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FEHISCENCE OF THE FRUIT OF PAPAVER ORIENTALRE

IRTRODUCTION

Dahiiscence 1= the process of opemimg ia anthers, spors cases aad
dry fruits., The dry fruit described here is a capsule. Whem onme
speaks af capsule dshiecence, four type#s ars caomnsidearad: (1) poricidal
dshiscence = By pores at the apices of carpels; (2) loculicidal
dehizcence - langthwvises alomg the middla of each carpel; (3) septicidal
dehigcence - lengthvise aloag the lime of union of ad joiming carpels;
and (4) circumscissils dehiscsnce = alomg a circular lims perpendic-
ular to ths main axie. It §2 the first type af dshiscencs with which
this study i® comcerasd.

In sany plamts there ssemz to be a0 elaborate histological
structure associatai with dehiscence; the opeaing takes place along
sutursa, which are plames of structural weaknsss whare adjacaat curpele
have fussd to ome mmothsr. It is svidemt in the capsule of Fmpaver
orientals that the porasr do mot devalop lengihwiece along the middle of
the carpels; they do not develop along the lines of fusiom (sutures),
end although thes porss are im a circular line, thiy are separatsdi by
arsas of tissus; therafora, it is & challenging problam to dimcover
Just haw poricidml dehiscence occurs amd how it differs from othar
plants ia their mamnner of dashimcancas.

Frult dehiscence in Papaveraceaes has been mentioned by ZSaunders
(10). Ia her diecussioa on carpel polymorphism, she eays, “due to the
arrangsmant of alternating valve and 20lid carpels in Papeveracams,
we find a clue to the characteristic mode of dehiscance of ths fruit

by porss, a result dus simply to ths ssparation of the valvs cerpsl



and its apex from tha solid cerpel”. However, this coatributioa has
been mads from observations im comnection with her theory of carpel
polymorphiszs and bar very little histological support.

Arber (1), ia har studies in flower structure, has made a
morpholagical 1lit-rpr-tau-n of the gynascia of four species of
Papaver. 5he is mot in agrssment with the theory of carpel polymorphism
in Papavaracase. Imn the summary of Miss Arbasr's study, she saym, “it
ie not until a relatively late stage that the apicss of the median
ragions af tha carpels brask away fram the dase of the stigmatic crown,
thus forming the dehiicence pores". Since #he miikkas no Ftatament as
to the mathod of ™raaking away" im her observations, it is aseumed
that the bases thi® concliision on extarnal rather thaa intarnal
observations.

This amount® to all the rsssarch dons by worlkers oa ths problem
of dshisgcence in Papaveraceae. Ohssrvatioars of grass aspscts are
useful only as mesre hints to the true msthod of dshiscence. Ther=fore
this etudy, ueing histological methods, was undertaien to molve the

method of dehiscance im th® fruit of P. orismtale.



REVIEW OF LITERATURE

There has heen a aumber of iavestigations dealing with dshiscence,
though many of these have deen ia the area of aather dehisceace, Matthevs
and Maclachlan (6). BEarly investigations ian fruit dehiscence were made
by foreiga vorkers, dbut these were no mere thaa grass odservatiaas.

Coatributions am the subject of dehiscence im other fruits have
besn made. Guppy (&) found, ia his observatioms of loculicidal dehis~
cenge of Viola tricolor and Iris foetidissima, that the detachad capsules
will dehisce ia wet moss, dut fail altogether to opea wheam allowed to
dry. He says, "dryimg, therefore, though ii develope strains, the
relief of which emis ia the dehiscence of fruits, is mot a necessity
for their opeaning®. Yea (12), im investigatioa of septicidal dehis-
cence in Pirmians simplex, comcludes that it 1s due to mechamical
bdreaking or rupturing of the tissus, approximately alomg the old linms
of the former suture. Rethke (9), foumd that circumscissile dehiscence
is dus to a disorganiszation of parsmchyma tissus, and am alinament of
gells which provides a some of veaknesi whare splittiang cea easily
occur, Holdea (5), im imvestigating the pod fruit of Astragalus
canadansis, concludes that dshiscemce is the result af vertical amd
herisoatal straims set up by differential drying of the pareachyms
tissus which surrounds the sclertnchyma tissue. Bremekaap (2), ia
studying the opeaing msechanisa of the Acanthaceous fruit, foumd that
the valvee spring apart vhea a drop of water dissolves ths alresdy
partially hydrolyzed middle lamella iam ths mclersmchymatous tissue.

Hovever poricidal dehiecence in the capsule may occur, it is
evideat from the adbove contridbutiasms that other factors tham thase com-

cerned with drying may go to determine the process of dehiscence.



MATEBRIALE ABD METEODS

Papaver oriamtale L. i the most commonly growa perannizl poppy
in the OUmnited States. It is Imowm to flowar gardeners as the# Orismtal
PorPy. It 4= a herdb with a milky colored jJuices, and has ragular
flowers. The ovules ars numerous oR the placantas. GCensrally the
etizmne are ia a 12-18 raysd disc rasting on the sumnit of the ovary,
The eaxpeule is short aad turgid, with hardsmed tissus in the ovary wall
and ths stigmatic disec.

Nevelopmantal etages of the fruit vere collected from a local
flover garden duriag ths summer of 1952. Thses weara fixed and killad
in formalin-acetic-alcohol. lLater the material was ambedded in peraffin
by the dutyl-alcohol m=thod. Fruits were then sactiosmed at eix to
twelve microns with a rotary microtome, and esatioms mountasd om slidase
in meriee. The fruite vers sectionad tramsversely, tamgsntially, amd
redially. Safranin aad fast grsen vere the primcipsl stalms used;
hovevar, som= series ware otaimsd with iroa-slum-hasmatoxylina and
orsnge (3, and also a triple stain of saframin, fast green, aad Orange
G was usai.

Photomicrograjplis vere made of sslected representative mections.
Diagrame and detail=d draviangs of porticns of sections wars mads, and
photographad,. All dimgrams and dravings wers mads with the aid of a

gamera lucida.



INYETTIGATIOR

The capsule fruit coneists of two parts, the ovary and the stig-
matic diec. The habits of tha capsuls= prier to dshiscence and after
dshiscence are shovn in figuras 1 amd ), respectively. In ea iammature
fruit, the stigmatic diec in folded dova ever the upper portiom of the
ovary (Pig. 1). vham ths fruit is mature aad dehiscence has occurred,
pores ars found at ths top of the ovary bameath the margin of the
stigmatic disc (Pig. 3).

Surface views of the stigmatic disc, prior to deniscence and after
dehiscenca are shown in figures 2 amd 4, The capsul® shown in figurs
2 is of the same ags as the immature capsule ia figure 1.

The fifteen stigmatic rays extending radially from the center are
doudls in mature, as they are formad by the stigmatic surfaces of
ad Joining carpels. The doudles stigmatic rays fold down at the periphery,
as they lie on the lobes of the etigmatic disc (Fig. 1). A portion of
the stigmatic disc ia figurs 4 is removed to show that the pores uader
thes stigestic disc altaraate with the lohas amd doudle stigmatic rays,

Emrly in the investigation it was discovered that, to satiefy the
manner of dehiscence, it would be necessary to learn the relationship
existing between the owary amd stigmetic disc. The initial phare of
thie investigation was dirsctad toward that amd.

A transverse saction (elightly obligue) of a capsule defors
dehiscence 12 shown in figure 5. The ssction war cut at tha lawel where
the extremities of the stigmatic lobes lap over the ovary. It is this
level of the capsule which coacerns the greatsr part of the investigatioa.
Because of the obliguity of the section, differsnt levels of ths capsule
are represented. From it, the terminolagy of parts and their rslation-

ehipe can be clofely correlated.



Fig. 1. Papaver orismtale; habit of immature capsule, (x2). Lobes
of the stigmatic disc are shown lapping down over the top of the ovary.

Pig. 2. Same capsule as in figure 1, (x2); but showing a top surface
viev of the stigmatic disc with its doubled rays.



Pig. 3. P. oriesntale; habit of mature capsule after dehiscence,
(x2). Stigmatic disc 1s shown with its lobes slevated. Dehiscamce

pores are separated from one another by the ventral dbumndles of the
fused carpels.

Pig. 4. Same gapsule as im figure 3, (x2), tut showimg a top surface
view of the stigmatic disc. Part of the disc has been cut away to
reveal the dehiscence pores uadar it. Pores are seea to have devel-~

oped, not merely uader the disc, but also nlternate with its lobes
and rays.



Transverse section (slightly oblique) of a youmg capsule,
(x12). Section taken at a level correspoanding to the extremities of
the disc lobes in figure 1. Ovules have two integuments devaloped.
db, dorsal dbundle; fv, fused veantral bundles; 1ls, lobes of stigmatic
disc; o, ovule; oc, ovary cavity; ow, ovary wall; p, plecenta; ed,

rim of stigmatic disc; sr, stigmatic ray.

Pig. 5.



Organization of the ovary.

The ovary is compound, being formed from a singls whorl of carpels.
The carpels are fused togethar along thair ventral margins. The
pPlacantas ars doubla as they mrise as inward growths from the united
inrolled margine of adjacent carpels. Numerous ovules are borne on the
surfacae of the parietal placentas (Pigs. 5 through 7). At the dase of
ths ovary and at the apex of the floral axis, the inner edges of the
placantae are prassad together, giving ths ovary the appearance of being
multilocular. However, at highsr lavals in the ovary, the placentae
project freely and tha ovary is definitely unilocular (Pige. 5 and 6).

Ar the level of the stigmatic disc ies reached, the placentae are
egain in such close approximation to each other that it ie suggestive
of a multilocular ovary (Pige. 7 through 9). At a slightly higher
level, the placentae do not bear ovules and becom# pressed close
togethar along their entire surface (Fig. 9).

The dorsal bundles (median dbundles) occur on radii which altarnate
with thoss passing through the fused ventral bundles (Pig. 5). The
doreal bdbundles do not become lignified until some time after ovules
have developed their integuments. In sectioms of the ovary some
distEanca delow the stigmatic disc, there is a great amount of anastomosing
of wmmcular tissus bdbatween the fused ventral bundles and doreal bundles
(Pige. 6 and 7), the latter branch often forming a highly developed
nstwork, which supplies the ovary wall with many traces (Fig. 6).

As the l=vel Jjust below the stigmatic disc is reached, the
anastomosing of vascular tissue is no longer evident (Pige. 5 and 8),
Alse the upper limit of the dorsal bundle is reachad and that bundle

is not found to exist at higher levels (Figs. 5 and 9).



The ventral bundiles (marginal bundles) of ad jacent carpels are
fused and ars located on the same radii with the placentas (Fiz. 5).
The fusad ventral bundlss supply ths ovules; and traces can de seen
leaving theee bundies and extending into the placentze (Figs. 5 and 7).
Thas fused vamtrkl bundler becowe lignified, while the capsule is still
immature (Fig. 6).

The fuemi ventrml bundies pluy an mctive role in supplylng ths
etigmatic disc. In the ceatraml portion of the right cide of figure 10,
two strands of vascular tissue may be seen to separute from the same
ventral bundla and to enter differsnt members of the stigmatic disec.
Thess mambere are parts of ad jucent carpels., The vascular tlesus ig
clearly evideat in transveree sections of the stigmetic portiom of the

carpels (Figs. 11 and 12).

Qrganisation of the stigmatic disc.

In a saries of truneverss ssctionm from the owvery to ths mpsx of
the capsules, tha first parte of thas stigmatic disc to be smen are the
individunl lobes (Flgs. 5 and 7). In transvarse mections highar in the
capsule, it 1s zesn that tha lodbes ars mot individual, but are actually
extensions of the stigmatic rim (Fige. 5 sad 9). The lowar edge of the
rim of tha stigmatic diec is mot fused to tha out=r part of ths ovary
wall, but merely laps over it. A space# can he @emm betwaan thes rim
and the ovary wall, indicating the lack of fusiom (Fig. 9).

A mection of the capsuls at tha level of the rim, shows that the
doudble stigmatic rays are on the came radil as the lobes, fused vemtral
bundlaes, mnd placentme (Figs. 5, 8 and ). This is significaat. It
ba# been shown praviouzly that thes fuied veEntral bumilee ®upply the

Placentae and also the stigmatic disc. Since all these parts &xmist om



= =

the sama radil, although portions are mt dAifferent levels, it is seen
how perfectly it is set up for the fused ventral dundlese %o supply the
Placentas and also tha stigmatic rays.

The vascular tissue separates from the fuesd ventral bundles and
entsrs separats portioms of the ztigmatic dise (Fig. 10). These
separnte portione of the disc are ed jacemt carpels. Their margins are
the pairad stigmatic raye me semn im pravioue sactione.

Naar ths apex of the capsuls, the stigmatic portion# of the carpels
are distigctly separatad (Fig. 11). The close approximation of the
doudbls etigmatic reye ls due to the receptive papillaes lining the margins
of the carpelr at this lavel. There ie no-tiessu=s in tha center of thes
stigmatic diec (Fige. 11 mmd 13). Thie open centar results from the
incompléte fusion of the carpels at their apices. fuch an opealsg 1in
the immiture fruit has no detrimental effeck upon the youmg tissue,
for it is etill enclomed and protected dy the petals amd is mot exposed
to the air. Whean tha placentae incrasce in size as the frult grows,
the starile portione of the placentae are prasced together, closimg
the opening (Fig. 9).

Lt the apex of th# capsuls, the stigmatic portiome of the carpels
are complately seperatsd from one ancther (Fig. 12). The vascular
tissus is evidsnt im each. The seperation of the stigmatic portionm
of thes carpels at this lavel, clearly showe that the doubls mtigeatic

rays belong to ad joining carpels.



Figs. 6 - 12 are photomicrographs of transverse gectioms from a series
through the capsule of an immature fruit such as that shown in figure 1.

Pig. 6. Portion of a traneverse section through the ovary, just below
the lobes of the stigmatic disc, (x30). The integuments of the young
ovules are not yet developed. PFused ventral bundles of the ovary vall
1lie on the same radil with the placentae, while the dorsal bundles
alternate with them. Branches frequently connect the two. Ovary

wall containe many vascular tracee. Ovary cavity is unilocular.

/ LA Lilt: e
Pig. 7. Similar to figure 6, dut at a higher level, (x30). Around the
periphary of the ovary, ars meen five of the over-lapping lobes of the
etigmatic disc. Nota their poeitions opposite the placantae and im
direct 1ine with thes fused ventral bundles. Innermost margins of the

placentae are pressed togathar, giving a false multilocular appearance.
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Pig. 8. Similar to figure 7, but at a slightly higher level (x30).
Tiesue connections between fused ventral dbundles amd stigmatic lobdbes
are more evident. Dorsal bundles are reprezented omly by traces.
Ovary walls contain less vascular tissue (see Fig. 6). Note sgain,
false multilocular appearance of ovary.

Pig. 9. Similar to figure 8 at a still higher level, through the rim
of the stigmatic disc, (x30). This is above the lobed margin of the.
atigmatic diec, axcapt at the lower right hand corner of the figure.
The double nature of stigmatic raye is pronounced here. The dorsal
bundles do not ramch this levsl,

RARY
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FPig. 10. Similar to figure 9, at
a higher level above the lobdes,
(x30), where vascular comanection
betwean tha fused ventral dundles
and stigmatic rays is evident,

Fig. 12,

Fig. 11. Transverse sectioa

at & higher leyel thar figure 9,
(x30). Upper limits of the
placentae are preegent. Stigmatic
portione of the carpels are
separated by papillae.

Transverse sectiom

of the stigmatic dise, (x30).
The stigmatic portions of tha
carpele are completely sepa-
rated at this level. The center
of the disc is open. Vascular
tissue to the stigmatic rays is

evident.
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Dehiscsnze.

The younmg capsules show no evidance of dehiscence and give no
indication of cell diffsrentiation where dahlszcence iz sesn to occur
in oature capsules (Fig. 14). The cells are thin-walled, non-vacuolate
with dense cytoplasm, which imiicates vigorous growth. 4is th= integu-
=ents of the young ovulss begim to develop, thmre appears an ohlique
alinement of cells in the stigmatic disc ‘(l'ig. 15). The celle ars
still growing vigorouely. This obligue alinsment of th® cells is the
result of fastsr growth of the stesrile portions of the placantae in
tha center of tha 'capeule. Such growth of th# placentae pushern the
stigmatic diec up in the center snd also clomes the opinimg in thas
cent#r of tha capsule.

In an older capsule, aftar f=rtilization, the odbliquely alined
orlle of the stigmmtic disc have thickened their walls. The celle in
the ovary wall remsin thin-wallsf, but are decoming vacuolmte, excapt
for a definite doundary of cells appearing dbstwesa the stigmatic disc
and the owsry wall. This boundary is the ssparation mechanism, which is
made up of two layers of small isodiamatric cells (Figs. 17 and 18).
The cells ars non-vacuolate and possess dense protoplasm. The double
esparation layer 1s formsd by cell division of one layer of cells at
thes uppar portion of the ovary wall immsadiniely bLamsath the stigmatic
disc. The doubls separntiom laysr is formsd mll aroumd thas entire
capsule. Owvar the region of the rslatively short dorsal bundle the
separation laysrs extsmd from the outer wmige of the ovary wall to the
ovary eavity (Pig. 16). Tkrough the ragion of the fused ventral bundles,
howavar, tha saparation layers extend only from tha outar edge of the

ovary wall to tha bundlss thameelves (Fig. 19). The separation layers
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Pig. 13. Longitudimsl section of a young capeule, (x20). Note opem
center in region of stigmatic disc (see FPig. 12). The placentae are oa
#ams redli as the fused vamtral bundles. Dorsal dumdle does not extend

to the stigmatic disc. PFused ventral bumdle supplies stigmatic disc. 4db,
dorsal dbundle; fv, fused vamtral dundles; oc, ovary cavity; ow, ovary wall;
P, Placenta; sd, stigmatic disc.

Pig. 14. Longitudinal ssctiom of the area limited by ed and ow oa the
left side of capsulas in figure 13, (x280). This is the area where the
separation layers will form. All cells are in the same conditionm,
thin-walled, pon-vacuolate., Fo imdication af separation layer. 1ie,
inner epidermis; oe, outer epldermis; ow, ovary wall; ed, stigmatic disc.
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Fig. 15. Longitudinal section of a

portion eimilar to figure 14,

(x9t). A slightly older capsule at the time when integuments are

appearing on young ovules. MNote obligue alinement of cells in the
stigmatic disec.

Pig. 16. Longituiinmal section of a portion of the gcapsule, similar to
figure 15, (x27). An intermediate capsule, after fartilization.
Obliquely oriented cells im the stigmatic disc have thickened their
wvalls. The separatiosm layerz have formed a definite boumdary betwesn
the stigmstic dise and ovary wall, The separation layere extend from
the outer edge of the capsule to the ovary cavity.



Pig. 17. Lorgitudinal section of a portiom of figure 16, at outer
edge, (x370). Relationship of separation layers to stigmatic dise
and ovary wall. Parenchyma cells of the ovary wall remain thin-walled,
Cells of the stigmatic disc have thickened their walle. oe, outer
epidermis; sd, stigmatic disc; sl, separation layer.

Fig. 18. Lomgitwiinal section of a portion of figure 16 at the ovary
cavity, (x370). Separation layere bordered by pereachyma cells of

the ovary wall amd stigmetic disc. Small intercellular spaces occur

between some cells of the separation layers. 1e, inner epidermis; pc,

parenchyme cells of ovary wall; ps, parenchyma cells of stigmatic disc;
¢l, separation layers.



ther#for® do not »xtend through the fused ventral dbundles. They turn
down and extend 2 short distance on the outer side of the bundle.
Becaure the separation layers do not pass through the fused wventral
bundles, these bundles come finally to separate the openings or pores
from on® another (Fig. 3). It is also the ventral bundles that hold
the stigmatic dizc to the ovary after dehiscence is conpiete.

An almoet mature capsule, before dehiscence, reveals the prominent
separation layers. Thick, lignified sclerenchyme tissue of the disec
and the thin-walled, highly vacuolate parenchyma cells of the ovary
wall lie on opposite sides of the separation layers (Pig. 20). The
two layers of cells forming the separation mechanism differ from the
othar cells in size, in form, and in the appearance of their protoplasa,.
Their dente and homogeneous cytoplasm is non-vacuolated in contrast
to the bordering cells whose cytoplasm:-is charactasristically vacuolated.
Such a homogeneous cytoplasm, common to all the cells in the separation
layers, indicates a specialized kind of activity. This activity might
well be the resorption of the middle lamella. Intercellular spaces
occurring between the cells, indicate that the middle lamella is
undergoing a change and is becoming functionless. It is no longer
retained as a cementing substance between th= cells, and they are
allowsd to separate. The lignified cells of the mtigmatic disc are
associated with thin-walled, fully distended cells, which prevent any
ehifting of the sclerenchyma tiemsuse.

Dehiecence begins at ‘the outer surface of the capsule (Pig. 21).
There has bdeen little if any change in cell contents of the ovary wall,
and the stigmatic disc still coneist= of parenchyma, scler&nchyma,

lignified vascular tissue, and lactiferous glande. It 18 clearly shown
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of one fused ventral bundle on the left (x22). The double separation
layer turas down amd extends a short distance on the outer side of this
fused ventral bundle. After dehiscence, the fused ventral bundle sepa-
rates the pores, and functions as a fulcrum between stigmatic disc and
ovary wall.

Fig. 20. Longitudinal section of the double separation layer shortly
before dehiecence, bordered by sclerenchyma tissue above and parsschyma
tissue below, (x320). The cells of the separation layers have a dease,
homogeneous cytoplass in contrast to the neighboring cells whose cyto-~
plasm is characteristically vacuolated. Note intercellular epaces
between the separation layerm. pec, parenchyma cells of ths ovary wall;
s, sclerenchyma tissue; sl, separation layers.
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Fig. 21. Longitudinal section of a portiom of a maturing capsule
showing tn® =eparation layers dehiecing at the right, (x24). The
separation layers extend to the ovary cavity at tha lower left of the
figure. Part of a young seed can be seen in the ovary eavity. There
has been no dehyiration of celle in eithar the stigmatic disc or
ovary wall. Yote disorganization of placental cells at the far laft,

Fig. 22. Longitudinal section of a portion of capsule showa in figure
21, (x120). The upper three-fourthe of the figure ie the stigmatic
disc. The lawer fourth shows the parenchyma celle of the ovary wall,
Between the §wo can b= seen the double gaparation layers. Cells of
the stigmatic disc ars variously oriented and represent parenchyma,
sClerenchyma, lignified vascular tissue, and lactiferous glamds.



that, at the time debiscence begine, there is no indication of dehy-
dration of cells in either stigmatic disc or ovary wall (Pig. 22).
Dshiscence occurs between tha cells of ths double separstion layer, amd
it is due to the parting of the cells along their common walls. There
is no rupture of cells in the separation layers, as one would expect
if the separation were due to drying snd shrinking, but rather a
parting of layers of whole cells (Pigs. 23 and 24).

As dehiscence proceede, the stigmatic disc begins to 1ift upward
and awvay from the ovary wall. The stigmatic disc 1ifts up along the
outer edge of the capsule because the cells of the placentae have
disorganized (Fig. 21). The brasakdown of the placentas removes the
supportiag structures at the center of the capsule. This causse the
stigmatic diee to sink at the center and, since it ism rigid, this
swings the periphery of the atilggmtic disc up and away from the ovary
wall. The fused ventiral buniles function as fulcrums in thiz process.
Yhen tha stigmatic disc lifts up, the thin-walled cells of the ovary
wall ares exposed to the drying air, amd not until then do they dehydrate
and rupture. 7This tends to speed up the process of dehiscence. The
thin-walled cells of ths stigmatic diesc are ruptursd aad only a
framevork of ligaified cells remains (Fig. 26). The rupture of these
parenchyma cells allows the stigmatic disc to bend, lifting ite margins
higher from the ovary wall. The separating of cells, followsd by the
dehydration and rupturs of oth=r celle, soon completas thes process of
dehiscence, and the ovary cavity is exposed. As soon &8s the ovary
cavity is exposed to the air, the remaining cells of the placentae
dehydrate and die leaving the seeds free 1n the ovary cavity.

The remaine of tha ruptured perenchyms tissue in ths ovary wall

show no indismtion of that tissua's former relationship to the
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separation layeres (Fig. 25). The dehydration and rupture of the
celle in the ovary wall result in small pores extending into the
ovary cavity (Fig. 26). The inner epidermis of the ovary has bacome
lignified during the process of dehiscence and still pereists, banding
toward the outer surface of the capsule (Fige. 25 snd 26). The
bending of the inner epidermis in this maniier makes for a smooth
surface over which tha seedes can glide out from the evary cavity,
when the capsule is shaken by tha wind.

The poree produced are separated by the fused ventral dundles.
Feras it not for this fact, and if dehizcence had developed through
these dbundlee, thean the opening procees would be much like that found
in circumsciseile dehiscence, Rethke (8), Howevar, in circumscissile
dehiscence the parting of cells does not occur along a definite
line, but follows the path of least resistance; while in poricidal
dehiscence, as found here, the pariinc of cells occurs along a

definite line formed by & double separation layer.



surfaces of the parting cells, (x120). There is no dehydration nor
rupturs of celle when dehiscence begins. Dehlscence begines because
of the brerk—down of tha middle lamella common to the sepzration
layers.

Pig. 24, Longitudinal eection of a portion of the dehiscence an
shown in figures 23, (x320). Parting of the separation layers is due
to the bremikdown of the middle leamella. d, dehiscence; ow, ovary
wall; ed, stigmatic disec; sl, separation layers.
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Pig. 25. Longitudinel section of a portion of the right side of a
dshisced capsule, (x10). d, dehiscence; ie, immer epidermie; pc,

parenchyma cella; pe, parenchyma of stigmatic disc; sd, stigmatic
dise; st, sclaranchyma tissue.

Fig. 26. Longitudinal section of a dehisced capeule as shown ia figure
25, (x24). The this-wvalled paramchyma cells in the stigmatic disc are
ruptured and only a framework of lignlfied cells remaims. Dehydration
and rupture of the parenchyma cells of the owvary wall have formed the
pore into the ovary cavity.



DISCUSSION

The photomicrographs of transverse sections give evidence
that the capsul® is formed from a single whorl of carpele, all of
the same type. The ovules are borne on placental outgrowthe formed
from the united, inrolled margins of adjacent carpels, This is the
theory which, on the evidence of external features, has been adopted
generelly by systematistes and has been oppored by Ssunders (11). The
dorsal bundles are reduced, not reaching as high as the stigmatic
disc. The fused véntral bundles are highly developed in correlation
with their function as the supply channels for the placentae and stig-
matic disc. In figur# 10, it can be seen that the fused ventral
bundlas separate into two parts at the dbase of the stigmatic disc.
These parts pass into ad joining members of the disc, to which they
belong. This is in agreement with Kiss Arber's study of Papaver
Argemone L.; P. nudicaule L.; P. hybridum L.; and P. Rhoeasr.

There is complete continuity of cells bstween the ovary wall
and the stigmatic diec, as shown in figures G, 14, and 15. There is
no separation of tissue due to valve carpels and solid carpels, as
hinted by Saunders (11). The paired stigmatic raye are not continuous
at ths periphery of the stigmatic disc, since they belong to adjacent
mambere. According to Saunders (10), "the snds of each pair of
parallel stigmatic lines are continuous at the periphery of the
stigmatic plat®, so that they form a very narrow 'v', a shape ve
might expect if compression were accompanisd by a shearing action
forcing inwards, the tissues of the carpel lamina on either side of
the midrid". This might de assamed from am external observation.

HBowaver, by using histological methods, it is shown that the paired
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stigmatic raye are not fused. Their surfaces are lined with papillae
and they are only in c¢lose approximation to each other. This 1is
clearly shown in figures 11 amd 12.

The factor leading to dehizcence is the division of a layer of
ovary wall cells immediately beneath the stigmatic disc. They divide
and form a double separation layer totally unlike the procedures in
other typ=s of dehimcence. The demnsm, homogeneous cytoplasm common
to all the cells of the double separation layer indicates a specialized
kind of activity, certainly meristimatic and prodably digestive, at
least so far as the middle lamella is concerned. Microchemical tests
would give an imterpretation of the chemical nature of the non-living
constituents in the separation layers, and maybe of the protoplasm alseo,

Whether or not the formation of this seperation mechanism showld
be considered a procees of abscission in the senee usually understood
may he quastionsd. Wham one mentioms abecission, the implication is
that some appendags is heing cut off from the mmin body, because it
hae heen so oftem associated with falling of leaves and fruits from
trées. This concept is prodadly too narrow; it is due to the fact
that asheervations of many other plant parts, which also form abeciesion
layers, are often overlooked.

There are numerous investigations dealing with absciesion aof
lanves, floral parts, fruits, and foliage branches. ZEames and
¥cDaniels (3), in relating abscission of floral parts to that found in
leaves, say, “"the abscission of floral parts is not markedly different
from the abscission of leaves. A separation layer is formed, but not

long in sadvance of the fall of tha floral appendage, nor ie there the



specialization and differentiation of layers assoclated with leaf
abscission. Howaver, the cells of the meparatiom layer undergo changes
similar to those foumd ia leaf absclesion®.

Abscission is a process of cutting off of living cells in a
special se2paraiion layer. This defimition doees not fit the mechaniem
found in th= present investigation. There 1s a formation of two layers
of cells into a special separation mechanism; however, there is no
rutting off of any parte. The stigmatic disc remains attmahed to the
ovary aftar dahiscence 1s completad.

This is the third investigation of dabiscence tc come from this
laboratory. The first was an iavestigation of Portulaca grandiflora,
by Rethke (8). It opened a relatively new line of study in this
country. He described circumscissile dehiscence as due to the formatiosm
of a sone of weaknese provided dy the disorganization of parsnchyms
tissue and the alimsment of cells. 5Splitting does mot occur along a
dafinite lime, but follows the path of lamst resistmmce. In circum-
scissils dshiscenca of Fortulmea grandiflora, there is a complete
separation of iwo paris of the capsule. The splittimg fores separating
the 114 from the base, is provided by the developmamt and expansion
of many seeds in the ovary cavity.

Although numerous saseds ars prodused im the Fapaver orientale,
they are not a somtributing factor in the process of dshiscamce.
Preserved material of capsules with separation laysrs developed, vwere
allowed to dry and they gave complete dehiscence at the and of oane
hour. When preserved material of young capsules, before the formation
of the meparation layerz, were allowsi ta dry, a mhRrunksa capsule

resultsi with no siga of dehizcence. Ia the former case, the seeds
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along with the tissues of tha capsule had been fixed &nd killed, and
yot upon dryimg, dehiscamce occurred without amy pressurs dbelng
axertasd from daveloping seeds.

The s=cond investigatiom of dehiecence from thiE laboratory was
by Holden (5). In this investigation of the pad fruit of Astregalus
canadensis, it was found that two zones of dehiscencs are formed. One
gsone is forzed in the farwer ventral zuture whers a path of pareachysa
i® bordersd om two mides by fibers. The othar gone is formsi im the
tip of the dorsal bumile by a astrand of cells remaining parenchymatous
in the center of the fibers cappimg tha dorsal dbundle. The eplitting
of the pod is the result of vertical amd horizontal straines set up dy
differential drying of the parsnchyme tissue whigh surrounde the
sclerenchyna areas. GSueh straine dbrimg sbout the rupturing snd tearing
of cell walls.

The dashiscance of the P. orimntule capsuls is mot a result of
tensions, which are wet wup by differential drying and disruption of
timsuss along previous lines of fueion, mor iz thers any ssparation of
carpels from omne another. The pores ocour wholly within the individual
carpels,

Dehiscence i& the reeult of the parting of a double separatiocn
layer around the top of tha ovary, interrupted oaly by the ventral
bundles, which mre left ssparating the pores. The middle lumells
common to the cells of ths doubl®s separation layer hecoms functionless,
and the celle eepurute. Differentinl drying of tiesuss is secondary.

It halps camplete the procees of dehlisceuce, but does not inltiate it.
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SUMMARY

l, The capsule coasists of a single vhorl af identical carpele,
vhich are squal ia mumber to the placentas, and the double stigmatic
rays,

2. Ia the ovary, ad jaceat carpels are fused aloag the veatral
surfaces of their imrolled margins, and the placentae repressnt exten-
sions from these unitad edges; a placenta ir thus duplex ia origia.

3. The etigna portions of the carpels are not fused together, dut
1ie in close approximetian ta each other dy the papillae lining their
edgos.

&, A separation mechsaisa is formed im the sapsule after fertill-
sation, wvhen cells at the apex of the ovary wall divide aad fors a
doudble laysr of isodiametric cells,

5. TDehliscsace begine with the parting of ths doudble separatioa
layers due to tha break down of the middle lamella.

6. Ligaifisd sclersmchyma tissrue developsd im the stigmatic dise
abave the separation mechamisa forms a rigid structure which 1ifts up
asd awvay fram the ovary wall as the cells of the meparstioa layers part.

7. Dehydratior amd rupturs of the thin-walled paremchyma tissus
beneath the separation layers occur amd in mo doing, form pores into

the ovary cavity.
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