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Seventeen species of Podocarpus preserved in the departmental museum have
been investigated, out of which ten species show the presence of sclereids in
either all the organs or in some of them only and seven species do not show
any sclereids at all. In P. falcatus, P. tawifolia, P, gracilior, P. littoralis,
P. chilinus, P. blumes, P. species, P. javanicus, P, neglectans and P. coriaceus,
sclereids are present either in both leaves and stem or only in the stem. The
fertile part® also have sclereids. All the solereids are of the brachysclereid
type with some slight variations in the form, specially in the leaf and cone.
They develop by the sclerosis of a palisade or spongy mesophyll cell in the
leaf, or a cortical or pith cell in the stem. These cells are recognizable as
sclereid initials fairly early. The distribution pattern of the sclereids is
different in the various species studied. The sclereids have therefore some
taxonomic importance in distinguishing the different species from one another.
The remaining species P. elatus, P. chinensis, P. macrophyllus, P, neriifolius,
P. latifolius and two unidentified species collected from Royal Botanie
Gardens, Calcutta, show no sclereids. A very suggestive feature is the
absence of sclereids associated with the presence of transfusion tissue in
the leaves of some species and vice versa in some other species. This indi-
cates that possibly the sclereids in some way compensate for the absence of
transfusion tissue.

INTRODUCTION

The present is the sixth paper in the series of studies on the sclereids in
gymnosperms (Rao and Tewari 1961; Rao and Malaviya 1963, 1964a, b, 1965).
Seward (1919) had mentioned the presence of some thick-walled cells in the
leaf and stem of Podocarpus. These were referred to as idioblasts by the earlier
authors. Later on, Brooks and Stiles (1910) drew attention to the presence
of stone cells in the pith of P. spinulosa and also to the presence of lignified
cells composing the transfusion tissue. Recently, Rao, T. A. (1959), in a
preliminary note to the Indian Science Congress, referred to the presence of
sclereids in the sterile parts of a few gymnospermous genera including Podo-
carpus. In the present investigation, we have studied the distribution,
structure and ontogeny of sclereids in ten species of Podocarpus, namely
P. falcatus R. Br., P. taxifolic Humb., P. gracilior Pilger, P. littoralis Rich.,
P. chilinus Richard, P. blumei Endl., P. species (unidentified), P. javanicus
Blume, P. neglectans and P. coriaceus Rich. In all these species the sclereids
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are mostly found in the leaves and stems, but in some they occur
in the stem alone. Apart from these species, P. elatus R. Br., P. chinensis
Wall., P. macrophyllus D. Don., P. neriifolius D. Don., P. latifolius R. Br.
and two unidentified species of Podocarpus collected from Royal Botanic
Gardens, Calcutta, were also examined, but they showed no sclereids either in
the stem or in the leaves. At the same time, reproductive parts available in a
few of them were also examined and they also showed number of sclereids.
Fertile parts of all the species were not available, hence they could not be
examined. These specific names have been verified from ‘A Handbook of
Coniferae’ by Dallimore and Jackson (1948), and also Jackson (1946).

MATERIAL AND METHODS

The material investigated was taken from a departmental collection from
Calcutta and Ceylon and the same techniques of clearing and staining (Foster
1946, 1949) were used as mentioned in earlier papers (Rao and Malaviya
1963, 1964a, b).

DiSTRIBUTION OF SCLEREIDS IN THE DIFFERENT PARTS

A very careful examination of the stem, the leaves and the reproductive
parts wherever available, of a few species, revealed the occurrence of sclereids
in these parts in some characteristic manner. The study of distribution in
the above-mentioned parts was mostly based on the examination of cleared,
stained and unstained mounts assisted by hand sections. The species may be
put in two groups for the convenience of studying the distribution. The
first group consists of those species in which the sclereids are present abun-
dantly in the stem and leaf. The second group is represented by only one
species, i.e. P. littoralis, in which abundant sclereids are found in the stem but
none could be found in the leaves. This species is also peculiar, in having
abundance of transfusion tissue in contrast to other sclereid-bearing species
having very little or no transfusion tissue.

The first group includes nine species. In P. falcatus, P. taxifolia (Fig.
3 A, B) and P. gracilior (P1. IX, fig. 1 A-C), the sclereids occur abundantly in
the leaf mesophyll, and in the cortex and pith of the stem. In P. chilinus, P.
sp., P. javanicus (Pl. IX, fig. 1 D), P. neglectans and P. coriaceus, however, the
number of sclereids is not very great. They are always less in the pith of the
stem than in the cortical region (Pl. X, fig. 2 A). In P. blumei the number of
sclereids is quite large in the stem, where they are rather restricted in distri-
bution (Fig. 3 C) at the two lateral concavities on the inner side of the xylem
cylinder. In P. coriaceus, the sclereids are confined mostly in the pith region
of the stem and in the midrib region of the leaf, very few in other regions.

A comparative study of the cleared mounts of the leaves shows that in most
1B
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Fra, 1 (sel. welereid).  A-—C, cleared mounts of the leaves of P, gracitior from the basal,
middle and apical regions respectively showing the compact distribution of scleveids. x 85-6.
71-2, D, cleared mount of the leaf of F. javanicus showing the scattered distribution of
sclereids, % 94-3,
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Fra. 2 (¢, cortex; scl, sclereid; sw, seccondary wall; sx, secondary xylem). A, transection of
the stem of P. coriacens showing the sclereids present in the pith and cortical regions. < 71-8.
B, cleared mount of the cone scale of the female cone of P. latifolius showing the sclereids
distributed in the ground tissue, » 20, C, three macerated sclereids magnified showing the
lamellated secondary wall, x 120-4.
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of the cases the number of sclereids increases from the base towards the apex
and from the periphery to the midrib region. Table I indicates the distri-
bution of sclereids in different parts as revealed through an examination
under the low power of the microscope. The frequency of sclereids counted
in 1 sq cm area throws some light on their variation in distribution at the
base, apex and middle region of the leaf (Table II).

The axillary buds of P. neriifolius contain sclereids although they are
totally absent from the stem and leaves and male cones of this species. The
axillary buds in all the above-mentioned species show sclereids, but in the two
species, i.e. P. neriifolius and P. latifolius, the sclereids are not found in older
shoots. 1t looks as though they do not develop at all in older stems, which
is quite in contrast to the condition found in the other species.

The fertile parts were available only in a few species. In P. latifolius,
the megasporophylls were examined which show the sclereids in the region of
the union of sterile bract with the seed (Fig. 3 D, E) and in the cone scale
(P1. X, fig. 2 B). The male cones of P. neriifolius and P. coriaceus were also
examined but no sclereids could be found in these. A

MoRPHOLOGY OF THE ADULT SCLEREIDS

The variation in the shape of the sclereids found in different species of
Podocarpus makes it rather difficult to place them definitely in any one of
the four classes of Tschirch (1889). But in a broad sense, however, they can
be referred to the category of brachysclereids (Tschirch 1889 ; Foster 1949).
Although all the sclereids are not perfectly rounded and isodiametric, a few
of them are perfectly oval or slightly rounded (Fig. 3 F-H), while others are
slightly elongated (Fig. 3 I-M), but these cannot be placed under the osteo-
sclereids as they are not rod-shaped or even T-shaped. In this genus most of
the brachysciereids assume an amoeboid form, with one or two lobes, or some-
times many lobes with varying shapes (Fig. 3 N-T). These do not have
specific long arms, so as to be strictly placed under the section astrosclereids
but have rather a lobed or ridged structure. Some other sclereids which are
spherical or oval in shape show some small thin projections on the second-
ary wall (Fig. 3 U) as was noticed earlier in Cephalotazus drupacea (Rao and
Malaviya 1964a). These projections, as has been described in detail in Cephalo-
tazus, appear to be the ‘left over’ portions of the original cell protoplast.

The wall of the sclereid is very thick, lignified and lamellated (Pl. X,
fig. 2 Cand fig. 3 U, V). The secondary wall shows simple pits with small, oval
or rounded apertures. Some sclereids in the leaves have a thinner secondary
wall (Fig. 3 W, X). The lumen is variable in shape, mostly angular and
assuming various forms as shown in the above figures. It is mostly devoid
of any contents or nuclei at maturity, except in a few cases, where a small
lump of protoplast is retained in adult sclereids.
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Tasre II

Frequency of sclereids in cleared mounts of leaf at different regions

73

Name of the species

Bage

Middle

Apex

1. P, falcatus 26,446(sq cm 31,725[sq cm 42,314/sq cm
2. P, taxifolia 27,071/sq em 24,793/sq cm 36,363/sq cm
3. P. gracilior 15,507 /sq em 20,496/sq em 41,980/sq em
4. P. spectes 17,520/sq cm 18,512/sq cm (66)
5. P, javanicus 991{sq cm 1,652/sq em 2,974/sq cm
6. P. coriaceus 1,099/sq em 7,260/sq cm 18,512/sq em
7. P. chilinus 5,223/sq cm 1,322/sq cm 661/sq cm
8. P. meglectans 17,190/sq cm 10,5875/sq cm 8,264/sq cm
9. P, blumes The number being very few, just 1 or 2 at the base could not be
counted.
10. P. littoralis The sclereids present in the stem alone.

The frequenecy of the sclereids is counted in 1 sq em area under the low power of the
microscope.

ONTOGENY OF THE SCLEREID IN VARIOUS PARTS

The sclereid development is similar in all the different parts and in
the different species, but the differences between the species centre around the
distribution of sclereids. Therefore a detailed description of the ontogeny
of the sclereids only in P. taxifolia will serve the purpose. Attention
will be drawn to the variations in the development of different types of
sclereids. The development of the brachysclereids in the leaves, stems and
cones more or less follows an exactly similar course. It is a parenchyma
cell either in the leaf mesophyll or in the cortex or pith of the stem, or the
ground parenchyma cell of the cone scales, which gets transformed into the
sclereid by ‘sclerosis’. In the development of a brachysclereid, usually many
morphological changes are not involved.

ONTOGENY OF THE SCLEREID IN THE LEAF OF P. T4XIFOLI4

To begin with, the initial is recognizable by its very dense cell contents
occupying almost the entire lumen with rather an inconspicuous nucleus
(Fig. 3 Y-Z,). The initials make their appearance at a fairly early stage when
the tissue differentiation in the leaf has not yet taken place. In the very next
stage the entire protoplasmic contents start accumulating in the centre ac-
companied with a slight increase in the size of the initial and the beginning of
the secondary wall formation (Fig. 3 Z,-Z;). The wall also bulges out at one
point (Figs. 3 Zg; 4 A). There are actually two zones of protoplasm visible
ingide the lumen. The inner zone is rather less dense, the contents being
sparse and the outer zone is smaller but denser where the protoplasm is more
concentrated. It seems that this is the beginning of the secondary wall
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formation. The protoplast in the very early stage of sclereid development
starts concentrating in the centre of the cell and the sclereid becomes con-
spicuous against the surrounding thin-walled parenchymatous cells. In some
initials, there is no bulging but there is just increase in size followed by the
deposition of a secondary wall (Fig. 4 B). The contents by now have started
degenerating and the nucleus also gradually disappears (Fig. 4 C). In very
rare cases, when the sclereid is in an early stage of development, and the wall
deposition has just begun, the nucleus may still be seen in the lumen (Fig. 4 D),
but it ultimately disappears as the secondary wall is fully formed. The pits
appear in the secondary wall with rather inconspicuous pit-canals (Fig. 4
E, F). -

As has already been discussed in earlier papers (Rao and Malaviya 1963,
1964a, b) to some extent, the development of these varied sclereid forms
depends on the nature of the surrounding tissue. In Podocarpus although
branched astrosclereids and elongated osteosclereids are not seen, yet the
sclereids in the leaf mesophyll are slightly longish and more or less lobed and
amoeboid in form while in the stem, they are mostly spherical or oval in
outline. '

In many cases the initial increases in size horizontally (Fig. 4 G-I). It
may either become slightly lobed (Fig. 4 J) or it may just become irregular
and ridged in outline with a pointed end (Fig. 4 K). Sometimes the entire
primary wall shows ridges and lobes giving the sclereid an amoeboid form
(Fig. 4 L, M).

There are many more variations in the development leading to different
shapes of the sclereids. Sometimes both the ends of the sclereid initial pro-
trude out, but as these do not grow any further, the contents remain in the
centre. In other cases the sclereid initials elongate and change their outline
in a very early stage, even before the protoplast has started its deposition
activity (Fig. 4 N, O). In longer sclereids the contents are either uniformly
distributed or concentrated at one particular end which elongates.

Different regions of the same leaf may show different stages of sclereid
development. At the apex, in the middle and at the base of the leaf, can be
seen sclereids in all the stages of development (Fig. 4 P, Q).

Hence, summing up the whole development in the leaf, it is noticed that

Fiac. 3 (c, cortex; fs, fertile scale; I, lumen; le, leaf trace; m, mesophyll; n, nucleus; p, pits;
pl, palisade; pp, protoplasmic process; pt, protoplast; rc, resin-canal; scl, sclereid; sph, secondary
phloem; ss, sterile scale; sw, secondary wall; sz, secondary xylem; wvs, vascular supply).
A-D, diagrammatic representation of sections of stem, leaf and female cone of Podocarpus
taxifolia, P. blume: and P. latifolius respectively, x28. E, a magnified view of the female
cone scale showing the sclereids. X 56. F-T, various forms of brachysclereids, x 56, U-X,
magnified view of the macerated sclereids. x300. Y-Z, stages in the ontogeny of the selereids
in the leaf of P, taxifolia. X 140,
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the brachysclereids show many different forms, deviating from the typical
brachysclereid structure. Although we do not find definite astro- and osteo-
sclereids in the leaf, yet the sclereids seen therein have a tendency to elongate
parallel to the palisade.

ONTOGENY OF SCLEREIDS IN THE STEM OF P. raxiroria

The initials are usually seen singly in the cortical region of a sufficiently
old stem (Fig. 4 R) and at a little later stage in the pith region, mostly in
groups of two or three (Fig. 4 8). The development involves no lobing or
branching (Fig. 4 T, U). The sclereids are more or less perfectly spherical
(Fig. 4 V), sometimes with a small lump of protoplast persisting in the lumen
even till maturity (Fig.4U, V). Occasionally in the stem a small protuberance
at one end of the sclereid initial may be formed (Fig. 4 W-Y). The nucleus,
too, is seen here at a little later stage of the development (Fig. 4 Y).

In the species of Podocarpus studied here, only definite brachysclereids
are developed in the cones, leaves, stems and axillary buds. In the leaf, the
sclereids are of various forms and cannot be definitely classed with the bra-
chysclereids. In the cones also the brachysclereids vary in form. But in
the stem there are mostly typical brachysclereids. In the leaf of Podocarpus
there are not much intercellular spaces, and in those cases where the sclereids
are absent, transfusion tissue consisting of thin-walled parenchyma cells and
lignified cells is present.

During the course of investigation of the ontogenetic stages, the develop-
ment of the secondary wall was found rather interesting. As already pointed
out in previous papers (Rao and Malaviya 1963, 1964a, b), the inner layer of
the cell protoplast starts the deposition of lignin on the inner side of the lumen
which can be clearly made out by the stains like phloroglucin and concentrated
hydrochloric acid or merely alcoholic safranin. The entire contents get
differentiated into two zones after staining. The outer denser zone and the
inner zone with scattered contents which either do not stain at all or take a
very feeble stain, as compared to the outer zone. Gradually by deposition of
lignin in layers, a thick secondary wall is built up.

There are not many morphological changes involved in the sclereid deve-
lopment, which is simply by ‘sclerosis > (Foster 1949) of the parenchyma cell.

Discussion

A comparative study of the cleared mounts, as well as hand sections of
seventeen species of Podocarpus, revealed many interesting data concerning
the presence or absence and the distribution of sclereids. Among the species
examined, ten out of seventeen species show the presence of sclereids, while
in the remaining species, they are either totally absent, or they are present
only in fertile parts. The sclereids are found in the stem and leaves of P.
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Fia. 4 (¢, contents; n, nucleus; pt, protoplast; sw, secondary wall). A-Q, stages in the
ontogeny of sclereids in the leaf of P. tawifolic. x 140. R-Y, stages in the ontogeny of
" sclereids in the stem of P, taxifolic. x 140.
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faleatus, P. taxifolia, P. gracilior, P. chilinus, P. blumei, P. species, P. javani-
cus, P. neglectans and P. coriaceus. In P. littoralis, however, the sclereids are
present in the stem abundantly, but are not present in the leaves. A few
slightly thick-walled cells are seen along with the transfusion tissue cells,
both having perhaps the same origin. But they cannot be referred to as
sclereids because their ontogeny and structure is very different. In P. elatus,
P. chinensis, P. macrophyllus, P. latifolius, P. neriifolius and the two un-
identified species from Calcutta, although the sclereids are absent in the stem
and leaf, yet they are present in abundance in the axillary buds. Similarly in
P. latifolius they are present in the female cones, but not in the leaves and
stem. But these are exceptional cases observed. In all other species studied,
the sclereids are found both in the stems, leaves, and in some species in the
cones also. Cones, however, were not available in all the species.

A study of the accompanying tables shows a few deviations in the pattern
of distribution of sclereids from the other conifer genera studied earlier. The
distribution pattern of the sclereids in the species of Podocarpus studied here
varies to some extent from species to species and also in the same species
from region to region in the same organ. The frequency of the sclereids was
counted in the cleared mounts of the leaves of same age, in 1 sq cm area at
the apex, middle and base of the leaf as indicated in the Table II. In P.
faleatus, P. taxifolia, P. gracilior, P. species, P. javanicus and P. coriaceus the
sclereids are numerous at the apex of old leaves. But younger leaves show
that the sclereids develop first at the base and gradually increase in number
towards the apex. Thus though the younger leaves may show no concentra-
tion of sclereids at their apex, older leaves show a definite concentration of
sclereids at the tip of the leaf. In all these species the tip is very hard,
leathery and pointed. In the other species the number of sclereids is more at
the base and in these, leaf bases are rather hard and leathery in texture. Tt
will be evident from the above facts that the tissue of the leaf is hard or
tough and leathery, mostly in those places where the sclereids are concentrated.

The type of the sclereid is rather constant in the different species studied.
But they are so varied in form as to raise doubts if they could be classed
definitely as brachysclereids. Still, as they cannot be accommodated in any
other sclereid category of Tschirch (1889), they have been collectively treated
as brachysclereids. Buchholz and Gray (1948) had mentioned the presence of
sclereids in some species of Podocarpus. They had on the basis of their distri-
bution classified these sclereids into vascular sclereids and auxiliary sclereids.
Although they noticed the prominence of the sclereid character, yet they
attached no taxonomic significance to it.

We have further noticed that mostly the sclereids are present in those
species where either the transfusion tissue is altogether absent, or is very little
developed. Buchholz and Gray (1948) had also noticed this. Worsdell (1897)
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had described that the transfusion tissue is composed of long lignified cells
which have the appearance of stone-cells rather than tracheids. According
to him their function also is primarily that of strengthening the lamina of the
leaf. Esau (1962) pointed out that the most commonly accepted function of
transfusion tissue is that of forming an auxiliary conducting system. It seems
to us that the presence of sclereids in some way compensates for the absence
of transfusion tissue, although they are of different origins. 1t is likely that
the sclereids perform a double function, similar to that of transfusion tissue,
that is, giving mechanical strength and that of forming a conducting system.
Perhaps the sclereids perform a third function of storage also, if the crystals
found in the sclereids of Araucaria (Rao and Malaviya 1964b) and Agathis
(Rao and Malaviya, unpublished) are regarded as storage products.

Some of the facts noticed above seem to have a taxonomic bearing. In
some species of Podocarpus as indicated in Table I there are no sclereids at all.
This distinguishes it from those that possess abundant sclereids. There are
species which have sclereids in some organs, while no sclereids occur in other
organs and these also can be distinguished easily. In the following species
P. falcatus, P. taxifolia and P. gracilior, P. jovanicus and P. coriaceus the
sclereids are concentrated more at the apex of the leaf. In P. chilinus,
P. neglectans and P. species the sclereids are more concentrated at the basal
region of the leaf. It is easy to distinguish these species by looking at the
cleared mounts under the low power of the microscope. In all the species
investigated the sclereids fall into the category of brachysclereids. Although
with the meagre data at our disposal it would be rash to generalize, yet it looks
as though the whole genus Podocarpus had the distinctive feature of possessing
only brachysclereids.

In this connection it might be pointed out that the sclereids of Podo-
carpus differ markedly from the other conifers in which also brachysclereids
dominate in number. Cephalotuzus drupaces (Rao and Malaviya 1964a) has
distinctive and rather unusual type of brachysclereids with small external
projections on the secondary wall. In Taxus baccate also (Rao and Malaviya,
1965) there are similar brachysclereids but with peculiarly shaped lumen, quite
different from that of Cephalotaxus or Podocarpus. This shows that details
of sclereid structure and distribution can be used as taxonomic criteria.
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