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Osteo- and brachy-sclereids occur abundantly in the stem, leaves, micro- and
megastrobili in Cunninghemia lanceolats Lamb., a member of the Taxodiaceae.
Foliar sclereids are generally thin-walled, without any contents in their lumen.
Cauline and cone sclereids have very thick, lignified, lamellated secondary
walls, traversed by numerous pit-canals, with deposits of tannin in the
lumen. Peg-like projections occur over the secondary wall, which seem to be
the Teraains of the cell protoplast. Sclereid initials differentiate quite early
in the various organs, increase in size, or elongate and ultimately undergo
‘gecondary sclerosis’. Sclereids of C. lanceolata differ in structure and
distribution from those of the allied genera Taxodium distichum and Crypto-
meria japonica. These differences along with the other characters serve to
distinguish O, lanceolata from the other two genera.

INTRODUCTION AND TECHNIQUES

Systematic studies on sclereids in a number of Indian conifers have been
published in earlier papers (Rao and Malaviya 1963, 1964, b, 1965a, b and
1967a, b). It was observed that although the development of sclereids is more
or less uniform in the genera gtudied, their form, variety and distribution vary to
some extent from genus to genus and sometimes even from species to species.
In the two genera of Taxodiaceae studied so far, i.e. Cryptomeria japonica (Rao
and Malaviya 1963) and T'axodium distichum (Rao and Tewari 1961), certain
differences were noticed in the sclereid character, which may be of some taxo-
nomic significance at the generic level. In the present investigation, obser-
vations have been made on the brachy- and osteo-sclereids which oceur in
Cunninghamia lanceolata Lamb., another member of Taxodiaceae.

The techniques followed are those of Foster (1946, 1949). The stain 1
per cent safranin in } absolute alcohol and -} xylol is found to be excellent for
staining the cleared mounts of the plant parts.

DiISTRIBUTION OF SCLEBREIDS

Brachy-sclereids and osteo-sclereids occur singly or in groups of 2 or 3 in
the pith and cortical regions of primary stem respectively (Fig. 1; PI. I, fig. 1).
In the secondary wood the sclereids increase in number in the pith region.

VOL. 34, B, No. 1.



2 A. B, RAO & MANJU MALAVIVA (MISS)

Mostly elongated sclereids occur in the palisade region and a few in the spongy
mesophyll (Fig. 2; Pl. 1, fig. 2). In the microstrobili, the sclereids are few and
distributed in the cone axis (PL I, fig. 3), and at the base of the sporophylis.
Sclereids are absent in the sterile tissue surrounding the sporangium. In the
megastrobilus the sclereids are scattered in the ground tissue of the cone
scale and become crowded in the central part near the vascular bundles
(Fig. 3; PL. 1, fig. 4). It is perhaps due to these crowded sclereids that the
central part of the cone scale is harder in texture than the rest of it. Sclereids

are also present in the leaves found on the micro- and megastrobili-bearing
shoots.

MoRrRPHOLOGY OF THE ADULT SCLEREIDS

Sclereids in Cunninghamia lanceolata are mostly of the two types (Tschirch
1889), i.e. brachy-sclereids and osteo-sclereids. The elongated osteo-sclereids of
the leaf do not possess lamellated and thick secondary walls (Figs. 4, 5; PL I,
fig. 5). Their lumen is generally empty at maturity. In the stem rounded, oval
or roughly isodiametric brachy-sclereids or spheroidal sclereids (Rao 1957)
are found (Figs. 6-12). These sclereids in some cases show unlignified pro-
cesses on their secondary wall (Figs. 10, 11) as in Cephalotazus drupaces (Rao
and Malaviya 1964a). They are probably the remains of the cell protoplast
pushed out during lignification of the secondary wall.

In the microstrobili very simple, brachy- or osteo-sclereids are found with
empty lumen and resembling the leaf sclereids (Figs. 13-15). But sclereids in
the cone axis are thick-walled and contain tannin (PL I, fig. 6). The mega-
strobili also possess osteo- and brachy-sclereids (Figs. 16-23). The secondary
wall of all these sclereids is thick, lignified, lamellated and traversed by
numerous simple or branched pit-canals (Figs. 16-23; Pl I, fig. 6). These
sclereids present a characteristic appearance because of the presence of
homogeneous or granular tannin in the lumen. They answer to the tannin-
tests as performed in Cryplomeria japonica (Rao and Malaviya 1963) also, to
confirm the presence of tannin in the sclereids.

ONTOGENY OF SCLEREIDS

Brachy-sclereids of the stem, leaf or the strobili have their own mode of
development which is different from those of osteo-sclereids (also found in the

Fies. 1—6. 1, a part of L.S. of stem showing the distribution of sclereids in the pith. x 1260,
2, transection of leaf showing the sclereids. x1029. 3, section through the microstrobilar axis
showing the distribution of sclereids, x540. 4, a part of transection of econe-scale showing the
distribution of sclereids. X 960. 5, an elongated leaf selereid. X 2150, 8, & sclereid from cons
soale showing detailed structure, X 7200.

(ep, epidermis; g¢, ground tissue; I, lumen; pc, pit-caxial; ol, palisade; rc, resin-canal; sel,
sclereid; sw, secondary wall; ¢, tannin; vb, vascular bundle; vs, vascular supply).
1B '
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above organs). But it has been noticed that the type and form of the sclereid
is influenced by the surrounding tissue to some extent. The solereids develop
by the ‘intrusive’ and ‘symplastic’ growth.

ONTOGENY OF SCLEREIDS IN THE StEM

In the pith and cortical regions of the primary stem, sclereid initials are
differentiated as slightly larger cells with dense, granular protoplasmic con-
tents and a conspicuous nucleus (Fig. 24). They undergo ‘secondary sclerosis’
after an increase in size (Figs. 25-27). General disintegration of the contents
and lignification of the wall builds up a thick-walled brachy-sclereid. In some
cases without any further increase in size of the initial, lignification sets in
(Fig. 28), leading to the formation of thick-walled sclereids.

ONTOGENY OF SCOLEREIDS IN THE LEAVES

Sclereid initials can be recognized early in the palisade and spongy meso-
phyll. In the former tissue the initial (Fig. 29) is generally devoid of chloro-
plasts. It increases in size, elongates, sometimes curves, and undergoes
sclerization of the walls, thus developing into an osteo-sclereid (Figs. 30-33).

The initials in the spongy mesophyll have dense protoplasmic contents, a
conspicuous nucleus (Fig. 34), and appear early before the differentiation of
other tissues. They .also develop in a manner similar to the palisade
selereids.

ONTOGENY OF SCLEREIDS IN THE FERTILE PARTS

In the megastrobili, the sclereid initials are differentiated as densely
protoplasmic cells with a prominent nucleus (Fig. 35). They generally in-
crease in size (Fig. 36) and undergo ‘secondary sclerosis’ (Fig. 37). The
lamellations of the wall gradually become more and more pronounced (Fig. 38).
In some oases the solereid is slightly lobed (Fig. 39) or spherical (Fig. 40).
In the sporophyll stalks, sclereids are generally longish (Fig. 41). Mostly
those sclereids that develop near the central region of the scale are brachy-
solereids and those which develop near the cone axis and stalk are osteo-
selereids. The deposition of tannin here also seems to be correlated with the

Fias, 1-41. Cunninghamia lanceolatas. 1-3, diagrammatic sketches of transections of
stem, leaf and cone scale respectively showing the distribution of sclereids. Xx7; x24; x 7.
4, 5, foliar sclereids. X 40. 6-12, cauline sclereids, x40. 13-15, sclereids from microstro-
bilus, x40. 16-23, sclereids from megastrobilus, x40. 24-28, stages in the ontogeny of
sclereids. x 100. 29-33, development of sclereids in the palisade region of the leaf. x100.
34, a sclereid initial in the undifferentiated spongy mesophyll tissue of the leaf. X 100. 3540,
stages in the development of sclereids in the cone scale. x100. 41, an osteo-sclereid
developing in the sporophyll stalk. x 100,

(¢, cortex; g, ground tissue; ¢, initial; I, lumen; b, leaf base; n, nucleus; pc, pit-canals;
pl, palisade ; pp, protoplasmic process; pt, protoplast; rc, regin-canal; scl, sclereid, spk, secondary
phloem; sw, secondary wall; sr, secondary xylem; ¢, tannin; vb, vascular bundle).
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development of the secondary wall as in the sclereids of Cryptomeria japonica
(Rao and Malaviya 1963).

DiscussioN

Sclereids of three members of Taxodiaceae, i.e. Taxodium distichum (Rao
and Tewari 1961), Cryptomeria japonica (Rao and Malaviya 1963) and Cunning-
hamia lanceolata, have been studied so far. From this it appears that the
form and distribution of sclereids vary significantly in all these species, with a
few common features (see Table I).

In Tazodium distichum (Rao and Tewari 1961) sclereids oceur in the leaf
exclusively in hypodermal position, along the leaf margins and on the dorsal
side of the vascular bundle. They are absent in cones and also in the stems.
In Cryptomeria japonica (Rao and Malaviya 1963), however, the sclereids are
absent in the leaves and are present in the cones and stems. In Cunning-
hamia lanceolata sclereids occur in the stem, leaves and cones. Thus the
distribution of the sclereids varies in the three genera.

The sclereids of Taxodium are simple, of the fusiform type with homo-
geneous, unpitted secondary walls and the lumen containing some inclusions
stainable with iron haematoxylin. Cryptomeria japonica and Cunninghamic
lanceolata have both osteo- and brachy-sclereids whose lumen is filled with
tannin. In C. lanceolata, the number of sclereids is comparatively larger and
the osteo-sclereids vary much in their form. The adult sclereids possess peg-
like projections over the secondary wall.

These specific differences in the structure and distribution of sclereids as
discussed above and shown in Table I help to distinguish these three species
from one another on the basis of sclereid characters which serve as 1mportant
features in taxonomy.

Small peg-like projections on the secondary wall are also found in Cepha-
lotazus drupacea (Rao and Malaviya 1964a) but the tannin that is found in the
selereids of Cunninghamia is not found in Cephalotazus sclereids. In fact the
presence of these two features has been noted so far only in Cunninghamia
lanceolata and not in any of the conifers studied so far.

In Araucaria (Rao and Malaviya 1964b) and other conifers studied, it
was stated that the form of the sclereid is influenced by the nature of the
surrounding tissue to some extent. For example, in the compact tissue of the
pith of the stem, brachy-sclereids develop, and osteo-sclereids are produced in
the areas with comparatively loose tissue and lé,rge intercellular spaces. A
similar condition is found in Cunninghamia lanceolata also. In the palisade
region, and sporophyll stalks with elongated cells, mostly osteo-sclereids
develop, while brachy-sclereids occur in rather compactly arranged tissues of
the stem, cone scale and cone axis. This supports the contention that sclereid
form is dependent to some extent upon the nature of the surrounding tissue.
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Moreover, in the same organs in different regions, different types of sclereids
are developed, according to the nature of the neighbouring tissue.
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