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INTRODUCTION

THE occurrelace of various kinds of stone-cells with or without included
crystals is a common feature in the family Verbenaceae (Metcalfe and Chalk,
1950). Recently stone-cells without included crystals have been described
in Avicennia officinalis Linn. (Malaviya, M., 1963). Metcalfe and Chalk
(1950) and Mullah (1933) in Clerodendron inerme Gaertn. referred to the
stone-cells as "lignified vertically elongated cells ". The presence of these
stone-cells, as far as I am aware, has not been reported in other species of
Clerodendron. A detailed comparative account of stone-cells in different
locally available species of Clerodendron therefore was taken up. Another
object with which the study was pursued was to find out how far these stonecell characters could constitute taxonomic criteria and also if they could be
correlated with the habitat of the plant. All the plant names used in this
paper have been taken from the Bulletin of the National Botanic Gardens,
Lucknow. Index kewensis has also been used for the purpose of completing
these names.
MATERIAL AND METHODS
The plants were collected from our departmental garden and also from
some other gardens in the city. The species examined were as follows :--

1. Clerodendron phlomides Linn.
2. C. fragrans Vent.
3. C. aculeatum Griseb.

4.

C. inerme Gaertn.

5. C. splendens Helal.
6. C. infortunatum Gacrtn.
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7. C. macrosiphon Hook. f.
8. C. volkameria Linn.
9.

C. siphonanthus R. Br.

I0. C. minahassae Toijsm.
II. C. thomsonae Balfour.
12. C. paniculatum Lima.
Portions of young and old stem, petiole and leaf from all these species
were fixed in formalin-acetic alcohol and were microtomed, macerated and
cleared by Foster's technique 0946). The usual Haematoxylin-orange G
and Safranin light green were the stains used, along with the temporary phloroglucin Cone. HCl (Foster, 1949) stain. The floral parts were not available
for examination.

Distribution and Structure of Stone-cells in Different Species
In most of the cases, the stone-cells are present in old stems, and only
in those stems where there is not much sclerenchyma present.
In the species examined, the stone-cells are absent in C. phlomides,
C. macrosiphon, C. volkameria, C. siphonanthus, C. thomsonae and C. pani.
cutatum.
In C. fragrans, C. infortunatum, C. aculeatum, C. inerme, C. splendens
and C. minahassae, stone-cells are either present in stem or in petiole or in
both. They occur singly or in groups in the cortical and pith regions. In
C. fragrans, C. infortunatum and in C. minahassae in the cortex and pith of
the stem and petiole the stone-cells occur mostly in groups of three to many
(Text-Figs. 1 and 2; Plate XXXI, Photo 1). They are absent in the lamina of
the leaf but they occur in the midrib region, at the base of the leaf.
In C. splendens the stone-cells are present only in the cortex ('Photo 2)
and pith of the petiole.
In C. aculeatum and C. inerme, the stone-cells are distributed either singly
or in groups of two to many in the cortex of a sufficiently old stem, in which
the secondary tissues have already been produced (Text-Figs. 3 and 4
respectively and Plate XXXI, Photo 3 and Plate XXXII, Photo 4).
According to the form of these stone-cells, it seems that two main types
of stone-cells are present in the above-mentioned species of the genus Clerodendron. One group of stone-cells is roughly polygonal, thick-walled, pitted,
with or without included crystals. These may be classed with the Brachy-
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sclereids of Tschirch (1889) and Foster (1949). This group includes
C. fragrans, C. infortunatum, C. splendens, and C. minahassae. All these
species have groups of stone-cells with their walls closely appressed
with each other (Text-Figs. 5, 6 and 7) and with very distinct pit-canals
(Text-Fig. 8 and Plate XXXII, Photo 5). All these species have included
crystals which are numerous in C. fragrans (Plate XXXII, Photo 6) and in
C. infortunatum, fewer in number in C. splendens and mostly one in
C. minahassae (Text-Fig. 8) like that of Dendrophthoefalcata (Rao and
Malaviya, 1962). The crystals get dissolved in concentrated nitric acid
when the material is kept for maceration for a long time. The nature of these
crystals seems to be calcium oxalate as in Nymphaea (Malaviya, 1962) because
in Clerodendron also the crystals disappear after a prolonged treatment with
concentrated acids.
The other type of stone-cells found in C. aculeatum and C. inerme
actually can be placed with the Brachysclereids, but their shape and structure
suggests their being placed with the "spheroidal sclereids" of Rao. T. A.
(1957). These cells were referred by Mullan (1933) as lignified cells. They
are more or less rounded, with thick lignified walls having no pits in C. inerme
(Text-Figs. 9 and 10) and with very prominent pit-canals in C. aculeatum
(Text-Fig. 3).
The stone-cells in neither of the groups have a lamellated wall. Although
the walls are not perfectly homogeneous, yet they cannot be recognised as
lamellated. In both the types the thick secondary wall is traversed by prominent pit-canals in some of the species.

Ontogeny of Stone-cells
The ontogenetic development of the stone-cells in these two different
groups varies. In the "Brachysclereid " type the stone-cell is a transformed
parenchyma cell in the stem or petiole. While in the "spheroidal sclereids"
the stone-cell is a transformed collenchyma ceil in the cortex of the stem.

Development of the Stone-cell from a Parenchyma Cell
Following the development of the stone-cell, it was found that basically
the development is on similar lines in all the species included in this group.
The initials however show some differences. The later stages are very much
the same in all the species and are also similar in the stem and petiole. In
the petiole of C. fragrans which can be taken as an example of this type, the
initials are found in the pith and cortex. Almost all the initials have two very
distinct nuclei, each nucleus having one distinct nucleolus (Text-Fig. 11). The
nuclei in most of the cases lie in the centre of the cell. The contents are not
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very dense as compared to the other surrounding cells. Very soon a secondary
wallis laid down over the primary wall (Text-Fig. 12), along with which the cells
also increase in size by individualistic growth (Rao, T. A., 1960). At this
time the secondary activity of the cambium has 'not started as yet. The
stem shows still the primary xylem and phloem. The increase in size of the
cells is by intercellular growth. Sometimes a wall is laid down in the centre
of the cell also, dividing the cell into two with one nucleus in each cell (TextFig. 13). In many cases one of the nuclei may degenerate or even both may
degenerate. Crystals begin to appear (Text-Fig. 14). Very soon the whole
group of stone-cells becomes full of crystals and pits appear in the secondary
wall (Text-Fig. 15). The nucleus which occupies a more or less central
position in the beginning moves towards the periphery. One nucleus usually
degenerates very soon; the other one is seen sometimes till a late stage of
lignification of the stone-cell and its development.
In the stem also an exactly similar development is seen except that there
is a single nucleus (Text-Figs. 16, 17 and 18). Sometimes the pits get cut
obliquely and are seen just as elongated slits in the stone-cell (Text-Fig. 19).
A very much similar development of the stone-cell takes place in the cortex of
the stem and petiole. Sometimes the stone-cells do not have a polygonal
shape in the earlier stages. They may even have rounded or oval outlines
(Text-Fig. 20).
In the petiole of C. splendens the initials usually do not have a distinct
outline (Text-Fig. 21) and the nucleus disappears very soon (Text-Fig. 22)
just when the lignification has set in. The stone-cells show a sort of
intrusive growth and are slightly oval in outline in the developmental stages
(Text-Fig. 23). But this irregularity in outline is not a very usual feature.
Some initials are also seen with a definite outline like that of C. fragrans and
C. infortunatum. They show very thin but definite pit-canals in their walls
(Text-Fig. 24) as in C. splendens.
The initials as well as the later stages are just the same in C. minahassae
but the secondary wall shows very distinct, sometimes even branched pitcanals (Text-Fig. 8).
It seems that there are not so many changes involved in the development
of a Brachysclereid. The different stages may overlap. All the changes
referred to above do not necessarily take place simultaneously in every stonecell. Some cells may be showing the appearance of crystals, others may
still show nuclei or pits developing. The development is by the "secondary
sclerosis" of a parenchyma cell (Foster, 1949).

14
•C7"

I!

17

8

21

C

24

O
Q O
~ O Dm D

23

25
TexT-F~3s. 14-26

2Q

On ihe Occurrence of Stone-Cells in Twelve Species of Clerodendron

357

Development of Stone-cell from a Collenchyma Cell
It is found in C. aculeatum and in C. inerme that it is a collenchyma cell
in the cortex of the stem which gets transformed into a stone-cell. The
initials are indistinguishable in the very early stages. The development of
the stone-cell starts after the activity of the "vascular cambium" (the term
used from Esau, 1962) which cuts off the secondary vascular tissues like
xylem and phloem with its fibres (Text-Fig. 25). At this stage the initials
become recognisable by their lost contents and increased size (Text-Fig. 26).
Lignification soon sets in. There are no other visible changes involved. The
development proceeds by the usual "secondary sclerosis" of a collenchyma
cell. The fact that the development of the stone-cells started with the
activity of the vascular cambium, is likely to mislead one to think that it
is a part of the cambial activity. But this is not so. The stone-cell
development actually follows the vascular cambial activity and is in no
way due to it.

D~SCUSSZON
The presence or absence of the sclerenchyma and the stone-cells and the
distribution of stone-cells in the different locally available species of
Clerodendron has been mentioned in Table I. A careful study of
this table shows an interesting feature. So far as has been investigated,
it seems that the stone-cells are generally present in the stem and petiole of
those species which lack sclerenchyma in these organs. Examples of this
are C. fragrans and C. infortunatum. In those species where either the pith
becomes sclereised as in C. thomsonae, and C. siphonanthus or where the
phloem fibres are present in sufficiently old stems, as in C. volkemeria,
C. phlomides and C. macrosiphon, there is however a total absence of stonecells. In C. aculeatum and C. inerme the stone-cells do come up at a later
stage, even though the phloem fibres are present. In view of the above meagre
data at hand it is not possible to assert definitely that stone-cells occur in
Clerodendron wherever sclerenchyma is absent, although one should not
overlook such a possibility as mentioned above. It also seems quite obvious
that the stone-cells and sclerenchyma both more or less serve the same function and that is to impart a certain amount of rigidity and mechanical strength
to the plant body. But why exactly some species produce stone-cells and
other sclerenchyma is not very clear. Physiological adaptations, ecological
environment and supply of soil nutrition, etc., may be some of the factors
responsible for it.
/33

(Mzss)

MANJU MALAVIYA

358

~."

£2

~.~--~:
.~

o

-~

-

~"~ ~,~
~

,

~

:

:

:

:

:

:

~ -~ .,.,.-o
o.

~'.~1 . ~

0"0

~ ~ ~: .,~,

8

u

r~

+

+

+

+

I

1

I

I

I

I

I

I

+

+

+

+

1

I

I

I

I

I

I

I

0
d~
0

o

r~

A
v

o~

~-~

-4--

o

+

A

A

~

A

-I-

+

I

I

~

+

A

I

e"~

~,

A

A

I

+

I

"4-

A

A

A

I

A

l

A

I

A

I

A

I

A

J

I

I

A

A

I

I

A

A

I

I

+

A
v

r~o~.

~

o ~.,

A
v

I

~
v

I

~
v

l

~
v

I

~
v

A

I

v

I

~
v

A

I

v

]

A

A

A

A

v

v

v

v

-'I-

-{-"

°~

~,~
b~

~

~'~

~

I~

-']-

I

+

On the Occurrence of Stone-Cells in Twelve Species of Clerodendron 359
Another and a more plausible function of stone-cells is that they may
act as special repositories of the plant excretory or secretory products, as
was also noticed when describing Dendrophthoe (Rao and Malaviya, 1962)
and Nymphaea (Malaviya, 1962) where either one or more crystals are present
within the sclereid. The crystals are only produced in those species of Clerodendron where the stone-cells are present, as has been investigated in the
species examined. Even though the stone-cells do not seem to be directly
concerned with the plant metabolism, yet the included crystals seem to have
some relation with the plants' excretory or secretory activities. These crystals
may be of some importance to the plant organs or they may simply be waste
products.
SUMMARY

Twelve locally available species of Clerodendron have been examined
for a comparative study of stone-cell structure, distribution and ontogeny.
The species fall into two classes. First group includes C. fragrans, C. infortunatum, C. splendens and C. minahassae which have brachysclereids developed
from transformed parenchyma cells of cortex or pith. The second group
includes C. aculeatum and C. inerme which have "spheroidal sclereids "
formed by the conversion of the collenchyma cell of the cortex. This has
not been, as I am aware, reported so far. Both types develop by the "secondary
sclerosis" of either the parenchyma cell or the collenchyma cell. So far
as has been noticed, stone-cells seem to be present only in those species where
the sclerenchyma or the phloem fibres are absent. It is therefore suggested
that probably they both serve the same function of giving mechanical strength
to the plant body. It has also been pointed out in view of the occurrence
of some kind of crystals in these stone-cells, that they may be functioning
a s the repositories of excretory or secretory products.
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EXPLANATION OF PHOTOGRAPHIC PLATES X X X I &
PLmE X X X I

XXXII

PHOTO I. A part of transection of the stem of C. infortunatum showing the stone-cellsdisttibutml
in the pith, x96. (sc,stone-cell.)
P~oTo 2. A portion of a transverse section of the petiole of C. splendens showing the stone.cells
distributed in pith and cortex, x170. (sc, stone-ceil; vb, vascular bundle.)

PHO~rO 3. A sectorof transectionof an old stem of C. aculeatum, x270. (c, cortex; ap, spheroidal
sclereids; sx, secondary xylem; ,of, phloem fibres.)
PLATE XXXII

PHOTO 4. A seeor of transection of an old stem of C. inerme, x245. (sp, spheroidal sclereids; sx,
secondary xylem.)
PHoTo 5. A group of stone.cells in the pith of C. splendens, × 170. (so, stone-cell.)
PHOTO 6. A group of stone-cells magnified to show the numerous crystals in their lumen in
C. fragrans, × 725. (cr, crystal.)
EXPLANATION OF TEXT-FIGURES
TExT-FIns. 1-13. Fig. 1. Transverse section of a petiole of C. fragrans showing the distribution ,of groups of stone-cells, ×15. (sc, ston¢.eell; vb, vascular bundle.) Fig. 2. A sector of
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transverse section of the stem of C. fragrans magnified to show the detailed structure, × 70. (e, cortex;
~c, stone,cell; x, xylem.) Fig. 3. A portion of a ttansec~n of leaf of C. acu/eatum showing
the spheroidal sclereid& x350. (sp, spheriodal sclereids.) Fig. 4. A portion of a transection
of leaf showing the spheroidal sclereids,×350. Figs. 5-7. Showing the forms of stone-cells in
C. fragrans, C. splendens and C. minahassae respectively, x310. (l, lumen, p, pits.) Fig. 8. A
group of stone-cells magnified in sectional view in C. minahassae, x310. (pc, pit-canals; cr, crystals.
Figs. 9-10. Form of stone-cells in C. inerme, x350. Figs. 11-12. Early ontogenetic stages in
the petiole of C. fragrans, x248. (n, nucleus; cr, crystal.) Fig. 13. An intermediate stage in the
ontogeny of the stone-cell showing the wall in the centre of the cell, ×240.
TExT-FIGs. 14-26. Figs. 14-15. Later stages in the development of stone-cells, x240.
Figs. 16-19. Stages in the ontogeny of stone-cells in the stem of C. fragrans, x248. Fig. 20. A
portion of a transection of a petiole in (7. fragrans showing the stone.cell in the cortex, × 24B,
Figs. 21-23. Stages in the ontogeny of stone-cells in the petiole ofC. splendens, x412. (n, nucleus;
p, pits.) Fig. 24. A group of stone-cells in C. splendens showing the pit-canals, x350. Fig. 25.
A part of transection of stem of C. aculeatum showing detailed structure, x200. (c, cortex, pf, phloem
fibres; ph, phloem; re, vascular cambium; sx, secondary xylem, sp, spheroidal sclereids.)
Fig. 26. A part of transection of stem of C. inerme showing the initials, x272 (i, initials.)

