeottsi distinet mounds of tissue develop on the exposed
region (Fig 620, T R L

surraund_the cent e i . Lo
these mounds he . . - L 1 . .
within them and EREEH . " "

D" tef eT- swsb-o-" Mhe archegonia _are
produce ' and are not formed
m an;

y .
usually occupy the central
position_on the_apital cughion ARcuEsONIAL PAMARY cOvER
and"are surfounded by the INITIAL cEL

thizoids. Elﬁﬁ_h._ﬂl‘&fgﬂ‘_.!.‘_l?f @ cengane [V 7

snatiad (Fl‘ig. 621, AT A HECR (SUTIALS

vides by~ a_periclmal wdllto PRIMARY

form—an~ upper _primary vb.

cover cell and @ Tawer central . centaa
¥is. 6 21, B). The central PRIMAZY
TAar Postbos Lo TR e c veNTRALcru

v S . .
canal cell does not divide fur-
ther and acts as a singlo neck
canal cell. The primary ven-
tral cell undergoes periclinal
division 10 _form & vemiral
canal_cell_and &N "ogg_cell.
The former lies b&low neck Fig. 6 2). Varjous stagesin the -
canal coll. The neck canal céll, .'1’2”2,’;’3?&35"" erchegonium -
the  ventral canal cell and ' (Aftor Bruchmann

the egg cell form an axial !
row of cels in the archegonium,

on, the primary cover cell divides

When all these changes are goin
into four neck initials byiwgw,
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vertically intersecting walls (Fig. 6-21, C). Each neck initial divides

by A tranaveree wall fn famm oi ~allnd waotl; sPi- 201 T))of the

TATTOE Th - e fourcells

. oo ‘re_arche-

. " N . ) Lh.?.‘a_p‘ml
gagametophyte. :

The mature archegoniun (Figs. 6-21, B and 6-22) consists of » °
distinet neck composed of two tiera of four cells each, the uppes tier
functioning as cover cells The_neck_encloges a_singlé Tieck canal
coll._ “The venter portion consists of a single ventral canal_oell and
an egg,. The venter is not surrounded by any definite venter wall
because the archegonium is embedded in the tissue of the gameto-
phyte The only projecting portion is the upper tier of neck cells.

ot vhe

The nock cenal cell and the ventral canal cell _disinfegrate_at
ity eud form 2 mieiliec that absorbs_water and “swells_up to
apart tie furir'cover eoll.” Thie leads to the jormation of_an
ral for” the pernentornids . ta swim_ down_ to the egg (Fig.

Fertilization. It is effected by any one of the following
methods :

In gome species the megagametophyte falls on moist soil and lht;
microgametophyte enclosed within the spore wall happens to fall

SPO;

REMAINS OF
NECK C?NAL

ig. 6:22, A mature archegonium of Fig. 8 23. 8. rupesiris

Fig ;:hqnmlh:nb:ulnana -g'o asen Tho younx aporophytes !np‘vo
BT o e Wondooy of the :-te,;\t"‘;;un!
{after Bell and ootk) frodisind;
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on it or gets entangled in the rhizoid tuft (8. galeoltii) and discharges
tho spermatozoids direotly over the archegonial surface. The sper-
matozoids swim in dew drops or rain water and reach the open
archegonial necks, the source of attraction being malic acid present
in the mucilage that oozes out of the open archegonial necks. More
than ono sperms may swim down the canal but only one penetrates
the egg to accomplish fertilization, The fertilised egg socretes a wall
around it to become a zygote or the 06spoTe. rT———

3 In S.rupest + 17, . . . .
N A 2 i T L ST
' . i -

Ao L i ' archegonia. The microg
O ’ Lt upon the open megasporangium,
their wall burats open and liberates the spermatozdids that enter
the megasporangium and reach the exposed archegonial surface of
the contained megagamotophyte and effect fertilisation. In these
. A . e
. P . B 4

>
3
3
iy
f

nomenon where the egg develops into embryo without the act o
fertilisation is called parthenogenesis.

T . oang Pee e s P
" direet’ o . AN
develc - } N .
The Embryo,

The zygote is the pioneer structure of the sporophyte generation
and as'a consequence of & series of orderly changes de_v%mmn
embryo. The embryology in S:laginells varies slightly with species.
Wae shal} consider in detail the embryology of 8, martensis,

Embryology 'in Selaginella martensii (Fig. 6-24). The
R e T T . oo

t}vo"equlil"é'élls' by a vertical wall. I(II—-II). A& socond vertical wall at
right angles to the first (Bruchmann, 1900) leads to the ~ :
of four cells (only two are visible in one section) or the M
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stage, One of the four cells divides by an oblique wall (LTI—IIT)
resulting in the formation of the shoot apieal cell (Fig. 6:24, B).
The remaining four cells (3-4+1) divide by transverse walls to form
eight cells arranged in two tiers of four cells each. The cells in both
thetisrs divide by vertical and transverse walls” forming an undiffe-
rentiated mess of cells (Fig. 6:24 Tf.The ‘cell divisions are more

DR =demwt moarer the suspensor, and form a distinet

5
: . 624, F). Greater growth in the foot
[ r * e embryonal mass st right angles to
! L *  Two superficial cells intwo diagon-
. . ints’ away from suspensor) differen-
., . ons (Fig. 624, D, B) Theyareon
L - s {al. The gotyledon_intials, by their
division, give rise to two cotyledons_each of which develops & Kgule
near toits base ' v+ T ¢ ~tia +hae apical cell of the stem
has divided to : L. ised by the cotyledgns.
The cells poste... . shoot apex give rise

to the hypocotyl.

SRCHECONIUM
EMBRYOSCHL PUCH

SUSPENSOR

s e b
‘ FREG IS roor

303#tN30R
Fig. 624 Embryo development Fig. 6:25. Selaginalls krauseiana,
in 8. martensii, Stages §n the development of embryo,

AP s Trraehrmannt
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The root inisial differentiates qulte late in the development of
the embryo.
the suspensor ' e
species (hiieres
F)‘ 'I‘he Toot apxcal cell cuts off se seﬂments and glve nse toa structure

. . - . v U o
ed Tor some time  The vascular elements or the stele appears first
in the stem as narrow and elongated cells called the procambial
strands. These cells differentiate into xylem and phloem elements.
Later the stele extends into the rhizophore and the root.

In 8. kraussmna the peculiar feature is the enlargement and

. s« "7 cawity deep into the gametophytic
. B appears as a long tubular structure
ryoschlauch.’ The two-celled embryo
Jies at the hp of‘ the embryoschlauch where it undergoes further
division. The embryonal cell gives rise to stem apex, leaf apices and
hypocotyl. The foot, root and suspensor develop from the suspensor
cell. Root initial appears quite late between the foot and the sus-
pensor. The suspensor js not well developed and is single-celled
because its function 13 performed by the embryoschlauch. Embryo-
sthlauch also develops in 8. rubicaulis and 8. galeottei but in this case
the embryonal cell gives rise only to shoot apex and leaf imtials, the
root, foot and hypocotyl develop from suspensor cells In theso cases
the first wall of the zygote 1s obliquely vertical and not transverse.

HETEROSPORY

Ix‘xtrod:xctmn—-{leterossory isa ccndltxon that mterprets the
produsti- ~frromes -Famn
menta’ . _ - i : - f
B8y nre‘
termed as meg__s-..._,.q

tarne hanquea the .

. . oL i l~rosporangxn and the
pores is Thc microspores’ are produced in
lstge numbers and are smaller in size as compared to megaspores

that are produced in comparatively much smaller number and aro
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large in size. The larger size of the megasperes is attributed to the
availability of more nutrients, They are few in number per megs-
sporangium and get more nulrition, 8s compared.to many microspores
per wicrosporangiu- - -t o4t -t et Tt e
has been achieved
mother cells, or by

Importance of Heterospory :—The most important aspect
of heterospory is that it is an expression of sex determining.process
of the plant ~ It has brought about, along with its onset, a pheno-
menal shift of sex determiming capacity from _the gametophyte

. “"to_the sporophyte. In_all the
hotmosporous, individualL_the sex
detérminants__exert,_their.effect
w the gamefophytes during the
fofmation of, the_antheridia-dnd

Yn dha hotaros.

mother _cels. _ ANeltdilul =
differences start, In_the micro-

1_tlte mict

spotangia_all_the sfiore mother

cells are Junctional and Eruauce
¢ TR

arapa 1 Mega-

mt )
lop | . ‘ . .
WL © ot " e, their endosporte uabue
partial and nltimately com-
Al femak GIOPhyte on

nber ol _megaspores to oA¢ f
{ ' mets, aud_ultimately loss 2

e e and o1ganic union
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Tadmenns Abs e - iginm.  All_thege new
N . ‘hanges have gradually
. Y —

YGUNG ARCHEGONIA
I SPOROPHYTE
FE

FEMALE-
GAMETOPRYTE
Ny ~

SPERMATO2OIT
Ny

FERTIIZATION

£Ge

¥ig. 627, Sclaginella.
A dingrammatio Tepresentation of the hife wycle.

d1f we

Origin of X
i idd 1 studies and

pory, The b pory can be better
m palaeot from devel

fom p
from the experimental results.
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n) Evidence from Palaeohotany,

The available fossil record sug-

{
gests that there was an early and widepread otcurrence of heterospory ia

JLAGINTLLA
SPORQPHTIL
TOUNG w
SPORANCIFEROLY
eQASHYTE AsEEroLs
I HslﬁAsPQkomyu
E’r'-\‘mo MICROSPORGPHYL,
MEGASPQRAL
’ Em RANGIA
HICROSPCRANGIA
Qsrone MEGASPORE w
H)OTHER‘CE[L

MICROSPORE

SPORGPH (TIC
~ HOTHER CE1y
™

GENERA O
W

[FERTILEATION J- = - VEGTS

GAMETOPHYTIC |
SPERM
o 1Y

GENE| i’?" oN l M\Clélﬁo“
X HEGASPORE H
MA
ANY»:ER]DIA GANEY&ENVTE
5
AlCHtﬁON\A i QAHE‘TSP‘&VTE
N

Fig. 6 28. Graphic lifs cycle of
etaginella,

sporea leads to the differences in size
Sohenonhull h T

(S

awsons (|

almost all the major plant groups,
A number of heterosporous geners
belanging to the Lycopsida, Sphe.
nopsida  and  Pteropsida were
known in the late Devenian and
early Carboniferous perigds. Soms
of them exhibit atages where heter-
ospory js not pronounced wheress
in others heterospory was well
developed and approached the seed
condition, These varjous grades of
heterospory 1n these early land
plants advence strong suggestions
a3 to the origin of the heterosporous
condition, Williamson and Scott
{1894) discovered and described two
species of Calamostachys (Spheno-
psida) that indicate the mitial steps
that might have Jed te heterospory.
These species are O, binneyana and
C. casheana, The former species is
homosporous bt in some sporangia
there were a fow spores of unequal
sizes, C. coshenna showed distinct
heterospory as there were micros-
pores and megaspores produced in
POTAE T .e_l Shetad

), ..
homosporous, Thoday found that some sporangiain this specssa showed sbortion
of somoe spore tetrads and the remaining spores grew jarger in size than the

Bpores u)uua\ for the s,

pocies. In Stauropierss burntielandica, Chaloner (1958)

d tetrads of 1 which

that the

two spotes were large and two smail, This ts 8150 » case of reduction In ‘;l:

number of megaspares due to abortion.
carpon (Lycopsidn)lth;-m _negaspores eu’t of c

Scott (1991) reported that in Leps:

each tetrad had aported snd
Arnold (1938) reported

only one

that the megasporsngia contained only ons maturo m o
Berted Miadesmia {Arnold, 1938) the seed like

to & number of aborted spores, In
only one

egaspore 1n addition

and there waa no trace of abor-

ted spores, These examples give us an idea of the reduction in the number
of spores nnd thfferences in their sizes but whether 1t was achieved ‘h“"f,ah
8bortion of the spores or theough reduction n the number of spore mather

cells, cannot be determined aa there ia no in
ment of the sporangia and the spores. W

formation vegarding the dsvelop
o have no developmental record
i In the

to show that these spores p

abssnca of such an ynformation, j

tance of the difference i

Pariy S

A et one e

Y .
PR

gum has ond megas

E! Phy
t is not sible to shed light on the wepor-
i otp;;:a sporoes, and whether these spores

Rayter /1978 discovered
. K:

“ e . i T
re and is attached to the lower aurfuce ol the pm-

nuls. A marzinal indusium tovers the sporangia partially, The megsspos

completely flls the sporangium.

{5} Developmental Evidence

“Tha lving r:prwnuﬂ'ven of the m:ja{

divissona of the vascular er ycopsida, F 7
includs & number of heterosp genors |, i Iyoetss, Blarsilea,
Pidularis, Remelidium, Salvina, Azolla and Siyliter). They afford us the
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poasibilities of i phological, develop 1 and T ive spudi.
es that can throw much light on the origin of hetsrosporous condition in the
plants, The development of the sporangium in sll the living plants follows
a' common developmental pattern. In all cases archesporium s formeil by
the lower cell or cells out off from the sporangisl initial or a group of initials,
The outer cells differentiate into the jacket initiala. The archesporial cells
by further division become sporogenous cells or spore mother cells, which
undergoe reduction division to form the spores. This is the common basse
pattern of sporangial development. .

Differsnces are, however, there in the detaile of davelopment in different
groups of plants, These are:

1. Whether the sporangium arsises from s single initisl or a greup of
mtials,
2, The number of cella making up the primary archespor:al tissue,
3. Whether the archesporial cells act directly as spore mother cells or
they divide mitotically and then act as sporocytea (spore mother cells).

4. Number of functionsl eporocytes,
5, Number of spores which mature,

8. Origin of the tapetal layer and is time of Qisorganisation.

h

pory. 080 etudies he
varjous pathways that have led to heteroapory. The time at which the sex
determinants activate and exert their influence to segregate sex seema to
play a major role in il i daffe devel, 1 path eading
toh prry. The ing will the

A few of theso differences }m\'g playeda role in the development of
and  dsvel Y ¢

the I vasoular cryp . €.g., 4 D is,
Pieridium, etc., the Box determinants exert their influence during the deve.
lopment of the sex organs. In Eguisetum Hauke (1983) observed that the
gametophytes that are all alike in early stages of development show distinc.
tion into twn types during furtb‘gr vagetative growth and it is easy to deter.

mine which will bear i and whizh In this case the
sex determinants exort therr influence earlter, ¢ e., beforo the fornmtion of sex
organs In these cases sex I exert their infl in the game-
tophytes, their time, h differe, In i1 which is a hetero-
sporous vescular ptog: the eex d i exert thewr infl
during the diffe fon of the ap: Y {spore mother eells). In the
aporangie destined to develop into only one

ia functional, whereas in the microsporangis all the sporocytes ars func-

tional. From this stage onwards there is clear differentation between the

two typea of sparnngis that will produce two types of apores that in tumn
P Pyl Y- it A 4 1

develop into - *amo ia ths case in
Marsilea and v+ . ime of activation of
sox determina = = to the sporophyte.
It ia & amall & . " - »ught along with it
the condition - .o

LR S - - e -

) - e o= -
- . ! . = e - -

. - .

the ion of the spos yis.  Iu man; T and 2ome angios-
porens the reproductive hodies 876 borno on. pecial branches whidh eor b
1dentified before they besr the reproductive bodies. This can be ascertained
Vtmmes it A et u these cases the sex determination occars
*+ branch, Soin the seed plants the sex
= = much eatlier than in the heterceporous
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o that the ph noq nal shift of seX deurminlnu
yto b accom] anied he\omepory

heuam has beer u’;red in s for
964) In t\nnj ine sor'x‘conbm jwo
1ad._ in o , type <re BT® 8 lar8

"'nle mn\lor ones 8° rmmnte to PIO
co fem8l® pro! rothel But the

spo v
aize. In extremn cases ©
dl \ce m gaspore an !
aspore. Und n(nvoura\)\e eanditwm
n o h ver of small
i 8

5}_\‘3_9\'\! i utrition?, nvwonm; L&ha _ppots Bm.m‘y _amr
the ‘\‘nl\n rn of (ormin%ﬂ‘,b atab PP hn -z- wme&hm g 2180, in c 0
contt S ara tH rega the A, Stion

P ] \ i\ gemsue nymm/n( Jh

ceTTRY A o L 8
Airerent®e -ex\mré’_“((scﬁ agosnils_llpon 10

e
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fad TTiasat_, ga.

- ree

. ich

Ty

s msidered jin_ jta@gﬁthe

Selaginella, no_doubt illustrates _an _example of Beterosporous

vascular cry_p’togams;ihat_ ppmg_ol_l_seegl\hgbi@_bgqausa_of_ihe follow-
ing notable charactersstics; —

1 Ttis heterosporous

2. The megaspores ithin_the megas-

porangia and therr time of Telease from the negasporangia varies
ey

with species
3 T}»xepumbex;gfgxegaspores in 8. rupestrrs and 8. monospora
is reduced to one

4. In 8. rupestris the megaspore is never shed and fertilisation
andﬁd«eyelcpmegt_of embryo up to the formation off-r}ﬂzgggrg, stem
and cotyledons takes place whils the megaspore_is enclosed within
the megasporangivm, which retams_its “connetion with he parent
plant. This condition can be Inked to_Vivipary in_some_angio.
sperms,

Afte oo i - can, however,
re + o . ' “Yptogams like
SR e et

DTSy ueve MO protective slruccurp_liké_é,b\eigteguzp_ents
surrounding thair megasporangia. o
2. The_r_ﬂﬁntiQnM_egggpores ermanently within_ the mega.
sporangia has not become established — ~~- - ° ~ T °
3. Histological union between the megaspore and the megas.
porangium 1s absent (Martens, (1966) T
4. Lack of resting period after the developmen} of embryo,
The maneimaseat T .o “omparable to the
sl T L rined megaspore
glgl;epdowe_rm‘in
tlaginella,” Both
8. In Selagially
1 of Selaginelly is
D of facth the COWY easly act as a protective structure, Ag g
natter of‘f»_m_t the.nutermosb wall of megasporangium in Selgaineily
" ' o g maturity. It coyld casily
** » mbryo, Ther_ejs_no_sggpqture
plants m,.the_‘megn.spornngium
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union between the megaspore_wall and the wall of the megasporan.
gium. I the presence of such a union, tha megaspore could never
come out of the megasporangium. Such a union I present in
Selaginella, could also usher in an eta of rest for the embryo after its
development. In such a case the whole megasporangium vould have
fallen down from the plant and & megasporangium_with contained
embrya could easily be regarded 438 primitiye seed.” In case we find
o living example of a seed plant in which “therd are traces of separa-
tion of megaspore from the ) gi we can Tegard it a3 &
clue of the origin of seed habit. Martens (1966) has worked on these

lines and bas arrived at a more or less™ sufe conclu . Weterkeyn
and Sloover {1962) ¢-—*==-¢-7 @nsemmnomos ~fadoaese o Tgicrospores
of certamn seed pla: and’ found
that a deposition o . . Wk the spores
- DR A i ot w Lo SERU t: - w2 Eneanry

oroes te caffose, - -

o
separation betwe
eyident. It is nc
gymnqyperms. < [T L .
porocytes has been made. It can be presumed that such an isolation
mechanism of e o et wiels hawa hoen
presentin the . -. | . : .

“Howeyer if i A

authentically ¢ . :
that it was als - [P P i
version in Fret o . T .

o e .

T - . b et

of

' I “ . ghe

a@_}'_vs.ﬁons_ c - e,
be _the Cycadaphyta end.C phyta.
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CHAPTER VII
SP!_{ENOPHYTA (Bgnson, 1957)

$ The . a0 known by two other names. Une of
hese Arthrop iyta is the oldest name. Bmith (19_5‘5 suggeated the name
Calamophvta  Thg 2o o0 o -z (s) 0_8Poro] ro
. . ' . * ' += .neome the stem is jointed,
i e, - . have golid or medullated
. - . . L. " L joma_:x ine membsrs 3

e ) . . . ' v, ty are homos TOuS, Boine
n . e “a uf_a e In"WhGHls on the
G o . LI . he_yggetnﬁvg Loay_ee; (3z)

‘ - “ 4 e, N

A. Class :—Sphenophyllopsida, It includea on‘ly one order. They are af]
extinet,

Order Sph . The i of the order are distri.
buted among two extmet famulieq, They appeared on this earth in the Upper
Devonien and persisted till the lower Triaseio.

Foamily I, Sphenophyllaceae, It includes the geners Sphenophyllum,
Spheno phyll; ye, B ites and Evi ya, Al of them are extinet,
Family 2, Chei: Itis d by the ge
atrobus that vyvu discovered in the Lower Carbonifsrous of Seotlan
large cone measuring 3-5 em, in diameter.
B, Claen ;—Calamposids, Lt includes_thres orders :
Order 1. Calamitales, This order was at its peaksof development
during the Upper Carboniferous along ?ich the Lepidodendrales and were

found in the coal measures and Swamp forests. The order became extinet at
the end of Permian. It includes two families,

Family I, A!(emcahmlhcele. It includes
mites and Archaeocalamites, They are extinet,

Family 2, Calamitaceae, Tt includes the gene;
ites, Aunularia, Asteroph ., Prot,

U8 Cheiro—
. Itwasa

the genera Asterocaly-

ra Calamites, Proto.
7, and Pa,

ye, ya.
Order 2. Hyenlales, They are repregonted both in the Lower and
Biddle Devonian and inelude two famlios,
Family 1, Protohyenizceae, It inc'udes the genus Protohyenia that
was discovered by Ananley {1957) from the Lower Devonian Tocks of Siberia,
Family 2, Hyenlaceae, It includes the genera Hyeniz and Calutry-
Phyton,

Order 3. Equisetales. It includes the famil iseta that §
reprogented by ons extinict and one llvhg’g@qu.‘%‘mﬂé iyt ain;:
geaus and Equisciin 35 The only liviag Eenbaof the dﬂ_lv'ﬁfen Sphenophyta,

EQUISETACEAE,
The family includes a single_liy_iug_genu—s,Equiutum which is
Topresented by tmenty.five posies. It i tha. oply Tigpen "ropresen.
177
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Pig. 7-1. Eguisstum diffurum
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o ative of the entire race, that has become_extinct. The family has
“ cortain characteristio features of its own, that are listed below :—
tain characteristic leatnre

1. ‘The &t sre_jointed and have distinct nodes and internodes,
The undegmetzn%mm?r’ﬁ'ljbin’egm  is the_rhizome and benrs numerous serial
‘branches. N

I-2.  Eguisstum debils. A complets plant showing habit.

s intornedes are longitudinally ribhsd so that thers
ridges and furrows, The ridges and furrows of eich Infernode a;
s B lirinte ot gaeh ofhor )

3. The leaves are’emall and scals like and aro arranged _in whorls on
the nodes. The membsid of & whofl 6a & node are upited to form a #heath
around’the node. The fres edges of the leaf shoath are opposite the grooves.

4. The aerial stem may be branched or unbranched. When *
th o branchea ariso in whotls 6%, [he_od6s_and “always alternate
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{eaves, Tho branch primordi 1
epeil poct ‘p d:fun plorces through the bass of the leal sheath

& Tha_atem ia grean In colour aod pesforma the photosynthetic fune.
tions. Xt had developed solerenchyma bdo]:'ﬁb- lldgt?:,n'l'?:’chlmncbm
i#dleo woll doveloped. Tho stomata are rostricted to the grooves.

6. The anatomy of the stem reveals that is pnna-u— both_hydro-
phytic and xorophytic charactaristics, Pressnce of ’nllécnln"e-nn'ih’ and
caninal canals and foobly doveloped Xylom nre the hydrophytic charsctatistica.
Presence of » rough cuticls, tidges snd grooves and scleronchyms are the
xorophytio foaturee, Reduced leaves ara slso & xsrophytia character.

7. The atelar arra: is i) '
whih ke ftoraodon o pareto coTatore wasoar BoRdIE T
8. Tho strobili are compact_and _have peltate sporangiophorea that

sro.arranged in Whorle, The sparangia arise from the lower or innot surface
of the paitate diss and are elongnted aao like They inate the
main axis or the branchos,
9. They sro homosporous,

10. Ths gametophytes {prothalll) bear both male and femals sex s
but unisexuaf pr‘olh‘all?-{w nu(l? ra70, ) bost both msle snd fomple v omme

11, The prothalli are exosporio in Eguf:

12, The epsrmatorsids are multfefitiate.

EQUISETUM

Distribution. The twenty-five species of Eguiselum are
widely distributed and reach Juxuriant development in the North
Tetmperats zona (N. Atnerica, Eurasia).  Somo occur in tropicsl re-
gions (W. Indies, S. America, Chile) ; rare in arctic and alpine zones.
Fmereas f o sledeosPl s mosst e d a2 intg 8. Africa, I
- N . India (Narkanda near

! . 1 Australia. Yo Indis

. wum, E. arvense snd

Lt ’ . n Malaya and some
Pacific islands, A fossil form was known in Cretaceous times.

Habitat., Egquisetum grows under varied babitnis, but thrives

Tt N o T 7:5{le grows under

=+ "+ " "copditions This

R + . . sucyive the test

G e . . they are found

' .. . pratense) and

in open grass lands,

aces and st various

A, Er .

swampy places (E. palusiris). E-arvense grows

railway embankments, exposed sandy and dry pl
altitudes on the hills,

P L. an o« -e oo eipdermal cell wallsiof

B P 1{?d*kh§"presenee of

. v T eie gresfs

. t: . to, this_bundles ;o

. . earned the genus 8

e N K
’ ' are of great medn
(I Pt Lo .. liuretic in Germsny.

_The ashes of this plant ars used to relieve acidity and dyspepsi2
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E. debile yields_a cooling_medicine that reliayes. onorzhoes. . The
atems 9__1 Z‘\ .‘ﬁyelu_ale_aro_used _fonpoiig&ng. 8 .

STROBILYS
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Habit, The ‘e Ce . e
m size. They are

perennial, afid “mut '
number of serslt |
the serial branches prese-t - *-7=4- % -v —orueees Fembs Ahs wanee man
of distinct nodes and
during unfavourable per
in"gome ‘species they
species (E. seripoides) bas a few inches hgh aenal shoots win
1to 1} mm. across; the largest (E. gigonfeum) has 6-13 meters tall
aerial steins with 2:5 om. across and are nnable 1o stand erect,  B-
achaffners is stout with 25 metres high stem and 10 cm. in diameter,
The common Indian species E. debile is 1.2 feet high under xerio
oonditions but grows up to 2—5 metres tall under damp and shaded
environs. In_tall species the stem js_weak (} to } cm. across),
E. arvense is medium sized. -

Stem. The main stem is an_extensively branched disl,
dark brown or brown, Thizome that gives off branches 1rom its nodes

Fig. T4, i'qm'mum areense.  Rbiroms with tobers.

“- sestes 3.om a0 the soil avd
= altemnafe with

(Figs, 7, 72,70 ™ o
fives off merinlgs + =0«

the _brown_ecal = == mm e + = heirbotes snd
along & portion . . - The branch
rimitd&_p(ew- R . - - agd mﬂa
Emnd:m that may rewsin underground or become serial, of

roay remain inactive for éome period, In somo species, eg., K. mm'l_;.
(Fig. 7-3) tho_branch primordia develop inte tubers whose _e¢
store food material_and_nre_capable of perennating. These tuber?
sre, thercfore, branches whase growth becomes arrested. TheY
Tepresent a singlo internode.
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and ara praon rangh  aheaail ) ilica) apd__?ﬁﬂ',

| i

Aecrial Branches. They are l:_]zz‘azs conspicuously _jointed

. . . 1b)

. r of
aves ;
of
ridges at successive nodes is usually dis- 1 V L
turbed due to the variation in the number : d LEAF-
of leaves in the upper nodes of the stem ) SHEATH

(Bierhorst, 1959). ~Another characteristic
feature of the stem 1 is the_presence of an
intercalary meristem that IS_pregent
at_the base of the internodes and Just
above the node. THiS meristemilic region

is"protected by the Jeaf sheath, The RIDGE
acivity of this meristem js responsible i
for_the_increase jj th_of the Inter-

*node,  Its presence makes the stem L ! croove
structurally weak. If we pull the stem,
the internodes easily separate or_are
pulled apart at these weak spots. Due
to_hollow internodes thﬁ._puﬂegl‘aﬁrt
pieced are olten called the ‘pipes’.

The serial stems_may_be branched

or Jinbranched. In E, arvense the sterile
actial_branches_are_profusely__branched
(Fig. 7-3). The branches_arige in_whorla
atthe nodes.” They alternate with the
leayes. e brandh p:imordia plerce
through the leaf sheath at ils base and
thel;x gr(})‘w into branches. The nomber
of branch prip ia usually d g Crsteis Aahd
to' the number of leaves at a node. In 52513,5 ofE g.un”:::i':ldﬁ'etx:;
E. sylvaticum the whorled branches on showing ridges and grooves
the main acrial stem may branch jn and their position 1n the
turn.  In E. diffusum (Fig. 71) the Tespéctive internodes,
whorled branchea do not branch in turn, .
In E. hyemale and E. debile tho buds remain dormant throughout
%le lg‘e of the ll:h:!m and the aerial stems are persistently unbranched.
1c_dormant buds ma; resume activity if the apical bud is inj
and_whorled branches n%n_x develop, e PiL_lLu\nz&ed‘
In E. debile (Fig. 72) and F. diffusum (Fj . 7-1) th !
bmnghe@jhuwmo_dgq@ction into ferti}e{and-sge;igle‘ahgoufq‘xlr{:}
them are green and may beat teriiinal strobili, ‘
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or gegments divides by an anticlinal wall into segment cells that are super.
imposed (i... one lies above end tbe other below). Thjs division of the
in t cells dij iates two tiers, the upper segment cells
davelop inte nodes (by further division) and the lower by a periclinal wall
into two unequal cells.” The outer larger cell dividea furthor and gives rise
N *t M a see-—3-—rde—i- The inner smaller coll divides
saues are distinguished in the
he central pith cells disintegrate
. . . nd Wetraore, 1948) and forma
@ hollow cavity. This appears during the elongation of the internede.
8ome of the cortical cells aleo are unable to kesp pace with the elongating
internode and result in their separation from each other. This is how the
air cavities appear in _the cartex, These air_cavities are called-th: e
<ular canals,

Good and’ Taylor (1972) have compared the shoot apices of Eguisetum
with the fossil genera Sphenophyllum and Calamiles and have found them to
be mimilar in many respects, They have remarked, “The similarities in the
shoot, apieal igati of Sphenophyll Cal: and ised
show that this primitive type of apical meristem has undergone very little
evolutionary change within the Arthrophyting eince ian times
{late Palsozoic).”

Tewe:, — . . - .

Root. 'The %{mmidal and four-gided_or tetershedral_apical cell of
the rool has four Cutting Iaces. (in contrant to_thros in_stem), Tl))m cella c::t,
off by T fou! W X

i5 fouTth DUtGr surface give riss 1o the xoob &P, whereas the cells eut

off by the lower thres faces give 1ise, &s n stem, to the pm\mlﬁ‘ﬂ_uh\a{dg,
cortex and epidermus,

Anatomy

Stem (Figs. 76 to 79). In a cross-section the general outline
of the stem is not circular due to the presence of ridges and grooves,
The anatomy of the stem will be considered separately for internode,
node of aerial stem, and the rhizome. ’

Internode of the Stem. If we examine the croas-section
of a stem passing through the internode of an aerial branch, we will
find the following layera of tissues in sequence :

Epidermis. This is a single layered tissue of the stem form.
ing the strong outer covering. Their walls are cuticularised and
covered with rods or grains of silica The silica strengthens the
cell walls, prevents water loss through epidermis, protects against

athogens-and predators, and helps in keeping the plants erect,
%aufmnn snd his co-workers (1972) have shown that in "%, acn‘paid;‘;
the silica (S10;) deposits first in the stomatal apparatuses and later
in the long epidermal cell walls, progressing through the top of the
internode to the basal intercalary meristematic region in a basipe-
talous sequence  They are of the opinion that silicifications must
play a major role in Equs: shoot develop: in breaking inter.
nodal extension, strenghening the shoot system and triggering “senes.
cence” in Ia_st stages of internodal development™. Here and there the
epidermis is perforated by the stomata which are prosent in the
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In B, arvense (Fig. 73) and B telmntoin 4hoen o anmmnmnbine
of aerial " Dbranches into separate f o  °
fertifo_shoots are nongreen, unbiar
They.die affer Spore dispersal. The - *
fusely branched, greén and do not bear strobin (¥1g. ¥).

In B, pratense the unbranched, _colourless reproductive_shoots

turn green and develop branches, after thYowing oft their mature
strobili. —

In E. palustre the rhizome bears three types of aerial branches
on the same plant, These are the sterile, green and branched shoots ;
the fertile unbranched and colourless shoots that die after spore dis-
persal and fertile branches which behave like sterile branches after
shedding their strobili.

A few examples of abnormal development of the shoot have
been observed. These are: (i) internodes very small giving a
stunted appearance : (ii) internodes flexuous and give a snake like
appeerance to the plant ; (i) dichotomous branching of the axis;
and (iv) growth of vegetative shoot beyond the terminal cone.

Teaves, 7~ . .. _are simple,
e . rhey arise in
¥ - . e . L . or even in
the same spocies. In species with narrow stems the number is less 2to
3in E. scripodes) and in those species bearing thick stems, eg-,
E, schaffneri, the number is large (up to 40). Sometimes the stems Eu
on_becoming _thinner towards the apex and in such cases the
number of leaves ab the_lower nodes. i5.more iy compared 1o the
upper nodes (Bierhorst, 1959). All the leaves at & node até laterally
fused to form ‘& SHeath around the base of the internodes. The
sheath has free and_pointed teeth like tips. It js brown in colour
and is closely applied to the internode. This is mainly protective
in function and in _some species the Jcaves become dead and f&ﬂa
like at maturity. The leaves do_n * " e e
function, which js, Therefore, confir
The members of a leaf whorl at
the upper or lower nodes.

Roots. The_xgots are_generally_borne on the rhizome and
except the first, root of thi ;euTl!)gryo, the Test_are.all.adventitious and
arise endogenously. ~ Thcy srige from “the bases of the branch pri-
mordia ot each node and are therefore borne in whorls. The roots
ere_extensively branched. and have a.xoot_cap at their tips.

Apical growth

Stem, It is effected by means of n single pyramid hike and four-sided
tetrahedral apical coll, The rounded base of the pyramid like apcal ceH i
towards the oufer free end of the etom, The smcal cell cuts off segments
along its three laternl sides only. These are” called cuiting faces and are

roc Bwhw The apical eoll cuts off three {onie on each cutting face]
colls and this process continuea 1n & successive manner, Each of thees calls
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or segments divides by an anticlinal wall into segment cells that are super.
iy (i.e.. one lies abave and the other below), This division of the

into eeg celle diffe i two tiers, the upper segment cella
develop into nodes (by further division) and the lower by a perichnal wall
into two unequal colls.” The outer larger cell divides furthor and givee rise
to the procambial cells, cortex and epidermis The inner smaller coll divides
to form tho pith Lilke this the primary tissues are distinguished in the
node and the jnternode, In the internocde the central pith cells disintegrate
by a process of mechanical tearing (Golub and Wetmore, 1948) and forms
a hollow eavity. This appears durmg the elongation of the internode.
Some of tha corticsl cells nlso are unable to keep pace with the elongating
internode and result in their separation from each other. Thig 18 how the
air cavitivs appear in_the cortex. Thess pir_cavities are called-the:
<nlar canals,

Good and Taylor {1972} have compared the shoot apices of Equisetum
with the fossil genera Sphenophyllum and Calamites and have found them to
be similar in many respects, They have remarked, The similarities in the
shoot apical isati f Sph h C J & i
show that this primitive type of apical meristemn has undergone very little
evolutionary change within the A hyting since P trmes
{late Paleozoic).”

Leaves, Tha first primordium of a whorl of leaves first bacomes visible
a3 o ring at the base of the apical cone of the stem. This ring of mitials
grows to form the basal and fused portion of the leaf sheath. Another sot of
imtials appears around the upper margin of the sheath and grows io form
the free tipa of the leaves.

3% m=d Fam At3a3 as daiacstialg 4 8 e
Bl A

Anatomy

Stem (Figs. 76 to 79). In a cross-section the general outline
of the stem Is not circular due fo the presence of ridges and grooves.
The anatomy of the stem will be considered separately for internode,
node of aerial stem, and the rhizome,

Internode of the Stem. If we examine the cross-section
of a stem passing through the internode of an aerial branch, we will
find the following layers of tissues in sequence :

Epidermis. This is a single layered tissue of the stem form-
ing the strong outer covering Their walls are cuticularised and
covered with rods or grains of silics The silica strengthens the
cell walls, prevents water loss through epidermis, protects against

athogens-and predators, and helps in keeping the plants erect,
aufman and his co-workers (1972) have shown that in £. scripoides
the silica (Si0,) deposits first in the stomatal apparatuses snd later
in the long epidermal cell walls, progressing through the top of the
internode to the basal intercalary meristematic region in a basipe-
talonssequens, Ty aee of tho opfion that aieifctions mt
nodal e
oence™
epidern .

3n beas o suu
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Fig. -6 (A—D).
Bgquisetum debile Anatomy of serial stem and the rhizome.

A. T8, diagrammatic psssing through the aemal internode of
the stem. B. T8, Portionin dataif. C. T.8. diagrammatic
paasing through the rhizome., D. T.8, Portion in detall.
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furrows. The stomata (Fig. 7-7, A, B) are peculiar in having a double
set of cells, lying one above the other. The two innermost cells
constituting a pair of guard cells and the two uppermost a pair of
accessory or subsidiary cells (Fig 7-7). The subsidiary cells
completely cover the guard cells and bhide them from view. A pum-
ber of transverse bands of siliceous matter radiate from the stomatal
pore and traverse the guard cells (Fig 77, B). The stomata in
some species are sunken, each lyingn a pit. In some species the
stomata are on the surface. The stomatum develops from g single
superficial cell called the stomatal initial. Tt divides by two longi-
tudinal walls into three cells. The middle cell acts as the guard
mother cell whereas the two lateral cells act as subsidiary cells.
‘The guard mother cell dlvides again by a longitudinal wall to
from two guard cells. A pore appears between the guard cells.
Later the subsidiary cells grow over the guard cells and overarch
them. Such a developemental pattern of the stomata recalls the
syndetocheilic type of stomatal ontogeny found in some fossil
groups of tho gymnosperms (Bennettiales). Such an affinity has
been pointed out by Pant and Mehra (1964) while discussing the
development of stoma in the vascular cryptogams.

The siliceous bands of thickening
have been regarded by some authors
{Campbell 1911 ; Johnson 1833 ; Cope-
1and 1936 ; Kersimo 1954) as belonging
to the guard cells. Others (Hauke,
1957 ; Jyotsana, 1964) comsider them
to arise from the inner walls of the sub-
sidiary cells.

oo
cEL

Cortex, The many layered cor-
tex is differentiated into a variety of
tisques (Fig. 7-6). It can be conven.
iently divided into two parts (i) outer
cortex and (fi) inner cortex. The outer
cortex is differentiated into two types
of cells:—

{i) Sclerenchymatous Cells
(Fig. 7-6). These are_thick walled cells
that give mechanical strength to the
stem and are sub.epidermal in position,
Below the ridges, they occur in large
and heavy groups. There is an equal
number of smaller groups of scleren.
chyma beneath the epidermis of the
grooves or the furrows. They are ab. b
sent beneath the stomata, They are .t‘egx:.i-,ﬁeshsn 1o fom the
very well developed in E. giganteum setum, ormode of Equi-
and project to sufficiént depth in cor. A. TS, epidermis of E.
tex. The cells are dead and colourless grrenss ghowing sucken
and mainly perform mechanical func- ent. .f"_i;wm?.“z'
tions. They have been designated ns  ‘pare = "loTin8 siliccons
fibre like collenchyma by Hauke (1963). .
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(vy) Chlorenchymataous cells, These are lying lateral to
and below the sclerenchyma (forming s curved band) and contain a
large number of chloroplasts in their cells and form the assimilatory
region of the stem (Fig. 7-6). From below the sclerenchyma of the
ridge it reaches the surface on either side between the support tissue
of the ridge and that of the furrow. Here lie the stomata, therefore,
communicating directly with the green tissue. &. debile (Fig. 7-6)
reveals & yus band of chl hyma composed of elongated
cells arranged in 3 or 4 Jayers below the sclerenchyma.

Inner Cortex. It consists of a few layers of Jarger celled
parenchyme traversed by a ring of large air spaces (Fig. 7-6) forming
an aeriating system. They are called the vallecular canals. Each
of these lies below the furrow of the externsl surface and is thus
close beneath the photosynthetic tisaue,

—

Presence_of sclerenc’ . LR “temn and

sunkenjtoxﬁi?fﬂrg@he,m i P R S

4 widaeq .

- - Presenco_of vuunew ,

Endedermis. A vatwey Jof conditions is faund as to the posi-
tion of endodermis in various species. The most common condition
as is found in . arvense, B. palustre, E. scripoides and a few other
species is that a ring of end is 18 present surrounding
the whole ring of the vascular bundles on their ontside (Fig 7-8). In
other species a common ring of endodermis is present both outside as
well as inside the vascular bundles as in X. debile and E. hymale
(Fig. 7:6). The outer endodermis dips in between the vaseular bun-
dles, in some cases, coming to lie against the inner endodermis. In
EB. limosum, B. gigantexm and a few other species there is a separate
endodermal layer encircling each vascular bundle. Some botanista
consider the first condition to be the most primitive and the last the
most specialised. Evidences for this are derived from comparative
studies of stelar structures in the genus and from the structure of
the Calamites, an ancient group related to Equisetum.

Stele, Within the endodermis there is a single layer of peri-

cycle forming the ontermost Inyer of the stele. The stele consists of
~sn Tar bundjes sur ding a large pith

a well defined -

cavity, The_ T -esh T They
alternate in Ve o eath
es. T 1 0ne

the ridges,
another by a large zone 0! patiure.. mlar
bundles and so beneath the ridges are smaller carinal cavities. Ore
af “thess helongs to each voscular bundle and js filled with water.
'Tho carinal canals are_formed by the.tearing apart of fhe protoxyiom
elsménts. Since protoxylem distinguishes itself quite early duriig
- * °7 4 ¥~ alnnoating internodes exert s tearing effect

T % wmeslan nf water

-
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vascular bundle consists of xylem and phloem. There is no cambinm
henee the bundles are closed, -

ENDODEAMIS

PITR CAVITY

Fig. 78. A vascular bundle from the aerisl stem cf E. arvense,
The endodarmis is present only on the outer side of the bundle.

Xylem is poorly developed., It has the shape of a «V", The
point ©f V" lies towards the centre and the ends diverge towards
the outside. The metaxylem which consists of scalariform tracheids
form the two limbs of the «V". Bierhorst (1958) studied in detail
the xylem elements in some species of Equisetum and reported the
presence of wo types of vessel elements in the metaxylem of inter-
nodes alone  One type of vessels bave simple perforation plates and
the other type have reticulate. He reported” that the vessels oceur
only three in & row and do not form long conducting channels as in
sced plants. The protoxylem which occupies the point of #V* con.
sists of & few annular and spiral tracheids. ~ Later on, its position is
occupied by the carinal canals as a result of its disorganisation, The
meta and protoxylem are separated from each other by s little
parenchyma.

Bierhorst (1958) has, however, reached s different conclusion
88 a result of his studies on the xylem of 10 species of Equssetum. He
observed that the metaxylem groups occupying the lateral arms or
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«V* aro quito independent of the few xylem elements and cnn’pa]
cavity. He regords jtas earinal grou{w of xylem because according
to him carinal canal is a conducting ¢ m&nel. tHBl fouudd “’t?;t the
i it v motaxylem and protoxylem so do the xy-
corinal gm‘-:?"’lfs‘-‘)i??zx-‘- -“V):‘ The lateral xylem group ma};
up of protoxylem (E. fluviatile), or of

ite.) or of both proto and metaxylem

1
(E. sylvaticum).

ho phloem consists of phloem parenchyma and the sisve tubes,
It “cﬁ,cg‘éa{ﬂhe two limbs of the “V** but 4 little to the ontet side
{79).

Pith. The pith is present in young specimens but is abeent
in the mature stems aud is representcd by a large central cavity

(Fig. 76).
Node, The anatomy of the node shows gome difference from
that of the_interfiode, Vallecilar canals are present in some species
(E.’Je/bv%:), and may be absent in others. The pith is present at the

Vo aed Feemr e Afebecae ceooaih  nternddes abave and
. . - - 2 in $he Imtaemadan

- . b » s ) .
. I * . sr. .. . absent in the nodal
[ e © T g ey wen pitSENCE O protoxylem
groups in place of carinal canals, Eames {1909} and Bierhorst (1958)
are of the view that the protoxylem elements are present. Some,
nhowever, regard it to be absent  The continuous vascular cylinder
of the modes give rise to the leaf traces and the branch traces. Some
workers regard the separate vascular strands of the internodes as leaf
{races that extend down the internodes of the node below. This view
is, however, nat held to be correct. Another view regarded the stelar
system to be a dictyostele and the prenchymataus gape between the
bundles 55 leaf gaps. This is also untrue a8 the leaf traces in micro-
phyllous pteridophytes do not lesve any leaf gaps. Moreaver this
view is not supported by the studies on the extinct relatives of Egui-
setum. This view also overlooks the presence of intercalary meristem
whose activity is responsible for growth in length of the internade.
‘The nodal vascular cylinder must be looked upon as a siphonostele.
The appearance of the parenchymatous gsps in the internode may be
due to some activity of the intercalary meristem.

Rhizome (Fig. 76, C, D and 7)., It differs from the serial
stems in certain respects ; () There are no stomats ih the epidermis
(#) the sclerenchyma js not very well doveloped and forms & conti-
W .o Um0 L+ (dv) the pith is present in
« e . In B. debile the endodermis
PR T I S « " . »vy in’ B. arvense a common
endodermal layer encircles the stelar region externally (Fig. 7-9).

The fortile aerisl shoots of E. arvense are colourless aud a trans-
voras zection reveals tho of ta in the epidermis.” The
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Fig. 79 (A-B).

E

19

oG
B

iacturm arvense. A, T, 8, portion of thizome showing

Qu
detailed internal structure, B, Ayarﬂon of above abowing &
detall,

atracturs of & bundle in
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sclerenchyma and chlorenchyma are also absent. The rest of the
etracture i@ similar to that of the chizoma. In Z. sylvaticum the
colourless fertile shoota become green and act as ordinary sterile
shoots after the dispersal of apores. In this case the stomata, the
sclerenchymatous tiasue and the chlorenchyma appear after the
spores sre shed,

Strobilus. The anatomy of the atrobilus is similar to that of

the nodal region. In this regi ular canals and the cari-
nal canals are absent,” The protoxylem is well developed and forms
a continuous internal or end band. Itis ted from the

external motaxylem by a few layers of parerichymatous cells. The
metaxylem is very well developed in the mature cones and forms a
continuous strand made up of two to four layers of metaxylem tra-
cheids. The vascular cylinder of the atrobilus gives off traces to the
sporangiophores which do not leave any gap in the stele, These
traces traverse the sporangiophoro stalks and on entering the peliate
disc undergo repeated forking or branching. Each branch terminates
at the base of the sporangium.

Nature of the atele aod gaps. Rocont efudies on the developmental
anatomy of the axis of Xguisetum (CGolub and Wetmore, 1948) reveal a
complata absence of the foliar end branch gaps in the stelar organization,
The parenchymatous areas between the vascular bundlesin the internode
have been regarded by these authors to be ground tissue parenchyms., It
might have developed due to the activity of the intercalary meristem, The
ohsarvations suggest thet the stelar orgenization in the stem of Equisetum
is purely & ajphonostele which forms & complete and wninterrupted cylinder
at the nodes, At the i i inuity i i ipted by the sppesr-
ance of parepchymatous areas that are nefther folisr gaps nor branch gaps.

Eeurlier workers like Browne (1812, 1915, 1820, 1021, 1933) suggest the
presence of lea{ gapa in region of the strobilug end she regarda the sporangio.
phores as modified leaves. ' Moore (1041) also agrees with Browne., Jeffery
{1917} regards the parenchymatous areas botween the vascplsr bundles in
the internode as branch gaps. Barratt (1920) conducted a detailed study
on the development of the vascular tissues in Z. arvenss end K. mazimum and
segarded these gapa to be dus ta the encroachment of parenchyms on the

om trachelds. Studies by Borratt revesl that the stele 1 the first embryo-

* nig shoat ia s typical protostele, It chulllgen toa honostele at the point

where a dary bran that srise Jator have sx
terrupted -x'?ianoate)o at their bases. ‘The same is the case st the nodes.

“the internodal regions slone the continmty is mnterrupted by the sppesr-
disge of p: ) gope, which ding Jo Barratt are dus to encroach-
= the/ground tissue parenchyms, Thege atudies wero laler confirmed
" T U{1944) s hus studies on K. limodum. These detailed onto-

* Stherefors, support the view thet there sre no lenf gaps

= 7in stelar set-up of Fguiseturs snd the stelar organisation is
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(Sykes, 1908; Sahpi, 1025). These observations have suggested a new concept
of evolution of stele {sce Chapter B).

Root (Fig.7-10). The outermost Iayer of the root is the
singlo layored epidermis or the piliferous layer. It bears root hair in
the roof hair zone. It is made up of a single layer of thin walled
cells.

Undorneath it is the many layered cortex consisting of paren-
chymatous cells. The larger roots in E. limosum and E. debile posgess
s row of large air speces in the inner cortex (Fig. 710). These
spaces develop schizogenously, In some species the cortical cells
beneath the epidermis are thick walled and lignified. They consti-
tute the tissue usually referred to as exodermis. Cortex is limited
on the inside by a well defined endodermis followed by a pericycle
which is one cell thick. Since the cells of the pericycle fit accurately

CuTICLE EROERMIS

SCLERENCHYHATOUS
CORTEX

PARENCHYMATOUS
;3.. CORTEX

HMETAXYLEN
FROTOXTLEM

Fig. 7-10. 'T.S. root of E. debile,

to those of the endodermis, some botanists like Smith consider the
endodermis to be two cells in thickness. Since there are no casparian
strips in the pericyole cells, it cannot, therefore, be regarded asa
second layer of endodermis, Casparian strips are, however, clearly
visible in the outer layer. Lateral roots originate from the pericycle.
The stele is triarch or tetrarch. The three or four protoxylem groups
meet and surround a central metaxylem vessol. There is no pith.
The phloem clements alternate with the protoxylem groups, Both
the xylem apd the phloem are exarch becsuse both the protoxylem
and the proto-phloem lie towards the periphery.
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. The abovo account shows that the E’gm‘ulum'sporopbytp is
remarkable for mingling of hydrophytic and xerophytic oharacters

in its structure.

VEGETATIVE PROPAGATION

jea th mordia_on the rhi; i
In some species the ’p;- Pi e i 1 Tn_z:(lz_u_xf?‘x‘emmgmzhort

TV batars T

' I
thick walled protective layer of cells.
Every branch of the rhizome bears preformed branch primor-

dja which can develop into new subterranean and aerial branches
RS T e © ig_desp_sested _rhizome wsy

B #'.  branchwith the Tielp of pre-
PR L . . become active (fTom the hor-
' - t.s IRt The &¢tal shoots can

W e '+ . . wch node.internode segment of
the_serial stem has the patentiality ‘of giving risg to a new.plant.
Such preformed primordia ard also present in the normally unbran-
ched species. 'The root primotdia are always associated with branch
primordia at their bases and hence there is no difficulty in estabhish-
ing the new vegetatively developing plants.

REPRODUCTION_BY SPORES

AL devrerlgped
. » . diffetent

P . oo o together

‘7 7 mation

Position, Tt 1T r 0 o .
and_hberation - . . s . rminal
snd solitary, ' ¢ - A + fusum,
etc.) thereisnt o Coae s and

terminal strobilus (Fig. 7-1). In such

every main aerial shoot bears &
cases the aerial shoots perform the dual function of photosynthesis

and reproduction (B debile). In E. arvense and some other species
there is segregation between fertile and sterile aerial shoots, Th.e
former are short, unbranched, yellowish and bear a terminal strobi-
lus, whereas the latter are robust, green and profusely branched
(Fig. 7°3). In E. debile the strobili mature in Septémber and October.
The whorled branches of aerial shocts do not bear strobili, except
under ptional conditi The strobilus may be apicalate when
the strobilus axis grows a little beyond the upper whorl of sporan-
giophores and becomes pointed, In others the strobilus has a rounded
apex and bears sporangiophores at its apex.

¢
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Abpormalities

A few abnormalities have been recorded in E. debile regardi
the strobilus, In some ceses it has been noticed thmg to the
terminal cone barre o1t the main gvic thova goa rosaant 1y
ches_arsing_from _ * :
Boms._csecg_l_tF‘m_x
t.” LA

AL - . o - Lot P
threaded upon an axis; or of a succession of such zones separated
by leaf sheaths. It is thus seen that the strobilus of Equizetum ia
not always that circumscribed terminal body which is typical for the
living species.

Structure of Strobjlus

The _cone of Equisetum is pecubiar. It consists (Fig. 7:11, A)
of a_central thick axis_which_bears_&_number of densely crowded

PELTATE DISC OF

VASCULAR
CYLINDEX

SPORANGIA
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190
- e M et
;5' ' ‘ " B . _to stems than to the
leaves.
Structure&fjgorangiuphore
" NS B L ‘ .

“the  sporangiopkiores fit
el T" _"' I""ll__t'lh)l

"gf'_ihw.u 4. R
::;iangxqglg_res. T_Ee p‘elfaf% Reads “of

w e ) . At
o to- Pt vt v+ hthe
apnelus, ¢ LoD . ' " s the
annuplus is toothed and apparently represents reduced leaf whorl.
It seoms to some extent a protective structure. Some botanists con-
sider it to be i ic in nature b the annuli of some

species regularly benr small sporangia (E. cryptophora).

Sporangia. A
mature_Sporangium is
an_elongated_sac_like
a»t_lﬁxg}\}ﬂ (Fig. 7-12}
full of Jarge number o
haploid 8pores, The
spores__are__of _equsl
size, (homoaporous).
The mavare -
gium has a singlo Jay-
ex_of{_all cells. The
cell  walls  of this
layer aro spirally thic-
v kened, A young spor-

. . angium has 2—i lay-

- ersd thick wall. The
Teotemen b innermost wall layeris
tred Ttom. the_out-

Fig. 712, L. 8. of sporangiophore of gff;::; ‘2;.};:&;9:“,

E_ debile showing two matars sporan—
ia containiag spores. poran cells ands_galled he
tapetuam.  The inner

wall layers and the tapetum dirorpanise as the spores are formed.

PELTATE OSCOF
SPORANGIOPHORE
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Dehiscerce, A6 b=y 4o =ts
and * B .

uutly and'ste earried ayway singly orin clusters by the air currents.

Spores (Figs. 7:11, C—D and 7-13, A—E). The sppres.when
_volgxg_angrc:n_bnd_v;re_hcgviggg by.s _thin wall of celinlose. At
maturity they are relatively_Jarger, rounded and_confaiz numerous

chloroplasts (Fig. 7-13, A—0) and have & thick.spora.wall differen.

tiated_into four Iayers (Beer, 1909). These layers are the qutermost
pispore, middle perispore, third layer called the_exospore and

Fig. 713, (A-E). Equuetum. Early atages in spore germination.

A. Mature spore of K. arvenss containing large plastids (After Py),

B. Chloroplasts radially arranged around the nucleus (After Nienbnre).
e, M vt y . . e N .

D. . ' v -
N A oo . - . . “ 8

the innermost-eadospore or endosprium. The epispore becomes
divided along several spiral imes into two long bands which until
maturity remain closely wound around it, Bierhorst (1971) states
that the elaters are depositod on the outer spore wall by the “free
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of the sporangiophores {Fig. 7-14), Further growth results in the
formation of a constriction near the base of these outgrowths thus
differentiating a lower stalk and the upper peltate disc. The stalk
inorcases in length and carries the
dise away from the axis.

- ea-

'.'.':",i-:---‘
sid8_of_the  peltate_disc miear_the

evel, a1l L upuwg&-uuu& LISHULS 11t &
sporangium can be traced back to's
single superficial cell of the young
sporangiophare.

Fig. 714, Btages in the deve-
lopment of s eporsvgium in Equ.
c'nAtum arvense, ‘opbore i

. & young eporangiophore
11'5' sboming two sporangial inf.
tiale,

B. L.8, sporapgiophore with
3 Lo , . N sporangial imitial divided into an
to ,‘siye _.,EiE? w0 a mags ~ of  outer and inner cells. '
epSTogenciia colls. THo  Guter cell O A lster stago of develop.

- D, L.8, sporangiophore with
. ' . young sporangiom,

aporangium. The inner layers

o I 1g with TH6 sporogencus tiseus
The cells of the i

gpuuly sl lu Lug guier . <ty

the sp wall Tt thami: *

wall is not . . .
colls divide T . .
wall layers . :
of _the Jast .

_the_}: " 84 r€ ansbias€l LELY,  JAwuls Ljo
of thgm degenerate along with the tapetal cells.” The surviving or
functional _spore_mother cells round off and float in the periplas.
modiaT aid furmed by tho degencrated tapetal 6olis and the gpore
mother cells. The inner. wall layers, except tf:: outermost layer, also
degenerate  The rounded_spors_mother cells underro melosis and
form_Yetadn of Faplold #pores. ~Later the srorea secreto_their own
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Fiqnid” in #ha aneege~ + hands are detached from esch ather
. «{ the_bands are slightiy expanded
g vhey_nre Kriown a8 elaieis aiid are
A wot + s (Fig. 711, C).” "They aré kiygro-
Wy . * the spores in Topist Air. When dry
pheplytoos ctopd i w0 Temaining attached only
T Yo Jint so that h}:x?iyfiﬁpeﬁg a8

et

T ' RITOSh

wose of the bryophytes agthey -+ . .
cells. The_slatera in bryophytes .:. - . oo .
spiral thickenings, whereas in_Equ: . - . .
no spiral thickenings. The spores . . :

Faactigns of Elaters

The elaters help m the dispersal of spores and_dehiscence, of the
sporangivm, AL maturity the sporangiophores wither and the spor-
angia lose rwa‘a- M- e R .
elaters. T . ou Lot e
more room . . o '
gives in an : '
fhat aq L

P
prothalli.
Incipient Heterospory

Tho &pores of . arvense are apparently all alike and the species
is said, thg?refore, to be homospgrp;xs, ﬂw“ {1951)
reported the accurrence of two kinds of spofes in K, arvense. They
examifod & Targe number of spores and messured their disweter and
plotted them on square paper. It_was found_ that fwo curves are
produced with separate mpxima and very_littie_over-lapping. ib®
smaller serics sre much pale green than the larger ones and can
picked out by eye in a fresh sporangium. The_g.g;ugp oot

el SRR

a
eaual in pnmbes naw la 4 Jretey

¢ . L e 0 e .

Y st
8., Laswss WOunlubl, lves), Ly 1 8 gina ot inciprent hemrgf_!}/__
The caso is intercsting, however, as showing appatently an early

stage in the development of heterospory,

Development of Sporangia

The aorial shoot destined to give rise to the strobilus at its (l‘[z
exhibits very slow npical growth and assumesa conical ahhpb‘l s
soon shows small conical protuberances that arise in an “mpd';‘ho“e
sucoession {younger near tho apex snd the older below). n;?‘
ontgrowths assume A hemispherical shape and are the primordi
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of the sporangiophores {Fig. 7-14). Further growth results in the
formation of a constriction near the base of these outgrowths thus
differentiating a lower stalk and the upper peltate disc. The stalk
increases in length and carries the
disc away from the axis.

over, ail LNt SpUIVZELULS LISSues In o
sporangium can be traced back to'a
single superficial cell of the young
sporangiophare.

Fig, 714, Btages in the dove~
PR .. lopment of & sporangium In Kgqu-

The_sporangial initial divides isetum orvenss.
into an outer and sn_mner,_cell by A, s yoong sporangiophore in

L.8, showing two sporan, inl.
Lwall ~Thoammer or the 1}, *2™'28 slal
aperoferons ce B. L.8, sporapgiophore with
S i - sporangial initial divided into an
P T T N .~  outer and inner cells. :
. ey e C. A lster stage of davelop.
z { ment
D, LS8, sporengiophore with

the uporm;gml wall.
wall is not d -

funguonai_spore_mosner_cells round  off. and float in the periplas.
modial luid formed by tho dégenerated tapetal olls nndghc fpom
mother cells. The inner wall layers, except ﬁ outermost layer, also
degenerato  The_rounded_sporo_mather *cells ‘undergo nielosis and
form_tetrads_of Bapioid_spores Lager thelsporeasecrets_their own
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wall_layers_and_geparate_ss individual spores. The|spores contain
chioroplasts.and are surrounded by 4 Jayered wall,{Fhs sporangial
wall golls becomes spirally thickened.

MORPHOLOGICAL NATURE OF THE STROBILUS
AND THE SPORANGIOPHORES

The strobilus of Equisetum has been regarded by some authors
(Browne, 1912, 1915, 1920, 1921, 1923, 1927, 1933) to be & shortened
axis differentiated into nodes and internodes. The sporangiophores
have been regarded to arise from the nodes. Barratti (1920) on the
other hand regards it to be a shortened axis without any differenti-
ation mto nodes and internodes. The former view {s supported by
many botanists.

The morphalogy of sporangiophores is a debatable question and
& number of explanations have been forwarded. Milde (1867) reg-
srded the sporangiophores to be modified leaves, From his extensive
and excellent observations on the transitional forms between the
sheath leaves and the annulus teeth, and between these teeth and the
sporophylls, Milde artived at the firm conviction that lesf, annulus
teeth, and sporangiophores Tt e, finehlale,
came to the same conclusiop, i «n frae
this view. He was able tc s . LI
shoots. The sporangiophores exhibited a regular charjge to ordinary
leaves during his experiments, Tschudy (1939) also reached the same
conclusion as a resuit of hia studies on E. telmateia.

Bower (1808) and Browne (1927) regarded thp sporangiophore
a8 a modified branch and consider it to be axial in nhture. *

Hirmer (1933), Zeller (1893), Sowsrd (1898) regard the sporan-
giophore to be a ventral lobe of adorsiventra!l’y split sporophyll.
The sterile doreal lobe has disappenred,

The consensus of opinion, however, favours i\}‘a foliar nature, f.€.
the sporangiophore 18 & madified leaf.

GAMETOPHYTE
Germintior of the Spore The haploid spores germinate
et o T T Siabhe, o 510
e e e e 0o+ glod. Medinm light,
s . . P tablo for germination.
M e e e s © -+ tytothe ghi_gkﬂ»ept_)re
W e - . ' igh Tate of respiration

. veow ' .1 tochondrid presontinv,

L . .
thespores,
Jyoteana and Mohan Ram {1964) studied the germination of

spores in E, debile (now called~E. ramosissimum sub. sp. """"F‘f"':
imum). ‘The following account is based on their observations (Figs.
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7-16, 7-16). They studied the germination in Moore's Medium.
It took two to three days for the spores to start germination.

Prior to germination the large vacuole is replaced by several
small vacuoles; the chloroplasts surround the nucleus. The spore
s . - T * " 1le spore layer ruptures.” The
The spore_contents divide

. [ r_g__!@_l:ienhcular primary

LA IR L [ . etophytic cell,

vhéreas the pro-
B _ten_dud e The..crhizoidal
cell_elongates into_ tt ey + ' The_prothallial

cell divides in_varions planes to.gi,vg_rig'ae to_the_rest_of the pro-

thallus It usually divides by a transversc wall (Fig. 715, C—E)

PAOTHALLIAL
B
o ZODAL S48 D>
A TS ?
G
‘ S0,

(o

=W

Fig, 7-15. Egquisetum debile, Fig. 7118, K. debile, Stages
Early stages in spore germi. 1n the development of gamo-
uation, (After Jyotena and tophyte.
Mohan Ram). {After Jyotsna and Mohian
Ram).

that may lie close to or away from the rhizoilal cell. In the former

B S L e T
- - " e aws P

- 0 L .
"o " .

aflat greenand _Jeaflike expance of tissue or toan elongated and

branched thallus.  Any_superficial cell_of the thallus st t}
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may divide unequally into » small_secordary rhizoidal_cell and
laTger cells. The former (Fig. 7-16) develops into a secondary
thiz6id. "Many such rhizoids may arige, Later the halloid tissue
inereases in thickness by further anticlinal_snd periclinal wall into
a Bulky el mass” gorged “With starch, Cell divisions later take
place in all planes to form s ¢Gshion shaped massive thellus that
is several cells jn thickeness and_bhears numerous rhizoid§ on
its Tower surface.  Eatlior growth of the thallus is by & single apieal
cell;"which is Iater on_replaced by a_ grotip of meristematio cells
(F1g.716). Further development leads to the formation of a pro
thallus with three distinet regions :— T

1. The spongy green upper part of erect green lobes.
2. The middle prostrate region of light‘i'él_l;v?vm:mr.
Y i g Ao

3. The lowermost region of colourless cells that give off
rhizoids. e on o tolourlest. teX

The_prothallus grows by means of a marginal meristem, The
erect lobes develop by the activity of an inverted “pyramid like
lobe initial which divides by an oblique wall to form an upper
and lower cell. The former develops into an erect green labe
and the latier divides to inorease the thickness of the prostrate patt.
The upper cell divides by two transverse walls. The upper of these
two divides by a longitudinal wall. "The subsequent divisions may
be transverse or both rse and. longitudinal and form & uni-
seriate or & multisgriate crect Jobe.

As 2 result of the developmental changes desoribed shove three
types of prothalli may, develop :—
1. Light green male prothalli (Fig. 7-17, ©).
2. Deep green female prothalli (Fig. 7-17, D).
. " . . - : 3 d N
3. Bisexual prothalli with their malo branches and thick_an
fleshy female branches (Fig. 717 E}
. A few deviations 1rom the normal course of development were
noticed by Jyotsna and Mohan Ram. These are :
(i) The prothallis} cell may divide hy a vertical wall (Fig. 7‘113)

and the two cell thus formed may divide by tranaverse Yn‘d:
to form two filaments or only one of them may divi

further,

({6 The rhizoidal coll grows into a primary rhizoid at s very
lato stage.

(##7) Sometimes the prothallial cell divides late after it has
achieved a considerable size.

iv) The meristematic cells may divide regularly to form 8
e rounded prothallus or they may divide irregulatiy to form
a prothalius irregular in shape.
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Matn;'e Prothallus (Figs. 7-17, 718, 7:19, 7-20.)
Ature “rothes u?

The _mature gametophytes ere dull brownish_green_thalloid
tructures_generally {ouné'in abundance on the clayey soil along

NN )
N\
ST
S ,},.h’,
SR ]' At

OIS
%!!&"T‘fh%
if

Pig. 717 (A—E). Prothallus of I.debils. A. L.B. of young

€ pmt(hauu-). B. A bisexual prothallus showing a lower

compast region bearing rhizoids and archegonia and upper

spongy region besring antheridis. . A male prothallus.

D. A female'prothalins, E. A bisexus} prothallus (O—E.
After Jyotena und Mohan Rem).

the_banks of streams and_n'\e‘{s. They__prefer
They are dehinitely dorsiventral and grow._in _prostrate Tios
on_the surface of the soil _without any sub_terranean_portion.

ad.
T

Mature well devéloped prothalli of the foreign species are des-
cribed as ‘green pinheads'. They are usually 1-10 mm. in dia-
meter but in E. debile the prothallus is very conspicuous reach.
ing, when several months old_di of 3 ti It
becomes red in colour when growing jn the bright light.. The
young prothalli_look__like _gmall, green and_red pinneads. The
prothallus 18 semicireular 1n outline with an entire margin and
8 heavy cushion like central portion. Sometimes_there is_s_notch
st one side (posterjor). As stated above green irregularly shaped
lobes or plates arise from the upper surface and the marginal
rogions of the 'prathathie (Fin AT Weemasnos oot s

walled, hyaline, uni -
underside of the cent
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tophyte to the_substratum, The_entire margin of _the cushion s

meristematic in nature.

Fig. 118, E. arvense.
A. Female prothaliys bearing archegonia.
B. A male prothallus bearmg emergent
or projecting type of anthendia.
€. An erchegonium with young embryo.

The_prothallus is often attacked by a fungus in_the upper cells
of the lobes. Generally it is dorsiventral bu in %. debile it is radisl

(Kashyap; 1924), heart-shaped and has meristera all round. It differs

from L. cernuum in the absenco of a cylindzical body.

ANATOMY OF THE PROTHBALLUS

Internslly thé protballus is differentiated into two well marked
regions ; .

1. Lower or basal compact, rounded, parenchymstous partion
forming ltée'(f@'(ng‘."lflfﬁ).

2. An upperspengy portion,

Disc. It consists of a large celled parenchymsatus tissue
without any air spaces between them, Th_a_gellsha_rp‘mugﬂy alf alike.
They_lack chorophyll and are full of starch grains The chloro-
piasts which were present in the whole body of Lhe prothallug in tho

to Thin

earlier stages have all been transformed into leucoplasts.
! LAshem A P =
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transition is gradual and starts from the cells in the lower region
ot PR TSP DR )

whereas the - = fba wegpee =
are green % * S O
the diameter - * .. . S

cells of the ¢

tion and also_the sex organs,

Spongy upper portion. It consists of densely crowded green
vertical lobeg +* " T4 " i . v - =55
The lobes ar: -* - v LA . .
tissue several ~ ST T e
and thinner, - - L

They are eithi* : . Kl . e Ty
are srranged in a compact manner so that the spaces between them
are narrow and the prothalli appear to be solid. In other cases the
lobes_are open and the prothalli appear to be spongy. ~This Is the

case when the prothalli grow in moist plades.

SEX ORGANS
In most species (K. laevig ttum, E. giganteum, E. tel ie ete.)
) - , . - decal
. . S b . L ., - the
T I R
R L . s . .nod

- - Lt . 5o
male sex organs, whereas under favourable conditions some fxlmth:?lli.
are persistently male and others are female first and later bear male
sex organg. Castle /10K crcdendnd  cteees e T T
arvense and found . . oLt “ ' L

at p Vatomatnga C P

. oLt . . be re ised quite
early during their development, i.e., even before tﬁiﬂl;ﬁrqug
organs. The male prothallus is small and the part bearing the
antheridia is more or less folded. The female prothallus ia larger
of the two. The male prothalli are yellowish to reddish as contrae.
ted to the green female prothalli.” The colour of malo prothalli is
due o the presenco of orange-red pigment which develops in the
)s of the antheridial jacket cells (Hauke, R-L, 1972)

In ot}:er species where the gametophytes are monoecious ’the ro:
thalli are invariably female in the beginning and  even nma{;eat
ones bear archegonia but later on they produce autheridis eg.
. ngebrlz. Joyet-Lavergne (1926-34) found that in some syeCEcs’u.i.'
Equisetum (E. arvense, E. marimum, E. limosum) there are two
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Fig. 739 (A~L). Equisstum debile,

ed into an up:

B. The initial has dwid
11 has divided

A. Bhowing archegomsal inatial.

per prirary cover cell and lower central cell. €. The cvover e
by two intersecting walls into 4 neckcells. D. The central cell has divided
into primary neck canat coll snd ventral coll, . Samo 28 D. F. Bhowing
neck canal cell, ventral canal celf and egg. G. The neck has becorne 8-
celled and neck canal coll hss divided by an aoblique wall into two., oo
e e with twn nock canal colls lying ey side, I Fally
developed archegonium with twa boot-shaped neck canul calls lying side by
7. V.S. thallus abowing thres srchegonia at varions stages of deve-
two ventral canal oells. L.

TS,

sido.
fopment., K. An archegonium with
archegonium through neck region shownng 8 tier of 4 cells.
n Ram)

(All after Jyotsna and H.Y. Mahal
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~ptapnnine ~f grnvaw hapad nn  thair nhueisnahamine]l  reantisapg,

ed
. . . . B
dyis_ t!mn the latter,

They develop on young prothalli
‘obes are beginning to
. are usually_found near
i T . wrothalli they become

* .=+ - r surface of the pro-
: . ation of the first

Structure The mnture arohegoma (Fxg 7 -19, I J) have the
; : _p,mtmdmg
{cells in
cate to_(bent
- “v 1 ening for the
pamaint - ""the 10 eg; cell the ventra]
* Fthe number of the wack
- are “hoot shaped” (Fig.

7 19, I). As mat\mby there xs usual gelanm sation ofall axial

cells but the egg. R B
Devetogmmemt iy 7 Aebo s rmmen

.. ) evm
= [ -

cells (Fi 7 19, C, D) Each of these dxvxdes bramve‘rsely 15" form an
{E it T sl o i *9, G, H). It projects
. 11 divides transversely
e s taet - . Fal TeellFipr 719,
“the primary canal
e nto two ‘hoot shaPed'

neck cans! eells (Frg. 7419, H,1) by a “vertioa divizion {E"debile,
arvense, B. hyemale, and E. limosum). Kash)np (1914) repoﬂ.ed
only one canal cell in E. debi’s -t -t <o

shaped cell lying side by side.

a transverse division jnto & - o0 abee « "
Jyotsna ind Mohan Rani (1968)

primary neck canal cell, in B, into two bovt-shaped
neck canal cells. They also observed archegonia with two ventral
canal cells (Fig. 7:19, K).

The lest step in the archegonial development is the nsual gela-
tinisation of the neck canal cells and the ventral canal cell. No em-
bryois found on_any_prothallus before tho end of December. Thus

all archegonia produced befdre THAY time are unfectilized.
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©r 77 is seyeral
.e . 1" T margins.
art
yll,
them

]

1. The embedded type.
Patibioet bt

2. The projecting type.

The embedded type develop on the lower massive and cushioned part
of the prothallus. The projecting type usually develop in starved
prothalli and are found at the apices or margins of the erect
lobes. Both the types are similar_in structure and devellgp.

ST L ST iitial s

wnomd aganet dboe gl

althe
) L : . . initial.
v e o issthe

Development of Antheridia

A. Embedded type. The embedded type of antheridium
Qevelops from & superficial cell cut off by the marginal meristem (Fig.
7-20, A). The_younger antheridia lie nearer_to the margin and the
older towards the centre. 'Thé antheridial initial divides by & perl-
olinal wail uter primary jacket initial -- = ixner pri-
[ 1 D0 Lintameenr ! R TR

. Ja* .
o AR 7 . ,

' _several times to form a group of
3-2G) which divido firther gad Torm
o - . 7-20, H) There are usually 256 such
. a centraily placed nucleus surrounded
by chloroplasts which fater on disintegrate Two blggharu‘}g!;:

« Tes W .- ERE p - __rP_
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embedded type. The number of androcytes formed in this case is
smaller than in the embedded type.

COVER INTAL

Fig. 720, Equiselum debile,
A--H. Stagesin the development of an antheridium,

I.J. Mature antheridia showing dehisconce.
{ARter Jyotsna and Mohsn Ram).

< EX B O] —ata L
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blepharoplast is regarded by Sharp (1012) to be composed of & num.
ber of granules. These granules fuse to form s continuous thread
(Fig. 7-21, G, H). The nucleus shifts to one side of the androcytes
and_elongates and becomes cirved (Fig. 721, G, 1). Ons end of the

=
MO
2
.4

oA

WV

,:,"o“‘(
ELNP

Fig. 721. {A—J). Equisetum. Spermatogenesis.
A. "Bperm mother cell with a dark staining body in the cytoplasm.
is the blepharoplast. B. Division of the blepharoplast, C. The bodies sep-
rate. D. Blopharoplastn at poles of the spindle. E. Two sudrocytes formed.

Tt

F, G.H. o in the androcyte, 1. Nuclegs and
blopharoplast bacome spirally corled,  J, Mature sperm. (After Sharp}

nucleus is next to the blepharoplast (Fig, 7-21, G, H). The nuclous
now elangat id MI;- fmdp‘ for s virsily coiled (Fig. 72%, 1



SPHENOFHYTA

qller

- st
aTmurbs water and i mcrenses in_size,
zoid is made up of nuclens and blephnroplast
velops the entire spermatozoid.

2n

Tater nowawang facally

W three
ot lotor
esl-

Ma;or portion *of the spermﬂo
Cytoplasm also en-

Mature antheridium, The mature nnthendlum 15 & more

or less giobular structure. It is s-- ™"
the lower massive cushion like part of : R
botne on_the margino_or apex of tt I
antheridiam. ggm)sg_.oLn_gmgle Ia - o .
The jacket may consist of 3—5 cells. 1 Tia
spermatozeids (Dracinschi, 1930).

Heuke (1963) studied the method of dehiscence of the antheri.

dium and release of spermatozoids.
of water_is_essential for dehiscence
dium absorb water by Gemioais oid ¢ €nlarge.
' T e Taa PR

His studies reveal that presence
The cells around the antheri-
Water is also absorbed
By ——— e

Mohan Ram (1968) observed Lhe 1 of a l

due to the pressure exerted by the swelling of the muuluge surround-

ing the cytoplasm.

Fertilization (Fig. 7-22).

Water is essential for fertilization.

As a Tesul E of Elnsorgamsahon of'fhe nxml Tow of cel Is ol the ar

LS . )
cell in E. debile. Many archegont:

6 arche-
2e.
b
€er-
PO



GREE gTOV
014) ob_sewnd awam' /ns\fa enbry % on one s
i e comm\'y To ooner 88C0! e crypwgnms

on_one gm“\a\\us. Wﬂ&

dev clops




BPHENOPHYTA 213

DEVELOPMENT OF EMBRYO

. s : © ‘= ¢ f[the sporophyte. It
de- venter, which gr
int

cal .raa

neck isalso seen to persist in
some species (E. arvense). The
detailed embryology of E
arvense is described below:—

N P o c
G e . = Iy
pobasal cew. anere 1 _wo
sispenaor. The cpibasal_cell
lies nearer to the Grchegonial
ncmotll__thg_cel]s divide by D
a longitudinal wall to form STEM
qiadrarts NI
. ) i
" g
o 1 .
o
L ' " E

RQOT

Fig. 723, (A-—E). Earlier stages in

. she development of embryo in E, aro-
ense,

. . by three temecting walls enclosing a
"l L..a-._l.,.,l.,.ll aall .._.‘I.:.J. (. PR R4 'pi_cgj_qell‘__:[‘he
. L. Teal ) * remain fused to

. - . N ap (I914), Sothi

¢ . .o apical cell does
not divide 1n a reguiac manner to _cut off leat imtials but the cells Iy-

'

gy 1L Lyusseiui 18 exuscox:u‘c.

men Chaet v e . - -

towar ' S . . . “

stém ™ . . P ) ot
leaf initials form the tirst leat sheath. The_root grows slowly and

pierces_through the underlying_prothall

13sile_and grows into a
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small and short-fived first or primary roat, The stem_apex divides
activély and grows out‘affﬁ'pﬁjﬁrﬁ“’.@ypu&f‘ gé?c;:}i) and third
leaf shoatharise from the
nodes of t “The_young stem
and give it n characteri-
stio jointed  appearance.
Other Yeaf Whorls arise ab
regular intervals on the
stem. The later formed
leaf sheaths have 4—7
lenves. The primary stem
grows _in_ aif, tu &h
and stops_growing alter
forming_3_few nodggand
internodes (¥ig. 726, A—
Fy. eF & secondary
branch grig zg f’i“g)'ﬁ;lfs Base
Fig. 1-36, A—F), Tt grows
i‘.o form 10—15 nu_(_l__eg__qna
infernades... snd __stops
growing. Like this tertiary
and quaternary shoots
arisé and grow to s limited
extent in the air. Yltima-

Fig. 724, Embryology in B arvense, tely ome of the ®hgols
{After Sadebeck) instead of Growing. erech
P B

retteko . rhiro

1 i P
L
LN . . : .

e?;doge»p\: FC

plant. " " . - e T

B palustre and B. telmateia.

In E. debile the first wall of the oaspore is .vertical (Fig-
7.25, A) and the second is transverso~ In this species tho shoot,
leaves and root initials acise in the epibasal half. The root initial

differentiates quite late from one side of the lower half of epibassl
region. The hypobasal region develops into a bulbous foot. The
rost of tho stages are similar to E. arvense. E. pyemale is mmilar to

E. debile.
Morgphological and apatomical studies of Equi sefum rev}:a}i:’ﬂ'
possess bath_hydrophytic_and_xerophytic chsracters. The hygr

phytio characters are :—

1. Presence of vallecular canals in the cortex.
LR
2. Presence of carinal cayities in the vascular bundles.

201 caring ¢
3. Lesy developed xylem. 4, Hollow pith.
The xerophytie characteristics are; 1. The rhizome is deep
tod, e e O

Bos
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CALYPTAA

PROTHALLUS TISSUE

Fig. 728, {A—E). Equisetum debile. Varions stages
in the development of embryo.

VASCULAR
TISUE

SCAL
= LEAF

[~ PRIMARY
SHOOT
A
5 [intearoo
~NODE
'ssconDARY
sHooT
BUD Wit
SECONDARY Wil $ORM
THIRD AXS
SECONDARY
ROOT
s
x
AOOTTRACE
o D U
AQOY TRACE

Fig.7-26, Sporophytea nfElguxlum dedile (A—E) and E.

F. A young sporophyte of K. aroenss with pri d
shoots, 5'".': di tio L. 8. throngh nmgp ";:rruypmm
msary and secondary shoots.  Note the vaacniature.
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2. Thostem = .
sunken StOTATE:

s
TTE
& .
NG “
SPOROPHYTE s
\ SPORANGIOPHORL
™
EMERYO
™ PORANGIA
SOROPHITIC 1 ™
GENERATION
OOSPORE g sP0R%
N HMOTHER CELL
g
-------- o
T canstorre
sreams  GENERATON  spohEs
Np N N
56 ANTHEND'A
B T
N

BOTANY FOR DEGREE STUDENTS
4wt 1=an and progves.

3. 'I‘),\u*s_tg‘n__bna

« - . .
-
sence of well dovelopou vos ]

and chiorenchyma.

Tho habitats of various species
are in acoordance with their struc-
tures. Most of them live in moist
ancestral habi:
tat, but some have become adapted
to dry localities though still main-
taining the hydrophytic structures.

o ARCHECONA
N

Fig. 721, A graphio tife
skoteh of Equiseium.

atomats 810 not sunken end are in
e e ® timngum. E. palustre,

level with opidermal colls, &, 0.

Clasi ion of the Genus The
genus has further been classified into tW0
subgeners. ess sre: (¥ gub-genus
Egqusssium and (i§) sub-genus ippochasie.
Equiretum fncludes species in which the
E. sylvaticum,
otc. In these species the strobilus doed

V'~ =t the axis, but it bears sporangio-
. obius is, therefore, rounded.
nds, In Hi ';ts the stomaté

ey are alway®



CHAPTER VIII

FILICOPHYTA OR PTEROPHYTA

Introduction. The filicophyta are an assemblage of vascular
oryptogams that have established th lves most fully to life
on land. Their successful Tivasion of the varied habitats,” their
diverss habit, their supremacy in vegetative propagation and their
remarkable success in competition with the modern seed plants
. . 7 highest point.in

. comprise about

. " . . , that have spread
right from the equator to the arctic regions wdian hills
P, R et - e

e
PRI . X .

wa add tre‘mendous]y to this 1 - i . e e .

known as the sferne: — {'osl Gasurnct 2amor 2fireon s

T atp ste fon T Argt g “,IEP‘-’;‘E‘I in_the
+ * 1es, They dominated
: "yd_which _has_been_des:
1+ ferndike planw have
. therefore, not juatifi-
Rather ferns were in

*+ l.copuds and the seed
o, Mter number in  the,
mndcm age. ﬁzm*y 0{ the mm&mn famihes of the Hicophyta had
their rep tives in the M ic times especially the Triassic
and Jurrasic periods. The Polypodiaceons filicophyta that are

regarded as recent ferns, also had their representatives in the early
Coenozoic.

1 eanand

Distinctive Chmc:ers. The filicophyta differ from lycophyta
m»poasassmg Tatgé _and_wmeg: y]luus Jleaves. The Teal latiina is
traversed by romuTe?é and ranchol veins, The leaf traces and
branch traces” ieave‘l--"h Fpane A v

the sferr™ A v -
means, .
fanction - .
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from 2—5 cm. in Anogramma leplophyla to large tree ferns of
Cyat{ueuceu.and some - other fammlies. Many love shaded .and
humid envnromx}ents, a few hke Ceratopteris, Marselia, “Salvinia,
Azolla are aquatic; some are xerophylie, €.+ Woodsia. Hundreds of
species are epiphytic (Polypodiacege, BOmE Davalliaceae, 8ome
Aspleniaceae) 'The 1hizones_may be croeping, _upright or__8°%
above the soil mto‘carumnar aorial stems. In many ferns, €.
Sunoch‘lqenu +ho otam is weak and climbing attachgd,usua,lly,_by
adventitious . - e (Pellaen.
Drijopteris, P .

to leaf inse

pmnches in Pterss and

r_be_ gjgl_mg_tgmops_or,.xehculnte.
\terns of venation in the ferns-
suut o t, sOTi_and aTise,in ErOUPS from
Lo ) placenta. The sori are pro-
.. Tfalse. The sporangé i 'mos!

: - - aunnlus . ,_stomium. The spm‘ang.w‘
development may be euspot. angiate u}‘lepgosppgaggiate. ‘Majority

are_homosporous, but a few like Salvinia,  Azolld, Marsilia,
Pililaria and Regnélidwm are _heterosparous. o fern Platyzomd
microphylla has recently been shown to exhibit 2 condition ©
incipient heterospory (Tryon, 1964). The gamemphytes may be
epdosporic o exosporic. In the homosporous types they 8f®
.. PR t v ekemen Thaanﬂ]ﬂldw

“n the

R . e L.y other
o n Be}l_!cf.

Anatomically the stem exhibits complex Structiiy u] ranges
from a simple or a highly dissected protostele, of @ siphnostele o';‘ b:

. dictyostele to polyeyelic conditions (see under stelar system):

development of loof tracea and leaf gaps make the stem Lanatomy
b i idium _gquitinst

complex. o ~vlem lacks_vessels oxcept 1
=3 5~ glmost & ‘constant

and_Marsei Pt
pattern of ina and the pe iale
jritogy

show & great amount Of ATIBUOLL tis_vrees —
LA Haldutn

VEGETAmEfﬁOPAGAﬂON

The ferns reproduce vegetatively by the following methods :
g_ferns

1. Fragmentntion. 1t is of common ogceurrence gmong feF/
with creeping ‘axis or the rhizome. The oldnr—PB:h:Df:‘_!g;}‘hlzomes
decay. When the iamgr&‘sive'xotting of the_older_portions reasb s
beyond the brnncheg,_tha_luter,eepara_te__snd‘pg_ 28 lm}epergﬁ{l)a
plants. Ead sraiich_has its own apical cell "and i secared 1o tr
mﬂiﬁy_ndventiﬁous room.“‘!t'from_mt_g B DOW 'Ht} The "
examples are Peridium aguilinum, Dryopleris TigHdd Ptesss '"!l,a
Adiantum, In some spocies of Dryopteria the rhizome eplits i
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£1g.81. Methods of vegoetative propagation in ferns. A. dsplenium

irigarum showing i 4 buds that have grown into

ung plant lets on the pinnae. B. Cystopteris bulbifera ; Portion of &

eaf showing pinnae bearing adventitions buda on’ their bases, C'_,D'
. hizooh

Germinating buds as in B, E.
propagstion by means of drawn out leaf Jvices.

: Veg
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segments by the decay of intervening cells. This is a very guick
and an efficient method of vegetative propagation and is_rosponsible
for the gregarious habit of certain ferns.

nf AP, el Tdy Qe faemg

2. By the format®
develop_ adventitious_bus
vegetative propagation. . . , !
on_the, underside. of the Jamina, Asplenium viviparum (Fig, 81, A)
and Diplazium celtidifolsum develop_them on_ the_upper surface of
the leaf. Jamina, In both cases the buds sppear_to_be marginal
in tha fnct ingtqmas T wThifavn shoy doyalan af_the

: . v Wood-

. e ‘mme-

oot (L A T © wyenti-

s [ . A =« lants.

. - o 0wt ditu
(Asplenium vnviparun), -

3. Embryonic Leaf Apices. In Camptosorus rhizophyliut
(M allring famnl ¢hn Taus ~anA ofmmie Inawag have drawn out and taper-

L L .. utleaf tip_comes in contact
o L . ous~bud~ During germina-
I oo -+ + the soil_and gives riro fo

' _+ * e sporophyte thus formed

Lt © ., . -+ by the rotting of the narrow

upper part of the leaf. Embryonic leaf apices in Asplenfum

pinnatifidum and Polystichum rhizophyllum  also produce ~ new

plants in the same fashion. In bath the cases the leaf tips are drawn
out.

f Pl Cooeoagtoe ~Fosom Tubers, In some sp$cies of
Yoee d . ‘egular tuberous bodies axo
splar tbereus bolle

" i anl heqnnhea store

material 10 Lhe lorm .
peatancs. Thei atoe .
stictures are ealled

drought. They pers . "
vent of “favourable periods they germinate into new plants. They
serve the dual function of perennation and vegotative propagation.

n

5. By '-1 N LT LIS ol S
some ferns (P, . . . P ) .
develops direx .

can grow into a new pianit. s Upmyudiun . . "
0, pendulum and eox{m other species adyi t‘mnui buds Fig. {8:2L8pp:
&in { the_superficia!

ear on tho roota. These buds originate lrom_oneo :
18 ciit 6ff by the apical _cell (Rostowzew). Such buds can develop
into new plants and are an efficient means of vegetative l’"’P‘ﬂ“?“i
They help the plants to overwinter and to propagate them vegetatiy! -
Iy, Wardlaw (1053) stated that in 0. culgatum the root buds mey
originate from segments of the apical meristem “or thoy originate en-
dogenously in the middle cortex.” .‘\’_g!gu;: of ceils or sametimes in-
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EINER BN R AR d meristematic. They

The first Jeaf and shoot
. 1so appears. Ophioglos-
aum reproduces mainly by this method.

/
The phenomenon of Apogamy has been dealt in detail in Chap-
ter I.

STELAR SYSTEM IN VASCULAF YPTOGAMS

Stelar Theory, Sachs (1875) formed an idea that the vascu-
lar ayst;‘n‘mw pl?;nt mesLa continuous sy‘s_tem, This ide{x was
introduced with a greater emphasis by Van_Tiegham and Dg_u_l_lgfi in
1886. They proposed and developed the Stelar theory according
to which the root and_the stem are fundamentally smilar in gross
anatomy, because in both the cortex encloses _the central part of the
axis, The central port or the core of the amisTs_called _the stele.
mxlzmlz:m;d meaning column) is the core of the axis tohich
ineludes the vascular system, the interfascicular portion, the pgih (if
present) and some gurrounding portions of the fundamental tissue in the
vicinity of the vascular bundles (pnity;le). Th)§ concept of the atele

proposed by Van Tiegham and Douliot was widely accepted by the
plant morphologis{Eand plant The term stele is yestric.
ted only to the primary vascular fissue.

‘The concept of the stele, its and X ) o
have undergone many changes since it was proposed in 1886. Itis
very difficult to apply the original definition of the stele in the case of
most of the seed plants, as there is no clear cut demarcation between
the eaptey and tha etala  Van Taplae /1992 «-yarded the endoder-
woanoLot "o o v o Fo stele. Endoder-

S e e s+ * w . "Tboundary between
the stele and the cortex mn the stems and roots of many vascular
R A oresent.in_the stems of many

e

el - i_and_pericycle_are_absent.
- - L ¢ ifford, 1962; Easu, 853) to
+ +so_gnd_replace it by the
« So the %n&jem us'Zg‘eof
H - o o P eits, means the vascular
oylinder alone. In the vascular cryplogams whero there is a clear
demareation detween the central cylinder and the cortex, the term
stele can be used in the real sense of its definition,

It may, however, be stated here that although the endoder-
mis may not be morphologically distinct in many seed plants, yet
physiologically its presence cannot be denied in the seed planta.
There is always & layer whose physiological activities (chemical re.
actions) aro certainly distinct and different from all the other layers
or its neighbouring layers, The name endodermoid layer has heen

a;xgggated for such a leyer of physiologically distinct nafure by Esau
(1966).

The second debatable question is the nature of the - g r\
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vascular oylinder in the filicophyta (ferns) and the seed plants. In
(.hese_p!ants the large leaf traces seem to play a prominent role in
determining the "vascilar organisstion of the stem, Wardlaw and
Wetmors (1951) and also Wardlaw (1946) consider these large leaf
traces in the megaphyllous vascular plants as distinct uwnits of struc-
ture and regard the stele or the vascular cylinder of the stem nssa
composite structure. According to them the stem stele is made up
of both foliar (leaf) and cauline (stem) vasculer elements The
ratio between the two types of eloments constituting the stem stele
10 doubt varies with plants, Wetmore (1953), however, 'regards thst
in some ferns the entire vascular organisation of the stem is foliar in
nature. It has no doubt been shown (Wardlaw, 1944) that in
Dryopteris dilatata “the meipi lar tissue origi in conti-
guity with the active meristems of shoot, buds, leaves and roots”.
The distinguishing vascular strand of the young leaf primordium, at
the shoot apex, becomes united with the complete vascular cylinder

of the stem. 'There are no leaf gaps at this stage. But lower down,

i.e., a3 we proceed towards the mature parts of the stem, small leal
gaps begin to appear at the points of insertion of the leaf trace on the

etele of the stem, These small leaf gaps enlarge in size with the

enlargement of leaf trace bundles. Since the leaves are arrangedin

close spirals on the mature stem, the stele of the stem becomes broken

by the overlapping leaf gaps and appears dissected  These observa:

tions indicate that there is a close relationship between the stelar

organisation of the stem and the enlargement of the leaves. The

formation of the leaf gaps has been explsined by Wardlaw (1968)

in his own words «“An anatomical analysis also shows that, in growing

loaf bases, thereis avery iderable t tial enlarg t, doe

chiefly to an increase in the volume of the cortical ‘and medullary

parenchyma. Concomitant with these developments, the Jeaf trace

which is initially a crescentic mass in cross section, is pulled apart

into four or five separate strands, with parenchyma in between-

In brief, the distnibution of growth in the leaf baseis such that

the initially crescentic vascular trace is disrupted by being subject

to tensile stress. The cylindrical, still undifferentiated stele of !‘he

shoot is also affected by this tensile stress and hence the formation

of the leaf gaps.”

It is ovident from the above description that changes in the
stelar organisation of the shoot are brought about by the appesrance
of leaf traces and leal gaps. Wardlaw suggested that these
): can be PP Jefoliati of the shoot apices. He
(1944, 1949) conducted experimentson certain fetns (Dryopleris
dilatata, D. filiz.mas, Angiopteris evecta, Onoclen aensib;lu,_ species of
Osmunda and Todea) by removing the young leaf primordia ,8}:
the apices of the shoots He obtained the desired results wit
Dryopteris dilatata end D filiz-mas. Inboth these cases the yougs
leaf primordia were removed from the shoot spices. Normally the
stems show a dictyostelic condition (Fig. 85 E). Under experi-
mental conditions, i.c., when leaf primordia were removed the a(em‘m
that region showed lic stelar organisation. Even p I

dition was also oblained by such experi ta, These experi-




FILICOPHYTA OR PTEROPHYTA 223

ments show that the stelar organisation of the stem in the filicophyta
is dependent, to a greater degree an the presence or absence of leaves.

In the microphyllous vascular cryptogams (Selaginella, Lycopo-
dium,Isoets) the leaf traces do not leave any leaf gapsin the stem
stele, which therefore uremains ndisturbed. In these cases the vas.
cular system of the leaf has no bearing on the stem stele

EUSTELE
1 METAXYLEM
PHLOEM - PHLOEM

MERISTELE
PERICYCLE
ENDODERMIS

METARYLEM

PROTOXTYLI
AMPHIPH! OICR SIPHOROSTELE.

ECTOPHLOIC swnouos‘rzx / / ACTINOSTEZLE
/

contex eHLOEU
(LTS WY uEtA-xvLEG
avmreLr ra0TC IYLIM

FEOTOSTELE Inasiostered

Fig. 82, Various types of stelar organisation in the vascular plants,
(After Zimmermsnn}

. .Types of steles. Esau (1953) and_Smith (1955) recognise two
principal types of stelar organisation among -the vascular plants,
These aro : (A) the Pr le, and (B) Siph 1

—%
e
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ara i \\,,_M
o n o o f a b n. namet—~

otinoste % 0on -2 Sthe
© Inje cern¥ : g
mermsnt ' 3&‘“ f,}‘ “Tine /m“,{ . (Bl 4:6)
yes! ol e,
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3. In H, scabrum tho metaxylem ringis interrupted by pai
enchyma gap thus forming two ares. The protoxylem lies embedde
in tho central parenchyma.

4, In Trichomanes muscoides the lower xylem arc and phloe
are sbsent thus making a collateral bundle.

5. InT. microphyllum xylem is represented by a single trach
eid.

6. In T motleyi there is no xylem at all,

1In rhizome of Ophioglossum lusitanicum the basal portion is pro
tostelic (haplostele), whereas the upper part is dictyosteho [Gewirt
and Fabn (1960)] In many ferns with complicated stelar organisa
tion the basal portions of the stem possess a protostelic organisation,

B. The Sipbonostele (Fig. 8-2),

(a) Origin. Medullated piotostele is called siphonestele
It is charactenistic of the filicophyta. During the development of ;
phoncq‘n‘n +hn aantral nara nf xrvlam fo ranfanad by pﬂrenchv_mnmw
cellsg © . T s Tppears_in the cen
tr N . . . - e upwards of rhizo
wes of certain ferns (4dneimin, Schizaea) clearly roveal the develop
ment of siphonostele. In Aneimwa phyllitigis (Bower 1923) the stole
at the base of the rhizome is 2 typical protostele(Fig. 8 3, A). The Jea
traces given out at this stage do not disturb the protostele and alsc
do not interrupt the endodermis. Higher up the sections reveal the
presonce of a central pith (Fig. 8 3, B) enclosed completely by a ring
of tracheils. 1In this case tho whole vascular system is surrounded
by endodermis during tho devclopment of pith., Similar develop.
mr_mtln\ stui\ies n Schizaea, m:g i}\Lﬂxe sporelings of Botrychium, Hel

ys, O da and pectinata, roveal that the vas.

Fig, 88, Aneimin phyllitidis.
A TS: near the bass of rhizome showing protostefe. B, T.8.
at a higher level showing tho eppearance of pith C. T.5.
showimg siphonostele givmg off a loaf trace without breaking
the endodermis  (After Bower) Ty
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cular eylinder is pletely surrrounded by endodermis during the
development of pith. ~Gewirtz and Fahn (1960) conducted studies on
developmental anatomy of Ophioglossum lusitanicum, They showed
that the basal portions of the rhizome in this species possess » typical
protostele. Inthe upper regions the stele is dicytostelic. In the
transition zone helow the level of the first leaf gap the pith appears in
the centre, Gewirtz and Fabn (1960) showed that the pith originated
from the xylem. Firstly, they observed the appearance of a few par-
enchyma cells mxed with xylem, Later the number of parenchy
ma cells increased gradoslly,  These observations support the view
that tho pith i- intrawyiary - jatragtelar in aviein - Boodle
(1901), Gwyone ¥ .~ b " T v vt Chomp-
son (1920), and ¢ . Vv . of in-
trastelar origino j N . sentral
pith in Botrychium virginianum, B. lunaria, B. ternatum and Osmunda
regails support the intrastelar omgin of pith.

Bower (1923) stated that evidences of intrastelar origin of pith
are also avsilable from the study of fossil ferns. The ferns be!ong-
ing to the families Botryopterideae and Zygopterideae of the carboni-
ferous period Nustrate the initial stepsin this direction. In Botryo-
pleris forgnses the xylem forms o solid core. In Diplolabis romers the
xylem is composed of central zone of reticulated tracheids surrounded
by & zone of pitted tracheids. In Metaclepsydropsis duplex the ioner
or the central Tty : Lo mlen da dnem g
mixed pith. ~ . d
tion is found i : 8
three steps which brought about int 1 fullation, 'Lhese arer—
(8)solid xylem core, (ii) heterogeneous xylem but without pith as in
Diplolabis; and (iii) appearance of paronchyma in the central xylem
coTe a3 plified by Metaclapsydropsis duplex aod Osmunda

Jeffrey (1897, 1899, 1002, 1917) put forth his view that the pith
is extrastelar in origin. He believed that pith originated as a result
of invasion of the parenchymatous cells of the cortex into the stele.
This he believed took place through the leaf gaps and branch gaps:
He used the presence of inner endodermis between the pith and the
vaseular tissue as a proof of extrastelar origin of pith, Accarding t0
hira endodermis penetrated i ds together with the parenchyma of
the cortex. This argument has been challenged by certam observa-
tions on Selaginella and Pteridium. In hoth these geners the en-
dodermig has been proved to be stelar in origin, In Pleridium aguilinum
Chbang {1927) observed that endodermis, pericycle and pmtnph}oeﬂ;
arise from a layer of p bial cells. Fames (I936)anc
Eames and Mac.Daniels (1947) have stated that pith is intrastelar 1m
origin in some Lycopsids and ferns whereas in higher ferns it is ex
trastelar in origin. .
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In the _amphiphloic_siphonostele ** +*

- I P .
Sl = i' 1, Dipteris, Platyzoma
n i m surrounds the xylém

In Todea hymenophylloides the inner endodermis appears as a
discontmuous sheath There is no internal phloem.

Both the ectophloic and amphiphloic siphonosteles may occur in
the form of a continuous eylinder of v--~'~v #*-vea T- 0
the leaf traces do not Le'évo leaf gaps - E e

. N Wl . a
nawed by seatey as Phylosiphonic, o these types can be .
tinguished dnong ectéph!ﬁfc‘arﬁ] — i
amphiphloic siphonosteles. Ap.
pearance of leuf gaps in the
P Y B
lead to a num%;er of mod:ﬁca?
tions, The leaf gaps are those
parenchymatous regions that
occur 1n the stele above the
positions from where the leaf
traces pasa out from the central
stele to the leaves. These leaf
gaps or parenchymatous regions
intertupt the continuity of the
vascular cylinders

If the stem or the rhizome
bears leaves at distances the
leaf gaps also appesr at a consi-
derable distance from each other.
At such places the stele is inter-
rupted and appears borse shoe

shaped. The leaf trace appears
as a small crescentic bundle
(Fig. 8:2), eg., Adiantum peda-
tum, The leaf gap closes_at
a higher Jevel nng the _stele_

Fig. 84. Dryopteria filiz-mas.
Sle!&r o'rganis.stion of rinzome showing
a

! network of

vascular atrands.

Tt in 8 dictyostele,

agdin bscomes complete and circular. 8o the stele is perforated ¢
3ain becom i _circutar. B0 the stele 1s perforated
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A. Polycyclic _dictyostole in Platycerium  cethiopicum. B.

Polycyelio stelo in Matania pectinata. €. Dictyastelo in Cyathea

imrayana, Note the aclerenchymatoua strands nround tho mer.

toles and tho accessory strands in the cortex and the pith. D.

T.8. rhizome of Pteridium aquilinum showing dicyelie dictycstole,

E. T.8, rhizomo of Dryoptéris chrysocomo showing dictyostole.
{A after Lulham, B.C, after Bowar)

- < e : o
. ’ oo °
) . T e

In a number of speciesof Dryopterie (D, filiv-mas, D. rigida, D.
chrysocomna, D erubescens, cte), Pterte, Ophioglossum lusitanicum,
Pellaca rotundifolia and a number of other filicophyta, the rhizome is
whiort and the leaves overlap cach other. Tius leads to the overlap-
ping of leaf gaps in the stelo so_that tho lower part of ono leaf gap is
parallel with the upper part of another gap  Such an arrangement
of the leaf yaps results n the formation of a ovlindrical network of
(Fig. 8 4) interconnected vascular strands. A cross-section of such
a stele revelas the presence of separate vascnlar bundles (Fig 85, E)
separated by parenchymatous patches. Each such vasenlar bundle ia
aof concentric type and consists of a central core of xylem surrounded
by phloem, pericyele and endodermis (Fig. 8 5, E). Individually these
hundles are called the meristeles. Anatomically the meristeles are am.
phicerebral bundles with exarch, mesarch or ondareh xylom. Such
a siphonostele 1s termed as & dictyostele (Fig. 85, A, C, D, E). Ttis
derived from the amphiphloic siphonostele.

‘Appeara oot T T Yt e " onos.
tele results in 2 . ' . sttt L. vas.
cular bundles  “ - . N s eall.

le and is ch istic of seed plants (Fig. 8:2). Like the

ed

dictyostele the vascular strands in the eustele are also interconnected.
In some cases the vascular strands are scattered and such a stelo is
called atactostele (Nast, 1944 ; Esau, 1933). 1t is found in the
monocotyledons (Fig §2). Sometimes the vascular bundles in
the eustele are bicollateral (cucurbitaceas, solanaceae), i e., phloem is
present on either side of the xylem (externally as well as internally).
Such & ition is believed to bua lary specialisation’. It
should pot be regarded asa relic of the primitive structure found in
the filicophyta.

Insome Glisonheote on Weniie Dilatyc o Dat. e .
Marattin, two ot

sent,_Suchln 516 -

num (Fig 8-3, D) there are two concentric circles of vascular tiss
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The outer circle is composed of & number of meristeles, f.e., it is dic-
tyostelic. The wner civcle consists of only two meristeles, Two pat-
ches of aclerenchyma of the ground tissue are present between the two
circles of meristeles. Polycyelic stele in Pteris elata var. Larstenfana
contists of & larger number of meristeles in the inner ring than in the
outer ring. In this case there are no sclerenchyma patches. There
are three concentric rings of vascular tissue in Mafonia peclinala
(Fig. 85, B). Each ring bas a typical solenostelic structure (Fig.8.5).
Four concentric eylinders of vascular tissue have been recorded in
Pteris podophylla (Bower, 1928). All the four are siphonostelic in
nature In Platycerium aethiopicum there sre four or more irregulat
concentric circles of mensteles (Fig. 8-6, A).

The anatomical study of the stems in dendroid Cyatheaceae ro-
veals a still more complex vasculature, Transverse section through
the stem of Cyathea $mrayana (Fig 8 5, C) reveals the presence of broad
meristeles that are enclosed with in broad platesof sclersnchyma.
Tho leaf traces anse as number of strands that run obliquely through
$ha pamioy /P @& (M ook togftrace arises from the Jower mar-
- ' .o 4 to this vasculature a number of
e ; + i inthe pith and the cortex. Each
one of them is surrounded by endodermis and is often accompahnied by
a sclerenchymatous hand. These corticel and medullary strands may
anastomose freely and end blindly during their course downswards
Some of them have alsobeen noticed {De Bary) to pass out along
with the leaf traces and enter the petivels. These vascular strands
are idered to be the y strands that have originated in
the pith or the rortex without any connection with the general vascu-
lar system. Buch accessory strands havealso been reported in the
pith of Hemilelia setosa and Ceratopteris thalictroides.

Sporne (1962) uses a different nomenclature for tho stelar
gani Ation ils tha) wlar eryptog He regards the ectophloic
siphonostele as medullated protostele. The term solenostele hus been
used for amphiphloic siphonosteles and such siphonosteles t}ilnt n;:
perforated by Jeaf gapsat considerable distances, _Spomne bas n

t i 1 the pteridophytea, The term dictyo-
:f:l(} xt ho_ 'ﬁf‘fl"s‘lgh?‘rl? ?S:‘P ~{|°:° '"'ﬂ"‘)““ -'"\p the solenostele js much

di aro of tho following
e . tostele ; {fi7} solenos.

Y t Fig. 8:2). The consensus
" Mﬁ‘g};"gx’l’:‘em’ 7 5!“?‘8 ﬂ-nf? nrotostels_is t’bo
aielar

: LI -ngin
R . . . aad s
) : ' P ' "(Tha

' n am mae s ee o asessed
L) - 'P,A_Ym"'

L. .- . S tor,
Asterorylon (Fig. 28), Pailophylon, Losieropaylumn, eit. & rene
ol’excl?ahmly( pgrotmhllu “stemn in the Mrfg% vasculsr planta salt
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their mtent.xon in some. ot‘ the hvm,. [T A
ST .

abimme q

Angther vers imnastant ~oolet T T C
the profostele I ' L
sonolthepm - AR
tho protostelic f PR . . .
complicated atelar type: * : T :
ougly hy various autl wovolibg savy ueeuub zorth co

ncco‘d jor it§ origiii. ~TheSe are‘me ipirastelar theory and the
extfa-stelar. o invastori theory, These have been discussed in
detail in vhe precedmg Toges Kppearzmce of p:bh led 1o the convers.

ion of the protostele into & new.t: & of stelo-called the IEdTEE sipHonostele.
Elaboration ol slphcmoste]e also, T Towed two couTses of evolation:

@ The appearance of pith resnlted in the fammntion o€ 10°
ettt o8 TETE R B N
oot Vs . )
)
[ . .

S ! . !

nodes) by one leaf gap(Fig.
Iar cylmder remams com-
che bt BLOIE 14 BISO calind ~et-- R LI

evstels’ N
bunlles are scattered, as m..mor -
atacf stele (Fig. 8-

During_another_line_of_évolution the _medullation_of the
protastele wis Tollowed by the’ appearance of "\ﬂoem on an -~ 8ide
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of the xylem and_likewise interna) pericyele and endodermis_also
appeared, A~ S .
rounded By

xylem, exte

(Fig. 8:2). - o
stele (Mar

shonie, *

eaf gap at .
the leaf gay '
Dictyostele

giate and loprusoptangiaty 1e1ns the tictyostelie stoms are protosiels
at their bases, One such example is afiorded by Ophioglossum lusi-
tanicum (Gewirtz and Fahn, 1960). Recent experimental studies
(Wardlaw, 1044, 1068)al * - 7 - RN

-t

. Polyeyclic condition exhibited by some ferns like Marattia, Malo-
"o, {’feridv'um, Cyathea, etc., also originated from .the rotostelic
condition by further elaboration. This is borne out by the fact that
in_Matonia pectinata there is a regular transition from protostelic
condition to solenostele and then to & polyeyclic condition. “The stem
is protostelic at the b then becomes solenostelic and uitimately

et Y R

i =t atenlag

O R

prmitive__conditzan.

Bower (1923) while di ing stelar in the ferns
outfined five steps that, Jed 1o the.slaboration of the protostele. These
are:

{1) A solid xylem core or the protostcle.

(2) A heterogeneous xylem, but without pith.

(3) A central pith surrounded by xylem ring.

[C))] lnttzrﬁxpliun of the stele by a leaf gap or by overlapping

leaf gaps.

5) Appearance of internal phloem and endodermis.

All these steps are exemplifierd by both living and extinct ferns.
A number of recent workers have presented a different interpre-

tation of the evolution of stelar system in the jf’e‘l X"ff‘ff'_ : Tt"l")l

hc B LN,
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eustele in theso originated directly from the protostele through lon.
gitudmal dissection, without any intervening siphonostelic stage. Such
a mode of orgamstation of the primary vasculature in the woody angi-
sperms that are now living has been studied by Dormer (1945, 1946,
PTL N a1 e N T N AT T (1958)

B . o > absent
. . - . . has now

! «r (Takb-

i Lt view is
‘ o . .

" . . ~ ; . . "
. - . e .
sopotostele s o vt s e A

Namboodri and Beck (1968) have put forth a new concept that
parenchymatous areas may arise in the stele without having any con-
nection with the Jeaf gaps. Such a conclusion Is based on detailed
study of the primary vascul in gy perms an giosp
(Slade 1871) and 18 against Jeffery’s leaf gap concept (1971) for ferns,

The above view supports another new interpretation that the
primary vasculature of the stom is Cauline and not foliar. Tho proto-
1, not o foltar structure. That this is true becomes

sem4tedel---- -w0 ' pajlophytes from

. ave evolved were

TJsually primary vasculature of stem is constdered to be foliar
in nature (Esau, 1905 b; Philipson and Balfour, 1963 ; 0" Neil, 1961 ;
Nast 1944) ; but the above view of 1ts cauline nature is at variance
with this.

Lenf Traces and Leaf Gaps. A leaf trace 1a that part of the vascular cyln-
der_thatextendsperween_the .,;" af baso and the point where it merges with the
veseulnr system of the stem.” The niunber of the leaf traces associated With one
toaf may bo more than ene,  SoTeat traces conndct Ve vasculat. gysteri ol the
leaf with that of the stem. B

1In_ferne and the seed plants the portion, lying immediately above the point
of diveTgance ( leaf,_tl;:ge fTom_ the vasucl a”gicyliﬁrer' o] 7 lenl’.‘"beolt;:l:loa
a7 Sl e e P e

wTATTEI g eany T dhiaTwn T e

pugos.
Branch Traces and branch gaps. ™ * R

have_vESTHlaT_CONMERUONEwitl-the m .. "

that onnect the vaseulir syst il be -

brunigh Similarly Thev oo Branch g u o

nrons 1n stom yasCUIHIETATeIN Just” aboy
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gaps and the branch gaps ere not actually breaks in the continuity of the yes-
cular ¢ylifider bevause the vasculer tissue mnm_g&%ﬁﬁ@]\gst

above and"baléw the gap

SPORE PRODUCING MEMBERS

The spores are produced within specialised structures called the
sporangia The sporangia, in most of the living filicophyta, oceur
m amell or Jarge groups called the sori {singular =sorus) The sori are
variousty arranged on the margins or ventral surfaces of leaves or
leaflets. Such leaves are called the sporophyils.

The leaves, in most of the filicophyta, serve a dual purpose of
photosynthesis and reproduction. In the erns like Adir
Pteris and Dyropteris any leaf or leaflet can bear sori on its under
surface. There is no distinetion between fertile and sterile Jeaves. All
the leaves and their leaflets are potentially fertile and are capable of
bearing sporangia. There are however some ferns which exhibit segrega-
tion of photosynthetic and reporductive functions The genus Osmunda
affords a good example of cases where a few pinnac or leaflets of 2
leaf are set asde for bearing sporangia whereas the others are .s'ferlfe
and photosynthetic Osmunda regalis (Figs. 92, 9-3) has a pinnate
compound leaf 1n which the upper or distal pinnse are fertile whereas
the lower or proximal pinnae are sterile (Fig. 9-2). In Osmunda
claytonniana (Fig. 91) and O. jovanica certan pinnae, anywhere
along the leaf, have smaller size and bear sporangia. These examples
iffustrate restriction of sporangiferous area in the same leaf. In O,
sinnamomea the leavos are dimorphic, .., thore are two types of
leaves (Fig. 9-4), There are: (s) sterile leaves that bave well deve-
loped leaf blades and appesr latein season, and (1) fertile Ieavéz_
that lack famina and appear earlier in‘season. Other exanples ¢
this type are Me struthiopteris and Blech spicant in which
the rhizome bears: (s) sterile leaves that are large and broadly
expanded and (i4) fertile leaves or sporophylls that are gttergqul
snd have reduced lamina. These two types of leaves occur in dusﬂq;‘é
alternating zones. In Pelloea atropurpurea (Fig. 8:10), the sbetnd
Jeaves have oval pinnae and fertile fronds have narrow and elonga e
pinnae.

The Sorus. The term sorus has s Greek gngm.h r?—
actaally means a heap or a group. The group of sporangis Is, t eia
fore, called a sorus, A sorus may have from two to many apm‘aﬂs'_A 1
P wmmien wenee b mentastad by a Tevolute margin or by s spec
) .+ it may be unprotected an
(W oo v s also includes the receptacle

or the placenta on which the sporangis arise The indusium »

present may also be regarded as a part of the sorus.

same ferns in which the sporangia are naked (withaﬂf

_Therz:dre occur scattered along thcp inlets. They donot for‘i’

sori, ¢.g., Leplopteris hymenophylivides. In Todea barbara the !g%fm.

ngia aro densely scattered and are not covered by an ndusi o
The sori in this case are ill defined. The sporangia in boh these &

T
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are superficial, In the living genora of the Marattiales tho superficial
sporangia are arranged in definite sori, In Christensenia the eori are
naked, circular and are ir-
vegularly arranged bet.
ween the lateral veins.
In Marathia. Angropteris,
Danaea, cte., the sori are
elongated and are situated
below the lateral veins.
Among the polyopodiaceae
the sori are naked in Poly-
podium  and some other
genera.

The ophioglossales
aro & group of interesting
ferns in which the spo-
rangia are margnal in
position and are borne on
fertile spikes that arise
on ventra} surface of &
sterile Jobes. The leaf,
m the aphiaglossales, con-
susts of a petiole which
bears a simple (Fig. 9.1)
or a dissected aterile
lamina from swhose ventral
surface arises a simple
or a branched fertile spike.
The fertile spike in Ophio-
glossym bears sporangia
arranged m  two rows
{Thgs. 9.1, 9.2), The spo-
rangia are embedded and
fused together. The spike
terminates in a small
sterile process. Every spo-
rangium is eupplied with a
vascular trace. The fertile
spike in Helminthostachys
bears groups of sporangio-
phores ag‘anged in many

wE B 3¢ 10~
;‘,’mm otk g‘g‘;;;‘g oF - Fig. 86. Pollasa atropurpures, A complota

h plant with one sterile frond end two fertile
sporangia ond a fow green fronds. Note the pinoae in fertile fronds
acale like lobes at the tip, are narrow and elongated,

The spike in Bolrychium
is branched once, twice or many times. Each branch bears two
rows of marginal ap gia. The ap gia in O da, Davallia,
Trichomanes and many other ferns are also marginal in position
(Fig. 8.7, A).  In Otmunda the fertile pinnae are bladeless, se., bave
cither, reduced or no lamina. In Schizaenceae the sporangia - .

'
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236
. They originate ‘frgm

y & {alse indusivm
i to ventral side during

isolated and are protected b;
but get displacec

initials that arice margmally,
developent .
suﬂ_MIenc' ' + us--s onvi on the ventral
Lt ends or rare v
along the miadie vs s o .aly by hair and
scales There are no mdusial flaps. { a single
aircle of sporangie.
. InH ymenophylluceae the sor1 are marginal and are characteris:
tic m that the vein supplying the receptacle grows throngh 1t (by
the activity of & Basal meristem) and forms & long thin bristle, -
Tnchqmanes. The sorus 13 protected by 2 cup-shaped indnsium. The
indusium 18 bilipped n Hymenophyllum-
'Thn indusiwm Dicksoniacede consists of two, flaps that form &
pox like structuré in Cibotiam parometz The sori are marginal in

position.

"fhe sorus Lunwists @

PEIIri
NN s

! 3
A 9
7"{:}1 “c

A—D). Fern Bori.
B. Borief Adi-
Sori of

g, 8T U
A, Boriof Asplensum with unilators! indusia.
‘antum covered by & roflex rgmn of the pinnule. [+3
ryopleris 0OV rod byrcn"orm'mdul'm. D. Bori of Polystichum
covered atate indusi B Auhyn'umﬂiz-]m.nv . A pinna
with threo reniforn imlusia with ncerated margins. F. 3lons
gate swrus Blechnum ocerdentals. G. Elongnte pdusium O
G. sori of Adiantum 1. Borl weith umiatersl

Lemaria apicant. G-

Lodusia tn Asplenivm Janceolatum.

The sori in JMattoninceae 810 ventral in position m‘u|

© rows O cither side of the mid-rib. sach soru®
qacle, The theue of the 18

arranged m ™
$—0 sporangid arranged around tho rece? )
vernrches to form an wnibrella-lke ndusiom. "
ar the pori 87¢ pake

tacle gruws and o
e, In Diplfn'duce

indusisl slack ja trick and maasiv
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n Cyatheaceae the ventral sori are arranged on either side of
the mird-gg of pinnav and the indusium may be absent (Alsophila)
or scale-like (Hemitelia) or well developed (Cyathea), In Cyathea med.-
wllaris the young sporangia ato covered by hair.like outgrowths that
are multiccllular. In this species the indusinm grows slowly. In Hemi-
telia a scale-like indusial flap develops along one side of the placenta.

L]

e
Ny,

iE
i

Fig. 88, (AL} Forn Son.
A. Sort with ! 1induan in 4. i ) 1 Bori
are slongatod and curved. I, Blerknum oceidentale, Elongate
sorus protected with an clongated and curved indusam. C.
Lomuria apicant, El ted st curve i Athyri.
ur fihizfoemna A puna with thres veniform mdusis with iare-
rated maigme. B Mlatteuce,a atruthiopterss, Portion of n gnnna
showing eup-shaped andusin with dentote margins.
{A, E, after Luernson; B, after Dioln; C, after Bower, D,
Mottenas) -

~
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The sori in the Polypodiacese are marginal in origin excent for
R I Lete Tt T, - B

ane— .

become confluent and appear as s
single continuous sorus (Pteris). The
form and develoy of the indusi:
is varinble in the various sub-families
of the polypodiaceae The sori are
usually covered by two laterally deve.
loped indusial flaps,: eg., Pleridium
(Bower, 1018). Both these faps origi-
nate Srom the rdceptacle (true in.
disium} as in Dryopteris. In Pleris
and Adientum (Kig. 7-8, B) the
sori sre protected by the inward-
ly turned margins of the leaflets.
Such a protective devico iy called
false indusi o indusium is
reniform in Dryopteris (Fig. 8.7, C;
circular in Polystichum lobatum (Fig.
8.7, D); funnel shaped in Davallic ;
elongated and curved in Asplenium
lanceclatum (Fig. 88, A), Lomaria
spicant {Fig. 8.8, C) and Blechnum
occidentale (Fig. 8.9,'C). In the last
named genera the sori become con-
fluent and are covered by a common
indusivm. In Lom;r{dAt;:e lamir}% R
- . N atly reduced, In Athyrium fliz
i'f_'g 9 Jixed woriin Prerle, foeming the indusium is reniform with
N o :%"—"_;’z::’x;g .n - L‘}”f‘“’d‘ marging (Fig; :Zhg,. l?).. !'::
. 1 initials air opterss, y
?mm;{;lnim‘m. ventralasur. iy cup-shaped with dmmol Toarging
ace of leaf, . Fig. 8 8, E) and is thin and papery
B}g,i.lzg,:;f"o“m""'"l lIn %his cuo) the leaflot margins be
. V.B.mature sorus of Plens  tome  strongly intolled snd sfford
cretica showing indusium, pla.  additionsl protection to the sori. The
centa and sporangla. same is tEa cass in ~Onoces, In
{ABer Bower) Adiantum the sporangis develop on
the undorside of special marginal tlape

of Iatmina that become reflexed (Fig. 8:7, B} and protect the sarus.

1n marsilesles and the salvinislea the sporangia develop in #ori
that ars borne within distinct structures called the -pomcﬂfr’:{
Tho sporocarps jn Marsilea encloss sori that contain both micro an
tnegasporangia.  1n Salviniales the amalfer sporocarpe contain many
microsporangia each and the larger ones contain one or more mess:

sporangia pee aporocarp,
Acconling to the made of devoloptnent of sporangis in & sorEt
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Bower (1935) classified the sori in ferns, into the following three
types:

1. The simple sorus. The sporangia in such a sorus develop
simultaneously and all of them mature together, eg., Ophioglossum
and Osmunda.,

2. The Gradate or Basipetal Sorus. The placentae or the
receptacles are long and almost cylindrical. They bear mature or
older sporangia at their distal ende and younger sporangia near the
proximal or basal part. Such a sorus 1s found i Dicksonia, Lozoso-
ma, Trichomanes, Cyathea, Alsophila, etc

3 The Mixed sorus (Fig 89). Such a sorus is an aggregation
of old and young sporangia that occur mixed and show no regular
arrangement in & sorus. There is no regular order or sequence of

- semesd Af aname moia ansnedine to their age. The young and

mixed. The |sporangia usually

The number of spores varics

between li—b4, wouch & sulus 1 found in majority of the living

farns, ey, pohpodiaceae (Adiantum, Plerss, Pleridium, Davallia,
ete.)

Lokt TR - PUTRE TR e s e

t stalks; many layered
= Ea AF ST

cus e e Lt L

sporangial wall, the rest of the jacket 'davelc;)s [n;m the slir;'oun’dx;é
adjacent_cells, The inner cell alons gives rise to the sporogenous
tissue. The entire wall of the sporangium i, therefore, not derived
from & single cell bub from o peain af salla  Qunh g Ao eralavonot
where the sporangumde . e

rafigiate deyelopment, . ' T
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of

. Sy

in ferns. A,
of Schizaca dick
D8, <

Fig, 5,10 Various types of
Mohria cafforurs,  B. Sg
rangium of 4 of
ciye ya wit] lus. E. ium of Lygoe
dium 1¢ F, i of Anemia idia. G.
Glaichensa candata, Ii. Qlsschenia bmclminigl'. 1. Cyathea capensis
J. Matonia ¢ K-L. A 11
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rangiato feature). The jnnermost wall layer functions as tapetum,
wHiclT1ater forms a nourishing plasr- *-* “-°* ™ . ’ "
oceur in_the wall, perhaps dueto -
and massive and develops from the - o _

gial head or capsule and is not derived from sporangial initial or its
derivatives, The spore output is large.  In the Ophioglossales the
sporangia produce more than 2,000 spores’in Botrychium and up to
15,000 spores in Ophioglossum vulgatum, In Matattiales it varies
from 1,440 1n Angiopleris, 2,500 in Marattia to 7,000 in Christensenia.

~ e o . s .

The spn---«n: P N
and leptospo
tics are: (1
mature spor:
gt
ofi5 cells m

1rmad and sa

aeéplibag. s.dv) ’ T .

~oere . . L. -

—— - . 1
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o1 CRpSUle (1. ¥ W, bt Lne iR
ehiscence 18 vertical.

Gutput 15 128--1,094 " Tho

Tr oan -1 o L. de T e e T @INT Tral.la

ial cells differentinte, - : e
We shall now 7_consider the leptosporangiate type of sporar

gium . (Fig. 8.11," AT H). These sporangiaare chmracterised by th
following features :

1. The sporangium originates from a single superficial sporar
giel jnitial. (Fig, 811, A), which divides into two (Fig. 8 11, B) b/
a transverse or obligue transverse wall. The lower or basal ce
takes no further part in sporangial development.

APICAL CELt

SPORANSIIN
WAL

A

VACHET CELL

SPOROGENOY:
CELL

Fig. 811, {A—H). Vanous stages in the development of
. leptosporangiste sporangium in Polypodium.

2. 'The outer cell alone gives rtise to the entire sporangiurm

(stallz, jacket, tapetum and sporongenous tissue). The outer cell
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functions as a tetrahedral apical cell (Fig. 8.10, Cy which cuts off
segments along its threo sides. The lower segments give rise to the
stalk that consists of three rows of cells. The upper three segments
give rise to a portion of the sporangial wall.

3. The apical cell stops growing by the appearance of a peri-
clinal curved twall that separates an outer jacket initial or cap cell.
Now four jacket initials surround & single central cell or the primary
sporogenous cell (Fig. 8.11, D).

4. The jacket cells divide anticlinally and give rise to a_singlo
layered sporangial wall (Fig. 8.11, E).

5. The primary sporogenous cell cuts off 4 tapetal initials
(Fig 811, B, F) winch divide both periclinally and anticlinally to
form a two layered tapetum.

6. The sporogenous cell later divides to form 8—32 spore
mother cells (Fig. 8 11, G, H) which undergo reduction division to
produce 32—128 spores

7. The sporangial stelk 18 long and thin (Fig. 8-11, H).

L ., I3 R PR TR

[H e
stomium,
9. The stomium or the lip is made up of a group of 4 trans.
versely elongated and parenchymatous cells. Ifiacapped above by
AR AR IS «ond_ below by e

. L. Ty pov The_hypostominm
- o e . 3 “hree
. . . T wtalk

and

Bierhorst (1971) considers that the terms eusporangium and
Teptosporangium are vague and inconsistent and should be discar-
ded. The two typeshave been variously defined. D. H. campbell
(1928) defined the eusporangiate sporangium as the type in which

L - a group of hypodermal cells generally
hesporial cell, whereas the cell out-
ides to form a many layered walil and

not definite. On the other hand
the leptosporangium can on the whole be traelable to s single epider-
mal or superficial cell and it develops as a result of & regular seque-
nee of divisions before establishing an archesporial cell. Bower
(1923) stated that & eusporangium anses from a group of cells, where-
a8 the leptosporangium arises from a single cell sud that the former is
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massive and the Iatter is delicate. Campbell and Bower have slso
Sy dea - i T c N

described int-- 7 dilu.
tion in the di . Lt . te s uspo-
rangium as . : v . ‘o that
divide perici | . Lo . irma.
tion and inper cells that give rise - ' #- 4% cvoc-wimooo oot

Eames defined the leptosporangium .
of the imtial, the outer cell become:
cuts off basal cells to form a stalk unt . L.
division himits growth in length. There is thus formed s central
cell, usually tetrahedral in form,surrounded by a one layered
wall. Anticlinal divisions in the wall divide this layer into many
cells. The central cell ropresents the primary sporogenous tissue.
From it are cut off by periclinal divisions one or two layers of thin
cells which become tapetum.” Such a development is considered
a3 characteristic of the Filicales. The Osmundaceseous sporangis
are in part leptosporangiate and in part eusporangiate and are thus
intermedate.

Studies in sporangial development in various pteridophytes
suggest that these two types are not consistent and various grades
of differences met with in each type lead to their apparent mergence.
Bower deseribed ensporangiate development in the lycopots snd
later in Ophioglossales and Marattiales and found many differences
c - N amof 4 4- @ 2-rly in many leptosporan-

. . - walls that are tracesble
. * er, Such mstances have

. Lo terms eusporangiate and

leptosporangiate obsolete.

Further Bierhorst (1971) regards that the ancestral filicalean
p ium must be an_elnogated structure situated at the tip of
an aerial axis and lacks Tus and dehi longitudinally. Suc
s sporangium has been pe ' ) T v weptim ot oo Meleeeaghylon
(Trimerophytaceae) which - ferny
and fern-like plants. It . . osorstt
gium developed from & single initial which was also the apical cell
of the axis. The develop was leptosf giate as the initisl
produced lateral segments and then stopped producing them siter
dividing by a dense.shaped periclinal wall (leptosy iate charac
ter). The outer cell produced outer wall layer and the inner one
' produced tapetal layers, sporogenous tissue and some inner wall
- layers. Such a discovery contradiots the proviously held view that
/' eusporangium and massive sporangia are primitive. It indicates
. that Ieptosporangium is primitive.

™. ¢ TN cas 2ln wlncane abmeatursa af tha oqmetd-
. layers.” In the primitive ferns hke Ophioglossales, the p s
finid is consumed by the developing spores. It some of the advance



FILICOPHYTA OR PTEROPHYTA 245

ferns the plasmodial fluid remains as s deposit on the outermost wall
of the spore. This deposxted plasmedisl fluid is often designated
as the “perispore” or perine. The perispore is present in Asple-
nieae and Aspidieae. In the megnspore of Sahmua t,he pcmpore
forms o characteristic layer with like
1ts apex. The spores may be tetrahedral in shape or bilateral \vlth
two fattened sides. At the proxinal end of the spore, there is a
tri-radiato or 2 monolete aperture, a portion where the exine is fissur.
ed. The spores are usually shed after soparation from the tetrad,
i.e., they ate liberated in a one celled condition. In Chnslwptena
tricuspis tho spores are shed two or three together (Nayar, 1967).
Mostly the spores remain dormant for a variable period after shed.
dmg, but in Oamumiaceae they ha.ve httle dorm:mt penod and germi.
. + and Pi¥taria.
. . e, LI R The period
* L % .« .- : remain viable
for ® few days; “whereas in Onycbmm they remain viable for over o
year. The spore has usually & centrally plnced nuc‘eus snrrounded

by vacuolate cytoplasm that has chlorop or I tids and
oil globules suspended in it Majomty of ferns are homospomus
but Marsileales and Sal are rus.

flied in the sporangia of dzolla forma charactristic structures called
the massulae.

Regarding polarity of the spore,
it has preximal pole (theend di-
rected towards the centre of the
tetrad) and & distal pole (end direc-
ted towards outside). The hypo-
thetical line connecting the two poles
is called polar axis, and the one
perpendioular to it is the equatorial
axis, If the equatorial axis divides
the epore into two equal polar faces,
the spore is isopolar, otherwise it to
heteropolar,

The spore wall encloses the
spore p pl and usually 1
of two layers : exine and jntine.
Intine is colourless. The exine or
the outer covering is further made up
of two layers ;—

(¥) the outer layer as the
ectine  (Syn-Sexine of Erdiman,
1952) ; and (1f) the inner layer or
endine (Syn-Nesine of Erdtman,
1952). Tho ectine is made up of elon- F;g 812, Mature megasporangia
gated or columnar and radislly Dhaiore f;ﬂ';: o Ptaining fully
placed rods cailed the columellae. P (After Boteborg)
The columellse may be free at
their tips or may bo united to form s continous layer cul]ed !
tegillum or tectum. Perine, as stated above, may be .
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absent. Itis usually absentin trilete spores (except in Adiantum
and Cheilanthes), and may be present or absent in monolete spores.

The ectine or the outer layer of exine is variously ornamented.
The ornamentation is due to the arrangement of columellae or due
to some outgrowths on theectine. These ornamentation patterns
are considered to be of great taxonomic importahce. In case the
columellae are free at their ends the pattern is called pilate, In
many pteridophytes the free ends of columellae are fused and the
columellae are arranged in distinet patterns, e¢.g., reticulate when
they form a network (Schizaea laevigata and some Osmundaceat),
striate when they are parsilel (e.g., Schizaea); rugulate when they
anast. (¢ g., Cheilanthes farinosa), In mwany cases the upper
ends of columeilae are fused to form a layer called the tegillum or
tectum and this layer bear many types of outgrowths or excrescen-
ces which are usually of following types:—

(f) Granulose when they form a granular or grain.like pattern,
e.g., Pmesipteris, Mohria, Sck: bifida, ete.
{ii) Spinulcse when outgrowth, are spine-like with pointed
or blunt end, e.g., Psilotum, Selaginella fruticulosa, étc.
(31i) Verrucate when there are wart-like unconstricted out-
growths, e.g., Pyrossia beddomiana, Selaginella mongolica, etc.
(#) Tuberculate when in the form of finger-like tubercles, ¢4,
Osmunds and Todea,
{r) Baculate when the outgrowths are rod.shaped, eg., Selagi-
nella haematodes.
(vi) Saccate when vesicular outgrowths arise, €g., Selaginells
parkei, 8, rupestris, etc.
(vii) Psilate when there are fine dots on the surface, eg., Chei-
lanthes chrysophila, Loxogramnia involuta, Pyrossin fissa.

Recently (Machlis and Rawtischer-Kunkel, 1967) very interest-
ing observations have been made on the megaspore of Marsifen
vestity. These authors studied the structure of dry megasporc 23
woll as of mepaspores immersed in water.  The d_ry megaspore
(Fig. 812} of this Apccies, while it is still encloset] within the mcg‘b
sporangium, is surrounded by an acellnlar mase formed by ‘c‘;
tapetum (nhich js two to three erll Jayers thick) snd the abort: ;
megaspores. This accllular mass differentiates mto a pumber 0
layers, Tho megaspore has g almost oval shape with a small pap-
illa at its apex.  Both the megaspore protoplast and the papills are
completely surrounded by the endospore.  Boterburg  (1056) report
ted that the endospore or intinn iy further differentiated into twe
Iayers. Next to the endospore is the exine or exosporo nhich it
compased of five fayers. These are from within outwards: (i) retien.
Inted laver; (i) prismatic Jayer; (iif) inner gelatinous layer; e

> middle gelatinoun layer ; and {r) onter gelatinous Jayer. Baterbers
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(1936) has also reported the same constitution of the megaspore wall
in Marsiles diffusa.

On immersion in water tho Iayers of exine or exospore absorb
water and expand to form a gelatinous mass that can be differenti-
ated into following parts:

(a) The papillar envelope (Fig. 8:13). The exine in the
apical and papillar region of the megaspore swells to form s gelati.
nous mass that is thrown into longitudinal ridges. Thisis called
the papillar envelope because 1t surrounds the papilla of the
megaspore,  Later this papilla develops into a single and reduced
archegonium. The papillar envelope is tough in consistency.

PAPILLA OF
MEGASPORE

BASAL CELL OF
MEGASPORE

INNER LAYER
BASAL LAYER

Fig. 813, Hydrated megaspore of Af. vestila.
(For explanation seo text|
{After Machhs and Rawtischer)

(5) The basa} envelope (Fig. 8.13), The lower larger por-
tion of the megaspore 1s surrounded by the gelatinised exme that
shous horizonta) folds. Thisis called "basal envelope and is of
softer consistency.

(¢) Funnel (Fig. 814). Within the papillar cnvelope, there
is thick-walled bell-shaped structure called bell (Fig. 814}, The
bell encloses a hquid interior which is termed as sperm lake (Fig.
814). The bell and the sperm Jake together constitute a stro.
cture ~~ "= 4L fppeel M- coe T T 0 -
apical - H s e
aftery . * 1 P
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[C3) pasal Layer (Fig. g14) 1 completely gurrounds the
jower portion of the hydrMcd megaspore 1 extends t,owards-the
pase from tho bell- Basal 18y€F appeard 10 bo & separal

geparates feom the pell after 808 more eXposure to water,

ot cover the yopilla. )

¢) Inner tayer.’ “It is £0
pletely enclosed y,the pasal
and lower art of"

8:14). P

tne intine which _enc

entire megaspore
PAPILLA apical papitle- .
the papill® regiot
papille devel
pASAL CELY egon‘mm.
NN R In the x.negaspora g
eASASEn Axile the t\lsorgamsed tapets!
\ayer g four alveolst struc:
£NDOSPORE tures called the yoassuiae.
of these W% gurrounds the
functional Deg poTO: he othe
2% reo MBSY containt the nov .
fanctione! megaspores: we-
T S HV““‘““‘“E‘“P"”"{ ture ‘functional megospore js Jibe-
M, veatite 82 ‘seen after rornoving Sho tran piscence
‘\he papili® and besal envelops: 8! o transy’ e
lMlerMnchlmnndstulcher) of the me8 sporan al wal
ndusin he uppe of the
jndusium, T g SpoTang a1 wal o three ™ mmwmmg .
pon-funct nal spores ! ttached to he upper nd of h
assuly enclosing the functions! megaspore- They form he so-called
cawimming appamms“ of the Yoegaspore: -
Similasly, ula nd the icrospores .
{his the massy ¢ beat MIINS Aled th glachl-
sa. The B hel
the nicrospor
mlctosponmgm
The mMass {ao
tal p\asmodmm
qnicrospo angi of Azolla
toward® the
peripheT®
m. A
¢ miscrosPO!
1ater beed
giving
the
sppest 82
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Prothallus or the Gametophyte

Spare is the pioncer structure of the gametophyte and germi-
nates to give rise to the prothallus whose function is to bear the
gex organs. The gerppination of the spore follows a different course
in the homosporous and the heterosporous ferns, The spores in
the homesporous ferns form exosporic gametophytes.

Early Stages of Germination
The conditions necessary for the germination of the spore are :

(§) sutable moisture ; (ii) adequate temperature ; (2ii) pH range
; and (iv) sufficient hght intensity of suitabe quahty

ANEMIA _» @ g

—Lo-bgd &é

2 xroe

VITTARIA

\
o O s =
@@ Q- —@ Q @cg

Fig. 8 15. Earlier stages of spore germmuhan in homo.
sporous ferns, The proximal pole of the epore s indi.
eated by the tri-radiate mark,
{After Nayar and Kaur, 1971)

nre. ] LY . .-

Crease . [ L e
mark. v ) v .

the Homosporous ierns, the patterns of spore germmatlon have been
variously classified, Momose {1942) recognised three t}pes of spore
germination ; (5) Centripetal in which Stha whinaia fo2n

basal cell of the thallus and is pe [ 1
in which the thallus grows in

primary rhizoid ; (i5i) Tangenti:

8t the region of  the cross wall b

next to it, Nishida (1965) renan

types as the Polypodioid and Aspidiosd types, respectively Aud

“reROA>COm

\o°°

,m

'"UCHONANES
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added another type calfed the Tripolar-type to sccommodate the
Hy phyl germinati in which a tripolar plate is
formed. " Nayar and Kaur (1068, 1971} regard these classifications as
ncorrect becanse they do not take into consideration the polarity of
the germinating spore. They have proposed their own classification
based on planes of cell division and polarity of spore (Fig. 815).
They recognised three distinet categories :—

1. Polar Germination (Fig. 815). In this typo of ger.
mination the first wall of the spores is parallel to its equatorial
plane. The growth and elongation of primary rhizoid and the
young thallus is parallel to tho polar axisof the spore. This type
is further sub-divided into three sub-types :—

{6) Osmunda type. It isfound in Osmundaceae and is the
simplest type of polar germination. The first wall cuts off a small
primary rhizoidal initial that grows parallel to the polar axis, into
& primary rhizoid. The uther cell divides by one or two_or even
more walls parallel to the first wall (Fig. §15) into a short uni-
seriste germ filament, The germ filament and the rhizoid grow in
opposite directions.

() Anemia type (Fig. 8:15). In this type the spare divides
into two equai cefls of which the distal one remains inactive
throughout.  The proximal cell divides by wall perpendicalar to
the first to cut off a small laters! rhizeid initial and a large
prothallial initial. The prothallial initial divides by a series
of walla parallel to the first wall and grows into a germ fila-
ment that elongates in & direction parallel to the polar axisof
the spore (facing the proximal pole). The primury shizoids elong-
ates parallel to the equatorial axis of the spore. This type 18
characteristic of 4 Y and Lygodi of Nayar.

(¢) Vittaria type (Fig. 8:16). It is the commonest type
of polar germination. The first division is similar to Osmunda type.
The smaller cell grows nto a primary rhizoid that elongates parailel
to the polar sxis. The larger or the distal cell acts as the prothallial
initial and divides by a wall perpendicular to the first wall into two
equal daughter cells, One of them remains inactive and the other
divides by scties of walls parallel to the second wall into a germ
filament that is perpendicular to the primary rhizoid

2. Equatorial Germination, In this type of germination
(Fig. 81B) the flrst wall of the spore is formed parallel to the polar
axis of spore. The prothallus elongates in & plane parallel to the
equtorial plane of the spore. It is further sub-divided into six

types :—

) Gleichenia type (Fig 815). It js characteristic of
P o) Dipterid Lozxog and most of the Poly-
podigceae. The first wall is paralfel to the polar axis cutéug off 2
amall primary rhizoidal and a large prothaliial cell. The primaty
rhizoidal cell’ elongates into a laterally placed rhizoid, whereas the
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prothallial cell divides by a series of walls parailel to the first wall
forming a germ filament. Both the primary rhizoid and the germ
filament elongate along the equatorial plane of the spore in opposite
directions.

b) Christiopteris type. It1s a variation of the above type.
In this case the germ filament develops as 1n the above case, but
usually it remams short or may even end in a rhizoid. Secondary
germ filaments develop as branches from any one or more cells of
the primary filament ; the branches are perpendicular to the primary
filament,

(c) Cyathea type (Fig. 81b). It is found in Cyatheaceae,
Loxsomaceae and Cheiropleuriaceae. The rhizoid initial develops as
in Gleichenie type, but the second division jn the prothallial cell is
perpendicular to the first division and the subsequent divisions are
parallel (Fig 8.15), so that the rhizoid grows perpendicular to the
germ filament or along the equatorial plane of the spore and the
germ filament grows along the polar axis of the spore.

(d) Hymenophyllum type (Fig 8:15). In this case the
first two walls are perpendicular to each other and divide the spore
info “an equatorially expanded plate” of three equal cells. Each
of these three cells divides by a peripheral wall to cut off three
lens.shaped cells. One of these lens-shaped cells may grow into
a primary rhizoid and the remaining two into two germ filamenta,
or two of the lens-shaped cells may grow into rhizoids and one into
agerm filament. During the formation of s germ filament further
divisions are parallel to the last formed wall.

(¢) Trichomanes type (Fig. 8.15). In this case the first
two divisions of Hymenophyllum type are omitted with the result
that three lens.shaped cells are formed simultaneously at the peri-
phery of the triangular spore. Further development is like the
Hymenophyllaceous type.

1} Mecodium type (Fig. 815). It is fike the Hymeno-
phyllaceous type up to the formation of three cells. Extra divisions
occur in these three cells resulting mm the formation of 8 9 to 12
celled triangular plate of cells, one cell in thicknpess. It is expanded
along the equatorial plane of the germinating spore, Three lens-
shaped peripheral cells are cut off 1n this plate, at each corner, and
develop further as in the Hymenophyllaceous type.

3. Amorphous Germination. It is characteristic of gome
primitive ferns, e.g., Marattiaceae, Matoniuceace, Ophinglossaceae, a few
members of Schizacaceae (Actinostachys and Lophidium) and Gles.
chentaceac (Stromatopteris). The spore divides without any polarity
in cell divisions and direction of growth, It results in a plate of
cells in which o meristematic cell [is differentiated in one of the
peripheral marginal cells. Further growth of the prothallus is in
the dircetion of the meri ic cell.
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CERATGPIERS % 11,147
1 o223 20,

MU, 0

Fig. 8-18. Later stages in apore germination in
hormosporous ferns, (After Nayar and Kaur,
1871}, The various types are indicated by num.
bers, Each specifiod type with regard to ita
numbers is given within'squares and rectangles.
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Later Sages of Development (Fig. 8-16), These stages
lead to the develop t of a characteristic adult prothallus or the
gametophyte. Nayar and Kaur (1069, 1971) recognised seven differ-
ent patterns among the homosporous ferns. These are briefly des-
cribed below :—

1. Osmunda Type (‘Fig. 8'16).r It 18 characteristic of

Osmundaceae 7" "t '~ ent turns into a plate
of 4 cellz by . ' ‘ oM. In case the germ
filament is =+ of cells will divide to
form 4 cells. * ' form a circular plate

of prothallial cells, A menstematic cell is established in & marginal
cell. The quadrant in which the meristematic cell appears grows
more and the prothallus assumes en asymmetrical shape (Fig. 8-16).
The young thallus elongates and Jater becomes notched at the grow-
ing region. It later on assumes a symmetrical cordate shape as in
Adiantum type.

2. Marattia Type (Fig. §:16). In this case spore germma-
tion is of amorphous type resulting a circular plate of cells that may
later hecome two or more cells thick, A meristematic cell is estah.
lished, notch appears and ultimately a cordate prothallus develops.
Later growth 1s like the Adiantum type.

3. Adiantum Type (Fig. 816). In this case the ter.
minal cell of the germ filament divides first by an obhque wall
followed by & wall perpendicular to it. This establishes a meriste.
matic cell flanked an exther side by two cells Sometimes the terminal
cell of the flament divides by a wall paraliel to the long axis of
the filament followed by a second oblique wall cutting of a median
cell, which in turn divides by a wall perpendicular to the second
obligue wall. ‘This euts off a median meristematic cell. The meris-
tematic cell divides by walls parallel to the oblique wall, each
wall being perpendicular to the one preceding it. These divisions
and further divisions of the daughter cells lead to the formation of
an obovate plate of cells which later becomes notched in the region
of the meristematic cell (Fig. 8:16). The meristematic cell then
divides by a transverse wall (Fig. 8-16). The anterior daughter cell
divides by two or three walls parallel to each other but perpendicular
to the original transverse wnall, forming a row of two or three cells,
These vells are elongated in the direction parallel to the long axis
of the thallus and constitute the 3.celled meristem, These cells
divide by wails parallel either to their lateral or basal walls. These
divisions in two planes lead to the formation of a mid-rib behind
the menstematic region in the median plane of the prothallus and
a cordate prothallus with semicircular Interal wings.

4. Drynaria Type (Fig. 816) In this iype the forma-
tion of apical cell (meristematic cell) is delayed, and the terminal cell
of the germ filament divides by longitudinal and transverse walls
into & spathuliate plate of cells (Fiy. 8-1G). At a later stage the mens-
tematic cell is distinguished in one of the marginal cells of this plate,
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by two oblique divisions (Fig.8:16). Later divisions are exactly
similar to the Adiantum type and lead to a cordate prothallus with &
terminal notch.

5. Kaulinia Type (Fig. 8:16). It is like Drynaria typo
upto the formation of a spathulate plate. In this case no meriste.
matic cell 1 formed. Al the cells of the prothallus divide actively.
The prothailus clongates and becomes ribbon-like with rounded
anterior ends (Fig 8-16). Branches may arise from the marginal cells.
There is no midnb At maturity irregular cushions of two to four
cells in thickness may deyelop along the median plane of the pro-
thallus.

6. Ceratopteris Type (Fig. 8:16). It is also similar to
Drynaria type up to the formation of a spathulate plate of cells.
Now in somo cases thé anterior cells of the germ plate may not grow
further or grow very slow and take no further part in the develop-
ment of the prothallus. The inter calary cells, instead, divide
actively and gradually the meristematic activity becomes restricted
only to some marginal cells on one side and away from the apical
portion {(Fig. 8:16). Later s lateral notch appears. The meriste-
matic cells ie at the base of this notch, which goes on becoming
pronounced. Later a mid.rib develops behind the meristematic
region. The young prothalius is cordate but asymmetrical with one
wing larger than the other or in extreme cases only ane win% is deve-
loped. 1In some cases the marginal meristem becomes apical by uni-
Iateral growth of both the wings, thus making the prothallus cordate.

7. Aspidium Type (Fig. 816). It shows great var
ations in development, These variations are conditioned by the
development of a hair. Usually the terminal cell of the germ fila-
ment grows into (Fig. 8:16) a unicellular hair, This cell becomes
sluggish and takes no part in prothallus development. Sometimes 8
fow cells below the terminal cell also remain sluggish and the‘poutenol'
cells of the filament divide actively to form a plate of cells (Fig. 8-18).
“This plate is lopsided ie., one side is broader than the other, The
larger side of the plate ~.* , ** ol by two

oblique divisions of one :- ",“"?,”
cases tho terminal cell ¢ . . ",’l‘l'";'

into a smaller cell and & -0 : LS L late
“The smaller cell divides actively and produces the pmlhal([al P! “:
(Fig. 816). The plate is shightly lop-sided at its snterior "";ﬂ;
A meristematic cell appears in the margin, Marginal unicel r‘on
hair always develop from the prothallial plate. Inanother vnina 'nt
hair development is delaged until the terminal etll of the ﬁumt;w
has divided longitudinally, One of the two cells grows "““'15',“,
divides, ultimately bearing of bair. The other cell divides “}“f@{
to form n plats which develops  marginal menstematic coll. La
development is like the Adiantum type {Fig. 8-16).

All these variations described sbove may occur in the '.’d.u:;
species. The young thalli are asymmetrical, cordate and fopsi



due to marginal meristematic cell being lateral. Later growth, no
doubt, results in the loss of asymmetry and finally s symmetrical,
cordate prothallua is produced (Fig. 8 16). Marginal hair are
profuse, so are the superficial ones,

ARCHEGONIA

Fig. 817. (A—C). Cordate prothall of filicophyta,
P Gleieh Hus  of

Prothallus of , B. Proths
Uyathea ; (C) Prothallus of Nephrolepis
The net result of spore germination is the prothallus that also
varies in shape, size and structure. Cases aro not rare where the

prothallus in the same genus or even in the same species shows
variations in form and size (Dryopteris, Schizaea, etc.).

‘The Adult Frothallus

Bawer (1923, 1935) rccognised three types of prothalli in the
ferns, ‘These are :—

(i) The cordate type or heart-shaped prothalius. (#%) The fila-
mentous type. (iti) The mycorrhizic type.

. Nayar and Kaur (1971) recognised 5 types of adult prothalli
in the homosporous ferns. These are; (i) cordate; (ii) filamen-
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’

tous ; (iii) strap shaped ; (iv) ribbon-shaped; and (v) tuber.
ous. These are described below.

The Cordate Type. It is the mart anmmecn dope o6 cuodlglly
(Fig. 817 A-C) found among th h -

lepis, Pteridium, Pleris, Adianta . , .
ceae, Dipterid , Matoni , O d , Marattigce and Cyath-
eaceae In the Polypodiaceae the spore gives rise to a short filament
of 3 to 6 cells. The terminal cell of this filament divides by two
oblique vertical walls that cut off an apical cell The activity of
this apical cell leads to this formation of a green plate of cells with
on apical notch. Later the apical cell 13 replaced by a row of
meristematic cells. Under suitable conditions of growth and
nourishment this notched plate develops into a heart-shaped ora
cordate prothallus, The gametophyte is one cell in thickness cxcept
in the region posterior to the notch, where it is many celled thick.
The sex organs and rhizoids develop on the ventral side, Under
crowed and undernourished conditions the prothallus becomes
filamentous, ¢ 9., Dryopteris and bears only antheridia. It can deve.
lop mto a more or less cordate type if transferred to suitable environ-
mental conditions. Normally the prothallus is monoecious. The
prothallus in cyatheaceae also 1 - ~° ) oo v A
1ts shape and structure, but di -

ment. In this case the short filam

to form a plate of green cells ..

the beginning). The apical cell L .

cells, Later it is replaced by . " .
development is mmilar to that of “polypodiaceous prothallus. In
Cuathea the prothalli bear distinct scale like hair on’its surface. I
Dipteridacene (Dipteris conjugate) the spore germinates to forms
plate of cells which later develops into a cordate piothallus with
sinuate or ruffied margins. The sex organs usually develop on the
ventral surface but they can also develop on the dorsalside. The
spores in Osmunda are green and, therefore, germinate immediately
after their release. The germ tube divides transversely into 2
jower rhizoidal cell and an upper longer prothallial cell. The
latter dovelops into a filament of few cells. The terminal cell dvides
to cut off o two.sided apical cell whose activity leads 'ta the for-
mation of a cordate prothallus Later the two-sided aplcal_ cel.l 13
replaced by a 4-sided apical cell or a group of two or three initials.
They divide to eut off segments dorsally as well as ventrally ul}d
laterally to form a mature cordate prothallus traversed by a dis-
tinet midrib. .

The cordate prothalli in Anogramme bear storage tubers that
grow into the soil and serve as.perennating organs.

The Titu m ' . r -wpthallus

is charac of th;
famity .t . , . prothalli
have, no doubt, been scen to develop in several ferna but they ar?
the result of sbnormal environmental conditions, In Schizaes 8

e Tupe



FILICOPIIYTA OR,PTEROFHYTA 257

Trichomanes filamontous condition persists under all circumstances,
The prothalli in both these geners resemble some branched algal

ANTHERDUM

ANTHERIDIUM

Fig. 8:18. Mature prothallus types of homoaporous ferns,
Al Tuberous prothnllna of Helmmlhnalaahyp B ‘Tuberous
v C. Fi of Schizaca
punlla D. Cordaze x f Ad: E‘Rxbbon
K 11 P 1 I

ped of
F. Sm:p shnpod pmthallus of Elaphogloa:um 8p.

¥ )

filaments or moss protonemata. Some of the branches penetrate the
aoil and act as rhizoidal branches, whereas others are green and trans-
versely soptate In Sch:zam pua;l!a (Britton and Taylor, 1901} the

an p from specialised short branches
whose cells are mfected with a mycorrhizic fungus. The sex organs
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¥Fug. 810, Prothalli of Ailicophyts,
A. Und a hizi hal

nd my of Ophiog
B. Section through the myrorrhizic prothallus of Botryehium.
Note thie mycorrhizie portion -nvF position of sex organs.
C. Cordate prothallus of Ceratopterss.
{A, Bafter Haupt; C after Bmith)



FILICOPHYTA OR PTERQPHYTA 259

nre seated on unicellular lateral branches. In T'richomanes the an-
theridia occur on any branch of the filamentous prothallus but arch.
egonia appear in clusters (Fig. 8-18, B) on specialised multicellular
struct called the archegoniophores,

Strap-shaped Thallas. This is-found in the family- Gram.
mitidaceae and some Lomariopsidaceas and Polypodiaceae. In RAi-
pidopteris pellata and Elaphoglossum stenophyllum the thalli are long
and strap-like with fimbriated and hairy margins. The breadth of
thoe thallus is inter iate bet d t’iPB and ribbon-shaped
prothalli, They are much longer than broad (Fig. 8.18, F) and are
slow growing and unbranched with cordate apex. The apical meri-
stem is pluricellular, the midrib is thin and interrupted. Sex organs
and rhizoids are borne on the midrib. The rhizoids may occur along
the margins too,

Ribbon-shaped Thallus (Fig. 8.18, E). Itis found in Lozo-
grammaceae, Vittariaceae and some Hymenophyllaceae and Polypodia.
ceae. The thalli are thin, one cell in thickness, flat, dorsiventral, peren-
nial and slow growing. It is devoid of a mid-rib and has rounded apex
that bas no well deﬁned,ﬁeriatem. Itis uiually profusely branched.,
e PO A i A

SN RO e mmmnmn

ginal clusters,

The Tuberous Type, This type of prothallus is prevalent
in the Ophiogl Helminthostachys affords a very good exam.
ple of such a type of prothallus (Fig 8 18, A). In this case the pro.
thallus is saporophytic in nutrition and is mostly underground or
subterranean. The underground portion of the prothallus js lobed
and is attached to the soil by means of rhizoids It is also ealled
the vegotative region of the prothallus. From the vegetative region
arises a cylindricsl branch that grows vertically upwards and bears
o . R R s - 4 romain

. lindrical

s fungus
. » extend
' ' Ty slow

growing.

3.

The mature g: phytes of Op may be oylindrical
Fig. 8,19, A), conical or irreguler in shape. They may be branched
or unbranched. They are usually wholly subterranean or in some
cases partly above ground and partly underground, -

In O. pedunculosum the exposed portion of the prothallns as.
sumes green colour and may become Hattened and irregularly lobéd,
The prothalli are usually perennial but Campbell (1007) reported that
prothalli of 0. moluceanum are annual. The endophytic fungus is
confined to the inner cells of the older portion of the prothallus. The
younger regions are [ree from the symbiotic fungus. In Ophioglossum
the thallus grows by means of a 4.gided apical cell,
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PROTHALLIAL
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« ¥ig. 820, Protballial trichomes (1—14)

1. B hair of Arthropteris tenella (After
Btokey). 2. Ni v papeliate hair of Aspleni: i
J 3. Secrotory papeliate hair of Hypode-

nigrum (After Nayar etel).
‘matium crenatum (After Nayar and Kaur). 4, Tubalar unicellular
hair of H, N i landul elub-shaped
unbranched hair of Bolbitis sub-crenata (After Nayar), 6. Brun-
ched acicular hair of Geniopterss bsollyei (After Stokey) 7. Un-
branched acicular hair of Xiphopteris deletescens (After Stokey).
8. Branched i bare of ie bp. (After Stokey).
9. Multiseriato or bristle Jske hair of Larsoma eunningham: (After
Stokey). 10—12. Dovelopment of Gleichenaceous hair in Si1-
cheurus bifidur, It develops from a wedgo ahped initin! (10)
which posseanes chloroplasta. Later it bears a glandular apical cell.
13. B d gland hair of Lepi normnalis {After

Nayar). 14, Unbranched—multissriate hair of Anemia op.
{After Atkineon).
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The gametophytes of Bolrychium (Fig, 8.10, B) are also mycor-
rhizie and may be cylindrical or have a tendency towards flattoned
and dorsiventral form (Bofrychium virginianum). Thero is no well
defined meristem in Helminth hys and Botrychi:

Such prothalli are found in Aetinostachys and Lophidium of
Schizacaceae, and Str pleris of Gleicheniacene.

The Prothallial Trichomes (Fig. 8 20, 1—14). The prothalli
of some homosporous ferns are beset with trichomes that can be con-
ventently classified into two headings which can further be sub.divided
mto sub-headings as below:

Trichomea
A, Unieollular trichomes B Mulﬁcall})ﬂsr trichomea
(Fig. 8) {¥ig. 8)
R
P.Emm Acicular Tul:lular Multiseriate Unbranched B : Glanda
11 21 3 Multicellular  Mults- Mnlti- or
r b r 1 air cellular cellular Club~
Secre- Non. Unbra. Bran. (¢ g.,'Lozsoma  hair hair shaped
tory secre- nched ched inghami) (U ) (U iate) (Uni.
or tory 1 3 1 2 3 seriate)
gland. or
ular  non-.
1 landu.
e iehobi Branihed  Usbranched
2 1 2 3

The trichomes may be present all over the prothallus or may be
restricted only to margins or tho surface The trichomes may appear
during . - o . h L L .
ete.) or ' ) e . . . i
and sor ¢ v. " [ o : S
shaped initial cells. The accompanying figures illustrate the structure
and examples of these trichome types. The hair have usually vacuo-
lated cytoplasmic contents and may possess chloroplasts. Acicular
hair are devoid of contents at maturity,

Vegetative Propagation of the Prothallus. Vegetative pro.
pagation of mature prothalli of homosporous fernsis quite common,
It is effected by following methods:—

1. Regeneration by Branches. Itis very common among
the ribbon like and filamentous-branched prothalli. The older por-
tions of the prothalli degencrate setting free the younger branches,
which under certain conditions develop into new prothalli, In some
cases branches arising from superficial cells develop into new prothalli.
This type is common among Hymenophyllaceae, Schizaeaceae, Vitta-
riaceas and some Polypodmceae,

N
2. By the Formation of Germ Filaments. In ¢~
mollissima the young prothallus produces monoliform germ - w

ey
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(Fig. 8.21, A) that easily break into fragments each of which deve-
lops into & new prothallus.

Tig. 821 Vegs propagation of prothalli in
homosporous ferns

A, Germ il of Ctenopteris mollissima {After Stokey).

B, Gemms of F ) hed laterally to

Bterigms (After Stone). O, Spindle-shapsd Gemma of
Mecodium with basal rhizoid inihﬂl {After Bptono).

3. By the Formation of Geromae (Fig. 821, B, ©). These
are specialised, icellular or Iticellular structures borne on
sterigmata and are capable of germinating into new prothallf, In
some Polypodiacese (Kaulinia, Colysis, Leptochilus and Paralepto-
chilus) the gemmae are unicellular or dumbell-sbaped and densely
chlorophyllous. In Vittariaceae snd some Hymenophyllaceae the
gemmse are multiseriate and spindle-shaped (Fig. 8.21, Cj are attach-
ed by an end cell to the steri In Trick and Polyphle-
bium the multicellular and fil 0 £ are borne
perpendicular tb the ig (Fig. 821, B). Such filamentous
‘gammac may bocome 1012 cells long. Such gemmae produce germ
filaments that develop into prothalli. On detachment the gemmao

to the um by producing rhizoid:

attach th v

“ per g jetregeting eace  Thoy 'bl"
P v, . yegetatively
| ) garg them 88

the protnallus ot Fillaraceae thav ‘buve
by reduction and reproduces only by vegetative propa,
prothalins. ,

The sex organs, The sex organs develop on the gamotophyte
and sre slways multicellular and jacketed, “The maleeex organs

4L o spuiophytio stage
b prapation of the
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are called antheridia (singular-antheridium) and the female are
known as archegonia (singular archegonium). Both may arise on
the same prothallus or they may be borne on different prothalli. In
the former caso the prothallus is biiexual or moroecious, whereas
in the latter case it is unisexual or dioecious. Bisexual prothalli
may be protandrous or protogynouns. The antheridia produce
ma{e gametes or the sperms or antherozoids thatare flattened
structures and require a liquid medinum to swim to the female sex
organs containing eggs The number of sperms produced per an.
theridium varies considerably. It may be {rom more than osie
hundred (Ophiglossum) to 16 to 32 sperms per antheridiumasin
Dryopteris, Pteris, Pteridium, Adiantum, ete. The female gamete
or the egg is nonmotile and is present in the venter of the arche-
gonium. The archegonia show a remarkable uniformity in their
structure and develoy t and in p ing a single egg. Rarely:
they contain more than one egg )

The hermaphrodite prothalli nsuslly produce antheridia earlier
than the archegonia. Antheridial development often begins before
the differentiation of the mid-rib or even before the organisation of
the plate like stage. The archegonial development starts afler the
formation of the mid-rib or the cushion or cushions, as the case may
be. It has been noticed that unfevourable growth conditions lead to
the-production of male prothalli and exceptionally favourable condi-
tions tend to produce only female prothalli, whereas less favourable

ditions favour the product of bisexunel prothalli. Nutritional
conditions of the substratum and availability of light affect the sex
of the prothallus (Sossuntzov, 1954; 1657; Hurel-Py 1950; Schraud.
olf, 1967). Recently it has been shown that antheridia formation in
the ferns is lled by chemical subst: called the antheri-
diogens- Antheridiogens are specific for certain groups of plants,
i.e., an antheridiogen effective in Pleridium may not be effective in
Ceratopteris and vice versa [Dopp, 1950, 10569; Naf, 1956, 59, 60, 85;
AR bk SRCERL S ** eridiogens are produced
[ " a "+« diffuse into the substra-

' 1. .. . .ntheridisl formations in
species sensitive to tho particular antheridiogen.

Position of the sex organs. As has been atated before, the
gametophytes may be exosporic or endosporic. The former are
typical of the homosporoiis Torms whereas_the Iatter are restricted to

i6 hietorosporous pteridophytes , endosporic _gametophyEes. £r

the Retero: The endosporic_pauelophyLes. ere
completely ‘or parfially enclosed by tho spore wa“. "The_exosporic
gametophytes are_Ires Tiving_ afid_aro not surfounded by ths spore
wall ,'J'l'hez represent the rigﬂm;gao prothalliand are usually
monoecicus or may become dioecious due to certain changed environ.
mentel cond:tions. -

bed-

The sex organs in the exosporic gametophytes may
ded in the gametophytes tigsra n= élar ey e of g1
smergent type. The former & * . .

. whereas the latter type is + =+ " Ttrolp el dwe
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ferns. In Ophioglossum vulgatum nnd other spocies of this genus ihe
sex organs arc sunken in tho prothallus tissue (Fig. 8:19 A). In
Botrychium virgini , 8 ber of ** R
are sunken, but the archegoniaave ;
B). The sex organs devclop on the .
n Ophioglossum, that arise from thelo "¢ . .l . ros et
1n a0 acropetalous manner, ‘The antheridia are numerous and deve-
lop in an uregular sequenco all around the cylindrical body. In
Marattiaceae (Marattia, Angiopteris), the dorsiventral prothallus is
monoecious and bears antheridia on both the dorsal and the ventral
surfaces In Ceratopteris the antheridis arc partially embedded in
the prothallus tissue (Fig. 822, 12) and are borne along the margins.
The archegoma arc confined only to the ventral surface and occur
along the central cushion along with the rhizoids. The sntheridia
and the archegonia arc both sunken in the prothallus tissue. The
sex organs in Osmundales arise on the ventral surface of the prot!m‘l-
lus and project above the surface (¢mergent type). The antheridis
AN T et .- argins or on the ventral side of the
[ PR of tho prothallus. The archegonia
. distinet mid.nb and have projecting
necks. In some of the O d young archeg are also
found muxed with older ones. Majority of the Jeptosporangiate ferns
have their sex organs distributed on the ventral surface of the pro-
thallus  They are of emorgenttype. The antheridia ocour among
the rhizoids whereas the archegonia (Fig. 817, C) are _restnct_e(.i to
the cushion belnd the apical notch (Dryopleris, Pteris, Pleridium
Adiantum, Nephrolepis). In the filamentous prothalli the sex organs
arise laterally on the filaments, but in some cases archegonia are
borne on special multicellular cushions.

The endosporic female gametophytes of Azolla and Salvinia
develop several archegonia, whereas those of Maraglea. P "“l‘"'la
and Regnellidium bear only one ar i T dosporic ma’e
gametophytes in Marsilea and Azolla bear two antheridia ug\d Pf;"
duce 32 and 8§ antherozoids, respectively. The endosporio ]“’¥ ;
gawetophytes in Salvinia produce two antheridia with a total
antherozoids from both,

Structure of sex organs

idium
) Antheridium. In the homosporous ferns the antheri
isa s(in"xplo object containing a variable num&)er of spermsﬁﬂé’;f:
enclosed by a smgle layer of wall cells. The number of wal .
varjes from 3 to many. In the primitive homosporous gmazg-
Ophioglossales and the Marattiales the a{xthe:ldmh ?; A
bedded in the g~ ~ T T D
the advanced grou ' o horo-
(Fig. 822,6-12) . . _n.thfh :m
sporous ferns. These are (i) the eusporangiate antheridia u{ate
characteristic of the primitive groups, and (1) the leptosporang’
antheridia that are found mostly in the advanced groups-
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Fig. 8 22, Antheriadia of homasporouns ferns,
1. LS. entheridium of Todea borbara (After Btokey) 2—4,
Stagos 1n antheridial dehiscence of Anemia by shpping of
cap coll. 6—12., Stages in the development of anthuridium
of Ceratopteris thallstroides, + 11. Lateral view of maturs
Therid o 8H

Aft
sl Hoyer ke

12, 8] g

Kaur, 1071)." 13" Dehi of s

ezcelsn (After Stokey) 14, Dehiacence of antherydjumm by

apical pore in Stenochlaena tenmifolia (After Keyysrand

Kaur, 1971), 15, Dehi of antheridium n £ y

+ puspensa by apical pore {After Stokey), 18, Arntharidium

of Chieropleuria bicuzpis showing R AU Ty throwing
off of cap cell (After Stokey and Atkltw;n),

i
£
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In the eusporangiate types the antheridia are large and massive
and produce over 100 spermatozoids. They are embedded and are
surrounded by a wall consisting of 10~30 narrow and elongated
cells. In Ophioglessales the wall may become 2—3 cells thick. ¥rom
one of .the wall cells in the anterior part of the antheridium, one
or two small triangular or ovate cap cells are cut off, 'They consti~
tute the operculum. The antheridium 18 attached to the prothallus
by two or three wedge-shaped or flat basal cells, During dehiscenco
the cap cell is thrown off intact to release the spermatozoids.

In the leptasporangiate type of antheridium the wall is made
up of three cells: (1) the basal cell which may be funnel-s!}apgd
(Dryopteris, Adwantum, etc.), barrel-shaped SC’tenopteris) or discoid
(Stenachluena) ; (ii) the annular or the ring cell ; and (ifi) the_spical
cap cell or the cover cell. It encl 1632 sp ds. During
dehiscence the cap cell behaves in the following manner :—

(2) In some leptosporangiopsida the cap cell is thrown off
(Polypodiaceae) and 1t often collspses during the process (Hartman,
1931), (Fig. 822, 16).

(8) In Cheilanthaceae and Parkeriacese the cap celt s hfted
like & hinged lid (Fig. 8:22, 12).

c) In Ci is and Stenochl a pore is formed in the

(0) .
cap cell (Fig. 822, 14—15) and the sperms are released through it.

{2) In Anemiaceae (Fig. 8:22 2-—5) the cap cell is de.ta:ched all
around and slips off side ways, thus opening up the autheridiur.

The heterosporous ferns have antheridia enlosed mmplet:éy
within the mictaspore wall. =The antheridial wall fs smgh’l’yﬂ; o
Some regard that in Marsilea a single male gametophyte h“thwt
antheridia because there are two distinct groups of androcyte mf? i
cells. There is no cap or opercular cell in the hetrosporp‘-"le{i“’m'
The entire jacket disintegrates. This is followed by the dissolu
of the microspore wall thus liberating the sperm mass.

in all the ferns js made

(b) Archegoni The archeg i
up of two distinct parts : {i) the neck and (i3} the venter. The nem
is d of four longitudinal rows of cells, each row having
eck is closed

P 4
equal number of cells that vary among the ferns. The n ’
b?] four cells called the cover cells and encloses & neck canal ;h:;l;
isfilled with one or more neck canal cells, The venter g
lower swollen region of the archegonium and contains & smiz e
and a ventral canal cell. The neck canal cells, the ventra
- --~r of cells. The venter is mm"mtho
- \at may remain distinct i’rom’rhc
ny become indistinguishable. ‘o

in Uphiog are embedded in the tissue of !'txt{)ns-
thallaa with only the upper portion of the ncc];sl.lglillly g{:”“ the
In Botrychium the arch ial meck proj Jongitudinal
prothallus, Thoe neck in Ophioglossum is made up of 4 lo s‘ vingle
rows of cells, esch row 3 to 4 cells in height. There i3

[ N
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binacleate neck canal cell. The same is the case in Marattiales.
The archegonial neck is up to 8 colls high in Osmunda cinnamomea
and projects above the prothallus surface. The archegonial neck
in GQleichenia (Gleicheniaceae) may be 7-14 celle in height and is al-
ways directed towards the growing apex. The nock may be curved or
straight. The necks of arch is in the polypodi are strongly
curved away from the apex of the prothallus and may be 3-~6
cells in height, In i , Matoni Gleicheni and
Cheiropleuriaccae the archegonial neck is curved towards the apex of
the prothallus wheresa in others it is curved away from “the
apea, The former position along with long necks is o primitive condi.
tion. The single neck canal cell is binucleate. The archegonia are
emergent in ferns with filamentous prothalli. The neck canal cell is
binucleate and generally swollen towards the apex at maturity, This
is an advanced condition, In Gleicheni Cyath Schizaea-
ceae and Dicksoniaceao the neck canal cells are sometimes 4.nucleate.
In Plagiogyriacese the neck cansl has 4 cells. Nishida and Sakuma
(1861) have reported abnormal archegonia with multinucleate and
multicellular neck canals ‘and with two ventral canal cells in some
primitive families.

The axial row of cells, except the egg or the cosphere, degene-
rate thus making s passage for the sperms to swim through, The
four terminal cells or the cep cells separate from one another and
diverge or are thrown away thus opening the archegonial neck. It
is probablo that the degenerated mass of axial cells absorbs water
and swells up thus cxerting a pressure on the cover cells. The cover
cells may be thrown off or may separate and diverge thus making
an open passage. As s resunlt & drop of liquid oozes out through the

peni The dat ¢aing an org acid (usually malic
acid) or pome other substance Whose smell attracts the spermatozoids.
Under this tactic resp he sper ids reach the
neck, enter it and gne of them is able to penetrate the ogg cytoplasm
and effect fertilization. Ward (1954, pp. 1-17) gives an excellent
account of the process of fertilization 1o Phlebodium aureum and
Wilkie (1954) studied it in Pleridium ugulinum,

g.

Development of sex organs. The mature sex organs (an-
theridia snd srchegonia) look sirikingly different but thoy show s
remarkable similarity, at least in their early stages of development.
Both origi 88 one-celled protub from the superficial layer
of the prothallus. It is very difficult to say, at thisstage, as to
which will develop into antheridium or sn archegonium, Thers is
no morphological or cytological criterion to determine which is
which. ~At this one.celled stage these initials seem to be uncom.
mited. It appears that their nutritional biochemical milien might
be tho determining factor guiding their developmental destiny,

hether antheridi or archegoni It seoms probable that the
genetic system controlling the processes involved can invoke different
l&locthemicul path.-ways and produce different phenotypic end pro-
ucts. :
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Archegonium. The Superficial archegonial initial divides
first by perichnal wall, This wall scparates an outer sterile
primary cover cell and an inner cell. The for mer divides by
two interesecting walls to form four cover cells, which further
by transverse divisions givo rise to 4 longitudinal rows of neck
wall, The mner cell may divide transversely into a lower basal
cell and an upper central cell or may fanction directly as the cen-
tral cell. The central cell js the potential fertile cell which by further
transverse divisions gives rise to the neck canal cell, ventral canal
cell and the egg. The central cell divides transversly into an upper
primary neck canal cell and & lower primary, ventral cell. The
former may divide into two or more neck canal cells, but m'the ferns
it functions directly as the single canal cell that is usually binucleate.
The primay ventral cell divides into an upper smaller ventraf cand
cell and a lower egg cell.

Nishide and Sakuma (1961) studied archegonial development
in a number of homosporous ferns and pointed out that there 8T

variations 1n the nuclear divisions in the axial row of cells. In
phioglossales, Adi Cheilanthaceae, Dryopterid Lindsea-
ceae, Plerid and Dennstaedti the ventral can'al cell 18
differentiated only after the neck canal cell has comgleted 135; nuc[elli_\‘

divisions. In 4 i Cyath , Qleich , G
daceae, H: hyll L Maraltideae, Osmundaceas,
; tral canal

Parkeriaceae, Plagiogyriaceae, and Polypodiaceae the ventr
cell is formed before the nuclens of neck canal cell divides. "
Bl and Mattoni both the conditions are found, They

consider this character as of significance in the pbylogeny ©
the ferns.

i ; theridium
Antheridium. The eusporangiate type of g.nthen_
develops from a superficial wedgém shaped initial that dlﬁ‘erenh:éi?
from & superficial cell of the prothallug. The divisjons of the &n o
ridial initial do not follow any regular sequence of cell dmswd A
Earlier divisions distinguish & central androgonial cell 9“"05" to
by many wall cells. The androgonial cell divides repeaterm};w'
form androcytes whose protoplasts metamorphose into spe
zoids.

. i i nd
In the embedded type of antheridium in Ophloglossales a
Marattiales the emheddegintheridium is of massive quswrﬁ?:%‘c‘iﬁ
type. It originates as a single antheridial cell that is ;ygdes by
but does not project abave the prothallus surfaee It mu o
& trensverse wall into & lower androgonial cell and n.nrﬁ&"y
primary cover cell. The cover cell divides by 3 or 4 Xese vl
intersecting walls to form a row of cover celis Out qu ;zetimtﬂ
central cell acts as an opercmlar cell (or cap celi). ‘obeoome’
the cover cells divide by a transverse wall so that, this lz.\xclr ropot-
two celled thick. The androgonial cell enlarges and dm; es“ gl
tedly to form a mass of spermatocytes whose pmtopdss'e]o ing
phorse into spermatozoids. As the npﬂmatozolds are develop!
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the surrounding cells of the prothalius divide to ecut off an anthe.
ridial wall of 2or 3 cells thick.

The embedded antheridium of Ceratopteris (Fig. 8-22, 6.12)
is basically of leptosporangiate type but differs in some respects.
In this case & prothallial cell acts as a mother cell and divides by an
oblique wall to cut off o wedge shaped antheridial initial, The
first division 1n the anthendial initial 1s by a curved wall that
deepens sufficiently (Fig. 822, 6.7). It cuts off o peripheral cup.
shaped cell surrounding an anterior cell on all sides except the
upper flat side. It has a dome shaped bsse and a flat upper end.
The second wall appears m the antenor cell near its upper end.  This
wall is flat (Fig 822, 8) and touches the first wall all around. It
separates a large central androgonial cell and a flat or discoid
peripheral cell. The third wall appears in the flat peripheral cell
and is concave touching the upper wall of the androgonial cell
(Fig. 826, 10). It cuts off a ciccular cap cell This sequence of
development was studied by Nayar and Kaur (1969).

Development of the emergent or projecting type of snthed-
ridium is leptosporangiate and differs considerably from the embe.
ded type. Inthis type of antheridium the first wall does not set
apart a sterile jacket cell and o fertile primary androgonial cell.
The formation of tho latter is delayed until two or more sterile
jacket cells have been cut off The details of development of the
emergent type of antheridium have been studied m the polypodia-
ceous ferns by many workers. The atudies reveal certain varia-
tions in the laying down of the three walls that lead to the separation
of three jacket cells and an androgonial cell. They fall into three
categories ; (f) The classical concept which was upheld by Strass-
burger (1869}, Campbell (1886, 1805, 1903), Atkinson (1894) and
Laderberg (1907).

(¢i) Davio’s concept that was put forth by Davie in 1951. It

is widely accepted and has been quoted 1 many texts that sppeared
after 1951 (Smith, 1955) ; Sporne, 1962 ; Bell and Coombe (1965).

(iii) Stone’s concept was put forth by Stone (1958, 1861,
1962) as a result of her studies on Blechnaceae, Polypodiaceae and
Hymenophyllaceae.

M aeat oot . - -

o~

Cor Sosi eunaidv guned cents (vasal cell, rmg cell, and opercular cell)
and an androgonial cell. The manner how the three walls are
laid down 1s controversial and has given birth to the above-men.
tioned three concopts. According to the classical concept the firat
wall is funnel-shaped (Fig. 8-23, 1—1). It cuts off an outer first ring
cell and a larger central cell. The central cell divides by means
of a curved periclinal wall (Fig. 823, D, 2-2) snto an jnner primary
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androgonial coll and an outer Jack. j ivi
by a curved anticlinal wall (Fig:, ;2? clgfl's-g;hiun{?i“lccc(:'n: l:‘li?;

ANTHIRIOUL

(=31} @
(> [

Fig. 823, (A—E), Tllvetratin i i o
. . & the Fig, 8:24, (A—F), Hluetrating Davie's
dc::r:i;cul concept of antheridiai cogceyt t‘)f wn)ll f\:mm'.iou8 duriog
praent io ferna, antheridial development in the poly-
{Disgrammatic} podiaceas. . ) .

{Diagrammetic. Adapted from Davie]

cell and an opercular cell. Davie (1951) studied the develop- -
mont of antheridium in Pityrogramma calomelanos {Adiantacess)
and somo species of Polypodiacesd.
He chalienged the classical concept
of the development with regard t0
the plane of cell division. ‘Aceor-
ding to him all the three walls
discussed above are Iaid down in a
. transverse plane, The first wall
(Fig. 8.24, B, 1-1) is flat transverse
PRIMARY « or slightly curved and never
AnDRISSMAL funnel-shaped. It becomes bent
downward (Fig. 8.24, €) il
touches the basal wall (a-a), due
to the increasing turgor withm the
upper cell, According to Davie
the primary sndrogonial coll en-
larges and forces the second wall
Fig. 825 (A~Dj. Di {2-2) into contact with the(ltgggd
. 825 (A—D). Diagramm X
illustration ofws.:ll famgSanon ,’,:'; ‘l";éll lfﬁ;z)&?érf;); i‘ﬁg" (ose
by Stone, o (:.ftar Stone)  (1951) that the first wal) is trans-

ARTHERIDUL
INITIG
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verss and not funnel-shaped (Fig. 825, A—-D). Reogarding the second
wall she disagrees with Davie (1951) and agrees with tho classical
concept. According to her the second wall is hemispherical and
pam“g! to the outer wall of antheridium (Fig. 825,C, 2.2). Verma
and Khullar (1966) regard that the third wall s transverse
(Fig. 8:26, B) and flat or slightty concave (Fig, 8:20, E) and “is
usually in contact with the convexity of the second wall”,

Fig. 828 Adiantum lunulatum {A-—F). Btages n the
development of antheridium,
{Aftor Vorma and Khullar)

An excellent account of the morohologw af tha mmencss o -
homosporous ferns was given by -, - o ' f
havoe referred to the nature of th . -
polypodiaceous ferns. They agre - eev (iuulyan tusy e tirst

wall i always flat in the beginning. They have not discussed the sco-
ond and the third walls. The consensus® of opinion now is in favour
of the first wall being transverse.

In Adiantum lunulatum (Verma and Khullar, 1966) the first wall
is transverse and may remain flat (Fig. 8-26, A) or become variously
curved (F) 26, C, D, E) The second wall is always hemispher;.
P - T he third wall may be flat trans.

wall. In some cases the third
(Fig. 826, F). In this species
vwdire of the first and the third

walls,

EMBRYOLOGY

th I;x ﬁlicop}xa]ta, rather in Bl"' the archegoniate plants, fertilisation
or the fusion of the sperm nucléus and the egg nuel

wnthinktl‘xﬁ venter of the archegonium, Pri o et fonces Placo
remarkable biochermical changes have been re rted to take place
ferns. Bell (1963) investigated the unfer 7 2 or ooee fn
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Pleridium aquilinum. By using somo special staining techniques
and aut_omdiogmph:{, Bell demonstrated t}})mb the m;un‘:Y is quiteq di-
fferent in cytoplasmic organisation from the surrounding cells of the
prothalius. - The Deoxyribose nucleic acid was determined to bein
stable state in the nucl and the cytop , except around the
nucleus, where it was in higher concentration. The basie proteins
and the RNA wero present in Iarger guantities in the ovum cyto-
plasm than those of the surrounding prothallial cells, During nutti-
tion the 'nucleug of the ovum was scen to give out small outgrowths
or *blebs' from its periphery into the cytoplasm, * This occurred dur-
ng the outward movement of the nuelear DNA, This stady of the
ovum reveals that certain significant cytoplasmic transformations
oceur in the egg, before fertilisation.

As a result of fertilisation a diploid cell ecalled the zygote o
the oospore is established. It is protected by the venter of the arche-
Famiie and Sho copeeeo S w7 gue. The earlier stages of

Jt et .+ bryoare effected in this the
o foee, H The developing zygote I
the pioneer strycture of the sporophyte generation, It is held ta be 3
very importantand a significant structure. The protoplast of the zygote
represents a complicated and a specialised diffusion reaction system-
Before it undergoes division, it is now known that special bigcheml-
cal reactions are initiated in its cytoplasm. These include a patterniz:
ed distribution of enzywes and metabolites. These biochemical
changes are ssid to guide the future developmental course of the ent*
bryo (Rondet 1962) The entire organisation of the future sporo:
phyte plant 15 designed in the developing zygote. This small stracturé
presents a microcosm of interactions of a complexity equal to or even
greater than that of the mature growing plant.

The first prerequisite of the devel 3 t of zygote into BI;
embryo is the determination of polarity, f.c., the establishment O
the base and apex of the embryo. The plane of first division W2 r}
in the zygote decides the polarity of the embryo. Three types O
polarity have been recognised in the vascular cryptogams. These
are; —

{i) Exoscopic (Fig. 8:27, A). The first division wall in .“;;
archegonium is at right angles to the long axis of the nrchega?‘t';m
(it may be said to bo transverse). The cell nearer to the neck o x
archegonium acts at the apical cell and gives rise to_the shoot 8pe 3
The lower cell gives rise to the foot. No suspensor is dxﬁ‘erenmte.;
Tt is characteristic of Ophioglossum, Botrychium simglex, B l”.””'”:
Azolla and Salvinia T'mesipteris, Psilotum, Isoetes and Equiseln
are the other pteridophytes in which the polarity is exoscopic.

i{) Endoscopic (Fig. 827, B, C). The first division well in
the z(ygote is at rig}{t angles to the long sxis of the nrchegonlu;!:
but the cell nearer to the neck of the archegonium acts uxchel;he
suspensor or it gives rise to the foot. The inner c_ell scts _A:S )
apical cell and gives rise to the shoot spex. Endoscopic polerity 1%
therefore, of two types (Fig. 827, B).
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(@) Endoscopic without Suspensor. Such embryos are
endoscopic but have no suspensor, e.g., Maraltia and some relat?d
genera, Kaulfussia, Angiopteris. The cell nearer to the archegonial
neck gives rise to the foot whereas the lower cell gives rise to the
shoot apex.

(b) End pic with p (Fig. 827, C). Suspensor
and foot are formed near to the archegonial neck, e.g, B, obliguum,
Helminthostachys, Danaea, Macrogl In Angiopteris evecta
sometimes the suspensor is present and sometimes it is absent.

(+ii) Lateral (Fig. 827, D). This type of polarity js charac-
teristic of the leptosporangiste serns (Dryopleris, Adiantum, Pleris,
Pteridium, Onoclea, Marsilea, etc.).
The first division wall of the zygote
is parallel to the Tongitudinal axis
of the archegonium (Fig. 827, D).
No suspensor is differentiated out
of the two cells thus formed, the
one nearer the apex of the pro-
thallys is called the epibasal cell
and forms the shoot apex and the
first leaf, The other cell is the
hypobasal or the posterior cell and
gives rise to the foot and the root.
The second wall ig at right angles
to the first and results in the for-
mation of the quadrant stage (Fig.
827, E).

The first division wall of the
zygote may divide it into two
equal cells or one of the two cells
way be smaller than the other. In
Pteris serrulata the epibasal cell is
smaller than the hypobasal whereas
in Marsilea the hypobasal cell is
smaller. This difference in the size  Fig. 8-27. Kunds of polanty in
of the two cells has been attri. Embryo development in fllico-
buted to the cytoplasmic and meta. Phyia. A. Exoscopic; B. Endo-
bolic differences at the two poles of :;:g;: w'mwﬂ’;g:f”" 2‘”:::’0";,
the zygote (Wardlaw, 1968), D, Lateral; E. Quadrant of D,

. Early Embryology. The early embryology includes the deter.
mination of polarity and early segmentation leading to the establish.
ment of apices of stem, first jeaves and root and also the develop.
ment of foot. Different types of polarity have been discussed in the
preceding paragraph. Future segmentation of the two celled zygote

will be discussed separately among the eusporangiate and the lepto.
spcrangiate ferns. *

. (@) Eusp ferns (Eusp g
rangiopsida inelude two orders, viz., the Op

psida). Th
hioglogsales
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Marattisles, The Ophioglossales are represented by the living
goners (Ophiogl , Botrych Helminth hys),  Morattia and
Angiopterss are the important and widely distributed genera of the
Marattiales. A comparative account of earlier stage of embryo
dovelopment will be given below. .

There are slight variations in the earlier and later stage of
development of the embryo in various species of Ophioglossum.
Based on these variations, Campbell (1911, 1940) recognised three
distinet patterns of embryo development in this genus, Theso are
repr d by Ophiogl 1y 0. mol and 0. pen-
dulum. In 0. vulgatum the first wall of the zygote differentiates an
epibssal segment nearer to the archegonial neck and a hypobassl
segment. The next division leads to the quadrant stage. One of the
hypobasal quadrants gives riso to the foot, whereas the endogenous
root apex differentiates by the activity of the other hypobasal qua-
drant. The epibasal quadrants divide into a number of undiffer.
ontisted meristematic cells, It remains undiﬂ'erentiatgd for scvcryl
seasons. The first root develops rapidly and grows into the soil.
The foot also becomes conspicuous but the epibasal mass of cells
remsin undifferentiated. At a very lato stageof development the
shoot apex, the apox of the first leaf and the leaf sheath yake their
appearance in epibasal half. Later the apex of second root elso
becomes evident. The second leaf makes jts appearante in the
epibasal hall The vascular strands appear_first in root and even H;
the leaves and become joined. In(;,. moluccanum  tho hyqus!s’
quadeants of the embryo give rise only to the foot. The cplbﬂf’:s
segment gives riso only to the first leaf, The primary root ;{"m
endogenously from the middle of the embryo and is not refera 0’ !
otigin to either of tho two halves, The shoot apox originates cmz(l)o
genously in tho primary root and consista of a group of morls!f;llw_ p
colls, The first leal and the first root slmost elongate Yapicys,
the same time and come out of the _pmt-}mllinl tissue, .~Thew::;oil.

feaf nppears close tc - ) ]
The vascular strand T . - m'}:c
the primary root. . - .- o Brst
epibasal segment gives riso to the root or sometimed to both 1o

and second roots. The hypobasal segment gives rise to s lxm:iv an
massive foot. The shoot apox makes its Afpmmnec ve! th:l oot

i t. it s beliove
appears at the baso of ,tiil: !E:m:,? STt but duo to siow develop:

apox org! ‘ i
ml:onv, t i displaced from its original position by the repldly derelop-
ing root.

. 211
The protoleptosporangiopeida, that are represented ),b,a,"’i%'w
species ofs.mu .4, exhibit Iateral polarity in their em q” ' 1 the
development s typimﬁ{ feptosporangiate. The Grst 'T‘M o
2ypote is parafiel to the long axis of the archeganiom. e
wall it at right angles to the long axls of the archegoniom “l e by *
a quadrant staze. The four cells of the gusdrant l’-‘:‘;m:’ et A
trarsverss wall to forman octant atage, Furthef dh}v rater
follew & regular pattern and foad to the formation of & F
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embryo. The primary organs (shoot apex, leaf, root apexand foot)
differentiate at & later stage. Gross (1931) studied the embryology
in Osmunda ¢snnamomea and described the first leaf, stem and the
root are formed from the half of the octant adjacent to the arche.
gonial neck. The foot developa from the entire other half. The first
root has an endogenous origin. The foot is massive and bulky (euspo-
rangiate character).

(b) Leptosporangiate Ferns. The archegonia in the lepto-
Coanr ede Feem Mg ecds 2o Daeviy Adigntum, Onoclea, Pleridium,
o LT . the lower or the ventral surface
- s . : re curved. The fertilized egg or
the zygote is almost spherical in form. The first division wall is
parallel to the Jongitudinal axis of the archegonium (Fig. 8:27. D).
Cardiomanes renifarme (Trickomanes reniforme) is an exception. In
this fern the firat partition wall 15 at right angles to the long axis of
the archegonium, The second wall 1 majority of the leptosporangiate
ferns is at right angles to the axis of the archegomum and forms a
quadrant stage. In Cyathea (Stokey, 1930) the first two partition
walls in the zygote are vertical. The third one is also supposed to
be vertical in Cyathea. The third wall 1n majority of the Leptospo-
rangiate ferns is transverse and forms the octant stage The first leaf,
the shoot apex, root and foot are referable in origin from definite
portions of the octant stage The first diviston wall of the zygote
in most of the ferns produces two unequal cells (Fig. 827 D). The
cell towards the apex of the prothallus is known as the epibasal cell
and is smaller in size (in Marsilea it 18 larger in size) whereas the
other one is larger and is called the hypobasal cell (Fig, 8-27, D),
The earlier workers believed that the primary organs like stem, leaf
and root and foot can be definitely traced back to thess two seg.
ments or to the individual cell of the quadrant stage. According
to them the shoot apex and the first leaf develop from the epibasal
cell. The foot and the root can be traced back to the hypobasal cell,
If we consider the octant stage, with respect to the origin of these
four organs, the first leaf originates from the two epibasal octants

that lie nearer to the archegonial neck (superior epibasal octants).
L et i T e LIPS AY

F e L T S

. . R Foal ' el aa
octant stage is followed by a 16.celle‘d and 32-celled' stages,
According to Vladesco (1935) the divisions leading to these stages
follow a regular seq D'Arcy Thomy {1917, 1942) and
Thompson and Hall (_1933) compare these divisions to walls of minimal

PR Wt e v, - e

PRS- T RS N

L S .o ’ L L o,
1954).  Vladesco (1935 i
e ( } reported that in

. S, Ve
v ; GQymnogramme sulphurea
is derived partly from the saperior epibasal octants and
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partly from superior hypobasal actants. 'The shoot, in this fern, does
ot develop from the inferior epibasal octants but from the equatorial
region of the embryo, The first leaf originates from both the inferior
epibasal octants. Ward (1954) stated that in Phlebodium atureum
the shoot cannot he traced back to -any definite position in the
embryo. The foot develops from both the inferior ' quadrants, the
leaf from the superior epibasal quadrant and root from superior
hypobasal quadrant Lot of variations have been reported in
the leptosporangiopsida regarding the origin of primary organs,
but fuller details of many of them remain to be worked out. Vladesco
{1035) noted some irregularities in the embryology of Dryopteris
filizmas. The embryology of this species was worked out by Hofmei-
ster, Becquerel (1931) and Vladesco (1936). The first wall, which is
usually parallel to the axis of the archegonium, divides the zygote
into a smaller epibasal (towards the apex of the prothallus} cell and
larger hypobasal cell. The second wall is at right angles to the
archegonial axis {Vladesco, 1935) and produces & quadrant stage with
unequal cells. The third wall is transverse and leads to the octeut
stage. The organs make their appearance in the post.cctant stage-
There is some difference in their inception a8 compared to other
leptosporangiopsida. The foot develops from the superior epibasal
and hypobasal octants. The root arises from the equatorial region
of the embryo, The root initial cannot, be assigned definite position
in the octants, The first leaf arises from the inferior epibasal octants.
Such irregulasities, as described above, have also been noted 1m
Pteridium aguilinum. Valdesco (1035) is of the opinion that cctants
have no organogenic significance. Vladesco {1931) reported two

embryos developing in one atchegonium of Dryopteris parasitica.

EVOLUTIONARY TREND’S AMONG THE FILICOPHYTA

A comparison of the living and fossil genera led Bower (1923)
to make a list of certain primitive characters of the ferns, Holttem
(1947) and Stokey (1951) modified Bower's list and enumerated them
as follows :—

1. The prostrate, creeping and slender rhizomes showing dicho:
tomous branching are. considered to be primitive than the oblique
and upright rhizomes.

2. Rhizomes with leaves arranged in.
regarded as primitive than those without any d

3. Protostelic rhizomes are primitive.

4. Rhizomes covered with hair are primitive as com|
those that are covered with raments angd scales.

§. Forns with large and dichotomously branch
primitive. ,

6. Ferns with leaves having unlimited growth are primitive.

7. Open and furcate venation is primitive.

two distinet rows 870
efinite arrangement.

P

pared to

ed leaves orf
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8. A single lesf trace entering the petiole is a primitive
condition.
9. Sori with few sporangia are primitive.
10. Sori terminating a vein are primitive.
11. Gradate son1 are primitive as compared to mixed type.
12, Massive sporangia are primitive.

13. Sporangia with short and thick stalk and many layred wall
are primitive

14. Sporangia without annulus are primitive.

15. Sporangia with large number of spores arc primtive.
16, Amorphous type of apore germination 18 primtive.
17. Tuberous and endophytic prothalli are primitive.

18. Long hved prothalli are primitive.

19. Archegonia with long necks are primitive.

20, Antheridia with many celled wall are primitve,

21, Archegonia with necks pointed towards apex are primitive
a3 compared with those with necks facing ‘posterior side.

29. Antheridia with large nuwmber of spermatozoids are pri-
ritive,

. min temp - - P 1 -,

L . . 1 H
. . : [
families'in the centre (Fig, 8.28) of the circle with an advancement
index & little above zero. The most advanced families were placed
in outermost circle with an advancement index as hundred or cent
per cent. Those with advancement indices 20, 40, 60 and 80 are
placed betwsen zero and 100 (Fig. 828). He regarded the Schizaca-
ceae and the Gleicheniaceae as the two primitive most families.
H, phyl Dicksons Mattoni Dipteridaceae wnd
Dannslaediinceae come next. The first one has' an advancement
index of twenty, wheress the others have 40. Similarly those in
outer circles have 60 and 80 as advartcement indices (Seo Fig. 8-28).
The broken line .indicate the close relationship and the affinitigs of
the various families.

The points given above regarding the determination of primi-
tive and advanced types aro in no way final and have been changed
by subsequent workers. The recent trends of evolution will be
outlined at the lusion of this di i Recent oy i
cal gtudi_eg slnpp.ort?d by anatomica) data, ecological variations, and
specific data_and physiological data should all be taken
into account to decide the phylogeny of the group. The above
scheme has not even taken.into consideration features of interest,
presented by gametophyte and embrya. :
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i Wagner (1952.54) has discussed the problem of divergent svo-
ution jn the genus Diellis and of reliculate evolution in Asple-

seopot®

Oroctegidear ™
=
-3

3?

»

;'Oaﬂ\emﬁf

Fig. 828, Sporne's scheme of oircular phyllogenstic classi-
Heation of the £ilcalea {After Sporne).

nium, His conclusions ,are sound and are based on cytological,

ical an ical data. His lusions were also confirmed
by the chemical data obtained in the Appalachian species of Asple:
nium by DM. Smith and Levin (1961).

Mehra (1061} discussed the cytological evolution of ferns with
special reference to the Himalayan ferns. He suggested a phylogenc-
tic schome of ovolution among tho ferns (Fig. 8§ 29). Ho based his

ideas on the data available from morphology, anatomy nnd eytology
# 4L~ formein India. He m_cogmsed 1%

of as many « . ise
atocks whi  + , aeed '!°
them. The = - r . ‘{'
Sthizgeace « v ¢ ' o= -o;
statea, <t = - . . pot
yeara of « L) . ; . . of

of ferns as we see wur, o .
avolution many of the intermedinto 6LAgeR (834 ueew wn 4 . at
we peo today are meroly the end points and in some cases relics of
a long proeess of differentiation™. .

The Ophioglossaccous, Marattiaceous, and the Oumundsceous

£
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stocks evolved into the families Ophioglossacese, Marsttiacese and
the Osmnadscess, respectively. Thereafter they ended blindly.
The Ophioglossacese have no known fossil history but according to
Prof. Mehra (1081, 147, 145) the highest chromosome number of
some species (O, reticulatam, £ n-=1260} spesk of jts antiquity. The
Marattiacese were represented by some fossil genera in Palseozoic.
Their basic ber as evid d'by haploid chr coants of
two of the living genera Marctlia and Argiopleris (n=40, 78; n=40
respectively] seems to be 10. Likewise the Osmundaceae were also

P d in the Pal ic by some geners such s Zalesakye and
Thamnopteris.
Cpliartersacvas RarsEiacess e Cacvad “‘ Pragrgyriscens

*vamr
stk Glhich

slary

Fig. 220, Prof. Mehras phylogenetic scheme of evoluticn
amozng the ferne.  (Afier Prof. P.X. Mebra)

The Schizaeaceous stock diverged into nine families. The basic
chromosome number of this stock is 10, Majority of the families have
a monoploid number 30 and 20. A few like Marselia have 20 and
Ceratopteris is n-—=40. Both are reduceable to 10. Mehra believed
that the number 29 must have been derived from 30. The families
derived {rom this stock are named in Fig. 8-28. Warsileaceae iz
believed to have originated as an offzhoot that adapted to agrati
Labitats and developed heterospory. Parkeriscese is also considered
{’otbe & specislised mide line that took to the aquatic mode of life,

!

bled other bers in the characters of spores. The

Vittariscese is also kept spart dne to the position of sori and the
peculiar gametophytes that are guite different from other members
of this alliance. The Gymuogrammacese are regarded as an ofishoot
from Sinopteridacese. The other families included in this alliance
are Adi: , Cryp Pterid. and Schis 3
The families evolved from this stock had marginsl and intramar.
ginal position and were protected by & false indusium (Adiantacese
Preridacese), '

.. The Hymenophyllaceons stock fannsd out into 8 families and
is characterised by 4 marginal sores protected by s bilshiate :::e
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ot Wagner (1952.54) has discussed the problem of divergent evo
ution jnthe genus Dielliz and of reliculate evolution in Asple

e S
H ‘?‘\

Fig. 8:28 Sporne’s scheme of circular phyllogenetic classi-
fleation of the filicalea (After Sporne).

nium. His conclusions,are sound and are based on cytologicsl,

logical an tomical data. His were also confirmed
by the chemical data obtamed in the Appalachian species of Asple-
nium by D M. Smith and Levin (1961). ,

Mehra {1961) d d the cytological evolution of ferns with
special reference to the Himalayan ferns . He suggested a phylogene-
tic scheme of evolution among the ferns (Fig. 8 29). Ho based his
ideas on the data available from morphology, anatomy and eytology
of as many as 350 taxa of the fernsin Indla, He recognised 81X
stocks which he named after the families that are closely related to
them. These are the Ophioglossaceous, Marattiaceous, Osmundaceots,
Schi , Qleicheni nd Hi hyl us stocks. He
states, “these have diverged and fanned out during the mlllmnls‘of
years of evolutionary history of this group to give rise 1o {Bml[lf;
of ferns as wo see them today. As is obvious to every atudeni}vﬁ
evolution many of the intermediate_stages have been loat and wha
we seo taday are merely tho end points and in some cases relics ¢
a long process of differentiation.

The Ophioglossaccous, Marattiaceous, nnd the Osmundaceous
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stocks evolved into the families Ophiogl , Maratti and
the Osmundacens, respectively. Thereafter they ended blindly.
The Ophioglossaceae have no known fossil history but according to
Prof. Mehra (1961, 147, 148) the highest chromosome number of
some species (0. reticulatum, 2 n=1260) speak of its antiquity. The
Marattisceae were represented by some fossil genera in Palaeozoic.
Their basic ber as evidenced by haploid chr counts of
two of the living geners Marattia snd Arngiopleris (n=40, 78; n=40
respectively) seems to be 10. Likewise the QOsmundaceas were also
represented in the Palacozoic by some genera such as Zalesskys and
Thamnopterss.

Opkiots Maratt) L
v, 70 " ymruuu
‘H’ ”
s g
Plertdaren ogrammacear,, ,, Aspediaceg Crapomilicacens
= diacese
Oleandraces. AypoleprdAERE IR rpediggeny
Coplsmiimacins e Cherroptevriscear
N Dipteridarean
ras. I diantucens Aspleniacess ot 1
ory - a3y anaces nnlzr"j'
llartacens indzeenveae 4113
Lo A i
Schizacaces Saloiiaces Gecigryseen
“war g o .
03 o ty
Schi stock B hyl stock  Glueh atoer
¥ig. 8:29. Prof, Mehra's ph tic scheme of
among the ferns. (After Prof. P.N. Mehra)
m_ce F. P L

'
f .

Ueratopteris is n=40. Both are reducesble to 10. Mehra helioved

that the number 20 must have been derived from 30. The families

de’.'“d from this stock are named in Fig. 829. Marsileaceae is

behpved to_have origi d. ag an offshoot that adapted quati

habitats and developed heterospory. Parkeriaceae is also considered

%0 be & specialiged side line that took to the aquatic mode of life,

but resembled other members in the characters of spores. The

Vst T ° ition of sor1 and the

- ‘om other members

' arded es an offshoot

ded in this salliance

and Schizacacene,

+h¢ lamilies evolved from this stock had marginal and intramar.

8inal position and wero protected by a false indusium (Adiantaceae,
Ptend;(;eae).

P h,The Hymenophyllnceous stock fanned out into 8 families and
8 characterised by a marginal sorus protected by a bilabiate true
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indusium. There is no consistency in the basic chromosore number
in this stock. It may bo 7, 9, 11 and 13, The aquatic Sslvininceae
(base numbers 9, 11) are considered to be the carliest offshoot. The
hygrophyllous Hymenophyliaceae with basic numbers 7, 9, 11, 13
and 17 come next. The Dicksoniaceae with base numbers 65 and
68, Hypelopidiaceae with baso number 26 and Dennstaedtiacese
with 33 and 43 are considered to have srisen independently from the
same source. Tho Dicksoniaceae ended blindly.

The Gleicheniaceous stock with basic numbers varying between
7,9, 11, 13and 17 fanned out to give riso to 13 families (see
Fig. §33).

Recently after considering a number of morphological features
of the sporopbyte and the gometophyte, Bierhorst (1071), Nayar
and Kaur (1968, 1969, 1971) and others pointed out a number of
characters that can decide the phylogenetic position of a taxon,
These have been discussed in detail in the proceeding pages. Here
only a complete list of such factors is given.

Primitive features, 1. Terrestrial habitat ; plants small in
size and with horizontal or upright, short stems. 2 Leav_es,“e
poorly differentiated from tho stem. 3. Leaves pinnate and hml_tcc:
in growth, 4. Dichotomously veined leaves. 5. The leaf has apica
cell with three cutting faces. 6. The leaves have dxscontmuou;
marginal meristematic patches that aro situated at vein 'e;m?a‘. wa Io‘e:e

arrangemer . simple
:{iﬁg.om?a; eloped.
Large simple

12.  Stem is protostelic. 13. Xylem js mesarch. 14, i

and adaxiall;l(J curved leaf trﬂcze. 15. Sori are dxstmce,'t)el:!;;l:']
or marginal i position. 16. Sori elongate. 17. lsl’or;;gmgo,i ate
ration in a sorus is gradate or simultaneous. 8-00 g orangis
exindusiate. 19. Sporangia are large and bulky.  20. I;,, e,ﬁd
produce numerous spores. 21. Sporangial walls m::e)i've éytalks.'
22. Spores are monolete. 23. Sporangia hsvelt.l!‘l‘ 25. Dehis-
24. Annulus absent or upical or sub-apical in position. ot 're lar
cence is Wngitudinal, 24. The line of dehxscenc_ﬂn al:i :n i ,f,l:or.
and anatomically specialised. 7. The spore germ? distinet apical
phous. 28, The growth of the Pm‘h’?"':si,":al:,};a]ﬂrga and sub.
cell or meristem., 29. The prothallus is tupe and slow in devo-

- i bytic
fermncan. 50 The pwths}uu: i;s d:,:igg f;f' hair and trichomes.

lopment. 31. Tha prothal asy the-"Ye ro
3‘£ The prothallus b:ars septate rhizoids, - Thin':“:‘ 1
large and produce many spermatozoics ridi %
is many celled. 35. The operoular ec b

38. Tho archegonin have long necks
37. The necks of archegonis sre beri . [
thallus. 38, The zygote divides first* "~ .
Embryo is exoscopic. 40. The embry
leaves. 41. The emh~ 3 5 massive

i
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Advanced Features : 1, Tho plants have long and creeping
stems. 2. Epiphytic habit. 3. ILeaves are quite distinct from
the stem. 4. The leaves are simple and indeterminate. 5. The
leaves have reticulate venation. 6. 'The leaf apical cell has two
cutting faces. 7. The leaves have a continuous and uniform mar.
ginal meristerm. 8. Tho leaves have a regular arrangement. 9.
The leaves may be dimorphic. 10. The stem branching 1s Iateral,
11. The stem bears multicellular, branched and complicated tri-
t‘zhom.e& 12. The stem has well developed roots. I3. The stele
is h telic or sol telic or diwctyostelic. 14, Xylem is
exarch, 15. Leaf traces may be multiple or double or treble.
16. Sori are superficial and extend along the veins; they may form

id ¢

censori or may be acrosti 17. Sori ind 18. Sporangia
insorgs m-——* . ’ N o T

gia small

one or two .

produce sn

tulus interrupted by a stomium. 24. Dehiscence 1s transverse.
25. Dehi lines tomically distinct. 26. Spores trilete.
27. Spores germinate to a fil T
28, Prothallus growth is diffuse or by lateral or intercalary
meristerp. 29. The mature thallus is either cordate or strap-
ﬂhQ}JEd or ribbon like. 30. The mature thallus is covered with
hair or trichomes of diverse types 31. The prothallus is not endo-
phytic and its growth is quick. 32. The prothallial rhizoids are
p 34. The antheridia are small and produce only a few
spermatozoids, 34. Tho antheridial wall is 3-celled. 35. The
.opercular cell is terminal. 36. The archegonia have short, curved
necks, 47. The necks are bent towards posterior side of the
prothalius, 38. The zygote divides first by a longitudinal wall.
39. Embryology is endoscopic. 40. The embryo has distinct
roots and leaves. 41. The foot 18 poorly developed.

E)

Surgical Experiments: Onc of the yecent trends in the
oexpas. ot * ¢ scise the zygote or young embryo
o L | *  surrounding prothallial tissue and

. - Some such expriments have been
carried out on leptosporangiate ferns.

Ward and Wetmore (1954) incised the prothallus of Phlebodium
aureum near the apex of the fertilised archegonial neck. This partial
release of the embryo from the surrounding tissue, induced certain

hanges in dovel P I patt of the embryo The young em-

obry came out of the calyptra (archegonial neck) and developed

into an .undifferentinted mass of cells. It had no definite shape.

The growth was slow. Later it differentiated into stem, leaf and

foot, ‘but developed no root. So ome significant effect of such—a~
Partial isolation from the gametophyte tissue is the formation of

Tootless embryocs, In some cases the embryos developed into

irregular, amorphous, tub and non larised masses. Such

an cmbryonal mess was observed to give rtise to three yvootless

plantlots,
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indusium. There ia no consistency in the basic chromosome number
in this stock. It may be 7,9, 11 and 13. Tho aquatic Salviniaceae
(base numbers 9, 11) are considered to be the carliest offshoot. The
hygrophyllons Hymenophyllaceae with basic numbers 7, 9, 11,13,
and 17 come next. The Dicksoninceae with base numbers 65 and
68, Hypelopidiaceae with baso number 26 and Dennstaedtiaceae
with 33 and 43 are considered to have arisen independently from the
same source. Tho Dicksoniaceae ended blindly.

The Gleicheniaceous stock with basic numbers varying between
7,9, 11, 13 and 17 fanned out to give rise to 13 families (see
Fig. 8:33).

Recently after conmdering a ber of morphological feat
of the sporophyte and the gametophyte, Bierhorst (1971), Nayar
and Kaur (1968, 1969, 1971) and others pointed out & number of
characters that can decide the phylogenetic position of a taxon.
These have been discussed in detail in the preceeding pages. Here
only a complete list of such factors is given.

. Primitive features. 1. Terrestrial habitat ; plants swall in
size and with horizontal or upright, short stems. 2, Leaves are
poorly differentiated from the stem. 3. Leaves pinnate and himited
in growth, 4. Dichotomously veined leaves. 5. The leaf has apical
cell with three cutting faces. 6. The leaves have discontinuous

ginal merist ic patches that are situated at vein ends, 7. Leaf
arrangement is irregular. 8. The leaves are monomorphic, t.e., Uf oneé
type. 9. Stem branching js dichotomous. 10. Stem bears simplo
trichomes or hair. 11. Roots either absent or poorly develpped-
12. Stem is protostelic. 13. Xylem is mesarch. 14. Large sm}P’e
and adaxially curved leaf traces. 15. Sori are distinct, terminal

or marginal in position. 16, Sori elongate. 17. Sporangial mata-
18. The sorisre

ta':ion in a sorus is gradate or simultaneous. 7
exindusiate. 19. Sporangia are large and buiky. 20. Sporangis
produce numerous spores. 2I. Sporsngial walls many layered.
22. Bpores are lete. 23 gia have mi stalks.

r suﬁ-apical in position. 25. Dehis-
chispence is not regulsr
ermination is amor-
by a distinet apical
us, large and sub-

24. Annulus absent or apical o
cence is Idngitudinal, 2¢. The lme of d
and anatomically specialised. 27. The spore g
phous. 28, The growth of the prothallus.in
cell or meristem. 29. The prothallus is tubero s
terranean. 30. The prothallus is endophytic and slow in deve.
lopment. 31. The prothallus is devoid of hair and m.ch_cmese-
32, Tho prothallus bears septate rhizoids. 33. The a?th?_f}dlla ot
large and produce many sper ids. 34. Tho antherid wa]
is many celled, 35. The opercular cell of antheridium i8 Istel;x];s
38. The archegonia have long necks with many neck canal Cihe-
37. The necks of arct ia are bent ds the apex of 39
thollus. 38. The =zygote divides first by a transverse wall. 3
Embryo is exoscopic. 40. The embryo is devoid of roots an
leaves. 41. The embryo has & massive foot.
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hes, Thoe Bantals prescribe & proparation from the roots of
o '('Jhglrm\'l X tributed hp itcheraft or the evil eye,

. ¢a. The plant of D. qwrcijt;h'a Iz used in Pthisis, dyspepsia
and echgh.D'm'f‘mndl m-opused 63 poultio for subsiding ewellings. Aqueous
extyacts have antibacterial properties. R

i his f D. barbigera, D, blanfordsi, D, fili:
8. Dgoﬁ_l_t_ru. The omee of el g s ordas, 2, f Droper.
gl A

D. ' A an
All of them yield Filicin,

. ivm. ‘The plaat of L. fleruosum of L. japonicum 15 used as
an_e: rotﬁvl?g%s rooup of L. flexuosum are boied. with mustard o1l and
app!lg'ne To carbuncles and used externally in rheumatiem,

10. Ophiogloszum. The plant of 0. vulgatum 12 used a8 vulnerary and
to heal wounds.

11, Polypodium, The rhizomes of P. vulgare are purgative,

~ i -
12.  Ptersdium. The rhi: of P, are
astrifgent.

and

13. Sphenomeris. The plant of 8. chuzana 18 used wteraally for
chronis enteritia, <.

14, Pleopeltis. Tea propared from the leaves of P. lanceolata is used
to cure iteh in h’i"axiuo. In Indis it grows i Assam, Western Qhats, Nilgiris
and Tamilnadz State.

15. Osmunda, 'The plant of 0. regalis is used as styptic and for rickets
in Englandt= —————

The rhivones of Dryopteris filiz.mas and rhizomen and roots of Polypo.
dium vulgare yield esential oils. Those of latter also yield a fatty o1l that is
purgative; a kund of resin and saponine.

M, K. Kehirsagar and A. R, Mehta from Barods have been successful in
isolating antibacterisl elements fram some forns from Gujarat {Abstract, Proc.
Ind. Nat, 8ei, Cong 1973).

2 not lag behind other groups of .
. » _Anumber of ferns sre grown
"

i - o g " beautiful foliage. The follow-
1ng are some of the moat coramon ornamental ferns H

L. ddiantum. Xt is7also known ns the “Maiden.hair Fern’and is an
ﬂcellentp‘%‘“ﬁf.‘“qnn N e I e
Some spuciea are also .
attractive and otmament. » - .

A, macrophyllum, . . »

2. Alsophita, It isalso called the G !
reE L, I e Grove.Forn and 1s grown as an

¥ ardens, Al £ , A. i
and A. ezcelsa aro some of the handsorns apociae T 14ibrota. A. austratis

3. Apemia, ‘It is slso call

od the Flower f ich i
grown in floRaE poTs,  A. rotundifol ® Mlower fern which is generalty

ia is commonly grown in the gardens,

4. Asplenium. Ttis vory fve fern. A. £ m, A, Junulat
A. dimorphis snT . nidus-aria are som of the aitr ey wpocion.

8. Blechnwmn Tt in also known as the Brazilan Troe Fern and
pulle;ka l6avss. B, i esad B, i are gruwn:nn ir?::or;
species,
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Jayasekera and Bell (1959) obtained similar results with an.
other fern Thelypteris palustris. Thompson (1934) induced changes
in the shape of the foot in the excised embryos of Marsilea. Experi-
raents on Pteris longifolic by Rivieres (1959) also yielded rootless
embryos. He isalated, under aspetical conditions, the archegonia
containing fertilized eggs and grew them on Knop's medium He
concluded that prothallus tissue has a profound influence on the
development of the embryo. It releases certain root forming factors.

The experiments lead us to conclude that the normal tissues
surrounding the embryo have a profound influence on its development.
The complicated reaction system operating within the zygote hassa
remarkable power of flexibility. In spite of the various biochemicaj
and experimental studies on the embryology of plants and structur
of the zygote, it has not yet been possible for the botanists to
unravel the nature of the internal organisation of the zygote, the
biochemical changes that take place during the early stages of
embryology and the numerous physical factors concerned in t.he
develop and segmentation p of the embryo. Intensive
experimental work 15 nveded to solve the problems. Detailed obser-
vation on the development of embryo in Hymenophyllaceae and
Schi with fil prothallh will reveal the effect of
surrounding prothallial tissue on the embryclogy. In some species
of Schizaea Trichomanes the prothallus is & unseriate and branched
filament with archegonia borne on specialised branches called <the
archegoniophores. 'They are not surrounded by much of proth_a]lu_ﬂ
tissue. The developing embryo is covered only by calyptrs, Their
detarled embryology can throw some light on the  relationship bet.
ween the development of embryo and the surrounding profvhﬂ”""l
tissue.

e Lt e gt investi

. " " 0mooo-

stively.

1. Actis is di — It grows India below 4,00}0
feot espocially in dry rocky places. The plant ia used as styptic and_anthel-
mintie,_, e
—

Adiantum _ About eight epecies are z:m:x!am;uy sxn;xn:::;-el;l E‘:

2,
fronds of A caviZalim. are usefol for glkin disoascs, dipbajer..cough_snd
o e - St S airte “aanlwvant aynactorant, 6

. . .
¢ ‘The
arising dus to taon of

3. Athyrwum. A, fliz-femina hes a
of thizome and fronds is given in chronic
of visters and spleon.

" 4. Blechnum Tho plantof B arientdle is nsed as  poultice for boils

in Malaya. j -

; ia i i d e

5. Boirychwm, Tho plantof B.lunaria is used in dysentery and o206

good vainoars, The Boshy roota of B, virginianum aro e pTieation
& v Breimos. .

[unsaianhe e
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8, Uhsilanthes, Tha Sa.uuls prescnbea preparation from the roots of
a. ifolia for sickness ft or the evil eye.

1. Drynaria. The plant of D. quercifolia is used in Pthims, dyspepsia
and cough. Its fronds are used as poultic for subsiding swellngs. Aqueous
extracts have antihactarml properties.

8. Dryopleris, The rluzomes of D barbzgzm, .D. blanjcmiu D, filiz.mae
D. ﬁ a0 and ¥ Pos: helmintic proper-
hsu, All of them yreld Filicin,

9. oditm. The plant of L. flexuosum of L. japonscum 18 used as
an_ex| ectgygﬂ!""rhe roota of L. fleavosm sre boied with mustard oil and
applie catbuncles and used externally in rheumatism,

10. Ophioglossum. The plant of 0. vulgatum is used aa vulnerary and
to heal wounds,
198° wounce

. sum. Thi f P. yulgare are purgative,
11, Polypodium. e rhizomes of vulga -gati

Pteridsum, The rhi; of P, ibi are ic and

12 7
astringent. R

. Sphenomeris. The plant of S. chusana 18 used mternally for
chronio enteritis, .

14. Pleopeltis. Tea propared from the leaves of P. lanceolata is used
to cure itch in Mexico. In India it grows in Assam, Western Ghats, Nilgiris
and Tamilnadu State,

15. Osmunda. The plant of O. regalia ia used as styptic and for rickets
in EnglandT—"" et

The rhirones of Dryopteris filiz-mas and rhisomes and roots of Polypo-
dum vulgan yield eesential ojls. Those of latter also yield a fatty ol that is
purgstive; a kind of resin and saponine.

M, K. Kshirsagar and A, R. Mehta from Baroda have been succesaful in
isolating antibacteris! elements from some ferns from Gujarat (Abstract, Proc.
Ind, Nat. 8a1, Cong. 1973),

) AL FERNS. The ferns do not lag behind other groupsof .
plaota in appeshng the Gesthotic sense of man. A number of ferns are grown
n forn houses and in private gardens for their besutiful foliage. The follow-
ing are some of the most common ornamental ferns :

1. 4dmnlum It ig’aleo known as the *Maiden-hair Fern’and is an
excellent po ey 6T® grown in ferneries, gardens and in the verandahs,
Some spucies nre also used for internal decoration. Some of the common
attractive and otnamental species are : Adiantum tenerum, A, flasum, A. formo-
stum, A, le-grands, A. cunentum, A, decomm, A. adhiopicum, A. bauseii, A,

concinnum, A, vieloriae, A. peruvianum, A. villosun A, lawso fanum,
A, macrophyllum,

2, Alwqﬂa. It isalso called the vaa‘Fcrn '::xd is gmwn as an

Tee ferii n ap: gardens, ibrosa, A. austratis
and A, exeelsa are some of the hu:dmme -podac.

3. Apemia, Tt is olso called the Flower forn which is gmgmﬂy
grown in flower pots. 4. rotundifolia is commonly grown in the gardens,

Asplenium. It isvery attractive fern. A, formosum, A. Xu»ul 1m,
A, d.moppxm—‘*f—.m . widus-aeis are sorse of the ntirective apocion. T

5. Bhdmum. Tt ix also known as the Brariban Tree Fern end bears
palm hike J6xves.” sad B. are grown aa indoor
apecies,
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8. Davallio, It 18 com 1
Cluden rrary e ot monly known es the Hare’s Foot Forn and in-
— tmmfo[ta.m nial epecios, e.g., D. bullata, D. fisiensis, D, atrigosa and
7 mnogramma, The
N . oy aro also called the Gol
df::l:;: t(l;n: cx;srmml surfaces of some species are coveredov?iz‘linn;eﬂs;:: eo: 5;‘;?:
B 1€9., G sulphurea, Q. chrysoohylla, G. tariorea and @, pulchella,

: "Loman'ct (1‘}. 93bba), Lygodium (L. o L. paly L.
. , Nephrodum (N, cuspid: N. setig molis);
Jl_;};:" {ﬁm;cugﬁ:::, (ﬁ‘ mgi{oli; I.v,‘.dmu,ooaa, N.y ﬂjskﬁa}%ﬂc’hﬁig’%
i e P n(o}g uca, P, cata, P, geraniaefola); Platycerium
. cretica, P, vittata, P. ludens, B, serrulat
::g_yvm:;‘P ﬂIalmula, etc,) are some other ornamental genera of tilleﬂl":r'rzat? that
grown in India for thair beautiful foliage and elegant posture,

CLASSIFICATION

Lnnacus (175%) grouped the Pterdophytes under the
. £ e order,
&hc:sdor the clasa Cryptogamia., He deseribed 12 gen{a’rg and 192 species. He'
w:: o "Equ‘;uetum, Marasiles, Pilulariq and Tsoetes as fern allies  Igcopodium

osn?x“ un der the order Muscl, Linnacus based his clessification on the
position and structure of sori. He did not consider the presence or absencs of

indusinm as of any umportance.

History,

Adanson {1793) regarded agan i

5 5 p and form-

od two series : (1) vm)ucmtu ‘which included all those genera in which the sori
Ez-tndusiates which included genera with

wers covered with indasium and
::k:d sori. J.E. Smith (1793) regarded the presence or absance of annulus
. 1mportant character and divided the Ptemdophytes into two serres

(4) Annul and {43) E \!

+I" e divided the ferns into three

« o« e
prders : ich was further drvided into
¥ le“i“ - .+ .+ (i) Spurie Gyratae, which
Incfuc v ¢+ Osmundaceae, Glsicheniaceac

. " included the famihes
' . - aera and 710 species of
(1828), Kunze (1840)

Presl C.B, (1836) published his classi in ¢T Pterido~
_gg;!:le’ crested many new genere and species largely based on the fype
[ 0T “ = igoulsr_bundles entering the petiwole.

I deseribed & number of new specied

he Polyp into two diviaions ¢
v George Msttenius (1856) took into
- - 1atomical and soral cheracters and
PIOBUSOU TS Clegsiacation tnay was ol ancomplete by s death in 1866,
- Later Diels in the 4th volume of Engler apd Prontl’s Die naturlichen
Pfazenfamilien (1899) gave an enumerstion of all known ferns,

Carl Christensen (1905-06) published a complete enumeration of forn
gonora and species (149 genera and 8,000 species). Bower (1923) published
his threa monumental volumes entitled Filicales and gave ah excallent so.
count of the ferns. He considersd ¢hat beaides poral characters, the structare

and the ontogony of the dermal appendagss, the venation, the stelar organi-
aation, etc., were also impo the ferns. Bower, however, did

rtant in class:fying
not propose sny new classification. Copeland, E.B. {1929) tried to arrangs,
in & phyletic scquence, most of the polppodiaceous gonera, hut his work is
incomplote because he has left many Afncan and American genera.

Car) Christensen (1938) published his now phylotic ackeme in
«Manual of Pteriodology” nnd has tried to include ‘most of the fern
species that now number about 10,000. Ho included all the fernd
in class Fillcinae and divided it into two aseries (i) series Filices
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Eusporangiatae and (ii) sories Filices leptosporangiatae. The
outline of His system is given below.
cLass: FILICINAE

1. Series Filices Eusp giatae It included two orders
and three families,

Order I. Ophioglossales

Family: Ophiog] : It inel d the genera: Ophioglossum,
Botrychium and Helminthostachys. The family is characterised by tarrestrial
sparophgtes that are herbaceous and short in aize  The rhizome is short and
fleshy, bearing adventitious roots which may bear adventitious buds (Ophio-
glossum}, Lenves not circinately coiled in bud state, are exstipulate, The
fortilo leaves have a common petiols that bears a sterile undissected or dissec-
tad blade and a fertile spiko with marginal sporangia. Spore output is large
&nd may be up to 2,000 sporss m & ap i They are h p . The
prothalli are nsuslly underground and mycorrhizic. They are monaecious.

2  Order Marattiales. It includes two families.
Femily 1: Angiopterideceae : Som linear, biseriate : indusium false,
sporangia with rudimentary annuluc gt the top, Leaves pinnately compound

with free veins. It includes the genern : Angiopterss, Macroglossum and Pseudo-
maratiia.

Family 2 : Marattiaceae Sporangia fuse to form aynangis. Annulus
tudimentary,” Itincludes seven genera and about 80 species grouped in three
sub-families, The important genera are Marattia, Christensensa and Danaea,

Series Il. Fillices Leptosporangiatae : It includes two
orders :— ”

1. Order Filicales The order includes all homogporous ferns
with leptosporangiate development of sp and sex organs. The
leaves ure circinately colled in bud condition ~ Marsileaceae is an ex-

ception because here the spores are heterosporous. It includes the
families ;

P & .- : .
niacea re - HERE
Plagic, . L S

Tha familee M1 0 - T nto_ fifteen sub-.
fe -

i loideae {Nephro-

ieridium, Pleris,
et .. . R ;3 Vittaroideae
(e " t T, ., Woodsioideae ;
Duyopteridoidene (Drijopteris, Polystichum, Cystopteris) ; Dipteridord-
eag; Palypodiodeas (Pleopeltis, Drynaria, Polypodium), and Elapho.
glossoideae (Blaphoglossum.

le ‘ ‘

N 2. Order Salviniales. It includes the heterosporous water
ferns that have sporangia arranged in a basipetalous manger ; have
globose and indusiate sori. There is no annulus in sporanga.
Leaves are not circinate in bud di The i gia havy

n icrospores, The megasp gia have usually one megas.
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pore. It includes the familios ; Salvini {(Salvinia) end Aroll
zolla).
Reimers (1954) classified the ferns as follows:
Class: Filices : It is divided into 4 sub.classes :~
1. Sub-class : Primofilices, which includes all fossil
ferns.
2. Sub-olass : Eusporangiatae, which includes euspo.
rangiate ferns.
3. Sub-class ; O didae including O &
4. Sub-class : I jatae includes all lepto-

ptosp 8
sporangiate forns,

Pichi-Sermolli (1959) included the forns in & class called
Filicopsida, which is further subdivided into seven sub.classes:
(3) Primofilicidae which includes ali the extinct ferns; (1%) Oph“"
glossidae, (iii) Marattidae, (iv) Osmundidae; (v) Filicidae;
{vi) Marsileidae ; and (vif) Salviniidae.

The aystem of classification that is being followed in this text
includes all the ferns in a single order called the Filicophyta or
Pterophyta. It s classificd thus.

Order Filicophyta
1. Class : Primofilicopsida that includes all extinct genera.
2. Class : Ensporangiopsida that includes all eusporangiate

ferns.

3, Class: Protoleptosy giopsida includes the Qsmuo-
dales.

4. Class: L iopsida includes all

T il leptosy
ate ferns that have been discussed in chapters 10—
11, .



CHAPTER IX
CLASS EUSPORANGIOPSIDA 9
= e i

The ouspomnglapsldn. mvlndo the pnmmvo ferns thsb arq chamctermed t
1

. ~CAATRCE OTA

o |1|.r el
ferme pﬂmary nhlcell 'J.'hs antheridis produce la,rgernumber of

uluﬂagellate spermetozoids, Embryogeny may be exoscopic or endoscopic
or‘:xt out suspensor. The gametophytes are long lived and are attack-

ed by ‘an_endophytic_fungus. "They Tay ba colourless; subterranean and
Eﬂpmﬁl}_ﬁc_(t_)—pgwq rmm“ﬁotrychmm} or green serial and_ photosynthetic
(Afaraifia). The leaves are not coiled in bud (O;

sales) and may be stipulate or exwpulnte

The class includes two orders : () Ophioglossales and (i)
Marattiales,
Order : Ophioglossales
Family : Ophioglossaceae
The famlly mcludes 4 genera (Uphioglossum, Bolrychmm, Hel-
and Ri

) and seventy species (Wiilis 1966) of
terresmal and herbaceous plants that have no fossil history. The

nr\nw-nk‘vt..n bova shast madend qnd Agd ali whisaan {hat t are devoid
R . : . {,phioglossum is
. OPHIOGLOSSUM L.

Distribution

R R AN B * 1 that achieves_lux.

urigntd ¢ - g o+ " L. 3 occur in the tem.

eratez . . -+ in existence except

or to 1 cw T T e O_pendulum). The
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terrestrial species grow well in soils rich in_humus. A few species

eg, O ichisoni (Fig. 81} and 0. valgatum (Fig. 9:2) bave bee

HOST TREE
TRUNK

LAaMINA

itehisons ehowing
Fig. 91 (A—B). A, A complete plant of 0. afichizont el
mlgyphyllgms habit. B. Epiphytic plant of 0, pendidum,

i i i i . ‘They ore the
found growmg in clayey soils with a mixture of sand ey
commogn Indifn speci{:s. The latter specics frequents b:i,nks orl; }:‘;‘;ed
streams, pools, ponds, and other water courses, It hnsr cen roportes
from many places in N. India and accurd in sbundance from Tt
to Bikkim, ascending up to 9,000 feet. Along the eastern % i
grows luxuriantly at Mount Hattu, 2,000 feet below ]"2115:010 o5 T
Chhota Nagpur it grows well on Paras Nath Hill at I‘? o bery and
flourishes i iny season and early.winter (July—Nov -
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again reappears is spring. It slows down_in growth_during cold
wintor monthy:—Opkiojlossum aitchisoni also grows well during the

ADVENTITIOUS
" BUp

Fig. 92, (A—C). O. vulgatum.
A. A plant with Thizome bearing gorminating root bud. B, A
completo plant : C. A plant with divided loaf blade.

rainy season, i e., durtng July and August, It starts disappearing
m nid-September and no trace of the plauts is left in tho
winter and hot summer mouths. 0. nudicaule grows in Banga-
lote, Belgaum, Palghat, Vell, Palai anl Kumbanad. Of the two
FOMMON n el w6 a2t A aan ToT 2 LN - PP N N
It iy hiet L .

trapucal "t -
depends™ ==
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The genus Oﬁbwglo.ysum, according to Reimers (1954) includes
45 spocies. Chri 1938) ri ised 50 species. Bower (1926),
Eames (1936) and Clausen (1938) reeogmsed 43, 30 and 28 species,
respectively. The total number of species repo; orted_from Indis are
a little more than twelve. A few commion spocies aro O. mlﬂumm,
mﬂ:wu‘fé','a rehcfilatum, O, petiolatum, 0 pendulum, O, gramin.
eum, 0. 1 0 and 0. cost Majority of the
species (about 46) are mcuded under the sub.genus Euophsoglossum.
Ophioglossum palmatum has been included under the sub-genus
Cheiroglodsa. Tho sub-genus Ophioderma includes threo species. Such
a subdivision of the genus ia not followed in many texts.

hm&mﬂgspo_gbyte

my e O [
ousac - . . R . [T "
per 8¢ = v .
tem, Fi 1 d 92, I] b, oylin-
e _‘h_elm 'l‘he rhlzome( lgs 9 and 9 )13 usua y B}fo'l:r‘ oy m
RN B e are
. o — ) ) - ueh

T d L P )
gatum and O moluccanum. The,_x'hlzome is short and thick in 0.
palmatum (Fig 9-2 a, A). Ttis vary much reauced"in O simpléx
T ot : = 'E'dcu'sl-
. [ " oL e vt T EIRetey

e

Leaf. The spouhvteg may he monophyllcus or_polyphylloua.
Ophinglossum wlqalum (g, and 0. olucannum ate ordinatily
monophyllous, ¢ e., only one Ie'xf ly)fo]ds during, one growin,
buﬁf\)o or even thre'e‘iyeavas have also_been reporfed _to spring up i
one:.cnsnn.(an 92 A) Oghmg Jmm.mtcbmzu and O. _lusitanicum

- v ig in &
.. - - fet . . are not
P . Tpete
e ' bud of
S Lo " - mgJest
Mhon dactbe ety 11 £ e An e, - .- '
an_ . '
ma, . v H
ova ° H ) . -
obt * ' oo
ant o " .
fer b ) .
ar} - . . . -
In-: . ' K ' '
only con‘zp ¢ . 4 A . .
92, B) The N .o .

doveloped and and | ‘. ol SN .l ’ -
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species is _chnracterised by the presence of several spikes that are

srranged in two rows along the margins of the basal portion of the

Eslu;]nte_ltnmmn.and the dis{ul portion of tho petiole. The leaf

eachos its maximum sizo in ! he_opiphytic 0._pendulum {abont™ T*

mietrés), where it 1m§‘§11;6?_€ petiole that _merges jnsensibly into 8
e

branching and narréw, strap_sbaped Jamind he

S B et ‘B ot 18 L —

venation i8 reticulate but adistinet midrib (Fig. 8:1, B),is 'lacking.
Root. 1 ) —~-t5 avica from the rhizome and may

be branoh ot 7 ) '_beat oot hair_and_sre

+ It bas been observed

heavily :
that o . FE— origin_of a_loof ot
opposi | e Teaves. The roots_of
many -’ e .. snto new PEIG T 5 sud
BOTVe v+t Lo T 9-2 A).

R

[
eorarviEM

MERISTELE e

Fig. 9:3. T8, Thizome of 0. vulgatum showing
dotailed Intornnl structute

INTERNAL ANATOMY

A. Rhizome. The internal strncture of the rhizomo has
been studied by & number of workers 11 hfferent specics (Vasishta,
1927; Petry. 1910; Lang. 10125 Alaheshwarn  ant Sngh,
Campbell. 1911; Bower, 1611; Boodle, 1899, and Gowirtz ot
1960) 'The stelo has reccived lot of attentionh aml it Be
ascertained that the vasculature of the riuzom?® s munly eomposed
of o meshwork of rant traces and leaf traces. A tran3verse section O
the ruzome 1eveals an jrregular outer contour. This js due to the
resence of numerous Jeaf bases anl adventitious roob bases. There
is o distinct outer layer called the epidermis (Fig- ).
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perforate by stomata. The cortex is composed of many layers of
thin walled cells that store abundant starch (Fig. 9-4). The cells are

cut from baso, It shows a protostehie stelar organisa.
tion. Note the abaence of endodermis and the prsence
of starch grains 1n the corticul cells,
(After Gewirtz and Fahn, 1960)
mostly oval or ellipsoidal in outline and epclose small intercellular
spaces. The older parts of the rhizome ;n some species reveal the

‘o 9

B
Fig. 9-56. T.S. portion of rhizome of O. Jusitanicum cut

from a place a little above the base. It shows a madul.
latod protostele.

(After Gewirtz and Fahn, 1960}
presence of periderm v(hich Isnot referable in origin to any cnrk
cambium. Endodermis and pericycle are absent in majority of
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species. Vasishta (1927) reported the presence of. a‘ distinct outer’
endodermis in the basal portions of the rhizomes in 0. aitchizoni and
O. vulgatum. Petry (1910) reported it in O. pendulum. Both outer
and inner endodermis layers have been observed in the first formed
yportions of the stem in a spocies of Ophioglossum from Coylon (Lang,
1812). The later formed or mature regions of the rhizome totally Jack
an endodermal layer. 2o

. Stele. In Ophiogl Ig and 0. lusitanicum the young
rhizome reveals a protostele. There is a central xylem patch sur-
ounded by two to four layers of xylem parenchyma, a single layer of
phloem el and a defmit dodermis which is present in 0.
vulgatum and absent in 0. 1 The dod
distinct casparian strips. Inthe maturo rhizomes the ssme struc-’
ture (protostele) is shown by the basal portion (first formed) of the -
rhizome. A littls above, the protostelo b duliated, i.c., &
pith appears in the centre (Fig. 9-5). This ig also called ectophloic

siphonostele. At this stage the.
stele in Q. vulgatum, consists of an
outer endodermis, a single layer of
phloem, xylem and a central pith.
The endodermis, in . this region of the _
rhizome, is considered to be an
extension of the root .endodermis.
The continuity of the stele is.mob
LEAF GAPS broken at this stage, by the gaps.
Bections cut a little above the hasal
part revesl the absence of endoder- -
mis and perforation of the siphono-.
stele by ome or more lesf gaps..
This perforated ectophlojc siphsmo-
stele is cslled the ectophloic .
solenostele. Thero are two unequal
bundles. The larger oneis semieir-
cular and the smaller may be oval
or ellipsoidal in shape. 'Each one of.
them has phloem facing the epidermis
and the xylem facing the pith (Cola-
teral). -The xylem is, endarch.
Higher up the ectopholic solenostele .
changes to a dictyostele (Fig.93)
due to the sppearance of overlapping
.~ leaf gaps. The indivildual b-;;d‘;’» ‘
composing &, dictyostele are
PROTOSTELE . the p;nigstelel.,yGewirtz and de’; B
- (1900) studied the vasculature o
Fig.0.6. Stereo-diagram of stele 0. lusitanicum (Fig. 9-6) snd reveal- _

10, lusiianicum. ! , g
(Agm: Gowirts and Fakin) . ed the* same sequence, of prototels,” ’

CICTYOSTELE

N

i rds. al -portéd that pith’is’

d dictyostele from below upwards. iThey also reportéd ¢ ithis

ﬁmnhlzr in arigin. The mature, rhizomes-of Qs reticulalum n::!
0. aitchisoni also reveal the same yariations In their stelar orgais
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tions from base upwards. In the latter species two leaf traces
depart from & leaf gap (Vasishta, 1927}, In this~respect it resem-
bles O. palmatum, O.pendulum and O. fibrosum In 0. palmatum,
Bower (1911) reported that the basal portions of rhizome reveal s
medullated protostele.

It is clear from the above sccount that ultimately the mafure
rhizome has & dictyostele composed of & few moristeles. Each
menstele is characteristic in lacking an endodermal layer. It hag
an outer patch of phloem which does not surround the xylem on all
sides. So the organisation of the meristele is colateral and not
concentric. The phloem consists of a single layer of sieve eloments
in 0. aitchisonis and 0. pendul: In other species it may be four
or five layers thick. Next to the phloem are a few layer of xylem
parenchyma.” Xylem faces the pith and is endarch. It is composed
of tracheids. The metaxylem trachieds possess scalariform pits.
The protoxylem shows variations in the Ignification of its walls,
Early formed protoxylem tracheids are usually annolar. The rings
of thickening ruaterial are joined to each other. Later the thicken.
ing pattern may change to reticulate type. In addition of reticulate
thickenings, circular bordered pits may also be present in the mature
protoxylem tracheids.

There is no secondary growth ih Ophioglossum. The reported
oceurrente of little secondary growth in 0. vulgafum (1899) has not
been confirmed by any subsequent workers. Formation of isolated
tracheids here and there in the pith has also been recorded in O.

aitchisonii (Vasishta, 1927),

The pith is made up of starch filled, thin walled cells. The
cells are smaller in size in the vicinity of the xylem elements and
go on increasing in size towards the centre. Scattered tracheids
have also been observed in the pith of 0. aitchisonii (Vasishta, 1927)
and O, pendulum (Petry, 1914). The occurrence of these is regarded
b.}; l:tyme ag a sure evidence in favour of intrastelar origin of the
pith.

Growing poing T 10 - et T (Y]
cell, . - AU R . 't ws
theap » + ° “ i . e ' ere
is & cavity which encloses the sunken apex, 1n the centre of which
lies the apicel cell, In longitudinal section the apical cell, in
0. aitchisonii and O. vulgatum is approximately tetrahedral in form
with four cutting faces and apex slightly trineate. According to
Rostowzew the apical cell in O. vulgatum may be s three or four
sided prism and the base may be truncate. The segmentation, as
followed by Vasishta (1927) in Q. aitchisons, is regular along the
three lateral sides, It is doubtful whether the segmentson the
basal side are so regularly cut off as on the three other sides. The
large lateral sogments rotain their , identity for a considerable time.
The Brst divison in each segment is transverse. Thus the segment
is divided into the lower smaller and the uppér larger cell. The
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lower. cell divides again by a longitudinal wall into two. After that
the divisions are irregular and difficult to follow.

B. TheLedf

(8) Petiole (Fig. 97). The petialo has & diatinet epidermis
composed of a sungle layer of slightly thick walled cel{)s. The
grﬁund tirsue of the petiole has a fow layers of chlorenchymatous
cells below the epidermis.  The rest of it is made up of parenchy-
matous cells, that may enclose small intercellular spaces. The vas-
cular bundles are embeded in the ground tissue,

The course of lar bundles i i . i
doscribeg Lorse vascular bundles in the potiole 9\’0. rulgatum is

PITH
GRoUND EPIDERMIS

TISSue

Fig. 9-7. T.B. petiole of O, vulgatum.

At the base of the petiole there is a single vascular bundle, It
soon divides into three bundles which arrange themselves as the
angles of a traingle. In the upper region of the petiole there are
b to0 7 bundles arranged in a somicirele in the sterile leaf, (Fig. 9 7).
Tn the fertile leaf there are 7-10 bundles in the upper portion of the
petiole. They are arranged in the form of a semi-circle or an ollipso.
Three adaxial bundles go to form the vascular system of the spx'ke,
and the rest enter the lamina. Each vascular bundle of the petiole
ja more or less circular in outline. The xylem masg is flattened.
The protoxylem elements are situater! on the inner surface ({endarch).
The phloem is on the outer face and is separated from the xylem
tracheids by xylem parenchyma. Thus the bundles are collateral
and endarch. There 18 no distinet bundle sheath.



EUSPORANGIOPSIDA 27

The leaf traces as they separate from the stem stele are col-
Iateral and endarch.

The young leaf grows by means of an apical cell. 'When young
it is invested by means of a sheath doveloped from its base.

In O. aitchisons there are two vascular bundles at the base of
the petiole. Their xylem faces the adaxial surface. Both the bundles
divide into four and as we go upwards the bundles divide repeatedly
to form large number of vascular bundles in the upper region nf the
petiole. In the sterile leaves the bundles arrange themselves in the
form of 3 ‘U’ open on the adaxial mde In the fertile leaves the
bundles in the upper part of the petiole, are arranged ina circle.
At the base of the lamina they arrange themselvo into two series,
the inner and the outer  The inner series, consisting of three or fo_ur
bundles, constitutes the vascular system of spike. The outer series
consisting of about 7-9 bundies forms the vascular system of the
lamina, where they are arranged in a flaitened arec.

(b} Lamina (Fig 0-8). The structure of the lamina is very
simple. It consists of a distinct epidermal Jayer which is present on

EPIDEAM.!
3

. LA
SPACE
Tig, 9-8. V.8, lamina of 0. vulgatum.

both the dorsal and the ventral surfaces of the leaf. On both the

surfaces it is made of a single layer of more or less globular cells.

The cells aro rather thick walled, The epidermal layer is not con-

tinuous. Its continuity is interrupted at intervals by large sto-

mata which aro more numerous on the lower epidermis than on the
A s n 0. val

upper epidermis in O. aitehi and 0. r
in Lhataas - .

on both the epidermal layers

1y other thick walled tissue.

palisade and spongy par-

e o d thin walled and
of tissue or the mesophyll - Do ) . s
which do not form any’ projections on the surface of the Jamina.
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monarch and diarch root stele in 0. berginanum and Saxena and
Mathur (1925) reported diarch root stele in 0. fibrosum. Bower

PROFOXYLaMm

METAX FLEM

XYLEM PARENCHYMUA
PHLOEM
ENDODERAMIE

YLEWM

PROTOXYLEM

Fig. 910 (A~B). O.aitchisoni, A. T.S..portion of a diarch root.
B. T.8, portion of a triatch root.
(1908) also found triarch stele in O, decipiens, Vasishta (1027) record-

ed diarch, trinrch and totrarch steles in 0. aitchisoni (Fig. 9-10). He
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observed that in Q. aitehisoni thero seems to be definite relationship
between the size of tho ront and the presence of protoxylem groups.
The atrong roots have got triarch (Fig. 9:10, B) or totrarch stele and
delieate ones diarch (910, A).  Tn O. vulgatum the stele is monarch
(an.‘ 9 9) and more or less saucer-shaped, The xylem mass jn this
species takes the form of an are.  On the curved wide, it is scparated
from the endodermis by o single layer of xylem parenchyma, but
sometimes a few tracheids abut directly on tho endodermis The
concavity 1s filled with parenchyma The phloem which is_singlo
layored oxcept in the middle where it may bo double, abnts directly
on tho cndodermis and occupies the place opposite the xylem arc
The roots lack secondary growth,

Growth of the root. The root grows by means of a tetrahedral
apieal coll. It cuts off segmentsanall "tho thice sides, the outér of
which forms the root cap., Theraot eapis not formed only from
the outer segments, but cells are also contributed to it by the Iateral
segments. The divisions in the lateral segment, in 0. aifchisoni, are
irregular and the tissue here consists of very irregulatly arranged
cells. A little below the apex two regions can be distinguished,
the central with narrow elongated cells called the plerome and the
outer known as the periblem.

Nr-wme @m0 e et wr- o £or - o ocies of Ophioglossum
reprod itatgous buds _on the
roots. X . in O, nitchisons and
O.vulgatum  Later Wardlaw (1953) induced their formation and

development under natural and experimental conditions, in 0. vul-
wor e 1s on the entire and de-

¢ A
‘ ’ ' - LR 6f “such _buds develop
: ' * .+ . " ion of such shoof bids

) _ developmental changes

¢ . .
{Fig. 9-11, A—C):

(f) A group of parenchymatous cellyn_the 1
dividing, One or two such mernstematic cells divide rej
form a spherical or ellipsoidal mass of meristematic cells.

i) A few cells within this mass of meristematic cells elongate
and divide longitudinally and furm a nascent shoot apex.

(fi1) The cells overlying the nascent shuot apex undergo Iysis
leading to the formation of an air space.

(iv) Appearance of first root_and &-iui‘n_f__p_!iu,ls)‘_db,iﬂ the
developing shoot bud.

. i far strand

{v) Basipetalous development of an incipient  vascu
by the longitudinal division of The parenchymatous . Cells Tying _below
the bud.

Gosbel (1902 . Co et
fied Jatéral ooty ! Lo '
according to Ward . ., .

oot _cartex start

peatedly to
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Peterson ond Cutter (1967) have demonstrated that decapitated
roots of 0. petiolatum bear larger number of adventitious shoot buds.

FIRST LEAF
SHOOT OR

BUD SHEATH

OF MAIN ROOT
A ) CORTEX OF MAIN ROOT
T @1y O, Diag p af ctoss.
sections through tho rhi: of 0. vul| g the forma
twon of adventitious buds {After Wardlaw)

TRostowzew (1891} noted the appearance of lateral buds on the
thizom of 0. vulgatum. Such buds are of rare occurrence under
natural conditions  Later (1953) Wardlaw induced the formation
of huds on the decapitated shoots of 0. vulgatum. ~Thiey "Li¥e an
endogenous ofigin cither” from {lE pith or the cortex. Such buds
grow_into_new plants and are_therefore a_means of vegelalive
propagation. T

REPRODUCTION -
P RODUL
The fertile spike The spike is a ennngliend -on EEPAEN
leaf. The mature spiie . )
. thestalk or E[luupgglll11(lc )
lamuna of the stersle (gat . .
tha spike s brosder and ' ettt '
cither side. "The iip of *

comcal ﬁfshnpc (Fig. 9 1) ane spihe yadies n length in various
i?ﬁfl\_ In Q. aitchisont (Fag. W1, A) O, v-ul.:m?l.‘“n%:"ﬁlrnu-.w
) - - B

. onger
nd O
D

k3

IR ) N ’

Cristic i acking
: s

nd ey lindrical and

sl
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Fhn fmma s, funn die nf (g .kgg_ikgigpgsj}sﬁ,sﬁ of porenchyma and
[ contributes to the growth in length of
+ iginate during tho,_early ontogeny of

the apiko when st 13 very small in size. Its further growth and_clon.

SPORANGIA
SRINGA, Enseones

POSANGIAL ST
PKE SELTION
RN

Fig, 912. Ophioglossum eulgatum.
A. Disgrammatio V.8, throngh o young epike ahowing sporangsa
free tip, the sporangia, the peduncle and the vascular supply.
B—D. Diagrammatic cross sections at various levels of the spike.

gation s not dus $o_the_activity of_any_apieal coll. Peterson and
Rlizabeth Cutter (1967) attribute the growth in Jength .of _the spike
dug to_an intercalary meristem_present helow the sporangial arc{ié
They removed the SporaREiA f7es tip of the epike and found "thet {
did not effect the growth of the staik or the peduncie

The pe¢ : L cebimenr S the npomﬂgiﬂ__regi?n
asa cemﬁ};'é-. .o ' * wnd conidal tip.
The sporangis m‘maimr:;:teg;
eithér side of .. . are_compl
,f:r:::z;.,\ :f: . is méLcaf‘e_d"b.Y

‘- . ae v uaus JWTRAWS GlCOFNGLO

- . . - e . - Tom the

. . . . “during

' ' - . R . ater ﬂ(l;
sterilo mas 115 9-12).  Theso lateral strand
sterile mass botween the sporangia (F1g )& e o their

then hend towards the bases of the sporangi
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vascular supply. The_number of sporangia_embedded in each spike
varies from 8ix to twenty or even more,

. PLASMODIUM RE MOTHER
D E spgtl LS H

Fig.913. (A—~E). Vatious stages 1n the development of sporangium in

Ophioglossum vulgasum, A, Section of a young spike showing the sporan-

giogenic band. B, Section of aspike ehowing fertile sporogenaus cells.
C—E. Later stages of development. (A, D, E, after Bower)

Structuzie of (Le sporsnvimn The_completely embedded

. [ ' shape, It had a several

. . ver_functions_as a_tape.

. R L .i. +, regarded that the outer-

ost sporogenous cells become transformed into an jll.defined
Th of inion now favours that tapetum is

t:
;ieriv_edﬁflro(;n th;a innermost wall lay
um is fille “:it 1 & compact mass o . o *
mqtlig_g_tglls‘(“f‘ii'g-l:il:j))f "The

cytop]ngg

s 8 continnous mase
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several tapetal nuclei embedded in it (Fig. 9-13, E). These free nuclel
have been reported to inorease * R L
1908). The plasmodium serv - ' '
divm penetsates between . LT
isolated into larger and amaller blocks of celis (fug. v-14, A, By, Wi
ultimately separate into individual ceils and round off. They merease

]

s

K } - . ‘J
A Zé? " labetum - L
SN o

¥ig. 914, Section through mature sporangia of O. vulgatum

abowing ponetration of plasmodium in botween the spore

mother cells thus bresking them into larger () and smpller
groups or blocks (B). {After Bower)

in_size and_undergo_tetrad_dyvizion to form_ tetrads of spores (F‘“i
(812, Dy Usually &l the spore ~Giotlier colls are functional an
form spore tetrads but in sowe larger sporangia some of the 590‘1“‘
mother cells may degenerate  fn the mature sporanImm the, S;“
congists of 3 6. Inyers of vells (g 9’14, A, B).” The celld 0'(1(' e
outermost ayer aro ralially clongated and Jarger in sise, Thers

: ros may Teacls 13,000

are numerou spores within. The number of spo il walt
. Swer 1930 " sporall I .
per sporangium 1n O, pendulum (BOWEL 1935). The _spo il rells

shows no distinetion i nuluy in_g\).x_wgmmimpt_ e
seei e pnrt el I the sporangtz wulls

are altke.  Stomata fia

Dehiscence
———— . e snopangual wal
. ot Spran
;.‘3 il wallamnl
23 L] ile tisne
causr s detustence,  The Shrimkmz of the sy ¢ n'l‘((vr prol

in the spike may cause the AR ohen of the sporangum e eater
sterilo cell4 of the sprke hrie T

maturation of the spores the
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and_shrink and_set up a_strain_that caus
sporaiigial Wall to Soparate and form a_fransve

some_weaker cells of
Blit,

Development of the spilke and sporangia (Figs. 913 and
9:14), (Bore=T QAT T 2T 0 . .
in, Ophiogl & . i . . e s
outgrowth v e B .o P

base of the '. . - B .

aningl aall c0 | . . D .
¢ Taeoe .t . leads to_the_forma-
t . .. ' , tallel’to the surface of
the sterzle Jamina a7id the other two in a plane perpendicular to it.
Farther growth and divigion of the segments of the apical cell lead
to the formation of a mound of tissue with a well defined epider-
malJayer, 'The epidéimal” layer formed along “the “two quadrints
that are oriented parallel o the surface of the leaf lamina shows
differentiation of its cells into two vertical strips of cells. These strips
aro called the sporangiogenic bands (Bower, 1806) and are several
cells_in height and two to three cells in the breadth, Thé sporangio-
gefiic band_does not ™~ extend throughout the length of “thé young
spike. It occupies only the “portion which is destined to bear the

sporangia, " The apex of the spike and it§ basal portions remain

sterile. The latter forms the peduncle.

The cells of ¢+~ ~—---- ’ Ty T o . .
Sothetwo bands ., * . . LI
cell "of the” sporz . . )
that the band becc . T
divide anticlinally .. )
The _inner cells, . . . . A
dividy Tn Tnote than one plane and torm groups of jsolated cell called
the archesporial cells (Fig. 9°13,’B, C).  Their cytoplasniic contents
are denser and they prossess big nuclei and stain darker—than~other
cells] "Like this alternate batids Gl terile and archesporial cells
becomes distinguished in the hypodermal region of each sporangio-
genio band (Fig. 9-13, B, €). The_positions of groups of archesporial
cells_mark_the positions of fiture.sporangia. ""The cellS of the Bpo-

rahiglogenic band external tc éach archesporial group divide peri-
clivally and snticlinally and contribute to the portion of sporangial
wall, "The_ archesporial cells divide repestedly to form & Iarger
FIRCER UL T st 7T Lhe cells of the spike
e, . o, *1e sporangial wall.
. + i the sporangiogenic

. . [ . '

vang) dod complete the spor-~~" =" e 7
of the sporangia are derived _ . et .

DEFEIT™ fomms dLo .0 . PN

T AR . which .unlderg:a o
[ I , o (Figl912, D).
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Morphological _matore of the spike. The following views have
been expressed by various nuthors“t3"s%plain the morphologioal nature of
the spike in Ophivglossum,

1. Bower (1890, 1908, 1935) euggested that the simple spike of Ophio-
glossum originated as o result of condensation and latersl concres-
ocence of the branched spikes of genora like Boirychium. He believed that
the eporangia of the fortile spike are actually synangia derived by the
pattition or “fission” of the continous sporangia. He believed the two
marginal rows of eporangia to be two continuuous sporangia which have
become partitioned to form two rows of sp i uch an pbi
is not supported by the course of vascular supply from the petiole to the
spotangia. Bower later 151926) dandoned his own byp ): an Befb‘
to & greater extent with Zi ann (1930) in idering the spike to |
a fertile Iobe of the leaf. {1920 M‘

2. Roeper (1859) conaidered tho leaf of Ophioglossum to be derived
from & compound leaf_whose two, basal pinfiaeor_leafleta_became_latstally
agadd b oo 2k Tl oy I aq Famen  —bnsila higda

(1928), -

3, Zimmermann (1930) suggested that the_fertile_epike snd the ste-
rile lamina“&te 156 two dichotomies.of.a.shoot,, The former js msant for
reproduction €ud thélatter for photosynthetic functions.

M ‘The vasoular supply from the patiole to the spiks and the sterile lesf
biade, no “dpubt; aﬁgé!;‘;%yfhgi_tbé?ﬁpiﬁé ia & modified segment of the Teak: :
/noteworthy feature in this connection is the growth of the aspike. Aftar the
inception of the sporangiferous region the apike ceasea to grow by means ‘0{ an
apical cell. It soems to elongats by the activity of an intercalary meristem
{Peterson and Cutter, 1987) situsted ot thd baseof the sporaogiforomd

gion,

i{)" 2 SP
GAMETOPHYTIC GENERATION yi {

The spore is a pioneer struoture of _’th_uamebopbyﬁc:@n?!‘;
tion. Ophicglossum is homosporons and ‘the_spores _germinate
#i¥6 rise t5 bisexual prothsll or the ganistophytes.

0 D 2 0K, PO A SR PR RS
i d sre

The spores, They are produced in large numbers and &

visible 8§ 6mall, yellow, dust like }?j;‘les. g‘heg‘;mo:’%rrﬁb_ﬁil.ﬁ
g Tayered thick wall. o .
shdpie and possess & two Iayered thick e aligh_tlx,th;;:;mz‘:

called the exine_or "ths“exosporinm ~an o
lar and _stores

aalabeaed ML facna T i shin and_delicate and
s. 'The nucleus is cenirsly

e ‘toplasm T8 granul
but they lose this colour st

raaturity.

Germination of the spore (Fig. 915, A~C). The ge::z;x:i
tion of spores of “§om6 species of Ophioglosgum has I:t.e»mt | Bn By
under experimental conditions. The fall details of germinatio b
ing to the formation of & mature rothallas_are [acking. sTHe b2
taken by the spores tG germinate varies irom & _few Hayst.dl{;d o
months or even a year or two. Csmpbell (1807, IQH}E’ ~‘l g -y
earlier 8tages of spore germination in 0. pendulum (Fig. 2
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He observed that che spares_of ( of 0. pendulum took A3 _years to

germinate. ster_and_swell.
The_exine_. . spore contents
enclosed wi re_slightly from
ruptured ex J.equal_cells by
a transvetse wall (Fig! 915, T"Tr‘cen below the friradiate
mark is the upper cell. T - lext_by
a vertical wall (Fig. 91. - . e . e young
prothallus is now _three . * “three-
celled smge have not been properly studied Thirteen-colled
R i hjs culfures but the
' . P or_anything is known

. . oo . . thiz’ stager—After the

oL . . . served mostly in the

. 1 ) Ca ‘.. iccasionally.” Campbell
[ et zus_onters the young

o .15 5, C) The entry._is

Fig. 915 {A~E). Ophioglossum pendulum.
C. Enrly -eagen of spore germination.

. 13 "szage C F lled stage.
e

-__“..L-_-.- P o

. - ™

effected through the lower cell. The thirteen.cel
of O ‘pendulum were more or less sphetioal ot glo
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did not bear rhizoids. Lang (1902) collected the prothalls
of 0. pendulum. She found that the youn rothalli_were slmost
spherical in shape and unbranched. The _older_prothalli were,
however, much branched (Fig. 915, D). § 1955) collected
mature prothalli of the same species and found them to be un-
branched and more or less cylindrical in shape (Fig. 915, ).
Lang (1902) described the branches of her specimens to be ecyhndri-
oa) and observed them to grow from o single four-gided and
pyramidal intial coll. The mature_prothalli of this epiphytic
‘species were fixed to the substratam by means of ‘Hiierguy rliizoids
Thé endophytic funigs Wes Testricted €0 ths, Towor -portion. of_ the
prothallus - e T

Structure of the mature prothallus. The prothalli of
LY 7T Tvr eeo ATRSR LieThy hyaline, brownish, light
. . - ' W, T T

it ) . . W X
[ ot s
1 -othalli 1n most species are perennial; Bt in
avvannual. The shape of the “protliallus also varies. It may be
~oughly “eylindrical or sometimes irregularly lobed _snd in some
51, " The prothallus ifi the common 0, viljatum is ‘_rgg,;t:

liddrieal (Fig. 9.16, A, T
1 and massive prothall by
Bruchmann (Fig 9:16, B). The ! a::
)

massive end almost bulbus and Ky
arisos’ an upright and cylindrical _region that grows. straiguv By
means of a totrahedral apical cell. This region may bear adve.n;v]l;
tions branches (Fig. 9-16, B). The apical r jon_of the uprig

emane TE1s7als0
A).

cylindrieal | * - .
ahsent in | oo . o . " lein
The endop b : ) .o
hord . i Tho
the lower .. = N ; : !
o O - Aicinset ave iterral_cellmiar J"‘Léff"é""h'g;
L . v elongated B wi
v Y o T he upright
. . A, .o “ have
L " . *o. " over
- . .. . JTare

- . " .. .

P -
The branches are oriented in thres dunensuns. s -f!brn‘nch
wniana.of ttlo-_pmth?llu_s f;ho_‘ I_e:v;:g_ fa‘.’:..,,‘::,“}m :!u!meﬂged_pmthﬂ}“'-
oo : T e hallun, by_fregraentation.
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3

ed in detail the gametonhvies of «x

. vu!gamm,_ .
1n to soma casea hrs

pecies {0,

Pant and Misra (1973} have s
Indian g

costatum and 0. gromineusn.

dnical and

ARCHEGONIUM-

EMBRYO
—

Fig. 916 (A--B)._ Ophioglossum vulgatum,
A, Amatuse gamotophyte bearing sex organ, A young sporophyte

14 also meen on, ope gide,
B. The ssme aa A, shawing branching, (After Brochmann)
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sy Project sbove sail and turn green. They did nob obserse stomats but
found rhizoids in'all _the speties,” Some prothalli wers monoeeions whereas

otherd were Qiecioud, In all of them @ex organs develop_acropetally Trom
superficial 1nrtisls, T T

Samarne, ™ e Ty e Tmdon the
R L gt (g,
L . .3 ¢+ and_arise

. . L . . . respect to
each other and it 13 not surprising to come across the gametophytes
in which either type of sex organ predominates the other in numbers
Dioecious prothallt have not been recorded under natural _conditions
in Ophioglossum. The structure and development of anthéridia and
archegonia is described below,

Antheridium
(%) S(g:gt‘-‘xre (Fig. 9:17, F). Thoe antheridia are generally
DEE TR S i

gom'p"‘ T ; - *=-s - mgy be slightly pro-
jectir © . ") : o less ovoid_ii_ghape

at T . : ' L+, rived from the wall
initial and partly from the surroundmg prothallial tissue. It is one
lnyer of cells in_thickness. Wozu (1961) deseribed & two-Jayered
ﬂnc‘k wall in O. vulgatum. Such a condition is not common. The
St syt o'+ f androcytes_which,, latex_metamor-
' Tumber of spermstozoids in each

i o . ‘1ousands, A triangulse _cap , cellor
opercular cell is visible in {He_ antheridial wall when viewed from
p TUTM T U T b cesestie o4 nancea the dehisc-

. ~calar cell

© 917, G) snd_those
_known smong the
v+ _and_coiled_region
. « & blepharoplast and
I o o, .'Lﬁ}ilé’o‘éﬂi’&)ﬂed.
1t is nuctear 1n onigin.” A misuny esioe 1o “wi discernible_st the
posteriaT Tegion,

1) Development (Fig. 9 17, A—E). A superficial cell of the
prot!ugll)us a‘jtigtls-d!sisn}_e_gehj nd the apex, fuié'nonsls“t\m'iﬁthen-
" <

& Vv 4 nericlinal wall into an outer_cell —ealled
wall cefl,_ The outéscoll gives
wall and an opercuhr,cell.“"l:bc

e R “androgonial cells.

The outer cclf divides into two equal cells by means of an
antichinal wall. A second wall is 1aid down in such a manner g0 &9
to establish 8 trisngular apical cells with three cutting faces
(Fig. 917, D). This cell is capable of dividing along ita threo ﬁw"?.
The segments thus cut off form & portion of the antheridial swall
This triangular cell, after stopping to divide, functions as the up';fe-
cular eell,” The sest of tho antheridial jacket Is derived from th
surroundiog prothallial cells,
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The inner cell divides by transverse and vertieal walls to form
& quadrant of androgonial cells. These cells divide further by vertical
walls and then by both vertical and transverse walls to form s large
number of androgonial cells that divide further to form several
th d androcyte cells. The androcyte mother cells
divide onceio Torm androcytes. ~The protoplast of each androcyte
metamorphoses into_gingle multiflagellats antherozoid.

Each Bndmu%e mother cell has two blepharoplast granules,
one on efther_gide ol its nucleus, THe reauliing two androcytes have
a Blepharoplast each, Daring the metamorphoses of the spermato.
zoid,_the blepharaplast elongatés into a_coiled "thread:like stFicture
that touchea_the_nuclens at one end. The_iucleus &ls6 béeoiés
loosely_coiled and forms the posterior portion of the &permatozoid.
The coiled blepharoplast forms the anterior end of the ‘spermatozoid
and bears numerous flagella, The nnused cytoplasm forms_a, small
vesiclé AF the posterior. end. e [ :

esice al the

CUTER CELL
ARCHECONIAL  pRiMARY COVER CELLY
JACKET o ANTHERDIAL
WAL APCAL “NTIAL™ jaceeT cEuLS '
(] A

NECK CELLS

0

Gria 03

(Pt

@358
VECL

(R

S

Fig. 917, Ophioglossum vulgatum, Fig. 9 18. 8tagos in the develop-
A—F. Btages in the development ment of an _archegonium in
of antheridium. G. A liberated 0. rulgatum (A—E). F. A
sperm. mature archegonium after
dehiscence.
Archegoninm

(@) Structare (Fig. 918, E~F). The mature archegonium
qe b TR ebgm -3 emmns 10"+ It has & sHoFE H6ck  made
] i« _Eachrowis 3164 ceolls in

VoLt IR N capglw"cl{{t:_)g?é‘eg“aﬂwamgle
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binucleste neck canal cell. Sometimes the two nuclei are
separated by & cell wall this Téading to two uninucleate neck canal
cells, The venter consists of 2 single ventral caglg._l.cell, which

AN ‘ M T Y. IS A N e alean

o . R

]
celi ;iisgrganise an a_mature archegonium. The peck cells ab the top
also separate thus making sn’open cb 1 for the sfermeto-enter
(Pig. 918, ¥). -

(8) Development (Fig, 9-18 * T°  Tho eectoomeiot
is also & superficial cell of the prot | L

and an inner_cell. by a pericli
primary neck cell or the prim
divides by a periclinal wall info a
the primary neck cell} and_a_low _°
cell divides by two intersecting .- . . toe .
rately artanged néck.cells, The cells by further transverse divisions
give rise to four longitidinal rows of neck cells, each row having
3 to 4 cells  Meanwhile the_central el Uivides iitaan outer
primary neck canxl cell and an inner primary venter cell: The
former enlarges ‘in ‘size and pushies in betwesn thé neck™Gells. Its
nucleus divides into two daughter nuclei forming a_binucleato_neck
carial cell, The primary vengﬁ.'rcalr divides into an upper ventral
catidl cell and a lower egg cell. The ventral canal coll 1 ephimeral
and short-lived. It”5oon degenerates. The basal cell does not
divide further. Nozu (nljﬁl) observed that in 0, vulgatum the two
ntclei ‘of ‘the neck candl cell become separated by a wall, thus
forming two uninucleate neck canal cells. -

The process of fertilisation has not_been observed in_any
fes O Opiéoglossifi.

EMBRYOGENY

The fusion of the spermatozoid nucleus and egg nucleus re-
establish o diploid nucleus ot the synkaryon, 'THe Cytoplasal of ﬂ!::
ferfilised egg clothes itself with & wall and s now called s zygo! °
or the cospore. The vospore is the_pioneer structure _of I sporo
phytic generation, ~~

Campbell (1911, 1940) reviewed the embryogeny of tho gonus
hiogl and recognised the following three types :
Bruchmaun in

1. Ophioglossum vulgatum type as described by
1904 (Fig. .19, A—E). .
2. 0. moluceanum type as described by Mettenius in 1856.

3. O, pendulum type as described by Lang in 1902 and by

Campbell in 1911, 1921 and 1940.
- - T Leama JTO0M gave D
' e After
et . like
or 0 .
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P L o T by a transverse
v O BN . + m (Fig. 9-19, A)
o . o \ . epibasal and a

. ormied_and the

Fig. $19 (A—=E). Opnioglossum culgatum. Stages in the develop-
sment of embryo.

L.B archegonium showing the first division of the zygote;

Post-octhnt stago of embryo;

1.8 older embryo showing well developed firet root:

T. & of maturs embryo showing shoot apex and first Jead

L.8. older embryo showing ehoot apex and first two leaves;
{After Bruchmann)

rpaps
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embryc ;¢ exoaopic T L 0 - Slo . rfa fe the shoot
and’the - L ' .ot "ot and the
root. i T IR '+ Tobaserved.
Thene s *. . .« ¥ v i g o oval mass

of cells as visible in a.!.médian sec;tion. The firat wall (1--1) s iadi
cated and it 18 clearly shown that both the foot and the root deve-
lop from the hypobasal region (Fig. 9-19). The epibagal part

an undiffer ted mass of tie cells for & con-
siderable leng * " D ' ¢ Tove .+ g root
Tt R L . of the
oo LN L : e &6t is
n - .. u . ‘. L .- . Al
to the region .* - . .. . 1, HCRC 00
remuiui small and does not undergo, _qwg_s_giy_ deyg]g‘g_n;ent. Tm‘s
e ‘l' et Y hee - - ~msgmmme wendar pynaris

ot

oo - . . t . HELY

elongsted cell between the first loaf and root strand represent the
incipient vascular strand of the first leaf. Later it becomes joins
with root strand, Similarly a second leaf along _thh leaf
sheath makes its appesrance in the apical region (Fig. 919, ).
It also develops its vascular strand that cojoins the vascular
strand of the root. Meanwhile the apex of the second roob a\sg
beoomes organised (Fig. 9 19, D). The first_leafl cannwmeyun[
pbe qnd <memaing helow, ground. 1t is.the second _jea:
nd comes sbove gr_ound_as,the,ﬁrst
[ L « . . bears.no_spike. Development up to
s . % 1+, - ime. The third leaf that _:sppep}’ialJc
the next season may be fertie and may bear a spike, “The Bh 0‘;
apex is very slow growing and sppeats os 5 small bud ab th;)s ach%d'
The young. sporophyte _at_this _stage_has, three _or'{our unhrand] g
roots., Bruchmann also observed a small adventitious bud on_one ¢

the roots,
For variations in embryo development in other species pleass
see chapter 8 (Early embryology in Eusporangiate Ferns).
ctafe
\ber. The number of chromosomes has been asce!
o e of apocies. Abraham and Ninsn (1954) mu;;:z:z{x—wég_hh’
0 eeticulatum. l'n'o, petiolatum tha__dip!_n)rf lzn.mb:f =ut a 1o, ?
s o "o A woth uatk-

5 pamiale Bl




CHAPTER X

PROTOLEPTOSPORANGIOPSIDA

The class Protoleptosporangiopsida is an assemblage of intereat-
ing ferns. The class includes both living_and _fossii_membe
ﬁwﬁ G

which are included in
a single family Osmun-
dacéae which is placed
‘under_the “order Os-
ales, The mem-
ors of this class can be
regarded as intetme-
digte between {hé Eus-
porangiopsida_and the
Leptosporangiopside,
but they should in no
case be regarded as
phylogenetio links bet-
ween them. They
have a long evolution:
ary Kistory and Were
represented’in the Per-
miafi by ~such- fossil
gonesE_ 6 Zalesskya
;ﬁfd Th ~napten’a.%@a
iving members of This
clg§sﬂcWﬁgT_r_dgd
a8 tho Iiving_tossils’.
The living Osmundales
resewble s Evspor-
lln?ip}p___ferns in_ the
following respect
rangiato,

1. Eus
dszelopreon@%hé,spbr-
angium, .

2. The sporangia
are massivgphd produce
larges number of _apo:

arringed fn distin

3. Tho stracture
and developwient—uf-tha

archegonimn’
4. Tho antheridia

F¥ig.

10-1.

33

Fl of

&

e il 1
g
g¥ L= RMIZOME
,”;‘;f’; ‘B& - ROOTS
R

Osmunda claytoniana. A complete
plant showing hubit.
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8. Th it . "
Maratiia, © prothalius is thick and massive and long lived like thet of

6. Interual  strueture
of the petiole. The endodermia
18 not very distinet and there
816 also present muailage can-
als near the vescular bundle,
In this respect they resemblo
the marattiales,

7. Presonce of stipule
Dike expansions at the base of
the petiole. They resembls
the leptosporangiate ferns in
the following characteristics ;

I. Origin of tapetum
from the archesporial cells,

2. Presence of s primi.
tive type of annuluz s the
aporangia,

3. Thewall of the spo-
rangium ia single layered.

4. The antheridia and
archegonia are of projecting

e

5. 'The prothallus lacks
an endophytic fungus and 18
of cordate type.

6. Embryo ' develop-
ment js of prona type, i.¢, l;b.s
firgt division of zygote is
vertical.

The class aa & whole
exhibits the following charse-
teristicn

1. Theo members of this
class are terreatrial and possess
thick, bard and upngbt rhi-
zomes that may attam lerge
Tig. 102 Oemunda regatis, diameters, The rhizomes do
A. Portion of a frond bearng stenle and ot possess any scales.

fertils pinnse. The fertie region 18 2. Theleaves are large
o and pinnately coropound. They

terminal, e
B. A pinnule showing venation. may bo nnipinnate, bipmnsl
or iuluplnnute.. The expsn-
ded lsaf bases ere coversd with glandular hair. The venation 18 of open
dichotomous type.
3. The yovng leaves ars circinately coiled and are covered with hair.
The leaf bases aro pevsi and become scle They
4 h to the thizome and incroase ita dsameter.

4.
give an sdded mechamcal strengt!

fsation i is dit fic. The internal
5. The stelar organisation in the Is;eax‘n od::: I::ttayr‘::xayl itoon, Is presont

endodermis is present in 0. cinnamomes.

but internal erﬁiodermia is absent, The xylem elamcents resemble thoso of the
marattiales,

6. The

eaf bases. .

The sporangia bearing leaflets nre guito different from tho sterile

T e
euflats. 67 are much reduced in Osmunda, Tho sporangis do not form

stem stelo is surrounded by numerous steles of the porsistent



PROTOLEPTOSPORANGIOPSIDA 317

eori ond are sosttored and superficial, All of them mature simultaneously. In
Osmunda they are marginal in poaition, Indesium js absent.

8. The sporangia
aro short stalked and
massive, globose struct-
ures, with a Iarger spore
output, They have a
terminal annulus,
Dehiscence takea place
by mo?ns of: sht n;n- ¥
ning from the annulus 4
nlongg the upper face of SPORANGIA N
the sperangium to it
ventral side.

9. The spores aro
tetrahedral and green
in colour and lack a
perispore,

10. The proth.
sllus is epiterravesn,

L}
5 4

gresn cordate, long f‘:-',:_‘
hived and tuberous stru. ]
eture, 1t has no_mycor- %

rhizic fungus 'The pro-

thallus 18  prommently <X
thickened in the mid- -~
rib region. The pro- s

thallus is usually mono-
ecious but unisexual
prothalli are not rare,

PETIOLE OF
STERILE LEAF
11. The sex orga- TIOLE OF
ns are of emergent type, FERTILE LEAF
The archegonia have six
tiors of neck cells and
aro produced slong the
margins of the awollen
midnb, The antheridia
develop slong the mar-
gins of the prothailus.
In unisexusl and slen-
der prothalli the anthe-
ridia may develop ter-
minally on emall bran-
ches (0. elaytoniana),
The development of the
anthersdiam neither

resembles eusporangiate 4

typs nor 1t resembles Fig 103, da cif A pl
‘chq leptosporangiate plant bearing sterilo and fertile frongda.
ype.

. The development of the ermbryo i3 neither exoscopic nor endoscopic.
The zygote divides first by & vertical wall and again by & second vertteal
wall.  The third wall ig trensverse

Hirmer {1936) nsmed this class as Protoleptosporangiata. Reimer
(1934) and Pichi-Sermolli (1959} named 1t ay Osmundidae. The claas
includes » single order Osmundales which includes the farmly Osman.
daceae The family includes three living genera (Osmunda, 'odea and
Leplopteris) and sbout thres fossil geners (Zalesskya, Thamnopieria
and Osmundsies). The genus Osmunda 1 described a3 a m in this
text. Todeais a monotypic genus and is represented by T. ba ‘which ia
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met with in Australis, New Zesland and South Africa. Zentopteris is repre-
sented by six npecies that are restricted to New Zoaland and Polynesia. It
is characterised by thin leaves that lack stomata.

OSMUNDA L.
1t 15 widely distributed genus and is found in_both tropical and
temperate regions of the world, 18~ B
(Christensen, 1938). Smith mentic
to this genus, In Indis it is repres:
3. claytoni and 0. ¢

very at higher altitudos i +%=~ ~==tt = mopeh wostorn
& common at i aindes 18 5 T

o Lo BN . 16,600 feet. It growsat
& height of 3,000 metres or even more in the Simia Hills (Huttoo
Peak). 0. regalis also grows in Simfa Hills at an_aitwude of 1,500
metres at & place known as Chadwick falls. The plants growing here
are usually sterile. They seem to prefer shaded and cool localities
and are very much restricted in distribution. They occur in isolated
patches, The plantsof O. clayfoniana (Fig, 10 1) growing at Kedar
Nath bear abundant sporangia during the months of June and July.
All the species of Osmunda are medium
- i iPie 10D qehiaya 5 Reioht of

External Features,
tns, - £ o7 V% N -

sized ferns,  “7 % e of
two to_thry  * * oo . o . .and
uptight fn -+ 0 L e
Stugpyﬁ"l" ' . ' - t. LI gi
dichotomot L. .+ ¢ o+ Co . ma};
- T T et - s e coefencie hacar wiin tug wesud O
. s o e @ They give
T . EE. - closo spirald
) ) ! \ V- e
t . - . Ve, - -
| ST e . . T
way out. The roots are hard, rough to touch and Diatx iue

LI )
brown in colur,  Thoy ate profusely branched and bear brown roo
hair just helow. their. ,ﬁ’;a. "M Thizomed. with_thelt lea] bases a0
tufis of roots may.réach & diameter of.a_foot orso.

. e aniled when voung. Ap&?!‘i’ﬁied
. 0. claytonidna)
ss of O. cinna-
' ‘of two to three
. to_formi-stipule

' ons are covere

_Tu?;g‘ﬁé sea;?ﬂ

ive their porsis-

. , ;—5m’éJp‘Eﬁule

l 16 young leaves
116 1etuyse ys the Jamina_are

they are herbnlceous (0. claytomana).
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usually leathery in toxture and may be entirely or variously inoised.
The umpmn'ﬂg leaves of O. clayloniang aro~im-paripinnater™ The
ber of pinnulés in the bipi leaves of O. regalis is also odd.
e + & °  und they gradually go on becom-
. . E * ¢ Tofthe laming 86 a5 16 give it &
EEL TR B HEO .o ve (Big. 102). 'Thpﬁ@‘g’ng and
e ' e .ty v . with_unbranched multicellular
hair which fall'off.as the leaf matnres. The leaves are arranged in
close epirals and form a ‘basket-shaped’ crown at the summit of the
rhizome.

™

The leaves may be monomorphic (0. regalis, O. claytoniana)
or dimorphic (0. cinnaimomea, 0. japonica). In 0. ¢innamomea_two
typés of léaves appear_on the stem. These are the sterile leaves
which appear late in, the seago™ v #ha famtiln dnqrdd hinh o 2200
;alr]ier (1.‘xg‘ 10-3). Th'eTer'til‘i Ie

FTI N . . Eram

mal pinnag are sterile (Fig. 10 1). In 0. regalis (Fig. 10-2) the fertile

* region g terminal. 0. vachellii is an example where_the pinnse at
the base of_the leaf_ are fertile, These fertile pinnae eithér lack
green lamina or the latter is very much reduced. Caponetti, J.D.
(1972) relates the occurrence of diffetent types of leaves to the
pl t of soluble proteins and enzymes in the shoot spex and

Jeaf sets of 0. cinnamomea.

ANATOMY

Rhizome (Figs. 10:4 and 105). The rhizome grows by meana
of tetrahedral apical cell. A transverse section of the rhizome reveals
the following arrangement of the tissue from outside within:

Cortex. It is distinguishable into two well defined regions;
{a) the outer cortex and (5) the inner cortex. The outer cortex is
composed of several layers of thick-walled cells. The boundary of
the outer cortex is irregular due to the presence of persistent leaf
bases. There is no definite layer of epidermis bounding it as all the
cells are sclerenchymatons, The cells are all dead and black in
colour. Tn this region lis embedded spirally disposed leaf
traces’ (Fig. 10-4). This, region gives mechanical strength to the
rhizome. The inner cortex is made up of a fow layers of thin walled
cells, The cells are fillod with atarch grains. Some leaf trace bun-
dles are also present in this region (Fig. 104).

Each leaf trace bundle is C-shaped (Fig. 10-4) and consista of an
outer endodermal layer followed by 2 to 3 layers of pericycle. The
phloem comes next and surrounds completely tha central xylem
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strand. The xylem is horse.shoe shaped (Fj
. Th ped (Fig. 10-4). Tho prot
xylem is situated on the concave side a8 a small 131&35 of spxi}mll_'

ROGT TRACF

Fig. 94, T.8. (disgrammatic) of rhizome of O. regalis.

thickened tracheids, The rest of the xylem is made up of larger
scalariform tracheids. The convex eido of the xylem faces the peri-
phery of the stemr. The phloem consists of sieve tubes with siove
plates on their lateral walla,

Endodermis. Next to the inner corfex is the endodermis.
The endodermal cefls_possess distinet casparian bands (Fig. 10 5)
on their radial walls, In O. cinnamomea, Faul (1901) recorded the
presence of an inner endodermis. Endodermis forms s comple.w
boundary around the stelar region and runs uninterrupted. Itis,
no doubt, absent at places where there is a branch gap.

Pericycle, It forms 2 laycrs of parenchymatous cells next
to the endodermis.

Stele. The stele comsists of 8 varying number of q-shapcd or
horse shoe-shaped xylem bundles sur ded by a tinuous ring
of phloem elements (Fig. 10-5). The outer cells of phloem _constitute
the protophloem. The phloem is composed of distinet sieve tubes
with sicve plates on their laternl walls. The phloem cylinder i
thicker at places opposite the leaf gaps or the so.called medullary
rays. The eieve tubet are characteristic in having tbur!«.‘mg%ﬁ;
tangential to that of the stelo (Fig. 103). Zenetti (1863) descri
them as ‘quergestrecktetzellen”. Faul (1901} regarded them hﬂ!
siove tubes of the metaphloom, Next to the phloem sheath is x’Le
acveral layered xylem sheath swhich is made up of pamnchym;’l or! :
(Fig.10-5). It completely encircles the xylem steands. T b"n:]
every possibility that it is composed of xylem parenchyma &
phloem parenchyma cells.
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The xylem appears in the form of discrete strands of variable
ghapes and sizes. Most of them are horse-shoe shaped, some are
oval and others irregulor in shape. Theso strands are separated by
natrow parenchymatous bands that connect tho central pith with
the xylem sheath, Theso arc the leaf gaps. Each xylem strand

Fig, 10 5. T.B. portion of etelar region of O, claytoniana.

consists of scalariform metaxylem tracheids and annular and spiral
protoxylem tracheids. The former are larger in diameter/' than the
latter and constitute most of the xylem tissue. In the  horse-shoe
shaped strands the protoxylem forms a small group of tracheids
‘lying in the concavity of the metaxylem (Fig. 10-5). In the oval or
irregular strands the protoxylem is surrounded on all sides by the
metaxylem (mesarch). The number of xylem strands may be as
many as forty in O. claytoniana and about fifteen in O. regalis,

Brerhorst (1960) recorded the presence of pits in the walls of meta-
xylem tracheids.

Faul (1901) reported the presence of both external and internal
endodermis and phloem in 0. einnamomea. .

Pith. Tt occupies the centre of the stem and is parenchyma.
tous and quite conspicuous (Fig. 10-6). The pitk js wholly paren.
chymatous in O. claytoniana. In O, regalis and Q. cinnamomeq s
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few strands of sclerenchyma may be seattered in the pith, These
may be regarded ns tracheids,

The stele in Jsmunda has been designated as a dictyostels
by some workers. Sporne {1066) regards it as dictyoxylio, Due to
the presenco of continuous endodermis, pericycle and phloem layers
oxternal to the xylem, it does not fulfil the “conditions met with in
the dictyostele. The individusl xylem strands can also not be
regarded as meristoles. A meristelo in its essentials hasits own
separate phloem, pericycle, and an endodermis. This condition is
not obtained in any species of Osmunda. Tho stelar organisation in
tho younger and first formed parts of tho rhizome is protostelic
(Gwynne-Vaughan, 1911),

The Leaf

Petiole. A transverso section of the petiole revesls a distinct
layer of epidermis, which in younger leaves is covered with numer.
ous simple and multicellufar finir. Next to tho epidermis is a few
layers thick sclerenchymatous hypodermis. The hypodermis encircles
a broad central ground tissue. The ground tissue is composed of
thin walled cells, Init is embedded & singlo petiolar bundle, The
bundle 1s crescentic or horse.shoe shaped and has a central xylem
core surrounded on all sides by phloem, Endodermis is not very
clear. The xylem has several protoxylem groups along the concave
side. The metaxylem consists of large tracheids that have scalari-
form thickenings. It makes up most of the xylem tissue. A number
of mucilage canals are present towards concave side of the vascular
bundle~a feature which it shares with the Marattisles,

Leaflet. A cross section of the leaflet reveals the presence qf
two epidermal layers. The stomata are present on the lower opi-
dermis. In between the two epidermal layers is the un’dlﬂ‘erenh?e-
ed mesophyll region. The cells of the mesophyll enclose interceliu a(;'
spaces of variable dimensions. The cells contain chioroplasts ar;d
are the main seat of photosynthesis, They are ?ompactly ummged
below the upper epidermis and go on becoming loosely x;mzngtl
towards the lower epidermis. The mesophyll cellg are compactly
arranged in the region of the midrib and the veins, There is &
single vascular bundle in the midrib. It is concentric.

Root. The roots arisa endogenously from the rhizome. The:t;
is a distinet outer layer or the epidormis in the young fm?ha
(Fig. 10:6), It is Iater replaced by the outermost layer .g b
cortex. It is called the exodermis. Next to the ]]e;‘:ix ecre“s
is o few layered hypodermis which is made up of . thick wal eT » el
Tts colls are smaller in diameter than those of the cortex. T T
of the cortex is parenchymatous. There is a ¢‘ilscmct er;tois i
surrounding the central etele. The endodcrmys.of thaN 1‘0e s oo
tinuons with that of the rhizome and the petiole. Nex b it
endodermis are two Isyers of thin walled cells. These con
the pericycle. -

The stele is usually diarch but Faul (1901) reported trisr
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stele in soms species. There are tow xylom bundles that meet in
the centre and appesr a3 an elliptical central core of xylem. The
rotoxylem is exarch in posi. s
fion, I{ is represented by two EPOERN ex e
groups on either side of the
ellipsoidal xylem mass. There
is no pith. Phloem forms two
patches on either gide of the
xylem (Fig. 10 6). There are 1
a few layers of thin walled X waLeep
colls between the xylem and ) .
the phloem bundles, ) , \gwooneRms

The first or the primary
roots in Osmunda grow by
means of a single four sided
apical cell. The adventitions
roots, according to Bower
(1889), may show a single
apical cell in tht]a baginlr)ung,
Later it is replace Y a TPV YA
number of sgica] jnitials, YT % PrLOEN
Campbell (1911) deseribed the
presence of a aingle four-sided \ N\ Wogioel
apical cell in O. clayloniana { N PARENCIYIA
and O. cinnamomea. Accor- b
ding to him the young seg.

ments cut off by these celis Fig, 108, T.8. part of root of
are larger and Jook like apical O- regalis showing detailed
eells
REPRODUCTION
F R SR~ © b
. lly
. tte.

“ony sbeeni i aiu stILCIA L0 Wb wlsl tegion of the leat. In
Pel.. e T te scason. are entirely fertile,
. ' ‘uced, They have no sterilo

' c '+ = i leyelop_on the veins arising

i ¢. -« i .gia borno on théss slerder

and thinned out leaflets give the appesrsnco of Isteral tassels: of

sporangia (Fig, 10 7). Pinnules with lower fertilo region and upper
sterile region are also met with (Fig. 10 8). Insuch case the lower
proximal parts of the pinnac besr sporangial tassels whercas the
distal sterile part has & well developed sterile lamina. Tn _still
other eases (Fig. 10-7) the fertilo pinnales have well developed

Yqmivg L " = margins, In O,clayloniana

or the pinnao aro deeply

. fter f tuaiw = nnules, The fertile pinnae

in this species aro_restricted_to the middle of tho leaf (Tig 10-1),

The #potangia aro boras on the mATgioa of the~| pinntlés. " The_fertilo
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pinnao are bladeless and slonder, with the _result_that pinnules al
appear asg hort’slender"st:lls::

with anneqnnt  fo almabire

g,
o, A

?o o sporangial tassel corresponds
Io o section of the sterilo Jeaflet.
k{x 0. cinnamomea there are two

inds of leaves, tho sterile ones

Fig. 107, Camunda regali i i

Portion of loaf bearin regalia. Fig. 108. Osnunda requlis.

ti g sterile, partl, Trao: f tasgel

eterile m}d pastly fertile aud'gholl‘; p ey ;::;be:‘ o ! of‘
ortile pinnulos. of sporangis. {After Bowes)

!;g% tho fertilo ones. Tho fertile ones aro reduced and bladeless (Fig.
10.3). The sporangia. are paked, .., they are mnot covered by

indusia or seales or hair of any typs. R
An ab I position of tho sp was recorded in
wdhry, 1932). Some of the sterilo pinnae were
""""""""" anoin o their absxisl surface. The_sporangia
. ' . :innae were foun in the

sterile pinnae.

SPORANGIA

re_and Dehiscence (Fig.109, E—H)., A_mature
A2 eamnlje amd wAGEL other spocies of Osmundd 15_®
) . " o .ot osture. The stalk s many
' . . 2. .. At speeles. ” The_sapstlo
Lo . - - . . “ext to it there sre two
. ot . " . |ls surrounding_»_centssl

o Lo ;. “tdpetal “cells do gt dis-
T fluid. In 0O: claytonians
) . ' s The iner layeris derive
v ' ., - disorganises to form_the
peee Lt ate and push . their way

i ir walla disintegrate and

to form 8 network like plas-
ration of spores. The

Structu
Sl

in betwesn e oy s .
their protoplasts fuse with each other
modial Ruld. It disappears during the matu
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outor layer of tapotal colls is dezived from thoe_primary. archesporial
cell.” Tt is made_ up of a single layer_of__flattened _cells and pems}s
151 01 8 BIngi

PRISARY FPRINARY
JACRET CELL " ARCHESPORIAL
CELL

wart~ PRI

aiARY st
__SPORGIENOUS CELL

—gﬁ;,w’rm Rttty

CEERTRMEM ST

Fig, 10.9 (A—H). Stagos in the development of sporangium,
A—Y. O.regalis, F. A synangium of O. regalis, G-H.
0. claytoniana. {A~F, after Bower; G~-H, after Smith)

throughout the_life of the sporangium. It may be regarded asa
functionless second wall 1876, T8 plays no role in protection and
dehi of the sporangium por it nourishes the spores. The_spore
mother cells undergo merosis and produce 128512 spores,

The mature sporangium develops a_transverse group of thick
walled el s‘un~one_51§e_(i‘iz. 100, BT, Thia 57 4027 "lig, In
antR T . - gof the
. [ T " {broadth

A A P— . om " vertieal

- ' s : . s . . ypresents
S04t ) Thoso

- : + _slit ox.

Develonmeng  U-- .-

o dovolopment
of

gia nppear na

sz _or thoir Bege
m 1. gle_sporangial
i i . e, y_largo_sizo, distinot

- : - *  ransverso wall D" §
' e e e e - '.and an innor



826 BOTANY FOR DEGREE STUDENTS

coll. (Fig. 10-9, B). The former js called the primary jacket
cell snd the latter as Primary archesporial Ee’l‘l lFigI‘:{O‘gofB).
The ehepe of the primery archesporial celf Viiies, It may be like
sn inverted pyramid with a truncated Jower end or it may have &
yomth lower end. The former condition is considered to be pre-
valent in the eusporangiate sporangis and the latter in leptosporan-
gisto types. The archesporial cell cuts off three peripheral_cells
(Fig. 109, C) enclosing & central primary sporogenous cell.
The peripheral ™ Vo T N e e
Bower. Their o
in the leptospor . . .
complete layer of tagetnm internal to the wall layer (Fig. 109, D).
The tapetum may become two or even three-layered thick. This
may happen by the periclinal division of the primary tapctal célls,
or the second layer of tapetum is derived from_the outermast cells
of the sporogenous mass, The latter condition ™ Is nehievéd in
0. claytoniana (Swith, 1938). The primary eporogenous _cell divides
repeatedly to form 32128 spore inother cells. ~ The "{aqictal “layers
in 0. regatis do not disorganise to form a plasmodial flaid, This
condition reminds us of a similar state “of affairs in the Jjcophyts,
1t has been regarded by some anthors that the tapetal layer denved
from the archesporial cell is in reality a sedond wall layer becauso
O C st 4 e 2 Stemodig] fluid,  In majority of
o . »  is therefore regarded as »
' + +. ) be a sound reason for dis-
T i 4 43l in the lycopodisles,
V . o Y Moreover in Osmun-
s=, & '" not the wall become
)t . *: o primary woll celis ¥
: - J.rived from the outer-
,H) in s manner des.

o

The stalk of the sparangium: s _derived entirely_ or.partially

from the surrounding cells, @ gporanginem _¢an,
therefare, nat ba traced to a single cell. The development 13, there-
fore, essentially eusporangiato although "there s a trend towsrds
leptasporangiste development, Bower (1035) reported a synangiant
formed by the partition of the sporangium into two sporogenous
groups ({Fig. 10-10, F).

MU cypva santhan nolle nndergo meiosis to form 128-512 spores,

. b

sorved tho haploid humber of

GAMETOPHYTIC GENERATION
1t atarts with the spore whoso structure and germination is

deseribed below.
erical_in shape

Spore (Fig. 10-10, A).  The spor Is almost sph 3
(niiigtincg triradiats. mark. The.ppore_wall consists

end possesses p_distinet 2
of the neusl twe layers. The outer variously_sculptured ezine
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an innor thin intine, In some cases s thin perispore is also present
external_to_tho_ expsporium. The periSpore s formiod by tho dépo-
sited remoins of the plasmodial fluid. The spore protoplast has a
distinct centrally, Jocated nucleus (Fig. 10-10; B) surrounided by cyto-
plasm which tains _ _chlotoplasts, The green spores of
Osmunda remain yiablo apptoximately one” week under field condi.
tions (Lloyd and Klekowsky, 1970).

Germination of the spore (Fig. 1010, C—H). Campbell
(1892) studied the germination of spores in O, clayloniana and O.
cinmamomea. Under~-' . . T . -

frmog ot Fho dwl wa

f . P S O
: ' it * - 4 wll primary rhizeidal
cell =7 . . preweezs prothedliad eell. The former comes out
nrst 1n the torm of & conical protuberance (Fig. 10 10, C) and the
latter is still enclosed +ithin the
rupturing exine. The rhizoidal cell
contaius_a few chloroplasts which
e s it pushes its way down
the soil as & first rhizoid, dis-
appear (Fig. 1010, D, E), The larger

INTINE

tion}. Lhere are some variations in
the pattern of the laying down of
first walls in the prothallial cell, In
0. claytoniana (Campbell, 1892) the
prothallial cell divides_by & fow
transverse_walls_ (Fig. 10-10, D) to
form g filament of green cells, The
terminal cell of the filarient divides
by two intersecting oblique walls
(Fig. 10-10, T) to include a triangular

fapes.

apical cell with two_cutting

The Tower colld of the filament may
noir divide by longitudinal walls

(Fig. 1010, F). The apical cell cuts " -
Off segments oy s i) FEEL and  Fig 1010, Germination of the
bl Ak AP L .l spore and early stage in the
loft Sm s regular, altetnale manmer.  development of the prothallus
Thé™ ségments eut'off “by the apical  in Osmunda; A~F. O. clayton-
cell divide each by & transverse wall  fana; G--H. O. cinnamomea,
toforman outer and an inner cell. (After Campholly
The inner cells divide by horizontal walls. This adds to the thirknase ~&

tha seatlalie .

1 P . . oo

t - etk vppewskast, Bue apcal
ceil_Juay remain distinet and finctional Tor s long period of it may
be replaced by a row of fow Hatmnal cella. These divide in such a
manner 5o as to cut 6ff segments laterally as wall as towards dorsal
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and ventral sides, This type of growth leads to the formation of an

elongated heart-shaped prothallus with
noteh (Fig. 10-11, A).” The cushion projects p

t_cushion_below the

ominently on ventral

side. The prothallus may continue to grow by means of this mar.
R I ek aru L

BASE OF OLDER
PROTHALLIUN

Fig. 1011 (A-.C). Prothalli of
0. claytoniona, = A. A young
ap!

prothallua with & distinet apical
notch. B, Old prothallus with
secondary prothallus developed
frora an sdventitious branch,
C. A filamentous and & branch.
ing prothailus with antheridia.
{After Campbell)

10110, G). Tn this casé no filament is pro.
are not rare whin the primary pra
8 mass of cells, An apical cell
activity gives rise to a flat and cordat
not very prominent in these species. Tho prof

coloar,

Struci
Osmundais™ .
a cordate or

tions are monoecious, pro
bn\;-_gbeyd_

L e
thallus divides along throe planes to form
is soon established in this mass and by ita
rdate prothallus, The central cushion ia

troctures witha staooth or slightly yayy_msrgin. .|

véntitious branches also grow by
means of a two-sided apical cell.
The rhizoids_arise_. from_swollen
midFib portion_on,_the _ventrsl
side_and are unicellular_in  young
prothalli, but_become septate, in
qldgrlpnes.

Bometimes the spores (O. clayto-
niana) develop into irregularly bran.
ched filaraentous _prothalli {912, 0)
that are either wholly male or are
protandrous and produce nmhegan!a
very late. The male prothalli remain
small and may be produced in larger
numbers.

thalli are dark green in

4t avten  The mature prothallus of

forsiventral, green and
112, A). It varies in
A anmnebad o Aicho-
= fhe

cal

Lo 0.

. RS
ar

' i

srotandrous, flat and nbbon_shaped_snu un-

Urder
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corta .- . e e e ' . .. :
brant .

only .
10°:12 . . '

: . f
%?!rcégalmivo long and reach s Jength of 4 centimetres. He also
recorded dichotomy of the prothallus in this species.

SEX ORGANS

The monoecious prothalli_are protandrous and_ bear_antheri-
dia ufter obout two wetks. (0. cinmamomed) to one month
(0. Claytonidna) of their development from the spore. The antheri.
dia usuaily sppear along the margins or on the ventral sutface_along
- . . ‘op._either along

re scattered all

archegonia pro-
. o . - ~ . slways prodi
on iﬁ-"-‘l'“ff‘“‘?lﬁ_’,"f_?‘ﬂ{d” Emthnlh possess, both antheridia” and

=575 of omergent type like most of the
. many-celled wall. The archegonia,
. et , -t the neck is cogpg_s_edﬁqffﬁ_giers of
cells instead of four (ag usual ber for e lept iates)
The antheridia in the exclasively male prntha!lj;a}s éithér “marginal
of terminal. " N - T T

Antheridia
Structare. The antheridia ar

M_ SSATIEEER awd slahalea ab

f projecting or emergent type,
=4 +~-7 in position from
T Lot » . - . {theTprothallis,
- CEEN s * . & The body of
* .= of many-curved

et ST o o trisfigular cell
om}th.eriqﬁim'crt’glqno. side, is the Spercular cell

attha apex of b
pi R A i

o .

" " .

Development (Fig. 10-12, A—K). The antheridium develops
from a’single cell. The antheridial initial is_cut off from a large
sui)‘e?ﬁc’igl cell of the prothalls. In ferminal antheridia the termi-
nal el 67 E b“rﬁ'ﬁh‘beoqgmsﬁlﬁx:qu_and 1 divides by an_ oblique

o1l ferbn e ——at

. . .
1z, By, 1ne weirabearal coll as its “broad end facing outwards
and the narrow end facing inwards, Tt cuts off segments along its
three lower sides. These s t form the stalk of the antheridi
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The length and thickness of th,
e stalk depends uj 1)
segments cut off by the apical cell, pUsuallyp?;:w 1:; ’;‘;?;b:rfe(g

ANTHERIDIAL INITIA

Fig. 102 {A~J), Stages in the devel of sntheridium in
A—H, 0. I-K. O.cl jana {After Catopbell

segments are ot off by the apical cell 20 that the stalk is either in-
distinct or very short.” After the apical cell stops cufting gogients
froniits” three lowcr faces, it divides by a curved periclinal wall
towards its outer broad face thus distinguishing an outer curved
primary jacket cell and an inner primary androgomial cell
(Fig. 1012, B) The primary jacket cell undergoes anticlinal division
to form two cells {Fig. 10 12, C). Both the jacket colls divide
further by anticlinal and oblique walls to form the antheridial
jacket. 'The antheridia) jacket thus formed consists of a single
layer of variously curved, chlorenchymatous ceils (Fig. 1612, D,E), &
trangular cell or the opercular cell is formed by the division of the
Tt Y 4=nlla Theopercular cell is either apical or lateral

s by now diwided by repested

* (100 or more) of androcytes or

] protoplasts of each androcyte
ioltiflagellate spermatozoid {Fig.

ain within the androcyte walls
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and escapo by their gelatinisation after the dehiscence of the antheri.
dinm.

The position and mode of formation of the triangular oper.
cular coll is quite similar to tho cusporangiopsidn., Tho emergent
ition of the sntheridium and jta origin from a single ccll are
eptosporangiste characters. The mode of wall formation and the
formation of the stalk aro characters quite peculiar to Osmunda.
The number of androcytes is neitber ) giate nor leptospor-
angiate, In the former they far outnumber Osmunda and in the
Iatter they are fow.

ARCHEGONIUM

Structure, The archegonia bavo projecting necks that project
in a horizontal direction from the sides of tho median cushion. The
neck consists of 4 verlical rows
of celis each row & cells in  samvecomm:

height, f.c., it consists of 6 ticrs dinay FAIMARY
of 4 colla each. The neck is, foum et
therefore, longer than the lepto- w ‘@
sporangiatea,  The neck encloses wga I
a single binucleate neck canal - cexe ..
cell. The venter is embodded "'
in the prothallus tisaue and is A

not surrounded by its own wall.
It contains a single ventral
canal cell and o large egg cell.
(Fig. 1013, F).

Before fertilisation, the
neck eanal cell and the ventral
canal cell disorganise and be.
como mucilaginous. The muci.
lage absorbs water, swells up
and forces the apical tier of cells
apart, ﬁ_ms ‘mnking an open

r.

it

Development (Fig. 1013,
A~—F). The archegonium
ae‘{ao,;s from a single superfi-
cial cell lying on the ventral "
side of the prothallus somewhers  * 8- ‘°g§’.;m’;’;‘g”‘; ;;;:,:;;,’,f, archego-
along the flanks of the central : (Anerdnmpbeu)
cushion. This cell is called the :
archegonial initial and can be distinguished by its larger size
(Fig. 1013, A), Tho archegonial initial periclinal
division and cuts off .an outer smaller primary cover cell
(Fig. 1013, B) and an inner larger mother cell of the central
cell.  The former divides by two vertically intersecting walls to
form four diagonally arranged neck initials (Fig. 10-13, C). The

P
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mothor coll of tho contral cell divides transversely into an upper
contral coll and a fower basal cell (Fig. 10:13,C). The Iattor takes
no further part in the dovolop ¢t of the archegonfum, It may divide
oncw or twico to form cells that are indistingnishable from tho sur.
rounding prothallial colls, The nock initial divides transverssly to
form 6 oF 8 tigma ~F manle ~alo X0 anan g ol e straight
or curved like - - - ntral coll divides
into anuppor: = + ¢ = le" lower primary
ventral cell, ‘'ho former, forms o single binucleats meck eanal
eell and the latter divides into an upper smaller ventral canal cell
and a fower larger egg cell.  The neck canal cell pushes in between
tho nocK colls and its two nucloi may, in rare cases bo separated by
& wall to form two uninucloato nock canal colls,

EMBRYOGENY

As o result of fertilisation a p‘isloid zygoto nucleus or a
synkaryon ia established, It is surrounded by & dense cytoplasm,

AAREHEEONTAL HLER

Tig, 1014, Stages in the development of Embryo in Osmunda.
D, , O. , E, G, 0.
('A?'c. D, . H, Atter Campbell; B, B, 8. After Cross)
ng & diploid eell called the
tho

ich secretes o wall, thus establishi 3
:)l'lécote or the cospore. It is lying in venter and is &le:c:gg
by the surrounding prothallial tissue. The yo\m% cospomenmﬁon
pioneer structure of the sporophytic individual. Its b;eﬁ e olops
and forther differentiation gives rise to the embryo Wn: e et
into the young sporophyte. These stages of developme
died by Campbell (1892) and Cross (1931).
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The zygote divides by a wall parallel to the long axis of the
archegonium (vertical wall) into two almost equal cells (Fig. 1014},
B). The two cells thus formed divide each by a wall at right
angles to the first wall to form four cells {Fig. 1016, C). This is the
quadrant stage. The epibasal quadrants give rise to the leaf and
the stem and the two hypobasal ones give rise to the foot and the
root. The anterior epibasal quadrant forms the leaf and the posteri-
or develops into stem. Similarly the anterior hypobasal quadrant
gives rise to the root and the posterior to the foot. The quadrants
divide trapsversely to form an octant stage. Subsequent divisions
aronot very regular. Cross (1931) stated that in 0. cinnamomen
the stem, leaf and the root develop from that half of the octant
which is nearer to the archegonial neck. The foot develops from
the other half. The foot is well developed and may perform haus-
torial functions. The root apical initial appears endogenously and
by its activity gives rise to the primary root. The development of
the embryo is slow and it retains its globular form for a sufficiently
long time.

The leaf initial makes its appearance as‘three-sided apical cell
in the anterior epibasal octant. The young leaf soon appears as a
conical protuberance (Fig. 10-14, F) on one side. The first leaf
does not come out of the surrounding prothallial tissue until quite
late. The tetrahedral root apical cell grows into a massive prima
root. The stem apex appears on ‘one side of the leaf apex in the
posterior epibasal ‘half and grows into the underground stem after
the primary leaf and primary root had established themselves. The
primary leaf has broad lamina with irrepular margin. The venation
is furcate. It possesses stomata on both the sides. The vascular
bundle of the petiole is of collateral type and that of the root is
diarch, The vasculature of the young rhizome is protostelic and
becomes dictyoxylic at a later stage (after producing 3 or 4 leaves).

Brown (1920} and Sarbadhikari (1939) reported spogamy and
apospory in O. regalis and O. javanica. The sporophytes arise from
the gametophytes without the formation of sex organs aud snbsequent
fertilisation. Such sporophytes have the same genetic constitution
as the gametophyte. Their formation has been observed under
natural as well as experimental conditions. Barbadbikari (1939)
also reported aposp production of gamefophytes from the
sporophytic tissue (sce Chapter I). He found that in O. javanica
th hytes produced, antheridia but no arct i

6 i & )
The eporrophytes develgped as vegetative outgrowths from the tissue
of the prothallus,
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in parate family Marsil and included it under the order Filicales,
u.yg\_lg_aln deurvo thorank of a separte order as Lh_gy possess s pumber of

Jdistinet foatures which take them away from the B Komiospofous it forms,” In
this text tho classification proposed by Reimers and Smith is followed.

Order Filicales

R i Ik MR EELTTRRE v o RS Y

by Remmers

, . . , Matoniaceae,

(w) H: 1 {v} Dicksoni " {vi) Cynth and {vii) Poly~

podiaceas, Nnyﬂr {1062) reported a wide range of stelar arrangement in

Adiantum, He regerded this genus ns sn jeolated form and suggested its

ina family called Adi Nayar snd Kazmi /1962)

also proposed that the genns Plagiogyria 19 an 1olated and a primitive genus
whieh shou!d be placed under & separate order Plagiogyriales.

Holttum (!.9'19’_). flx_vld_od the

der into 10 fnm‘l'es Thoeenre-

N .o
[ PP . .

1y tsines,

Family : POLYPODIACEAE

Thers is no general agreament regurdmg the lumts of the family.
A number of systems of ¢} ha d but the taxo.
nomy of this family remains undecided. It isnot within the scope
of this volume to disouss all these systems. The system proposed
by Christensen (1838) has been jollowed in this text, He sub-divi-
ded the family into fiftcen sub-families and included about 170
genera and 7,000 species. He, however, agreed that these sub-
families can be raised to the statns of families. All these sub-
families arc grouped together becauso their representatives possess
sporangia with long staiks, biconvex capsules and vertieal and in.
complete annulus

The family is characterised by the following features :

1, They ate vurled in the habitat and may be mesophytic, -xerophytio,
epiphytic and aquatic ¥ bo mesophytic, xerophyt

and vary in size from a fow 7 ) to e motre
or more 1n 'leugbh

2. The Ieavosrm)y bo simple, pinnately compound or even palmate
(¢

o _rhizomes may,_be. lie (Adiant: ., teli
glern o, ABnanium ap.), dxctyoateha (Dryopteris) or.; pnlyvyohc {Po{ypodtum,
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ko f_(:z;ld’.lfhe Toots may be diarch, triarch, or tetrarch, Polyarch roots are
5. ‘The sporangin are grouped, in sori that may be naked £Pol; i

or pratected by indusyum 7Dsioples), o maag i el s

S by nds B;ryop'("g)o:»lma). The indusiure may be false (Pierss,
8. The eori are usually mixed, i i i

complete annulus, There is); distinct :b:’x;i\'x}x:;o,mngm have vertica) sad fo.

. The number of spares per sporangium varies from 32 to 64

;;:t;x;:; :re bilateral or tetrahedral in shape and x;my bsx:ith urowiti:o\};h :

ore.

9. The zex organs show no diversities in their structure and develop.
ment, The Iu’:xz‘hendm )mvo'a single cap coll except in Woodsia, which has two
o arol Tt

cap cella. 3 develop on
and branches called the axch P v
R U JVI S TSPV S oy
L . . .ere is no suspensor
o . " . . v long exis of the
erchegonium.

Dotailed life histories of Dryopteris (sub-family Dryopteridior.
deae), Pleridium, Pleris (sub-family Pleridivideqe), Adiantum (Gymno-
grammeoideae) and Polypodium (sub-family Polypodiodeae) are disous-
in this text,

Sub-Family DRYOPTERIDOIDEAE Christensen

The sub-family is characterised by the following features s

1. The sori ate superficial and may be_borns on the vein or_bnyein
endings and may b6 with or without indusiam:~"The 6Tt arlss of Talsod récef-
tacloa on the ventral side of the pinna or pinnule,

2. The sporengia sre mixed and have a distinct long stalis that is
made up of three rowa of cells, In Dryopteris the stalk bears s water gland.

3. ‘The number of spores per sporangium varies from 32 to 64 The
spores are ususlly bilateral and have perispore,

They are

4. The P are i and _epi r
green, cordate, dorsiventral and bear sex organs on the ventral side,

5. Thae e 4T a VTt mes-aszia dype with short
and bent necks . i . « wall made up
of three cella. 1 Lxl e

6. The stelar organisation is dictyostelie.

7. 'The rhizoms is densely covered with hair like or broad peales cafled
the ramenta, In Goniopterie the scales are branched and stellate.

§. The leaves may ba aimple ar compound and are circinatoly coiled in
abud diti The jon may be reti or

The sub-family includes 25 genera (Christensen, 1938)ednx}d
1,500 species.  Life history of Dryopteris Adanson is discussed in

thia text.

DRYOPTERIS Adanszon ¢
The genus Dryopteris includes about 250 5 gcics that are
d}atributzdgm the Nu{th temperate regions, East Asia and Africs,
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tropical and sub-tropical reginos of the world, About 25 species
have been recorded in India  All of them grow in the Western and
North Western Himalayas and around Simla, Dryopteris ramosa
and D. blanfordii are very common in Kashmir, Dryopterss
chrysocoma is extremely common (Fig. 11-2) in India and grows on
exposed places and hill tops between 1,510—2,700 metres above sea
lovel. It can alro grow well under moist and shaded environments,
Tt is exceptionally common elong the margins of forests in the North
Western and Eastern Himalayas.

SPOROPHYTE

{¢) Morphology .
Tha gnamanhetn bag o -t % thizome that_is_fixed_to
* - ' rools, e only above
' PR . that vary in length from
15 centimetres t0 50 or more. The rhizome is generally crecping
(D. vigida, D. fibrillosa) and dorsiventral. In D. chrysocoma and
D. filiz-mas it 1s short, stumpy end obliquely placed or semi-erect
Pem BT Pr- T, o - b brown, soft, hroad
_sparingly _branched.
h bases ot;ﬂ(l:ld and
. T uneven. o_apex
o . "« olosely packed young leaves tha% Jorm
o ) . ¢ leaves & littla behind the apex are
. . " 2. The older leaves unfurl into a
) the frond. The leaves are crowded

eaf bases removed

Fig 113, Dryopterie’ .Rhizume eith 1
' ‘ N ' petiols bearing

oot.
U . . soction of the
potiola besring tho bud, (Afror Soiba)

asket like' form to the

1 form a crown givinga ‘b
;:::\‘:.‘.d Y:}}ﬁe?}\e:am sent is g, 1 i.e., the younger are
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near tho apox and tho clder behind. Tho crown like appearance is
due to their nearness to each other. Tho young leaves are profusely
covered with chaffy scales or ramonta,  As tho loaves grow older the
the scales fall away and are found only on the petiole. The roots
arise from the lower or the ventral side of the rhizomo and are thin,
black and wiry structures.

The leaves are pinnate compound and may be unipinnate or
bipinnate (D. rigida). In D. erubescens and D. chrysocoma, the
pinnae are deeply cut or incised into pinnules. Such leaves are
T e e e 11T o T pinnge near the base

. K "i-ger up to the middle

cor et ey I -
w0 R ." ‘upto the apox of the
iear, Lo gives tue joal s spiuidio-siupea appearanco. The margins
of the pinnules are also incised and may appear dentate or crentate.
The whole leaf may vary in sizo from 12 cm. to 55 em. in D. chry-
socoma. The venation is furcato and open, Each pinnule is traver-
sed by a distinct midrib which bears furcate lateral veins. In Dryo.
pleris cochleala thero is segregation_of fertile and_sterile_pinnae, In
other species there iz no such differentiation.

{b) Anatomy

Rhizome. The rhizome is profusely clothed with ramenta and
bases of older leaves, The latter give it an irregular appearancs
(Fig. 11-4). Thero is & distinct epidermis which in older rhizome
becomes sclerenchymatous, The epidermis may be perforated with
gtomata, It is covered with a distinet cuticle. Next to the
epidermis is o few layered hypodermis, It is made up of scleren-
chymatous cells that form a peripheral str hening cylinder (Fig.
L B Paate s e id tissue in which lie

« + leaf and root traces.
+ - *ae ring of the meri-
[ ot . H PR of the ground tissue
internal to the meristeles and forming the cors of the rhizome is
called the pith. The cells composing the entire ground tissue are
parenchymatous with cellulose cell walls and store food material in
tho form of starch grains.

The parenchymatons ground tissue in which the whole vascular
system of the plant is embedded serves various functions. It per.
forms storage functions in the stem and absorbing and translocating
system in the roots. In the leaves it serves to manufacture food and
then pass it on to the conducting system. Besides these, functions
of hang piration and other physiological
phctnnmom take place in these tissues surrounding the vascular
eystom.

. The vasculature of Dryopteris is a typical dictyostele’ with
aneristel>s of varying sizos nrranged in an interrupted and irregular
ring {Fig. 114, A). Tho numbér of meristoles is also variable.
“Their s\gnpe may bo circular, clliptical or oval, sometimes curved
snd reniform  The whole stele if dissccted out of the grounp tissue
appears to be a eylindrical meshwork of vascular strands (Tg. 8:6).
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It gives off leaf traces to the leaves and
petioles the leaf traco bundles give off cul fr:)m Sh:obz};x? ‘;{)ct’t’:

LEAF BASES
Az -

PITH

g N IO
SRS R
w0 L 0 o0°

A ‘{ a
LN ° A MERISTELES
Ienst TOL, S
i o & LEAF TRACE

METAXYLEM
PROTOXYLEM .
Fig 1144 (A—~B). Dryopteris chrysocoma
Di ic t.6. of rhizoms ill ing internal

B. A moristele detail.

The stelar system of Dryopteris is, therefore, an’inter-connecting
conducting system that extends throughout the plant.

A dictyostels is derived from the amphiphloic siphonostele by
the appearance of overlapping leaf gaps in the former. The leaf
traces departing to the fronds leave these parenchymatous gaps in
the continuous vascular cylinder and malke it perforated.
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A single meriatelo &f‘ig. 11-4, B} is bordered by a single layer of
endodermis, whose cells have distinet cosparian strips, Next to it is
a singlo Iayered pericyclo that surrounds the phloem tissue. Phloem
has protophloem which forms a single layer of amall sleve elements
and parenchyms, next to tho porioycle, and@ motaphloem which
forms & layer or two of largor siove colls and phloem parenchyma,
The protophloem has beon seen to develop (Ching, 1927) from a
mother cell layer that also gives rise to pericycls and endodermis.
In a longitndinal section (Fig 11:5) the sievo tubes of the
metaphloem appear to bo spindle-shaped in outline and bear sieve
plates on their lateral walls, Companion cells are lacking..
Phloem parenchyma is prosent and consists of olongated and thin
walled cells that storo food.” Vessels are absent, Xylem is mesarch
and forms tho solid eentre of the meristele (Figs. 11-4; B, 11.5).

GROUND TISSUE
D[A’{an!kms PROTOXYLEM  PrLGEM
Vg g~

pme R, st
"o XYLEM ENDODERMS
HVLEM  GRouns TissuE

Fig. 115, LS. rhizome of Dryapteris chrysacoma showing the
struoture of a single raeristole.

-
P 2

haid 1,

The small protoxylem tr are sur ded by large y
tracheids with few cells of xviem pame~t--g goparating the two.
Tha w=-t . e S0+ =0 " o whereas those of
B . ‘ e n elongated and are
et o T L e wstor (iug, L1-8) giving e ladder like or
scalartorm appearance. Sueh pits are designated as Tarif

pits and orc characteristic of the ferns. Sometimes the closing
membranes of tho pits lying across the cross walls of the tracheids
bocome absorbod and establish an open tion bet the two
tracheids Jying ono above the other. Such a condition simulates
true vessels and is of rare occurrencoin Dryopteris but common in
Pleridium aquilinum. Tho tracheids are spindle-shaped. The xylem
m‘:d phlgem ate soparated by a layer or:mors of xylem paren.

Y T t

! P

There is no secondary growth in tho thizomes of ferns and the

concentric meristeles arc of limited growth.

. l}out;. Tho structure of the root presents no variations among
the polyy At 80 gection (Fig. 11-6) reveals an outer-
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most_piliferous layer, The cells of this layer are thin.walled and
may bear unicellular hair. Next to this is the wide cortex which is
clearly distinguishable into an outer parenchymastous cortex and an
inner sclerenchymatous cortex. The latter is the chief strengthening

EPIDERMIY

OUTER CORTEX
1 PARENCHYMATOUS)

MNNER CORTEX
15CLERENCHYMATOU

ERDODERMLS

PERICYCLE

PHLOEM

METAXYLEM

e
Fig. 11+8, T.8. root of Dryopteris chrysocomas

Next
tiseuo of the oot and completely surrounds® the central stela, Neo
to the juner cortex is & cogmplete and distinet layer of endode::?;-
It is made up of & single layer of thin-walled cells with cﬁg i
bands on the radisl walls, One or two layers of tlun-lwa' e
next to the endodermis constitute the pex:lcycle.“ '.l'}tm ?]t:i ;! :,sf Srotor .
aud consists of » contral plate of xylem Witk SmAOr MRCEs L, Korms
: T e - % ‘There is po pith

o | VMo Ve T e 7 es, resembles the
. . = . T i -
seed plants in its primsry orgsnusation, there
growth in the ferns.

Thae Iaterat roots originate
from definite cells of the endodermi

Leaf. The structure of lesf lanina and the petiole o
ter varistions among the polypodiacese. "
{i) Laminn (Fig.11 A cross section through the sterile

peing o secondsry

e opposite the protoxyfem groups
s and are thus eudogonu?s.
fTer greas

~~ew nnd lower epidermal Isyers with
' 3!".he epidermis contain chloro-

. ce (in plants
.ed o the lower susface (in § a8
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surfaces (in shade plants). The mesophyll is not distinguished into
palisade and spongy parenchyma. The cells of the mesophyll are
thin.walled, chlorenchymatons and loosely arranged, enclosing small
end large intercellular spaces among them. The cells of the meso.

UrPEER 5P40¢’RM(S B} GLANDULAR CELL
;u‘ili{gf‘ wg,ﬁnﬂﬁ -
o8 7 B oy L]

&
TP s 1S R
cowee epoEamis  sroMA SO v

Fig. 117, V.8, through lamina of the sterile pinnule of Dryopteris.
(After Bower)

phyll immediately below the upper epidermis are either slightly lobed
or not at all lobed and enclose smaller intercellular spaces whereas in
the centre they are comparatively larger and irregularly Jobed and
enclose larger intercellular spaces. Some of the mesophyll ceils bear
distinet glandular cells. These are water glands (Fig. 11-7) and store
water to be utilised under conditions of stress or dessication.

The vascular bundle of the midrib of the pinnule is either
concentric or bicolateral (phloem on both the sides of the xylem
strand) whereas in the smaller veins it is collateral with phloem pre-
sent only towards the lower side of the xylem. The collatersl
condition results due to the disintegration of the phloem elements
nbove the xylem strand. A distinct endodermis or the bundle
sheath encircles each vascular strand. The cells surrounding the

lar bundles are pactly arranged and extend as such to the

upper and lower epidermis. These are often called bundlesheath
extensions.

(if1) Petiole. A trasnverse scetion of the petiole near its base
reveals the following structure (Fig. 11+8).

The outer epidermal layer completely surrounds a sclerenchy-
matous hypodermis which consists of 2 to 7 layers of lignified cels.
The reat of the tissue is parenchymatous ground tissme in which lie

bedded o isteles that are arranged in horse-shoe-
like manner (Fig. 11'8)." The meristeles are almost round in shape
and are of varying sizes.
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Each meristele (Fig. 11-9) has & structure simil
the stem meristele. The xylem is mesarch ‘and lixs 1;:'";?1"3);33 :}f

MERISTELES,

Fig. 11 8. T.S. through bassl region of petiols of Dryopteris chryeocoma
showing detailed internal structure,

phloem. The two tissues are separated by a layer of conjunctvie
parenchyma or xylem parenchyma. There is a distinet pericycle and
endodermis,

APICAL GROWTH
{a} Rhi The rhizome grows by means of & single apical
cell in the ‘oung___upom{)hﬁo. Later & group of cells is visiblo at
cells form & single layer and have a single two-

the'stem tip. These
gided Iarge coll flanked on either side by its derivatives. The large

cell is tho apica) cell and its derivatives'are called the prismatic cells
&‘Znn)]nw, 1043). These together constitute the spical meristem.

ese cells divido and fedividoto form & group of actively dividing
eells which later give rise to a eap-like zone of prestelar cells oc the
incipient vascular elsments. These give rise to stelar tissns of the
rhizome. Immediately beneat the etelar cap is the cona of paren.
chyma cells that constitute tha pith (Fig. 11-10).
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ENDODERMIS

* Fig. 110, Dryopteris chrysotoma, A single meristolo from
the petiole as seen under higher magnification,

Pig, 11410, 1.8, Rhizome of A i hiop
showing apical organisation.
(After Wardlaw)

(b) Leaf. It has a single two-sided apical coll that cuts off, in
a regular sequence, two rows of segments. .

(c) Root. The root grows_by means of s lo tetrahedral
apical cell that cuts segments Gn all its four sides. The primary
tisgiies of the Toot are derived from the segments cut off along the
three lateral sides. The fourth upper side cuts off segmenta. that
give rise to the root cap.
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VEGETATIVE PROPAGATION

A detailed account of the methods of vegetative propagation
has been given in Chapter 8. In Dryopteris the sporophyte repro-
duces vegetatively by the death .
and decay of older porfions. of
the rhizomeé arnd _separation_of
younger branches which_root
themselves  as independent
plants and produce young lea-
ves. Dryopteris_has._.also-buds
developed & little distance up
the petiole {Fig, 11-3). These
buds are capable of producing
roots and eslablishing them.
selves ae independent young
plants Such buds have also
been induced experimentally on
the young and old leaf primordia
of D, dilatata (Wardlaw, 1943,
1047, 1949; Cutter, 1954, 1956,
1957, 1963).

REPRODUCTION
~7 (a) Sporophylls st!nd Sori.
T R T e .
D ‘r" Fig. 111, A pianule of Dryopteris
Lt ! L2 Lo S " ehrysocoma as seen from ventral
forming_the_twin_function_of . . gde Noto the sori and thewr
e Y Vot - postion.

%, y.part_oronthe whole of the leaf.

Fig. 11:12. Dryopteris chryroeon:

a.
A. TFertils pinnules showing the position of soruson a voln.

B. A sporangium,
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Dicogs © v e - PR RS
8hows ¢ .

part of .

of gree | .
called the_sori (sing. sorus).

. ia and i feris it i "
Asgorusisa ggug of B-I:_O;?:I_:‘g:a. :.n _in Dryopteris it is protected

by - ---TEEe T--t gorus is borne_singly
el ' ' Vel (Figs. 11-11 and
11- ‘cle and continues its

course forward beyond the sorus. A mature sorus is, therefore,
borne on the vein and not at its end. The vein provides the sorus
with its y nourishment. The sorug atises on & distinet semi-

lunat receptacle,

The young receptacle srises as a group of cells 4 little inwards
from leaf margin (Fig. 11-13, A). Such a condition can be seen
LELE MARGIN
RECEPTACLE

INDUSIUM

VASCULAR_STRAND

Fig. 11-13. Recoptacle and sorus of D; teris,
A, V.8, Young sorus D.fdiz?maa sut in the dimcg:}::f vein,
The receptacle and the indusium are shown,
B, An older stage of A,
C. V.8. Young sorus showing well d ped ium and sporangie
in various etages of developruent.
PN .

(After Bower) N

in a longitudinal scctién cut in'the direction of the vein (Fig. 1113,
A, B,C). These sections clearly show that the receptacls is lop.sided
from the time of its ption and the indusium starts developi

veryq‘:ar!y, The spor}l;,gia start developing when the receptac]: i:
Ty ov Y e 3 5 .
y y the (¥Fig. 1113, C). ghu?pnng

P
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T le shows basipetalous devy
cop 3 P L] of the i ig.
1113, C), bu_& this sequence soon changes to the mixed typ: asll‘;;xge
8orus grows inage. The mature indusium is kidney-shaped.
A vertical section of the fertilo pinnule cuts the vein bearing

th i
(F?;olrix.x},‘;)x'xa transverse plane and shows the following structure

INDUSIUM
Fig. 11-14. V. 8. sorus of Dryopteris chrysocoma.

TOTa T L of4v- t-e- vegg the uspal upper and Jower
»yphyll of loosely arranged colls

Ve memnmbanla io apated y _nJhg

= >lscenta.like

e tho recep-
sclo and supply 1t with we tequined nutrition,  The indusium arisea
om the roceptatle and overarches the sporangia that are attached
> it by means of Jong stalks, which invariably bear the water glands
Figs. 11112, 11-14).  The indusium, in such & scetion, appears to
riso from a central stalk like portion and overarches the recoptacls

jually on either side.

{b) Sporanginm

(i) Structure. The sporangium in tho polypodiaceas presents
remarkably uniform structure, It consista of two pasts; the stalk
- the pedicel and tho capsule or the spore case (Fig. 11:12, B).
he atalk is composed of three rows of elongated cells, l%ﬂ
ater gland (Fig. 11:12, B}, The capsule or tho head ol the
}OPAREIUKE i3 more o less oval in shapo and appears like a bleonvex
ne. It has a sinzle.dayered wall enelosing fotty-eight bilatera)
ares. The cells of the wall along the margin of the sporangial
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head become thickened along their inner and radial walla to form
an almost vertical row of indurated celle. This s the annnlus.

Vi, 1138, (AT Dryopterts o,
Hingen I’ the dow’slopmen(’ .,r,;,i.:{;{,,’::‘f' -



50 BOTANY FOR DEGREE STUDENTS

the deve}t:pment, The wpper or the. sporangial cell divides by
three oblique peripheral walls (Fig.11-15, C), which enclose teira-
hedral apical cell.  The cell cuts off segments along its three sides
{only two are shown in the figure). These segments give rise to the
three.vertiml rows of sporangial stalk (Fig. 11-15, O—-E). One of
the_ distal stalk cells gives out & Jateral protoberance {Fig. 11-15, E)
which develops into & water gland. It is characteristic of Dryo=
pteris sporangium. The laal three segments act as the three
primary jacket imitials (Fig. 11-15, D). The apical cell, now
stops cutting off segments laterally. It dividesalony its fourth or
upper side by a periclinal wall, This is the fourth primary jacket
cell, - The four jacket initials enclose a triangular archesporial
cell, which divides periclinally (Fig. 11-15, E) to form 4 primary
tapetal cells (only threo visible in the figure). They divide perich-
aslly 80 as to form two layers of primary tapetal cells (Fig.
1115, G). The central cell enclosed by the tapetal cells is called
pri y sporogenous _cells (Fig, 1115, G). The jacket initialy
and the tapetal cells divide anticlinally to form : (3) a single-layered
wall of the sporanginm and (i) two layered tapetum (Fig. 11-15, [}
Meanwhile sporogenous cell has divided to form twelve spore
mother, cells (Fig. 11:16, I). Theso eolls undergo meiosis fo"form
tetrads (Fig. 11-16, A, B) of haploid spores, which number forty-
eight. The tapotal cells disorganise and form a nutritive fluid. The
anused fluid may stick around the spores and form an ontermost
layer ealled the perispore.

ors mother cells round off and
separate from each other (Fig. 11415,1). The tapetal .cells at'art
disorganising, The diploid nuclei of
“the spore mother colls undergo
meiosis to form 4 haploid nuclel
i each mother coll. As & reault of
simultancous lnying down of the
walls botwoen the muolei, tetrads of
haploid cells are formed (Fig 11:16,
A,%&). The haploid cells are called
the spores and the process of their

formation is called”sporogenesis.
0 ca

These haploid s;;:yrua are al o s
metaspores. The spore mothe

are, therelare, the last structuro of
the sporophyte generstion. Tho

moiospores  aro the pioneer stru-
ctures of the pametophyte genord:

tion.
tiir) Dehiscence of tlsie Spo-

Prior to sporogenesis the s

ig. 11:16. {A~E), Spore tetrada
i snd cp«‘znmo} Dryopteris

chrysotoma. -

A-B T““:’y.‘"’“f"’”’ - rangium (Fig. 11'17). The‘am:l;::i
0. Bpow i, 'm(m{ urface  Ei6 usually open in dry w eather 1
soon fn ® the enclosrd dust like sporcs ar

D--E. Spores as
e cjected out forcibls. The spores sro

produced in miilions by one plant and are dark coloured, dusty



LEPTOSPORANGIOPSID/ 851

and minute. T t ot ined

in_the dehiscen * « ter.

As a resnlt_the Lo ) ot tlore

than the thiel . T NN .nto

the cavities of the annulus cells. This generates a combined suction

force all along the ve‘rtical )] As a q of this
SURT

: . ~ cells rupture and are torn apart,
o T .t + + “thg~eporangial wall diraightens
1 LR .t .13 baclk (Fig. 1117, B). This move-
Ient 01 LLe AuNuIus eAPLses Lue spore mass and scatters them with
some force. Some spores remain clung to the annulus. Finally a stage
is reached when the cohesive force of the water within the annulus
cells decreases and the sucked in walls are pushed outwards with an
explosive force, This leads the annulus and & portion of the wall to
snap back to its original position (Fig. 11-17, ). During this process
the spores clinging to the annulus are also thrown off into the air.
Dehi of the sporangium is effected only during the dry weather.

il
as loss of water is essentinl for setting up the required force,

GAMETOPHYTE GENERATION

Spores, The spores are trilete, bilateral, minute, dusty and
dark coloured structures, The spore has an outer spore coat ecalled
the exine and an inner thin and deli-
cate intine. The exine is covered
by a perine (perispore). The exine
is further made up of two layers.

The is outer called the ectine and

the inner known as the endine, The sromurt AniNULUS
ectine is made up of radially elong.
ated rods called the columellae,
“The upper fteo ends of columellae
are fused to form a layer called
the tegillum, The tegillum
is reticulate in D, chrysocoma
{Ig. 1116, D. E). The two spore
coats enclose & scanty amount of
cytoplasm and a single nucleus
{Tig. 11-16). The cytoplasm stores
food but has no chloroplasts.

Germination of the Spore
{Fig 11-18). Moisture and suit-
ablo temperature are essential for
spora  germination. The spore
absorbs moisture and increases in
8izo, The nucleus becomes promi- C
:e}l\t. The exine rupturesalong the {
rilete aperture (triradiate mark :
and the i[rlltiuo progrudcs out nloné g“;’; "'lsz‘fh)’ ,m“g"~'" the
with the enclosed contents (Fig. ehracenco of the eporne
1118, B) n tno form of a small )
germ tube, The germ tnbe' clongates, its cytoplasm

STALK
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chioroplasts and it divides into o small lower and & large w 1)
The lower cell loses chloroplasts and acts ss the' ptim;gry sz::of.;all
cell (Big. 1118, €). It gives out the first rhizoid which establishes
ot with the m. 'The upper cell o the prothallial cell
containg many chloroplasts and by further elongation and transverse
division develops into a green, uniseriato filament 3—5 or oven more
cells in length (Fig. 11-18, D).
Under favourable conditions
the filament develops into s
flat, cordate and a dorsiven.
tral prothallus. The termi-
nal coll of the filament
divides by two oblique and
intersecting walls to cut off
a two-sided apical cell (Fig.
1118, E). The lower cells
of the filament may or may
not divide further. The
segments cut off by the apical
coll divide and redivide to
form s green and flat plate
of cells, one cell in thickness
(Fig. 11-18, F). The young
segment cut off by the apical
cell divide rapidly and ecells
cut off towards their outer
face avergrow the apical cell,
which is now lying in &
concavity or a depression.
The  deprossion  becomes
deeper during further growth
and gives a heart-shs

appearance to the prothailus
(Fig. 1118, F), The single
apical cell is replaced by a
series of two or moare margl-
nal meristematic cells 8o
that further growth takes
place by the division of &
group of marginal meriste-
matic cells and not o singlo
spical ecll. The apieal noteh
(Figz. 1118, F). has hecome
sufficiently deep by now.
The cells cut off by tho
Fig. 1118 (A~F). Dryopteris fliz-mas.  piieoinal meristem lfead to
Btages in the gorminstion of spore snd the formation of & contral
lammf:rzryf{‘g;g, prothalias. cushion of cells posterior to

the apical notch. The

onshion is two or moro cells thick, whereaa the wings of the
prothalfus remain one cefl in thickness, The pm.thrfllns has, !:y nq:.
assomod a dorsiventral symmetry, It bas » distinct anterior & L4

TRRADIATE
HARK
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(towards the apical notch) and a narrow posterior ond. Numerous
unicellular rhizoids arise from the ventral side of the posterior end.
They grow into the soil and besides anchoring the prothallus, also
absorb water and other nutrients from the soil.

Under unfavourable circumstances and ecrowded conditions
the spore germmates to give rise to a branched and a filamentous
prothallus™ (Fig. 1119, A), Such prothalli aro starved and bear
only male sex organs (antheridia). If transferred to favourable

et ' P 1™ ' condition is lost and &
. . oo can agein produce both

. - y _mature protballug_or
' . existence Wnder moist
id "dérsiventral thallus-

' . by means of numerous
unicellular rhizoids, The rhizoids arise from the ventral side

SPERMATOCYTES  CAP CELL

el
>3 SPERMATOZQID!
7

Al
B-D,
E.

tov h wring idi only,
showing
A spormatozoid (After Kny).

Johi.

and aro mostly restriced to the posterior narrow end, It is
normally unbronched and heart-shaped in outline with a deep
notech at its anterior end. Below the notch lies the apex
which consists of a number of meristematic cells. Behind the apex
the central portion of the prothallus is more than one layer
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of the cells in thickness and forms & distinct cushion. The thickness
of yrotha“us Jateral to.the central cushion is only one cell layer.
The mature cells of the prothallus are green in colonr, thin-walled,
with & periphem\ tayer of protoplasm ‘surrounding » big contral
vacuole. The nucleus and the chloroplasts are embedded in the
\ining leyer of cytoplasm. The cells are compactly arranged
bave 1o intercellular spaced between them. ‘The prothallus may
eproduce vegetatively by gemmae.

Sex organs. The prqghallus is .monoecioug,p.nd bears_multi-
cellular and jacketed sex organs ghwﬁb@lmh_a\ﬁde.

I \
BN

ige 11°20: A pature thallos of fyge_vfa’ng_uem
Fig. 3t (romve:na Side. (AfteT y) . -
) the antheridium and the emsle
ja caliod W0 rare cases the pmthalh are
archegoni 8 Iater Bt38%
al es them directly to monst
for theit development and dehis:

b 58 Pt
The antheridis ate emergent and develop, among the rhizoids-
hei u and be

The male seX organ

mt towards tb®

O ‘S al '
proﬂndr_u_us_u it antheridis appest earlier tha the archegonis
Fins device I8 elpfol in ‘bringing about cross
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Antheridia

(a) Structure. Tho antheridia are small, sessile and globular
structures that project above the lower surface of the prothallus,
among the rhizoids. Each antheridium consists of a wall made up
of three tabular cells (Fig. 11-19, B, C) and agroup of about 32
p ids that are losed within the wall. The three cells
of the wall are : an opercular cell or the cap cell, second ring
<ell and the first ring cell. The cap cell is also called the cover
cell and forms a lid which on being lifted allows the spermatozoids
to escape, The second ring cell or the circular cell forms the middle
portion of the wall and extends completely around the antheridium.
The third cell is the funnel.shaped first ring cell. It extends around
the basal portion of the antheridium, Besides these three cells, there
iz a fourth cell at the base of the ,antheridium. This is the basal
cell and may be regsrded as a single.celled stalk. The wall cellsin a
matare antheridium contain little cytoplasm, few chloroplasts
mitochondria and vacuoles full of phenol compounds.

PLASIMATIC SKEATH

. /]
Fig. 2121 (A—F); Spormatda and, spormatozcids of Dryopteris. A, Colled
- sper-
- ’ - 'eris.
"a . ' [ ' r besn
" . ‘ sfter
bl .
(b) Structure of sp id. The protoplast of each
epermatogenous or sperm mother cell produces a single large, coiled
P id or anth id which is largely nuclear in origin and
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bas & prominent posterior vesicle (Fig. 1119, E) The s i
escape from the m.lthc‘r'idium whilcgenclose:i ()Fig. ]1»?5'3,1.(’?)“‘:?5:?:
& membrane (Drac ). They b free i liately after their
fiberstion, The liberated spermatozoid has 21--3 spirals which rest
on a vesicle (11:21, D and E), The vesicle has a homogeneous ground
substancs with fat globules, 4—6 plastids and a number of smaller
granutes embedded in it. The coiled portion i3 nuclear in origin, It
moves along an itregularly spiral path and discards its vesicle, After
discarding tl_le vesxc]e, the spermatozoid elongates and becomes coiled
into 45 spirals (Fig. 11-21, B). It'is now ready to enter the arche.
gonium. At this stage the spermatozoid is withouta vesicle and
[mriste ofa wmotor appetatus and a nucleus. The nucleus extends
st . ateeeid (Fig. 1121, E) beginning
v .~ until it‘eecupies the entire

iJ- oL i . " b point. Ttis surrounded
y & pro!oplnsyuc o nl. . * f a thread at posterior end.
The flegella arise from the basal granules,

¢) Dehi: The antheridium deh: in the presence of

water, which it absorbs, C quently the g walls o
the gpermaﬁds swell.and ontheridial wall cells become turgid. The
tension thus set up is relieved by the cap cell either being tilted
upwards or_detached (11-19, D). The spermatozoids enclosed _within
a thin xgzem.bmne extrude cut en-masse. The extrusion of tlie sper-
matozoids is further assisted by the inward swelling and shortening
of the wall cells.
(d) Development (Fig. 11-22, A—E). Theantheridium deve-
laps from & single superficial coll {mother cell) that bulges out and
forms a “papilla like outgrowth. It
is cut off from the motber cell by a
ATacson transverse wall (Fig. 11-22, B, a—-1)
This projecting cell is the antheridial
initial. “The antheridial cell divides
by a curved periclinal wall (Fig. 11-22,
C) into an outer dome cell or
central cell and a Jower first ring
cell. This wall vanes in curvature.
In Dryopterts it curves so much that
it almost touches the basal cell and
looks like a fonmel. The doine cell
or the centrai cell divides by another
eurved wall (Fig. 11-22, D, 22} inlo
« an outer or peripheral jacket cell
! ARSSL  and a central primary androgonial
S % ccll. The jacket cell divides again
by o curved - periclinal wall whoso
bulgo touches the second wall (2~2
; and distinguishes an apical cap cell
Fig. 11:22, Stages in tho dovelop. or cover cell (Fig. 11-22, B, 3--3}
ment of-an anthendium from a second ring ceil. Thus
(based on Devio) canstituted, the wall of the antheri-

dium has three colls. It encloses & primary androgonial cell thst

PRIMARY
ANOROGONIAL
CeLL
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divides and redivides into 16 sperm mother cells which divides
further into 32 spermatids, whose protoplasts metamorphose into
multiflagellato spermatozoids. The sperm mother cells lose their
¢hlorophyll and have dense oytoplasmic contents and distinet nuclei,

Sperm mother cells* now divide into spermatids so that each
Spermatid has a single polar granule. This granule later enlarges
into a band.shaped motor opparatus and becomes attached to one
sido of the nucleus. The nueleus also grows in size and becomes
curved and later coiled into 2—3 coils, The motor apparatus bears
Numerous bagg] granules that give rise to the fiagelia of gho
Spermatozoidg (Fig. 11:21, A—E). ” The unused food, some Pplastids
and eytoplasm form 2 broad posterior vesicle. The spermatozoids are
liberated within thin mombranous sheath which is discarded after
Diberation in“water,

Archegonia

(@) Structare (Fig: 11-23, E, F). The structure and deve!op-
£nent of the archegontum i almost similar in all the leptosporangiate
ferns, A mature archegonium of
Dryopteris hag 8 neck composed of

the apical notel of the prothallus,
%€, towards the antheridia. The
venter is embedded in the tissue of
the prothallyg (central cushion) and
138 No sterjle Jacket surrounding
%. "The tiggye of the prothallus
Berves  thig purpose, The neck
encloses g pegl canal which is filled
\vlthasingle, binucleate neck canal
L The venter also encloses a
Savity which confaing small ventral
'd o large egg or the

female gamete. The neck canal cell,

N access of water this mucilage
. o CXerts pressure on the
POt tior of necl cells (caver cells)
Wwhich BIY0 way and make an open .
Puetig 8 1138, F) K Whoplol g 1yam o inine ot

a;;e 00ze3 out of the open neck, Vun;l:: :63?':; archegonium,
()Development Fig. 11-23 .
A~F)." The archegouium(deselops from s single superficial cell which
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divides by a transverse wall into an upper smaller primary cover
cell and 5 Jower large: cell (mother cell of the central cell). The
lower cell divides agnin by o transverse wall so that the young
archegonium has & row of three cells, the upper primary cover cell,
the middle central celfar " * B L A
The primary cover cell .

quadrant of diagonglly arr.

are the primary neck cells. Mesnwhile the central cen uss
divided into an upper primary meck canal cell and & lower
primary veatral cell (Fig. 11-23, C, D). The primary neck cells
diVide transeversely to form a neck 33 or 7 cells in height (Fig. 12-23,
C—E) The neck canal cell grows in between the neck cells and
Jorms » single neck canal cell whose nucleus divides into two_(Fig.
11-23, D) so that it becomes binucleate (Fig. 11-23). The primary
ventral cell divides transversely into an upper smaller ventral canal
cell and a lower larger ogg coll (Fig. 11.23, E). The neck becomes
curved due to the unequal growth of its cells,

Fertilisation, It occurs in the presence of water between the
surface of the prothallus snd the soil. “Since the sex organs are in
direct contact with the film of water (due to their position) fertihsa-
tion presents no difficulties. If the young prothalii that bear anly
antheridia (due to the prothalli being protendrous). sre growing xg
company with the older prothalli (that have both s.rchegoma‘s'n
antheridia), the thin film of water sur d them i
numerons spermatozoids, Soms of these are attracted by the malic
TTTm o e t o femen #ta —lage exuded by the open
: . e, o Thus attracted they swim
S . ' + -+ zhe neighbourhood of the

ommiatopite eaema of them make their way down the neck
1ly one of thez: ist;’ble ulx pengtr:l::
L . CE (Fig. 11.24, A). he male an .
lei fi syngamy) and forn} a diploid fusion nucleus
gfll:r’g:mxi‘eu; g; au:;l,ép¥:§m of the egg, Whlc]l;l secretc? (fg :H?“x ;}r:;:gg
i re. Becquere
it and forms oL by o e bothallus of Drosphris fliz-mas
: ‘!!)eev;;ﬁﬁsed and the zygotes of al) of thet may start developing
:toy embryos but only one is able !f;u devel&p into a rt:)z;uplllzf;v
two sporophytes on the same prothallus.
em__br_yo. o e;er;;:;o :::1 wAnftg!? fgrtiy)isaﬁon the growth of the
Th‘:!;:ilg:v:&ws.' The cells of the nrchegqnial venter proliferato and
pro P Iyptra around the fertilised egg.

form & cap like ca
5g. 11:24). The zygote devclops within the
En?blry:g:;i, ‘1}:1)080 ‘s y)aung embryo. The embryogeny olf
e filiz-mas was studied by Hofmeister (1865), Becquero
Dryop(m.!d Visdesco (1936, 1937). Viadesco cultured) the prothalli
(1931),;{!\ on burnt soil and found that seversl embryos can
ofD.ﬁxr-n;ﬁmma prothalius and even observed two omblryos ifn
develop on m {1937}, The zygote divides first by a8 wall paraflel
i archegamt;s oi the archegonium, Trwo unequal cells are formed
:?-.;hﬁxiﬁf’vf %) The smaller cel), which is townrd{ I x of the

. 11-24, B). ot
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{f:thallus is tbe.opilzasa] celland the larger is the hypobasal cell.
9 second wall is laid in a transverse plane and forms a quadrant

EPIBASAL HYPOBASAL

AﬁbfGDIWAL Ves Y
NeeK BT XL

C

Fig. 11 !
'p.g. 1 :4 &A—E‘). Early stages in the development of Embryo in Dryopferiz
ded h"m"f ogonium with fertibised egg or the zygote; B. The zygote has divi-
stage shorr o7 ocolled embryo; C. Quadrant stage; D, Octant stage; E. Later
OWing spical cells of the primary organs. (Based on Vladesco, 1935)

:hgle (Fig. 11-24, €), The third wall is also transverse (perpsndicular
ow‘:i‘g 8Xis of archegonium) and results in the formation of an
i Fr clgl}t—celled stage (Fig 11-24, D), Further divisions result
celleg ormation of & 16-colled and 32.celled embryo. At the 32-
2por }:itago the differentiation of the various organs of the young
fmmshyte may become evident (Fig. 11:24, E). The shoot arises
ﬂthzntse anterior superior octants, the first leaf from anterior-inferior
foot, fugh the root from the posterior-inferior octants and the
ooeu om posterior-superior octants (Fig, 11-24, Ej. Tho foot alsa
deve i¢s & portion of the anterior-superior octants and is well
ﬂctivi(:lted' The shoot and the leaf apices are not formed by the
sooma, of three.sided apical cell but one of the larger colls in_these

Sments gives riso to,tho respective apices of shoot and leaf

smladcwm 1038 Mo Lns - U5 kg early in develop-
o L) " . ' provascular tissue is
t. This tissue deve-

lol’i‘é"" vascular strand and becomes adjoined with a vascular strand
evelops below the shoot apex.

During further dovel i i
opment the root grows rapidly and picrces
through the calyptra to eslapblish contact E—;?h the eoil. Later the
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prothallus is the epibasal cell and the lTarger is the hypobasal cell.
Thosecond wall is laid in a transverse plane and forms a quadrant

Fig 11-2¢ {A-E). XEarl. i bi in Dryopteris
—E). ly stages in the development of Embryo in Dryopierie
*0. A, Archogonium with fortiireed egg or the zygote; B. The zygote has divi-

dedinto & two.colled embr. ; E. Later
P ;. C. Quadrant stage; D, Octant stage; .
ttage showing apical cells o};'o the primary organs. ’ {Based on Vladesco, 1935)

ttage (Fig, 11.24, C). ~ The third wall is also transverse (perpendicular
0 long axis of archegonium) and results in the formation of an
gotant, or eight.cotled stage (Fig. 1124, D). Further divisions result
In the formation of & 16.colled and 32.ceiled embryo. At the 32-
eelled stage the differentiation of the various organs of the young
;P"mphyu; may become evident (Fig. 11-24, E). The shoot arises
Tom the anterior superior octants, the first leaf from anterior-inferior
?chnm_ the root from the posterior.inferior _octants and the
oot fgom Posterior-superior octants (Fig. 11:24, E). Tho fogt also
gceu les o portion of the anterior-superior octants and is well
eveloped.  The shoot and the leaf apices are not formed by the
detivity of three-sided apical cell but one of the larger cells in these
!;gmem& gives riso to,the respective apices of shoot and leaf
{Viadesco, 1935). ' The root apoer originates quite early in develop-
:!193(, from a singlo apical cell. Tho first sign of provascular tissue is
I:l <0t between the firat leafand thoe first root. This tissuo deve-
1] P3into vascular strand and becomes adjoined with a vascular strand
2t develops below the shoot apex.

D“"“‘E further development the root grows rapidly and pierces
‘h"”-‘sh the ealyptra to eu(gblish contact with the soil. Later tho
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divides by a transverse wall into an upper smaller primary cover
cell and s lower larges cell (mother cell of the central coli), The
lower celi divides again by & transverse wall 8o that the young
archegoninm hes & row of three cells, the upper primary cover cell,
the middle central cell and the lowermost basal cell (Fig. 11-23, B).
The primary cover cell divides by the intersecting walls into a
quadrant of diagonally arranged four cells (Fig. 1123, A, B). These
are the primary neck cells Meanwhile the central cell has
diviided into an upper primary neck canal cell and a lower
pr_ mary ventral cell (Fig.11-23, G, D). The primary neck cells
di Vide transeversely to form a neck 3—& or 7 cells in beight (Fig. 11-23,
C—~E) The neck canal cell grows in between the neck cells and
forms a single neck canal cell whose nucleus divides into two (Fig.
1123, D) 5o that it becomes binucleate (Fig, 11-23), The primaty
ventral cell divides transversely into an upper smaller ventral canal
cell and u lower larger egg cell (Fig. 11.23, E). The neck becomes
curved due to the unegual growth of its cells.

Fertilisation. Tt occurs in the presence of water between the
surface of the prothallus and the soil. Since the sex organs arein
direct contact with the film of water (due to their position) fertilisa-
tion presents no difficulties. If the young prothalll that beax'- un}y
antheridia (due to the prothalli being protandrous}. are growing in
company with the older prothalli (that have both archegonia and
antheridia), the thin film of water surrounding them contains
numerous spermatozoids. Some of these are attracted by the malic

T e t & #ts—wetca oxuded by the open
e . o . attracted they swim
e « eighbourhood of the
open archegomal neck, some of them make the'!r way down the neck
canal and reach its base, but only one of them is able to penetrate
the egg and effect fertilisation (Fig. 1124, A). The male and the
female nuclei fuse (syngamy) and form a diploid fusion nuc]eug
surrounded by a cytoplasm of the egg, which secretes a wall arot:nd
it and forms the zygote or the oospore. Becquerel (1831} reporte
‘that several archegonia on the same prothallus of Dryopterss ﬁlx!:-r(m:
may be fertilised and the zygotes of all of them may start de:n o;;:;g
into embryos but only one is ab}t?_ o kcﬂigv—r‘el‘ttg ;:f:lxe np ;} thrslus.

he growth of the
ser proliferato and

ithin the
Embryogeny (Fig. 11-24). The zygote develops within ¢
Brchegcnialryvegnte¥ (mto ‘a yourg embryo. The embryogeny 12{
Dryopleris lix.mas was studied by Hofmeister (1855}, Beeqttie b
(1931), and Viadesco (1935, 1937). Viedesco cuftured the pro :an
of D. filiz.mas on burnt soil and found that several emb;yoss n
develop on the same prothallus and even observed two exrx‘l ryc;’z o
one archegonium (1937). The zygote divides first by & wa ‘(,"med
to the long axis o§ the archegoninm. Two unequal cells are o{ e
(Fig. 1124, B). The smaller cell, which is towards the apex o
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prothallus is the opibasal cell and the larger is tho hypobasal cell,
Thosecond wall is laid in & transverso plane and forms a quadrant

£PIBASAL HrPosasat

ARCHEGONIAL
NECK =

)
t, mm
DY
Fig. 11-24 {A~E). Early stages In the davalanmans ~¢ o, - .

8p. A, Archegonium w
ded into a two-celled e .
etage ehowing apical ce s

stage (Fig. 11-24, C), The third wall is also transverse {perpendicular
ta lone avia ~f T and results in the formation of an
. 11-24, D). Further divisions resul
: wnd 32.celled embryo. At the 32.

of the various organs of the young
sporophyte may becom_e evident (Fig. 11-24, E). The sl.xoot arises

foot from posterior-superior octants (Fig. 11-24, Ej). The foot also
occupies a portion of the anterior-superior octants and js well
developed. The shoot and the leaf apices are not formed by the
activity of three-sided apical cell but one of the larger colls in thege
segments gives rise to.the respective apices of shoot and leaf
(Vladesco, 1935). The root apex originates anita ~~rly in develop-
PNV S o - ** vascular tissye ig
. o et . « 28 tissue deve.

Lt —_— "+ . vascular strand
.. Seps Lelow the suooy apex,

During further development the root grows rapidly ang pie}ces
through the calyptra to establish contact with the soil. Later the
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first leaf eomerges through the apical notch of prothallus. It
turns greon and starts photosynthesis, The shoot  grows slowly

LT
¥4 zf J / ”‘ \\

ig, 11-25. thallus of Dryopteris bearing a young
Fig. 11:25 glr’,;‘:ox‘);y‘:s with three leaves.

duced &
mes evident after the young aporophyte has px:o

?envg ;’f&sg e:md juventle leaves and primary roots (Fig. 11 2[«15), ‘1;[}:9
shoot grows underground and bears adventitious roots and young
fronds,
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AwzoNe m
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¥ VENYRAL SUAFACE
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Fig. 1128, A diagrammatfo representation of the
life cycle of & fern,




CHAPTER X1

Sub-Family PTERIDOIDFAE

This sub-family includes 12 genera and about 278 species and.
iy characterised by the following features :—

1. Leaves arc pinnate compound and may be unipinnate (Pferis vitfata)

PETIOLE—]

.

2, —- . Portionof a of Pteridium ag
Fig. 121 (A-F) ‘showing habit (A).
B. A pinna showing position of sor1.
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or several times pinnate (Pleridium). Palmately compound in somo cases,
venation fureste and open or c‘lued. In some cases venalion is sparsely
- Lonchitis, Histiopteris) .

2. Thesp gia occur in snri. The sori

1 or i .
are continuous, 1.6., coonoeori, and are borne at tl‘w voin ends,

3. The sori are coverod by the reflexod margins of the leaflets (false
indusium). In soma casos, ¢ ., Pleridium and Paesia the sorus is also covered
by a thin inner indusium. In Zonchiliz the inner or lower indusium is
roplaced by hair. The sori may be gradate or mixed, The sporeslack a
perispore,

PTERIDIUM AQUILIDIUM (L. Kukn)

It is widely distributed and a cosmopolitan monotypic genus
that has several varieties and sub-species. It is widely distributed
in India along cntire Himalayan tract and grows well at altitude:
between 1,000 and 3,000 metres. The species is found commonly ox
forest floors, edges of forests, exposed mountain slopes and on open
grass lands. It is o very hardy plant and once established i
does not permit other ferns to grow in the area and becomes ar
obnoxous field pest. It reaches its climsx in the moist tropical
regions, where it forms evergreon and permsnent shrubby growth
1t occurs almost all over the world except the arctic zone and the
temperate South America.

SPOROPHYTE
Morphology

Rhizome. The rhizome is subterranean and grows 6 to 15
centimetres below the surface of the soil. The rhizome is long,
creeping and profusely branched. Watt (1940) described the branch.
ing of the rhizome in Pleridium aguilinum. He distinguished
g;ree types of branches that- srise from the sympodial rhizome,

'hese sre i— )

1. Zong Shoots. They arise from the parent axis and grow
in the same direction thus penetrating deep in the soil. They have
longer internodes and do not bear leaves.

2, Intermediate Shoots. After their origin from the parent
axis they grow obliquely upwards for some distance and then run
borizontally. They do not bear leaves,

3. Shor Shoots. They slso grow obliquely upwards \nd the
1un horizontally a little below (2--10 cm.) the aali)l surfn:e. Th:;
bear leaves and have short internades.

Branches of varying lengths that fall within the range of th
three types have also been reported. The profuselgy braamcl;):(li3
lﬁi 0 tpres;ntsa (‘b ’sysbemlof branching and” affords an
efficient anchorage to the epecies. It is profusel i
multicellular hair. The scales are absent. r 7 covered with

The young plant bas an unb TPeping
4—10 alternating leaves. It grows under the soil and soon bifur:

with
cates
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dichotomously into two equal dichotomies. Each dich branch
bears 2 leaf near its point of origin from the main axis, Both these
branches grow deep into the soil and bear leaves that are arranged
m a spiral manner. The, axis contihues to branch dichotomously,
but these dichotomies are unequal. The shorter branch bears a leaf.
v Tt Tt ity it looks like a bud
o . . . these branches as short
1 . as perhaps regarded by
him as a long shoot.

Leaves. The young plants bear leaves on the main axis but
as the plants grow older the leaves seem to be Testricted to the short
and thick branches. The older portions of rhizome are beset with
bases of old leaves and hair. Thoy arisc on the upper side of the
rhizome and are borne in an altornate manner. They arise at an
appreciable distance from each other and are circinately coiled when
young. A mature leaf may vary in length from 212 feet. It is
tripinuately compound and has n distinct petiole that is as long as
the pinnately divided lamina. The portion of the. petiole that
extends into the lamina is called the rachis. The lower branches of
the rachis are longer and gradually decrease in length towards the
apex 50 ag to give a deltoid or a conical appearance to the laminar
portion (Fig. 12 1).

EFIDERMIS

HYPODERMIS
GROUND TISSUF

/NNI;R V‘i‘”{"
“scLERFREATMA

OUTER YASCULAR
STRAND

i i f

i 2. A vse moction through mature rhizomo of
Fl"l’tge.vi'zi?lm nq":;'?:n‘n:’:n showing detailed internal structure,

and prominent mid-rib

run obliquely upwards

The

The pinnules ate traversed .11){ a !u_r%e
B hich ariso lateral veins. 8 voin b %
- a:vc‘;f:rm‘;.e, i.e., they branch dichotomously (Fig. 12:1, B).
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pinnules are firm and rough to touch (sub-coriaccous). Tho petioles
ara covered with unbranched and multicellular hair,

Roots. They arise at irregular intervals all along the ventral
or lower surface of the rhizome and are sparingly branched, They
are adventitious and endogenous in origin.

‘ANATOMY

Rhizome. Gottlieb (1959} studied the anatomy of the
rhizome in Pleridium aquilinum right from the seedling stage and
recognised six well marked stages in the ontogeny of tho stele. These
are r—

(§) Prolostelic stage. A week-old stem that is_hardly 6.8 mm.
long and bears one or two young leaves hasa single protostelic
vasculature. The xylem forms & solid central core.

(i3) Siphonostelic stage. A five to-siz-week old stem is almost
upright and bears 2.5 leaves, It has siphonostelic vascular cylinder
with only outer endodernus, pericycle and phloem (ectophloic sipho-
nostele). This condition persists till the stem is about 2§ to 3 months
old.

{i1i) Solenostelie stage. As the young stem takes its course
down into the soil and establishes itself as s rhizome the siphono.
stelo is broken into two separate and unequal strands. The rhizome
is ;bout 5—10 mm. in length and is more than 2} to 3 months
old.

(]ilv) Dictyostelic stage, After the third stage when the rhizome
has achieved a length of about 1520 mm. the two larger or lower
strands break up into a number of smaller strands or meristoles.
‘They are arranged in & ring and some of them hsave a direct connec-
tion with the leaf traces and are .formed due fo the appearance of
leaf gaps whereas others bave no connection with the leaf or branch
traces and appear due to ‘stelar perforation’. At this stage the
lrhi-mme starts branching and bears a number of short shoots with
caves,

(v) First Medullary Bundle Stage. This stage starts when
rhizome is about 6 em. or more long and has achieved the age
of 4 months. A medullary bundle origi from the inner side
(towards pith) of one of the lower peripheral bundles. This bundle
sopars from the peripheral bundla and forms the firat medullary

undle,

(vf) Second Medullary Bundle Stzge. This stage s
the thizome is 6—12 months old and isupto 20 gcmsfa;‘;g\j/heg
second medullary bundle arises from one of the lower peripheral
bundles and separates from it as & second medullary bundle,” This
is the adult condition of the rhizome. This stage persists in older
rhizomes and there is no further alteration in the stelar organisation,
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At this stage the vascuiaturs appears like the dicyclie di ostele
(Fig. 12:2). Tho‘paripheml ring of vascnlar bu?dles or m meri..
steles is from the medullary isteles by an i 1

ENDODEAMIS

METAXYLEM
“GROUND TISSUE

Fig. 123, Pteridium aquilinum. A meristelo in detail.
pateh of ac) hyma, The of the outer ring are small
and larger in number whereas there are only two or rarely mors
weristeles in the inner ring.

ENDODERM
PERICYCLE
PHLOEM

Pig. 124, Pleridium oguilinum,
A smallsr moristele showing detailed internsl structare.
h meristels (Figs. 12-3 and 12-4) has sn_outer ring of the
endodfr:is. 'The ce“g h;‘:ve casparian bauds on their radial walls.
i ricycle. It may be composed of oneor two

“Noxt to this i
layers of thin-
28 an outer ring o

the
walled cells surrounding the phloewm. The phloem
f emaller sieve elementa and larger parenchyms
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cells that titute the protophl and an inner ring of larger
siove el or the phl The phlosm has no companion
cells and phloem fibres and almost completely surrounds the mesarch
xylem (12:4). The phloem and xylem elements resemble those of Dry-
opteris in their structure and srrangement.

The entire stelar region is embedded in the parenchymatous
ground tissue which is surrounded by the sclerenchymatous hypo-
dermis, which forms the peripheral strengthening tissue (Fig. 12:2).
It is encircled by the outermost layer of thin.walled or thick-walled
cells called the epidermis. The outer walls of the epidermis are
cutinised.

ROOT

The structure of the root resembles that of Dryopteris in all its
details. It is diarch (Fig. 126, 0).

Fig, 12:5. Vascalar eloments of Presidium oguilinum.

A. A portion of tracheid showing scalariform pita.
B, Enlarged partion of A. -
C. L.B, portion of lateral wall of & trasheid showing pita,
D, L8. through oblique wall of a tracheid showing pity

vAithoul. eloufing mambr;;:es. by

portion of a siave tube separated by maceration.

F. LB, through a meristels showing phloem region

with & sieve tube and parenchyma cells.

{A--D, after Do.Bary; E—F, after Bower).

(¥) Pinnule (Fig. 12:6, B). A T.8. through the pinnule reveals
that the internal structure js similar to that of a bifacial leaf. There
seettoesTYer ot Y rith stomata restricted to the
ween the twol?pidcrmal layers
PPy M i

into pal
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.

parenchyma and tho spongy parenchyma. The former forms a layer
or more of columnar cells arranged below the upper epidermis. The
cells of this layer contain abundant chloroplasts. The spongy zone
is made up of numerous loosely arranged and lobed parenchymatons
cells, They enclose small and large intercellular spaces and contain
ohloroplasts The palisade is absent in region of the veina where
the cells are compactly arranged so as to give strength to this
region,

£LPIDERMIS
THICK WALLED
PARENCHY PIA
GROUND
TISSUE
VASCULAR
CYLINDERS

Fig, 12-6, Pleridium agqualinum.
A. T.8. through petiolo (diagrammatic) ehowing mternal structure,
i . root.

B. V.3, pinnule. C.
- ' tem s —caqlmaet spherieal in shape and each

‘ ' . endodermal layer. It may
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(§9) Petiole (Fig. 126, A). A transverse section of the petiole
of 2 young plant shows an outer epidermsal layer encircling & few
layered thick, sclerenchymatous hypodermis, which in turn encircles
the parenchymatous ground tissue.  Embedded in the ground tissue
are the meristeles or the leaf traces. The number of leaf traces

e e O 8T

.. _~~ ~C iha Tanf, Mha lqpeor notigles have
e T T « ¢ ller petioles

- e . [ .. 7 arranged

e ! ! %e that of

H .
the meristele.

The pattern of apieal growth is gimilar to that of Dryopteris.

Vegetative Propagation

Pteridium propagates extensively by vegetative means. The
older parts of the rhizome decay. The process of decay continues

Fig, 127 (A—D). Peeridium aquslinum. Dovolopment
of receptacle and the sorus,
A, B, Vertical sections 'E’- young eporophylls ghovr-

, [+ L « o . mized

Do . . . o “ ' o fiapa.
(AﬂerBamf:;
and when it feaches the branching region, tho branches separate

and act as independent and soparate” plants. This iy the only
method prevalent in Pleridium and leads to a gregatious habit, -

Sporophylls and Sorl.  Every leaf in Pleridium is a potential
sporophy!l as thero is no segregation of reprodective and vege'.#ve
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saves. The ultimate segments of the lamina or the pinnnles bear
porangia on their margins. The sporangia develop on marginal
eceptacles (Fig 12:1, B) and are grouped in a continuous or a con-
uent and & linear type of sorus. It is also called a coenosorus,
8 & matter of fact numerous smaller sori occur so close to each
ther that they lose their identity and appear as ono long sorus
sposed along the two latoral margins of the fertile pinnules. A
rertical section of the sorus (Fig, 127, A—D) reveals that the re-
cptacle 13 traversed by a vascular strand that runs underneath the
porangia and connscts the free ends of the veins. The sorus is
rotected by two fiaps that grow a little to cover the sporangia from
he lower end. The upper indusial flap (Fig. 12-7) 18 formed by
be reflexed margin of the pinnule and s well developed. The
ower induvial flapis atrue indusium whereas tho upper flap is &
alse mdusiam becaase 15 18 simply a revolute margin of the pinnule
wd not & specially developed structure The lower or the trune
ndusium is not well developed and 18 a thin sheet of tissue made up
of a single layer of thin walled cells.

The rteceptacle originates from o row of wedge shaped initials
that occupy the morgin of the pinnules (Iig, 12.7. A, B). These
irutisls divide and redivide to form
o continuous receptacle which bears
sporangia. The adaxial or the upper
indusinm appears as o superficial
outgrowth from the marginal seg-
ments of the leaf o little above the
receptacular initinls. It soon aver-
grows and envelops the developing
receptacle.  The lower indusium
arses lato and is comparatively less
developed. The sequence of spo-
rangial development appears to be
basipetalous in & young sorus but
it soon changes to & mixed type. In
some varicties the order of develop-
ment remains basipetalous (P. equi-
linum var. caudatum), and the sorus
is gradate.

Sporangium. Structuroe, deve-
lopment and mode of dehiscence of
the sporangium ore similar to that

N of Dryopteris. The number of spores

-8, Pt 1 . L
(FELES.S' Various stagos in the [ d Pgl“) p un uns 11;1501421'

davelopment of embryo. Manton {1950) reported the haploi
chromosomo number as n==52.

etophyte. The spores are totrahedral and lack penispore,
- Gam rx_l At -.-ylo-lm atmyeture of prothallus 13 similar
. : . : rtructure and development of
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The development of the zygoto and the details of segmentation
pattern leading to the formation of o mature embryo and then to the
wonne aoneeobod T TS e similar to the other
- Chapter 8 and also

PTERIS Linn

It is another widely distributed genus of this sub-family. It
is represented by about 250 apecies that grow abundantly in the

DD UMLEY

BELN feda gl
et AT Ao Rurte

(Y .,

& frevsiy pinen ad
o,

T portimern
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tropical and sub-tropical regions of the world. The common species
in India are Pleris villata, Pleris cretica L., Pleris biaurita L., P,
quadriaurite Relz., P. stenophylla Wall.,, and P.Wallichiana. Pleris
vittata is & low level forn and brings out new leaves throughout the
year. It is very common along mountain walls and grows up to
1,200 metres sbove ses level. P. guadrigurita grows abundant-
1y along road-sides and the valleys throughout the North Western
and Western Himalayas. Pleris cretica grows well from 1,200—
2,400 metres above sea level.

The plants have creeping rhizomes in P. biaurita, P. vitlala
(Fig. 12:9) and P. grandiflora. In P. crelica tho rhizome is branched
short, stumpy and semi.erect. The rhizome is covered with scales.
Hair are absent. Roots arise from the lower surface of the rhizome
or they may srise all over the surface as in  P. biaurita.

The leaves are pinnately compound (Fig. 12:9) rarely digitate.
The petioles are covered with scales. Venation is of open furcate

CuTicr
EPIDERMIL

AYPODERMIS
e ema sy

i) 3 8. thizome of Pitris vittata showing
Fig 123 T e Gtatyostelo.

i . leaves in P. vitlafa are once pinnate (Fig.
?iyz?ﬁ)m"ﬂ? ,{gz;mf l:;e srmaller near the base, larger near the
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middle and again go on decreasing in length towards the apex so as
to give & spindle hke appearance to the frond. Leaf apex is

Fig. 12-12. A meristele from the rhizome of Plerte vittata
showing detailed internal structure.

Fig, 1213, Preris vitlata. Cross-sections of s

various levels showing changes in stelar
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occupied by an odd leaflet or pinna. Venation in this case is open
furcate. Every pinna is traversed by a central midrib which gives
off lateral veins that bifurcate near the tip. The pinnae atc sessile
and are broad at the base and gradually larger towards the apex
(F1g. 12:9). The leaves are bipinnate in P. biaurita. ‘The leaflots or
pinnules are coriaceous or rough to touch.

Anatomy. The stelar organisation of rhizome varies with
species and sometimes in the samec species. It is solenostelic in
P. grandifiora and P. vittata, a simple dictyostele in P, cretica and
younger regions of P.wpitlala In the younger branches of the
rhizome 1n P. bigurita the stele is a mixed protostele in the lower
region. It becomes siphonostelic a ittle higher up and solenostelic
near the apex. In the main rhizome dictyostelic condition is aleo
found. The same is the case in P. palmate willd (Chandler, 1905)-
In P. vittata the stelar organisation (Fig, 12-11) changes to a dicyelic
dictyostele m the apical regions of the rhizome. This condition is
achieved by the separation of small cireular or oval strands or root
traces from the outer surface of the. parent meristoles that in twn
were derived by the stelar perforation of the solenostelic arc. These
changes lend to the formation of irregularly arranged root traces
uroun(;l 45 large menisteles (Fig. 12:11). There are no medullary
strands,

The pinnule has upper and lower epidermal layers (Fig. 12:14).
In P. cretica the upper cpidermis has larger cells with less sinuous

BRANCH VEIN UPPER EPIDERR.S

2 ;e vittata, A, Outline Sgure of T.8. fertile
ek L e imteorns] siructuro, falee Indusiom and
eporangia ‘borne en receptacle. B, Portion of A in detail.
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walls. The stomata aro restricted to the lower epidermis which has
smaller cells and more sinuous walls, The mesophyll may or may
not be differentiated into pahsade parenchyma and spongy paren.
chyma, The midrib region has single concentric type of vascular
strand (P, vittata) with distinct endodermis, The bundle sheath
extensions are prominent and occur as groups of thick walled cells
below the upper and above the lower epidermis. Pahsade and
spongy tissue is absent around the mid.rib.

The petiole (Fig. 12:16) is traversed by & single C-shaped (P.
villatay or U-shaped or V.shaped leaf trace. In P. biaurite the
U-shaped leaf trace enters the petiolo and becomes V-shaped higher
up. The xylem has two adaxial hooks. In the rachis the petiole
trace gives off strands mnto 1ts pinnae 1f the leaf 15 umpinnate or it
divides to give rise to sccondary and tertiary pinna traces in
brpinnate leaves (P. biaurita). The rachis traces are marginal m
origin and are ususlly flat U-shiped or shallow are-lke, In P.
eretica the C-shaped leaf trace divides into two strands which umite
into a single V.shaped strand higher up i the petiols, The hooked

Fig. 12:15. T.8. of Petiole of Pteris vittata.
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Xylem of the leaf trace, the marginsl origi pi
s 1] n of th i
traces and the solenostelic tendency in tghe stem :te]!::n::e 2:}1\2 ;2]0[1!1‘:3

tive features of the genus,

The root is diarch,

us) ag in Pleri.

The sorus is of the i £

P ype (
dium;but is protected only by the upper indusial flap that is formed

WS i

Fig.1218, A-D, Structure snd dehisconce
of sporangium in Pieris vittata, E~F.
Structuro of spore,

spores vary in size with the species,
and formation of prothallus, position,

and development of sex organs are simi

ferns.

by the inturned or re-
flexed margins of the -pin.
nae (Fig. 1215); The
receptacle is intramarginal
in crigin. The lower or
the true indusinm is ab-
sent. The lower or ventral
surfaces of the leaves in
Pteris biaurita bear multi-
cellular and linear hair.
The ramenta in P. cretica
bear ‘' glandular - hair
(8ingh, 1963). The spo-
rangia are mixed. The
structure (Fig. 12:16) and
development of sporan-
gia is similar to that of
Dryopteris  Each sporan.
gium produces 48 spores, -

The spores (Fig.
12-16) are Dbluntly or
roughly triangufar  and
have a distinct triradiate
msrk. The spore wallis
thick and has an outer
exine and an inner intine.
The former may be vari.
ously sculptured. Tn F.
biauritn it bears many ir- -
regular bands of thicke-
ning (Singh, 1963). In
P. cretica _the exine has
variously bent bands of
thickening materisl. The

The gcrmination of the spore
distzsbution and
lar to other polypodiaceous

structure

adied the germination of spore and

tiiam, 3. 1967) st
Witliam, J. Crotty (1967) s ris vittata 1., under experimental

rhizoid cell differentiation in Ple
conditions. The oxine ruptures an
out and grow inte a small cylin

and tubular, primary rhizoid (Fig.

d the uninucleate contenia como

drical ﬂmlh‘u cell (Fig. 12}11); A
i izoi i the thallus cell and grows into long

unicellalar rhizoid arises from 1217, ©) Tho thallus ¢oft AS
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transversely to form a short filament of green cells (Fig. 12:17, B).
One or more of the terminal cells of this filament divide by longi-
t\lxdinal walls to form a plate of cells (Fig. 12:17, B). Further
divisions, transverse and vertical, lead to the formation of a bigger
. plate one layer of cells in thickness. Later a row of margmnal
meristematic cells is distinguished and an_apical notch is formed
due to greater growth of cells on the sides (Fig 12-17, A). Divisions
are mainly restricted to the region of the notch, region behind the
viotch and in the lateral wings. The cells behind the apical notch
divide along two more planes and form o thick central cushion. The
secondary rhizoids arise from the posterior regions of the prothallus.
Recently mature thallus cells act ns rhizoid mother cells. At this
stage, according to Crotty (1967) the prothallus has two types of
cells : (i) the thallus cells which do not stain with pyromm-methyl
- green and remain living an hour after the staining process, (ii) the
thizoidal cells, which readily stain with pyronin-methyl green The
-~ 8tain kills the cell cytoplasm.

c

Tig. 1217 (A—C). Pterss rittata. Stages in tho germination *
of spore and formation of shiroid cell (After Crotty
William, 1967).
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Differentiation of rhizoid cells. The thallus cell in which
the rhizoid celf will differentiato shows the following stages 1—

() The nuocleus and the nucleoli entargo considerably, A
delicato network of evtoplasmic strands that stain red with pyronin.
methyl green appear around tho aucleus (Fig, 12417, A, H). The
netnorks extends eonsiderably  beyond the nucleus ponpbor) The
nucleus is in prophace stage. Tho appearance of this network of
cytoplasmic strands around the nucleus is designated as the coronn
stage by Ceotty (Fig. 1217, A, 10},

{i§) The coronal network diffuses thronghtout the cytoplasm and
is not as promment as before. A densa depovit of cytoplramic

POITHALLA CELS
<«
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Y
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s ‘Aw“"_ oteat
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1 is designated as the perinuclear stage (Fig.

h
1217, A, 11). "

(i5) The nuclcus divides into two daughter nuclei. One is
called the rhizoid cell nucleus and the other as nucleus of the re-
Taining thallus cell (Fig. 12:17, A, 1). A wall is formed between

117, A,9). As a result a small lenticular

[ LI is differentiated from the large cell. So

. scgmented (Fig. 12:17, A.5). A few

chiloroplasts can also be seen in rhizoidal cell. Such chloroplasts loso
their colour and only a fow plastid like bodics remain in the rhizoid

zg}i This is tho carly stage of the internally segmented rhizoid

(iv) The nucleus of the rhizoid cell is surrounded by a number
‘f’f darkly stained (pyronin stained) cytoplasmic strands that radiate
tom all around the nucleus towards the periphery of cell Thus
E1ves & wheel-shaped appearance (Fig, 12:17, A, 8) and this stage is,
therefore, called *wheel stage™.

® (v) Tho rhizoid coll starts protruding out (Fig. 1217, A, 6-7),

the strongly pyronin.stained material of the wheel-stage increases

M coneentration and the ds b more prominent. Tho

a‘;ﬂWﬁ} of the rhizoid wall is restricted to the apical region. As

ms thizoid elongates the darkly staining material and the nucleus
OIVG to the tip (Fig. 12'17, A-13). In tho mature rhizoid (Fig. 1217,
<14) the densely staining material at the tip disappears.

Dryothst";rcl:'“ra and development of sex organs is similar to
eris, T
general Fig, lzgs"mbryo development also resembleg Dryopteris in
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It includes about 50 species. A few species have been included
under the genus Phymatodes. In India it occurs gommonly as an
epiphyte on tree trunks and branches.
The common Himalayan epiphytic
species are P, microrhizoma, P. amoe-
num, P. subamoenum, P. steewartii,
P, lacknopus, and P. lineare. They
grow on tree trunks or branches of
Quercus, Cedrus, Abies, Rhododendron
and rarely Pinus wallichiana.

Morphology. The rhizome is
generally creeping (Fig. 131) and
branched, sometimes fleshy semierect
and glaucous  The rhizome is covered
with peltate, lanceolate and brownish
scales or ramenta. The leaves may
be simple and spathulate (P. Iineare)
or simple or deeply incised and pin-
nate. = Venation may be free and
furcate or reticulate and anastomos-
ing. The older portions of the
rhizome are covered with bases of old
leaves, The younger leaves are cir-
cinately coiled. The leaf Jamina is
covered with multicellular hair. The .. ..~ .
stem is also clothed with multicellu. 1u&: 131. Folypodium ap. A, Por.

. . ti B i
lar hair that arise from the epider- ,{°&n§2‘b§’,ﬂfiﬁ§:’;§i?‘"g"“""' B

EFIOERMIS
HYPOOEAMYS

GRAIUND
rIssug

KON, VASCULAR
XD CYLINDERS

PERICYCLE
{{_Fheotm

Fig. 132. Polypodium. T.S, rhizome thowing detalled fntornal structure,



CHAPTER XII1

Sub-Families POLYPODIOIDEAE, AND GYMNO-
GRAMMEOIDEAE

SuB.FAMILY Polypodioideae

Tbp et tymmemi - A+ s
species (O . .

regions, . -t

Flora. Tt st . .

: . . + 'Thanbg : Phymatodes ozylobs

Lyval) Lning, B, stracheys Cixmg.. P, ebenipes (Hook) Ching, P, malcadon (Hook)
Ching ; Drynaria mollis Bedd, ; Lo g 7o, s
erbvanacim (o Shea zogramme involuta Wall, and Microsorium

_Tho sporophytes have creeping or semi~erect and branched or &p

hi The leaves may be saimple or pinnate com-
pound. Venation may be fred or reticulate. -The sori srise on the ventral
surf:s:e of the sporophylls and are as a rule naked (exindusmate)and gluboss

dovelopraent.
TOLYPODIUX L.
1t i3 widely distributed and o common genus that occurs along

the tropicat and subtropical regions of the world. A few s ciee
are, however, found in tho northern temperate regions (£, culgare).

380
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It includes about 50 species. A few species have been included
under the genus Phymatodes, In India it occurs commonly as an
epiphyte on tree trunks and branches.
The common Himalayan epiphytic
species are P, microrhizoma, P. amoe.
num, P. subamoenum, P, steewartii,
P. lacknopus, and P. lineare. They
grow on tree trunks or branches of
Quercus, Cedrus, Abies, Rhododendron
and rarely Pinus wallickiana.

Morphology. The rlzome is
generally ocreeping (Fig. 13-1) and
branched; sometimes fleshy semierect
and glaucous. The rhizome is covered
with peltate, lanceolate and brownish
scales or ramenta. The leaves may
be simple and spathulate (P. lineare)
or simple or deeply incised and pin-
nate. Venation may be free and
furcate or reticulate and anastomos.
ing. The older portions of the
rhizome are covered with bases of old
leaves. The younger leaves are cir-
cinntelé' cogcd. l',(‘he leaf lamina 1s
covered with rpulticellular hair. The .. -~ 7 .
stem is also clothed with multicellu- L& 13} Polypodium sp. A. Por.

3 h e i : 3
lar hair that arise from the opider- ,{"{,‘;n‘,’,ﬁfbg’;&?& :::mgbubu' B.

3

EPIDERIIS
HYPODERM(S

Fig. WY Palypodive, T.5, rhigorae showing dctalled Intersal structorn,
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-mis. Tho adventitious roots are in large numbers and are branched.
The roots originate endogenously and come out on the lower side of
tho rhizome.

Anatomy. Tho anatomy of the rhizome (Fig. 13-2), root and
the sterile lamina is similar to that of Dryopleris. The stomata in
the leaves are restricted to the lower epidermis and aro irregularly
distributed. In P. lineare Thunbg, P. scouleri Hook. et Grow. and
P. vulgare Rehfus,, the stomata are globular and are present even
on the veins. The leaf cpidermis is covered with club.shaped and
multicellular hair in P, lineare (Singh, 1963). Non club.shaped hair
occur around the mid-rib. Thoe leaf phyll is not distinguished
into palisade and spongy parenchyma and 1s, therefore, homogeneous.
Rarely there is & slight differontiation.

The roots are diarch.

Vegetativo propagation takes placo by the death and the decay
of the older portions of the rhizome thus setting free tho branches
that grow as independent plants.

REPRODUCTION

(a) Sporophylls and Sori. There is no distinetion betseen
.sterile and fertilo leaves. The sori arise on the ventral surface of

VASCULAR
CYLINDER ~ PALISApe EPIOERMIS Lstys

Fig. 133 (A~B). Polypodium ep.
A. V.S, through sorns. Thero is no indusmm,
B. A sporspgium.
+ m e 121 T or the fertile leaf and aro borne at the
singlo row on either side of
usually spherical and may be

emall or large in mze aud ate wv protected by any indusium



POLYPODIOIDEAE AND GYMNOGRAMMEOIDEAE 393

(Fig. 13:3, A), The sori havo o distinct receptacle that bears mixed
gporangia, The sporangia may bo mixed with hair or peltate scales,
(. lineare) nnd offer protection to the exindusiato sorua,

Fig. 13-4 (A—B). Polypodium vulgare.
A. Cloaed and mature srchegonium.
B. Archegonium with open neck,
{Aftor Strasburger)

 (b) Sporangia, The structure (Fig. 13.3, B) and development
(Fig. 133, A and 8.38) of tho sporangium is leptosp iste typs
and i3 exactly similsr to that of Dryopteris. Each sporanginm
produces 48, dark brown big, elliptic (P. lineare, P. vulgare, P.
.P’"r)pua) with flattened one side and thin walled spores. The size
of the spore is usually <057 x-041 g in P, lineare (Singh, 1063).

G phyte. The development and structure of prothallus
and sex organs is exactly similar to that of Dryopferis.

The developnent of embryo and formation of embryo is also
tical to other polypod erns.

Sub-Family Gymnogrammeoideae

The eub-family Includes about 27 gensra that are of varied habits snd
habitats and possess uncertain interrelationships. Some of thera come quite
e = usually terrestrial except for

. . o plants vary in their height

- to a fow feet, The rhizome

- . w4 branched. Itiscovered with

Ecales or ramonta, The leavos are srranged epirally or alternate and may
simple, or a i Cgpelnnd and  Bommera

Fournier, the loaves are pal ly pound. In Syng J. Smith, the
leavea aresimple, lancoolats or ovate with the free ends of the furcate veina
united by a i i inal veins. Adic Coniog .
Pityrogramma and Oheilanthes, the leaves are pinnately compound and mey
be R A nw slecompound. The
sord N . . rud are superficial,
with . . L = . ‘Ziantum, Pellaca).
The = ves . - o . 1), somtimes con.
fluer- . - e et - ‘errupted eori that

ate T I P 1 1 the connecting
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commisgare is present. Such a i i
. 3 is a single I i
that connects the free yein ondings. This vain passes ﬂxgmugh recep&cle n{ :E::

eorua, Ceralopferis i3 an in.
teresting member of this

&7 : "
o family (some include it in a
separate family called Par-

22 kex-m.ceae) in which the spo.
o rangia occur eingly at the vain
ends and are spherical and

gubgessile  The fronds sare
dimorphic. In Aaspleniopsis,
Syngran!ma, Coniogramma the
sporangis are mixed with
parsphyses. Paraphyses are
absent " in ofher geners, £4.,
Gymnogpteris, Linear and ob-
Jong sors that oceur slong the
veins are aled known in some,
e g., Pterozontum Fee, Confo-
gramme Fee, Sporangia have
& mixed arrangement on the
roceptacle aund are shortly
stalked or sossils, The sporss
are tetrahedral and globose.
They lack perspore,s The
gamstophytes and sex orgens
are esimuler in  development
and structure to other poly-

podiaceas,

The stern sanatomy
shows varigtions and may be
siphonostelio, solenostehic or
even dictyostelio. In Adien-
m all the thres types of
stotes aro found at vanous
levsls on the same atem.

Some of them are epi-

hytic, & farge number grow
ll;n?l':r moist and shaded foca~
lmdas and & fow are xa(slmplhyhc
grow on exposed places,
hetlanthey albmaryinam:

Fig. 13:6. Adiontum capillus—veneris,

A complete plant showing external form. :;_, ¥y
Ceratopteris 18 aquatic,

Christensen (1038) divided the sub-family in & tribes A Drief
information about Adsenéum L., which belongs to the tribe Adianteae

is given here.

ADIANTUM L.

It is & widely distributed wenus with sbout 200 species that
grow abundantlyin’ the tro T r=tesUredions of the
world and love moist and’ recies

\ A i ' + ‘atum
rune s Junue

. species occur
part of the
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fern flora. Nayar (1061) studied the morphology of 24 Indian species
of Adiantum.

MORPHOLOGY

Rhizome, The rhizome in the genus Adianfum is covered
with paleae and may be erect, eg., 4. caudalum, A. edgeworthii and
A, philippense, or semi erect e.g. A.pedatum, or creeping ‘as in
A. capillus.veneris (¥ig. 13-5), A. thalictroides, A. pectinatum, 4.
peruvianum, ete. The rhizoms is hard and brown in the erect and
semierect species and light brown and soft in the oreeping forms.
The paleas covering the rhizome vary in their shape or outline. They
may be lanceolate (4. pedatum and ‘A, philippense) to ovate lance-
olate (A. venustum; A. caudatum) The paleae are attached to the
rhizome by & short and broad stalk (Fig. 13-6), The base of the
paleae may be variously auricled on either side of the stalk, The
apex of the paleae is usually long and drawn out (Fig. 13-6). Ite
margin may be swooth (4. capillus.veneris, 4. tum) or dent
(4. pectinatum). The paleae develop as unicellular outgrowths
which undergo transverse division to form a 510 cells high uniseriate
hair (Fig. 13-6, I). The cells of this hair are longer towards the apex.
The cells at the base of this hair divide longitudinally thus
making it flat and multiseriate, Soon it assumes a lanceclate
appearence. Tho basal cell develops into a short stalk (Fig. 18-6).

Fig 138. Adiantum,

The structure and development of paless in A. capillus-vene:
(Al‘:nr N.;—.r.Px‘vlzsx) ettt e
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., Leaf, Adiantum has characteristic leaves that

oircinately coiled in the bud condition. The Joaf has : r;,a;;(s :r?;zl;
to biack and shining petiolo
which is  traversed by o
wedian groove devoid of the
marginal  ridges, on the
adaxial side. The petiole is
covered with paleae that may
extend into the rachis and the
leaflets  (pinnae) as in A.
caudafum. In some species
the palese are restricted to
the base of the petiole only.
Neyar (I1961) has reported
the presence of multicellular
nonglendular hair sll over the
petiole and the rachis in some
species. In some  species
such hairs are restricted to
the adaxial groove. The base
of the petiole is continuons

Fig. 137. A pinnule of
A, capillus veneris - 1
showing venation, with the cortex of the rhizome

(Ching, 1957 ; Nayar; 1961).
The petiole and the rachis are hard in all the 24 species found m
India,

The leaves may be once pinnate, e.g,, 4 e 1 At
-and A, philippense ; two to more pinnat
13-5), A. thalictroides, .
A. pectinatum, A.peda-
tum and others. In A.
caudatum the unipin-
nate Teaves bear pinnae
in alternate maanner on
either side of the
strong  rachis. The
pinnae are stalked.
The rachis may termi-
nate in a pinna or may
be elongated bearing
A  vegetative bud at
the tip. Under favu;lr.
able oconditions  this _B). Adiontum eapittus.
Sopariee ot g DR DALY ot oyl s
develop into a daughter B," Fertile pinnules es seon from ventral side.
plant (when the leal i . i

tip touches the ground) which in turn may repeat the process
thus leading to o well known *walking habit", In the bi- or- tripin-
nate species the leaflets aro colled the pinnules. TIn ‘A, peda-
tum the petiole forks at the tip forming & pair of diverg.
ing rachises. Each of these two rachises further Izranchcs on the
#ido facing ench other. These branches bear terminal and lateral
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pinnules. In A, capillus.veneris the rachis’ divides pinnately and
the ultimate branches bear pionules in an alternate manner. Each
branch terminates in a pinnule. The terminal pinnule wusually
differs in shape and size from the lateral pinnules. The vensation
is free end dichotomous in all species (Fig. 13-7). The veing spread
in a fan like manner in the lamina.

Root. The roots are adventitious and arise in clusters from
the underside of the rhi , in the ping forms (Fig. 135) and
from the base of the rhizome in the erect forms. They are black
and wiry structnres and are branched.

ANATOMY

A. Rhizome. (Figs.13:9—13-11). In a transverse section the
rhizome presents an irregular or wavy outline, It shows the follow-
ing tissue systems :—

Epidermis. It forms
the outermost layer of thin.
walled or slightly thick
walled cells. The ‘cells are
generally smaller in size and
possess  brownish  walls.
Externally the epidermal
layer is lined with a thick
cuticle,

Cortex or Qround Tis-
sue. Next to the epider.
mis lies the extensive
ground tissue that may be
wholly parenchymatous or
partly parenchymatous and
partly  sclerenchymatous:
In some species (4. peruvia-
num. A  lrapeziforme, A,
pectinatum) scattered groups
of sclerenchymatous cells
occur in the ground tissue.
In A. pedatum and A. caud-
atum there is & distinet scle-
renchymatous  hypodermia
below the epidermis. Next Fig. 130,
to it is the parenchyma. A,-,?-&;;:"Lig‘; disgram of shizome of A,
tous ground tissue whose ' i
cells may bosmsall or large o?:l. .;;;dsa.!ur:h:ﬁ?):?ng -272’3&’&1.,,""’“""”
and enclose small interceliu. -
lar spaces. 1o some species the entire ground tissno is composed of
emall parenchymatous eells with brown walls and there is no well
defined sclerenchyma.

. _ Stele. The stolar organisation in  Adiantum varies in the
species cf ddiantum. Nayar (1961) studied the anstomy of 24
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specios of Adiantum and gave e vivid description of th iations
in the stelar system of the rhizome, e ° vanaf R?Df

i In Adigntum rubellum the stelar oy ; .
s il R  oylinder is amphiphloic
siphonostelic (Fig. 13.9) at certain regions, i.e., there is a «,’;p,m
a0d uninterrupted stelar cylinder
with onter endodermis enclosing
outer pericycle, outer phloem,
xylem, inner phloem, inner peri.
cyelo and inner endodermis. In
the contre there is a pith. At
Places  where the leaf trace
departs a leaf gap is left behind
end the intact siphonostelio
aylinder iz broken at one point
thus changing to & solenostele
{¥ig. 189, B). In ' 4, pedalum,
A. flabellii A hispidet
A. venustum, A. nobile, A.petti-
natum and many otbers the stelar
cylinder is solenostelic.
In A. capillus-veneris (Fig.

MU YENER

Tig. 1310, Biersodisgrams af the ol
1 i in A. 13:11), A. thaliciroides, A. cauda-
Btelar organization in A. pedatum and tum, ll edgetnorthis and 4 ylu'll:p—

A, capilsweneriy  (After Nayar) “
f ense the atelar cylinder is diclyo-

#ielic. 1t is dissected by many closely placed and oveslapping leaf

3311, Adiontum capiluscenevis L.
T8, thll;i‘mi snowing » divtyostele with aix “‘"’"’““"'; A

. or moro close apirala, In A, capillus-veneris
fiﬂ&':?f.fﬁ?aﬁﬁ?ﬁ the yoang plants s - solenostellc -becausa t:;
Jeal gaps or lscunso sre smal). _ In the clder plants the gaps exvs!




POLYPODIOIDEAE AND GAMNOGRAMMEOIDEAE 389

excessively and ent the stelar cylinder into a reticulum with long
meshes (Nayar, 1962).

The root traces arise indiscriminately from the outer surface
of the stelar cylinder and have no connection with the leaves or
branches. They are diarch and acquire s solerenchymatous sheath in
the outer cortex of the rhizome.

B. Leaf

Petiole (Fig. 13-12). A transverse section of the petiole is
almost awrcular with distinet adaxial groove. Next to the wingle

Fig. 1312, Adiantum capillus-veneris L., {A-~B). A. T.8. through
the base of the petiole showing two meristeles. B. T.S. through

the petiole & little above the bsse showing a eingle meriatle

which ia three angled. The two meristeles have fused together to
form one trace.

layered epidermisis one to many layered hypodermis (Fig. 13-12)
next to which lies the ground tissue, Number of \? trand
entering the petiole depends upon the number of traces given off hy
the stele to each leafl (Nayar, 1962). In A, caudatum, 4. edgeworthis
ond 4. philippense only a single gutter-shapped vascular strand
enters the petiole. In A. capillus-veneris and many other speciea
two band.shaped vascular ‘strands enter the petiole (Fig. 13-12, A).
During their course upwards they unite and form one bundle (Fig.
1312, B). The xylem bands of the vascular bundles ars often slightly,
enrved with the concavity facing ontwards and is thickest in the'
middle, b g dually thin t ds either margin where the

In A, bausei o small patch of

rotoxylem is Jocated {exarch).
included parenchyma ia present in the xylem band, The ends of tha

xylom band may become hooked in some epscies (4. peruvianum, 4
tenerum and A. polyphyllum). i

Lamina (Fig. 1313, A~C). The lamina exhibits internal
structure usual for the mesophytic leaveés, " It has the two ‘:pligaml
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layers bounding an undifferentiated mesophyll whose cells are
UPPER armed. The e 1dermal layers
EPIDERMIS are covered bypa thin cucgcle.
1In some species, e.g., A capillus-
veneris, A. thalictroides and A.
pedatum there i3 only one or two
layered mesophyll (Fig. 1313).
In A. pedatum the mesophyll 18
entirely lacking in some regions
of the lamina and at such places
the two epidermal layers ar®
contiguous. Both the upper and
the lower epidermis are usually
chlorophyllous. The epidermal
cells over the veins are non-
chlorophyllous, highly clongated
and narrow with tapering en EN
The walls of these cells are
hyaline and pronouncedly thick-
ened. In 4. macrophyllum groups
of thick-walled colls occut scab-
tered throughout the upper
epidermis. The stomata &re
Fig. 1313 (B~C). Sections through irregularly distributed through-
two types of leaves of Adiantum  out the surface of the leaf.
capllus—veneris showing variations
in the internsl structure. In 4. ﬁnbellulalum - the
A, ::il«tz‘ton through léaflet of A. stomata are aggrega,ted to areas
,bs,n':,':of ;::;:ggu complete  pear the veins. Both uniseriate
. and multiseriate hair have been
recorded on the epidermis. In A. caudatum and A. hispidulum the
epidermis bears small palae or raments. In species with thin Jamina
the veins are not surrounded by any bundle sheath (4. pedatum). In
species with thick lamina the veins are surrounded by & sheath .of
selerenchyma which oxtends towards either epidermis to merge With
the apecislised epidermal cells over the veins (Nayar, 1962), e.g A
macrophyllum. The phloem in the vascular bundle of the vein lies
towarda the lower epidsrmis and xylem towards the upper epiderndis.

s diarch like that of Dryopteris and Pleris.
The endodermis is very distinot and has casparian bands. The cortex
may be wholly solerenchymatous of partly 8o The epidermis when
intact is made up of smaller calls with their walls coloured brown.
For figure rofer to that of Dryopleris (11-6).

SPORE PRODUCING MEMBERS

‘Spnrophylls. There is no difference in the structure, form
and ehape of the sterilo and fortile leaves. Any leaf i3 _capable of
bearing sporangia. The whole Jeaf may bear sporangia ot s part
of it may become sporangiferots. Thesori are bormo at the distal
ends of the pinnea or pinnules (Fig. 13:14) and consist of sporangia
* superficially over & short portion towards the distal regions

Root. The rodt i
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of the veins. The ultimate ends of the veins do not bear sporangia
80 that the sori are not marginal in position, They are submar-

Fig. 1314. A sporophyll of Adi p
veneris 88 seen {rom ventral eide,"

ginal. The complete sporangia bearing region of the leaflet or the
pinnule folds downwards and usually loses chlorophyll during the
oourse of its development. It forms the false indusinm. The
sporangis usually develop on tie infolded portion of the pinnule but
may in some cased spread slightly on the surface covered by the
folding (Nayar, 1962). The sporangia may develop at the distal
ends of all the veins of a pinnule (A philippense) and form a conti-
nuous sorous or the sporangia develop only at the distal ends of some
veins in which case small and separate sori are formed. In the sori
of A, tenerum, A, bausei and A, rubellum the sporangia are inter-
spersed with small paraphyses (Nayar, 1962). The paraphyses are
small uniseriate hair lilke structures with a one or two celled stalks
bearing & globular terminal cell with dense hyaline contents,

. Sporangia (Fig. 13-16). The sporangium has two_well defined
Tegions: {3} the stalkand (i) the head or ihe capsule, Thostalk

{a

8.
Fig. 1316, Bporangis and epores of Adiantue, (After Nayas)
v

[y
L
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is mede up of three rows of cells, each row about 4 cells long
{Nayar, 1962). The sporangial stalk is primarily made up of two
rows of cells, the third row is formed darily during sporangisl
development from one of the basal cells of the sporangial head.
The head or the capsule is shaped like & biconvex lens (Fig. 13-15).
It hag a single layered wall enclosing the spores. The wall has a
distinet vertical annulus of 12-24 cells long. The annulus is sepa.
rated from the stalk by one or two ordinary thin walled cells, The
stominm i3 also not i with the lus and the stalk.
From the annulus it is separated by two (4. capillus-veneris) to six
(4. thalictroides) wall cells, whereas from the stalk it is separatde
by two or three wall cells, The rest of the sporangial wall is com-
posed of a few large cells that have a regular outline. The sporan-
gial stalk Jacks water gland.

The develoy of the sp ium is exactly similar to that
of Dryopteris. -
GAMETOPHYTE

Spores (Fig. 13:16). The spores aro the pioneer structures of
the gametophiyte generation, The spores in Adiantum are fetra-
hedral (Fig. 13-17) and bave & triangular amb with concave sides.

0
(]

(<A
A srcuzB

RHIZOID

-

snd formati

.18, * Adiantu ion of spore
Fig. 1316 of mature prothallus, (After Nayar)

X i : vo.layered
i to rotoplast is surrounded by a iwo-lay
2\3.“%‘;%:’%3} l::r "tl?c exine is smooth and yellowish brown
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or deep brown. In A. coudatum, A. fenerum. A. peruvianum and
A. trapeziforme the exine is morked with faint granulations. The
triradinto ridge or the laesura is short and has thin margins. In
A. venustum it has slightly thick margin.

Germination of the spore (Fig. 13-16, A—L). The spores
germinate on falling on a suitable substratum. The exine ruptures
at the triradiate ridge and the intine
protrudes out in the form of a
germ tube. It encloses the proto-
plasts, A lateral rhizoid arises from
the germ tube  The germ tube be-
comes a filament of 4—6 cells long
(Fig. 13-16, A). The cells develop
chloroplasts and become green.
The_colls are barrel shaped. The
terminal  cell of the flament
dividea by two oblique walls to
cot off a three-sided meristematic
{apical) cell. The lower cells
of the germ filament may divide

Fig. 1317, Stages in the dovelop " Pig, 18-
ment of antheridium in o A
Adsantum lunulatum,

R (A—E), Various
-tugos in f‘h; development of
(After Verma and Khullar) ATy ond A capecinnum
) (D—-E).

Iongitud.inully, either all of them (4. bauses, A. tenerum and
Jarleyeriae), or,onlya_few up‘})er ones lying below the = ° Lo
"The epical meristematic cell divides along the three faces ~ wE
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to the formation of a spathulate plate of cells (Fig, 13-17, E, F)..
During further division the apical cell becomes narrow or ajmost
spindle shaped (Fig. 13.16, E, F). It -persi till the prothall
assumes its characteristic cordate form (Fig. 13-16, G—H). ~ TLater it
i3 replaced by an apical meristem of two cells lying in 8 deep apical
notch (Fig.13-16, J, K). The cells dehind the apical notch divide
in borizontal plane to form a thick cushion., The wings of the
prothallus are only one Iayer of cells in thickess and are usnaily
parenchymatous In some species (Nayar, 1962) collenchymatous
cells have been noticed at the corners.

The structure and development of an antheridium (Fig. 13-17}
and archegonium (Fig. 11-23) is similar to Dryopteria. The develop-
ment of embryo also follows the same course as of Dryopteris. There
are minor differences as illustrated in fig. 1318, A—E.”

YOUNG SPOROPHYTE:

Generally & prothallus bears only one sporophyte but under
experimental conditions 2 or 3 sporophytes per prothallus have also

4 \
D E

F e
- | Jioniuns illus-peneris, The juvenile
Flg 1320 A . (Afver Nayer)
, 1962). Apogamous dgva!opmonf, of the sporo-
ggey':: ?rt:g: éhN:{::dhn ax):d cushioned region hsa.been reported in
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A. philippense (Mehra, 1928, 1949). During normal embryonal
development the first organs to make their appearance aro the root
and the juvenile leaves. Tho stom develops late. Tho primary
root penetrates the soil and establishes itself. Tho juvenile leaves
are usnally divided (simple in A. flabellulatum) as in 4. capillus.
veneris (Fig. 13.19) and all other specics. In this case the lainina
of the juvenile leaf is two lobed, and is traversed by a dichotomously
branched mid rib {Fig. 1319, A, B). Later the lamina expands and
becomes threeiobed (Fig. 13-19, C). Tho tip of the lamina elongates
and a number of lateral lobes appears (Fig. 13-19, D—E} and the
leaf becomes pinnate (Fig. 13-10). The mid.rib in all cases loscs
ita identity towards the apex, dichotomising many times like other
veins, but towards the baso it maintains its identity and bears lateral
veins in alternate succession, each lateral vein entoring a scparate
lobe of the lamina and dichotomising four to five times, In tripinnate
leaves (4. capillus-veneris, A. venustum) the lateral lobes themsclves
establish mid.rib (Fig. 13-20), which is less prominent than main.

mid.rib.



.CHAPTER XIV

PTEROPHYTA-—LEPTOSPORANGIOPSIDA—
MARSILEALES

‘The order Marsilealea of the class Leptosporangiopaida includes a small
rgroup of aquatio or gemi-aquatic ferna. They are all included in & single
family Marsileacese. ” The chief order and family characters are s

(§} Thoy are all heterosporous ferns,

(if) The sporangia are produced within o special atructure called the
-sporocarp, _

{i#4) The sporangia in the sporocarp are arranged io small grou
called the)Lou‘ The soEi are gradat:o i & sronps

iv) Bach sorus ia bisporangiate and oontalns_both mega and
qigzesgo}aﬂﬁrw;ﬂs_ ontalns_both mega an

{v) The number of nori per sporocarp varies from two to many,

{vi) Circinate ptyxis _ﬁ the leaf in the bud condition,

{vif) Laminar natura of the sporocarp.

T Ty
The family marsileaceso is represented by 3 living genera.
=eeTrom ert — and Marsifea. All the three are
Pilularia "has 6 species. Regnelli.
. - characteristio in being tho only
s, e, roduces  Iatex ‘(Lspourian, 1952,
Marsilea is reprosented by 53 living and 10 fossil species It is
usually considered as a type.
MARSILEA L.

Distribution. This beat known genus of the family Maral.
leaceas is world-wide in distribution. owover it Is rich in apocies
in the warmor pacts of the world such as tropical Afriea and
Australis. It Is well represented in the northern hemisphero™~About —
¢ Hving spocies have beco recorded Iﬁrm"gat_lla._. qr theso Marsilea

e tnees T In

minula is the commonest. . -
the Pudpab it is very oomm v+ ° . A
quadrifolia, M. M)ulv.\a-urn .. . - N
important Indian species. P o
Habltat. S%ntx;a 1pecies nxéc‘,_ e sad }
. L} W Q! 3 G
-aro hydrophytic ¥ §To ) & N N
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The sporocarps are produced under water, Some species are amphi.

\ Mbious, Thoy grow after the rains in temporary shallow ponds” and

VApuddles” (2. aegyptiaca). They fruit only under dry, terrestrial
conditions when water dries up. Examples ars M, vestilc snd
M. aegyptiaca. A fow species of Marsilea sre xerophytic. They
grow on dry land (Af. condensata, M. rajasthanensis). The tropicsl
example of this category is M, Airsuta. All_the_apecies are rooted
either in the mud or soil.

SPOROPHYTE
External Morphology. The Me ™ °.
IR ‘s 2SS g
tes (Fig
o . . with

lticellular and unt hed

Stem. The atem is_long and slender (Figs. 14.1, 14.3). 1t
vormelther oo gk anefyna Tho a_stolon or slightly below the

o, It has an indefini{é powerf growth

v L e arise at the bases of leaves. Accor-
ding to Hanstein they are axillary in position. Puri and Garg and
Bachs consider them lateral to the leaves as a rule. Bower also
considers the branches to be extra-axillary in position arising in the-

Fig. 14-1. Portion of sporophyte of Marsilea minuta showing habit,

lateral or oblique position, indicating the dichotomy of the axis.
They run in all directions and may geot rooted EE_the_nodes. In this-

way a single plant may cover an extensive area about 20 metres in
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diameter or even more. The stem is_divisible -into distinet nodes
and internodes. The internodes are long in the hydrophytic plants
and short in"the sub-terrestrial or xerophytic species.

Roots. The primary root_is _short-lived. All others are
advenfitiolis and arise grardually at the nodes (Figs. 14:1 8nd 1474y 6n
the underside of the stem, Qcoasionally they msy arise from the
internodal region. They ars thin and may be branched or unbranched.
Their number at each node may be one or more, The branching is
monopodial. The branch roots are arransed in two rows and are

developed in an acropetalous succession.

Leaves. The leaves arise from the upper_side_of_the_stem
-alternatively and are affdnged 11 tWwo_Tows (Figs. 14-1,14-3), They
. ‘are petiolate and compound.

The peticles of the _submer-

éd plants_are_long, _thin

§nd" flexible_with the Jamina

floating._on_the. sutface of

water. The leaves of plante

growing on mud or land

¥ have upright, short petioles
with the lamina held ina

spreading_ position. The

D compound lamina s divided

E A B c wito four leaflets of the same
size. They spring from the

tip of the petiole so that the

leaf * appatently  looks

quadrifoliate. ~ Actually

itis quddrijugate as the

four leaflets are arranged in

& pinnate manner, Two of

them form the distal pair

P and the other two form the

E proximal pair (Fig. 14:5, F).

Fig. 145, Marsilea. Ontogeny of the The leaflets of the proximal
gium\a. The venation is dichotomous. air are really alternate.
be vein endings form loops so that Sccnsionally the number of

ultimate vein ends are fuscd,
After Braun, leaflets may be 5 or 6 or
¢ aan oven 8 instead of tho usual
number 4. In ontline the leaflets aro obovate to obcuneate or wedge-
n many species it i3 entire, In

shaped, Thoe margin is variable, n ]
AT minuta and other hydrophytic species the outer margin of the
Jeaflet varies from entiro to crenate or toothed, whereas in tho
terresteial apecies (A, aegyptiaca mt(;lc 15Lgmj&v)tﬁma_z;:le) ltl}'urxgs
to shghtly deceply lobed (Gupta). e venation i1

e _c‘ﬁe-.n?!u, b “-g«-'-:)' !{,un rlosed reticulum “THEveInT of
e « manner, ‘The branch

. st rupar aty also ungtofl near tho

margin by loop veins (Fig. 145} ‘ine leaflsts ex ibit  slerping
mmr-glmongs. A‘Z night the pinnae becomn folded upwards. The

young leaves bave circinate ptyxis in the Lud.
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g}pnrocarps. When water begins to_dry up the leafy plant
bears gpecial, u " . bodies called

E;
the sporocarp . ‘bisporangiute:
e stalk may o peduncie or
pedicel.  The shape, size and contents of the sporocarp, ana. the
aftachment of its pedical to the petiola of the leaf vary gomlder-
ahly. For details on these points refer to asexual reproduction.

AU

:\\ ¢—~Tubers. The stem towards the end of the growing season in

some species (M. hirsuta, M. minula) bears resting propagation
LSs)f'lmdies called the tubers. The f.ul);m__.tﬁﬁquous erennating
stFmctures sprouting on ibe advent of the season favourable for
growth™
ANATOMY

{a) Stem, (Fig. 14-6). Viewed in a transverso section the
mature stem or rhizome is ciccular in outline. It has a concentric

arrang t of the per t tissues. The tissues composing it are
arranged in three zones, epidermis, cortex and the stele.
= T * ™7 g the outérmost protective portion
- ' “cells. The epidermal cells are thick-_
. . without any stomata. It is perma-

2, Cortex. It lies internal to the epidermis and is several
layers thick. It is differentiated into three regions, the outer
cortex, the middle cortex and the inner cortex. The outer cor- -
tex is parenchymatous and may be one to several cells in thickness.
The parenchyma cells are compactly arranged. ¥ere and there
among them occur 8 few tannin cells, The ring like outer cortex of
compactly arranged parenchyma cell serves to maintain the cylindri- '
cal form of thestemn. The middle cortex which lies intetnal to the
outer cortex consists mainly of air cavities. The aerenchyma is an air
storage tissue consisting of & single layer of air chambers arranged in
aring, Theck 8 ATC Bep d from one by single lay-
ered partitions consisting of thin walled parenchymatous cells. The
inner cortex is a solid tissue of several cells in thickness. The
outer cell lyers of the inner cortex are thick.walled or sclerotiv
constituting the sclerenchyma. “Tho inner layers of cells are com-
pactly arranged and parenchymatons. Some of these ceils may
contain tannin, others are filled with starch. Jn the xerophytic

species (3. aeyyptiaca) the air chambers in the middle ocortex become
obliterated.

3. Stele.
BA

The vascular cyli.n_d_er is medullated. The xylem
o . .. A

is outer endodermis, outer pericycle, onter phloem',
ST SRR, QUICT berioyce, oute
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e’

medalls ot pith, wiich 15 3hmtted. by}
3 -by . i pies
the centre. Its structure like that g.thg%ﬁﬁﬁ%}%%%:

inner phloem, inner e:{i;:ycle and inner endodermis. The
&1]]

updn the habitat in which the plants i

bin grow., Itis
the plants growing in water. 1t becomes more 01? Dll:;;d;)c'll:::;‘:'s iig
plants growing in mud or damp sail (Fig. 146), In the xerophs,'tio

Fig. 14.8. T.8. through clder portion of the rhizome of
M. minuts showing aclerenchymatous pith.
species it is sclerenchymatous. JAf. vestita has exarch xylem with
well defined protoxyiom elements. M. aegypticca has wmesarch
protoxylem (Gupta and Bhardwaja). In M. guadrifolia and othess
i In & section passing

protoxylem el ta are not p
through or nesr the node, the vascular cylinder consists of two
haped stele and a smsll curved vascular

parts, an arc-like or C.s
strand. The latter ropresents o leaf trace. The inner snd outer

layers of endodermis, pericycle and phlosm becomwe continuous at the
ends of the arc.like stele. This is an amphbiphlolc solenostele.
Veasols have also been roported in some specis of Afarselia.
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(3) Petiole (Fig. 14.7). The internal structure of the petiole
is similar to that of the stem. Thero is the single Iayered epidermis

eyrsce L
LPIDERMIG

sz
ST

Lz
s

Fig. 147, T.5. potiole of M. minuta.

made up of rectangular cells. Beneath 1t are a few layers of thin
walled cells that constitute the ounter cortex. This is followed
by the serenchymatoug middle cortex which consists of a ring of
air chambers, . The air chambers, as in the stem, are separated
by single Jayered partitions of thin walled parenchyma cell, The
air spaces tend to disappear in drier habitats, The inner cortex
is a solid, compact tissue several cells deep. The outer cell layers
are sclerenchymatous (Fig. 14.7). The inner layers of cells are
parenchymatous and are filled with staroh. Here and there tannin
filled cells also occur. The inner cortex is delimited by a single
layered endodermis. Within the endodertoia is the stele ‘which
is sorewhat triangular in outline. It liesin the centre and has

single vascular bundle. The xylem part of the bundle#' o

A Ty
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i '.‘ LT N A T o rm has one
L. . R } » . smaller ones
; : V e s - s the xylem
parenchyma. Surrounding the xylem is ‘the ho‘le i 4
A § u 1 m foll
pericycle,  The pericycle is bounded by thepeudoder;is?wed by the

{c} Leaflet (Fig. 14-8) Th i .
revenls the fallowmé ;Eruclurg:— e lealiet in & teansverse soction

() Epldermis. Is forms the boundary. There is th
upper epidermis and lower epidermis. Boyth sre single l:;e:g:
and have slightly sunken stomata. In the hydrophytic species
with floating leaves they are restricted to the upper epidermis only,
As the water dries up and the leafiets become aerial the storata
develop in the lower epidermis as well, According to Gupta the
stomats are’fewet but bigger and the epidermal cells have more
;n?a t‘::“s in plants growing under drier habitats than those found

curKLe
VI oran cpweans

Lt
om! rraan

. v
1A
BUSOLE S;VMTN FHLOEH
Fig. 148 V.5, pinna o leaflet of M. minufa,

(i) Mesophy)l. The tissue that lies botween the upper and
lower epidermis is callod tho mesophyll. It is dufferentiated into
palisade and spongy parenchyms. The former lies beneath the upper

idermis and ists of cells rieh in chlaroplasta. The

P

spongy parenchyma which faces the lower epidermis consists of
rounded cells. Just beneath the Jower epidermis ure the largo air
chambers. They sre scparsted by septa. Submerged Jeaves, how-
ever, show no distinetion into the palisade and spongy tissues.

{iii) Vascalar bundle. Emnbedded in the mesophyl] tissue
are dar bundl They tric in nsture.* Each bundle
has a central core of xylem surrounded by phloem. Externally
bundle is bounded by the zingle Iayered endodermis. It is distinet.

1n & trapsyerse section it conaists of the

(4} Root (Fip. 149},
piliferous layer, cortex al stele.
(i) Plliferous-layer, [t i« the sutface layer ronsisting of
compactly arranged biconvex cells. The outer wally of the cells nre

thickened.
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(ii) Cortex. Tt lies within the piliferous layer and is several
Iayers thiok. It shows distinotion into outer cortex and inner

-SEPTA

APDERMIS
NYPODERMIS

AIR CNANBER
CORTEX

pPuLorm

METAXYLEM
PROTOXYLEM

PERICYCLE
£NDODERNIS

70\ heasn?
\ﬂ*&z/\

Fig, 148 A. T.8. root of M, minuta.

cortex. The outer cortex is_aereachymataus,
, evet

The large air

chambers are arranged in the form of a ring and are separated flom

each ather by longitudinal septa.
The inner cortex is compact. It
consists of rounded cells contain-
ing starch. They often become
sclerenchymatous under terrestrial
conditions.

(14} Endodermis. - The
inner cortex is delimited by the
endodermis. It is distinet and
consists of a single layer of cells.

(iv) Stele. It lies within the
endodermis and is usually diarch
and exarch rarely monarch. It
consists of the pericycle and the
vascular tissues. There is no prth
The pericycle consists of a single
layer of cells just within the endo-
dermis. Within the pericycle is

Fig, 149 B. Portion of stelo
of root of Marsilea minuta
showing diarch xylem,




) r biss! const of X, and phI0
which i8 pla! Jike occuP the centr® of the stele- In the middie
of the elon ated xylew plate 878 ywo Jares, and two 8 raatl metasyle
elernents: Tho ProYoX: lom 18 exarch- y consists [ m sll
sses of still gmaller prohoxy\em colls one at each e nd touch ing the
ericycie: On ethe? side of the Xyle™ late 18 the pond ke
phioer There 18 thus two xylem pundudles and W0 phioer: They
are aitusted o alternato radii Recently Wh‘\\e repo! orted the pccut”
rence of veasels 11 the roots of certain 8PEC cies Mnmlea

puC 1ON. Marsiled 2 coduces Yo ctsﬁve\y as wel
as by means of spores that 810 of tW0' \g'pes (Bﬁ?apgrg\w) ani\l on
gl ermination give Tis® to tO }j}fwn tes.

o YN

™
mate\"\a\ in the central pott‘\on ar Sovere
routin with the

sca\e leaves 1t gerves as a/\)g p\muh g orgun. A A
ourable cowth Tuber form! mation has

Marsites. ¥ e micm mega-2po
are born® in spec "Tbem-sh p el_Lhe, sgor rgs The
Eh) ng " (‘ &) wheress The,m! ‘megdd pom/g

f o n
K ubardl g e s d:hm (an \4 \O,D and B estit®
o> 0

to this cmegory n . coro™
the of the !o\lt ary spn

unit with o other and then )omt y
jole. . The common lnr\n xample uadn]olm
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{i45) Pedicels free or slightly connate and attached to the base
of the petiole. The common Indian species, M. minula, is the beat
example of this type of attachment (Fig. 14:10, C).

Many variations from the above.mentioned three types have
been recorded in nature. Conditions intermediate between the first
and second types were recorded in M. quadrifolia (Gupts, 1961).
When _young, the sparocarpa are soft, green and  covered swith _hoirs.
At Tmaturity they become brown to dark brown, hard and nut_like.
The hairs porsist in the terrestrial species bub disappear at maturity
10 the aquatic species. In shape the sporocarps are oval or bean
shaped in M. minuta and other hydrophytic Species, but squatish or
rect Jar in M. aeqypliaca, M. rajasth is or other xerophytic
species (Gupta, 1061).  Just beyond the powt _of attachment of the

w2l |
8 Cin~ P

Fig, 14:10. Mode of attachment of the sporocarps to the petiole.
A, Marsilea polycarpa
B, M, quadrifolic
0. M. minuta
D, M. coromandelica,

aporgearp to the stalk (raphe)are_ often present_one or_ two_teeth
like "Protuberances, a i}%e_back in""tffop median plane, They are
khown as the horms ar_teeth. In M. minuta hath the teeth are
prominent. M. guadrijolia has the lower tooth conspicuous and the
upper blunt. 1In M. aegypliaca tho upper tooth is blunt and
prominent. The lower is absent. In M, uncinata the teeth are
spine-like projections, with the upper one more conspicuous than the

;aw]f_r. There are some species in which teeth on the sporocarp are
acking. T :

B. Internal Structure (Figs. 14:11, 14-12, 14-13) .
(i) Wall of the Sporocarp (Fig. 14-11). The bi -
rocarp has & thick and resistancrl:va(ll.g ) R

A msture_sporocarp_has a
threo layered wall, —The cutermiost iayer is made up of broad and

Py
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columnar cells.
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Tt ia called the epid i d i T

¢ . 3¢ 8 1¢
interrupted by stomata. It i8 covered. With. cuticle. and benrs -Jhair

+ THICK, WALLED
R I
LAYERS OF PARENCHYMA
f:g;ﬁe’.’lc
Cﬁuw

Fig- 1411, T.8. through the
wgll of sporocarp of Marsilea
minula.

varies form two (M. « i
There are 112(27s0815 . 4.

and microsporangia
ged In & row at the ti, o %
stalked and arize on tho sides

130 Ob L
spécies, In M. minulz & sorus

In M. aegyp

In young sporocarps. Next to the
epidermis s the two layered
hypodermis., Thess two layére
sre often designated as the outer
and inner palisade layers, res.
pectively, The cells of the outer
Iayer are elongated and thick wall-
ed whereas those of the iuner layer
are more elongated and have thin
walls. Their contonta are vacwo.
fated. Both the layers hayve-chioz-
oplasts inthair_cells. Next to the
hypoderma{ layers is a layer of
hourglass like cellswhose walls
arg also thick. Inner to this layer
is 73 parenchymatons _tisme., of
variable _thickness. These cells
gelatiniae in a mature sporocarp
and help in its dehiscence. They
fornia-gelatinoustissie called the
sporophore that runs arourid the
aporocarp cavity, in a dorsiventral
plane,

. o - , .
—Phelr number in & BoTus varies with
has 48 megasporangis and 8--13

there are 5—16 mega- snd 9--19

Meoh

absent in sori of

toL &)
micrg-sparangia. g

)2 gia are f
M. minuta, 3. rajosthanensis and M. vestita.
Mehra and Loyal (1960} reporte

d three biotypes of M.
icro and rocgasporangis.

. e . . 1-m
minule :~—(f) A biotype with norma 5y Spotocarps with o

The megasporangia have one meg
normal microsporangia that have

aspore. :
different shapes and sizes ol

f micro.
(i) A bio-

apores and normal megasp

ith ong g
i Fangn. The former have

. . icrosporangia. .
type with abnormal wmega- and microsporang icrospores of

many sterilo megaspares, the latter have a
different shapes and sizes. Thoy recorded n=2

Iso many mic
20 in M. mintla,
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Tn a horizontal section tho sori are seen to be arranged in two
alternating rows (Fig. 1412, A). This soction reveals the exact num-

o

SUNDIES

TETISROA
ANGIUM

GELATINOUS
RING

RECEPTACLE

menoeor B
ANGIUN

o b}

Fig. 1412 (A—B). Intornal of sp A. Hori
section through sporocarp, B, Vertical transverse zection through sporecarp
{a and b indicate planes of sections).

ber of sori in the sporocarp.. The_Fgggmmlgm are seen at the
apex of the reoerc_]g and ﬂvo}gﬁ rat whereas micmsgg_rang(m are
on_the sides and develop later. © sorus is thus gradate and spoe
rangia develop in & basipetaious manner. The placental vascular
bundles and commissural bundlo are cut in a transverse plane. The
gelainous ring appears in the form of two big masses at eitber Snd.”

The pedicel is 4lso THE tatiaversely

sporangi K L [ S s
a[ﬁe of 1+ ;7 .oal.iumu s vwar,  ine stalk is not cut in t
tion. The commissural bundlés, the placental bundles and p

tal branch are very clear, The sparop
roasses on the dorsal and ventral sides.

aden-
~distinot

pp a3 two’

In a vertical langitudinal section (Fig. 14-13) or sagittal section
the pedicel s also cut longitudinally and the gelatmous sing is_seen

ST,
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fosurround the sori, which are seen to contain either - mega- or
microsporangia depending updhi whether Ltheseolion” passes through

DORSAL
COMMISSURAL
WNDUSIUM sop_ BUNOLE YASCULAR BUNOLES
sl OROCARP,
, . o, WAL

HICROSPOR
ANGA

T RECEPTACLES

PLACENTAL
i

€T
Ao g s BUNDLE o

G
HEGASPORANGIA  RING

Fig. 1413, A vertical longitudinal eection through the aporocarps.

the former or the latter. The dorssl vasenlsr bundle is seen in
continnation with vasculer strand ol the pedicel. The commissurals
are cub transversely and can be seen around the gelatmm,xs ring.
A section passing through the microspe showa the p
bundles also,

. The vascular
Vascular Supply of Sporacarp (Fig. 1414). X
bundle of the pedicsl of the sporocarp runs upwards and without

DORIAL DUNDLE

PLACENTAL
BUNDLES

PLACENTAL BRANTH
Fig. 14 14, Showing vascular supply of the sporocsrp.

undergoing an_w:; change reaches tho point of attachment of the bod):
of sporocarp and tho pedice” *

tooth of the sporocarp (Fig.

uppor ot thie dorsal sideof .. , .. . .
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:t e The dorsal bm!xdle ives off lat%';l
- e = all olong its length, YT
tBe numgBér ors_a'%l These lateral
S ey HHiEEOTIBituated~in either valve of
the sporocarp. Aftor giving off tho last pair of lateral bundles the
dorsal bundle bifurcates into two branches that supply nght and tho
leib valves of the 8pOTotarp (3, mmutu P\m anl Garg, 1963).
ards the ventral

O roe oL . ' " Chis bifurcation i
- i wwwou downwards. The
ud]acent. bmnches of the hifurcated laterals ansstomoso near tho

etwork (Fig. 14-14).

et amu prevousas DUNALES 576 N0t given oOff Tionrthe
ﬁx‘ab and-tho Jast pairs of lateral bundles, becanse therc are no
receptacular ridges in this area.

.- . A . vt © 1888) gave a
N . . b {rifolia, The
. . aF{¥ig. 1415,

. " ippeara after
et - he young leaf
P 1ninal di

(ug. H.lb, A). This coll behaves j uat like the t_v_@__aldeq_ leaf. apical_cell and
euta off regments o either side. o of'FTeue segments may behave as apical
cell of the s6cond BEOTUCary and 8o un for mhe ;hﬁ | sporoearp. ‘Thia meana
thal the Lwo or Vhie INTe8 Spototaips ate_ untogenehuﬂy the-primary,
secoiidary and tortia mnnﬁu of the leaf.

. wde and forms &
thab_its_disial
. . . ¥8 further and
. . . . - . egmenta cut off
. pidgrmal_layer

. . ro thin walled

. . - leaf segment.
.o F— . . 2-of_the young
P . rmarginal cella

- appear on the

. (ventral) and

..... B LA Ll YL soral canals. Each

. the indusium. This
v . 2 soral mother cells
anged in two aller-

. sium (Fig. 1415, E

. g further growt
ders of the eporo.

" a gporangisl initials

o . ba_soral canals (Fig.

. o - a the rﬁceptaclo and
g ugan, 30O OLNET IMtiAlS appcar along the sides and
grow snto mi e thus develop firet end are older

than the microsporangia.

Morphological Nature of the Sporocarp. Two main

interpretations have been put forth to oxplain the mor| hology. 6L t]
sparocarp of M 1ese BIe :— rphology. Gl the
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{s) The Laminar or Leaf Segment Hypothesis. This

hypothesis beli that the spofocarp is & _ruodified_lateral,. fertile
e e i e pa-
LEAF. - ’
apicAl cewr NEQIAN anReL SORAL CANAL

SPOROCAR,
A SCORRTAE

SoRYS
P SORAL CANAL

2]
3 NousIuM

:: HEGASPORANGII

-H1EGASPORANGIUM
INITIALS

Fig 1a15. Blagesin the dsvelopment of sporosarpin
M. quadrifolia, (After Johnson)

segment of theJeaf or frond. It has been supported by msjotity of
the Workers whoso viows 816 given below :—

Russow (1872) and Busgen_ (1890} regarded the sporocarp of
Marsiléa to Be camposed of two loaflets .whoso _ventral surfaces face
each other, —

Gaebol (1882, 1805, 1930) considered the spgrocarp to be &
fertilp leatlet, or the iana. He considered that™ The Bporacarp
witfiont its g __r_qungg,compnable_lu‘si_ngl,e,leAﬂlt,of the sterile
lesfof, Maralea. i

Eamen {1936) compared the -porouaq)‘_tg,ﬂn_«g_ﬁp_or Qh_a‘leg/(!v_i_zh



P'l‘EBOPBYTA—LEPI‘OSPORANGIOPSID‘A—MARSILEALES 411

"four leaflets. Ho postulated that the body of the capsule re-
presents the two distal leaflets whereas the hump of the sporocarp
with two teeth represent the remains of the proximal leaflets (Fig.
1417, A, B). He considered the hump as reduced proximal pair

Fig. 1416 (A~ C). Sroith"s visw of the morphologicsl
naturs of aporocarp,
{After Smth)

of leaflets. His conclusiona are based upon the similarity of course
of vascular bundles in the sporocarp snd the four leafluts of a sterile

leaf. In M. quadrifolia the main_vascular_bundle sends t ti.
ggnl-bmmTllis suggests that the hump
represents the remains of thie proximal parr of leaflets.

Smith (1938, 1953) compares the sporocarp of Marsiles to an
enfolded Jeaflet (Fig. 141" ™ v

! © v s
single mil ig. 14-16, . . R xloral
veins on either side. He ' L] the

eifoldedTeafet of o fepl @ o o0 ., Ay Y
cca¢) Bearing_gradafe sori_on ity abaxial-sids (Fig: 1116, B—C).
The gradate sori il Maralea and presonce of distinct_indusia—suppart
Sudith's ¥iewpoint that the sporoearp of “Marsilea is comparable to
theenfoliled pinnd of 3”Cy theaceaus forn (Fig. 14-16, A—C).

Tnkhtaj'gn‘(‘l%'i) stated, “the sporocarp of the Marsilealos_may
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be considered & more specialised fertile segment of_a Jeaf_of the type

common {0 Schizeaceae.”

Puri and Garg (1953) have discussed i i i
uri and Garg (1995, in detail th
regarding the morphological nature of the sp_oro;;: __(Fi;. lllt?raturl?
“—'\Vhile"'.‘comxﬁéﬁting upon  ite
' K stow state,

toa
of_ss
wor_of
el . ateral
pundle .: -
midnb
ohsery: P e
8poroCa. . . . .
endof- ..t
of ‘the i .
supply s e -
leaflets and hence the lammnar
nature of the SporocarP js fully
gupported.

Gupta (1962) also supported
the laminar Fi

nature (Fig- 14-17,
E-G) of the  sporocarp. He
regords _the W——be a
leaflot with &8 xganyamgiggilmlﬂlo_bes
as— the lateral 1 He_do
ot~ regard_the BPO p_to bea

coniorescence Of the p

s opinion tho pinns of the leaflet
was only lobed and not divided
into pinnules as is regarded by Puri
A L] his own words, Mg

Fig. 1417, Morphological nsetur
B, Eame

of sporocarp. A— 5 .
view of morphlogical nature. C. .
Representing Purk and GCarg's

view D-F Roprosenting Gup: '

tu's viewpoint.

SILUATEU seweBr P -
sions of these 1obes (Fig- 1417, B} rather than on, their siavs.
Consequently they get their vascular supply from tho midrib bundles,
that is at the pomnt of bifurcation of the oommissumls thcmse]ves."
ours the jaminar nature of the

., t_an mmgwtp}iog can be

wn nf oninion &V
“Jomuinar or loaf segmnt

1. ‘The sporocafp develops from & margunal coll of the leaf,
The early scgmcnmtian_nf_tho Bporocarp imu_a\_air_uil the 'Ien_fa m‘mal
is symiaf. Bothhave two-sidec d apical colls -
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) -« 1 the third sporocarps arise
. . . ' . *'16”second dporocarp. —This
Vet - i+ e . ® primary, secondary &nd

N HE . % - _eimilar to that of
S S . ¢ ... 1015 sporodarps
vt . oL T oo eo o oot 3 manner. All are
borne in a single series on one side of the petiole. The vascular sup-
ply to each sporocarp departs from the margin of the vascular
bundle of the petiole. Sams is the cass with the sterile leafiets. ‘The
similarity of the vascular supply is clearly indicative of the laminar
nature of the sporocarp. Eames (1936) pointed out such a similarity
in the cage of M. quadrifolia.

4. Puri and Garg (1953) also ponted towards a similar ngture
of yaseular supply to the sporooarp and _sterile leaflets in M. minula.
The vascular supply in both the ¢ases diverges from one end of the
V-shaped vascular bundle of the petiole.

5. Busgen (1890) reported certein abnormalities in Marsilea.
He observed that in M. Aireuta some plants boar leaves whose pinnae
get modified into sporocarp-like structures. In some cases, he found
that the proximal pair of leaflets become very small and the distal
onesare comparatively large, valvular, thick and brown. Such
teratologies in nature also snpport the view that the sporocarp of
Marsilea is a modified lamina or leaflet, specialised for the function
of producing spores.

I’ .- .. like _hypodermis and the
o0t aces simulate the internal

a0 e, . is hypothesis
he__sporocarp

cells act as

. o€ ARET a8

. T the leaf,
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bursting cannot be homologi i

urs ca i gised with the divisi i
::32: gl;e:; :re d;ve]zlpedtfr?)m‘the'ndﬁé?ﬁﬁﬁ:;ié?x?ﬁﬁ-;?ﬂe;:ﬁ?

continued activity of the™ marginal calls. For thi
alsn any seeming similarity in the bra o the Vel poseon
nching of the vascular b
systema ;f‘ t.ht:x }::%ggg'ags  can | ha.}:z.e_ngameaui'ng, in_the dir;cti:: d{)‘;
n g; ing his viewpoint Johnson conicluded
tg.:e:rd;rg to our present knowledge we may consider the caps\x‘lxe a8
t thwo en end of a petiole in which the marginal cells are devoted
0 the formation of the sporangia instead of a lamina.”

SPORANGIA

Mursilea in heterosporous. The i
{rsiled I heteros . megasporangia or macro-
sporangia produce mégaspores (one in each megasporangum) and
the microsporangia__ produce
microapores. (38064 per micro-
sporangi ho sp ia deve.
lop in a basipetalous manner on

A Megasporangia
(o) Structure. The mega.
sporangium is an _almast, spherical
structyre with a short stalk, Itis
larger _than the mmicrosporangivm
and _positioned_at_ihe {l ol the
mcepmr:l'e"(Fith.'l 14~12TA)- f‘ Ens
Fig. 1418 (A—C) Afornlea a single” layer jacket of thin
drfolia, A, Sorul)o(M?q‘l:adﬁm walled cei ELch'r’c— is no annulis.
shawing indumum, receptacls, Next (o the wall are two Isyérs of
14 18] Aj thas”

o o e
. zaspore mother
. a e —tasctal

, Cyaud all

PR W srviving or the
fonciisnal mother coll undergoes meiosia to torm s aaploid cells sut
of which™ 3 dcgenerate_and _cue grows big_fo_form_tho micgaspote.
Kolhatkar (1038). Eatmes (1036) and Smith 11938,71955) observed
that all the-mother cells divide meintically to produce up to 32 or
even 64 spores. Out of those all, except one, degenerate. The
surviving. one functions bs the megasporo (Fig. 1418,C}. In
abnormal sparocarps more than ong MCZASpOrcs may be formed, At
matority the normal megasporangium has one l:chd _full anml
contains une large megaspore that almost fills its cavity (Fig. 1423,
A—DB}.
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¢ The_megasporo essapes by the;dinz tegration of the megas-
porangial wall, __ _ Supn Ny L;@ Y Yoer oA

LT L ' . The

. - along

sporangium (Kig: 14 19, A). Tha apical cell now _ di §"by an
arched periclinal wall towards its outer face (Fig. Y419, AY~ This
puts_aiend to"the apical growth of the sporapgivm. This last
perichnal_division_di ishes_an outer smaller primary jacket
cell and an inner tetrahedral archesporial cell (Fig 1419, &),

BEKET LT

Fig. 14 19, Mararlea quadrifoha, Stages in the development of sporangm,

4. TS, young sorus with one terminal megasporangial mother cell and two
mirrosporangial inituwls. )

B-D. Later stages of development,

E. A young with mother colls.

F. Amuure P with y d i tetrads.

G. A mature with mi .

R R . to form a wsngle layered

e . periclinal walls to cut off
: i vhich by further periclinal

- «v s vro layered tapetum. The
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central primary toe
spore mother cells » .
Inall 32 to Gapc: T . " H .
and only one funetons (FigT1418 as the megaspore. " 15 gtows
bigg®r il éize"at the'expense of others, ~Aceording—to-somo anthors
all "but ome megaspore mother coll degenerate (Fig. 11:22, E),
Boterberg (1956) in some specios of Marsilea and Machis and
Rawtischer—Kunkel (1967) in M. vestita report the formation of
16 mother cells which form tetrads. Out of these 15 tetrads abort
and three megaspores of the sixteenth tetrad also abort leaving
behind only one functional megaspore. 1t grows_in size and fiis
the megasporangium,

Microsporatgia. The ° s T
sidea of the receptacle snd arosy . ... - .. "
oval capsules Thestracture is a1 Y
exeept that it has 3264 microspores, The number of microspores
varies from 4064 in M. mnuta (Gupts, 1962), from 121032 in
I rojusthanensis (Gupta, 1962) and 10-32 w M. condensota.

The devel of the microap i3 _similar to that of
megasporaiigia_excepi that the microsporangia have Tatger number
of microspotes )

During sporangial development certain_changes take place &n
the wall of the sporocarp. The cells of the fiypodermal layer divide

by periclinal divisions into two layers. The cells of the 0utizer layer

! . ] . |y — A
conasho iy g by e ies_saind sl s rop? oo

Deluaience of the spooovap

p e e rerain viablg 6720230 or oven
sporocarp. 'The apores of Morsiles rem! b
SEOyEarspaud therefors o long.duln'y the ?pemn'g o-f the. spm:oca'r[_)

:. : i o e e . . cend
Wttt gy Dy N T L
;‘f:x: im‘:;o;sal:xfie. One of 1ts cods, ususlly o:[\‘t.hem\:z;tl:?lu;igf:;
ea rophore starla straightening come K
f;:ﬂc:?; inu:: looped condition and ultimately straightons in the
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form of & long gelatinous oylinder.bearing o number of sori {that
vaties with sporia) pecies) iu tio alternating rows (Hig. 1420, A=C). The
sori appear as sao like structures and tHE contained sporangia can be

clearly seen. This whole process_of liberation of contents, under
artificial conditions takes 1.2 hours of oven 1moTe, o

CELATINOUS
TB5UE

CELATINOUS
L et

KB "'"f"":"'"'- A\ sora !A::)
M/ RN

B

R
et o GELATINGS
ey v
o s S Ty
- »-’1!"’ ﬁ Y
@ % -~

R
E e, g
R T

N
Y AN Fig 1420 (A—E). Various stages in the dehisoence of sporocarp,

. . soral sacs gelatinise and

. s . . al walls also pelatinisa and
. . water. Tm—ugrm_];—.l;ﬂg—gan

. Xtrusion of the sporophore.
f . . . .the_sporangia and do so

GAMETOPHYTE GENERATION
The mi es_and tho megaspores germinate separately to
produce 1walé {microgameiophyte) and 'the~female™™(megdgameto.
ph}Te)“Eﬁmmpnytes. The spores are, therefore, the ploneer~atruo-
tures oé tho gametophyte dr soXual generation.

hH . The microspore is almost yel.
. ose_in_shape, with a faint tri.
s6_apex. The microspores vary
. .re 60 p in M. minuta, 60to 75 p
M. aegyptiaca (Gupta, 1962). The
_by the inner_cellulose coll Wall
« . which Tn Tari 18 suttourded by
o - ‘he exine is transparent and may
(1960} studied in detail the
M, hirsuta and M. diffusa, res.
. ith numerous starch grains. The

TR PR

| Dawae
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Microg: phyte (Germination of Microsp Fig. 1421,
A—L}, The  spores absorb water and jncrease considerably in size,
The starch grains move towards the periphery of cytoplasm. ~The
nuclens moves towards the lower side (opposite the pyramidate apex).
The x_{ug}eus divides into two_dsughter nuclei, a wall is laid down
to distinguish a small lenticular male prothallus cell and a large
uppex cell (Fig. 14-21, B, C) or_apical cell, In A, veshila (Camp-
bell, 1892), M. quadrifolic (Shatp, 1914), and M. aegyptiaca (Gupta
1962) the apical cell divides by a wsll disgonal to the frat wall.
into two antheridial initials (Fig. 142L,'D, E).” In these species
there 15 only one prothallial cell. Belsjeff (1898) and Demalsy-Feller
(1956 Teported that in M. elata and M. diffusa the upper cell divides
to cut off another prothalhial cell. Kolhathsr (1937) also deseribed
tho formation of a second prothailiaj cell in his Marsilea from Poona
(M. poonensis) There seems to be_a_ yariation among the variovs

species of Marsilea regarding the number of _prothallial cells.
Whatever be the case the larger cell'or the apical “cell affer cutting
off ons or two prothallial cells divides by a diagonal wall into two
anthendial watials.

Each_antheridial 1nitial
develops into an anthenidium
containing___ spermatozoids.
Their further developrent is
similar. Each one of them
divides by s periclinal walt
(Fig 1421, F) to form an
outer wall or jacket cell and
o wedge shaped sister cell.
The latter divides by another
periclinal wall laid across its
angle into a_second.smaller
jacket cell antd a_large outer
cell (Fig. 1421, G). The
large outer cell divides
agan by o periclinal wall to
cut off an outer or peripheral
third jacket cell and o
céntral cell or_the_primary
androgonial __cell {Fig.
1IN So_each _anthen.
dium_has_thice jackel cells

and_a prr!:‘mr);__p&mgoqlg_l
ce)l_at_tins_stage, During
forther  development  the
primary_androgonial cell_n
eacht nnthcm}mm divides
simultancoualy into 16 andro-
cytes(Fig, 1431, I—Ly
whose_protaplas lanior-
phoso__into__ nultiftagellata

Fig. 1421, Stages in the d“'[ovm:?i:.

of the maie gsmeiophyte it ”(‘Amrs are) apermnmzo'\d!-
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within the spore wall (Fig. 14-21. L). The microspore wall also breaks
* 8 little before the maturation of the spermatozoids so that they are

liberated in_the surrounding water. Tho whole of this process ol

devel & of Y ophyte takes 5—10 hours at 25°—30°C,

P

Spermatozoids (Fig. 14-22). The exosporium of microspore
ruptures at_the  triradi idge. The two androoyte masses are
visible through ° * e e nd liberates-
the contents, ~ « ... HE Lo Lo 5n mmass but
SOMICHINES the leveu wecieind wins 1o smmeres)  woe wobmmneard Of 48P
matids (Rice and Laetsch, 1967). Each spermatid cell becomes
active and performs slow revolutions which later increase in fre.
quency. The membrane of the spermatids dissolves and releases
the spermatozoids. This release ia effected by the separation of the
spermatozoid from lateral vesicle which remains within the sperma-
tid for about a minute and then disintegrates (Rice snd Lastach,
1967) The whole sequence of release of spermatozoids takes 30
second to one minute 1 M, vestita.

« o W F, G) has_two_main
P (i) an_anterior nue-

Lo S ot
teredinit. It varies mn dia-
meter from 1215 u (Af, ves-
tita) at the time of release , but
usually increases to 2530 p
-'.
. ce s e s
the direction of, the anterior
coil. The anterior coiled por-
twon of the spermatozoids con-
sists ol : (4) a continuous band
of mitochondrial nature, (i) an
elongated nucleus and (i) a
series of microtubules  that
separate the centrioles from
the nuclear and mitochondrial fF’g‘u“'”f(A'G)' Stegea in tho
portion. The mitochondrial and m?_g}n °M,3“',5°.'“2:ﬁ,°3}§5&3"'E"
the nuclear portions ar Kelically : P (Afor Sharp)
coiled. The fuclear helix i3 bs.
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hind the mitochondrial helix and is slightly towards ita inner side.
e mitochondrion and. the nuclend ate inuous throughout their
coiled helix. The mitochondrial part of the helix shows cristae and
a certain osmophilic material (Rice and Laetsch, 1867}, The flagella
are inserted in two rows along the mitochondrial and nuclear por-
tions of the helix. Thoy arise from paired hasal granulea (centrioles)
L T - “rows, _The mi¢rotubulés. sre present
o . ions and belix {mitochondrial as well a8
feeenal "L egeees w22 in the mitochondrisl part of the helix
and some from the nuclear part. The flagella are absent in the
anteriormost region of the coil.

by Rice and Laetach (1967):m M vestita. In one type the vesicle is
very large, whereas in the other type, the posterior vesicle of the
sperm bears two anterior coils The latter typa of apomaly was
alao observed by Feller (1957), Rice and Laetsch (1967) record the
life apan of spermatozoids in A, vestits to be 3--33 bowrs. They
sre very active 1-—1} hours after their release.

\\ ouzea exiarmous
\ CAVER

INNER GELATINOUS
LAYER

PRISMATIC LAVER
RETICULATE (AYER
ENOOSFORILN

Fig. 14 23 {(A--B)., Mature megasporangia of M. diffvas
contaning fully mature megaspore.
(After Boterberg]

Negasp i cture of the
egnspore. Doterburg (1056} described the structure o
Adry reegaspoio (Fig. 14:21, By in 3. diffusa. It ngreesin almast afl
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surrounded * . .
the megaspo .

exfend over ... 3 : PRSI S

(3} The outer gelatinous layer which iz of almost equal thick-
ness all round (Fig, 14:23, B).

(i) The middle gelatinous layer which 1s thicker towards the
apex and narrower towards the middle and lower side (Fig. 14-23, B).

(i#i) The inner gelatinous layer is narrow and 1s of equal width
all round (Fig. 14-23, B).

(iv) The prismatic layer is also of equal thickness all round.

(v) The innermost layer or the reticulate layer that is next
to the intine or the endosporium and invests it all round oxcept at
the papilla. Noune of these layers cover the papilla (Fig. 14 23, B).

The intine is also_distinguishable into two layers, the inger
layer and the outer layer. Both of them extend over the papilla.

The nucleus is located in the_ apical papilla (Fig. 14-24) and is
Bur ded by finel lar cytoplasm. %‘}F’e‘ﬁas(algregion of the
spore is filled with coarse granules of starch, albuminons substances
and oil globules that are embedded in the cytoplasm of this part
(Fig. 14:24). Machlis and Rawtisher-Kunkel (1967) described a
similar structure for the Megaspore of Marsiles vestita. When
immersed in water the megaspore exhibits a complicated struoture
{see Chapter VIII, Figs. 817 and 818, under the heading. “The
Sporea'y,

phyte. The upper smaller coll, “whose xact nature_is not_ under.
stood, develops Jnto_the single_sarchegoninm. The prothallial cell
does nop divide further and serveaas nutrient cell.

1. o by another trangverse wall
, + atate a basal cell.” In some
- . . vertical wall thus cutting off
. Literal cell. L .« by two vertical walls in the

e ' . i = the first vertical wall and
result in the formation of three lateral cells (Fig. 1424, C), sur-
rouading s central cell, Which may divide by & transverse wall
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orming a basal cell. The central coll surrounded b
he cell_surround Y. th tar
ellg and a basal cell may b regarded as an‘archﬂegg\wl_m:ixea = T!f:

MUTRITIVE ki
OR FROTHALLIX] 8
ARCHEGONTAL.

(

Fig. 1424, Germunation of megaspore of Iuretlea watsia.
A. Undvided megaepore. Nota that the nucleus liesin

the papilla.
The first wall separates the

B. Twa colled gamotophyte,
. art from the lower larger prothailial ceil.

papillate p

c. Alx“ohrgumﬂ imtial surrounded by cetls of the gameto-
phyte

D, A developing srchegonium.

£, A mnture archegamum, {Aftor Compbell}

1ateral cells and the basal cell divide by horizantal and vertical walls
to form a tissuo one layer mn thickness surrounding thg_archegonial
I "1t divides by & periclinal wall ta form

initial or the central cell’
cover cell and a lower cell. The pnmary

sn_ upper primary
divides by two  intersectinig walli alo_ 4 quadrately

cover cel
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ranged meck imitials (Fig. 14-24, D). The neck initials divide
;;' an oB‘Wm&l( wall and form s neck of two tiers of
4o

upper
pri .t 1 [T ) '%E;ll
(Fiy, .. ., .anétion

33 the meck camal cell Io‘f the ma.mre-atche“gnni-;z-.n; {3, vestla)
or it may divide to form the two neck canal cells (M. drummondii).

Fertilization. Hanstein (1865—1866) and Pfeffer (1884)
described that gperms are attracted by « * 7 ’
in the sperm aiie, This is called th
The spermatozoids swarm around the |

ing the megagametophyte. They penetrate the papillar envelope
and reach the bell. At this stage the papillar and basal envelopes
start deg ing. The sp ids move slowly through the
bell and on reaching the more fluid sperm lake, they swim_actively
and reach the open_archegonial;necks. Only one spermatozoid
enters the open neck awﬂﬁ‘ anterior_end IoTeinost penetrates
the egg oytoplasm. According t6 Atkingon (1913) the posterior
portion of the sperm touches the nuclear membrane of the egg
nucleus and later it enlarges and enters the membrane thus effecting
syn, . Most of the sperms remain embedded in the mucilage
amuns the egg. They straighten their coils, show senescence and die.

After, or oven during fertilisation the bell, sperm lake (funnel),
basal layer and inner layer coalesce into .a single, homogeneous
matrix with numerous sperms en_{bedded 1 it.

s Pgﬂhenoguneﬁc dovelo; {33&1’& of the embr: é)'b lniss been observed y!y
haw (1! and Nathansohn "M, macra and by~ Strasburger (1907)in
¥, drummondir. Gupts (T5i a;') states *it has been noticed in our labnrrgmry by
Benn in M, rajasthanensis, M. aegyptioea and M. minuta”. In such_cases the
unfartilised ig_g_gevelg%n\mmai\ embryo. Btrasburger (1807} Toported that
the megatpores of M, ondit were diploid snd they produced diploid

that bear with diploid egge, These diploid
develop into diploid embryo with 2n=32, " 88 ploid ceer

EMBRYOGENY
P teiuiddaily
After fertilisation the zygote in 3. vestita takes 24 hours to

develop into a young sporophyto besring the first_leaf. The frst
walf oE the zygote appears within an Bour, It is parallel to the long
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axis of the archegonium (Fig. 14-25, L . .

[ Y .

g g s gy g

. R TR T P :
1o “cytoplasmic  and  metabolic
differences at the two poles of the
zygote (Wardlaw, 1966). Leitgab
(1878) stated that the plane of
division of the zygote is affected by
the influence of the gravity. He
was able to make the zygote to
divide by a first transverse wall by
orienting the position of the
female gametopbyts so that its
long axis is vertical to the force of
gravity.

it Pz.b&i'?'l‘he'samnd wall is at right
] angles to the long axis of the
atd! egonium and results in the
1 formation of 4 cells. This is the

CALYPTRA OA
MEGAGAMETOPHYTE

Fig. 145 (A=E), Stages in the
development of embryo in
M, vestita, (After Campbell), '

Th laid vear ase [
e e eiie by & 6 I-l.into four eprbasal cells.

epibasal quadrants divide by s medisn wa
Thn el '(‘l"ﬂf" tha '\?:hnrmm:l neck give tise to the first leaf or
T - away from the
. . Q). The former
. Taam L etk sr as posterior
: J quadrants are

Uovedoasde P ad i - by .
not median in plane but diverge strongly irom the median line.
The anterior hypobasal octants give rise to the root and the posterior

to the foot (Fig. 14-25. C, D).
iso to the leaf dividein a regular

The primary octants giving riso ?
fashinn and seon become quite distinct ‘(Ft.g. ‘1'4:'2”5&‘5}, sau“cﬂtuh::

< . B When, ol

" : . " \ g_the ’iJ’_c]?”égo.

JUUM A1VIAES LY 3ULts & w e St ieemeae B stra {Fig. ‘114.25

AZE). The thicknoss of tho calypira st the base of th: “f egov

nium remains one layer of cells only (¥ig. 14:25, A-—El). 'l;ag‘g%gg r‘:
growa along with the embryo sa that ; the latter is_cuclos L
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aven at a stage when all the primary organs have taken shapo. The
first 1eaf or the cotyledon develops on lamina and remains cylindrical,
The stem or shoot apical cell develops from one of the cells of the
posterior epibasal octant (Figs, 14-25, D; 14-26, B). Adjoining cell
may develop into a second leaf,

CALYPTAA i

venaeimos/ /4
ENVELOP-_ ! 'f]
AFEX VASCULAR 7 11

ROOT  STAAND

Fig. 14 26 (A=B), Marailea,
A. Mature fomals gametophyte bearing young embryo that
has pierced through the calyptrs,
B. Median Jongitudinal section through megagameiophyte
and developing embryo d by sheath or calyptra.
{After Sachs).

The first root develops from an apical cell distinguished in tho
: ! [ T B . [this

e

The foot develops from tha_posterior_hypobasal ogctants. The
colls divid Tegularly firat and then irregularly to form & small foot,
(Fig. 1425, E} The basal region of the {

r I oung sporophyte ig in
direct contact with the food stored in the prothallial cell and
performa the nutrient absorbing or haustorial function.

The first leaf soon

pierees through the calyptra and appears as
an awlshaped or cylindsi

I structure with any lamina
g v (g,
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14-27, B). It ia not circinately coiled. The firat fow [
this type. The leaves that appear later are spathulate B&Yi?. ?2?2‘;1:

T L LLumma
N\ 4~

SECOND 00

¥ig, 1421, Marsilea,
Later stages in the development of embryo (For explanation sec text)

C—E}j and then two lobed, four lobed and uitimately leaves with
distinct four leaflots or pinnan appear. Thege are citeinately., coiled

in young condition.

The, . . ¢ . A . . bryos of
Marsiles, shape of
. L .s, become

the root, .... . R
lobed. N
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1 . The sporocarps of some species of
' sic nuiritious value, Bailey-(1892)

. the sporocarps of M, drummondit

yield a amrch‘thnt éan'bwndmmﬂux_ aste_and later cooked into
cakes that were eaten by the aborgines in Australia. ~ The
SPOrGearps of —Al-salvalriz Have o grcat nutritious value and were a
means of subsistence for the Burke expedition into the interiors of
Australia.




CHAPTER XV

PTEROPHYTA—LEPTOSPORANGIDPSI DA—
SALVINIALES

Tha order salviniales of the class laptasporangiopsida is & smal
assemblago of aquatis and froe floating forns, The order 15 characterised b;
the followng features.

L. The order includes two gonera ¢ 120llg and Salvinia} that are free
floating 1n water, 4zlis has unbranched and pendent roots. Roots are
sbsent m Salvinig.

2, The sporangia are borne within sporocarps whose morphalogy is
quite dufferent from those of Marsilea bocausy o sporocarp is represented by s
singlo sorus  The indusium of the sorus 1s the sporocarp wall,

The sporangis have no snnulus and develop in a basipetalnus
manner,

4. The microsp contain i and the
megasporangi have only one megaspore each. The mucrospores in Azolla
are embedded in massulae that are studded with anchor-shaped bodies
ealled the glochidia. The massulae are formed from the tapatal plasmodium,

5. The gametophytes are much reduced,

6. The stem 15 horizontal and much branched with a reduced stele.

7. Theleaves are not circinately coiled in the bud condition,

Christensen (1938) divided the order nto two families each
represented by a singlo genus. Salviniz Guettard with its 12 apecies
belongs to the family Salviniaceae and Azolls Lamarck with 6
species is put under the family dzollaceae.

Family SALVINIACEAE

Tho family is characterised by the following fuatures (characters
of the genus Salsinia) :—

as a much 4, hairy and horizontal stem

1, The sporophyte bt
that floats on the aurface of water,
2. The roots are absent,
i ed
3. The leaves are borno in groups of thres and the groups arv srrange
in altarnating mw:. Two feaves out of & group sre green, mr):{:lto',’ hen"umm. ;«‘-:
floating, with papiliose upper sides, The uppor side also buars hair Th. meyhe
stalked, branched and colourless or it may be uyuh.};nry. d ;‘:m‘l
sides of thass two groen leaves bosr brownish hair that form a del nae mat.
The third laaf of the group is submerged under water and 1s long, N

418
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and bears numerous root like fillaments (Fig. 15-1, B), These submergsd or
swater leavos' sct a3 balancors and alse absorb nourishmont from the water.

4. The two kinds of sp ps (microsp iate and
te) are borne on the ‘water leaves' (Fig. 151, C). Both types of sporocs:
may oceur in groups near the bases of the lsaves or may be arranged In
opposite paira all slong the length of the filamentous pinnae. The smsller
sori are iate and larger mi; i

5. The microsporangia are long stalked and their eapeules contain
64 mtcrospores each. The megasporangia contain eight megaspore mother
cells but only one megaspore survives,

6. The megaspore has a porispore external to the exine or the
exosporium,

7. The mioresp start germai within the microsp gia and
later come out by penetrating its wall. The microgametophyze consists of
two small antheridia, the upper with 2 spermatids and the lowsr with four,

8. The phyte bears a few arch ia with short necks,

9, The embryo produces no 100,

SALVINIA GUETTARD

It 18 reprosented by about twelve species st of which are

Fig 150, Salvinws aurieulata Aubl. .
A, Portion of & plant showlng haint, N

B. Bubmerged loaf,
C. ubmerged leaf with wpazocarpu,
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found in the Aftican countries. Safvinis natans and 8. auriculata
ocours in India. Salvinia natans is found in sbundance in the Dal
lake 8¢ Kashmere (Stinagar). It is an sunual species, others are
perennial.

SPOROPHYTE GENERATION

External Characters. The sporophyte (Fig. 161, A) has &
herb! branched, horizontal and floating rhi The rhi:

18 beset with whotls of feaves that cover it from view. The leaves
anse is clusters of three (Fig.15'1, Ay and the point from where
they atise may be calfed the node. Two leaves of the  cluster are
ahove the surtace of water and the third one js submerged. The
floating and submerged leaves differ in morphology. The former
being green, ovate, hemispherical, or even obloug in shape. Their
upper surface is papillose and covered with stiff hair that save it
from being wetted. 'The lower surface is brownish and also covered
with hair of the samo colour. These leaves may assume a boat hke

E [

- 3 Aem s Lbemricnne waed B vu
are multicellular and may absorb water and other nutrients. The
tips of the hair in some species have spongy tips which indicate their
function as water absorbers. A bud arises at the stem node between
the floating and the submerged leaves. The floating leaves are
arranged in two alternate rows, the third row i.s of the submerged
leaves. Tha three leaves of a node alternate with the thres leaves
of tha next node and so on, so that there are actually six rows of
leaves The roots are absent, )

Loyal and Grewal (1987) discussed the morphology of §.
auriculatq and pointed out sa lateresting feature that the symmetry
of the stom is bilateral in the internodal region and radial in the
nodal region. They ara of the opnion that tho bilateral symmetry
of the internodal region is derivable from the 'rndlul symmetry. The
stem 18 boset with numerous multi cellular hair with "x:harply})mmed
terminal cells”. Thoy regard the rged Jeaf as -2 ri_rgan.
Bonnet (1955) regarded it as an axis boaring root axes. In S
auriculata the submerged organ arises from between the main stem
and the lateral branch and is disposed towards the ventral side.
The floating leaves in thiy species are inserted slightly in an alternate
maunner and not opposite (Loyal and Grewal, 1967). One of the two

i in si that they are anisophyllous. The leaves
‘e'.l:eves @ sma]{eri:lnyxxlzl;gsa ition. Venation is closed. .
. tion iy effected by frag fon. The

i 24

Vegetativo p 3 t

il i heir lateral branches easily break and the
:Z:%ﬂfi&?‘?ﬁf: zt;dtl:a lsporophyhe develop into new individuals.
Take this the plants spread rapidly uader fnyourabla o?r}dltxous. In
8. auriculata the vegetative propagation i3 the chiof source of
reproduction 8s its spotes are nok vn‘u.ble. Vegot::lmve propagation
ial:m\inly affocte ] by the latersl that easily sop from
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in stem and grow into new plants, These lateral branches are
xflt::::e:i f:; thg nodea and appear in larger numbers in each plant.
i j 2 F) of the
Anatomy. A transverse soction (Fig. 152, E F)
rhizomen::v:alsy a distinet outer layer of thin-walled cells called the

3no0T APRX APICAL CELL

YOUNG
LEAF

EPIDEAMIS

VASCULAA
STRAND

PERICYCLE
ENDODERPIIS

Fig. 182, Salvinla natane.
Btem apax as seon in horizontal section.
Leaf apex of & young leaf,
L.B. of a leaf segment of submerged leaf,
Bection of aerial leaf showing air spaces,
T8, of stem.
T.8, of stelar region showing dotails.

{After Carnpbeily

244

a2l

epidermis, It is covered with a thin cuticle and thero are no
stomata, Next to it is the .. . .1z 1« |, "
central stele is surrounded b: . .
followed by a layer of thin-wall * veat e and,
F). Tho centre is occupied by parenchymatous cells with one or
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more seattered ' P
broken patches .

the xylem. Thu owoisl wiporrativn st weaves sviie veete ce oee cerny -
siphonostele, In S, auriculata Loyal and Grewal (1067) described the
stelo to be an amphiphloie siphonostele in the i de and a
siphonostele in the nodal region. The protoxylem is mesarch. The
vessels are absent and the tracheids possess, spiral, annular, annular-
spiral and scalariform thickenings. The phloem lacks companion
¢olls and consists of sieve tubes and parenchyma cells.

The floating leaves have a lacunate mesophyll (Fig. 15-2, D}
sandwiched between two epidermal layers. It is not differentiated
into palisade and spongy parenchyma. Both the epidermal surfaces
are covered with multicellular hair. The origin of the leaf-trace, in
8. auriculdta is extramarginal (Loyal & Grewal, 1067). The
submerged leaf or submerged axis also roveals a siphonostele nesr
its base but higher the siphonostels breaks into two independent
stelos and as we proceed upwards there ate o large number of .smal[er
ectophloic steles. The parent atele near the base is amphiphloic.
In the segments of the submerged leaf (called root axes by Bonnet}
the xylem is eccentric and consists of one or two tracheids. Two
patches of phloem can be made out on either side of the xylem. A
single layered pericycle and endodermis are also distinguishabl

The stem grows by moans of & three sided apical cell (Fig. 15:2,
A) that cut off segments from all ity sides. Each segment divides
periclinally into a dorsal and a ventral cell.

Reproduction .
Sporocarp., The sporocarps may be borne in clusters or in

PICROSPDRANGIA

Fig 153, Salvinia oblongifelia.
A Sporocarp with microsporang1s,

ith megasporangio
> swmﬁﬂn‘;‘umﬁ‘ from Esmos, 1938)

rows on the segment of submerged leaves, Their number, in
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8. nalans, varies from 4—25 or even more. A sporocarp is borne at
the tip of & segment. In a group, therefore, the sporocarps are
sympodially arranged. The first formed sporocarps are megas-
porangiate (Fig. 15:3, B) and contain up to 156 or more-
megasporangia. The later formed sporocarps are usually micro

giate and are tively larger in size and number. They

P 3

ANTHERIDIUM

NACADSPORARGIAL HICROSPORANGIAL
SPOROCARP SPOROCARP 4

Fig. 154, Solvinia natans.
A. Sporoearps with receptaclea and sporangia. The receptacle
is unb hed in i

B. phyte with
C. Miorogametophyte as seen from above.
D, A spermatozoid,

{A, aftor Luerssen ; B —D, after Campbell).

P

contain many microsporangia that are borne on branched receptacle
(Fig. 15-3, A). The sporocarps may be spherical, globose, or
flattened in shape. The surface is nsually smooth and covered with
hair in young speci) The £ d sp D3 of some species
have ridged mdes. The megasporangiate sporocarps in 8. natans
have unbranched roceptacles (Fig. 15+4, A) whereas in 3. oblongifolia
the receptacle is branched (Fig. 156-3, B). The wall of tho sporocarp is
comparable to the indusium of the sori in Marsilea. It ia twa layered
thick (Fig. 156, E, F). At tho tips the wall layers increase in
thickness and are composed of elongated and closely packed cells (Fig,
155 B, ¥). Lower down the two Isyers enclose small and large
lacunas or air chambers. The lacunae near the base of the sporocarp
are traversed with filamentous trabeculae that arises from the
recoptacular surface (Fig 155, E, F). )

From the bose of the sporocarp arises a thick column like
roceptacle that is unbranched in the iate R

A gasporang] P ps .
S. nalans and branched! in the similar sporocarps of S. oblongifn ~
The ptaclo in the microsporangiste sp ps of all apdcies ~
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branched (Fig. 153, A, 154, A). The receptacle is traversed by the
vascular strand of the leaf segment on which it is borne terminaily
(Fig. 166, E, F).

The sporocarp develops from a single apical cell (Fig. 16:5, A)
thot cuts of segments along its two sides. It soon forms a sorus
primordium (F1g. 16 5, B).  The primordium is soon surrounded by
an outgrowth on all sides. This is tho vadusium (Fig. 15-, B, C)
which fater covers the entire sorns. The superficial cells of sorus act
as sporangial initials. The cells derived from the soral primordium
grow to form a receptacle with sporangia arising from its distal end
as well as the sides (Fig. 155, C—F). In the megasporangiate
sporocarps only up to 25 sporangia develop whereas in the micro-
Wumggiate spotocarps the receptacle become branched and many
sporangia develop {Fig. 153, A} in it. The development of the
sporangia is strictly leptosporangiate.

APICAL ceLL

NOUSIUM R
INITIAI

Fig. 15 5. Salvinia natane, .

A—F. Stagesin the development of ‘Pomrp’.(%}!:go;::%:'kn)

] he wall of the
. culata (Loya) snd Grewsl, 1967) v

sporocxrrpsis?;:ce h\ycind. The innermost Iayer is perfnn}te;i b,ly;
tomata ond has colls with smuate cell walls, Presence of ama
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3.5 celled hair has also been recorded on this layer (Loyal and
Grewsl, 1967). The stomata are restricted to the basal region. In
S. nalans they are scaltered all over the surface. Air chambers aro
prosent between the inner and middle layers. Number of trabeoulae
arise from the inner Iayer and connect it with the middle layer. The
outermost layers are hexagonal and bear many multicellular hair.
There are no air spaces between the outer two layers.

q .

P The megasp jum has & short stalk and an
ovoid or globose head or the capsule (Fig. 15-5, ¥). The capsule
has a single Jayered wall made up of thin walled cejls. Next to the
wall isa single layered tapet: which ! eight megaspore
mother cells that divide metotically to form 32 megaspores. All thes .
megaspores except one degenerate. The surviving or the functional
megaspore enlarges in size and stores sufficient food. The cytoplasm
of the aborted megaspores and the degenerated tapetal cells gathers
around the functional megaspore and hardens to form a thick and
vacuolate perispore (Fsg. 156, A, B). The .perispore is thicker
towards the apex of the spore and forms a complex pollen-chamber-
Tike structure of & gymnosperm seed (Fig, 156, B). The perispore
at the base of this chambered region becomes slightly raised and
forms a small protuberance or a mound with three lateral flaps

Fig. 16:8. Salvinia natane.
Al ium with the vivi d

by plasmodial mass.
B. Mature megaspors with perispore.
(A, sfter Kundt; B, after Arnoldi)

(Fig. 15 6, B). This mound slso encloses a three sided cavity with
three raised processes or ridges, The three flaps of the central
mound lie exactly above the triradiata mark of the megaspore and
separate during spore germination. The wall of the megaspore has
the usual two layers, tho exine which is led by the ispore
-and tho intine which is thin and eacloses the uninucleta spore

cytoplasm. The nucleus lies surrounded by granular cytoplasm at
the tip of the megasporo. The rest of the megaspore is full of more
"i‘lil‘ld cytoplasm that is filled with conrse granules of stored

o ¥ 1 R

gis have no
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microspores. Both the types are endosporic and start development
prior to the dehiscence of the sporangia.

Megagametophyte. The first division of the nuclens, which
lies in the apical portion of the horizontally floating megaspore, leads
to the formation of a small and a lenticular upper cell and a large
basal cell that is filled with food material. The upper small cell
divides repeatedly to form a cellular tissue of the gametophyte. It
divides first by an anticlinal division to form two unequa! cells (Fig.
168, A). Since the megaspore is swimming in a horizontal direction,

SPORANGIAL
WALL

A SPORE WALL
PERISAOAE

GAH\E T0PHYIE

FERISPORE

¥ig. 188, Saloinia natans.
A, Median L 8. throngh apex of mogugore showing portion of
i and early divl in the

wall, perisy
-p:x of the magsapor'e. .
B. Transvarse section pasing through the apical fegion of the
showing the ap wall, aix lobes
of the I and the . which appears

triangalar i outline and has teo ung  srchegoinag
embedded in it, Young embryo is also nun?“ (gAﬂ.er Lfs‘;ar)

this division appears to form an upper and & lower cell. The u

cell is Iarger. Further divisions in theso cells result in the formn}:?::
of a thick and lobed apical cushion that breaks through the apore
wall and the perispore (Fig. 159, A). The thres lobes of the



Ppearg triangular
Upper - pmtuberance

g 159, Salvingg Ralan,,
hivn a;

Fy
A, Shovnng tho apicey fay
the fornal. guma&ophyte.
B, Upper €Ushion i) threg Archegoni, Containin, Foung emp, .
C. A Mature Arehegumum. (A, B, aftor Amoldn; C, aftor a3ug)

nd the lower muhmuclnla Portion

Or & moyng and marginap Meriston, around. ¢y, lower side. Ty,
meristom develops into tye Wings tha, oxtend backgmund over the
tides of the CEA8D0re vy, 80 serve ge balanm'ng Organs for the
loau'ng megugnmetophyte.
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Meanwhile the nucleus of the lower larger cell below the apical
cushion has undergone fres nuclear - division. There is no wall
formation and the nuclei lie scattered in the cytoplasm (Fig. 16-9, A)
of this cell, This multinucleate cell acts as reservoir of food.

The tissue of the apical cushion just around the archegonia
divides in such a manner 80 as to orientate the archegoma through
an angle of 90°. The necks of the archegonia now point upwards.
The cushion may devélop further and enlarge in size and grow bigger
than the megaspore. Its cells turn green and if fertilisation fails to
take place, more archegonia-develop along the sides of the first
three.

A mature nrchegoniu'm (Fig. 159, C) has & neck made up of
three tiers of 4 cells each or of 4 longitudinal rows, each row three
cells in height, The neck encloses a neck canal occupied by & single,.

't c- 4 Yo% e e

binucleate neck canal- ™ Ti- -7+t nsan upper
smaller ventral canal ' w . 4! “ . ", .. prominent
fomale nucleus (Fig. 1. *, ¢ o', ¢ " rchegonium

ig similar to that of Marsilea.
The portion of the female ametophyte below the apical cushion

is covered by the spore wall and remasins of sporangial wall
(Fig 159, A).” . P epormng

1

P

Fig. 1510. Salvinia natans.
A-—g: ?\ulgu in the pment of male h

of sp and ing mal
gametophyles, Ping male

{A~E, after Belaje(f, G, after Pringsheim).

A Mlgrf{gnmeto_phyte. The microspores complete their germi.
nation within the microsporarigium., They remasin embedded in the

e



8l (Fig, o n
rably gy 1510, ) 20d Pugheg ghe upper tuwg antheridia] gojye out of

th& Massuly png the micmspomngial wall, ® Jacket celly disinteg.
e g ini) ultiflagel, o spermatozoida_ are

x 0 5 ing m
Ilberated by the decay of the sporg wall,
ilisatig,, cell and tpe ventral coll gigop.

d
the arcbegonium

® centre,

¢ stem Bpex (Fig, 15.17, 4), Growth of this

% 00 pughes the leaf ang the stomg ont ol'tbagametopbytlc

tissug (Fig, 15-11,}}), Some Workerg interprey, that “thers i8 "an
K ¢ goo .

embryonis T00t that does pg, 810w furthey and miye With the foos,
hey call such Vestigia} root Otherg interprey that the
column g, the foot pop, fepresent ngle colarged foos ol'ltb;
i ittate foa,

3p. a
. segmeny 8rows ing, & cordate op & Sap]
faisod op the colump, 0 stem apex i3 proseny below the leaf gng
2 - 1611, 4 The column ;4 traverged b,
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a contral vascular strand that extends from the foot to the leaf base,

where it bifurcates and sends one branch to the leaf and the other to

the stem apex. The stem apex divides actively and forms the

rhizome which besrs two floating leaves. Later the rhizome beara
q .
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Family AZOLLACEAE
Tho family j5 characteriseq by
of the only genyy Azollg Lamarck) :

tho fa"owing features (Characters

1. .
and roou.Tho 8porophyte hag 5 horizona) and brancheq atem, beating leayes

AR
SA N
LA ¥

e W
X

2. The leaves are borne in two alternating rows and
Each leaf 1a divided into two lobes. T,
ming red

s has stomata and lacunss flled wigp flaments of Angtoena
azollae “The lower lobe ia submerged under .

3. The roots are unbranched,
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4. Tho stem is 1 by a medullated p le {sipt lo)

5. ‘The eporocarps sre horne on the lower and submerged lobes of the
saves and are of two kinds. The larger ones ers mogasporangiate and
ontain numerous microsporangia, The smaller ones are microsporangiate
nd contain a single i b
sTo aleo found.

8. The > ia and the microap: is contain ab
nucilaginoua plasmodial fluid that differantiates into magsulae. The
nagasporsngium has 4 massulae, one of them haa the single megaspore embed-

it ium haa

"RBSP P P [iad

Jod in it. The P many lae studded with glochidia,
Che microspores are embedded in these massulse. The glochidia become
¢! gled with the lae bearing P Both sink to ths bottorn
where the gi pt devslop and fertili 38 offeoted.

7. ‘The male h ins only one anthericium which produ-

ces eight spermatozoids.

B. The megagametophytes bears one or seversl archegonis.

@ ‘The embryology s similsr to other laptoaporangiate ferns. The
young sporophyte with one leaf rises to the surfaco of water carrying the
massnlue along with it.

Azolla is represented by thirty one species out of which six are
xtant species.  Azolla filiculoides is found in India, Britamn snd
North America. Taxonomically the species of Azolla are plaged in
four sections of the genas. Only two out of these are well known
|Rhizosperma and Azolla). These sections ate based on the characters
of massulae and megaspore apparatus as follows : —

1. Section 4zolla: . Massulae have hooked on anchor-shaped
hid Megaspore apparatus has three floats in the swimming.

B
apparatus,

It is represented by many species, i.e, A. filiculoides; A. micro-
phylla, A. mezicana, eto.

2. Section Rhizosperma : Massulae either with strajght, simple
or brapched glochidia or without them. Megaspore apparatus has
9 floats, e.g., A. prisca, A. turgica, A, nana, ete,

3  Section Antigua. Glochidia not known. Megaspore has 9
floats of equal size. Represented by one fossil species.

4. Beation Filifera. Glochidia hair like, coiled or knobbed.

Megaspares not known. Represented by one fossil species only.
AZOLLA Lamarck

In Indis, the genusis represented by Azolla filiculoides Lam.,
which s widely distributed and oocurs free floating 'gn the surface of
water in road side ponds, pools, reservoirs and lakes, It prefers
undistributed and standing waters. The plants resemble small and
delicate moss gametophyte apd cover the entire surface of water.
Young plants bave green or bluish green leaves which turn red at
wmaturity 5o that they can be recognised from a distance.

SPOROPHYTE GENERATION

. . External Characters. The sporophytes (Fig. 15~i2) are small
in size and are distinguished into stem, leaves and roots. The stem
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is borizon:e,l and Profugely, brancbed‘ It jq thick, Coverod wigy,
" J

loaves tha Overly h oth, an Atranged ; 20 alterns s,
Mannep. ® Toots op; fro, Under gjq, f fhg s?e n: a are
Imlz’b Anche,] The Y are sma) I gjzg 4 800 divideq Into twp
0bes thyy us, of 1 The dorsa] ® IS neriy] and
gre, n, t ig thi Sterj] The Ventra] lobo 4 thin, almost
egour ess Sttbngepg tor. Tpe bilobeq VeS BLiSe from

© dorsa) gy the gf, and gr Srfangeq alternate
e T dorsg] o upper lobe pgg its doy g, side faef towards
ks sky. encloseg | cilage filleq Cavitieg gy, arbour
aments a 20llg, Scmsb, that jy, s long g5 4he leaf

Beng .
cqntaining it Qg (1913, Obseryeq that there isa g mbiotie relation.
tslfnp petweon the glg, and the Plang, The algy ﬁxeay!‘ree Ritrogen of
© air for the plaps and Jatgep 8ives jy sheltep and fooq, The same

/-umaspoivmam
. Sorys

(A, afr Quava:B_e uper Cambayyy

¥peciay or.«ha.heu OCcry in the leayyy of a1y, sllovep the world,
which Indtent ey lha:dixp»n-xl by meany of MO e plays o
FTeater ent, than ¢),4 #Parey, 1° Younge, Patton, o the aterm Is
Hpwardfy Urved, Ty leave, Are noy nrrinnlcl,r llet jn yh, bart
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condition. The submerged lobe of the leaf is believed to absorb
water. It is moatly one layer of cells in thickness except the basal
part which is thicker and encloses a row of air chsmbers.

. Vegetative propagation is effected by means of I[ragmentation
of the stem and separation of the lateral branches. This rapid
method of multiplication leads to enormous inerease in the number of
plants. Azolla filiculoides is annual  The closely packed leaves
enclose small apaces between them. They are filled with air and are
one of the means to keep up the buoyancy of the plant. Small
papillae can also be sesn on the upper surfaces of the aerial lobes.

Anatomy, The stem of Azolla like that of Salvinia grows by
means of & three sided apical cell that cuts off segments from all the
three sides, A transverse section of the mature stem (Fig. 15-13, 4)
reveals a distinct epidermis followed by a parenchymatous cortex
that is 4 to 8 cells in thick Unlike Salvinia there are no I
or air spaces in the cortex. The innermost layer of oortical cells,
endodermis and pericycle are derived from a common mother cell
layer, The endodermis is not very distinet and is single layered
(Fig. 1513, A). 'The pericycle is also one layered and completely
encircles the lar el The it >ylind: ists of &
few xylem tracheids (Fig. 16:13, A) and phleom elements that are
twice the ber of xylem el It is not possible to de
the stelar type (Fig. 16-13, A) 8a there is a great reduction in the
vasculature of the stem in response to aquatic mode of life, Smith
(1955) regards it to be protostelic, whereas Eames (1936) describes it
to be rapparently siphonostelic’. Leaf and branch traces also arise
from the central cylinder and most probably leave gaps. Eames
{1936) described that “the leaf trace forks dichotomonsly before
et !'_ TWTU.T 7 oy w i -iphonostelio with 5~10
LI . . ot . ards the outer border

. . .

The dorsal lobe of the Jeaf reveals the two epidermal (Fig.
15-14, A) Jayers with stomata on both of them. The upper epidermis
is beset with n: two celled hair. Ina joung leaf the
Anmagl toba b woac its base. The cavity opens to the

¢ atann e

+ Tha hnemnagnae «

e, T
10808 by Lie aevelopment ‘

the pg:ru thus jmprisoning * ' . . .
A) The pores become fillew wewn wiuenag¢. 1010 13 8 well debned
patisade tissuo that fills the wholo leaf and encloses small and i
spaces (Fig, 15:14, A). and large air

The rools are adventitious and arisé endogenously from
mother cell that gives rise to the innee cortical Iayes, e!r!ldoder;i:‘:%};
pericyclo of tho stem. This cell divides by s fow ublique walls to
:at oﬁ)nttetrlahcd{al apicsl cell of the root, with four cutting facea

hree Jateral and one outer). Transverse section of s
(Fig. 1514, C) reveals the following strnetusa fature root



ki

There isasingle layereq epidermj, that ;, : i

Walle Pareng) tous cells, pen 3 :vo ,l,aycei?p::'m;lm:;:l,:}?

m'atous Cortex, ul tiica] colls Consigty of g cells

Wheregg z{ze.mner layer g COUposed of 8ix cells (Fig, 1614, C). The
cells thas a

ondodepm; is algy COmPposed of 6 i
tmnaverse Section (Fig 15-14, 0. T e paricycﬁapga:J::c?orgu,"m "

PIETAX y, £pM

Fig, 15.14, Atoﬂaﬁlimkn’da.
A, Dorgay lobe of leaf ny %e0n in o Iongltudinn! section,
B, o T00t apey lhom‘ng Toot sheath, Apical oy and othey
ombryon;, tiaguey,
C. T8, rooy, (Aftor Campbery

8ix celly The stele €Onsigtg of four Protoxylepn, and gy metaxylem
tracheigg (Fig 1514, C). hloom jg Tepresenteq by 4 sieve tube cells,
The matyre 008 bear pooq hair, a Jiget behind ¢y T00t tip, 1he
epiderma) cell giving rio, to roop hair divides ineo ¢y cells by a
diagona) waljf, One of these cells g, into 5 unicelfyly, Toot haip
whereas the othep functiong a3 the epiderma) coll. Leayjs (1902}
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observed that the apical celly of the roots that ceaseto grow in
length may divide into a number of root hair cells that elongate and
grow into s cluster of root hair,

Reproduction. The sporocarps are borne on fertile leaves.
The oldest Jeaf (first formed or lowermost) of a lateral branch is
always fertile. According to Eames the submerged lobe (ventral
Tobe) of this leaf becomes bilobed or nearly four Jobed and each lobe

2
PICROSPORANGIA™ Y./
STALK

Fig 1516 (A—B). Azolla filiculoides.
A, Mucrosporangiate sporocarp in section B A microsporangium,
" {After (x;nmpbell)

is terminated by 8 sporocarp. A marginal and laminate outgrowth
from the dorsal lobe of the fertile leaf forms a hood-like structure
that covers the sporocarps According to Strasburger (1873) the
sporocarps arise in the axil of the dorsal lobe of the fertile leaf.
The sporocarps are of two types: (f) the smaller macrosporanginto
ot megesporangiate sporocarps that oo_ntain only one megasporium,

end (if, the large or p giate e ps that contain
numero’us microsp gia The megsp gi! P p3 are moto
at lessoval ar ellipsoidal in shape whereas the miccosparangiate

sporocarps are spherical. The megasporangiate sporocsrps (Fig,
15:17, E, F) bear a single megasporangium at its base on a amall
receptacular surface. It is covered by an indusium or s

roos!
wall. The indusium is two Iayered. It is composed of thin wnllm
cells which become thick walled and hard at the apex of the

sporocarps  (Fig, 15:16) bears
long, unbranched stalks arieing
even elongated rveceptacle or

columella (Fig. 1516, A).

The development (Fig. 15:17, A—F) of the
very simple course. The young megasporangiate sporocarps *
rasnoniendla yhan a 2TelrD L M '\th_l has cut

=tom tho o

sporucarp follows &
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This i8 the neie-. * i

) L. yrp wall.  This ring
g . ) . alrlxd s;zrtaunds it
4 ' . wuucells of the indu.
siny o wuu meke it two.layered thick, aAmfe:v

Vivs
A »
0

RN
>

LR
NP

Asolla fifi

Fig 1518, A T i o
One sido i removed.
gments or hormogonia of Anab azollae ate slso pregent within
the indvsium (Fig. 15-17, B). The free margins of the indusium, &t the
tap, graw towards each oifier and olose tho opening {Fig. 1617, C, D).
The megasporangial initisl dervelops in & leptosporangiste manner
mnto & mature megasporanginm which bas & single layered wall, 8
single layered tapet; that eight J1 mother cells.
‘The stalk of the megasporangium divides repeatedly to form a thick
and columnar structure (Fig. 16:17, C, D). Soma superficial cells of
the sporangial stalk fonction ss sporsngial juitails which remain
dormant. This revesls the receptacular natureof the stafk, The
cight mother cella divide meiotically to form 32 spores out of which
only one matures {¥ig, 15:17, E, F). This is $he functional magsspore.
Others 31 disorganise or abort. The tapetal cells have by mow
deps ted to form the peripl dia} finid, which becomes organi-
sed into foue massulso. One of these 7 as the rmegasp
embedded init. ‘The other threo contain sborted or nonfunctione!
apacer, The maccorporaagial wall and the indasium (sporocarp wal)
dehisee slong a tranaverse hine {Fig. 15-18, A). The spical portion of
the ruptured mogasporangial wall and the Indusium and tho threo
massulae containing the non-fuctional megaspores yemaln in contact
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with the fourth I ining the functional megaspore (Fig.
16-18, B). The lower portion of the ruptured sporangial wall and
the Indusi parate from the lae and the upper part, The

ANABAENA
SPOROCARP INITIAL CELLS

Fig, 1517 (A—F). Arolla. Btages in the development of
eporocarp and megasporangium,
A—FE. A, fliculoides. F. A.caroliniana (F, after Pleiffer)

upper porti

AnA annmn

e . : ar o7 4 t-e megaspore
and the massulae along with the attached sporangial and indusial wall
sink to the bottom.
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In case the megasporangium fails to produce a funotional mega-
spore the aporsngiol imtials developed on Its stalk undergo further

Prrreg WS -
PEMSPORE A Ciocwmoin
FUCROSPORES

MASSULA

B PERISPORE

Fig. 1618, Azolla fliculoides,

A, Dehieced with four lao (only three visible),
one containing the megaspore,

B. Tholower gortion of the sporangial wall has been discarded.
The functional megaspore with ity inussula 15 attached to the other
massulas, Also note the massuls with microspore and glachidia
attached to it. (After Beranrd}

dovel, +

and p 9 ungis that have narrow,

T .
long Ber unbrancned statks  This resulta (in the development of a

SRS 2nlbs filieulordes.  Stages in the development of
e ! - 'rl};l-‘mnmum. (After Hunnigy

1
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larger microsporangiate sporocarp. The development (Fig. 15:19,
A—F) of the microsporangium 13 similar to that of the megaspo-
rangium up to the formation of 8 spore mother cells. In the micro-
sporangium all the 32 microspores remsin functionsl (Fig. 15-19).
The tapetum bresks down to form the plasmodial fluid, Tho
microspores move to the periphery of the plasmodial fluid (Fig. 15-18,

GLOCHIDIA

i SR S

SECOND PROTHALLIAL
CELL

C

g, 15 20 (A~F), Azolla filiculoides.

A. A massula containing microaporea and studded with glochidia,
BT, Stagesin the d T of male g

phy

{After Brmithy

D). The plasmndium now becomes organised into -4 or more massulse,
e:mh containing moro than one microsporcs ombedded in it (Fig. 16-19,
¥). The cytoplasin of the madsula is alvealar. In dzolla fliculoides
antl A, caroliniana numerons hooked processcs arise from the surface



ot eav.:h. Massyly, These 810 calfeq the Flochidis (Fig, 15:20, 4),
Gl¢ shigi, 818 abyeny in some Other Species, ~ z, soon gq gy icrg.
a| ial yoy isce 4

"Pyes map, tho gp, ngial vy deh;j ssulae
oongam T4 icrospor lie free j, cavity po; OCAID, Tater
he indysg (8po °ATD wally also tures g, th 80 float
8%ay und Watg Magsylye ed wiy, &lochidis attach

Mmselves wisy °ro3pora) mpgq ° (Fig 15.18 18 attach

ma 80 () . B),
Llent jg effooteq by Meang of Blochigj, The RHCTO8poraes 8 sink
to the bottom before dehiscence. The massulae are I?l?emte:ipat the
botton, and gwip, under Water,

GAMETOPH YTE GENERAIION

. ‘Ml'crogn!ne!ophyte. The Dicrogporg Startg &ermingging
Within the Ssula jn Which g, is embeddeg, Before 8ermination

the exin, of Micrognore TUptures gpq the Uninucleg 8pore cont’enlﬂ
inti i , B). ® nucleuy

al n wer
transverse wall ang is called ¢ 8ntheriga; initia], o
large, Vegetative cell thep outs off smaj} lentienlyy Prothailia} cell
(Bele jofr, 1898, mpbe)), 1893), There g no furthep division in ¢his
cell (Fig, 15 20, D), The Antheridiy) initig} divides into three cejlg P.Y
obligye transvapge wallg (Fig, 159, » ). Out o 30 throg cejly the dis-
tal, Smaller 41 the bagy) ells do 1,01 divide furthe, and ge
Cell apng the basay cellofth, antberidium, respectively. The middle

e

divideg two Periolingy walls forming Jacket

central ogj), 10 of the Jjacket colls divides 3281 80 ghyy there are
Vo jacket Hs Surroyng; S 8 singly contral ¢ rithary andpe.
Bl faf It dividos ;, to eight Sperms (Fig. 15.29, p,
Whogg p, t3 mey 220rphose jnpe S8MO numbey of multifiagellate
sparmacozoxds (Fig 15. 0, Fy (! Massylpe bsorp ater, soften
n; 'y, th liberagip 32020ids jns th furrounding

a °ay, thug L the
Water, This whole Process jg complete Within geyep days,

Me, RERmetony, te. The Berminatio, of the Megaspore is
eudospox-it;z and jg gon{pleted within 7 or 8 dayg. The meguphof:
Berminggg, Within jig Mmassyjy which in turn jg at.taohed to t'he O.tlg
thres Mavsulag png the uppor balf of the SPorangial yaqy (Fig, 1{5tle'

B) angd tp,, iadusiyg, (swimming SPparatus),” ® nuclens o la‘:i
Wogasporg en’arges in gizg and divideg mtq tor cell wal is I,r
dy ot w, two aughter Ruclej, Cutting off g amall, .lenmuh&
&pica] ce) and larg, basal cojy which jg filleq With starcp 8raing, T.;

uclous froe ucleap division thus making ;I
ucleste, oro is 110 yay !ormation. The Uppor Smaller dﬂd
divides 328in by g vertical op 5 horiz.o tal waly. Later zizv—;zxgna lea:

I a8
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& prominent protuberance composed of 58 layers of cells (Fig. 1521,
A). A superficial cell acts as the archegonial initial which develops
into » mature srchegonium in manner like that of Salvinis. The
* srohegonial initial divides by a periclinal wall into an upper cover
cell and & lower central cell, Tho cover cell divides into four
quadrately arranged neck cells (Fig. 1521, B), by two intersecting
walls. The neck cells divide by transverse walls to form three or
four tiors of 4 cells each (Fig. 15:21, B, D). These constitute an
archegonial neck consisting of 4 longitudinal rows of cells, each row
4 cells high. The central cell divides into an upper primary neck
cell and & lower primary ventral cell (Fig. 15.21, B). The former
grows between neck
tiers and forms a single,
uninucleate neck canal

cell or divides to form QQ %'-Pa

ARCHEGONIA } INITIAL

two neck canal cells,
The primary ventral A
cell divides inte (Fig.
1521, D), an  upper
small, ventral cell and
a lower large egg cell
(Camphell, 1893), Smith
(1955) reported that the
primary  ventrla cell
may function directly as
&n egg cell. The mature
archegonium opens in
the nsual  manner
forming an open meck
for the spermatozoids
to swim down to the
egg.

)
AN rare mxutt

In case the first
srchegonium is fertili-
#ed, no more archegonia
develop, In case of
fl;t}ure of ) fertilization 1:;%. }:62} (A;;‘F)A Devu:\;pment o; u;}\eg\l:enhm

Ore arc s ‘emale gametophyte in A, filiculoides.
dovelop, egonia  can (After Campbell)

The growing apical cushion (with its archegonia) protrudes
out of the massula enclosing jt and pushes aside the other

thres massulae which, however, remai it (Fi
. n, attached to it (Fig. 16-21, ¥).
The female gametophyto of Azolla does not become gx‘e(en.g -

EMBRYOGENY (Fig. 1522, A~—E)

The zygote or the oospore increases in size and divid
t b
:l:nsvetse or an oblique longitudinal wall (Fig. 1522, A lfl) i);t:
“;!t_ne:ﬂy equal eells, The second wall &1::'5. 15:22, B} is either
ical Or transverse, deponding upon the plane of the first division
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and fory, T colleq Mbryg (quadrant Stage), The foy, Primary
rgans of th ture omb Yo or Young sporophyte a0 be trge,
back ¢, each copp o the Quadrypy, stage, he gy ePibasal cejyy
(Nearq, to nrchegomal neck) g:ve rise to the ﬁrs leafnnd tho stem
whereaa the ty, hypob 482l cg) cellg g, Cto foor and the first root

3 i l
ltﬂnﬂ

IN’TML

0 a " e e
The win bryo ¢, TOws off 4, called “awimm’ ng appt:}rlattu;e
embryo ise, e o, Wi
megngametophyte, aftor the development Of gir cn vmes in the ﬁr:;
leaf, The Procamp;ny Strandg develop into the first Vasculap stl;!n
that bifurcates balnw the stem, 8pax 8iving o br, anch to the el;I
and It jg Continygy,y bslow into first roo,
» ).
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