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Three species of Agathis, namely, A. loranthifolia Salisb., A. robusta Mast.
and A. obtusa Morrigson, show the presence of sclereids in the stem, leaves,
mega- and microsporophylls. Brachy- as well as astrosclereids occur in all
these organs, the latter predominating. Very few osteosclereids are also
found in the cones. Each develops from a parenchyma cell of the stem and
cone or from a mesophyll cell of the leaf. They then increase in size, branch
by intrusive growth and develop a secondary, stratified wall with or without
pit-canals. The distribution, structure and ontogeny of the sclereids are
more or less similar in all the three species. There are many resemblances
with the sclereids of 4Araucaria but very few differences.

InTRODUCTION

Sclereids of some Indian conifers have already been studied in a series
of earlier papers (Rao and Malaviya 1963, 1964a, b, 1965a, b). The present
paper in the same series embodies observations on the nature of sclereids and
their development in the fertile and sterile parts of three available species of
Agathis, namely, A. loranthifolia Salisb., 4. robusta Mast. and A. obtuse Morri-
son. Both brachy- and astrosclereids occur in the stem, leaf and cones of all
the three species. Seward (1919) has also drawn attention to the presence of
branched idioblasts in the mesophyll of Agathis and in many other gymno-
sperms. Rao (1959) mentioned in a preliminary note the occurrence of
sclereids in the sterile parts of many gymnosperms including Agathis.

MATERIAL AND METHODS

The material of the two species of Agathis, namely, A. robusta and A.
obtusa, was taken from the departmental collection and the material of
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Figs. 1-22 (cr—crystals; fs—fertile scale; gi—ground tissue; ¢~initial; I—lumen; le—
leaf-trace; pc—pit-canal; pt—protoplast; rc—resin canal; scl—sclereid; sp—sporangium; sph—
secondary phloem; sw—secondary wall; sx—secondary xylem; vb—vascular bundle; vs—vas-
cular supply). 1--5, diagrammatic representations of the sections of the stem, petiole, male cone
and female cone scale respectively, showing the distribution of sclereids. x 10, 6-15, various
forms of sclereids. x20. 16, 17, macerated preparations of sclereids. x100. 18-20, different
types of sclereid initials. X 74. 21, 22, ontogeny of sclereids showing the beginning of the
secondary wall formation. x74.
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A. loranthifolia was collected by Sri K. P. Biswas of the Botanical Gardens,
Calcutta. They were all fixed in formalin-acetic alcohol. Alcoholic safranin
proved best in staining the cleared mounts of the leaves. A rather lengthy
but simple technique recommended by Fuchs (1963) was used which gave
very good results. The other techniques of Foster (1946, 1949) adopted in
earlier studies were also used. Individual cone scales were sectioned and
examined as the entire cone was too big to be sectioned.

DISTRIBUTION OF SCLEREIDS

The distribution pattern of sclereids is more or less similar in all the
three species of Agathis investigated in this paper. They are found in the
cortex and pith of the stems (Figs. 1, 40) in a diffuse manner either singly or
in groups of two to four. In the petiole (Figs. 2, 41, 42) and leaf they occur on
either side of the vascular bundles (Figs. 3, 43).

Fertile parts were available in A. robusta and A. obtusa only. The
sclereids are to be found in very large numbers in the body of the fertile micro-
sporophyll and also in the sterile tissue surrounding the sporangium (Figs. 4,
44). Cone scales have numerous sclereids (Figs. 5, 45) but their number
increases towards the adaxial side. Both the male and female cone axes have
a few sclereids.

Tuar MORPHOLOGY OF THE ADULT SCLEREIDS

Different types of regularly and irregularly branched astrosclereids are
very numerous in the stem cortex, leaf and oceur in lesser numbers in the
pith of the stem and the cones (Figs. 6-18, 46, 47). The branches are usually
very pointed and the lumen becomes narrower in them. In addition to these
astrosclereids, there are also a few isodiametric brachysclereids (Tschirch 1889)
often with small lobes and ridged margins (Figs. 13-15). Their number is
very great in the micro-, megasporophylls and pith of the stem. In the leaf
they are few.

The secondary wall of these sclereids is highly lignified, thick, lamellated,
with a few pit-canals (Figs. 16, 17, 46) unlike Araucaria where there are no
pit-canals at all. Numerous crystals which appear to be of calcium oxalate
are also to be found here (Figs. 16, 47) as in Araucarie (Rao and Malaviya
1964a) and Nymphaea (Malaviya 1962). Further evidence that they consist of
calcium oxalate is produced by the fact that they dissolve when the material is

Fias. 23-39 (gt—ground tissue; +—initial; m—mesophyll; n—nucleus; pc—pit-canal; pt—
protoplast; sw-—secondary wall). 23-27, different stages of the ontogeny of sclereids. X 74.
28, young astrosclereids showing the formation of small branches. Xx74. 29-32, various
stages in the development of astrosclereids. X '74. 33, a transection of the leaf showing the
still undifferentiated tissue and the sclereid initial. x'74. 3439, stages in the ontogeny of
the sclereid in the leaf. x 74.



ON THE SCLEREIDS OF THREE SPECIES OF AGATHIS 247

Fias. 23-39,



248 A. R. RAO & MANJU SHARMA (MRS.)

kept in concentrated nitric acid for maceration. These crystals are fewer in
the sclereids of Agathis as compared with Areucaria. Apart from these
crystals the mature sclereid is totally devoid of any type of protoplasmic
contents or nuclei.

ONTOGENY OF SCLEREIDS IN THE STEM

The ontogeny of both types of sclereids, i.e. the astro- as well as brachy-
sclereids, is the same in the stem, leaf and cones of all three species. The
sclereid initials make their appearance at a fairly young stage in the primary
stem, first in the cortex. They may be rounded, oval or slightly angular in
outline (Figs. 18-20) with very dense, granular, non-vacuolated protoplasm
and a very prominent, large nucleus with a distinet nucleolus (Figs. 18-20).
The initials that develop into brachysclereids increase in size, often become
lobed, and secondary wall formation ensues (Figs. 21-24). The nucleus and
the protoplasmic contents degenerate and the secondary wall becomes thicker
and stratified (Figs. 25-27).

The young initials of the astrosclereids put forth small delicate pro-
tuberances in many directions (Fig. 28). Increase in size is followed by
secondary wall formation (Fig. 29). After this all further growth and branch-
ing ceases. Figs. 30-32 show different types of sclereid branching during
development in the region of the pith. All sclereids in the pith and cortex
do not mature simultaneously.

ONTOGENY OF SCLEREIDS IN THE LEAF

The sclereids in the leaf are mostly astrosclereids and appear in acropetal
succession, first in the petiole, then from the base of the leaves to the apex.
The initials, which are recognizable even before the differentiation of the other
tissues, are small, densely protoplasmic and have a distinet nucleus (Fig. 33).
The contents generally migrate into the branches which are produced by the
initial and the branches grow to some extent, before the secondary walls are
formed (Figs. 34-36). Pit-canals appear after the wall has assumed some

“thickness (Fig. 37). Nuclei persist longer in leaf sclereids than in the stem
sclereids (Fig. 38).

The sclereids are star-shaped, sometimes with their branches curved
(Fig. 39) or even dichotomized, once or twice. The adult leaf lamina shows
such branched sclereids in the vieinity of the vascular bundles (Fig. 43) and the
branches of the sclereid fit into the intercellular spaces, without rupturing the

Fias. 4043 (gt—ground tissue; scl—sclereid; vs—vascular supply). 40, a sector from the
transection of the stem showing groups of sclereids. x 18. 41, a sector from the transection of
the petiole showing some sclereids. X 78. 42, a part of the cleared mount of the petiole showing
sclereids on seither side of the vascular strand. x 258. 43, a part of the cleared mount of the
leaf showing diffusely scattered sclereids. x 17,
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surrounding tissue. Although the sclereids extend in all directions in-
discriminately, they do not interfere with the growth and disposition of the
surrounding tissues, as has also been noticed in Araucaria (Rao and Malaviya
1964a). However, the mode of their branching and their ultimate form never-
theless depends upon the scope available for expansion into the surrounding
tissue.

Discussion

The three species of 4gathis studied (A. robusta, A. obtusa and A. loranthi-
folia) show mostly astro- and brachysclereids, but a few osteosclereids are
also to be found in the cones. The distribution pattern of sclereids in general
is the same in the species of Agathis and Araucaria studied. In the genus
Araucaria (Rao and Malaviya 1964a) the cone scale showed all the three types
of sclereids, i.e. the brachy-, osteo- and astrosclereids. In the cone axis and
stem, with closely packed ground tissue cells, only brachysclereids were found.
In the leaf, with its loose mesophyll, mostly astro- and osteosclereids appear
and in the long sporophyll stalks elongated osteosclereids were found. In the
stalks of the sporophylls of Agathis, only a very few osteosclereids occur. In
other tissues, such as those of the leaf, where there are large intercellular
spaces, astrosclereids predominate. In the stem, both astro- and brachy-
sclereids develop, astrosclereids mostly in the cortex and brachysclereids in
the pith. In the upper portions of the cone scales brachysclereids generally
predominate as the tissue here is very compact. In Agathis osteosclereids are
very few and occur only in the sporophyll stalks.

There are some minor differences in the sclereid characters of 4gathis and
the allied genus Araucaria. In Araucaria cooki, there are no sclereids in the
cortex. They are, however, present within the pith and cortex of the other
species of Araucaria and Agathis so far studied. All the three types of sclereids
are found in draucaria, but not in Agathis, where only brachy- and astro-
sclereids predominate. There are no pit-canals seen in the secondary wall of
the adult sclereids of Araucaria, while quite prominent pit-canals are present
in Agathis. These minor differences help to distinguish, at least to some
extent, the vegetative parts of Araucaria from Agathis, particularly in the fossil
state (Menon et al. 1965), but the structure, ontogeny and general distribu-
tion pattern of the sclereids in both the genera are very similar. Another
common feature is the presence of crystals in the sclereids. This should not
be surprising as both the genera belong to the same family Araucariaceae.

Fras. 4447 (cr—crystal; gi—ground tissue; scl—sclereid; sp—sporangium; sw—secondary
wall). 44, a part of the L.S. of the male cone magnified showing the distribution of sclereids.
% 123. 45, a part of the T.S. of the female cone scale showing the distribution of sclereids.
% 77. 46, a branched sclereid after maceration showing the lamellated secondary wall. x 82.
47, a sclereid showing the crystals. x 99.



252 A. R. RAO & MANJU SHARMA (MRS.)

The sclereids of the Araucariaceae, as a whole, differ from those of Cephalo-
taxaceae and Taxodiaceae. In Cephalotazus (Rao and Malaviya 1964b), there
are small, unlignified projections on the secondary wall. This is rather dis-
tinctive of Cephalotaxus. Cryptomeria sclereids (Rao and Malaviya 1963) are
rather peculiar in containing tannin in their lumen. Thus, minor differences
such as these constitute family characters at the sclereid level. Further, they
geem to have some taxonomic significance as shown above.

Crystals like those found in the sclereids of Agathis have also been
found in the sclereids of Dendrophthoe (Rao and Malaviya 1962); Nymphaea
(Malaviya 1962); Clerodendron (Malaviya 1963) and Araucarie (Rao and
Malaviya 1964a). The common occurrence of crystals in the sclereids suggests
that they may be of the nature of excretory or secretory products.

The functions of these sclereids have already been described by various
earlier authors (see Foster 1949). In Agathis young leaves are soft, while the
older leaves, where the sclereids have developed, become rigid and tough.
Sclereids thus seem to impart rigidity to the plant organs bearing them. The
sclereids may also be storehouses of crystals whose value to the host plant is
still to be investigated.
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