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Abstract — The morphoyonetical nature of the fructifications of the genus Pentoxylon
SRIVASTAVA (i.e. Sahnia nipaniensis VisuNu-MiTTrE and Carnoconites compactus SRIVASTAVA)
are discussed and a new theory of the morphogenetical origin of its cone like female fructifizations
is proposed. They are regarded as originally megaphyllous syntelomoid all round branched
systems with terminal megasporangia, resp. ovules, the branchlets of which became shortened
and finally utterly aborted; by this way the ovules were shifted as far as on the main rhachis
of the whole fertile systems, i.e. on the cone axis (— these fertile female systems never were
subjected to any planation process sensu ZIMMERMANN, contrary to the respoetive megaphyllous
sterile leaves, just as in the case of the male fructifications). They are therefore of the same nature
(i.c. foliar) as the male fruztifications, the morphogenetical nature of which is still evident. The
Pentoxyla are just for that reason, as well as because of the polystelic character of their stems,
regarded as the most primitive type of the Cycadopsida, exhibiting still some alliances with
the Pteridosperms.

Pentoxylon SRIVASTAVA is the best known representant of the curious,
utterly extinet and typically polystelic cycadaccous group (order) of Pento-
aylales, which during the last years was discovered in the Jurassic of India.
Besides silicifizd casts of stems also leaves (Nipaniophyllum raoti SAHNT i.e.
Taentopteris spathulata McCLELAND p. p.), clusters of male fructifications
(Sahnia nipaniensis VISHNU- MITTRE) as well as cone like female fructifica-
tions (Strobilites pascaonit SAHNI i.e. Carnoconites compactus SRIVASTAVA)
have been described in detail. The structure of the stoma‘a of their cuticles
remained for a considerable time not well elucidated. Mostly they were
regarded as syndetocheilic, wherefore the whole order has been generally
placed nearest to the bennettitalean Cycadophyts (Cycadeoideales). But newly
Visunu-MirTrE (1957) demonstrated their doubtless haplocheilic nature and
by this way also ncarer relations of this order to the more primitive evolutio-
nary line of the class of Cycadopsida i.e. to the cycadaceus line in a strict
sense. Their fructification clusters exhibit at first sight so many peculiar,
strange and primitive fcabures, that several botanists (e.g. CRONQUIST, TAKH-
TAJAN et ZIMMERMANN 1966) are ab present regarding this curious type of
plants as an independent gioap besides both alrcaly well known groups
Cycadeoideidae (i.e. Bennettitidae) and Cycadidae. No doubt the order of
Pentoxylales represents the most primitive type of the whole class of Cycado-
psida (s. 1ab.) becausz of the still maintained polystely, which links them with
the medullos:an pteridospermous plants; in both more advanced cycada-
ceous groups (Cycadidae and Cycadeoideidae) the polystely was evidently
suppressed in favour of a monostelic structure (see e.g. polystelic vascular
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strands still in the seedling plants of several recent cycadaceous types). As to
the morphogenetical interpretation of the fructification clusters of Pentoxylon,
many tasks are not yet sufficiently elucidated, especially those concerning
the female cone like clusters. But just a perfect knowledge of these features
is no doubt of eminent importance if examining the mutual alliances (taxono-
mical relations) with the other cycadaceous plant types.

The male fructifications have form of rather small telomoid
branches, bearing all round short side branchlets (ev. forklike divided) with
terminal pollen saoks (microsporangia). These fertile organs are not sub-
tended by any leaves or scales; they are arranged in a whorl at the top of
rather big dwarf shoots (bmohvb]asts) and are mutually collar like connate
at their base Below this fertile whorl, the dwarf shoots bear spirally arranged
leaves (or protective leaflets?). The morphogenetical nature of ‘the blnglt‘
ramified fructifications is according to their shape and their arrangement on
the dwarf shoots quite evident: very primitive microsporophylls, which kept
still their orlgma,l syntelomoid and megaphyllous character (not yet modified
by ,,planation®) and which passed from the original spiral arrangement on the
dwarf shoot top to a cyclic one (one whorl). This whole complox of collar like
at the base connate, ramified male fructifications, protected by spirally
arranged sterile leaves may be most conveniently compared (as also admitted
by many botanists at the present time) with the male ,,Howers™ of various
bennettitalean plants, especially with those of the genus Williamsonia CARR.
The only difference is that in the last named genus the microsporophylls
are already modified by “planation®”’ i.e. either branched only in one plane
or even provided with a flat lamina. Thus in Pentoxylon SR1vASTAVA the male
fructifications are to be 1(’gardod as extremely primitive megaphyllous sporo-
phylls (constltutmg s1mplo ‘flower” complexes, quite homologous with the
bennettitalean “flowers™), though at first sight they are very slnuhu (as to
their shape) to the wlllarv fertile (female) dwarf shoots of the genus Tricho-
pitys Sar. (of which they differ essentially only in being not (Lx1|l<uy h.

By far more puzzling are the clusters of the female fructifications.
The smglo fructifications represent small stalked, oval till eylindrical, till 5 mm
broad and 25 mm long, cone like bodies, arranged in a very low spiral (or
nearly clustered) on very short side twigs (dwarf shoots), being not subtended
by any leaflets or scales at all. Their stalks are naked (i.e. bearing no leaflets
resp. scales) and their axis bear all round densely crowded and perhaps even
partly mutually coalescent, sessile ovules; there are neither any leaflets nor
any interseminal scales among the mnglo ovules to be stated. At the first sight
they are rather similar to the female “flowers™ of the bennettitalean plants
(especially with those of the genus Westersheimia Krassur), but they differ
essentially in having no stalked ovules and bearing no interseminal scales.
All these facts admit, in my mind, two possible interpretations of the morpho-
genetical nature of the whole clusters of cone like female fructifications. At
any rate we have to do with rather big axillary dwarf shoots, bearing the
stalked strobili as side organs. Tt is then possible to consider the smgl(‘ stalked
strobili either (1) as short side ramifications transformed into “flowers”
similar to those of the benncttitalean plants, or (2) as modificd originally
branched (like the male fructifications) sporophylls. In the first case we
had to presume very strong reductions: shortening of the whole axillary
branch system and an entire suppression of the Jeaflets subtending the single
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fertile side twigs, as well ag an at least similar strong reduction of the sporo-
phylls born just on these side twigs as known in the bennettitalcan plants (or
still stronger, i.e. untill to only one sessile ovule). In the second case there is
not necessary to presume so many strong modifications: we have only to
presume an entire suppression of the original telemoid stalks of the ovules
(side branchlets) and a strong shortening of the main (syntelomoid) rhachis
of the sporophylls born on the axillary dwarf shoots, by which way the
ovules became (1) sessile and (2) densely crowded on the shortened sporo-
phyll rhachis (i.e. the axis of the cone like fructification). The second of both
just expressed alternatives seems to be much more probable, because it does
not postulate so many hypothetical and rather strong modifications; it rather
clearly interprets also the absence of any subtending lcaflets or scales on the
axillary dwarf shoots bearing the stalked cone like fructifications.

Summary

According to all above mentioned morphological features which till present are known about
the organisation of the fructification clusters of the genus Pentoxylon SrivasTava, the following
theoretical coneclusions were made as to their morphogenetical origin, resp. the morphogenetical
origin of their various parts:

I. Both kinds of these fructification clusters (male as well as the female ones) are principally
of equal origin.

2. They represent big axillary unisexual dwarf shoots provided in their distal (i.e. end)
portion with the respective sporophylls of megaphyllous nature and beneath eventually also
with sterile leaves (or protective leaflets?).

3. The single sporophylls are derived from a very primitive type: an all round ramified syntelo-
moid system with terminal sporangia. In the male dwarf shoots their modifications are only very
inconspicuous, their original organisation being still preserved. In the female dwarf shoots their
modification is rather stronger: their main rhachis was transformed in a short axis, stalk like
prolonged below and their side ramifications (fertile teloms) were wholly suppressed whercefore
tho originally terminal megasporangia — ovules — became sessile (and partly even connate)
directly on the axis (main rhachis). The female sporophylls got by that way a non ramitied,
strobilar shape (at first sight similar to the female flowers of the bennettitalean genus of Westers-
heimia KRASSTR).

4. The original spiral arrangement of the sporophylls on the dwarf shoot axis were transfor-
med in the male fructification clusters into a whorl like (cyelic) one (at the same time the bases
of the single sporophylls were mutually collar like connate), whereas in the female fructification
clusters it was more or less preserved (or only slightly transformed into a densely cluster like one).

According to these facts and inferences we may regard the genus Penfoxylon SRIVASTAVA as
a cycadnceous type, in which the sporophylls (especially the male ones) kept the most primitive
imaginable construction: an all round ramified megaphyllous syntelomoid systemn with terminal
sporatgia. As mentioned also above, even the anatomical structure of the stems of Pentoxylon
comparcd with other eycadaceous plants are of a rather primitive type, i.e. provided with a poly-
stelic vascular system like in the medullosean Pteridosperms, Accordingly we have to regard
the genus Pentoxylon SRIVASTAVA as well as its allied types as the most archaic types among
the cycadaceous plants, perhaps as the direet descendants of the ancestors of both eycadaceous
ovolutionary lines, the Cycadidae and the Cycadeoideidae (Bennettitidae), standing of course
nearer to the first one because of the primitive (haplocheilie) structure of their stomatal apparstus.

Souhrn

Clanck piinasi rozbor morfogenetické podstaty fruktifikaénich souborii cykasového rodu
Pentoxylon SRIVASTAVA, a to se ziotelem k stavbe fruktifikaci jinych, zejména megafylnich
gymnospermit. Vychazi se ze zakladniho stanoviska, %e jako u viech ostatnich eykasovych rostlin,
tak 1 u rodu Pentoxylon, saméi (Sahnia nipaniensis VisuNu-MiTrre) i samici (Carnoconites com-
pactus SRIVASTAVA) fruktifikace jsou soubory sporofyli megafylni povahy. Povaha saméich sou-
horin je jasnd; jsou (souhlasné s vétdinou dosavadnich nazori) vykladany jako do kruhu (pres-
lenu) sesunuté, nesmirnd primitivni, telomoidné vétvené a pii spodu limeckovité navzajem spolu
srustajici mikrosporofyly na zkriacend vétvi (brachyblastu), nize porostlé jalovymi listeny (tj. ana-
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logon samdiho kvétu rodu Williamsonia Carr.). Stopkaté §idtice samiéi jsou, na rozdil od dosa-
vadnich nazor(, vykladany jako silnd zjednodugend (redukované) megasporofyly, a to tak, %e
vajitka pitmo pordstaji jejich zkricené hlavni Zebro (po potlaceni telemoidnich postrannich
Zeber, nesoucich pavodné vajicka); jsou pak na zkracené votvi (brachyblastu) sesunuty jen do
husté Sroubovice, ¢inici popiipadé dojem svazeéku malych stopkatych istic. Jednotlivé sisky
nelze proto porovnavat se samic¢imi kvéty (popt. kvétnim lazkem) bennettitovych rostlin (ostatnd
jim chybi intersemindlni Supiny a jednotlivé Sisky nevyristaji z pazdi listenti ). Samei i samiéf
soubory fruktifikaci maji stejny morfogeneticky pavod: zkracené vétévky (brachyblasty) po-
rostlé sporofyly, z nichZ sam?i (nesmirnd primitivni) json jon malo premsnéné a sesunuté do kruhu,
samici silné zjednodugené, ale v husté &roubovici. Z hlediska fylogenetického jde o neobyéejné
primitivni typ eykasovych rostlin, ¢asteéné konvergentni k bennettitovym rostlindm, s kterymi
v8ak nejsou blize pribuzné. Vyznacénou polystélii jsou jesté velmi blizké piavodnim piedkim
(snad medullosni pteridospermy) cykasovych rostlin.
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