
SONNERATIOXYLON FROM THE TERTIARY BEDS OF

MOHGAONKALAN, M.P., INDIA

N. V. BlRADAR

Botany Department, University of Poona, Poona-7

&

T. S. MAHABALE

Maharashtra Association for the Cultivation of Science, Poona-4, India

ABSTRACT

A piece of fossil wood measuring 5 x 3·5 cm from
the Deccan Intertrappean Series was collected by
one of US (T.S.M.) at Mohgaonkalan, Dist. Chhind
wara, M.P., India. Anatomy of it showed strong
resemblance with the anatomy of stem in the genus
Sonneratia L. (family-Sonneratiaceae), to which it
in all probability belongs and, therefore, has been
named as Sonneratioxylon intertrappeum sp. novo
A fossil fungus was obtained from this wood and it
has been described separately elsewhere (Biradar &
Mahabale, 1972).

INTRODUCTION

A NUMBER of dicotyledonous woodsfrom the Deccan Intertrappeans have
been described by Rode(1936), Shukla

(194-J.), Verma (1950), Prakash (1956, 1957,
1958 and 196_~), Shalbm (1960, 1963),
Lakhanpal and Dayal (196~), Dayal (1964-)
and others from Mchgaonkala!J (220 1 'N;
700 11 'E) in Dist. ChhiJldwara which is a
well known fossiliferoU3 locality of the
Deccan IJltertrappean Series iJl Madhya
Pradesh, India. The specimen is a round
piece of wood, measuring 5 em iJl length
and 3·5 cm in diameter. It consists of both
secondary xylem and pith, but there is no
cortex. Pith is not uniformly preserved,
and hence it could Jlot be studied entirely.
The wood is very well preserved and appears
to be an apical part of a stem or a young
vegetative branch of medium-sized plant.
The histological features of this fossil wood,
as well as th',se of the twig in living
Sonneratia griffithii agree. They were
studied in different planes, viz., T.S., RL.S.
& T.L.S. and are described below.

DESCRIPTION

Family - SONNERATIACEAE

Genus - Sonneratioxylon Hofmann,
1952

Sonneratioxylon intertrappeum sp. novo

PI. 1, figs. 1-15; Text-figs. 1-16

The wood is diffuse porous (PI. 1, figs.
1-3; Text-fig. 1), having distinct growth
rings (Text-fig. 1). Vessels are visible as
minute dots even to the naked eye against the
ground mass. They are small to medium
sized, solitary, and in radial multiples of 2-5,
but mostly 2-3-celled. Occasionally they
occur in irregular clusters, usually 28-30 per
sq mm (PI. 1, figs. 1-2; Text-fig. 1). Vessels
are numerous, crowded, 4-5 per sq mm to
wards the pith regivn. The solitary vessels
84-x64 fl. are round to oval in T.S., those in
radial multiples are round or square and
tangentially flattened due to mutual pIes
sure (PI. 1, fig. 1; Text-fig. 1). Each vessel
in the radial multiple group measures 75
X 75 fl.. Small to medium- sized vessel ele
ments measure 187 x75 fl. in L.S., the larger
ones measure 54-6X 76 fl.. The vessel cle
ments get attenuated at one or both the
ends; or they may be obliquely inclined
or truncate. Vessel perforation is simple
(PI. 1, fig. 6; Text-figs. 2-4-). Intervessel
pits small, 6-7 fl. in diam:oter, circular, hexa
gonal, vestured with linear-lenticular, hori
zontal apertures (PI. 1, figs. 8-9; Text-fig. 7).
Tyloses ar~ numerous, thin, brownish 10
pinkish in colour. They occur in great
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profusion (PI. 1, fig. 7; Text-fig. 6). In a
number of places, the vessels in T.S. and L.S.
are filled with brown to dark; brown
contents appearing as secretary canals (PI.
1, fig. 14; Text-fig. 13). Vessel-ray pits
not seen (PI. 1., figs. 4 & 5).

Xylem parenchyma is totally absent.
Xylem rays indistinct to the naked eye,

but visible under a microscope, closely,
spaced as radiating lines on the transverse
surface of the wood. Each ray is separated
by 1-3 tangential rows of fibres. They are
fine, uniseriate to biseriate, but mostly
uniseriate (PI. 1, fif>s. 10, 12, 13; Text-figs.
8-13). Ray tissue thin-walled, heterogene
ous, 1-80 cells high, made up of upright and
square cells (PI. 1, figs. 10, 12, 13; Text
figs. 11-13). The upright cells measure
54x15 [L, and the square cells 21 x21 [1..

A number of leaf traces (knots) ar~ clearly
seen in T.L.S. in their developmental stages
(PI. 1, figs. 11, 12). In L.S. the rays touch
vessel walls (Text-fig. 5). The uniseriate
rays become biseriate at places (Pl. 1, figs.
10, 13; Text-fig. 12). They show consider
able variation in their height. A few are
one-celled, others 3-4 cell 3d, still others
7-30 celled, while still others are as high
as 80 cells.

Fibres are thin-walled to slightly thick
walled, aligned in radial rows, short and
tapering at both ends (PI. 1, fig. 13; Text
fig. 15). They are sometimes singly
septate, but mostly non-septate, rectan
gular to square in T.S. (PI. 1, figs. 2-3; Text
figs. 1 & 15). The smaller cells measure
18 X 20 [L, and the larger ones 19 X 27 [L.

The tapering fibres measure 592 X 23 [L in
L. S. Inter-fibre pits are sometimes pre
sent, but unpitted fibres are more common.

DISCUSSION

Comparison of the Present Wood with that
of Living Species of Sonneratia - The im-

portant characters of the genus Sonneratia
are: vessels numerous but uniformly distri
buted. solitary or in multiples of 2-4,
mostly 2-3, open or occluded with tyloses.
Vessel se~,ments attenuate, tailed or truncate
with simple perforations, growth rings in
conspicuous but distin ct; vestured pits
present; parenchyma absent; fibres some
times septate; fine xylem rays uniseriate
to biseriate, heter0geneous, a few to many
cells in height. The characters of the
present fossil wood show the closest resem
blance with the wood of the living genus
Sonneratia Linn. belonging to the family
Sonneratiaceae (vide Metcalfe & Chalk,
1950; pp. 660-664; Pearson & Brown, 1932,
pp. 600-605).

For ascertaining further identity of the
fossil, it was compared with the section,:;
of young and old stem of the living species
of Sonneratia, S. apetala Ham., S. acida
Benth., S. alba Griff. and S. grijJithii Kurz.
A careful examination of the anatomy of
~tem in these species showed that the pre
sent fossil does have a very close resemb
lance with the medium-sized young stem
of S. grijJithii Kurz, of all the livinF, species,
in thf maj:)r characters. This species does
not occur in Deccan today but is common
in the Sunderbans near Calcutta and Malay
Islands.

Comparison with Fossil Species of Sonne
rat-ia - Fossil woods resemblmg Sonneratia
have been named as Sonneratioxylon by
Hofmann (195_~) and were described by
various authors as cited below.

Four species of Sonneratioxylon, three
Indian and one Austrian, are known 30 far.
Awasthi (1968) has de3cribed S. preapetala
from the Middle Tertiary of South India.
Krishna Rao and Ramanujam (1966) have
described S. dudul?1-trense from the Deccan
Irtertrappean Series at Dudukur, Rajah
mundIY, Andhra Pradesh. Ramanujam
(1957) has also described S. dahshinense

TEXT-FIGS.1-16 - Sonneratioxylon intertrappeum sp. novo Fig. 1. T.S. of secondary wood show
ing arrangement of vessels in multiple groups of 2 & 3: Note that some of the vessels are filled
with a brownish Substances at places X 95. Figs. 2-4. L.S, of vessel showing the tapering end and
oblique perforation in Fig. 3 X 145. Fig. 5. T.L.S. of a vessel showing adpressed nature of xylem rays
on both sides X 145. Fig. 6. L.S, of vessel showing numerous tyloses X 145. Fig. 7. L.S. of vessel
magllified to show the nature of pittillg: Note that some of the pits are vestured X 645. Figs. 8-12.
Uniseriate and biseriate xylem rays, Figs. 8-11 X 145 and Fig. 12 X 95. Fig. 13. T.L.S. showing
xylem rays, fibres and vessels: Vessels at some places are filled with brown contents X 95. Fig. 14.
R.L.S. showing absence of vessel ray pits X 85. Fig, 15. L.S. of fibres showing transverse septa
X 495. Fig. 16. L.S. of a fibre showing a simple pit X 495.
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from the Tertiary of South Arcot District,
Tamil Nadu. All these woods come from
the Tertiary beds of Southern India. S01I
neratioxylon prambachense described by Hof
mann (1957.) is also a Tertiary species
belonging to the Oligocene of Austria. In
addition to these, Verma (1950) and Shallom
(1963) have compared some fossil "\>\-cods
with the living Sonneratia, but without
fixing their generic or specific rank. They
only stated that their wood resembles with
the wooo of the living Sonneratia (see Table 1).

Characters of the present fossil "voorl re
sembles somewhat with those of S. preapetala
of Awasthi (1968), but it differs from that
wood in having distinct growth rings, xylem
rays nearly uni-biseriate, I -bO cells in height.
In Awasthi's wood growth rings are absent
and xylem rays 3-20 cells high, mostly uni
seriate.

It also resembles in some characters with
S. dudttkurense of Krishna Rao and Rama
nujam (1966) obtained at Dudukur near
RajahamundaIY (A.P.). But it differs from
their wood in having distinct grr)wth rings,
vessels numerous, solitary or mostly in
radial groups of 2-3, xylem rays heteroge
neous, 1-80 cells in height. Fibres arc
sometimes singly septate and pitted. In
S. dudukurense growth rings are absent,
vessels are solitary, but sometimes 2-3-celled
in radial groups; xylem rays homogeneous,
2-15 cells in height an d fibres profusely
pitted and usually with one or two septa.

The present fossil wood also differs from
S. dakshinense described by Ramanujam
(1957) from Mortandra, a well known Tertiary
locality near Pondicherry (South India),
in having distinct growth rings, absence
of vessel-ray pits, heterogeneous ray cell and
1-80 cells, high xylem rays as against the
absence of growth rings, presence of vessel
ray pittings, homogeneous xylem rays 3-12
cells high in that species, viz., S. dakshinense.

The fossil wood S. prambachense of Hof
mann (1952) from the Oligocene of Austria
also shows some resemblance with our wood.
But that wood differs from the pre.sent
material, mainly in having para'.racheal
paren chyma which is absen t in our specimen.

In 1963, Shallom described a fossil wood
from Paladon, Dist. Chhindwara and placed
it under the family Sonneratiaceae. She
compared this wood with the wood of two
living genera of this family, viz., Sonlleratia
and Duabanga, particularly with Sonneratia.

But she has not indicated that it belongs
to one or the other genus; nor does she name
it as Sonneratioxylon. She has only vaguely
suggested that her specimen belongs to the
Son n era tiaceae.

The present specimen differs from her
wood in having distir.ct 6rowth rings and
xylem rays with square and upright I-SO
cells high, vessel ray pits being absent. In
her wood the growth rings are said to be
absent and xylem rays homogeneous, its
cells beiJlg upright, 4-31 in height. VesscI
ray pits in her wood are present.

Verma (1950) has described a fossil wood
resembling Somleratia from Mohgaon kalan
in the Deccan IntertIappea.n Series. How
ever, in our wood, growth rings are distin ct,
xylem rays heteIOgeneous, uni-biseriate, 1-00
cells high, as against the absence of growth
rings in Verma's wood, having homogeneous
to aggregate hetero5cneuus xylem r"ys and
gum canals. He further states that xylem
rays are homogeneous in his wood but they
appear to be heterogeneous near a knot with
leaf traces, as in our specimen. Verma
(1950) however, thought that these IT,ay
be the gum caT'als.

Our wood also resemlJIcs iJl some charac
ters with Dryoxylon mohgaoense of Rode
(1936) obtained from Mohgaonkalan. But
the prescmt wood differs in haviJlg xylem
rays 1-00 cells high, nonpitted and without
any contents. Xylem parenchyma is also
absent here. In D. mohgaoense xylem rays
are 6-~.0 cells high, pitted, and have gum
like contents. Xylem parenchyma is pre
sent.

In the Tangential sections of the stem
and branches of living species of Sonncratia,
numerous knots are seen, j U3t as in the
present fossil. They have not been re
ported in any of the previuusly described
species ef Sonneratioxylon. Previous,
workers on Sonneratioxylon have attached
much importance to the presence of septa
on the fibres in the wood. In the living
wood septa in fibres represent primary wall,
which may be badly preserved or not at
all. In a few woods they may be partly
preserved or may be totally absent, in living
as well as in fossil.

The same holds good for the pits on fibres.
An evolved fibre may not show clear pitting
on it, as its lumen gets much reduced, th('[e
by allowing a very small space for pits.
Moreover, the pits are seen on radial walls



TABLE 1- GIVING COMPARISON OF THE STRUCTURAL CHARACTERS OF FOSSIL INDIAN SPECIES OF SONNERATIOXYLON HOFMANN WITH THEIR AGE AND LOCALITY
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S.
No.

FOSSIL SPECIES GROWTH
RINGS

VESSELS

( .
Shape, size and distribution Perforation Pitting Tyloses

of vessels

PAREN

CHYMA

XYLEM RAYS FIBRES LOCALITY HORIZON AND AGE REMARKS

Awasthi Not seen Simple, end plate
truncated or slight
ly tapered

Chinnakottaikuppam, Cuddalore Sseries
Pondicherry, S9uth Middle Tertiary
India

1.

2.

Sonneratioxylon inter-
trappeum sp. nov.

S. preapetala
(1968)

Present Round to oval when solitary,
square and flattened in radial
multiples of 2-3; vessels
numerous; small to medium
sized, 28-30 per sq mm.
Solitary vessel in T.S. mea
sure 84 x 64 fL

Solitary vessels circular to
oval, those in radial multi
ples of 2-4 cells, flattened,
mostly medium sized, 28-50
per sq mm measuring
t.d. 45-150 fL, r.d. 45-165 fL

Simple, end
attenuated•

plate Intervessel pit pairs bor
dered, 6-7 fL, alternate,
bexagonal with lenti
cular, horizontal orifices,
Vessel ray pits not seen

Intervessel pits medium
to large, 6-8 fL, circular
or oval, vestured; lenti
cular aperture, vessel
ray pits not seen

Present

Present

Absent

Absent

Uni-biseriate, mostly Un!

seriate, heterogeneous; made
up of upright and square
cells; upright cells 54 x 15 fL,
square cells 21 x 21; height
1-80 cells

Uniseriate, rarely biseriate,
heterogeneous; procumbent
cells 14-20 fL, square cells 32
48 fL; ray cells-containing
solitary crystals; rays 3-20
cells in height

Angular, small to medium
sized, 4Lpering at
both ends; small cells
18 x20 u, large-19 x27
fL in L.S. 592 x 23 fL·
Pits and septa some
times present

Oval to angular, septate;
pits not seen

Mohagaonkalan, Dt.
Cbhindwara, M.P.

Deccan Int. Ser.
Early-Eoc.ene

Resembles with the
modern Twig wood
of Sonneratia grif
fithii Kurz

Resembles Sonnera
tia apetala-Ham.

3. S. dudukurense I<rishna
Rao and Ramanujam
(1966)

Vessels mostly solitary some- Simple, oblique
times in radial multiples of
2-3. Tangential diameter
of vessels mostly 70-95 fL,
15-20 per sq mm

Intervessel pits vestured
alternate or angular

Present Absent Uni-biseriate, mostly
riate, 2-15 cells high

unise- Angular 18-25 fL in (ham.
750-950 fL in length;
septate; pits on the
fibres in 1 or 2 rows

Dudukur,
mundry

Rajaha- Intertrappean Series
Eocene

Compared with Son
neratia rather than
with Duabanga by
Ramanujam (1966)

4. S. dakshinense Ramanu
jam (1956)

Absent Orbicular to oval or flatter..ed,
mostly small sometimes of
medium size, solitary to
radia I multiples of 2-3

Simple, mostly ob
lique, attenuated

Inten,essel pitting, ves
tured, alternate, hexa
gonal; vessel ray pits
minute and many

Ab.ent Absent Mostly uniseriate, rarely hi
seriate, homoger.eous 3-12
cells high

Polygonal, short, distinct- Mortandra, Pondi-
ly ~eptate; rits few, cherry, South India
minute, simple

Cuddalore series,
Middle Tertiary

Sonneratia apetala
and S. acida

5. Fossil wood of SonneYatia
by Shallom (1963)

Ab,ent Vessels solitary or in multi
ples of 2-3

Simple, plate oblique
to horizontal

Intervessel pitting bor
dered, alternate, vestur
ed, round sometimes
hexagonal; vessel ray
pits smaller

Sometimes
seen

Absent Uniseriate, sometimes
seriate, homogeneous
slightly heterogeneous,
4-31 cells high

bi
very
rays

Angular, of same size and
shape; non-septate and
non-pitted; 600-1000 fL
in length and 17-22 fL
in diarneter

Paladon, Dt. Chhind
wara, M.P.

Deccan Intertrap
pean Series, Eocene

Compare<! with Son
neratia and Duab
anga by Shallom
(1963)

6. Fossil wood of Sonneratia
by Verma (1950)

Absent Vessels numerous, small, in
radial multiples and clusters

Simple, plate nearly
horizontal to ob
lique

Intervessel pits pairs bor
dered, circular or oval

Sparse Absent Two types (1) U niseriate- Angular
homogeneous; (2) Aggregate
heterogeneous with 1-3 resin
canals in the body of the ray

Mohgaonkalan, Dist.
Chhindwara, M.P.

Deccan Intertrap-
pean Series, Eocene

Compared with Son
neYatia by Verma
(1950)
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rather than on tangertial walls. It should
be remembered, therefore, that thp<;e two
characters are rather flexible and should be
taken into account along with oth.er charac
ters of the plant, rather than sin~ly or each
exclusively.

The present wood thus shows a very close
resemblance wit.h that in the genus Son
neratia (family-Sonneratiaceae) and has
been placed under the form genus, Son
neratioxylon, of Hofmann. It has been
named Sonneratioxylon intertrappettm sp.
nov., the specific name indicating the Inter
trappe an Series from which it came. Fur
ther it shows the closest resemblance with
the wood of a living species, Sonneratia
grijjithii Kurz.

The twc. form genera Sahnianthus and
Enigmocarpon reported from the Deccan
Intertrappean Series have been assigned
to the family Sonneratiaceae rather than
to Lytheraeae by Mahabale and Deshpande
(1957). Chitaley (l.963) has described its
roots Sonneratiorhizos, showing similarities
with the roots of Sonneratia. Thus on the
basi" of analogy of the fruit, root and stem,
the occurrence of the genus Sonneratia in
the Deccan Inter~rappean Series looks a cer
tainty. Chitaley (1968) while discussing
the affinities of the dicot root, Sonneratior
hizos raoi, refers to a fossil dicot woud des
cribed by Shallom (1963) as Sonneratioxylon
duabangoides. But Shallom (1963) in her
own paper on "Fossil dicotyledonous wood
from the Deccan Intertrappean beds of
Chhindwara" has neither given the generic
nor specific name to her wood nor has
created the type for it. Shallom (1963) has
not named her fossil wood as S. duabango
ides as Chitaley (1968) states. This, there
fore, is an example of Nomina nudum, and
as such has to be rejected, not-withstandin{!
the similarities pointed out by Shallom
(1963). Sonneratia and Duabanga are two
separate genera of the same family, but
she has combined the names of two genera
in one. One is made the generic narrle
(Sonneratioxylon) and the other Duabanga,
as specific name of the same wood, 'duaban-

goides'. This is very confusing and has
to be rejected as no holotype having that
name has been prescribed by Shallom (1963).

Sonneratia is a small genus having 5-6
species spread in the Indo-Malayan region
of which more than 4 species occur in India.
It should not be surprising therefure, if
we had more than one species of it in
fossils in the Tertiary flora of India
at different places.

The woods described by Rode (1936),
Verma (1950) and Shallom (1963) apparently
seem to be the same. These woods also,
show resemblance with the present wood
specially those described by Verma (1950)
and Shallom (1963). As they have not
attributed to their specimen any particular
specific name, these woods are being merged
with the present species, S. intertrappeum
n. sp.

Diagnosis - Wood diffuse porous. Vessels
numerous, 28-30 per sq mm, small solitary
as well as in radial multiples of 2-5, mostly
2-3, solitary vessel round to oval, measuring
84 X 64 fl. in T. S., short vessel elemen ts
measure 187 X 83 fl. and long vessel elements
546 X 76 fl.; vessels filled with brown to dark
contents; end wall,: attenuated, tailed, thin
walled; perforation simple; tyloses present
at places. Inter-vessel pits numerous, ves
tured, alternate, round to hexagonal, 6-7
fl., with linear-lenticular, horizontal orifices.
Parenchyma absent, xylem rays fine, 1-80
cells in height, uniseriate, occasionally bise
riate; ray tissue heterogeneous con3isting
both of upright and square cells measuring
54x15 !J. and 21 x21 !J. respectively; leaf
traces seen in different stages of develop
ment. Fibres angular, cells small and large,
small cells measuring 18 X 20 !J. and larger
ones 19 X 27 fl., sometimes septate and
pitted.

Locality - Mohgaonkalan, Dist. Chhind
wara, M.P.

Horizon - Deccan Intertrappean Series,
India.

Age - Tertiary (Eocene).
Type Specimen - 1/68, Botany Depart

ment, University of Poona, Poona-7.
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EXPLANATION OF PLATE

PL. 1, FIGS. 1-15 -Sonneratioxylon intertrappeum sp. novo

FIG. 1 - T.S. of a secondary wood : Note vessels in multiple groups of 2 and 3 X 90. Fig. 2. The
same showing a part of the central region of wood magnified X 150. Fig. 3. The same: A part from
peripheral region of the wood magnified X 1SO. Fig. 4. RL.S. showing absence of vessel ray pittings
X 35. Fig. 5. The same: showing uniseriate xylem ray cells - uxr as if storied X 35. Fig. 6. T.L.S.
showing uniseriate xylem rays and vessels with oblique perforations and tapering end plates X 35.
Fig. 7. L.S. of vessel showing numerous tyloses - t X 60. Fig. 8. L.S. of vessel showing pittings
p X 90. Fig. 9. A portion of the same magnified to show the alternate arrangement of pits and some
vestured pits X 170. Fig. 10. T.L.S. showing uniseriate-ur and partially biseriate xylem rays
X 35. Fig. 11. Leaf trace (Knot) in T.L.S. X 30. Fig. 12. T.L.S. showing uniseriate xylem rays
ur, leaf traces -It and vessels filled with a brown substance - b xIS. Fig. 13. T.L.S. showing short
tapering fibres - f, uni-ur and biseriate - br xylem rays X 35. Fig. 14. L.S. showing vessels filled
with a brown substance - b X 25. Fig. 15. L.S. of a vessel showing heavy infection caused by an
Imperfect fossil fungus - Tetracoccosporium eocenum X 130.
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