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INTRODUCTION

Eost flowers are hypogynous; the ovary is superior, being inserted
on the tip of the torus. But there are nevertheless many flowers which
are epigynous, the ovary belng inferior, due to & deepening of the cup-
shaped torus which may be continuous with the ovary.

The inner part of the ovary wall of epigynous flowers is generally
considered to be carpellary, except in forms like the Compositae where
ovules are cauline end only the roof of the ovary is carpellary.,

The controversy then centers arounc the nature of the outer region
of the ovary wall. Some investigators interpret this region us appen-
dicular in naturs, being formed by fusion of th& buses of sapals,
petals, and stamens with the ovary mell. Other investigators inter-
pret the region as receptucular in nature, formed by the continuity of
the receptucle and the ovary wall to form a receptacle cup.

Gaura coccinea, & member of the evining primrose family, i= suit-
able for &« study of epigyny in that tha flower has a long hygenthium
with the sepals, petals, and stumens diverging far above the ovary.
The flower i® polypetalous, the stamems are discrete, and the sepals
are fused to amach other along their margins, but not to other floral
parts. Furthermore Gaura coccinea ranges from Mamnitobs to Texas and
west to klberta and California, and has not attracted the uttention of
floral morphologists. The purpose of this research iz two-fold:
first to discover the plan of organogeny, and second to discover the
nature of the inferior ovary and therefore epigyny in this species.

LITERATULE
A review of the literature revealia a number of investigetors who

have made rome contribution to the subject of florul development.



Accoraing to Eemes (3) the flower is a determinate axis, appendages

of which are like lezves. McCoy (9), Satina and Blakeslee (1l1), and
Esmes sand Macbuniels (4) brought forward substantial informstion on
the initietion of the florel organs by periclinal gsplitting of the
cells in the inner tunica layer, ana the further development of the
floral primordia. McCoy (9) investigated Frasera caroliniensis, in
which he found that the vegetative shoot and the florul apex coneist
of two histogens, & corpue uand a two-layered tunicu. All floral orgens
were initiated laterally by a periclinsl splitting of the cells in the
inner tunica. Satina and Blakeslee (11) worked on Latura stramonium
which has three germ layers. The first layer formes the epidermis, and
the second forms the primordia.

The nature of the inferior ovary has been one of the moet debated
subjects in florul morphology for over a century. Tillson (14) work-
ing on Kalunchoideme, Jackson (6) in a stuay of Hosa and certain relat-
ed genera, Douglas (2) in a review of the literature, anu tames and
Maecbaniele (4), regard this region as appendicular in nature, being
formeid by fusion of the bases of sepals, petauls, and stamens with the ovary
wall. On the other hand; Langdon (8) in & study of the flower and fruit
of the Fagaceae and Juglandacese, Satina und Blakeslee (11) in their
investigation of Datura, Wilson and Just (15) in their review of the
morphology of the flower, and Henslow (5) in hie book on the origin of
floral structures, regard this aree as receptacular, formed by the con-
tinuity of the receptacle with the ovary wall to form a receptacular
cupe An investigation of Gaura should contribute to one or the other

of these opposed interpretations.



INVESTICATION

Inflorescences of Gaura coccinua were collectec mt Leke Campbell
near Brookings, South Lakota, Jurne 8, 1952. The inflorescences were
dissected, flowers being taken Jrom the tips of the axis of healthy
plants. The flowers vere killed and fixed in formalin-acetic-alcohol.
Inflorescences and individuul flowers are very pubescent, and the
margine zna top of the sepals in unopened buds fuse to each other form-
ing an inverted cup over the florsl meristem enclosing numerous air
pocketr., A centrifugsl pump was used to remove the entrapped air in
the cese of inflorescences &nd sleo indiviaual flosers. Treatment was
according to the paraffin method, the dehydruting medium being butyl
&lcohol. fections were cut from five to eight microns in thickmess
anu stained in safrunin and fast green, hematoxylin &nd orange G, and
crystal violet, mafranin znd orange G. &ll drewmings were made from

perminently mounted sectione by the use of & Spencer cumera lucida.

The muture flowers of Gamura coccinea are in & simple spike anid are
light rose in color. The flower has its receptacular tuba extended to
nearly one h&lf the length of the flowar beyond the summit of the
oviary. The receptuacle is pubescent, beinjg covered by long unic#llular,
non-glundular haire. There are four sepals, which are long anu slender
and also covered with unicellular hairs. Tha petsls sre four in number,
alternating mith the sepals. The petals differ from the sepals in that
the top half ig exsunded, and the distal end ie rounded. At the buse patals
narroe down nesrly to a filament. The petals are sparsely covered with
unicellular hairs. The stamens are eignt in number and ure opposite the

gepals and petuls. The filument is long und narros® esomewhat where it



attaches just below the center of the amther. The ovary is con-
tinuous with the receptecle snd is not seen externally. The style
is formed by the fugion of the upper parte of the four carpels. It

extende a¢ high as the stumens, and is topped by four stigmas.

The first evidence of florul development is ssen in the adult apex
of the flowering shoot. This apex hasm a two-layerea tunica, but ite
cells frequently ehow periclinal divieions; during the development of
the floral primordium, divisions ir the inner layer of the tunica ars
not alwaye anticlinal. The greatest variability in cell aivisions
occurs during very early development, and in somewhat older floral
primordia the luyers of the tunica divide quite regulerly (compare
fige. 2 and 3).

After its initiation, tha florul primordium is hemispharical in
shape (fig. 2). Subsequently ite spex widens, und just before sepal
initiction its summit is flattened. Sepuls sre initi.ted .t the pariph-
ary of the flattensa top u= isg shosm in fig. 2. At the time of sepal
initiastion, the floral upex still appears much like thuat of an ordi-
nary vaget:tive shoote It hus a two-layerea tunica, and the corpus
as well as the tunica layers is meristematically active. The
sequence of initiation of the floral appendages is: sepuls, petals,
stumens, and cirpels. The primoruium of ths flower growe rapialy
and Eoon hecomes the largest purt of the upiczl meristem.

Sepals sre initi.tec at the mergins of the florul primordium, w®hen
the latter i¢ sbout seventy microns in diemeter. The procers followe
& pattern now well estublished for cevelopment of florul organs of

muny of' the dicotyledonoue anglosperme. This process is as follows.
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1f, leaf;

Longitudinal section of & young floral primordium showing
periclinal divisions in the ipner tumiea layer. X777,
fp, florsl primordium.

Fig' 1.

8, first

Longitudinal section of an older floral primordium showing

periclinal divisions im the initiation of a sepal. X700,

initiation of a sepal; 1f, leaf.

Fig. 2.



The outer layer of the tunica divides only anticlinally, while peri-
clinal divisions occur in the first anc second layers immediately be-
neath it. Fig. 2 shows a flower just hefore the sppearance of sepal
primordia, with periclinal divisions appearing in the second layer of
the tunica. Differentiation of the mecian procambial strand in the
sepal primordium appears to bs acropetel.

The four sepal primordia are initittea at about tne same time, as
is indicated by their nearly equal gize in the early stages of develop-
ment. (See fig. 4 which is nearly medien for the sepal primordis.)
Stortly after initiation the sepal primordia resemble young leaves in
appearance (fig. 3). After a short perio¢ of groswth the submarginal
initials cease their meristematic activity, and the young sepal elong-
ates by rapid growth in the apical region. Further davelopment is
intercaluary, the internsl celle acting as a meristem in which anticlinal
divieions, vacuolation, and cell enlargement occur throughout.

The sepal primordia grow apiceally and curve sharply over the
floral apex. Fig. 4 illustrates a sepal primordium which iz still
groving apically. Cell vacuolation begins on th2 abexial side of the
youny growing sepal. Fig. 5 represents a transverse section of sepals
which are in about the same stage of d:velopment as those shown in fig.
4. Further curvature of the sepule bringe their apices together, and
the epidermel cells of contiguoue zepale dovetall so that the four be-
come united throughout. Physical contact of the mpposed sepals is
brought sbout by marginal gromth anc ta: extension of the meriestem to
the whole circumference of the rsceptacle, and is followed by an
interlocking of the epidermal cells accompanied by random mitotic

divisions to form an inverted cup over the rest of the floral parts



Fig. 3. A young sepal primordium shown in loogitudinal section, the
sppaarance 18 mush llke that of & young leaf. X700. 8, scpal; fm,
floval meristem.

Fig. 4. Longlituodinal section of somewhat older sepal primordia sbosing
the sepzls curving over the floral mevistem. X700. s, sepal; fm,
floral meristenm.
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Fig. 5. Transverse section of young sepals and the subtending leaf, at

about the mame stage as fig. 4., X300. s, sepal; 1f, leaf,
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Fig. 6. Longitudinsl section of young petal and stemen primordis.
stamen primordium shows the beginulog of the procasmbial strand,
s, stamenj p, petal; pc, procsmbial strand,



(figs. 8, 9, and 18).

Fhen mature, the epidermal cells along the margins und toy of the
sepals rupture, freeing the individual lobes. The mature sepal has a
median vascular bundle with four laterzls on either side, which are
progregeivly smaller towards the margins (fig. 31).

Petals are the next to arise and are initiated at the periphery of
the florul meristem, just mithin the cycle of sepuls. They are adaxial
to, ani slternate with tho sepuls. The size of the sepals when pstals
are initiuted (fig. 4) indicutes that there has been a time lapse be-

tween the two. Petal initiation is indistinguisheble from sepal

initiation in method. Initiation occura when the receptacle is some-
¥hut concave, and at about the same time as stamen initiution. The
petals show saveral differences from the sepuls in the later stage of
development however; they do not have as long a pmriod of localized
growth as do the sepals, and do not curve over the floral meristem,
nor fuse &long their marginse.

As in the case of the sepals, the earliest sign of pmtal initiation
in a median longitudinsl section of the floral axis is evidsnced by
periclinal cell divieions in the inner tunica layer (fig. 4). The
general sppearance of pstale in the very early stages of their aevelop-
ment is quite similar to that of the sepuls. The mature petals have

a median vascular bunale and two laterals, &8 shown in fig. 3l.

Before the initiation of petale and stsmens, which ariFe at about

the sume time, ths floral meristem is spproximately 110 microns in
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Fig. 7. Lonmglitudinal section of the right half cf = young flower show=
ing sepal, pstal, stamen, and carpel primerdiia. The receptaculer
tube is being started. Note the definite hypogymous character of
the flower. X250. s, sepsl; p, petal; ¢, carpel; r;, upper re-
ceptacular tube; r, lower regaptacular tubde.
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Fig. 8. Transverse section of sepal,
petal, apd stamen, at about tbe
sane stage &s shown in fig. 7.
The line of fusior between sepale
is shown. X250. 8, sepals p,
petaly at, stamen,
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dismeter and the summit is concave. Luring petal snd stamen initia-
tion, it is still concave and shows & distinctly two-layered tunica
(rig. 4)s This concave feature of the floral meristem is brought
about by early growth at the periphery of the receptecle, and is the
area from which the hypanthium later develops.

Stemen primordia sppear so soon after petul initiation that it is
difficult to find sections which show petel primordia without stamen
primordia. This indicates that the interval between the appearance of
petals and stamens 1g much shorter then that between the appearance of
sepale and petals. There ure few observable differences, other than
position, between sepal, petal, or stamen initistion, &8 may be seen in
figs. 3, 4, and 6.

# procumbiil strand does not &ppear in the stemen primordium until
the latter is quite well developed, and it is not traceable until the
primordium is about 55 microns high (fig. 6). Even then the cells are
not yet well differentiated. The procumbial strend appeuars ns a dark-
atuining row of cells surrounded by cells with lighter cytoplasm.

Fige 7 shows that it ie not difficult to differentiate stumen and
petal primordie when they are seen in a neur median longitudinel sec-
tion of the young flower. A ptamen primordium is thicker in proportion
to its height than a petal primordium. Followings initiation, the
stamen primoraium grome in length by means of upical and sub-apical
initials. SHoon after this the development of the gporogenous tisrue
tegin® and further growth is intercalury.

The epidermal luyer of the stumen is derived exclueively from the
outer layer of the floral apex. The hypoderm&l layur, which is a de-

rivative of the inner tunica layer undergoes periclinul und anticlinal
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divisions and produces the sporangium wall under the epidermis of tha
stamen, puart of the tapetum, and all of the sporogenous tissue.

Cell patterns in figs. 10 through 14 suggest the following sequence
in divisions. In cross sections of a potentiul microsporangium, at the
proper stuage of development, there a2re two to four hypodermal cells,
eich of which divides periclinally (fiz. 10). The inner derivative ig
a primary sporogenous cell. Primery sporogenous cells divide eparingly
or not at all, and then differentiate into microspore mother cells.

The outer derivative in forming the microspore mother cell divides
either :nticlinally or periclinslly (fig. 11). When the first peri-
clinal divieion occurs, it cuts off & primary tapetal cell and a
primary parietal cells The outer derivative of the hypodermal cell mzy
give rise to one to four primary parietal cells. The primary parietal
cell divides periclinally once or twlce and each of its derivatives
may divide anticlinally. The blocks of caells formed are shown in fig.
12. The microsporangium wall then i= formed under the epidermsl layer
snd from the derivatives of the primury parietul cells. The primary
tapetal cells divide mostly in an unticlinal plane, thus forming

one layered tapetum when moture (fig. 13). #&s the microsporamgium
grows, the inner wull cells tend to collapse mo that only two cell
layers are conspicuous at the time the pollen grains wre muturing (fig.
15).

fhile petals and stamens appear in quick succession, the size of
the etsmen primordis when carpels are initlated indicater that there ie
t time lipse between these two. The floral apex i flat to suucer

ehaped folloaing stzmer initiation and when carpels are initiated,
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Fig. 10. Transverse section of a Fig. 11. Transverse section of a
lobe of a young anther showing lobe of an older anther showing
periclinal division of tie parie- tapetal cells and a mierospore
tal cells and & wmicrospore mother mother cwll., X603. t, tapetal
cell. X605, p, primary spo- cell; m, microspore mother cell.

rangiur wall cell; m, microspore
mother cell,

_Fig. 12. Longitudinal section of a Fig. 183. Transverse nection of an
lobe of am apther showing epider- anther lobe showing a epore tet-
mal, parietal, tapetal and miecro- rad. X250. te, spore tetrad.
spore mother cells., 1608, ¢,
tapetal cell} m, microspore
mother cell.

SOUTH DAKOTA STATE COLLEGE LIBRARY
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Fig., l4. Transverse section of a
mature anther showing pollen
gralma, X20. p, pollem graing
r, peint of rupture of the pol-
len sasn,

Fig. 15. Transverse seetion aof a

portion of fig. 14, ehowinmg a
pollen grais, tbe point of rup-
ture, and the nature of the ma-
ture anther wall., X280. r,
point of rupture of the pollen
HREZ,

Fig. 16. Longitudinal section of young carpel primorais. X777. e,

carpel primordius.
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Early carpel development is similar to thut of the other floral appen-
dages, and a description would be repetitious. Following initiation

in the inner tunice layer there is a short period in which growth is
conspicuous (fig. 16). The carpel primordiu grow toward each other
until their tips touch (fig. 17), at which time the apicsl growth slows
down. Marginal growth occurs at the lower portions of each of the four
primordia so that the murgins curve ventrully. The carpel bases are

at first C-shaped in crose #ections. They soon become closed by further
marginal growth, and each is fused to its two neighboring carpels by
the in-rolled dorsal surfaces. The carpels uppear to be sunken into
the florsl receptacle; this is brought about by meristematic activity
in the periphery of the receptucle. Tne ciérpels become united by an
ontogenetic fusion which is so complete thut the carpel limits sre
obscured (fig. <1). Continued msrginsl growth brings the four fused
marging together in the center to form a centrs#l plaucenta. This re-
gults in an ovary with four locules (figs. 28 and 30).

Growth tukes pluce at the upper extremitiesz of the carpels (fig. 19),
the result being the upward development, in the center of the perianth,
of four styles which sre Tused along the surface of contact, except
for th¢ immediate center where there is & pollen canul (fig. 31). The
stifma of euch cuarpel is dsz=velopeid separately, so that the stigmus are
not vnited as are the mtyle und ovariun portiouns of the carpels.

Activity in the receptucle doer not cease with #ie production of
the florwl primordia but elongates noticeably, carrying the sepuls,
petils, snd stamens up unag over the youni ovary.

Fhen first initiated, the receptacle is dome-shaped (fig. 1).
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c, GaTDalj; T s Upper receptacle tube; v, lower receptacle tube.

elongation of the receptacle.

Fig. 18.
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Subsequently the spex widens, and just before sepal initiation its
summit becomes flattened (fig. 2). Before the initiation of the petals
and stumens the receptacle is somewhat concave. This is brought about
by early growth of the periphery of the receptacle, &nd is the area
from which the hypanthium later develops.

In the early stages of development the flower is definitely hypogy-
nous, since the sepals, petals, and stamens are attamchea to the recep-
tacle below the carpels. The lower extremities of the young sepsls,
petals, and egtumens may be seen by tracing their epidermul layers in
figs 7. The primordia are seen to arise distinctly separate on the re-
ceptacle, and no fusion is tzking place to form am appendiculer tube.

In referring to the receptacle tutsz, it is convenient to mauke a
digtinction between its two parts. The section of the receptacle above
snd free from the ovary is referred to as the upper tube: the lower tube
is the part of the receptacle that is comtinuous with the ovary wall.
The latter is the first to be formed. Soon after initiation of the
carpel primoraia, there is & renewal of zonel mitotic activity in that
area of the receptucle beneath the repals, petuls, and stamens, with a
checking of growth in that mres beneath the cirpels. This elongation
under the sepals, petals, and stamene proceeds at about the sume rate
as doer that of the developing carpel: and attuched receptucle (fig. 18).
This lsaves the loculer embedded in the receptacle cup. Figs. 7, 27,
and 29 show the continued growth in thiz area.

Fig. 22 is un enlargement of the receptacle that is continuous with
thie ovary wall, and ies at zbout the sue stage in development zs fig.

18, in which carpel elongation is taking place. Fig. 23 represents



e

Fig. 19. Longitudinal section of older carpels showing the formatiom of
the mtyle. X300. ¢, carpel; st, stemen; r, receptacle.
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Fig. 20. Transverse section through the owary showing the infolding of

the carpel margins to form four locules, X197, pe, procasbiel strand;
e, carpely r, receptacle.
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the lowser receptacls tube, continuous with the ovary in a later stuge
of development, comparable to fig. 27, cell divisions are still taking
pluce a8 well z8 cell elongation. Fig. 24 shows a section of the lower
receptuacle tube in an a&dvanced stage, mitotlic divieions are still tek-
ing place but heve been restricted to the inner ares of the receptacle.
All further growth in this area is by cell elongation., The stege rep-
resented here is comparable to thust in fig. <8, It is obvious then
that sepals, petals, and stamens are being pushed upward by «n elonga-
tion of the receptacle below them.

The upper receptacle tube is somewhat later in beginning its
growth, as may be seen in fig. 18, This is the zone directly beneath
the sepal, petul, and stumen insertion that is free from the ovary.

The development of this upper tube is similar to thut of the lower
tube. Trunsverse cell divisions &nd elomngstion result in a lengthen-
ing of the receptaclie in thig aree. The stuge shown in fig. 25 sand

a later stuge (fig. 26) show ite rupid development. Ar the flower
approaches the opening stuge, meristemutic uctivity becom#s more und
more restricted to the lower portion of th# tube, and then all further
lengthening is by cell elongation. Growth of this area aoes not ceass

until the flower approaches the opening stuge.

LISCUSSION
The present investigation of tne flowsr of Gaurws coccinea discloses
that the cepuls appeur first, then the petuls develop within and alter-
niate with the wmepal lobes, followea by the sppearance of the stzmens.
The carpele ure last to appear ana develop around the central portion

of the receptacle,



Fig. 21. Trensverse ssotion of a young flower at a level below stamen
insertion on the reccptacle, and showing the fused ends of the carpels
forming the style. X187. st, area of stamen insertiom; e, carpels;
r, receptacle.

Fig. 22, Lorgitudinal ssction of & youmg receptacie at a level cpposite
the ovary. Note anticlinal divieliocns. X750.



Fig. 25. Longitudinal =ection of an intermediate receptacle at a level
opposite the ovary. liote anticlinal cell division and lengthening of
the celle, vacuolation is beginuing to take pleace in the outer cells.

1750.
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Fig. 24. Lopgitudinal section of an older receptacle at a level oppusite
the owary. Note cell slongaticn apd vacuolation. X75C.
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Fig. 25. Lomgitudinal section of the receptacle st & ievel above the
ovary. Note cell elongatiop, and that wacuclation is beginning tc
teke place ir the outer calls. X750.

k il = R 7

Fig. 28. Longitudinsl section of am older receptacle at a ievel above
the owary. Note that cell division ie still taking place. Vacucla-
tioe is now taking place im most of the eelis. X760.
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Pig. 27. Longitudinal section of an intermediate flower at about the
same Stage as figs. 25 and 25, showing the receptacle tube, locules,
young owales and other floral appendages. The lime in the lower
portiocn of the figure represemte one-hbundred mieroms. X44. sy, style;
sa, anther; f, filament; p, petal; &, sepal} ow, owule; 1f, leaf; r,,
upper recsptacle tube; r, lower receptacie tude.

{

Fig. 28. Longitudinal segtion of an older flower showing the receptacle
tube lenmgthened. This sectiom showe all four locules. X20. sy, style;
a, anther; ¢, filament; o, petal; e, mepal; 1, iccules; Ty UPPET Te-
captacle tube; v, lower receptacle tube.
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Fig. 28. Transverme section through Fig. 30. Transverse usction through

the receptacle under the ovary the receptacle amnd ovary, showing

showing the wascular lundies. the vascular bundlas end the

I58. 4, dorsal bundle; v, ven- locules. X58. v, ventral bundle;

tral bumdle; r, receptacle. d, dorsal bundle; o, owuls; r,
receptacle.

Pig. 2l. Trapsverre section of a flower at the lewel of the anthers,
showing the wascular system of the sepals, petale, and stamens. X29.
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This agrees with the study by Goebel (Douglas 2) who found that in
the apple fliral purts appear: sepuls, petals, stamens, and carpels,
This he coneidered to be the order characteristic of flowers with in-
ferior ovaries. The flower of Gaura is definitely epigynous. According
to observations recorded here there is no ontogenetic fusion between
carpels and stamens, between stumens and petuls, between petals and
gepula, nor between carpels and receptacle, unless continuity of tissue
between the laet two be interpreted as fusion in the phylogenetic senss.
A study of both earlier and later stuges shows thut the tissuee just
below the sepsle, petals, und stumens have not been separate at any
time, and that the floral tube ie a result of zonel development in the
periphery of the receptucle. In any event the florml tube is not syn-
gynou®, This agrees with the findinge of Judson (7) who workec on the
pistillate Tlower of cucumber,

This conclusion conflicts with the appendicular theory hela by
Puri (10) in hir review of floral anstomy in the solution of morpho-
logical problems, and by Eames and Macliniels (4) in their book on
plant snatomy. In this theory it is thought thut the inferior ovary
represents adnation in its extreme form, or that the floral tube is
formeu by the complete fusion of the bucer of the sepuls, petals, and
stamens %o the carpellary wall. In some other species the vascular
anatomy of the hypanthium indeea suggests syngyny. It is not imposeible
that eome w®pecies are epigynous while others are syngynous. Thare 1s
no reason why all inferior ovaries have to arrive at thelr inferior
posritions by the same method.

A more couplete interpretation of the origin of the tube of this
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flower must walt until other genera una species huve baen investigat-

edl,

The ground work for such & study hus now been laid. This study

has been limited because the work has been confined to one species of

Gaura. A morphogenetic study of this flower may also add to our in-

formation asg to the true nature of the floral tubsa.

1.

2.

3.
be
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SUKNARY

A1l floral appendages of Gaura coccinea exhibit szimilar deteils in
origin from the receptacle,

After taeir origin, development proceeds in different directioms,
resulting in diverse structuras.

The sequence of initiation is:s sepals, petuls, stamens, and carpels.

The hypanthium of Gaura coccinea iz receptacular except at the base
where the receptsocle and carpels are continuous,

The flower of Gaura coccinea illustrates true epigyny.

The writer wishes to take this opportunity of thanking Dr. W. L.

Miller for his suggecstions and help in bringing this irvestigation to

a succeseful completion,
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