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Both brachysclereids and astrosclereids of variable forms are found in
Michelia champaca, the former predominates in the primary stem and the
latter in the petiole. The floral parts have innumerable astrosclereids distri-
buted diffusely in the ground tissue. All the sclereids develop from an ordinary
parenchymatous initial which is easily recognizable from the surrounding cells.
The initial branches in various directions resulting in different types of
sclereids. They impart rigidity to the organs where they occur.

INTRODUCTION

A series of papers have appeared from this laboratory on the foliar and
cauline sclereids of angiosperms (Rao and Malaviya 1962; Sharma in press).
Observations on .the structure, distribution and ontogeny of petiolar and
cauline sclereids of Michelia champaca Linn., a member of the Magnoliaceae,
are incorporated in the present paper. Tucker (1962), while describing the
ontogeny and phyllotaxis of the terminal vegetative shoots of Michelia fuscata,
has made some remarks on the occurrence of sclereid plates in the stem and
also on the elements of sclereid system in the leaf midrib. Metcalfe and Chalk
(1950) have also reported the presence of stone cells in the primary cortex of
the stem of many magnoliaceous genera, but there is no mention of Michelia.

MATERIAL AND METHODS

The material for this study was collected from South India and fixed in
formalin-acetic-alecohol. Alcoholic safranin alone gave very good permanent
preparations. Foster’s techniques (1946, 1949) were used for clearing.

OBSERVATIONS

Distribution of sclereids—The sclereids appear in groups of two, three or
more in the pith and mostly singly in the cortex of young stem (Fig. 1). How-
evel, there is one peculiarity about Muchelia champaca, as was reported in
Michelia fuscata by Tucker (1962), that no sclereid plates appear in older
stems of Michelia champaca. In fact a very few scattered sclereids, one or
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Fics. 1-27. Michelsa champaca (3, initial; I, lumen ; n, nucleus; pe, pit-canal; scl, sclereid ; sw,
secondary wall; vb, vascular bundle). 1-3, diagrammatic representations of the transections of
stem, petiole and leaf showing the distribution of sclereids, x 40. 4-12, various forms of sclereids.
x 56. 13-16, magnified view of the sclereid. x 146. 17-27, various stages in the ontogeny of

petiolar sclereids. x 72,
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two, may be seen in the older stems after the secondary growth, meaning
thereby that no sclereids are produced after the secondary activity.

In the petiole, sclereids oceur abundantly either singly or in groups in a
diffuse manmer in the cortex and also in the pith, usually being more con-
centrated near the vascular bundles (Fig. 2). The sclereids continue to be
present a little beyond the petiolar limit where the lamina begins in the midrib
region (Fig. 3). There are no laminar sclereids at all. The sclereids are also
found abundantly in the floral parts. They are numerous in the perianth
lobes, very few in the ovary wall and none in the stamens. They occur in a
diffuse manner in the ground tissue in between the vascular elements. The
frequency of sclereids increases in the perianth lobes towards the base and
the middle region, i.e. centripetally the sclereids are more concentrated.

Structure of the adult sclereids—The cauline sclereids mostly fall into
the category of brachysclereids, as classified by Tschirch (1889), with a very
few star-shaped or branched forms. They are spherical or squarish, roughly
isodiametric, oval or slightly elongated forms (Figs. 4-9). A few branched
types are also met with in the stem. Petiolar and floral sclereids are star-
shaped with unequal or equal branching but the branches do not penetrate
into the surrounding intercellular spaces (Figs. 10-12). The lumen narrows
down in the small pointed arms (Fig. 13). These are placed under the section
astrosclereids. The lumen is generally devoid of any type of contents at
maturity (Figs. 14, 15) and is of the same shape as the sclereid (Figs. 14-186).
The secondary wall is very thick, lignified, lamellated and provided with pit-
canals (Figs. 13-16). The lamellations of the wall are very fine and the lignin
layers seem to be very closely compact.

Ontogeny of the petiolar sclereids—The sclereid initials make their appear-
ance very early in the plant when the other tissues are not fully differentiated.
The initials generally appear first in the pith and later on in the cortical region.
They have slightly larger size than the surrounding cells and have dense
finely granular, non-vacuolated protoplasmic contents with a large spherical
or oval nucleus having a distinct nucleolus (Fig. 17). The first stage of the
development is that the initial changes its outline along with an increase in
size (Fig. 18) of the cell. After a slight increase, either a secondary wall is
laid down immediately (Fig. 19) or the initials may undergo changes in their
form, resulting in variable shapes of sclereids. A large number of variations
in the form seen in the adult sclereids are brought about by the formation of
some protuberances (Figs. 20-23), equal or unequal development of branches
(Figs. 24-27 and 28, 29) or curving and dichotomy in various directions
(Figs. 30-36) by the initials. In some cases there may be a repeated branching
(Figs. 37-39) while some other initials generally elongate slightly (Figs. 40, 41)
and then divide, or there is no further branching (Figs. 42-43). Occasionally
one end of the sclereid after a slight elongation becomes blunt (Figs. 44, 45)
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and later on it may or may not divide. If the sclereid initial finds sufficient
space it may send out branches in three or four directions or even in many

Fias. 28-55. Michelia champaca (¢, cortex; n, nucleus; pf, protoplast; sw, secondary
wall). Stages in the ontogeny of petiolar sclereids. x 72.
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directions simultaneously (Figs. 46-51). Sometimes the initial elongates and
then divides in a manner so as to result in a Y-shaped sclereid (Figs. 52-53).

Fies. 56-78. Michelia champaca (n, nucleus; pt, protoplast; sw, secondary wall). 56-75,
some more developmental stages in the ontogeny of petiolar sclereids. X 75. 76-78, stages in
the development of cauline sclereids. x 75.
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The sclereid initials in the cortex of the petiole generally appear later.
They are just like the initials in the pith region. They may show sometimes
two very distinet nuclei and the nucleus is slightly elliptical in shape
(Figs. 54, 55). Figs. 56-73 show the development of different types of sclereids
in the petiole. The reason to illustrate this fluctuating mode of development
of the sclereids is to show that they can vary to a maximum degree in their
form, provided they get enough surrounding space. To some extent this
variation in the form is dependent on the nature of the surrounding tissue.
The sclereids appear in the leaf midrib generally in groups of two to many
and occur till about half the length of the midvein. Their development is
exactly similar to that of other petiolar sclereids. There are sclereid plates
appearing in quite old petioles in the pith region.

Ontogeny of cauline sclereids—The ontogeny of sclereids in the stem
also follows an exactly similar course as in the petiole. There are, however,
two nuclei (Fig. 76) seen very clearly in the lumen of the sclereid initials in the
cortex of the stem. In the pith region groups of sclereids differentiate simul-
taneously resulting in sclereid plates (Figs. 77, 78).

In the mature stems, after secondary activity, no sclereids are seen at all.
The mode of the ontogenic development of the floral sclereids is the same as
‘the petiolar and cauline sclereids. The very young perianth lobes have no
sclereids. The older floral parts produce sclereids by the transformation of
ground parenchyma cells of the perianth, mostly near the vascular elements.

The main points of the sclereid development in Michelia champaca are the
presence of the nuclei in the initials which are retained till a late stage of
development. The contents ultimately disappear in very mature sclereids as
the lignin deposition proceeds. The protoplast itself deposits this lignin
centripetally and- accounts for the formation of the secondary wall. The
nucleus generally persists till the lignin deposition. As soon as this ceases, the
nucleus also disappears, and there is a total degeneration of all the sclereid
contents.

Discussion

The sclereids found in Michelia champaca fall into two categories (Tschirch
1889), namely the brachysclereids and the astrosclereids. The brachysclereids
preponderate in the stem, while there are mostly astrosclereids in the petiole
with a very few brachysclereids. In the floral parts, mostly the astrosclereids
dominate. The initials of all these sclereids are identical up to a particular
stage. It is the later mode of development which determines the ultimate
form of the sclereid. This to some extent is dependent on the nature of the
surrounding tissue and also the organ in which they develop, as was discussed
in Aroucaria (Rao and Malaviya 1964) and other gymnosperms and a few
angiosperms. Moreover, as the nature of the tissue even in the petiole is not
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very compact as compared to the leaf, the astrosclereids do not produce very
long branched arms. The branches cease to grow after some elongation.
It seems that the sclereids keep pace with the growth of the surrounding
cells, sending branches into the intercellular spaces, wherever available, with-
out actually rupturing any tissue.

Tucker (1962) has discussed that, unlike Liriodendron, sclereid plates are
being formed every year in Michelia fuscafa in the stem. In Michelia cham-
paca, in the primary stems, the sclereids are scattered in the cortex and they
occur in groups in the pith. But after the secondary growth no such sclereids
are seen. Rarely one or two sclereids may be seen in the cortex. Why
exactly they are not produced after the secondary growth cannot be ex-
plained. They seem to appear first at a particular time in response to some
demand on the part of the plant and later they simply do not appear.

It is, however, noteworthy that the perianth lobes of Michelia champaca
are quite hard in texture, perhaps due to the presence of innumerable sclereids,
which impart rigidity to the organs in which they occur.

In many other angiosperms it has, however, been noticed that typical
brachysclereids more or less form a continuous ring in the secondary wood
(Sharma in press) and they are not at all differentiated in the primary stems as
in Saraca or Capparis (Malaviya 1967; Sharma in press). It simply points out
that the development of the sclereid in any particular organ depends prob-
ably on the need of the plant. But, of course, one small fact stands out
clearly that the stems in which there is a ring of stone cells are very hard in
texture compared to the stems where the sclereids are scattered.

The presence or absence of sclereids and their structure are important
facts which help in distinguishing one genus from another. The astrosclereids
of Michelia champaca with short pointed arms are very characteristic of this
plant; and hence Michelia can be recognized easily from the other sclereid-
bearing angiosperms with their help.
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