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The mmber and nature of stamens in flowers of the Cucurbitaceae
has lang bean a cantroversisl problam smong stwlants of flaral mwrphology.
Buadin 1885, acomrding to Chakvarty (2), thought that 3 was the dasic
mabar of stasans in this fumily. Suundin imagined a 2-2-1 stmmn
arugest vhiare 2 1z & camplete etamen (tetrusporeogiate), apd 1 &s
a mlf-stammn (Msporggiate). In the few speciss of this family wdah
have five stamens, he believed that the two complete stamens split
resuliling in viat be ctlled four Maif-stammmns. These, togwtder with
the norFmm) half¢tamen, vould acccunt for the total of fiwe, each
bearing two epareggia.

Pger 1857, accarding to Miller (10), "presantad the opposing
vieu, that the mmll Msprwgistse stamm was oorml, wvhils the large
tstraspuegiste stamen bed resulted fram the umion of two aorwml caes".
Mller cites cthar investigatars tixough the latter balf of the nine-
tosuth omftary, Whoee papara Were not avallahle to this writer. Thees
wrinre, howsver, sgifed e¢ither with Maudin or Payewr in their iaterymre-
tations.

More reaantly Esimlich (6), in his stufy of the flowers of cu~
cambar, agresd vith Bsnudin'e sarlier work, ocalling cne stemsa of the
flowar & Mif-stammn. In 1528 Mller (10) izvestigated the staminate
flower of Gchinecyatis lobata, and he came to close agreemsnt with
Mayar. Mllar found that there are only two stamens in the staminate
flowar of this speclesa; one Witmsmmwggiste and one bLispmeggiate.
But he shoved the evidencs that thare are fumizmmrtally three stamsns,
esch bsporangiats; but that two of them became united during their



early development, appearing finally as one tetrasporangiate stamen.
Chakvarty (2) who has most recently worked on the stamen situation in
Cucurbitaceae, agreed with Miller's interpretation, and suggested
further that reduction from pentamery to trimsry in the family was due
to fusion. He did not accept the half-stamen idea either.

In the foregoing investigations of cusurbitaceous stamens, little
attention has been given to the staminodia in the pistillats flowers.
With a suspicion that the staminodium situation might reveal scme
primitive relationships among stamens, this present investigation of
staminodia was wdertaken. Once the matter is cleared up, it should
santribute to the working knowledge of both taxonomists and morphologists.

Moreover, study of the nature and degree of development of sta-
minodia in Echinogystis lobata mey prove helpful to cur understanding
of the separate smms among many {lowering plants. Iiterature does not
mamtion that the pistillate flower of Echinmogystis lobata mey produce
pollen grains, but it should be mentioned that inm some pistillate
flowers the author did find functioning "stamens” with apparently
mormal pollen.

In his studies on sex balance in squash, Nitsch (11) found that
more pistillate flowers were produced at low temperatures than at high
temperatures; and that artificially increasing the length of day,
consistently retarded production of pistillate flowers, so that the
sex balance swayed toward maleness. Since the ficss: specimsns for
the present investigation of Echinooystis lobata were callested in
nuw,mmmummu;mmnmm,
mmamwmnmunm




may vell be another instance of the trend tcaard maleness which Mitsch
damxrides. A study of the effect of 1light ami temperature on the
developmsnt of siasens in the pistillate {lower of Echimocystis lobata,

would be a pramising probleam for physiologists.

The flowers of Echinocystis lobata were collected Ssptember 9,

1955, alang a road at lake Campbell, near Broakings, South Oakota. The
flowers were fixed in formmlin-acetic-aloobol. Following fixzatiocn, parts
of the periantk were cut off to facilitate the removal of air by a
vaouna pamp. Specimans vere then washed in 50% ethyl alcchol, dehydrated
and eabwided in pmreffin., Both trunsverse and longitudinsl sections
were out at 8 miocroms, and stained with mafrunic and fast green.
Druvings wvere made vith the aid of a cassru lucida.

JBVEST IGAT JOR
a. Mabit

Pistillate flowers are borne singly, reraly two together, in the
sais axil vhare staminats flovers are daras. The farmer are shori~
stalked and epigynous. The staminate flowars are in an inflorescence
vhich ie sither recamnse or paniculate. The pistillate flowers are more
oftan yellovish or greanish vhareas the staminate flowars are aearly
vhite. The pistillate hymnthium 1s covered by spines which, vben dried
at mturity, are sharp and prieckly to the toush. The ovary ie ovate and
with either 2 or {4 locules, each enclosing 2 ovules. Arising from the

hypsnthimm ie & campanulata parianth-tube, bearing 6, rarely 7, lanceolate
corolla lobes and as mmny celyx lobes. The lattsr are slender, pointed



at the apex end cyliodrical at the base. They are borme alternately
with ths lobes of the corolla.

The three staminodia arise at a level of the perianth above the
ovary, their filasents united with the base of the style and their an-
thers more or less free and curved. Figure 1 is used to show a longi-
tudinal section of a pistillate flower, and to show the relation of the
ataminodia to other parts. In mature the staminudia are hard to find
by an unalded eye, owing to their emall size, and because the over-
arching lobas of the stigma hide them from view. £Engler and Prantl (4)
described them as hair-like; Rydberg (12), as more or less reduced.

The aathers are ususlly curved, due to the dovaward folding of the two
lobes of the stigma. The filament is flat and is nearly as wide as the
anther, emcept that the latter marrows towards its apax. It is impor-
tant to note that two staminodia share the avallable space between two
stigmatic lobes on ome side, whereas the third staminodium is borne
singly betwean the two lobes on the opposite side. The two staminodia
that grow close together, sharing the available space between two
stigmatic lobes, have been found to units in such a maansr that their
adjacant sides are oomtinucus, due to maristematic activity in the
imtarveniag receptacle tissus, so that tbey have grown upard in
apparently a single unit, except for the bent parts of the anthers
(£1g. 2). Pigure 3 is used to show how the adjacent sides are zo com-
pletely united. When such union occurs, only two staminodia are fouod,
Just as two stamans are found in the staminate flover; and the stamen
which has resulted from the union is totmapor-nnghto. Miller (10)
has advanced this thesory of unlon or contimmity, dues to close growth of



Figure 1. lLongitudinal section of the upper part of the pistillate
flower: b, vascular bundle; ¢, stylar camal; 1, stigmatic
lobe; ov, ovary; p, perianth; s, style; st, staminodium; x 25

Figure 2. Cross section of the pistillate flower at the level of the
filaments of staminodia: b, vascular bundle of styls; b*,
vasoular bundle of staminodium; c, stylar 3 1, stigmatic
lobe; s, style; stl, single staminodium; st<, double
staminodium; x 55



the two staminodia. He belisved that the clces praximity of the two
staminodia 1o the pistillate flower may suggest the uniom that tahes
place between the two atamens vhich farm the uwsually tetresprraggiate
stanan in the stamimate flower. Howvever, he did not see two stamino-

dia actmlly grov togsther as s single unit,

b. Vascular Supply

A detalled study of the vascular supply to stamiscdia shows
that they are related to the sspal txmdles. Starting fram the pedi-
cel, serial croass sections show that 4 large bundles esupply the hy-
panthitm, ovules and spines. The hypanthiws continuss into a slender
tube as it risss above the ovary. At the level immediately below the
axpansion of the perianmth (fig. 1), s croas seotion (fig. 4) shows
twelve duslles entering the upper part of the flover, i.e. the per-
ianth and style. Each of these twelve bumdles divides radially (scas
tandles divide much earlier than others) into two bundles. Consequently,
after the bdranching, two sets of bundlies are formed: an ipnsr set and
outar ons, each get with twelve bundies. The former set enters the
style of the pistil vhile the latter beccmes the pariasth bundles
(£4g. 5). Six of those that enter the parianth extend into the eix
petals vhere they becams the mid-bundles. The remaining six becoms the
wid-bmxlles of the six eepals. The outer set is so distributed that
the bundles wvhich supply the sepals altsroate with those vhiad supply
the petals.

The twelve bundles that supply the perignth not only became
nid-bundles of the respective organs but also exhibit different habits
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Figure 5. Cross section through base of perianth tube: ¢, stylar canal;
P, perianth tube; pe, vascular supply to petal; sb, vascular
supply to siyle; se, vascular supply to sspal; stb, vascular
supply to staminodium; x 55
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FPigure 6. Cross section through base of style: ¢, stylar camal; sb,
vascular bundle style; stb, vascular bundle of
staminodium; stb’, vascular bundle of staminodium; stb?,
vascular bundle of staminodium; x 123



of branching and give rise to marginal veins of the petals. Such
branohing occurs before a bundle enters its respective organ, namely
the sepal or petal. Ais a result, the main dundles and their branches
appear to anastomose (fig. 5). 4 bundle that is destined to supply a
sepal produces either 2 or 3 tuwanches. If 3 branches are produced, two
became the marginal veins of the neighboring petals, one on either side,
vhile the third branoch comes off directly in front of the branching
sepal bdundle, and extends parpandicularly to supply a staminodium.

Thus, ons branch from each of three sepsl Muxiles supplies a staminodium.
As in figure 6, the serial sections ehow that, at the level of the base
of the astyle and above, the three staminodium bundles are dietinct

from the bundles of the style. Three separate vascular bundles supply-
ing the etaminudia force ome to the conclusion that the mmder of
staninodia is basically three, despite the fact that two of them may
oceasiomelly unite as a result of their proximity in the flower.

In all pistillate flowers azamined there were basically three
staminodia, though in sams the two in close pruximity had united.
Exeept for this single feature of uniformity in numder, however, the
staminodia of different flowers showed a high degree of variability.
Their shape can be modified considerably by the lobes of the stigms
vhich curve outvards and dovawards from the style, obstruoting the
upvard elongation of the staminodia and cawsing tham to band around
and dovnwvards toward their own bases. Also, staminodia showed varying
degrees of developmeat, even in flowers of equal maturity.

The simplest type of staminodium found :I.n fully opened flowers
vas lmir-like in shape, and so ammll as to escape notice unless a lens
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was used. The vascular aupply to such a staminodium was never seen to
bhave matured bsyond procambium stage; and in no instance did this type
of etaminodium show evidence of sporangium development (fig. 7). This
ia the type described by Engler and Prantl (4) as being hair-like.

Most of the staminodia, however, had devsloped a bit farther
than this before their progress was stopped: they were larger than the
bair-1ike ones, -especially in width. Fach was traversed by a vascular
bundle wvhich, for about the first (proximal) half of its length bad
matured into xylem and phloem tissuses; only the distal half of the
bundle remained as immature procambium (fig. 8). In staminodim of this
type two conspicuous cavities bad develcped, one on either side of the
wide connective. Each eavity was seen to be preceded, in an immature
staminodium as in figure 9, by periclinal divisions of the hypodermal
layer, just as in the dsvelopment of a alocrosporangium wmll. Eventually
the inner ones of these wall cells broke dowvn and were apparantly
resorbed, leaving the empty cavity (fig. 10). Bo microspore mother
oells vere differentiated and therefore no miorospores were produced.
But because these cavities developed vhere miorosporangia would be
expected in a stamsn, because their initial development resembled that
of microsporangia, and because a fev steminodia d1d actuelly develop
alcrosporangia, the latter is what these cavities are interpreted to be.

In a fev pistillate flowers the three staminodia had matured
still farther. They were not only large, vith well developed vascular
bundles, but vere actually stamens wvith either pollen mother cells or
pollen graina enclosed (figa. 11, 12). In thia type, bowvever, there
wvere variations in number of amicrosporangia. The simpler ones were



x 215

Pigure 8. Longitudinal seotion of a mature larger stamimodiums b,
mture—vascular dundle; pr, procasbium; x 164



Figare 9. Cross seotion of young larger steminocdium: ¢, epiderwmis;
t, epuorogenous tissue; x 455

Pigure 10. Cross section of maturs h:iu- stapinodium: b, vascular
buadle; » Sporangiums ep~, eporangiums; x 200
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bisporangiate (fig. 12), i.e. they bore but two microsporangia. In such
a stasen two rows of microspore mother cells would be found in each of
the two sparangia. They would be found lying side by side, without
intervening sterile tissus (fig. 12). The fallure of sterile tissns
to develop between cantigucus rows is evideatly the reeson why such

a stamen was bisporangiate instead of tetrasporangiate. A single cross
sestion to show the two sporangia together is impossible because thay
develop at different levels on the stamen. If ths tvo sporengis were
contimwous with each other, they would constitute the S-abaped figure
which Miller (10) describes for the staminate flower; but they were not
found to unite at amy point. It would appear, then, that two long,
slemier sporungia, lying side by side, had become ane by failure of the
intarvaning wall to develop; and then that this ome laong sporangium bhad
became two short ones by the sterilization of potential sporogencus
tissue at the middle of the long, S~-shaped strip.

Even the usual tetrasparangiste etamen dearing 4 microsparangia
ves found. In this type the sterile wall between the two parallel rows
of mother cells wvas completed (fig. 11), and four miorosparangia were
formsd instead of two. Hence eitbsr of two types of tetrasparangiate
stamsn may occasiocnslly be found, cne which is the remilt of umiom of
tvo bisparangiate stamens, and the othsr \dich results from formstioa
of a sterile wall between the two rowe of mother oells.

¢, Microesporangium and Pollen
Baneath the anther's epidermis, microsperaggium initials (fig. 13)
cut aff parietal sells that develop the three-layewred wall of the

SOUTH DAKOTA STATE COLLEGE LIBRARY 116718



Figure 11. Cross section of a tetras iate au-n;pg, vasoular
bundle; p, pollen grain; , Sparangium; » uponzim;
sp3, sparungiunm; sph, sparangium; vl, sterile wall; w2,

sterile wall; x 144

Figure 12. Cross seotion of a young bieparunglate sparangium: ¢, epi-
dermis; mo, mother oells; sw, sparangium wall; t, tapetum;
x 615
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sparangium, the innermost layer of the three becaming the tapetum
(f1g. 12). Next inside the tapstal layer are the large microspore
mother cells. In the staminate flover (figs. 14, 15), every stamen
examined had its mother cells consistaantly in uniseriate rows, one row
in each sporangium. In the sporangium of bisporangiate stamens of the
plstiliate flower however, mother cells cammonly ococur in two rows
(£ig. 12). Thie fact suggests that, if two rows of eparangium initials
differentiate olose enough together in the young anther, the starile
tissus betveon tham, if present at all, may be too meager to continue
as a esparating vall. Consequently, the mother cells of two sporangia
coms to be included in a single sporangial cavity.

Microspore mother cells round off from one another pricr %o their
redustian divisions, just as Kirkwood (8) described them in the
staninate flover. Also in accord with his £iidinga, these rounded
mothar cells undargo considerable contraotion and distartion (fig. 16);
thea thay divide to form tetrads of miorospores. So far as one can tell
fraa develomsntal phecamena, and from final structure, the miorospares
pradncad in pistiliate flovers are perfectly sarmml and viable. Their
vall and protoplast features compare with those of microspores produced
in stanimate flowers, even to the active mclsus with its nucleolus
(£ig. 17). Bo pollen grains from a pistillate flower were germinated,
howsver, to prove their viadbility. Pollen grains are shed by the
disorganization of the sparungium wvall cells and subsequent rupture of
the epidarais.



Pigure 13. langitulinal seotion of a staman primardium: 1, sporangium

initial; p, periaath; sti, stigmatic lobes; x 329

Cross seotion of two young sparengis

at mothar cell stage

Figure 14.

of a staxinate flower: mc, mothar oell; w, starile wall;

x 980



: 15. Longitudinal section

Figure 16. Tetrads in sporangimms x 700



DISCUBSION
Flovers of the Cucurbitaceas bear Doth tetraspurungiate stamens

and bisporemgiate ocnes; tut intsrpreting the former as whole stammns
asraly Decause they bear four sparangia, and the latter as half-stasens
serely because thay dbear two, is 1llogical. Throvughaut the ferms, the
ousber of eparangia dbornme by eparophylls is wvariadble; but a sparophyll
is a vhole sporophyll whethar it bears few sparangis or mamy. Similarly,
flowriang plants exhibit variability in cmber of eparugngis per staman,
The feoct tbat four is the mmber most frequeatly developed on a stamen
ocannot be taken as proof that a stamen is cosplete only if it has four,
that it is a half-etamen if it has two, or a fourth-stasmn if it haa

bat cns. Hor can it be interpreted as a poly-staman just because it
happeas to bear more than four sporungis. Wylis, socarding to Mahsshwari
(9), reports that stamens of Elodes cansdensis regularly produce two
sporangia each, with no suggestion of a greater nmmhar at any stage.

This 1s also the eituation in ths Asclepiadsceas. Caldwell (1) describes
the stamen of Jeins minor as producing a single sparangium which, late
in develomment, beermes subdivided by sterille tissus into four locules.
Mahsshwvari (9) refers to a paper by Witnsr 1937, who found that, in
Jallisnaria, tbare are all gradations from unilocular to tetralocular
stamens, depending upon the degres of development of sterile plates
through the sporogemcus tissus. Such variahility ressmbles in principle
vhat the presant writer found in staminodia in Echinogystia. More than
the usual four sporangia have been reported froa Cychidaceas and Conagra-
oeae Ly vericus investigators. Coulter and Chamherlain (3) refer to a
paper by Van Tieghem as eerly as 1895, who descrided the mumber of pollen
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sacs in stamens of ths ] oranthaceas as being axceadingly variable,
ranging from one to an indefinite mmber. And Johnson (7) found that
the stamens of Piper betle say have four, thres, or two sporwrgia, or
only ons.

A stapen character mare significant morphologically than mare
mmber of sporangia is the vascular supply. Ons vascular bundle to a
staman is so pearly umiversal amang flovering plants that any number
other than one immediately invites investigation. The mmbar of vascular
bundles supplying a etamsn, or a stamen camplex, is therefore a more
dependable index of the basic mumber of waits in such a complex than is
the pumber of externally visibls parts. More specifiaally, if what
appears to be a single stamen receives two vascular bunlles, an investi-
gator immediately suspscts a union, more or less complete, between two
units. Such a union was found to be a fact, as stated above (fig. 2),
anong steainodla of Echinocystis. Three vascular buniles clearly indi-

cate three staminodis, even though two staminodia have united completsly
enough to appear extermally as ome. Miller (10) suspected this from his
study of the staminate flowsr, and the presemt study in pistillate
fNowers supports that concluasion. The two-stamen flower in Echinocystis
has not one complete stamen and one half-stamen; but retber two stameus,
cne of which is single and the other dowdle. Heimlich's camplete stamen
and balf-stamsn in the flower of cucumber may need re-investigsting in
this cannection.

The wariations in number of stamioodia, in number of micro-
sparangia, and in lgvel of development in the latter, all suggest s
degree of flucstuatian that might well be axpected in an orgsn, or set of
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argans, that is undsrgoing phylogenetic degensration. Under suitable
conditions, staminodia actuwmlly revert to stamens with 2 or 4 micro-
sparangia amd produce pollen that appsars to be viable. On the other
hand, unsuitable conditions result in staminodia that are sterils, and
hair-like in appearance. If, as it would appear, a separation of the
saxss into different flowers is evolving out of a oondition of bisex-
uality in €lovers, obviously the staminate Clower has progressed farther
in losing evidences of the cpposite sex than the pistillate flower has;
for while ths formsr exhibits no extarnal evidence of carpels, the latter
does exhibit staminodia, some of wbich occasionmally produce pollen,

SUMMARY

The purpose of this investigation was to examine staminodia in
the pistillate flovers of Echinocystis lobats with the hops of finding
details of developmant exd fimel strustwre vhich would comtridute to
an understanding of the stamen situation in the stamimate flower. It
is not uncommon to find two of these uniting inte one unit structure,
during thelr growth, if thair prisordia arose in close pruximity to one
anotbar. This feature, together with the thrse-bundle vascular supply,
ixiicates clearly that there are bdbasically thxee staminodia in the pis-
tillate flower, and it indicates as wll that the two stamens in a sta-
minate flover are fudammntally three camplste stamens.

It is of impartance that staminodia sametimes twoams functiomal
stamens, and that this reversion to a poasible ancntr_sl comxiition
appears to be a response tc anvironmantal conditions ubich accentuate
mmlsneas in the flower.
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