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by A. R. Rao and Vmuara K. MENON (Miss), Department of Botany,
, University of Lucknow

(Communicated by P. Maheshwari, F.N.I.)

(Received February 2, 1963)

A petrified wood is described from the Mohgaon Kalan beds of the Deccan
intertrappean series of India. It differs from all known Indian palm woods
in a number of characters and shows the following special features: (1) Highly
elongated fibrovascular bundles of the cortex, (2) Lateral attachment of
xylem vessels, (3) Dorsal sclerenchyma is poorly developed in the bundles of
the dermal, sub-dermal and central zones, (4) Presence of a large number of
leaf traces. It has, therefure, been put under a new specific name, Palmo-
zylon maheshwarit,

INTRODUCTION

Specimen M;;; from amongst a collection of petrified palm remains from
Mohgaon Kalan area in Madhya Pradesh is described in this paper.

GENERAL DESCRIPTION

The specimen, which is incomplete, is reddish brown in colour and
measures about 5 inches high and 3-2 inches broad (Plate XXII, fig. 1). The
preservation is not very good, yet a few anatomical details could be made out.
A cross-section of the specimen shows four zones, the cortex, dermal, sub-dermal
and central zones (Plate XXII, fig. 2). The dermal and sub-dermal zones are
brown in colour while the central zone is colourless. The structure is further
clarified by staining in gentian violet. The general distribution, orientation
and the form of the bundles in the cortex (Text-figs. 1, 2), dermal (Text-fig. 3),
sub-dermal (Text-fig. 4) and central (Text-fig. 5) zones bring out the four-fold
differentiation of the tissues.

AxaTOMY

Cortical zone. Consists of three to four layers of fibrous bundles which are
oval to rounded in shape (Plate XXTII, fig. 3, and Text-fig. 1). The fibres in each
bundle vary in quantity according to the size of the bundle. Below these
fibrous bundles (fb) occur fibrovascular bundles (fvb) in several series, the
outermost smaller ones having not more than a single vessel (Plate XX1T, fig. 3).
In between these fibrovascular bundles are also found scattered fibrous bundles
(Plate XXII, fig. 3, and Text-fig. 2). The fibrous bundles of the peripheral
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part are bigger than those situated further interior (Text-figs. 1, 2). The
fibrovascular bundles are of different sizes and shapes (Plate XXTT, fig. 3, and
Text-figs. 6-26). The number of xylem vessels varies in different bundles.
In some there is only one vessel (Text-figs. 6-10) and in some other bundles
there are two to three (Text-figs. 11-13) but in most of the bundles there are
six or more xylem elements and these are grouped together. The rest of the
ventral part is filled up with parenchyma or sclerenchyma (Text-figs. 12-26).
Some of the bundles are very small (Text-figs. 6~8). Most of the bundles are
transversely elongated. The sclerenchyma part is invariably bigger than the
vageular part (Text-figs. 9, 10, 12, 13, 16, 18-26). It is found in some of the
bundles that the xylem is laterally attached to the sclerenchyma (Plate XXTI,
fig. 3, and Text-figs. 10, 16, 18, 22). The phloem is not clearly preserved.
The frequency of the bundles in the cortex is 80-85 per cm? and their
diameter is 0-14 to 0-42 mm. The f/v ratio is 3/1 to 10/1. There are no
stegmata around the fibrous bundles as well as the fibrous part of the fibro-
vascular bundles. The ground tissue is not clear.

Dermal zone. Just beneath the cortical region is the dermal zone, which
is quite thin consisting of very small, generally rounded, closely packed,
regularly orientated fibrovascular bundles (Text-fig. 3). The peripheral
bundles of this zone consist of one metaxylem element (Text-figs. 27, 28) and
the rest of them have two metaxylem elements; sometimes three or four vessels
are also seen (Text-figs. 20-34). The frequency of the bundles is 540-630 per
em? and their diameter is 0-12-0-25 mm. The f/v ratio is 0-2/1 to 0-8/1.
A normal bundle consists of dorsal sclerenchyma (dsc), phloem (phk), one or
two metaxylem vessels (may) and some protoxylem (pzy) elements also
(Plate XXTI, fig. 4, and Text-fig. 34). The xylem vessels are placed side by side
and in between them are placed parenchymatous cells (p). The dorsal scle-
renchyma is meagrely developed (Text-figs. 27-34) and occurs in the form of
a crescent patch.

Sub-dermal zome. Sub-dermal zone consists of fibrovascular bundles of
different sizes. They are rounded to oval in shape and the distribution is
more or less regular (Plate XXII, fig. 5, and Text-fig. 4). Their frequency is 86~
100 per cm? and the diameter is 0-23-0-42 mm. The f/v ratio is 0-12/1 to
0-3/1. The fibrovascular bundles are bigger than the bundles of the dermal
zone. The anterior sclerenchyma is poorly developed and consists of only

TEXT-FIGS. 1-18

TexT-FIGS. 1. 2. Distribution of fibrous and fibrovascular bundles in the cortical zone. X 32,
(fb—fibrous bundles, fub—fibrovaseular bundles.)

TexT-FIe. 3. Distribution of fibrovascular bundles in the dermal zone. X 32.

TEXT-FIG. 4. Distribution of fibrovascular bundles in the sub-dermal zone. 32

TExT-FIG. 5. Distribution of fibrovascular bundles in the central zone. X 32.

TexT-rIes, 6-18. Different types of fibrovaseular bundles in the cortical zone. < 80.
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one or two layers of cells (Text-figs. 35-37). The metaxylem vessels are two,
side by side, and some protoxylem vessels are also present (Text-figs. 36,
37). They are surrounded by parenchymatous cells. Fibrous bundles and
stegmata are absent.

Central zone. This is the widest part in this specimen. The preservation
is not good in this part. The distribution of the bundles is irregular and they
are of various sizes (Text-fig. 5) with a frequency of 35-45 per cm2. Their dia-
meter is 0-17 to 0-56 mm and the f/v ratio is 0-1/1 to 0-2/1. The organization
of the central bundles is similar to that of the sub-dermal bundles. Fibrous
bundles and stegmata are absent.

Leaf trace bundles. Leaf trace bundles are present throughout the stem
except in the cortical zone. The attachment and separation of the leaf trace
bundles with the normal bundles are seen clearly. Text-figs. 38-40 show leaf
traces in the normal bundles (Plate XXII, fig. 5,51). Text-fig. 41 shows the at-
tachment of the leaf trace to the normal bundle (Plate XXII, fig. 5). Text-figs.
42 and 43 show parenchymatous layers formed for the separation of the leaf trace
from the normal bundle (Plate XXII, fig. 5, b2). Text-figs. 44-47 show the
actual separation of the leaf traces from the normal bundles (Plate XXI1, fig. 5,
b3). Even though the two bundles are separated from each other, they remain
side by side (Text-figs. 44-47). Such a composite bundle consists of very thin
dorsal sclerenchyma (dsc) (sometimes none at all—Text-fig. 41), phloem (ph) and
arow of xylem vessels (zy) surrounded by parenchymatous cells (p). On the
posterior side is attached the leaf trace surrounded mostly by parenchyma or
sometimes with ventral sclerenchyma (vsc) (Text-fig. 47).

Ground tissue. Ground tissue is made up of thin-walled compact uniform
cells with intercellular spaces in some places. None of the cells show any
lobes or processes. In thick sections the parenchyma cells are found over-
lapping one another (Text-fig. 48).

In longitudinal sections, however, the ground tissue cells are seen to be
placed in vertical rows with rounded corners. The protoxylem elements show
spiral thickenings (Plate XXII, fig. 6) and the thickening of the metaxylem ves-
sels is of the multiseriate scalariform type with either simple or branched bars.

Discussion AND COMPARISON

It is difficult to say definitely whether the specimen described above is
a stem or the basal part of a big petiole because only a sector of it is preserved.

TEXT-F108. 19-39

TExXT-F1G8. 19-26, Elongated bundles of the cortical zone. X 100.

TExXT-FIGS. 27, 28. Vascular bundles of the dermal zone with one metaxylemn element. x 100.
TEXT-FIGS. 29~34. Different kinds of the vascular bundles in the dermal zone. X 100.
TEXT-Fi6s. 35-37. Different types of vascular bundles in the sub-dermal zone. X 100.
TEXT-FIGS. 38, 39. Leaf trace bundles of the sub-dermal zone. X100,
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This is a difficulty that is always met with when dealing with fragmentary
specimens. We could not recognize in our specimen the plano-convex form
of the petioles in transverse section. No dorsal groove as is met in some
petioles could be seen—mnor the concentration of bundles at the corners as
seen in some genera. In fact there does not seem to be any literature on the
petiolar structure of living and fossil palms. We are thus forced to compare
our specimen with only petrified stems whose anatomy has been described.
In doing so we are not committing ourselves to the view that our specimen
is definitely a stem. It may be a stem or a petiole. In fact we would strong-
ly urge that the generic name Palmoxylon should be used for only the wood
of palms, as it is not always possible to state whether a given specimen is a
stem or a part of a petiole.

A petrified stem P. suhnii, from the Mohgaon Kalan area, was deseribed
by Rode in 1933. Later Sahni and Surange (1953) redescribed this under the
name Cyclanthodendron sahnii because it did not prove to be a palm stem.
Ramanujam (1959) added a few more points to our knowledge of this interest-
ing petrified monocot stem. Our specimen while showing some resemblances
in minor vegetative characters with Cyclanthodendron sahnit does not show
any of the characteristic features of the Cyclanthaceae like (1) the leaf sheath,
(2) presence of compound or lobed and concentric bundies, (3) the ventral
sclerenchyma being greater than the dorsal sclerenchyma, and (4) also the
presence of resin canals in the leaf sheaths.

The gradual differentiation of the primary monocot stem into the cortical,
dermal, sub-dermal and central zones is a feature met with only in palms
(Mohl 1849). According to Mohl the ground tissue can be. differentiated
into three types: (1) the thin-walled isodiametric cells giving rise to muriform
cells in the Cocos-like stems, (2) stellate rosette type, (3) the lacunar type
in which 'the intercellular spaces enlarge and form regular air-canals. The
chief important anatomical elements in the transverse section of the palm
stem, besides the epidermis (which in most cases is present only in young
condition) and cortical tissue, are : (1) the fibrovascular bundles, (2) the fibrous
bundles and the ground tissue. These features are clearly seen in our speci-
men and there is no doubt that it is a palm wood probably in a region where
it is producing a large number of leaf traces.

TEXT-FIGS, 40~48

TexXT-FIG. 40. One leaf trace bundle with narrow dorsal sclerenchyma. < 100.

TEXT-FIG. 41, One leaf trace bundle without dorsal sclerenchyma. x 100.

TEXT-FIGS, 42, 43. Show parenchymatous layer for the separation of leaf trace from the normal
bundle. Xx100.

TEXT-F1a8. 44-47, Separated leaf traces and normal bundles. x 100. (dsc—dorsal sclerenchyma,
p-—parenchyma, ph—phloem, vsc—ventral sclerenchyma, @y— xylem).

TexT-¥16. 48. Nature of the ground tissue, X 100.
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Prof. Sahni (1931) has briefly described a number of species of Palm-
oxylon from India. Rode (1933), Shukla (1939, 1946), Lakhanpal (1955),
Ramanujam (1953, 1958), Mahabale (1958), Prakash (1958, 1961), and Rao
and Menon (1962, in press) have described other species of Palmoxylon from
India. Our specimen shows some characters or other common with all these
Indian species. These resemblances and differences between our species and
other Indir n species known in detail are indicated in Table I.

From the table it can be clearly seen that our specimen has more
differences than resemblances with other palm woods described from India.
It will alco be clear that these resemblances focus the comparison with only
three species of Palmoxylon—P. sclerodermum, P. sundaram and P. surangei.
A perusa! of the chart further shows that our specimen differs from all these
three species on important criteria like frequency of the bundles, the f/v
ratio, diameter of bundles, shape of sclerenchyma, presence or absence of
stegmata, presence and absence of fibrous bundles, type of parenchyma sur-
rounding the bundles and the form of ground tissue. A comparison is also
not possible with any of the foreign species. In addition to these differences
the specimen shows certain special features of its own. All these characters
render it so distinct from the known species of Palmoxylon as to warrant it
being placed in a new species. We have, therefore, great pleasure in naming
it Palmozylon maheshwarii after Prof. P. Maheshwari—the distinguished Indian
botanist.

With the data at our disposal it is possible to refer this petrified palm
wood to the section Mauritia-like palms in the classification of Stenzel (1904)
and Mohl (1849).

We are very grateful to Dr. K. R. Surange and Dr. T. S. Mahabale who
very kindly examined the specimen and gave us their valuable advice.

Diaaxrosis

Cortical zome. With peripheral fibrous bundles, regularly orientated,
elongated fibrovascular bundles of different sizes and shapes, 80-85 per em?;
sclerenchyma very much bigger and elongated than vascular part; f/v ratio
3/1 to 10/1, diameter 0-14 to 0-42 mm; xylem vessels one or two, usually
more than six. Stegmata absent. Leaf traces present. Ground tissue badly
preserved

Dermal zome. With fibrovascular bundles round, closely packed, regular,
540-630 per cm?; f/v ratio 0-2/1 to 0-6/1, diameter 0-12-0-25 mm; dorsal
sclerenchyma meagrely developed; xylem vessels one to three or four, placed
gide by side. Leaf traces present; no stegmata, no fibrous bundles, ground
tissue not well preserved.

Sub-dermal zone. With fibrovascular bundles rounded to oval in shape,
more or less regular, 86-100 per cm?; f/v ratio 0-12/1 to 0-3/1, diameter 0-23-0-42



TABLE 1

Comparison of Palmoxylon maheshwarii with other Indian palm woods

Characters

P. maheshwaris
{Rao and Menon 1962)

P, sclerodermum
(Sahni 1943)
(Shukla 1946)

P, sundaram
(Sahni 1946)

P, surangeu
(Lakhanpal 1955)

P, arcotense
(Ramanujam 1953)

P. puratanam
{Ramanujam 1958)

P. dukshinense
(Prakash 1958)

P, chhindwarense
(Prakash 1958)

P. kamalam
(Rode 1933)
(Shukla 1939)

P, pislopi
(Rode 1933)

P, parthasarathyi
(Rao and Menon 1962)

P, narayanat
(Rao and Menon 1962)

P, eocenum
{Prakash 1961)

1. Frequency of the bundles

2. FJv ratio of the bundles

3. Digmeter of the bundles

4, Shape of the dorsal scle-

renchyma
5. Stegmata

6. Fibrous bundies

7. Radisting and

tabul

Cortex $0-85 cm?

D 540-630 cm?
SD 86-100 cm?

C 35-45 cm?
Cortex 3i1-10/1

D 0-2/1-0-6/1

8D 0-12/1-0-3/1

C 0-1/1-0-2/
Cortex 0-14-0-42 mm
D 0:12-0:25 mm
3D 0-23-0-42 mm
C 0-17-0-56 mm

Crescent patch

Absent

Present ‘in cortex but absent

in other zones

ar Absent

parenchyma around the

bundles

8. Ground tissue

o, Posterior sclerenchyma .

F‘ootnofe :
- D—Dermal zone.

SD—Sub-dermal zone.

C—Central zone.

Thin-walled cells overlapping
each other and having slight

intercellular spaces

Present only in leaf

bundles

D 105-108 cm?
3D 65-85 em?

o] 70 em?

D 9/1-18/1

SD  15/1-25/1

c 231

D 0:3-0-5 mm

SD 1 mm
C 1 mm
Cordate
Present
Present

Only radiating parenchyms
on leaf traces in all zones

Compact, isodiameuric thin-
walled cells. In L.B. shows
cells slightly lobed with small
intercellular spaces

trace Same

D 200 em?2

SD 100 cm?

C 35 em?

D 3/1-4/1

SD  s/2-1/1

C 1/1

Size of the bundles

D 1x0'5 mm
SD 1-1 x0-756 mm
C 1-1 x0-75 mm

Reniform and rounded

Present

Present

Absent

Compact in the outer region
and lacunar in the interior
with regular patfern of small,
loosely packed, smooth walled,
elliptical cells of uniform size

{. Highly elongated fibrovascular bundles of the cortex.
Dorsal sclerenchyma three to ten times bigger than the

vascular part.

D 90-95 cm?
{140 cm? in inner bundles)

8D 45-50 cm?

C 25 em®
Cortex  5/1-10-5/1
D 9/2

SD 5/1-6/1

C 4/1

D 1-0:5 mm

8D 0-95-0-65 mm
C 0-95-0-8 mm

Cordate

Present

Present

Tabular parenchyma present
but radiating parenchyma
absent.

Thin.walled, elongated, oval,
oblong cells with round corn-
ers arranged horizontally
more compact in dermal zone

Same

D 110 em?
SD 50-65 cm?
o 20-25 cm?
D 15/1

8D 5/1-8/1

C 2/1-3/1

D 50-100 p
3D 175 p

C 100-200 g
Rounded

Narrow rectangular cells of
vgrious shapes forming loose-
ly fitted meshes with conspi-
cuous intercellular spaces

D 80-100 cm?
SD 63-75 cm?2
Cc 20-23 em?
D 4/1

SD 3/2-13/1

C 141

D 0-8-0-56 mm
SD 0:95-1'2 mm
C 1-1-1-5 mm

Rounded and cordate

2-layered tabular parenchyma
present but not radiating

Compact, thick-walled paren-
chymatous cella, They are
angular and do not show any
lobes or processes

Same

D 200-270 cm?
5D 50-90 cm?
No central zone

D 10/1-16/1
SD 12/1-17/1
D 160-560 u
SD  600-900 p

Concave median sinus

Present

Both kinds of parenchyma
present but only in the bun-
dles of the dermal zone

Shows a high lacunate condi-
vion. It is formed of a net-
work of narrow cells generally
V.shaped enclosing conspicu-
ous polygonal intercellular
spaces

D 297-625 cm?
SD 156--250 cm?
c " 60-130 cm?
D 4:5/1-8/1
SD 3/1-5/1

C 2:5/1-3/1

D 200-694
SD 692-720 u

C 580-800 u

Concave median sinus

Tabular parenchyma present
but not radiating

Compact, thin-walled, round
to oval cells in dermal zone
and slightly lacunate in sub-
derma! zone. Central zone
consists -of cells of wvarious
shapes forming loose meshes
with conspicuous polygonal
intercellular spaces

Same

Only one zone is preserved
20-28 cm?

Tn smaller bundles
8/1-10/1

Bigger bundles
3/1-4/1

Complanata type

Narrow elongated cells which
enclose big intercellular
spaces. These cells contain
some granular contents inside
them

One zone only is preserved
80-120 cm?

Fibrous part 7/8 of the fibro-
vascular bundle

0:6-0-8 mm

Complanata type

Lacunar with narrow elonga-
ted cells radiating from vas-
cular part elongated parallel
to the fibrous part. Large
intercellular spaces with uni-
cellular partitions

D 350-350 cm?

SD 90-110 cm?
C 60~66 cm?2
D 0-2/1-0-8/1
SD 0-2/1-0-6/1
C 0-3/1-0-4/1
D 0-16-0-41 mm
sD 0-2-0-4 mm
C 0:19-0-43 mm
Reniform

Present

Highly lacunar

D 105-110 cm?

SD 60-66 cm?

C 40-45 cm?2

D 1-3/1-4/1

SD 1/1-2/1

C 0-6/1-1-7/1

D 0-25-0-41 mm
8D 0:17-0:37 mm
C 0-19-0-31 mm
Ovate

Only radiating parenchyma
on leaf traces

Closely packed, thin-walled
cells of various shapes

D 300-366 cm?2
3D 66-132 cm?
C 30-60 cm?

D 6-5/1-10-5/1
8D 3/1-6/1
C 2:35/1-3-5]1

Size of the bundles

D 288-360

8D 528-044 p

240-400 g (small bundles)
C 600-1,072 u

400 X 272 u (small bundle)

Concave median sinus

Absent
Absent

Both kinds of parenchyma
present in the sub-dermal and
central zones

Narrow, more or less rectangu-
lar to Y-shaped cells forming
loose meshes with conspicuous
intercellular spaces. The cells
are small, spherical or tan-
gentially elongated with some-
what rounded ends

Same

3. Lateral attachment of xylem vessels in some bundles of

the cortex.

3.

SpecisL CHARACTERS OF P, maheshwardi

Dorsal sclerenchyma poorly developed in the bundles of
the dermal, sub-dermal and central zones.

4,

Large number of leaf traces.
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Specimen of palm wood before sectioning. - 2-5)
A part of the transverse seetion of the fossil to show the cortieal. dermal, sub-dermal
and centreal vegions<, < 105 {c6 cortieal zome. 4 derioad zone, s subedermatl

zone, o central zone.)

Cortical zone enlarged. Note fibrous and fibrovaseabar bandles, o 30
One fibrovaseular bundle of the sub-dermal zone enlarged, - 208, ider -—dorsal seleren.

chyma, ph-=phloem, g metaxylem, pry - protoxyiem, p-—parenchyima. )
Sub-devmal zone enlavged.  © 300 by vaseulnr bundle with leaf rraees, by--sepa-
vation of leat trace from normat bundle, by hoth Jeaf trace and normal bundles
<eparated but remain side by =ide
Longitudinal <eetion of a part of the wood showing <piral rhickening EE N
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mm; dorsalt selerenchyma poorly  developed: xyvlem vessels usually two,
side hy side with some protoxyviem vessels. Fibrous bundles and stegmata
ahsgent. leaf traces numerous. Ground tissue of isodiametric rounded cells
with some intercellular spaces.
Central zone.  With fibrovascular bundles far apart and irvegular in orienta-
tion with different sizes and shapes, 35-45 per em? ; /v ratio 0-1/1 to 0-2/1,
diameter 0-17 to 0-56 mm; dorsal sclerenchyma poorly developed; xvlem
vessels two, side by side with protoxylem vessels,  Leaf traces large in number.
Fihrous bundles as well as stegmata absent.  Ground tissue same as in sub-
dermal zone.
Lorcality—3ohgaon Kalan. District Chhindwara,  Madhya  Pradesh,
India,
Age— Eocene.
Type specimen—D>3g..  Kept in the Botany Department, Lucknow
University,
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