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A study of ovule ontog;hﬁcln Eo Qedg@ nevadenAls was

n"de us1ng improved mlcrotechnlcal metnods IOL 11ght micro-
h

stages of ovule develo:ment from® regasborovenesis
fertll zation. are recon 1dered in the context of total
evule expan51on. J o "__ o . :’ .
Two ovules are borne in the axils of the uépermofﬂ‘ o
pair of decussate evulate cone bracts. The, ofule cOnéistsb

-

of a megagame tonhjte ourrounded by an exten51ve nucelluu,

p\erclosed By two asymnetrlc integuments. A slnple sporog-

enous cell 1s dlfferentlated in the hypodermls of the

nucellus. Thé suorovenoua cell d1v1des 1nto a” mlcropylar

etﬂl cell. and a chalazal mevasoore nother cell, A

bl

crass lnucellate ovulke is produced by perlcllnal'dlv;sions

of the parietal'cell, hypodermal‘nucellar cells, and the

nucellar epidermis. wThe'megagametQphyte exhibits mono-

sporit deVelenhent. “he megaspore mother cell divides - = -

welot*cally to Droduce a chalazal functlonal revaspore sur=-

N\

“mounted by three de?enerete megasnores. nomeotyp1c-me1051s

la stegﬁered-'the chalazal dyad cell undergoes a seCOnd

melotlc lelslon Drlor to the m*cropylar dyad cell, The.

functional megaspore nucleus undergoes an extended DE”IOd

ofrnuélear'divis ons to DroduCe a large, coenocytic game—3

tonhyte.' ‘The coenocyﬁ&c meg@gametonhyte becomes collular
by tne centrlnetdﬂ'grOJth of tubular alveoll. .Two arche-
gonia are differentiated at the mlc:opylar end of_mega-

R

gametophyte. Lech archegoniup ishmade up of a bilayer of



LI
. . i
. i
:}

., jacket cells enclosing a large central cell

eV1dence for the proceés of syngamy is preuented for the

fir t *1me in the genus. Growth of the nucellus as cor-

By
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e omyrnocnarrous taxon Sndtopeida ic repreSented by

)

three eneray of extant plants; tbnadra, ynetum, anrd

el

Lla wma2dX is the sole ropresentative of the o

>\,
Srou\ in lorta snerica 0 ;n 173 Stunf subdivided the
) :

.

thirty-two «rncun cpecies of nnsddss into Luree Tectionas
. ‘ ‘ b
Alntae, Acarc-, ard PsuodoBuccatae based. o the wornhasloeg

b

0ot the mature negasvot®rngiate conéd bracts XrF2zvroon 1?20)
The nrecice nuiber of species of wlmedryy 1o detatable,

Foctor nand Cifford (1073) 1ist 35 zoecien; [ stvouws (1953)
ists 42.° The qe"us is Wi go K disirivuted ~lorim twe world

zelts, Cne telt, oo~“riﬁlhr-¥‘e notirern Lodignnore snoicie:
- . s P
runs arvproxiraihly tetween 30 dggrnc;oq latiiude and 42

¢vovues Neolutitude, 1Y includescihe soutxwwukgﬁn United
i, the sediterra 2 poan region of Eurooe, and U tern

anid Zertral Aszi=m, The cecor‘d belt."uns seuthwa"d *Hrough

south fnrerica fron Zyuador fo Cthe and eagtw “d into’ parsts

.

of Zranil and Argenulga (Pearson 1029), ° The 1€ nO“ th
< - R -

(@

ican species are ¢®dnfined to t.e cold dosnrt reglons

b

o

r
~ P . . S, . o .
of CnLl-OFﬂl?. sevada, QCre go Utah, Arizora, and lLew
S - ) . < g
-‘exico, o svecies of Zphedra is founi eest of the Rocky

(o] - R
untains excent 1fhf@;u ILRAny TRl sien which extends ¢

into the Texas orairies (Cutlﬁ*"WB ) .
! g -
c ’ B -
C e = -
o E. c



Tle‘vebetatlve moﬁ%holovy‘of Eghgdrg bs rcﬂarfably

»

uniferm, most species being pr0¢usely branchpd shrubs
characterized bJ dlotlnCt nod and intnrnodes. The shoot |
apical ,Ligqem exhibits a tunica- coruuo mode of org raniza-

-

tion csimilar to that found in anﬁgg, Wﬂlww+0ckla .and in-

‘the anziosperms (Gifford 1943). mne ensheathlrgqﬁeaves ;
are small with a much reduced lamina ard are arrarged in
alternatihg whorls of two or three at the node (Foster 1972).

e 1baves are deciduous durlhv later staoes,of shoot ontog-
@ . . .
l
‘Der*orm the assimiiatory func—
q

tion of the plant. The 1nternodal rezion of tne stem 1s,

eny. The stem is modllled to

commmoSed ot lonéitu@1nal rldges and“furrowé.: The stqmata,;,
which exhibit a haplocheilic mode of developmentA(Pant and
flohra 1964) oécurcjh furr&wé of the stem. 'The &ortical
iissue immehiately subepidermal to;the storata is 5rgan}zed
into léosé chlorenchyma. A thitk ;utioal covers the oéi-
dermis of theVStem.. The ;ascular Systeaiqf the intcrhodal
region of the-stem is composed of six t5 seveﬁteen collaféral
bundlés exhloltlng endarch’ maturatlon of DrlmarJ xylem
1(&zr:déh and-Steevgs 1955). The tracheids of the primary:
'an& secondary,xyiem are gymnoépermous iﬁ nature with cirF
cuiar BOrdéred pzts occurring on'the-}adiai and tangential
vialls (Thomoaoh 1912) The secondnry xylem is initiated
from a CORthUOUo vqscular cambium and is made up in part
Qf véssel members exhlblulng a unique type of perforation

plate, termed foram%nate (Esau 1905) ' -

@@
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Zaproductive Lornholesy Ry
Lvhedra a is dioecious, though rare mqnoe01ous planis
have’pcen described (Land 1907, mehra 1950). The mlcro=
'sporanglate cone Conjlo ts of a short axillary shoot Bearlng
e
from two to: elght vairs of onoéslte an decussate bracts
(Land 1904).‘ The 1owermost rair of bracts are sterlle.-‘A
short.micréspo?angiate’shoog is borne in the axil of each
_of tﬁe'réﬁziping bracts. THe mibrosporsngiate shoot is
méde.up_of‘an axisfﬁearingié pair of basally :dbed brac-
teoles which”ehqlose a termninal group of 5 'to 6.ﬁicrospor-
.angia (Eames 1952). The microcpores derived by meiosis are"
shed_from thé/loéulus of the microSpsrangium'in the’four-u
nusleafe stagég t&o é erm cells, a lk cell.nand a tube
nucleus {Lard 190?).. The two nrotbqlllal cells degenrerate
vrior to dehiscence. Bold (1967) is of»the oplann that
ica forms the

the generative cell in Hphedrn 1;tiﬁv nili

‘d'

= b

tNO  spern ruélei:d‘rectly. rather than first leldlnﬁ lnto
a body and stalk cell as 1Q)the other desurlbed spec1es of
Evhedra (iartens 19?1). Typically two ovules are borne in
axils of the fistal cone =racts, though uniovulatels;ecies

have been descrited (Land 1907) . (lhe process of mevasﬁ%ro-

39

3
[&]
[ )

enesis and megagametogenesi

S as'described in'this
A - . .-

‘thesis. Following fertilization there is a period of

-

free-nuclear zygotic division to produce eight diploid

nuclei in the central cell cytoplasm. ‘Each becomes cellu=-
lar and has the potential to become an embryo (Chamberlain

1935),. In Ezﬁggxg\the proembryoc cell in chalazal pggion.of

o
the centr

embryo. !

cell usually developSvinto the(dicotyledohous‘

. '
. ~
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Tistory ard T

taxoromy

<

v

The genus IZphedra was first describéd by Tournrefort

‘

in 1703 (Arber and Parkin 1903). ‘Linnaeus accepted

Tournefort's genus Enphedrya and placed it in the fifteenth

group, the coaner e, follo wing the genus Izaxug. , In 1827

Robert 3rown published a paper Mon the Structure of the

’

Female Floyer in Cjcadoae and Conlférae" in which he des-/

crlbpd éhe naked mega poranglum of the cycads and conifers,

9

. ) %
“{Arker and Parkin 1908
t

‘scence of vessels in the secondary xylem, the ¢ompound:

v

[

in contrast to tho enclosed- ovules of angiosverms. Erown
arvel to includé Erhedra-
cribad by ?umﬂjbus

o
.

a . ; .
cLended the 1acx of an investingg

and the genus Gr: ﬁ{j or iginally
). - Brongniart in 10#3, utilizing
the 1rnortanu oboerva ions of Brown,'was the first syétem-

atlst to raise the: gymnosoverms. to & rank equiva lent *o that
of the dicotyledons with Ephadra and Gnetun occupying a

. ‘. ‘ .
subordinate position within the zZroup. In 1267 Pgrlatore

17

divided the'Gymnosvermae into three grou@s of equivalent

~ranx: Gnetaceae, Coniferae, and Cycad ceae. The Gnetaceae

inclucded by this time a _third-genus ¥elwitschia. The pre-

. - .
nzture of both the male zond female ;trobili. and the ilong

|

micrepylar tube formed by the innermost envelope united

‘Evhedra, Gnetwa, and ¥olwitschis into 2 single group jand

Dr ov1ded evidence for,theifLSeparation frdm the rest of-
the Gymnospermae (Chamberléih 1935). hanj of the early
morphoiogists saw-in the Gnetaceae a cowblnatlon of reoro-
ductive andIVégetétive characters, in particular'thé pre- .

sence of vessels in the secondary xylem, which suggested
: - . . . [

N

O:



5
a conncctlng link betwepn the anlosporms and the Gnetales
(mhombcon 1912), Later, in 1918, Lbornﬂon showed *hat. the
vessels in the aﬂblosnerns -and the Gnetalos, thoug h some-
”t’simllar in mature morphology, were of;different ontbf
genetic origin. Subsequent publidétion on the Gnetales

c

to evnn“alzé\ﬁhe neterogeneous nature of the £roup.

(1952) Drov1ded mornholO“lcal ev1denco tc support a

began

Eameo
lelSl n of the old o”dcr Gneugles and the e"aoll"hment
of three oLuers, Lphedrales, Gneuales (sensu str 1cto) and .

o

Welwit'chiales, each to contaln one family. ‘Eames based

o

is argument on a study of the me*asporgngl te and micro-

spo-anglate cones of ,qgra in whlcn he conterded. +ha‘t"

n Gnoﬁgﬂ and VelNLt;Qn1§r

o

The Nack of megafossil evidence (Andrewvs 1963) makes

of the true thloveny of Eohadra di 1cult

~

the"eTo”e be iound 1n tbe area of extant

The answer mus

. ¢he prebent studJ was undbrtaxen to

o

-Aarlne the ovul ror“noiovy of Enhefdra nnvudenslq with the

o

hope of confirming old and Drov1d1ng new 1nformatlon on t?e

3 (4]

plant morpholog

“

' \
revroductive blolovj or Znbhedra by using 1mproved hlsto-//
: . ./

logical technlques. , o , ‘ /

i 7
- ) ~
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. ' CHAPTER TWO

OVULE AND U“GAGAKETOPHY

- l" . )
IHTRCDUCTION

ON?OGENY

3

Details of. ovule ontogeny in Ephedwa weLe £i

rst- des-

crlbbd by Strasourger (1879) in which be descwlbed the stages

ot lpte \etopenebi

n .('7‘
L.ebg.‘j

" Land (190

©

have

of_?nbph

ture since the ‘two articles by thd.

reproductive biolozy

m;r;"ed oy PearSon (1929) and mhrtens

There is g noral

>

devglooment of.the meﬁa”amevoonAte 1n
{ Les ! :
gymrjospermnous hattern.

origin and goes throurh an

divilsion

r "
on the sp901es, two to nine ar
micripvylar end.of tne mezagamatophyte.

"-The pig

nesis

but’the‘lin di:'r

extended Der5od'of

and emnbr

rams illus“*

Ane e hav

(&923]

reement amOH; all th@\igfhors that :

Ebhﬁdra

s ollowod by the formwtlon of Cell walls,

-

"

boen

follow

o.aud early embryo develonmentnin

4, 1907) Dub11°hed a rﬁlct’V 31y
vog enesls
ted tne

7aré phjue w1thout cons1der’ng the nucpllﬁr and

\Nuneroua short DUbllC&u;OﬂS on the

o

hpporred in +re lluera-_

y -
sum=

gﬁtypical

The megagametophytevis monosvoric in

‘free nuclear

Depending

chegonia are formed at the

resent study re=exanines the process'of'megagame-

. . . A . LN
togenesis in JEphedra and provides for the first time, a

sis

detafled zaccount of megéﬁporogbn

nas
T o, - g

N
o !

Peen made to correlate the deVelopre

in the genus,

An attempt -

nt of the megaganetophyte
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'withAthe'cbrrévobnﬂinv ﬁeriods of integumént and nuccilar

‘ontozany. By using mlcrogranhs in conJunctlon with 1mrroved
. miCrofechnlque, it is hoped that a better understandLn of

the ovule as a developmental system can be generated.

o C MATERIALS AND NETHODS IR "g
' CQl!octlor

» .
In ordﬁr to obtgln a comnlete series of developmental

3tages, ovulate cones of Fnhod novadnr31s viats. were col-

leﬁfed from two loca 1onu dlfferlnc in elevatlon end latl-
tude: Cvulate cones lllustrat;ng me”aonorogeneols ard the
earlyAeuaoeo‘o* gametonhytlc free nuclear division were col-
loctn@ from én area west of Reno, Nevada (39 degreeo N 1at1-
tude “nd 119 de*ree 7 longltu le), between hay b, 1974 ard ~
ay 8, 1974, Cfulqtn cones 111u<t“a 1nn both the early and
~ later stages of Pega"a"etondcnn81s vere col]pcted from an areav
Soutﬂ'of BleOD, Callfornla (37 defrees N latitude and 118
degrees W lor{*tudv) between ADrll 24, 1Q74 ahd Hay Sy 1974

vReferanc vla ts cf Eohedra nevadensis were transnla“ted into.

- plaszic pots»and arefpreéenyly houSed at the Jgpartment of
Botany greehhouse, Univeréity of Alberta; Edmonten, Alberta.
All ovulate cones were collpcted in the earlj morning and
tra nsoorted baCf tq pampSLte in moist paper towelsi Fixa-
tion was 1n1t1ateq by the-afternooh'of‘?{e,same day. ° .
‘Awrggtrchngg ne A |
Two methods off chemical fixation were eleOJédi one

utilizirg «ALAL in SON ethanol (Jokarsen 1940), tive other

e

i)
,.4

, uti&izing 3,5 phosphate- buffgre%/faﬁ 6 38) vlutaraldehyde

[
.

v




(/. ) ‘A . ' " 8:

‘(Ladd Resgearch {pduStries, Inc., Burlington, Vermont). For

the‘materiql to‘bejfixed in FLA.AL, whole ovulate ¢ones were

. ‘ o _ ; » . . _
nlaced in, 160 ml;‘vials,containing the fixative for period of

four weecks, then tranu-orred to “Ow ethanol for storage. ~The

T

outer integument oeedges sclerified duV1r ovule ontogenv and

—

.- . \ . : Lo
v to facilitate the ¢omplete exXchange beéheen embeddlnp mndlum‘
N and %olvent, this outer enVelooe was frqquently disoectad

|
away. The tissue for paraffin mlcrotomy was DabS ubrough

" an ethanol- terulary butyl alcohol sorles (Johan§en 1940) and
enbedded in "quanlest "Flus” (M.P. 56 deprees C -'57 degfees>C).

B 3raf11n blocks werse coctloned at 10 um on a Suencer uodel AQ

o

’ 4
vrotnrj nzcrotore and the Dara fI//;lb ons Nere afflxed to

claes clldes with Hauo*'s adhe31ve (uensen 19€62). The. naraffin‘

[ was removed from the_ﬁectlong by passing them through a xglene-
; . . 7
élconol sevies (aensen 1962). The sections were staln%ﬁ in

- aqueous “afranin-‘ast green or alternatively wlth 0. O5ﬂ ' .

Toluidine blue 0 in 0.1 M Dhosnhate buffer at p“ 6.8 (Feder

\\

and 0'gri en 1%8) ' R o | e

'

The FLA, A flxed materlals used for Dlastlc mlcrotomy

ware QloSpCteﬂ in the Same manner as. outlined for paraffln

- v .

mlcrotomy. Cvules in thls state were transfegred to fresh
'_50% ethanol, dehydrated Slowly Ln—an ethanol. series, followed
by three chan~es .of absolute etnanol and two changes of pro=-"

‘Apyleﬁe oxide,‘to -ensure coﬁ'Iéte»debydraulon. The tlssﬁe
was infiltrated \1th low VluCOSlty eDoxy resin (Sburr 1969)
over a Uerlod of five days, tnen embedded in Beem ca nsules-

and polym lZLd oernlgh* in a vabuum oven at 85 degrees Cao

Lhe pl“S»lC eloc&s were sectlono on.a n01chert OuU2



- . ) -

9

o o

ultramickotome w;th a Du?ont diamond knife at 1.0um to-1.5%5um

v

{; then mounted on grlatin caoated glass slides (Jonsen 1062);

The P.A.S. reaction (périddié fcid-Schiffs) was utilized to
stain the cell walls and stérén:_hy,the loqaliiatignhg?“the.b
total,insoldble'polysacphaflde'(Johseé 1962). Qhe;éanén- |
.tionai~dyto§lasmio stains used on époxy emﬁedqed naterial
/‘proved to be more tropbleséme.wifh the F.A.A.'fixcd bvuies.
Thisiis provably due to two facts: 1) thépe is -a rather
rarrow range of staiéing,p;océdures than can be used oa €poxXy

’ ! ’, s ' - - -
secticns (0'3Brien undublished) regardless of the fixative

used and 2) F.A.A. 1s a coagulant fixative rendering the ror-

‘ ”ma1ly successful cytonlasmic stains inéffectual. To compen=

sh?e. the sectionSAWgre céuhtef stained in_0.05ﬂ toluidinq
blue in 2.5 Na, (003 at pH 11.1 (Trump et al. 1961), for 2
hours and viewed under ohase ééntra§t ontics. '

The ovules to be fixed in Bﬁﬂphosphate buffénod zlut-

n
araldehyde were prepared for fixation in gthe field by dis-

2 N

secting awdy as much of .the surrounding tissue as wdS possible,
~Ovulate Coﬁes ilthtrating megasporozenesis ranged in size 

- from 2mm to jmm. Prior to fixation the .three pairs of ?one
bracis were removed.‘ In'the moré‘mature cones, beyohd the
-eérly free'huclear stages.of the gametophyte,'eqch ovule‘wa;v
diséeéted away;from.thevcone and fixéd.‘ The-qutcr integument
waé removed from-all ovules beyond the 256 nucleate stage of
.gametophyté develdpment.'”The fissue was then(placed in vials

containihg 3% phos?hate buffered glutaraldehyde for 24 hours:

;ﬁat-o degrees~C. "After several rinses with cold phosphate-~

& .
buffer

{pH 6.8), the tissue was dehydrated in a cold ethanol

~



‘ : ‘ N 10

eriecs followed by three. chances of absolute ethanol and

4}

three changes of prevylene oxide. The tissue was enbedded
N .

and sectioned as described pro?iously for the F.A,A, fixed
naterial. The’soctionu were‘ntained with P.A.S. »nrocedure
‘to localize the total -insoluble polyghcéhuride‘component and
counterctained with cither ariline blue black (Fisher 1968)
or 0.05,5 toluidine blue 0 in benzoétc buffer at pH 4.4
(Feder and O'Bricn_1968). Sudan 1V Was_used.tovidentify
1ipo§hilic structures; Ruthenium red was utilized:to locate’
-mectic subsionces (Jonﬁen 1962; Sterling 1970) . . ’

‘-All obgarvations were made with a Zeiss phdfomicro—
sco%e'II. Eoth Ttrightfield andvphase contras£ ovtics were

routinely used.. llicrographs vere taken on Kodak Plus-X

film and vrocessed in lJlicrodol-X developer for 9 minutes

RZSULTS

3

Leczanorangiate Cone a

The megasporansziate cone (figﬁre 1) arises as .a
_ ; : ’ - L
renroductive bud in the axil of a leaf. The cone cdnsists

of a2 shert aXNs bearing

<t
]
4]
(1]
e}
o)
[
]
w
o

f decussate bracts

(fizure 1). Two ovules develop in the axils of the two

upverrnost dbracts (figures 1, 5). That the two ovules are

;

in fact axillary and not terminal on the cone axis is shown
cearly in the ontogeny of the megasporangiate cone by <he
presence of a cone avical meristem bétween.the ovules

(figures 2, &), The con2 meristen.(figure &) retains the

tunica-corvus tyove of anical organization, though the cells
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are beirny; crushied by the grbwina ovules. The nycnotic nuclei;
within the evidermal layer of the meristem sujtcest that the
meristem has bocome non-functional. Hormally'both ovules

will develop to maturity but sometines one will vrematurely
abort, In such irstances the initial signs of deseneration

avviar in the nucellus (fisure 3).

The orthotropous ovule consists ¢f a conical nucellus

0

enclosed iby two integuments which appear asymmetric in modian

longlitudinal view (figure 5).

mosagnorgredesis : : .

A sirsle svoroscnous cell develons in the secondl
hyvodermal layver of the nucellus (fiigure o). This cel],
more or less ovoid in longitudinal view, is larger z2nd his-

tologically distinet from adjscent nucellar cells., The

gnorosenous ceXl i3 lirnt staining, vacuoluté and contains
a translucent nucleus (fisure €). The division of the spor-

v

ogenous cell into a vprsrietal g‘h megaspore mother cell was

not obscrved, thougn an axillary file of vrimary parietal

cells surmounting the negassore mother cell is evident in
figure 7., The number of per:clinal divisions of the parietal

cell apvears to te veriable (figures 7, 8, 9). The megaspore

mother cell, lcoczted in the fifth hypodermal layer of the

nizabdle by its size, large ellintical .

* [

nucleus and uniform agppearing cytovlasm (figure 3). The

nucellus, is reco

]

first.meiotiq_division is transverse and produces the two
' < N '~ o \ e s . '
cells o the mozasccre dvad (figure 9). The division is :
- . - . .
equal and the dyad cells are zimilar-in toth size and mor-

vhology. The cell wzlls are slightly richer in insoluble
R . . . i X ™ ! :

Q
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noiyuucchnride than in the uvurrounding vegetative nucellar

cells. The chglnzal dyad coll undergoes a SQCan neiotic
divi;ion to produce a chalazally disvlaced functiohal mega-
snhore zurmounted by a non~functional sister meg;spore

(fiﬁure 10). Tﬁe non-functional mo:aSpére uﬁdo:goes-rapid
doesennration oriof to any divisioh activity in the micronylar
dynd cell (figure 10). Theﬂcompletion of meiosis by the
chalazafndyad cell prior to that in the micropylar dyad cell
illustrates'a temporal polarity in favor of the dyad cell
which will produce the functional megaspore; Devending on

division in the microvylar dyad, either T-shaped

Hty

the plane o
(figures 11, 13) or linear (figures 13, .15) tetrads are pro-

b ~ .
duced. The resultinz micropylar megaswores are non-functional -

and dezenerate, The meqafametonhyge develovs from one uni-

- - \ a -
nucliente functional megasvore; thus Lohedrn nevadopnsis &s
Y . \
. AY

monosnoric.

.- : .
wncngametoTones
e Ml = -

The uninucleate functional megaspore is ‘the first
cell of the megagametovnhyte.. The megasvore undergoes an
extended period of free nuclear division and cellular expan-

sion vrior to the«development of cell walls. Archezonia,

which will vroduce the femzle gametes and function as the
site of fertilization, develop at the microvylar pole of
o A

the memagametovphyte.

Fungiional [lemsagwnore. The megaspore cytoplasm is

athern homo@eﬁgous in avvearanrce and devoid of vacuoles

>

(figures 11, 14). ¢Cn COHQ}CtiOH of megaspore degeneration,.
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L .

the Iurction,l wegaspore exhibits a protonlasmic change
A(fisure 12).  tumerous small vacunles and protein vositive

- granular inclunsions develov in the cytonlasm.,. The nucleus,
.UFﬂVJOU‘lJ translucent, beconmes dense, stain ing with a single
large sohérical nucleolus whiCh.DPPS]StS througn the first
mitotic division-(tisures 12, 15, 20). As the megaspore
exoands a large,vacuolé avpears at each pole of the cell;

" the nucleus Iles between these two prominent vacuoles

(fl sure’ 15)

cf

otic division without

Trea “wvwelaapr Divicion. A i

) R . *
subcegquent cytokinesis gives rise to a two nucleate game-

.

L"\

tophyte. *h two nuclei are at opposite polés. separated
by a large central vacuole (flgure 26, 28). This central

vacuole, ro doubt important in reg ulatlon of gametophyte'

cn and in the later parietal dlsoldcement of the

j-ie

exypans

free nuclei, is formed by coalescence of several small
.vacuolas (figures 19, 20). The micropylar nucleus divides
once to produce a three nucleate gametoohyte (figures 27,

o

30).'fo lowcd by cdivisien of the chalazal nucleus to yield
tHe G- ruclpate stage (ngu“e 29)., This indicates that the
procecs c¢f free- nuclear lelglon is non-synchrornoug, 2%

2ast during early megagametophyte ontogény. The syrchrony
: - L )

’ LY

of mitotic divigions was not observed in older gametophytes,

thouzh the number of free-nuclei in these gametophytes were
-multinles of two suzgesting that the nonsynchrony is
R o

evhemeral., lic evidence of a micrcpylarly directed wave of
B ’ N . - ) P ! "
mitotic divisions as suggested by Lenmann-Bacrts (1967) was

found’ in the. gametovhyte of Znhedra pevedensis. Successive



1
nuclear divisions cccur in the narietal cytoplacn (i ures 37,
1Y
30, #2), corcurrent with an exnanasion of the contral vacuole

such that 2 gametophyte containing two hundred and fivrty-eix

i * : i
rucleil is ob®tained (firure L6), ('_,'
cy Coe L&) w ! “y . . . .
Cell vinll Forration. Followins the connlotion or the

coonocytié staze of royarasetophyte develovnent, nticlinal
cell walls are laid down centrivetally from tho we. i .nto-
rhyte wall (fisure 51). Yach nucleus within the advancing‘
pavrietal cytovnlasm is erclosed in an opon-ernded, radially
2ligned alveolus (fi;sure 53). The alveblun avoears Tive or
cix=sided in tangential view (fifsure S%). 7Tre onticlinal
wall between contizuous alveoli anvears at the level of the
light microccove to be birvartite in nature (fifure ). A
middle lamella could not be demonstrated histcchemically.

- 7

Intercellular soaces are formad vetween ihe cor~on chutment

’ X ° o . .
of *hree alveoll (figure 54). Pericliyial wells are lared

I
down wiile the alveoli are oven ended and prior to the

gametovhyte beconing corplerely cellular (figure 55).. Since

4y
e
3

a2

the actunl proceés of cell division was not observed during
this stinge of gometovhyte develorment, it cculd not be deter-
mined 1f the vericlinal cel;;walls viere the rasult of free
wall-formation or formed by cell plates during mitésis. The

vrotovlach’ of individual cells grd alvecli is composed pri-

¢

v

rarily of a vacuole with a tain verivhersl layer of cyto-
vlasm (figures 53, 55). The cell walls are exXtremely tenuous

and discernible only in cells that have bteen subiected to

a

H,
[
t

s

ation plasmolysis (figure S2). The radial alveoli extend
d

entrioetdlly at arrroxirately the same rate and because of

(¢}
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L1y

the cwora D nedr chovne 0 Lae caretonhy te, will close in

oo thnerips cnntarnl Mctiona vrior to closine in the
brosder contral ornd microny lay rerions (Uicures o1, 52),
e lora the wnpatovhyte becores chrwletely cellular, the

DU . - Y e W - P Y A - > B
pertviors Looella ot o the extree slorosyleor end of the carn-

Lonpn vo vinli it o crtobr cleal. dictiectivine ot Surround-

Pt o etonbkytic tiovue (Toame 0, Theose colls ore arqld

WATLrarterous vacuoltes and a comnewnnt richer oytooioon,

codifterentistion ot the ticaue rnyi/41

tornyte that 40111 produce the archegorial

. ) N L
Lol formotfon. Two archesonia are differens

/

\\'\ . ’ ) .
microxylar vole, The archesonial initial,

itle by o its large size onn! noly wnal shave,

ant o nicropylariy by choronhytic mucellus (51 ures A7, £0).
Vis 1. - . PRI O N L N . .
St larce raclous 1o disonlacesd to the ricrouvvinr end of the

~a S 5 [ R o e : —
cell, with the rermainrde:r Qs Tne vrotonlasm occunied hy small

e
canTonl

ToTY o noecH
-
v T
. > -
relntoin
- - ASN - M 2 T =5 A vy - v ) 3 -
archosenia2l Initinl, J§e nrimary recx cell urdercsoes

- ]

rencated vericlinal and <blique civiciong before znticlinal
walls aonear (fdigures €35, €c).  Subsequernt divisions ih
? !

fular zonearance

3
2
o
b
O
-
e
~d
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3
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P 4 o ) . .
Covvarrent with the avvearance of the archegonial

0 . 3

initial,,gametonhytlc ella surrocunding the initial show

'_ign$fof diffe“ent¢atlon (flvure 60) These cells consti-

tﬁté the i@pipient aﬁchegonlal 1ackbt cells which’ will ulti-
mqfoly form a hgstologicaily,distinct bilayer.around‘the
‘chﬁtral celi'and.heck cell§ (figprés 65, €6). Tﬁe arche-
sonial jJac cket cells anpear réctangular. uninucleate, and
.vacuolate-;uving~early ontogeny (fi cures 60, 61). As CE
archegoniéf,dévelopment°proceeds, the‘jac‘}cet'cells_enclo,lnTo

% e:firg cemtral cell beccme elodgate, multinuclééte, and
- ’5ytoplasmicallyzdenée. - The jacket cells micropylafﬂto the
| central cell remain small and uninucleate, tending to inte-i/
grate and tecome indistinguishabg,hfrom the afchegonial neck!
cells (figures 69, 72, 7@), Nuciéi of;the jacket cells \
‘eéjacent td“fhe éent?fl'coli have been observed to migrate \

into the central cell cy*o laum durlnd the norlod of fer-

I

i

tll "'Llon. i
;n*uJ11r“, on. During central ¢ell elong tlon, the

o

4 .
+ central ce 1l cytonla sm.remains rather 1omogeheous and

vacuolate with a single large nucleus at the microvylar
.. vole (flzurp° 6;, 606, 69)% Prior to division of this
nucleus,pa narrowy densc talnln" axial band of cytovnlasm

]

’ ‘ - e , R . s
apvears (fijure 70). The central cellinucleus divides

without ,subseguent cytokinesis into a microvylar ventral

1

. a = [ . . . ! ‘ .
canal nucleus and centrally located ezgg cleu A dense
stainine mass of cytoplasm surrounds the egz nubleus prior

¥ . . . - . . .
to fertilization (figure 71)., Following vpollination, the

. . <
volTen tube grows down through archegonial netk cells and
- ¢ : N ’ -

x/ A . ‘ ‘ ¢

N




e ~ - - ( . 1
intp the central cell (figuwe 74). The Jvent_ral canal
nucleus is displaced lat;:;;i?~ but mqln alns "its struc-
turpl integrity during fortllluation (flgure 74). A stage
\n/ ne DFOCPSQ of synzamy was ascertaln d. on ong occa31on.

Injthat 1n°canco tno nale rucleus migraftes to a chalazal

~ 2

pOflthﬂ 1n the cnntrQI cell, fusing with egg nuoleuu from
bahenth (fl?ure 72) R There is apo rgpt 1UQLon of tnc sperm

nembrane w1th,egg nuclear 1embL nnlkflgure 7?), tnouvh this

|

conld .not be aucertawned at the ll”ht mlcrOSCOpe levela
e | _ﬁ_u
CInjeglhu cow -+

LA

| Thpfovule of "Enhindxa ggxqﬁnggig is crassinucellate.
$e rucellu is composed af thin walled parenchyma cells
extcndin" basally ‘into the chﬂlaza of' the ovule and inter-
rradlrg lat 1]y with the distal portions of the inner
.1ntc~umﬂnu (fizure 5). The limitsIOf the nucellér‘tissue
. » :

, . . |
becorme clearudurlng ovule degenera ation (figure ' 3). ' The

ruca L fus can be °ub lelded 1nto three mornholovicablj dlq-,
tinct reglons. nmicropylar, lateral, and chalazal; each
rezion undergoes develoomental and‘structural-éhang s during
.particular phases of ovu;e ontbgeny. ’ _ |

With svorogenous cell’ differentiation, the nuLellus
gbpegrs as an oblohg protuberance (figdrés.5, 6) of the
ovule primordium. Concurrenp hlth thn onset of megacporo-
genesis, tqe crassinucellate owvule 19 D”oauced by repeated
'Derlcllnal d1v1810n of the parlptal, surrourdlnv hypodernal
“and epidermal cells of thepnuce llus (figures 7, 8, 9). This

IS

‘microvylar . cap is further accentuatod by contlnued éellular

'
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divisions (figqres 12, 13,'31) until 12-15 layers df cells

‘ ) _ : 5 °, .
surmount the megdgametovhyte (Irgtre Le), During arche-

o

gonial formation, the axial cells of the micropylar} nucellus

underﬁo an elonqation, dechromatlu«tlon, 2nd eventualqdegra-
d tlon to form the inverted cone-=shaped pollen champer A .
(figures 63, 64,(6?). Prior to the division of  the central
cell nucleus, the excayat;on-of the pollen chahber'to the
megagameiabhytgaw;ll is cbmplete (figure 70). Thus|the -

pollen grains germinate on and grow into gametornytic tissue.
o . . ’ ]

<Tﬁe-me~a@amet0Dhyte, Dosi+ioned within the niecellus

o
° Warrt

at the level of 1nsertlon of the 1nnbr 1ntegunenu, exp;nds~
laterally anrd Chglazally at the exnense of the adJacentr
nucellar cclls (flguresvlj,_19, 38 39). Some oI the-tiésue
.Tbst to tae rucellus by gametophyte exnantlon is -reﬁlaced‘by

cell divisions in the lateral and chalaial regions of the

nucellus (figures 13, 41). .The nugellus is never copoletely

\

—obiterated by tﬁe*growing gametophyte. Later growth of the

egagémetonhjte is Midirectional, acropetal and'basd], wﬁiié

growth of the surroundin*'nucellus is-acronotal. Tnds. the!

‘e

lower hortlon QE the gametouhyte, bglow the 1nsertlor 0of the
inner integument, exvands by the destructlon of su“gﬁcent

“lateral and chalazal nucellus (flvure @2)._.The-acropeta1

‘exvansion. of the ubner rortion of the g metophyte is Cor—

‘related with bhe elonahtlon and dlv131on within the lfteral

" nucellus above the 1nsertlon of the 1nn r integument il Tures .

Le, L4R),. hls correlatlve Frowtb between FaPOtODhjue and

a

nucellus continues rapidly  through thé céllular and arche=

. . < .
zonial stages of ovufe ontogeny such that|-the radial fliles




‘develooment, are compesed

19 o

of b"mntOﬁhvtlc Cnll become stretched in a microvylar .
S ; . o

directiop (ficures 57, , 68). THe bidirecti@mﬂﬂﬁexnani

sion of megagamctophyte|and the lack of mltotlc ac+1V1ty in

O

ﬁ
o

the microonylar portlons of gameuophyto, creates two his=-

tolorlcallj distinct ”eglons within tne mature megag qneto-

ﬂytp (figure é&) m the unlnucleate Faﬂetonhyto to the
1é=-nucleate gu‘gtohn”tc (flaure 39), the nucellar cells

immed%ﬁteiy aaﬁac ent to the exnandln gametoonjte exhibite

(9,

no marked?histologlcal dlLIerence relative to nelchoorlng

nuceallar ticecue, other than general*cytological and‘struc-

tura l degradation. The rucellar ceil° involred in degrada-
I

tlon durlnv later sta es|of- ba*neto ene51s are hl stolog 1cally

distinct from the,surrou ding nueellar tissue, The cel}

.

<

walls-of,tmese celluf Ualtvcul rly‘in the chalazal nucelluo .

| N

k4 ] .
at the 25€-nucleate and ?eTIulﬂr stages of ,amevop“yte»

T o

to a large degr¥e, of pectic
. .

subctarces (fizures 49, 5@,‘567. A hypostase

[~}

comes @gis-

cernible in the extreme ehalazal nucellus during t 256=
nucleate stcﬁ§ The hyoo stase is cup nhannd an¥ - compod
, ‘ A A
of crushed enmviy cells vltn llDODhlllc cell walls (flgureg\\

A

u7; 50, éSL. ‘The-hypostase forms = marked structural and

vossible vhysiological bounda ry between the chalaza and the-

b
o
[<

nucellus (fl ure 38) R : i

0

Inte~sunraents

The nucellus and.megagametODhyte are enclosed by two

e ento, radically diffefent In mOthOl gy and Iunctlon.

n
‘The integuments arise in acrepetal SUCCG?SIOH as a sllght

<
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protubprﬂpce éh th@ dorsal side of the ovule ( agerlind

19701) . hlu dorsal dOﬂlnance is annarpnt durlnn 1a+er'

staglas of ovale onto*en" only in transverue (flguresg22,

23, R4) and median, longitudinal, sectlons (flgupes 5, 3,
.37).! The present study indicates that this dominance is

reflpcted in the verstral and nbt dorsal side of the ovule..

Inasx Intmcuﬁnqt.\ The inner 1ntegu ent, during

sporggenous cell dl*ferenblqtlon is seen as . a collar

encireling the base of the nucellus (figure 5). - The early
: R . - . | | )
develooment of the inner 1ptegument is by repeated divi- «2?

siong of wedgoﬂﬁhqbgd ap al rnltlalu (f15ures 1?, 18) As

the 1ntsgu“ent bllwyer extpnds beyond the nucellar cao, the
1 / g
eell_d1V1ons in the dlstal reglons decrease, with a corres-«

vordijng ihcrease'in cell vacuolat*on and elongation (flgures’

- ' °

19, 37). Subsequent elnnﬁzuaon ‘of the inner integument 1is

,restrictéﬁﬁﬁgﬂzge more proximalﬂportions (figures 19, 21).

*nis ﬁoximél'region of tne inmer integunent liyerﬂraaes (
with the lateral nucellus bpelow the mid- p01nt/of the mega-

: /
_gametvﬁh"te (11 ures fl, 413, 47) Lhe 1nte:unent nucellar

/

, : S
compl x‘undergoes syncnronou acropetal develonmenu oUCﬂ

that in tne nature ovule the 1nner 1ntevument could be,

o

incoryectly 1nf€rnxeted as an annenddge derived from the
nucegllus (figure bd); Lhe 1nne” 1nueduw€hu beJond the

nuéellar cap forms a cy 11ndrlc lly shapved mlcroDylar tube -

Cfigures'ZZ, 23, 35). - The ventral dominance ﬁanifested by .

the inner 1nueaument during early stages of 1ntegunent _ '
ontogeny, 1steen durlnfr later stzges of develonment -as an

obliqup aperture on the dorsal. side of the,plcropylgr tube, .

N
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integument is thus modified to

21
(fisures 23, 36); he innex
1unc+1on as an eff tive recep he.microsporos during
pollination. i o, | |
Qgiﬂﬁ»inggﬁggni. The outer'ihtequmeht is initiated'
as a scarcely'disoerhlble ridge on the. dorsal and dorbal-
. . latoral_side of the OVule prlpordlum,.goon formlnv a closed
ring‘arouﬁd the'ovule (Fqﬂnrllhd 1970). ‘As is the case with
the inner infegument}‘the dorgsal dominahce is in fact a ven-

rol dominance'ao0€n+uli ed during later ovulé onto eny

(ficure 22). The quter inct *unent\ trlandular in tran%vcrse

ssction (Il,urc 28, undbr oc a brie f Derlod of ﬁcropetal
elenzatien in the nore: dlstal reglon by antlollnll lelSanS
of the integument epidermls,‘concurrenﬁ wltn cell division

v

and,elongation,in‘the sun sur’“ce l%yers (Iwgure 17). 'Sub—

seguentelonration is Dllmlrlly the result of 1ntercalary

&

cell divisions in the'middlelandfproxim 11 reg ovs. During

ld1°+al rpplon

iToy

o
hs)

3 ~r
y > T=

N ' ! -2
' a .

of the outer integument broade ns- due to oerlcllnal lelSlonS

g

of the ebidermal and “bub- e01derﬁal cells (flgureg 16 34)

The inner fac'ng epidérmal cells at the ettrone dlstal nd

\

of tbe ouuer 1ntegument dlife“ent,lue 1nto:thlck—walled

rillae (flpure u& . The’oaolllae Frow 1anrd and in efPect

"

dprovide a seal arournd |the mlcrooyl r tube. The external

eOLQermpl cells of thg outer 1nte¢uwent lose thelr proto--

t

qusmlc contenbo 1ndv’ncom° ll“nllled at the rnltlal coeno=-
cytic vhase of mor“gahetoﬁene31g (flgu*e 3%), Sunken stomata

occur sporadlcally_along the externdl dorual surlﬁce of the'
outer 1ntegumcn@/(§1gure hs), ,

S
7
&



2

P

Three unbr“nched vascular bundles ter the base of‘

the ovule and supply the outer 1nterument (fig ure 21 ), _deA
of the bundlesAtraverse the ventral-latcral voles of the

outer integument (fig zure 33) A third, 'smaller bundle

extends throubh the modlan dorswl side of the outer inte-
vurcnu (f1 ure 3@) 'lWO branch traces enter the chalaua of

the ovule (Ilﬁure 32).-0Pd1nO below the hJ?O stase in the

mature ovule ag short tracheids (figure 59).
: - " B . N

DISCUSSION

w

. The lnltl«tlon of two ovule urlmordlﬁ/ln the ax1ls -

-df the dlutgl decu sate bracts, sbetween a conc apical meri-

stem, suggests a mode of develovment similar to the'inifiation
@f.a vegetative.bud>in the axil of a ieaf, _That’the ovule. of
Sphadra is in fatt axillary has bee questioned by Eames.
~ccord1ng to nanno (1952) there is a trict‘hémology in the

naWe ﬁnd female cones of Tnhodrs He nresernts evidernce %o

.

"show that the PlCrOoDO”aﬂOWUN is termihal on_a'lateral

vﬁooerdgﬂe or rebgsvorophyll 1n1t1ated bj the fertlle shoot

axis.. Slnce fhe mHle nd femalc coneo are conoldcred homo-

logous, the ovule is en. as O“’h” tprnlnal on a very nuch
. /

reduced movasnoronnjll and therefore anoardmculqr in ori gin.

+3

he present study 1ndlcates uhat the ovule is in fact cauline,

=3

he ovule is seen asg foelnv a short axis, borne in the axil of
\ ‘ ‘ '

a bract and bear;n?:a termlnal ihteﬂumented mc"aspbrangium;
The ewtrere apex of the fcrtlle ‘axis. dliferchtl tes into the
nuCellus of the ovule. The nucellus during the very early

stages of ovule ontogeny exhibits a pseudotunica-corpus type
‘ o8

o



divisions 'during s

LI . : 23

oL apicnl organization; the strict anticlinal divisions of
the nucellar protoderm is interrupted by periodic periclinal

)oroFenous ce‘lidlfferentlatlon. The onset

Hof vericlinal divisi ions in tre outerrost Iaybr of the nucollus

has ied to a'disag eﬂmont on the origin and subsequtnt de velob-

rnert of the sporogenous cell. | Hahesmwarl (1935) and 3ing and

saheshwari (1062) deseribe the sporogenous cell, of Evhodra

folinpta and Enhedry gnrnrdigna as hypodermal-in origin. The
1oL

FERIAR a
9 .

spdrogenous cell leld S transversely 1nto a quletal cell and

a2 chala ally. owlentod mcrﬁsooré mother cell._'AccOrdlng to

gerlind (1970), in a study of a Vawlety of ‘unnamed sooc1es
of.EDhodqu the_mega ;orocyte arlges dlrectlj -from a peri-
clinal division‘of a central—apical'nucellus ceil without the .
formation of a varietal éell,‘ The cla<51c interpretation of

a 1VU d; 'mal orizin.ot the SpOFOgGhOUS'C@ll was obtained in
P

the-study of argiosvarm ovules (u aheshwari 1950)._ The nucellar
. » : )

eprdermt s Moy eNSioSUerTT OvVOles Taintains tunlca ccrpus

_mode of orgavl atlon lnto late ovule ontovery. In'tenuinucel-y

ate cvules{ the svorog Tenous cell often bccomes the mega°nore

mother cell.directlyff In cra551nucellate anglosperm ovules
‘th soorogenouo cell GlVldOS 1nto & parietal cell and a mega-
svore mother cell. The Darletal cell gives rlse, by a series

-of vericlinal divisions, tg_the-nucellus cap« . The ovule of

Enhedr ' nsig can be compared ith the_crassinucellate
tyve -of ‘lopment in an@idsperms, thaf peri=-

clinrs R . the nucellar eoldezml coyYitribute to the ’
ucel. H, rhis‘lgss'of_a distirctive funl\ rer in the

nucellus.creates‘ﬁn many older ovuled an axilNary row of cells
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from the epidermis to the mezaspore mother cell. The megas

N -

sbore mother-cell thus apvears as a vproduct of an enidermal

v

cell of the nucellus. '
The first meiotic division of the mesaspore mother

¥

cell is transverse preoducing two equal meogacvore dyad cells.

]
o L4 o, . .
The chalszal dyad cell undbrgoes a sacond unsg al,traHSVers

[ -

I

o

n2iotic oxv1s10n nprior %o Jthe. mlcroojlar a rad cell dividing!

Stewnrt ard Gifford (1907) showed thqt in CYW”’Q')iL_;$,

~Tollowing meiosis I, the plagtld and mltochondria prosent

the chalazal end of the megasporoCyte, beconme serregated in
: “ A .

"the lower dyad cell “that is dnstineu to vroduce ~the functiona

in

mesasporea. haolan (19£9). demonstrated in Downin~ia that the

e

first meiotic lelélon-of the megaspore~motber cell is an

- T, LU . . . ..,7 .
unequal one, Ziving rise to a larger chaluazal oyad‘cell.-

. -

3

'Haplan states: "that in viow of *he imborﬁance of u“oqual

o

2

nore advarced than thoa mfgaonor ~~ri dy xd cell bur“oun+1rv

*sporesS revorted in o\.H species

divisions in the vrocess &f dl LO“ 'ntia tlon in -ngral, thls
] " S ) ? B )
fFsinnlighment pf polarity duriﬁg;thc divistonr—of —the memaspore

- . ) ) ..

mother cell nmay be important’in determininz the survival of"

the aluQal mﬂqbqnore. ' The early division of the'élalaza
dyad ¢ ll anad the ranid de ec utlon of the éistér megéspor
is indicativ ‘of-a similnr process in Eg@;ﬂggiﬁigiﬂggg's.
The functional meﬂagbore is évelcpmentally and temporally

it

The mlcrouyl r dyad cell dndergoes the second meiotic‘division

z

in a longltud;nql ulane‘fo pyoduce a T s“>ned tetrad of mega-

B 3

svores, mhe more common llneﬁr tr ads and tetrads of mega-

-

%}

of_ de”v‘ Land 1904,

Eerridgé and Sandy 1907, Sing and Eahes“wari 1962),. also
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" he "

occur in prinedra nevadonsigs. Lehmann-baerts (19€¢7), studying

Lopodra 0]<+»onx;, alone describes a tetrasporic mode of

gemetovhyte development similar to that found'in gngtgm'énd

Wolvit: tachin (Lartens 1971),

rollowwnv dogﬂne atlon of the mlcpoo lar megasvores,
the Chala?nl IunptlonalumOJm.uorc takes on a new cytological

morovhology sugpestive of a potential increase in metabolic,

activity. A number of small vacuoles and protein Yvodies,
Ng e*ate At the micropylar pole. A large spherical nucleolus,

which scains protein positlve, develops in the megasypore
nucleus. That the functionzl megaspore remains quiescent

until the micropylar megasvores nave\comoletoly deJcnerated

is nuzzling-in'light of the fact that it 1s-d11ferentiated sb

early 1r ﬁeﬁaooorogen831s. . !

3,

o

H N

¥+ The cognccytic phase of gometoniyte dGV“]ODJOPt results
v b4 N - . .

’plasm. The rirst two free nuclol are di SDlaced-to the volesg

- 4

) :
of the mogq3001e oy the central vacuole. The centraijvacuole

'\

origi nates by the coalescence of ‘seversgl s\ all vacuoles. The

\

late unlnucleate megaspore Dossessed twq'la”ge vacuoles vprior

Y

to division of.the nucleus., One must thereﬁore'hynothe31ze

that these large vacuoles segment prior to or during the

i

first mitotic division. 'Accoralnv to L rd (1@OL). Berridge

and Sandy (1907), iahe shwari- (1935), and Slnch and naheshwarl
Y
(1962) all mitoses of the cqenocyte are 1n1t1a11y 31mu1taneous

transform1nv to a Chalazal dlrected "Wave" of mltoses.
& |

hmﬁnn~Eaertq (1067) contcnds that ‘the mltotlc wave travels
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in an opposite direction frem the chalarzal to the microovylar
pole. In Zphedra nevodencis the initial mito%tic divisions

nchronous. The micronylar nucleus of the two nuc-

are non-=s

leate gamctophyte divides before the ¢halazal’ nucleus., No

evidence of a‘similar mitotic polarity WS ottrrved in the
later free Puclo r stages of develooment. Lehmann-Baerts
(19¢é7) ttrlbuteu the microoylarly.ﬁirected mitotic wave to
%he 1nflux of ®organic matnrlalf’ into the lgyer'région of

the motounyte by the vascular system egcering the chalaza

of the ovule. I regard this onigin of a physiélogiCal stim=
uluskas imnrobaple in Egb;g;g Loyogders:is due toffhé presence
of a lipophilic hypostaée“enclosingvthe base.of the ovule. —
- ‘The hyvpostase was observed by Befridge and Sandy (1907),

Singh and kaheshwari (1962), and Lchmann-.aerts (1067) though

itas histochemical rronortlea ware not dﬂﬂonuuLatea. Lehmahn-

‘Ez rts doccr bed tne hvno stage as teings lignified at the

Tl lular Siagebof Famne ;n 6ﬁf6‘3ﬁ774fﬁﬁTTﬁﬁﬁffu;e‘Eﬁm-
orises a multilayer éf emnty c ushed c¢ells with a 1ipid'p031
tive Ceil wall. ferming a dist*nctAboundary between fhe_chal-
dza and the nucollus of tha ovule. Cells con theqchalaza side
rave tﬁick PAS positive walls, scanty cytovnlasm and are
rpe Ked with starch. 1In contrast-fhe-adjacent cellé of the
riucellus ar e thin wallgd\ rnd free of starch. Lipophilic
matevlals in the kJDo<tqsa would seem to indicate a physio-~

1oglca1,b rrier to a chulaza* route of nutrient transport

into the meg etonnjte.

0

ametoppytig wall formgtion is heralded by the pro-

'\\~gressive advance of the varietal layer of cytoplasm toward

-
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the LSﬁ‘LuI vacuole of the gametooh"te. AhtiC]ihal_Ccll walls
a;cvlaid down centripetally behind the cytonluanic front,
forming numorbus radially aligned, open-onded. uninucleate .
alveoli. Each 2lveolus apnears five to six-sided in cruss-
ectioral view. Yhile the alveoli are still opfdn-ended, veri-
clinai walls are deposited. It could not be nscertaincd if ¥
‘the voriclinal walls were the fesu}t o' cytokinesis snd‘thoré-
toze associated with a séindle avraratus or. fr‘e—.orming.
The latter method of wall formation was alluded to by Lehmahn-

“aerts (19¢7): "2efore these alveoli resch the centre of the

sac, *“91r #uicleus divides and “Itﬂrmurds the cytoplasm;"

Coonver (1935) describes .the f§?mation of cell walls in the

~

embryo sac of Lilium henxvi "as being asgecciated with the

snindle apbé-utus cf the lacst set of free-nuclear mitotic

divisions. Kowcomb‘(1972) suggested‘fhat the endoszpern walls
- N \ . .

Bf surflower are free-tforming, afeande rlnb‘through the cyto-

vlagrm {Tom The embdbryo sze wally 1t would seern remsonable
that some mechanism to reogulate the dlrectlon of muli syn

thesis is oper&tional in Zphedrn povadonsis sirce the antir

¢linal and ﬁezi linal walls of the alveoli are relatively T~
ifermly spaced. Sinzh and wahechwari (1967)

descrire the vrocess of alveolation in gymnosperms as en»a il-

inz spindle fibers whlch connect the neilshvourirg rnuclei

within the cytonlatemic front. Accarding| to Singh and

.

i‘aneshwari the spindle fiters guides the centripetal devosi-

tion of the alveoli walls. Such fibers were not observed

phedra Leya dersis. <




’ 23
Once the fametovhyte has btecong cellular a digscarity
in the trequency of mitotic divisions between the micrownylar

and chalazal re~sions, creates two histologically distinct
L P . N

zones. The lower resion irs chavacterized by frequent mitotic
divicions winich delinmitt-a cornvact zone of small, volysonal,

.
nes

vdensoly cytoonlasmic cellas, Tne uppvr region of the cume-

tophiyte is organized into a radifl ne twork of loose knit

‘hignly vacuolate cells. Land (1904) recos/nised a third chal-

szalmost zone of large cells with demse cytonlasm and large

nuclej, Thio re~ion vias termcd the haustorial wone. The

haugstorial zone is not present in Inh-dra novadersis, at N

"1eost up until the time of fertilization. There is a very

e

obvious absence of starch in any of two regions of the gome-
tovhyte.

differentiates in the

]
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nicronvlar end of the znietonnyte is morunolocsically similar

to that found 1n many JYMNOSCETMS {Zinsh and . ahes? V‘”L 1667).

c0ﬂ¢“71 cell &nd a nmuch sazller neck inittial, The first
division of the vrizary neckx cell is periclinal, According

to Lehmann~Zoerts (1967) the rirst division OI the ©rimary

reckx cell in Zppoedro dictoanya is anticlinal. Furthar veri=-

o
s

clijal and obligue divisions displace the central cell deep
into the gamztophyte. The ;eﬁtral cell is surrounded by a
bilayer of jacket cells which are at' first rectﬁngular with
the long axis pnerverdicular to the central cell. Sime
periclinal divis 1ons do not Xeeov pace with the elongation

[

of the central cecll, the jacket cells become much elongated.
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Sy maltinuelente, dednne otowning ipenet colly :!1“0 l’rf_\-
;(Uvﬂ‘tly roterred to in the literature as the nutritive jocket
(rouher ot Gidford 1974, trourtt their nubkritive turction

wae pover teen estabhliched, Che"rdoratien of the jccoket -

crll rinleil into toe crntral cell crtonlacn orndd the event-
o)

und ':‘:‘,m}ﬁ.?w‘.;:fc):' phe jrcret enlla tollowimy nro=nrbryo

Govele nont (Lend 1007) could ipdicate a ruteitiobal rela-

Tionshin Loetweon jaciiet ¢coll and enbryo.
. The ocrntral ceil enlar-es ravidly with a corresvonding

0 /

Ppocor e in o vacunlation, Later in entogeny the (o:nll vacuoles
Civnnnonr, exeent sor the extreme nicrooylar resion, ard the
central cell cyionlasm tecomes dense.  Small glodular Dfo-
3 A

tein rositive structures, wnich rosnmole nuclei, avvear in

contr.l cvisplasn.  Tnece are the nroteid vacuolec deccribed

Ty oTod (100=) in Lol Inifarany The proteid vacuoles
l s : )

~ien oceur in mnny of the conifers and gin o (Sirnza and

e ARSI TOnT T weret enrrastoTized vy Camarort (1935), in [

a etudyv on tne Tine structure of the egg cytovlacrm of Zinug,

to be ove circumocrived voxtlions of general egs cytpnlasm.
wnen She rucleus oY the central cell divides, ro cell wall
is‘forie. notween %ne -ventrel canal rucleus and the egg

nuclous, “ha abcence of a vontral canal cell wall has bteen

=, -adra descrited to date

—~

cartens 1971). The e nucleus nisrates into the central

cytonlashy, incre

ing mreatly in size. A denser layer of

44

cyteonlasy currournds tre esg and extends as a long column
e
of cytonlasm Toward the tasce of the central cell. The ven-

o
tral canal nucloug, which is eoneﬁeral in rmany of the 4

& R
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conifers (Chamberlain 1935), maintains x%u 1ntn~rity during

fertilization. ahn L19L3) rfno“*ed thd fu51on of the

second ‘male nucleus wath the #entral canal nuc leus, referred

0]

e} oy ¥ahn as "douole fertlllhatlon. Tre sverm nuclous

/' which fertilizes® tbe e F doesjro» take tha most direct route

through the centfél cytoplasm,

OO

but aonrofchnes the egy from

c’
%)

.
cne

th, During synrurj the Fgg nucle sl appears e¢llinsoid
. 5 :

) . . r .
and crackled. The external clrgumferencz of the ez and
4]

sperm are continuous suzgest

p.

J o .
’ ng a fuglon of membranes and

. i ) .

an abecervtion of sperm nucle d lasm into the ezg nucleus,
} jor developmental cemboneont of
ce.

the nucellys in many 2ngio-

), the nucellus in Fvhedra novadongis

drbediby the exvending gametonhyte.
1 : o . .

The cells of “the nucelluls codtinue to divide and elongate
. . ' : . ~y . - R :
with the encroaching ba etoohyte.‘ lmcelllar develoovment and

‘ ‘ < .
garnctonnyte devclopmeqﬁzcre correlated. {Uo to the gixtecn

nucleate stage of free nudlear ontogeny the &neuonhj e tends
- e
B A ] kil

. . . ) t
to ekound equally in 211 ilrectlons 2t thke exvongse of adja-

cent nucellus., At the sixt four nuclentp stage of develov-

m=nt the elorgaticn ol th gametophyte betornes bidirectional.

\'37,_‘(3~’7‘

Corcurrent with the bidir tlondl exvansipn there is a cor-,

i .
responding chrnfe in the cb%lauuL and lateral regions of <he
S . lo |

he cell wall_on the inciplentldegeneréte nucellus

3

weellus.
bespmes pactin positive. Thls unique cell wnll component is
— . v
rzaintairnaed throuzh the late! archeg onlal s

age and seems to

_(;_

2

corcur with the onset of ctlonal 9 p etophyte exnan51on.

<
o

\
o
The accumulation of nect W ike substances could be p¢1ated

’

L
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' I 4 . ; e .
to its amorphous properties which could facilitate easier.

e

o0 -
¢ll degeneration.

The portion of the gametophyte‘above insertion of the

inrer integument expa rds in an acrovetal direction., A simul-

tareous and rapid elbngatlon of the‘laterallﬂucellus allows

>

the gametodhyte to grow with the nucellus and not into it,
- . . ~ 4 .
During archegonial formation a change 1s ob ved in

‘the axial cells of the, nucellar cap. There is a doﬁ%ling

7

of nucleis 2n &nlargement and elongation of cells, and an

ircrease cytonlasmic homcgenqity in the nucellus, These’
cells soon'become cnotlc and de eno?;te, crcqtlx.D a cavity
-

which is the nov*lmunb of the pollen chamber. The breaxdown
of nucellar tlssue continues andfflnally_the nucelqu epi- '
dermis, which lies over the cavity, degenerates. bThe pol?@nA
. : - . ; :
crnomber annears as an inverted cone and extends to .the. b“re-
tovhyte wall, The Io"m“tipn of the Dollen chomoe“ in Ephedra
novodenais is similar to that fourd b by Lﬂﬂd/{lQO ) in.lonhedra

-rifurca and by Favre-Duchartre (195 b) in GinXzo. Lehnenn-

taorts (1967) revorts that in Erhodra disiachyn the doubling
of nuclel in all the microvylar cells of tﬁe nucellus exééét b
in the.axial cells that ulti wately:form the pollen chamber.

he moéw obvicus vossible funétion ofba pollen cpmmber is

to tring the polien in clese contact with the archegoaié.

paradoxical in that such a deevo

Kl

pollen chiamber is formed while a long row of archegonial

I
e

vhyte.
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f
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. . ] . L6
hypotase. These two branch traces veer laterally towards
the nroximal f*ezion of the inner integument, . L
The present study regards the two envelopes as integu-

ments which tltimately develov into the seed coat of the
le

fertilized ovu To quote Blerherst (1971), "Yhe term

. ? » oo .
intesument as it is:generally apnlied thgoughout all seed
. A : : ‘

15 .

.

plants is not one that carries with it interbretive commit<
1i

ment and may be avvlied to any compnlete owillar envelove."
\ } : - °
o : - ,

o,
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~List ofl abbreviatibnsfugeg for. all miérogréphsi
Al = afpchegonium initial Dy = micropy{2> dyad cell
Alv. = al?eolus; o o MAC = megaspore mother cell
Ap =° aperture . o Mt o= micrdnyiar.tube ~
"Arc =.apchegoniunm L N = hucleus ’ ‘
Br = bpact . . NC = neack cell
CA . =.cbne dpex I « NU =-nucellus'
CC. = cpntral celi . ~ luc = nucleolus -
Ch = chalaza, . CA*.ﬁ ob;iqu§ aperture \
CDy =-chalazal dyad cell” " 0 = outaer integumen?
CV' = cgniral vacuole Oov. = ovule ,
CCW = cpll wall - P . = parietal cell
Dl = dfgcherage méxasﬁore "~ Pa. sgpapilla - -
Dhu = dégenerdfe ﬁqce{}us Pc =_pfooambium‘ .
EN = efg nucleus . | o PCh = pollen chamber .
Fdlo o= funétﬁoqgl megaspore ° Pec = pectin substance
G = ggmetovhyte -~ Ph = phase contrast
Gc = ghavd cell o Pl .- plastid
Hy 3>hyp05taSe B Pr "= protoderm
IT = ihnor integument . PT = pollen tube
JC = jdcxet cell R 'S ° = starch. . '
JN = jidcket cell-hucleus 'Sp» = Sporogenous cell”
Lat = ldateral = o V ¢ = vacuole | _
Mo = sperm _ .7 VCN = ventral canal nucleus
e = microvylar Xy xylem )
411 sections are plastic embedded less otherwise'in&i¥
cated. |51l micrographs are brighffield unless ctherwise
indicatgd. 'All sections areslongzthdinal unl ?E cherwisé
indicatéd.a . L : I - -
) ° ; « .8 z -
: 0
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3.

orf

rerate first, followe
lon& of the inner int
ste. X 208, :

]
arise in axils. of th u
s

3

Mezasporea nplate con
(1) are borne on sho

X 35. v '
vaasporangiate gon
are axillary and ngt

Cirule degeneratio
two ovules, the nucel

a

e

organization, bThc'UV

pats the moristem 1s non

Ovule morohoﬁbgy.

jnup -11us (Nu), frdm which th

oncloged by two integuments,

. - Three pairs of;deCussqte
t cone axis (Ax). Two ovules
Dermovt Dalr of subtendlng

apex. A cone apical meristen

2
is positioned betwesn tvo ovules-indicating that the -
s

jorminal on ‘the cone axis.  Ph.

With the Dorlodlc abor+1on of
s-and megagametovhyte. (G)
édegeneration of the dl stal
nt. The outer integument

¢lapical meristem. The cone

-ruinate following ovule init-

o] otlc nuclel in the protoderm
-iflunctional. Pn. ‘X 518.

THe ovule is made of of a .
e pﬂuetoohyte dlfferentlates.

i 210,

-0, L4
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Fim, "6, Svorogerous cell differentiation. A snporogenous
cell (S») develouvs in the secon¢ hyvodermal laver oi the
nicellus The uvoroscnous cell is Larger and lighter
staining than surrounding nucellar cells. X 518,

17, 7. Periclinal divisions of périetal cell., A parietal
oll 12arrow) has divided twict to vvouucn an axil row of
hree orimary varietal ceélls (F).  The W2TR ST 0“9 mother cell

(:iC) is p”rt;”lly out of fhe plane of svcm;on.' Ph. X *510.

Fig., 8, ue“nsoc“e mother cell. A megagvore rofher cell “
(o) is situaved ln the nucellys near the insertion of the
inner 1ncc~H“ﬂn. .The primary oarietal. cell (P), immed-
intely microbpylor to the i.C has undergone an oblique cell
division. X 5lu. , . C o

’

Fiz, 9. Two cells of the necaspore dyad. ' Two -equal
avillary dyad coells are derived from the LT following
malowis I. X 515, S ' ’ LT

.~

.. el .

Fi~, 10. Chalazzl dyad cell following m010 sis II. The
cholesal dyad esell (CTy) undergoes c.n aprvarently unequal
Lransvarse divizion to vroduce a la ge functional mega-
cemora {(F) sur ountod by 1ts deconﬁrato sistoer megasvore
{(Zi)e The micropylar dyad cell (i’DyJ has yet to divide.
Th. X 3829, ‘



=



Fiege 11, Tetrod of megaspores. The second melotlc division
in tha #icronylar dyad ¢21ll 1s lorn~itulinal tesulting in a
‘I-shawnad tetrad of magasnores.  Pnhn. X 513,

Vacuolrtion of. functional megasvore. Prior to
the fTurtCtional LP»?Q“O”E, nurmarous sitall’
“orm at the latoral ond microvylor voles of the
»rous i totic divisions (ax”ous) ‘occur in- the -
Pu*zoznm~w* tne furctional megasnore, Ph. X 829,

2

B
rroezanzion of the functional megasnoqe. Zxvarnsion

>tiongl etesvove 1n at tha exnense of the sur-
rAczllus,_prirarflv in the laterel mortions.  The
is cont‘“uﬂlly being revlaced (= rlow) by cell divi-
ch, X 521,

of megaswvores. The degenerate megaspore
rvad cell (arrow) is OD*lLO“Q*Pd ty the -
na ecadrore.  ‘fwo mezasvores derived

ar ﬁy”i cell are ln the initizl stage of

. X 833. ¢

Functional mega 9Dore. . TWo: large v'cudles’(V)
the chzlozal apd mic ropylar ovoles evaraiged, by
nucleus, & lar;je sonerical nuclcoluq (tiug) -

" functional megaspore nucleus. Phe

N
LNz
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teee 10, Yentral -intements at mecasvororenesis.,. The

e ter and inver int?‘”"ﬁht‘ on the ventral side of the
awiilae are mere develonad ac this otaro than the dorsal side
¢f the ovule (Fic, 17). Viaial portion of outer inte sument
L2I) v vesinnings to expoand oy DePlCllnal divisions 1n the
sus=cuctace lavers {avrow). X 327.

Dorsal intequments at rmegasvoromenesis, A dis-

‘eature of ecarly intesumeny ontoseny is the forma-
suveriicial serles of wedre-shaved anical cells.,
divions mazintain a vreotederm in both ‘inte. Ssurents,

o ~— <

Irner intezument during functional megnasnore
interecolary coll Yivisions (11rov) dl”gctly «
nvramidal aoleal inttials conur ibute to the
the tmoélxy-reu inner lnte Uthu (II). Ph.
TiT, 19, Two-nucloatoe zmotonhvyte, Th e inner int ~u ent
Cilnver bavsnd the nucel lar ¢od arro“)--s charncterized

nt inner intezument
esion. X 20}

"1(")

cometovhyte.,  The la _Ue central
formaed bv the coalecscence of several
ninent nucleolus (iue) is found in

reJion of the outer and inner intes gu~-

Leleate state JORY rzotion of the outer

':nts.occurs Trimerily in the Drox*mal Dor-
inrer integument oqunq;r .larrows) is

. . 4 *

4
r
4
4e1

(D D .
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L. DR, Tranavarce aoction of oo vouves neascaransiate cone.
oA o tter incesonoant Pt ustrate o voulral-latoral doninance
Lorm ) o e reatadare (00) 0f the ouiar it teeeent has
wilUerentinted into thled-walled ety cells, X 129, R
R
o "

R S e I rocver coctinn of 2 voun~ anecaen mranTtiate core.
o N ’Hun':m n: Vooowmion il wilh a Cloutersd ventral
codorcal oo, Tho ‘nw“" inteurent ig a o
x Goan dvligue sveriure {(An) on sfhe doroal side.rs
- 130, o ) _ S0
. A ’ q-.
Pl 28, Trangworbte cection of n o vour® meenrtoorantiate cone. . R,
z YA TCU Lo tu i oy the cuuer 1nTe s ument, . D ow
DLCThyTto onte ony TIW onnldes Rosetn as ~
3

L]
g or
n o the ventral-loteral anrnd dor- . -

volonos of vrocnnbisl cellg ,

20l voles (arrovs). £ 129, ‘ 5
- 0 . . :

Tis, Two rovanTorsotonhytes inoa sinsle ovule.  AsS a rule o

0L Jeora cnoun co Ll éifaorentintos in ench ovule, , '}QF?

Gl tho vDoteoatial rov sere than on famegovhyte is vre- <A

Ton . gacl S0MeTodhyues are Gwe=nucleate, X 252, ST LT







nugleate come? OPHvte. "The central -
{ rree=-nuclei to the
vno wﬂ:?cnmotoo yte (G§

.

. Mhroeo-: hul“?fe/"ﬂﬁDtODhth. The megalk

#Lruo< To e = lateral dirsctiop. The

Jta maint: positieon relative i ’
lr.ner‘ intesuront. X 2006.

rameto“hjtc.' Nuckllar cells

L. 23 Older two-nuclea
i .
N

roeiiintely adjncontvto regagametonhyte wall hdve
comunlnitoly degeneratoed, cond dayer of nucellus beyond ~
The meoa Ttdpny te wall 1rd>rF01ng degeneration., X 828,

2 )Dhyte. The central vacuole

beVO“d that in the two-nucleate ~gametonhyte.
3o - i~ Your nucleil 1n a'th}n layer ot parietal cyto-
T X 51&3. _ : \ : ‘

12 . . 4 \

Toyd-nucleate gamoet

iy 30. ‘Three=-nucleate :3metdvhyte. The microvylar
ruc tous of the two-nucleate gamttovhyte. fivides prior to
tihy chalazal nucleus Farly free-nuclear. divisions are
thorefore non- qyrchronouq. Ph.'x 521 . : o

1., DNucellnr evidermis of tnroe nucleate rane*oohvto.
s of the nuc~llar vrotoderm and of the sub~surface .
rs o divide periclinally to produce a craQQLnucellate“

e, X 8730, . ’ :
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o > ¢
Flae, 22. “Ovule vasculature of a tmo nuclo“~o gametophyte.
“wo bundles of bprecambial cells [Pe) enter into the base
e the avule, Lo 3 ~3Lan?UP“Pﬂbn the nucellus, Xach

bundle develovs locerally towards the inner integument but *
do2s nut~cntur the integument. X 130 4 N

-

“tic, 33, COvula vicculature of a four nuclp te ,a"ctonhvge.
iu(xﬂwwmnrwxﬁl surands (’c) traverases the ventral lateral
oleg of tho ouler inte) lnort (bL) as seen in median view,
e 123, 5 0 ©

[«
o
: o & \\\D
o : .

Fiﬁl 34, (Jvulh v:“@u11+urn°ox a four-nucleate v:metonhyte.
Aoothird surand® of vroeuantial cells (Pe) envers tnv«dorudl
cole o1 thoe outer intesuecnt.. hote Tthe formatioh of: pa
~illae (Pa) on the innex distal sueface of the outer 1n&)vu-
ment. X 1304 ' o ' . ;o
~r tube of an cvule with. mvt‘f-iour .
te.  The microvyvlar tube QJ nds beyond
urine a2arly garnotouhyte ontoeoreny. The
X ; \ o encand from ine W“”aC“owrvxiate :
cone uwrier to fertiliuovion qs‘a result of ovular and not .
Lier 1nuo"uwewvdl elongations X 32, L . LT e %

R , o - .
; Cbligue-averiture of micremylar tube. 4An extended
averture develons en the dorsal side cof -the nicro-.
‘ , V2 (eg) awa rooult of an.asvimetric development
i tae inner” ing ment, X 132, - . ' s

- °

o

- a . : \



o

R :~f_~~.‘3$:g)

i

T ae

(U 184 M
e o =
cameg & V.

)
re

VT Yee
]
o

K Y WX L

.t

W e

&

-




P PR M Iy
wail oiasorich in

1
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K ﬁ 37, Bvule with an oToht-nucleate gbmotowhvto. Cells
of the "inner inter an% Levond The nucollar car are larger
ard movre vacuo tate vhen®the vroxinal ortented cells. Dis
abe tetween inserticon of inner intesunent and outer
swont bhne Ancreased dus to ravid develonment of the
7 of the ovul:., X 85 oo

Eight-nucleate sameltonnyie, Tanxential view or
-nuclente Litustrating the disnla ce-

rour nuclel thin g ~letzl cyconlasm, 'I ral
"LCCll‘" cells "2 b‘f'P“‘W" to OlO"ldte, crowing w1th the
coonnding g:xnuoahdto h, X 32¢

Ty e

Yit. 39, cvule with'a sixteen=nucleate Q“roxonnytc. The

irnoer intersumont hno ret oxiteonded boyond Thot ceen in
LT, O7. The —externnl vrofoderiv of outer j.ntegumen"ﬁ(ﬁns
cbecomée vacuolate and thick walled. X 129,
i, LO.  Sixtecn-wpucloate mametovhyte., TFour nuclel (1)
sre coen irn the narieta eytonloon, ha merasarnoton) vte

3
)ng :lé 3olysuccbar;ﬁes possibly dcrlfod
sveom-dogenerate cells of the nucellus, Ph, X 800.

o - o L A A LR
fig. &1, Chalazmal nucellus ot sixteen-n ucleate sametoohyte,
cdriclinal divisions (zvow) occur in-the chalazal nucellus.
‘uceller cells in this reoion dnderso a histolosical change
rrios to bidirecilonal .omefowhyte exvansion. h. X 242,
. , _ v ]
‘= N
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Cvule with. a “iv+y“%§ur muec leate cametoohyte.,
ndilatoly ehnl 1""'L to Whe sametonhyie (arrows)

nt otalning cytoviasm, indlcdtgng thelir impending
ation. X 131. o g . :

Gl ﬁlqz 11l nuceliuv of a loxe Slutv-.our -nucloente
LO“WNtC., 1ls of wie chdanal’nucellus telow the
0

are Lu_anirf to domona enate The Cﬂll‘W&llS-

.
clonhinoe e ll.ﬁ sre vosittive for postic subasivncoes. | The
ruscollus-lntosumont 0<u1lary now annears more dl"‘LLct

{arrows). X 207. ‘ ’

wi~, b, Distal oanillas of thne outer-intrgument of a
cixtv-four-nuciaste ovule, . Jynilloe (Vo) drvelon on the
inror disval susincee of Tha ouser inweosureat Torming a
conl dreund the nicrooviar tube (Wi).  Whe external wall

aF the outor intesumendt vrotoderm as "ucken sd apore-
cinbly, X 205. . o S ’

' 3

uamant.  Stomatn occur

e
3

yo

Tio, L5, Stora in tha outer intoe

cmoradically alors the dowusoel 513y of the outer ntogu-
liumarous vlastids yol) occur in the parietal cyto-

m ot the protodermal and sub=-suriace layers. Fh,
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opnyte,

Cropylnl
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). X 81,

veloate famo
it tilonal,
metorhvie i
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L ~
Loument
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vy = 3 - N

onconyts exinndy

Tie yvostase (

~, Lo lweon the
o

X 0.
Two=-hundred- .
lus between.
thn :‘.u«:ell"'c‘ cao
v the nicrovylar
irnl-divisions
current with

AX, 205, -
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eyt sy s
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' the ¢omet

Iatomil nuce)

ccldl eloniation in
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’l . Ty, ~
.O LI PR AN 1&1

[
p—
0

Toahyues The nucoe X ~creroschment
SOoNh  mamavovhyio,. Ls i thev'131nlnnt :
toronerate rucellar of primarily pectic
cubstancos, X 324,

. 0 The hynostase
wliotely enclogés the c‘.‘tlk vl nuce us, Transaction,

. Mvmputase in chalaia of tho[o"u .
lO. ' . % T

o



54

Rt B »
J- JQ\. e s

AT RO Y Rt g

28




Sheso5L,

telidin

Toeetis

ain i

Foration oFf  c2ll wallg, in the gonotovhyte,
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