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ABSTRACT.

In the present paper is described a new genus of petrified monocotyledonous
flowers arranged in a racemose inflorescence.

The flowers are shortly pedicillate, pistil-

late and are arranged alternately along six vertical rows on a six-sided inflores-

cence axis. In each flower, sepals six, free,
stamens not present ; pistil hexacarpellary,
dividual flower are placed round or partly

one ‘against each carpel ; corolla and
apocarpous. The six carpels of an in-
fused with a flat six-angled carpophore

which is the continuation of the flower stalk. Each ovary is drawn out at the

apex to form a short, conical blunt style.
the top, covering the six ovaries partly.

The carpophore gradually broadens out at
On the top of each flower there lie thick flat

ribs, one on each ovary, radiating out from the centre of the flower more or less to the

stigma of each carpel.

The anatomy of the inflorescence axis shows a monocotyledonous pattern. The
cellular structure of most of the floral parts is well preserved. Sclerotic tissue is abun-
dant, in the inflorescence axis, carpophore and ovary wall.

From the comparisons made with the living families it is seen that the present
genus, though showing resemblances in certain respects with some genera of
Scheuchzeriaceae, is outstanding in possessing its own individual characters, and

consequently is referred to a new genus Shuklanthus
the specific name indicating its superb form.

superbum gen. et sp. nov.,

Among the fossil forms it shows close resemblance with the fruit form Vira-
carpon and it is believed that the present flower might, at maturity, have de-

" veloped into a species of Viracarpon.

Since the flower-characters are more authentic

than the fruit characters, it is proposed to refer the fruit genus Viracarpon, along

with its different species,

under the new f
species of the fruit remaining as such, viz.

the various
Shuklanthus  hexaspermum (Viracarpon®

Hower genus Shuklanthus,

hexaspermum) and Shuklanthus elongatum (Viracarpon elongatum).

INTRODUCTION

THE material described here was collected

by the author from the Deccan Inter-
trappean Series exposed near Mohgaon
Kalan village in the
Chhindwara district,
Madhya Pradesh. The
age of these beds is
believed to be Eocene
(Sahni, 1940 ; Sahni
& Rode, 1937 and
Rama Rao, 1936).
These extensive forma-
tions  have yielded
quite a rich flora of
modern aspect : leaf
impressions of angio-
sperms, petrified woods
both of Dicotyledons and palms, fruits,

1solated seeds and even flowers, besides
representatives of other gioups. The only
two fossil flowers, Sahnianthus (Shukla, 1944)
and Saknipushpam (Shukla, 1948) : Sak-
nipushpam shuklai ( Verma, 1956 April and
1956, October) described from this region
are both dicotyledonous and the present
specimen isthe first reccrd of monocotyledo-
nous ‘flowers aggregated in a fairly long,
beautifully preserved inflcrescence though
some monocotyledonous fruits and ‘in-
fructescences have been 1eported earlier.

The study of the present material is based
on two specimens, I and IT, exposed on a
chert piece in oblique longitudinal sections.
A close study of both of these has revealed a
unique similarity in their general arpear-
ance and morphology. Specimen I lies
flat on the rock surface alcng mest of
its length and is fractured in a neat
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transverse plane at one end. Specimen I1
is the apex of another similar inflorescence
and is exposed, both, along longitudinal
and transverse planes ; the longitudinal
plane being an oblique tangential section,
while the other one exhibits the half trans-
verse view of the specimen.
of this specimen are similar to those of speci-
men I though, being younger, they are
comparatively smaller in size and more
crowded on the axis.

The rock containing these specimens is a
little soft and it was not possible to take
very thin microscopic sections nor peels.
Further, when the sections were mounted
in Canada balsam they grew rather trans-
parent hardly yielding enough anatomi-
cal details. It was quite convenient,
however, to take thin serial slices of the
rock from the transversely exposed end of
specimen I, which after suitable polishing
could be studied successfully in strong
reflected light. The surfaces of the slices re-
presented serial transverse sections at
various levels. These slices, after suit-
able and adjusted thinning, when mounted
in Canada balsam presented clear anato-

The flowers
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mical details. For microphotography tco,
strong reflected light with suitable filters
proved very useful.

Text-figures were prepared directly from
enlarged microphotographs taken on mat

paper.
DESCRIPTION OF SPECIMEN I

It is a racemose inflorescence consisting of
a large number of shortly stalked flowers
(PL. 32, fig. 1). The total length of the speci-
men works up to 47 mm., of which 7.5 mm.
has gone away while cutting the three
slices and the remaining 39.5 mm. is exposed
on the rock surface. The inflorescence
might, however, have bheen longer as
some of it seems unexposed, lying em-
bedded inside the rock. Also, the inflo-
rescence is not straight but bent twice,
aform which it took possibly at the preserva-
tion stage. For the sake of convenience
the specimen has been divided into four
regions, A, B, C and D (Text-fig. 1) ; re-
gion A, now in the form of transverse
slices : region B, running flat on the rock ;
region G, flat but at a lower level and

Text-fig. 1—A diagrammatic representation of the specimen I, partly embedded in the rock, showing the
four regions into which it has been divided for detailed study. Region A-—the por-

tion which was cut into three transverse slices ;

region B — the portion which runs flat on the

rock surface being exposed in a superficial tangential plane ; region G —the portion frac-

tured along a deep longitudinal plane ; region

D—being the sloping part of the

inflorescence exposed along a very oblique plane, x1.3.
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region D, which is sloping. The maxi-
mum diameter of ‘the, body of the inflo-
rescence is 5.2 mm. and that of the inflo-
rescence axis 1 .6 mm, :

Inflorescence axis :—The transverse plane
of the inflorescence axis at the node is dis-

tinctly six-angled but in the region of -

the internodes the angles become rounded
off giving it more or less a circular form
(P 88, e, B e ol &5, fig. 13 ; text-figs.
3 and 8).

Arrangement of the flowers on the axis — The
flowers are pistillate, shortly stalked and
are attached at the nodes of the inflores-
cence axis, along its flat sides, in an
alternating fashion in six vertical rows or
orthostichies. A transverse section through
any node of the inflorescence axis will,
thus, show three flowers belonging to the
alternating orthostichies, cut radially. A
further section through the successive

node, either above or below, will again cut

three flowers radially belonging to the re-

maining three orthostichies (P1. 32, fig. 4 ;

P1..33; fig. 8 ; Pl. 34, fig. 9 ; text-fig. 3). In
other words, the flowers are arranged in

alternating whorls at successive nodes. The .

flowers are quite compact and so placed
that those of one row fit closely into "the
gaps of flowers of the two alternating rows
on either side (Pl. 82, fig. 3 ; text-fig. 4).
Consequently, a transverse section through
an internode will show six flowers tangen-
tially skipped, from the upper and the
lower whorls, and hence appearing de-
tached from the inflorescence axis : (Pl
32, fig. 5 ; PL 85, fig. 13 ; text-fig. 8). The
average distance between’ two nodes of
the inflorescence axis is 1.2 mm. and
approximately its double, between the two
superposed whorls of lowers.

Pl. 32, fig. 3 shows a longitudinal tangen-
tial section of the regions A and B of the
inflorescence passing through one row of
flowers, each one of which in its' own turn
has been cut transversely. Since in this
section seven flowers can be counted in
one row, it is calculated, there must have
been nearly 45 flowers in all the six rows
in this portion of the inflorescence alone.
Text-fig. 2 indicates the region C of the
specimen which is a slightly oblique tan-
gential view of the inflorescence, cutting six
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flowers of one row longitudinally. This
means there ‘must have been nearly 33
flowers in all the six rows of this region.
Lastly, coming to the cuived .part D of
the inflorescence, which is again cut
longitudinally though obliquely, there can
be counted 39 flowers. The total number
of flowers thus, on the entire axis—A -+ B--C
+D—comes to 117.

Text-fig. 2—A deep longitudinal section of region C
of the inflorescence (specimen I), show-
ing a portion of the inflorescence axis,
AX cut longitudinally and a single row
of flowers "attached 'to'it laterally, the
individual flowers being cut along a very
oblique vertical plane. c, cortex of the
inflorescence axis ;- fvb, fibro-vascular
bundles ; P, perianth ; Cp, carpo-
phore ;  w, detached ovary " wall ;
Sg, stigma ; O, ovule, X 9. ;
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Flower :—The individual flower, as men-
tioned above, is pistillate, the pistil being
- hexacarpellary, apocarpous. Each flower,
which is narrow at the base and breoadens

text-fig. 3) two of these are seen attached at
the base as small appendages. The average
length of a sepal is 0.45 mm. and thickness
0.135 mm.

Text-fig.

83— Transverse section of the inflorescence (specimen I) at the node along the plane cc’ of

text-fig. 4 cutting three ﬂowel.rs of alterpate rows radially. These are attached to the
transversely cut inflorescence axis. Ss, soft tissue in the style ; R, ridges at the top of the flower;

g, gap for flowers of alternating rows.

The six fibro-vascular bundles forming the inner

ring are shown unshaded. (The other abbreviations for labelling same as in text-fig. 2.) x 15.

out towards the top, is attached to the
axis by a broad and -stout pedicel (PL. 33,
fig. 8 ; text-figs. 2 and 3). The maxi-
mum average height of a flower, includ-
ing the pedicel, is 1.8 mm. while the width
is 2.7 mm. X 2 mm.

_ Pedicel :—Tt is short but massive and is
probably six-angled with rounded edges.
It is continued between the six carpels form-
ing a carpophore or a central axis of the
flower which reaches up to the top of the
ovaries. The maximum average width of

the pedicel is 0.85 mm.

Calyx :—This may, more appropriately,
be called the basal perianth. It consists of
six sepals which are probably free, cach
sepal against a carpel. In the radial longi-
tudinal section of a flower (Pl. 33, fig. 8 ;

Corolla :—Probably absent, since there is
neither any trace of its tissues nor any
gap torepresentits occurrence.

Pistil : —The flower possesses six carpels
arranged round a flat six-angled central axis
or carpophore, each carpel being placed
against its one side (Pl. 32, fig. 3; text-fig. 4).
The carpophore becomes broader at the
top, measuring 1.1 mm. while only 0.7 mm.
in the middle region, thus deflecting the
carpels a little towards outside. In each
carpel the upper porticn of the ovary foims

‘a conical style like projecticn which ends

in a pointed stigma. The averageheightcfa
carpel, in a flower fiom the region A, is
1.35 mm. and its maximum width 0.75 mm.
The ovaries, in young condition, are fused
with the carpophore along their length.
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Text-fig. 4—Tangential longitudinal section (slightly
oblique) of regions A and B of the in-
florescence  (specimen  I), showing
three rows of flowers ; the flowers in the
middle row neatly cut along a transverse
plane in the middle. The two rows on
either side partly and obliquely exposed.
The individual flower, each with six
carpels placed round a carpophore and
occasionally in the initial state of fusion
with it, fitting into the gap of the
adjoining rows. G, carpel ; O, ovule ;
w, detached portion of the ovary wall ;
Cp, carpophore. The lines aa’, bb’,
cc’ dd’, ee’, fI’ and gg’ represent the
transverse planes along which the in-
florescence has been sliced for study. The
accompanying figures in the margin
opposite each line indicate the respec-
tive sectional views of the inflorescence
(PL. 32, figs. 4 and 5; Pl. 33, fig. 8;
PL. 34, fig. 9 ; PL. 35, fig. 13). X 81.

In mostofthe flowers of the present specimen,
since these are comparatively older, the car-
pels are getting separated from the car-
pophore, remaining attached only at the
base and at the top, though in a few cases
the shreds of fusion tissue are still intact,
and in some, the individual carpelsmay even
be at the initial stage, either partly or com-
pletely fused. Such fusion areas are
marked out distinctly in radial longitu-
dinal and transverse sections of the flower
(text-figs. 3 and 4).

Ovary :—Each ovary is longer than broad
and is more or less triangular in cross sec-
tion, with round edges towards outside.
The thickness of the ovary wall is not uni-
form : itis comparatively thicker at the base
and on the outer side. The outer wall of
each ovary becomes free half way down-
wards and gets bifid at the top (Pl. 33,
fig. 8 ; text-fig. 3). There is, however,
left a thin tissue over the solitary ovule in the
region where this layer gets separated. In
longitudinal and transverse sections this
partly detachedlayer, measuring about 0.55
mm. in length, reminds one of a perianth
lobe, one opposite ‘each ovary. In the
radial longitudinal section of the flowers,
however, these lobes are one with the
rest of the overy wall, being made up of the
same kind of tissue, and consequently there
remains no ground- for considering these as
inner whorl of perianth lobes or even
corolla units partly fused with the ovary
wall.

The top of each ovary is drawn out to
form a projecting conical pointed struc-
ture, the style (text-figs. 2 and 3). When
viewed from above, this appears to-be pre-
sent at the outer margin of the carpel,
obviously due to the outer tilt of the
ovary. Each style is quite thick at the
base and is triangular in cross section

( Text-fig. 5 ).

Ovule :— There is a single ovule inside each
ovary completely filling up the cavity
and its attachment seems basal.

The carpophore :—The carpophore or
central axis of each flower, round which
the six carpels are arranged, is the direct
continuation of the short and stout floral
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stalk, and is six-angled in transverse section
( Text-figs. 3 and 4 ). The total length of
the stalk and the carpophore, taken to-
gether, measures on an average 1.55 mm.
The carpophore is not round but

5—Tangential longitudinal scction through
the regions B and C of the inflorescence
(specimen TI) obtained by grinding the
-rock from the back. The sectional
plane passes through one row of flowers
cutting them superficially along a trans-
verse plane thus exposing the radiating
ribs, R. The flowers in the adjacent row

_ on one side exposed just at the margins ;

~ W, detached ovary wall ; St, projecting

st}ilg appearing triangular in section.
X 10, ;

Texﬁ-ﬁg.

flattened along a plane at right angles
' to the inflorescence a2xis. The average
"width of the carpophore in the middle,

along this plane, is 0.7 mm. and 0.3 mm.
along the plane at right angles to the
former. Further, the six sides of the carpo-
phore are concave along their length
with one carpel fitting into each con-
cavity. Fusion of the ovaries with the
carpophore, when present, is along these
surfaces of contact. '

Theribs :—The carpophore of the flower
broadens out gradually and has six stout
and massive ribs on its upper surface
(PL. 32, fig. 2 and PL. 33, fig. 7 ; text-figs. 5
and 6). FEach. rib, when viewed frem
the top, appears like a scale with a
distinct central ridge and two sloping
and. slightly depressed sides. The ridge
of each-rib extends ficm the centre of the
flower to a distance ‘just before the stigma,
where it ends abruptly leaving a gap bet-
ween the-two (Pl. 33, fig. 8 ; text-fig. 3).
The ribs are fairly raised up in the central
portion of the flower and slope down out-
wards with a gentle depression in the middle.
The surface view of each flower, thus, would

Text-fig. 6—Top of the flower drawn from a plaster
reconstruction, the six ribs, R radiating
out from the centre, one lying over each
carpel. (Abbreviations for labelling

same as in Text-fig. 2). X 18.

show a stretched six-angled depression in

the central region, frcm where the six ribs, -

one placed above each ovary, radiate out
upto the stigmatic projections. These ribs
at the top, would thus alternate with
the angles of the caipophore,
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SPECIMEN II

This specimen represents the apical
region of.a different inflorescence (PIl. 35,
fig. 15) bearing about 18 flowers which,
but for their size, exhibit the same
morphological and anatomical details as
seen in specimen I. The acropetal arrange-
ment of the flowers is comparatively more
distinct and those near the apex, fractured
longitudinally, are younger and smaller in
size measuring 1 mm. in height including
the pedicel and 2 mm. in width.

The inflorescence is fractured near its
apex along a transverse plane (Pl. 35,
fig. 17) and "the remaining portion,
measuring 7.5 mm. in lengthand 3.5 mm.

191

it. The detached portion of the ovary
wall is still in close contact with the
ovary from which it has obviously separated
out in the older flowers (text-fig. 3—
specimen I). Ribs are present at the top
of the flower but are not yet very promi-
nently developed. A detailed study of this
specimen. lends confirmation to the mor-
phological details of the flowers described
above in specimen 1.

ANATOMY

The following cellular details of the in-
florescence are based on a study of the
various sectional planes along which the
two specimens I and IT are exposed and also

Text-fig. 7—Trangverse section through the specimen II at a node showing a portion of the inflorescence
axis with two flowers cut radially (compare specimen I text-fig. 3). R, rib ; g, gap for flower
of the alternate row. (The other abbreviations for labelling same as in text-fig. 2). X 134,

in width, along a very oblique longitudinal
plane (Pl. 35, fig. 16). The axis of the
inflorescence, only half of which is seen
in the transverse section, appears round
with 1.0 mm. diameter and only one
ring of wvascular bundles
the periphery of the central medullary
region. The flowers here are closely
aggregated compared to those in speci-
men I, the distance between the two
superposed flowers of a row being
1.3 mm. The pedicel of each flower
is also comparatively narrower and less
massive (text-fig. 7). The carpophore is
0.45 mm. in width in the middle and the
ovaries, which are displayed round it in
a similar manner (Pl. 35, fig. 16), are
still at the initial state of attachment with

arranged at,

on the basis of transverse sections taken
trom these specimens giounded up to mi-
Croscopic transparency.

Inflorescence axis :—The anatomy of the
inflorescence axis shows a typical mono-
cotyledonous pattern. In transverse sec-
tion (text-figs. 3 and 8) it shows a broad
cortex and a central zone of thin-walled
ground tissue with a large number of fibro-
vascular bundles closely crowded together,
roughlyforming tworings. The central zone
is demarcated from the cortex by the
crowding of the peripheral zone of smaller
bundles. The cortex comprises round
thin-walled cells, nearly 15 layers thick,
Most of these cells are filled with whitish
contents, either silica or some other sub-
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Text-fig. 8—Transverse section of the inflorescence (specimen I) at the level almost midway between
T two nodes, along the line ff” of text-fig. 4, cutting the flowers in the six rows each
along a longitudinal tangential plane just missing the carpophore of the flower, also appa-
rently detached from the axis. The six fibro-vascular bundles of the inner ring
shown unshaded. Ss, soft tissue in the style. (The other abbreviations for labelling
- same as in text-fig. 2). x20.

stance of indeterminable nature. The epi- rish cells forming a distinct layer wherever
dermis consists of small thin-walled squa- preserved. The cortex is interrupted at

EXPLANATION OF PLATE 32
. SHUKLANTHUS SUPERBUM gen. €t sp. nov.
Specimen I

Fic. 1—Surface view of the entire inflorescence exposed unevenly on the rock surface. X 2.6.
: 2—Photograph of a plaster reconstruction of a single flower showing six radiating ribs at the top,
one over each carpel. % 15.5. 2

3—Longitudinal tangential view of the regions A and B of the inflorescence showing three rows of
flowers, those in the middle row exposed along a perfect transverse plane. In each
flower the six carpels placed round a flat six-angled carpophore may be seen. X 11.

4—Transverse view of the inflorescence passing through a node along line gg’ of text-fig. 4
showing three radially cut flowers attached to the inflorescence axis. % 9.5.

5—Ciross section of inflorescence between nodes. along line dd’ of text-fig. 4 cutting all the six
rows of flowers, arranged round the inflorescence axis, tangentially. x 15.
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places where the flowers are attached to the
~ axis, and two or more vascular strands are
seen entering each pedicel. In these regions
the continuity of the cortex with the
thin-walled tissue of the perianth (text-
fig. 3, P) is also observed. <5

Distribution of bundles :—'The distribution
of fibro-vascular bundles in the peripheral
region of the ground tissue, as mentioned
above, is not entirely at random, on the
contrary it shows some regularity of dis-
tribution : There is always seen an inner
ringof six vascular bundles (P1. 33, fig. 8 ;
DL B e © o I, 85 i 18 5 ey, 8
and 8) which are often quite regular inform
and position in the different cross sections
taken at various planes. The bundles might
possibly be running for several internodes in
the inflorescence. These are oval in shape
in cross section, measuring on an average
0.325 mm: X 0.18 mm. along the two dia-
meters,  and are so arranged that one
bundle lies on each of the six radial planes
passing -through the six -angles of the
hexagonal inflorescence axis. In other
words, two of these would always be seen at
the base of each flower. The remaining
bundles, forming the outer ring, are rather
irregularly distributed and lie in between
the cortex and the inner ring. These
are of varying forms and sizes. The
smallest of these, often arranged on the
periphery, are usually round and measure
0.135 mm. in diameter across the scle-
renchyma. The others, which are com-
paratively larger measuring on an average
0.21 mm., are mostly oval in shape and are
closely crowded together being separated

from each other by thin strips of paren-
chymatous.cells of the ground tissue. Occa-
sionally, when two such bundles are very
close toeach other their fibrous sheaths get
fused to form abilobed mass of sclerenchyma
(text-fig. 3). Sometimes, however, when
more than two bundles get fused, there is
formed an irregular fibrous mass.

Vascular bundle :—Each vascular bundle is -
surrounded by a sclerenchymatous sheath.
Some of the bundles, chiefly those nearer the |
centre, have two sheaths : the dorsal and
the ventral (Pl. 35, fig. 14). Both these
sclerenchymatous masses are almost equally
well developed and are either separated by
parenchymatous cells of the ground tis-
sue or just touch each other at the sides. It
appears, this condition developed further to
form a continuous mass of sclerenchyma
round most of the bundles.

The sclerenchymatous fibres are closely
compact. In cross section these are either
circular or polygonal with a small lumen,
their average diameter being 16 u. Pit
canals are quite well seen in the sclerotic
fibres.

The preservation of the vascular bundles
is often not very satisfactory and a detailed
study of their . structure could not be
possible from any of the available sec-
tions. However, in the portions preserved,
there appears abundant thin-walled tissue in
the xylem region of the vascular bundles
(text-fig. 9). The xylem vessels, being
scanty and ill preserved, could only be seen
at places. The cells of xylem parenchy-
ma have pores on their walls which are either

EXPLANATION OF PrATeE 33 : o

SHUKLANTHUS SUPERBUM gen. et sp. nov.

(Specimen I)

Frc.

6—Region D of text-fig. I, showing two rows of flowers arranged on the inflorescence

. axis, Ax, one row complete and the other, on the left, represented only by a few flowers. % 4.
7—Surface view of a flower model showing six carpels and the radiating ribs, R. w, detached ovary

wall. x22.

8—Transverse view of the inflorescence passing through a node along line c¢’ of text-fig. 4 showing
a whorl of three radially cut flowers, of alternate rows, attached to the inflorescence

axis.

Ss, soft tissue in the style ; Sg, stigma ; R, rib; g, gap for alternate flowers.

c, cortex of inflorescence axis ; Pd, pedicel ; Cp, carpophore ; w, detached ovary wall ;

The

six vascular bundles forming an inner ring may be seen. X 30.

30
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round or oval. The xylem, as seen in pedi-
cel tracesbending out into the perianth, con-

Text-fig. 9—Magnified view of a portion of inflores-
cence axis from Pl 33, fig. 8, showing
a few fibro-vascular bundles embedded
in the ground-tissue. X 125.

sists of -spiral and pitted. tracheae. The
probable region of phloem is represented by
disorganised tissue. Inside a common
sheath are sometimes seen two vascular
masses, one smaller than the other. " This
obviously is a case of branching.

The longitudinal course of the fibro-vas-
cular bundles, as studied from the available
cross sections of the inflorescence at various
levels and also from the oblique longitu-

7. K. VERMA

dinal tangential sectional view of the re-
gions ‘C’ and ‘D’ of specimen I, shows
that the six fibro-vascular bundles forming
the inner ring run more or less parallel to
one another for several internodes. Each
one of these runs in a radial longitudinal
plane passing through the six angles of the
inflorescence axis. The course of the other
bundles, however, could not be followed up
to sufficient length to warrant positive
statement, primarily because it was mnot
possible to take numerous serial sections
out of this solitary specimen and secondly,
because of the very frequent anastomosing
of the bundles which defies precise analysis
of their course. In the region of the in-
ternodes, however, some of these bundles
fused in groups of two or three forming
irregular masses of sclerenchyma. At the
node itself this fused condition of bundles
is not very prominent, possibly because of
these bundles separating out or sending
branches to the flower stalk. :

Pith :—In the central region of the ‘pith’
there are no vascular bundles and the
ground tissue again consists of tiny thin-
walled iso-diametric cells filled with whit-
ish contents. ;

Pedicel :—The pedicel is made up of
an outer cortical zoneof small parenchy-
matous cells and a central region of
comparatively larger, thin-walled cells. The
former zone is continuous down below with
the similar tissue of the inflorescence axis
and upwards with the parenchymatous
tissue of the perianth (text-fig. 3).. The
central region is continuous-with the ground
tissue of the axis at the base and merges
rather abruptly with the sclerotic tissue of

EXPLANATION OF Prate 34

SHUKLANTHUS SUPERBUM ge€n. et sp. nov.

(Specimen I)

Fic. 9—Tranverse view of the inflorescence at another node along the plane ee’ of text-fig. 4 showing
three radially cut flowers. These belong to three rows alternate with those seen in Fig. 8

(Plate 33). x22.

10—Part of fig, 8 (Plate 33), showing a portion of inflorescence axis and one carpel of an attached

flower on one side of the carpophore.

iw, inner sclerotic layer of the ovary wall ;

O, ovule ; g, gap for flower of the alternate row. X 44.5. :
11—A deep longitudinal tangential section of part C of the inflorescence showing a row o
flowers, each cut along an oblique longitudinal plane. X 10.

12—Sclerotic tissue from an ovary wall. X 533.
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the carpophore. In the vertical section of a
flower two or three fibro-vascular strands
are seen entering the central region of the
pedicel from the inflorescence axis and those
on the sides, gradually bend outwards enter-
ing the perianth lobes. Where these vas-
cular bundles contact the ovary wall and
the carpophore, their fibrous sheaths be-
come one with the sclerotic tissue.
Perianth :—Each perianth lobe is thick
at the base and gradually tapers outwards.
- It is made up of thin-walled cells similar to
those of the pedicel cortex. Anill preserved
epidermis is seen at places. :

Text-fig. 10—A patch of sclerotic tissue from ovary
wall ; individual fibre having a central
lumen and - branching pit canals. x 400.

The carpophore :—The carpophore of the
flower is mostly made of sclerenchymatous
fibrous elements which run parallel to the
long axis of the flower (text-fig. 10). The
average size of a sclerenchymatous fibre
is 0.086 mm. in length and 0.023 mm. in
diameter. The fibres are blunt at the
two ends and their cell wall is highly ligni-

* fied almost obliterating the central cavity.

Delicate branching canals, originating from
the central lumen, traverse the thickness
ofthe fibre wall, ;

Text-fig. 11—Sclerotic tissue from one of the
ribs. % 270. -

Ribs :—Thesix radiating ribs present at the
top of each flower are also made of the
same texture of sclerotic tissue ; its fibres are,
however, longitudinally placed (text-fig. 11).

Ovary :—The wall of each ovary is almost
entirely made of sclerenchymatous tissue
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13—Transverse view of the inflorescence, along planc ff* of text-fig. 4, through the middle
of the internode cutting flowers of all the six rows tangentially. X 20. :

14—Magnified view of cross section of the inflorescence axis from fig. 9 ( Plate 34 ),
fibro-vascular bundles embedded in thin-walled ground tissue.

showing
The six bundles forming

the inner ring may be seen, also the dorsal and ventral sheaths in some hundles, % 60,

Specimen 1T

15—As seen on the rock. %2.8,

16—Magnified view of fig. 15, showing the inflovescence exposed along a very oblique longitudina

plane. x 15.5.

17—Transverse section of a part of the inflorescence near the apex, almost at the node, showing
the inflorescence axis in transverse section and four flowers all cut along tangential planes at

slightly varying levels. x 20.
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similar to that of the central axis ; except
at the central area of the cone-like project-
ing style (text-figs. 3 and 8) and a portion
of the perianth-like detached portion of
the ovary wall, where the cells have become
thin-walled and parenchymatous. This soft
tissue in the style perhaps facilitated entry
of the pollen tube. The thin-walled tissue
in the perianth-like lobe is obviously the
detached counterpart of the similar tissue
in the conical style.

In each ovary the innermost layer of the
wall lining the loculus is single layered
and composed of closely set thick-walled
cells (PL. 34, fig. 10).

Ouvule:—The ovules or the seeds are
present singly inside each carpel almost
completely filling the cavity and often show
some cellular details. Each ovule consists
of a homogenous mass of thin-walled cells
hound by a sac-like membrane. It has not
been possible to see any other structureinside
the ovule and it is difficult to say whether,
the mass of tissue is the endosperm, the
single cotyledon or even the ‘macropodous’
hypocotyl. The ovule is often in contact
with the base of the ovary chamber, but no
cellullar connection as such can be seen.
In a transverse section of the inflorescence
through an internode, cutting the flowers
tangentially, traces of vascular strands are
seen ending at the base of ovaries, again
suggesting basal attachment of the ovules.

Vascular supply of the flower : — The course of
vascular supply in the flower could not be
studied in detail. Several fibro-vascular
bundles enter the pedicel from the, axis
(text-fig.3). Insome of these, which bend
out into the perianth lobes, annular and
spiral elements of the vascular tissue are
seen for a short distance. But in others,
which appear torun up the carpophore, the
vascular elements become indistinguishable
from the fibrous sheath of the bundles
and similar tissue of the carpophore.

DIAGNOSIS

Inflorescence racemose, unbranched ;
length—specimen I—47 mm. (though it
might have been longer). Flowers ebrac-
teate, unisexual, hypogynous, shortly
stalked, closely crowded, arranged along six

VERMA

vertical and alternating rows. Individual
flower on an average 1.8 mm. in height
and 2.7 mm. in width at the top. Perianth
composed of six free units one against each
carpel, each unit 0.45 mm. in length ;
pistil of six carpels arranged round a six-
angled flat carpophore and initially fused
with it ; carpophore continuous with the
short and stout pedicel. Each carpel 1.35
mm. in length, ovary superior, each
ovary- wall towards outside getting split
half way, inner epidermis of ovary wall
made of thick-walled sclerotic cells. Apex
of the ovary forming a conical projecting
style and ending in a pointed stigma ; one
basal ovule 0.716 mm. X 0.5 mm. inside
each carpel. Six flat ribs radiating out
from the centre present on the top of the
flower each rib overlying an ovary though
not reaching the stigma, average length of
the rib 0.75 mm. Ovary wall, carpophore
and the ribs sclerenchymatous. Inflorescence
axis with a scattered pattern of fibro-vascu-
lar bundles though constantly in the form
of an inner ring of six bundles and an outer
ring of various smaller bunales. Central
‘pith’ thin-walled, parenchymatous.

DISCUSSION

The fossil specimen, of which only the
female inflorescence is available, can at
once be assigned to the monocotyledons
on the basis of anatomy of the six-angled
inflorescence axis—the" structure of the
closed vascular bundles and their random’
distribution in the ground tissue ; and
also the trimerous nature of the flowers
arranged along six orthostichies on the
axis. .

A. close study of the salient diagnostic
characters exhibited by the specimen sug-
gests a reference to the families included
under the Order Helobiae. In these fami-
lies which are mostly aquatic, flowers
are hypogynous (epigynous in Hydro-
charitaceae ) ; bracteate or ebracteate ;
bisexual, sometimes unisexual ; with or
without a perianth ; perianth when present
bract like or differentiated into calyx_
and corolla ; stamens one: to nuMeErous ;
capels many, free or united ; endosperm
mostly absent or poorly developed.
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The Helobiae as defined by Engler
includes seven families, Potamogetonaceae,
Najadaceae, Butomaceae, Aponogeton-
aceae, Scheuchzeriaceae (Juncaginaceae),

Alismataceae and Hydrocharitaceae, the

last one being exclusively epigynous. A
careful study of the more important floral
characters exhibited by members of these
families makes it clear that the fossil can
Primarily be referred to the family
Scheuchzeriaceae in which, the flowers are
small, usually bisexual though sometimes
unisexual, in spike or racemose inflores-
cence, with or without bracts, perianth of
six mostly similar and free segments ;
stamens when present six in number and
free. There are 3-6 carpels, free or weakly
connate but separating at fruit maturity,
ovary one celled with a basal ovule ;
style short and stout or absent ; fruit a fol-
licle, seed without endopserm. Macro-

podous hypocotyl which is an important

feature of the Helobiae, could, however, not
be recognised here. '

The present specimen, though not exactly
similar to any of the three genera of
Scheuchzeriaceae (Juncaginaceae), shows
a fairly close approach to the genus Trig-
lochin which is exclusive in possessing eb-
racteate flowers with 3 to 6 carpels
placed round a carpophore or central axis,
from which they separate out at the
fruiting stage. Of the other species be-
longing to this genus, Triglockin maritimum
agrees with our fossil to a fairly good degree
in possessing constantly six carpels fused
round a central axis. In the present
specimen also, there are six carpels display-
ed in a similar manner. There is one
ovule per loculus and the attachment seems
basal.

The agreement of the fossil, it may, how-
ever, be mentioned, is in no way com-
plete with this species of Triglochin since
there are several important differences as
well. * Firstly, - the flowers are mnot so
closely crowded on the inflorescence axis of
the living form as in the present specimen;
secondly, the flowers in Triglockin maritimum
are definitely bisexual and, thirdly, there is
the absence of radiating ribs present on the
top of the flower or the fruit. Lastly, in this
and most of the other species of Triglochin,
the stigmas are small and feathery.

It is thus seen that the present specimen,
while showing resemblances with the
genus Triglochin, has various features of
its own and may therefore be considered as
an extinct genus referable to the family
Scheuchzeriaceae.

Itmayhere be mentioned that the present-
day plants of the family Scheuchzeriaceae
mostly comprise aquatic species and this is in
accordance with the fact that the Teccan
fossil flora, which includes this femily, is
also mostly aquatic. The lack of distinct
aquatic characters in the present specimen
is perhaps due to its very young age and fur-
ther, it is after all not necessary thatthe re-
productive organs and young fruits should
show the aerial parenchpma or other aquatic
tissues seen in the vegetative organs of the
same plant. Still, however, the genus

- Viracarpon (Viracarpon hexaspermum), which is

a fully developed infructescence related to
the present specimen, does exhibit aquatic
characters in possessing aeranchymatous
pith in the peduncle and it is likely that
this specimen also might have developed
suchcharacters at maturity.

The present specimen has also been com-
pared with other fossil monocotyledons,
specially those reported frem Mokgaon-
kalan. Of these, it shows remarkable
structural similarities with the fiuctifi-
cation of Viracarpon hexaspermum which
was first collected and briefly described by
Hislop (1853), and later by Sahni (1934,
1944) and Shukla (1944). Professor Sahni
distinguished two species of this genus ;
Viracarpon hexaspermum and Viracarpon elon-
gatum and gave a short account, with
figures, of both. Recently, Chitaley (1954)
has given more - account of Viracarpon
hexaspermum based on the study of three
specimens collected by her from Mohgaon-
kalan. Professor Shukla had many more
specimens of Viracarpon hexaspermum in
his collection, some of them in excel-
lent state of preservation and often frac-
tured in neat longitudinal and transverse
planes. These, he very kindly placed at
the disposal of the author for a thorough
study. A detailed comparison of the
present specimen has been made with
Chitaley’s description and with the data
obtained from Professor Shukla’s specimens,
in table I.
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Tasre 1

Structures.

Present fossil.  (Inflorescence).

Viracarpon hexaspermum. (Fructescence).

[

10

11

12

13

14

16

17

18

19

Inflorescence
fructification.

or

Arrangement  of
flowers or fruits.

Dimensions of
flower or fruit.

Bracteate *
ebracteate.

Pedicel.
Perianth.

or

Stamens.

Nature and condition
of pistil in the
flower or fruit.

Carpophore or cen-
tral core.

Spines.

‘Style and Stigma.

Detached
ovary wall.

outer

Ovule or seed.

Ribs.

Depressions at the
top of the flower or
fruit.

Fibro-vascular
bundles in the in-
florescence axis
or the peduncle.

Bundle sheath.

Nature of bundles.

_ Sclerotic tissue.

.

Racemose. Specimen I, 47 mm. in
length, 5.2 mm. in diameter.

Along six alternating vertical rows ;
not very closely crowded.

118 sopisaly N 7 i
Ebracteate.

Short and stout.

Present ;

treess
units. :

comprises small

Not seen.

Six carpels ; some becoming free and
others still separating out from the
carpophore.

Present ; six-angled, tlat ; made of
sclerotic tissue.

Absent. (The styles may be con-
sidered to represent the inner set of
spines of Viracarpon while the de-
tached portion of the cuter ovary
wall may represent the outer set of
spines with its flanges—author.)

Both present.

Present.

Single, filling the loculﬁs, probably
basal.

Six, present at the top of the flower,
radiating out from the centre but
ending short of the stigma.

Present.

Scattered, though with an inner ring
of six bundles. Smaller bundles of
various shapes and sizes present.

Dorsal and ventral sheaths well de-
veloped ; these often fuse ; con-
tinuous band of fibrous tissue round.
the smaller bundles.

Not well preserved, abundant wood
parenchyma present.

Abundant in the various parts of the
flower—in the carpophore and
ovary wall.

Racemose, 30 mm. in length, 19 mm. in
diameter.

Along 8—12 or more alternating vertical
rows ; very closely crowded.

5 mm. X 5 mm.

Ebracteate.

Sessile.
Absent in the fruits.

Not seen.

Aggregate fruit ; six loculi or carpels
attached round a central core. (Fused
or free ? )

Present ; six-angled ; highly fibrous.

Hairy ; straight spines in two whotls on
the top of the fruit ; members of ad-
joining whorls opposite each other, The
outer spine, an extension of the ridge at
the outside of each carpel wall. The
inner one springing above the middle
of each loculus. At the base of the
outer spine, a flange is seen in T. S.,
formed by an upward extension of the
carpel wall.

Not recognised. (Probably represented
by the inner set of spines—author.)

Absent. But suggested by the outer
spines, each with flange-like extension
of the ovary wall.

Single ; probably pendulus.

Six in number, present at the top of the
fruit, radiating out from a central
depression.

Present.

Scattered, though with an inner ring of
nine bundles. Smaller bundles round ;
of various sizes present.

Broken ring of fibrous tissue consisting of
isolated patches. :

Not well preserved ; probably collateral
and endarch.
Abundant in the various parts of the fruit

—in fruit core or central axis and
fruit wall.
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From a careful persual of this table and
also accounting for the fact that Viracarpon is
a mature fructification and the present spe-
cimen an inflorescence, itbecomes clearthat
the similarities are very close indeed. How-
ever, it may not be generalised that the pre-
sent fossil is just the inflorescence which
had developed into a Viracarpon fructifica-
tion. Because, while the wvariations in
size, differences in the shape and size of
ridges and other minor details of the two
specimens may easily be accounted for as
normal developmental variations, the more
basic differences regarding the number of
floral orthostichies—eight or more in
Viracarpon hexaspermum and only six in
the present fossil—also the related number
of bundles forming a ring in the inflores-
cence axis, must necessarily be assessed
differently. These may therefore be con-
sidered as specific characters. ‘One might
perhaps also feel like considering the
absence of spines in the present specimen
as a case for specific delimitation but
it is likely that the spines of Viracarpon
hexaspermum might have been subsequent
outgrowths in the fruit development—a
feature, often seen in a number of living
plants today.

It is thus concluded that the present fossil
and Viracarpon hexaspermum are two clesely
allied species referable to the same genus.

Viracarpon elongatum, the other species
mentioned by Professor Sahni (1944), is
narrower and has smaller dimensions than
Virasarpon hexaspermum. It has also been
stated to possess ribs at the top. But, from
the brief description and a single figure, it
has not been possible to compare or
identify it with the presentspecimen.

NAME OF THE FLOWER

Asthe present specimen is an entirely new

form, it is proposed to refer it to the new °

genus Shuklanthus superbum gen. et sp. nov.
after Professor V. B. Shukla, who has done
such pioneer work on the Deccan inter-
trappean flora and who has also been a
source of great encouragement to the
author. The specific name refers to the
most pretty and superb form of the entire
inflorescence and its unique pattern among
the monocotyledons.

NOMENCLATURE

Shuklanthus superbum and Viracarpon hexa-
spermum being the two different species re-
ferable to the same genus, the next question
arises whether the generic name for these
forms should be Shuklanthus or Viracarpon.
On grounds of priority it may perhaps be
argued to retain the name Viracarpon, Shuk-
lanthus having been founded later. But
cases are known where the rule of priority
has been waived for various reasons. - The
study of fossils often being a study of
isolated organs occasionally even .of one
and the same plant, a rigid adherence to
this rule in palaeobotanical nomenclature
may at times lead to erroneous situations.
For instance, it is known that the stem and
leaf form wsually show wide variations in
different plants of the same genus and
therefore it would not be appropriate to
name the entire plant after any stem or leaf
genus, particularly when its reproductive
organs with their characters of systematic
value are available, just for the reason
that the stem or the leaf form happened to
be instituted earlier. To illustrate, the leaf
genera Zamites, Ptilophyllum or Otozamiles
could not be adopted as a common generic
name for the plants to which these leaves
belonged in comparison to the term
Williamsonia instituted for the fructifica-
tion, though later. Similarly, Professor
Sahni preferred the name Williamsonia
(Williamsonia Sewardiana, Sahni, 1932) for
his plant instead of Piilophyllum or Buck-
landia which were instituted earlier for the
leafand stem respectively.

In the same way, the characters of the
fruit are also not dependable for systematic
purposes, since a wide range of fruit pattern
may be produced from flowers having a
similar ground plan. For example, in the
family Myrtaceae the morphology of the
flower is fairly constant though many
varied types of fruits develop from this
general type. The fruits of Fugenia caryo-
phyllata, Eucelyplus globuius and Psidium
guyava are indeed so different frcm each other
that were they to be found as fossils we
would have been inclined to keep them
apart, perhaps even in separate families.
Similarly, in the family Anacardiaceae,
Mangifera indica and Anacardivm occidentals
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are two extremely varied types of fruits de-
veloping from a similar floral form.
Last but not least, mention may be
made of the most convincing example of the
fossil flower Sahnianthus which alone could
ultimately prove the affinities of the fruit
genus Enigmocarpon (Sahni, 1943), which
otherwise in Professor Sahni’s own words
‘“‘remained an enigma for a long number of
years’’. Professor Shukla has considered
it highly probable that the flowers having
the general plan of Sahnianthus (Shukla,1944)
might have produced probably more varied
types of fruits than Enigmocarpon alone.
Accordingly, he adopted the name Sah-
nianthus for the entire plant to which this
flower belonged in preference to the
earlier name Enigmocarpon.

The present case is a remarkable parallel
of Sahnianthus and Enigmocarpon in terms
of its generic relation with Viracarpon
and consequently the new generic name
Shuklanthus is now adopted over ‘ Viracarpon’.
Further, the new form Shuklanthus in
consequence, embraces the earlier fructifica-
tions, Viracarpon hexaspermum and Viracarpon
elongatum, besides the present flower
Shuklanthus superbum.

Accordingly, Viracarpon hexaspermum and
Viracarpon elongatum being the two species
of Shuklanthus should henceforth, more
appropriately, be designated as Shuklanthus
hexaspermum (Viracarpon hexaspermum) and
Shuklanthus elongatum (Viracarpon elongatum)
respectively.
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