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Brachysclereids and osteosclereids occur in the sterile and fertile parts of all
the four varieties of Taxns baccuta studied in this paper. The sclereids are,
however, present in the leaves of only one variety and are absent in the
lenves of the other three varieties. The sclereid initial, which is a paren-
chymatous cell, is recognizable very early by its conspicuous nucleus and
dense protoplasmie contents. Later it undergoes ‘secondary selerosis’ which
is not uniform and may lead to various forms of sclereid lumen, by concentra-
tion of lignin deposits on the primary wall at particular points. This feature
and the distribution pattern of the sclereids are helpful in separating Taxwvs
from Cephalotaxrus on the basis of purely sclereid character.

INTRODUCTION

The present paper is the fifth in the series on the investigation of sclereids
in some members of Coniferales. From a study of a few conifers like Crypto-
meria (Rao and Malaviya 1963), Araucaria (Rao and Malaviya 19645) and
Cephalotuzus (Rao and Malaviya 1964a), it appears that the structure and
distribution of sclereids are rather distinctive to each genus or sometimes
even species. As far as we are aware, the presence of sclereids in Tazus
and their distribution does not seem to have been noticed in earlier literature.
In view of this, a detailed study of the sclereids in Taxus baccate Linn. was
undertaken. It was found that they are few, with a limited distribution,
and possess a rather distinctive character, which is, that the lumen is not
uniform but is constricted at intervals. The sclereids found in the sterile
and fertile parts of Taxus baccata are either of the brachysclereid or osteo-
sclereid type. Although there are several varieties of Taxus baccata (Dalli-
more and Jackson 1948), our departmental material showed only four varieties,
two collected from Kodaikanal and two from Ceylon. But these could not
be identified for want of reproductive stages. Consequently the different
varieties are referred to as numbers 1, 2, 3 and 4.

MAarERIAL AND METHODS

Cleared mounts (Foster 1946) were dehydrated and brought to absolpte
alcohol stage. Then they were stained in Foster’s new stain (which he pointed
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out in recent lecture series at Delhi (1964), i.e. 19, safranin in } absolute
alcohol and § xylol mixture). For freechand and microtome sections the stains
employed were alcoholic safranin and light-green, or phloroglucin conc.,
and hydrochlovic acid (Foster 1949). Single stain of orange-G in clove oil was
found very useful for ontogeny studies.

Distribution of sclereids

The stems and leaves of all the four varieties of Taxus baccate were
examined. The old stems in all the four varieties contain sclereids in leaf
bases, pith and cortex regions (Figs. 1, 65, 66), after secondarv growth
has ftaken place. The leaves of only one variety, i.e. variety-1, showed scle-
reids, while the other three varieties do not show any sclereids at all at any
stage of the leaf development. In Taxus baccata variety-1 the leaves show a
large number of sclereids in the mesophyll tissue (Figs. 2, 66) mostly con-
centrated near the margin of the lamina. Sclereids are absent in the cone-
axes. But they occur near the walls in the sterile microsporophylls (Fig. 3).
Thev also ocecur in the sterile sporophylls of the female cones (Fig. 68) and
in the thick, stony, inner laver of the integument of the seed. The axillary
buds in all the varieties showed a number of sclereids in the axis regions only
(Fig. 4). These sclereids referred to above may be of the brachy- or osteo-
sclereid type.

Structure of the adult sclereids

Macerated cones, stems and leaves showed both the brachy- and osteo-
sclereids. The stem mostly has roughly rounded or oval or slightly lobed
brachysclereids (Tschirsch 1889; Foster 1949) (Figs. 5-8). In the cones and
leaves both the types of sclereids occur, osteosclereids generally dominating
(Figs. 9-16). These have either blunt ends (Figs. 9-11) or slightly hifurcated
(Figs. 12, 13) or pointed ends (Figs. 14-16). A few brachysclereids are also
found in the male cones (Figs. 17-21). These show slight variations in their
form and are usually pointed at one end. The leaves also show osteo- and
brachy-sclereids like those of the stem and cones.

The lamellated, thick, secondary wall of the adult sclereid is traversed
by numerous pit-canals (Figs. 22-25, 69, 70). These may be very close
and deep, sometimes giving the appearance of a somewhat segmented wall
(Figs. 22-24, 70), or they may be widely separated (Fig. 25). These generally
unbranched pit-canals run through more or less the entire thickness of the
wall.

The lumen is rather characteristic in showing a great deal of variation
in shape. The younger sclereids have a simple, rounded or elongated lumen.
As the irregular lignin impregnation of the walls progresses, the lumen varies
in shape. It may be long and simple, or constricted at intervals giving a
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Fres. 1-35. (c—cortex; ca—cone-axis; I—lumen; n—nucleus; pc—pit-canals; pl—palisade;
scl—sclereid; sp—sporangium; sph—secondary phloem; sz—secondary wxylem; vs—vascular
supply). 1-4, diagrammatic representations of the sections of stem, leaf, male cone and
axillary bud respectively showing the distribution of sclereids, x28. 5-21, various forms of
sclereids, X 56. 22-30, magnified macerated sclereids showing the variable shapes of lumen,
X 192. 31-35, stages in the development of sclereids in the leaf, X 140,
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false septate appearance in many sclereids (Figs. 23-30). These are not true
septa but are the remains of the original protoplast which take up the
usual stains and divide the lumen into parts.

The lumen of the adult sclereid is generally empty at maturity. It
may sometimes contain remains of the original cell protoplast and also some-
times a nucleus is seen with a clear nucleolus (Figs. 23, 26, 30). The dis-
continuous and variable lumen of the sclereids in 7. baccata is rather peculiar
to this species. This variation is probably brought about by the irregular
deposition of lignin in layers by the protoplast. These layers may become
more concentrated at one point and less at others, hence giving these peculiar
shapes to the lumen.

Ontogeny of the sclereids tn the leaves of T. baccata variety-1

Both the brachy- as well as osteo-sclereids are transformed parenchyma
cells of the leaf mesophyll which develop by ‘secondary sclerosis’ (Foster 1949)
of these cells. The uninucleate initials are of different shapes in the leaf
and in the younger stages are conspicuous by their dense cell contents and a
very distinct nucleus. A group of initials often occur in a row, all with a
centrally placed nucleus and peripherally placed dense protoplasmic contents
(Fig. 31). A general increase in the size of the sclereid initial follows with
lignin deposition on the primary walls (Fig. 32). Sclereid development is
not necessarily simultaneous and varies according to the ultimate form of
the sclereid. A wavy outline of the initial leads to the development of a
slightly lobed brachysclereid (Figs. 33-35). A slight projection at one end
may develop in some sclereids, which may persist till maturity (Figs. 36-38).
Figs. 39-41 show the development of a broad lumen and uniform deposi-
tion of lignin. Occasionally the sclereid initial elongates very much at one
end, the contents migrating into its tip, as was found in Dendrophthoe (Rao
and Malaviya 1962) and many others. The nucleus disappears in mature
sclereids (Fig. 44).

In osteosclereids, the initials elongate invariably in a horizontal direction,
occasionally irregularly curved (Figs. 45-47). Their further development is
the same as in other brachysclereids. During the sclerosis of the cell, the
protoplast deposits lignin on the inner side of the primary cell wall and a
thick, lamellated, pitted secondary wall results. The sclereid contents
generally degenerate but in some they are left behind as a dark staining lump
(Fig. 49). Increase in the size of the sclereid takes place only in the initial
stages and stops as soon as the secondary wall formation begins. Lignin
deposition may, however, effect a slight change in the shape of the sclereid.

Ontogeny of the brackysclereids in the stem

The brachysclereids in the leaf develop in the mesophyll, sometimes
near the vascular bundle. In the stem they are differentiated from the pith
4B



Fras. 36-64. (i—initial; n—nucleus; pc—pit-canals; pl—palisade; pt—protoplast; sw—
secondary wall; su—secondary Xylem.) 36-49, stages in the ontogeny of sclereids in the leaf,

x 140, 50-61, stages in the ontogeny of sclereids in the stem, X 140. 62-64, stages in the

ontogeny of sclereids in the male cone, X 140.
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and cortical cells, but the mode of development in all is the same. Brachy-
sclereids are developed in the cortex and pith but a few osteosclereids may
also be differentiated in the cortex. The uninucleate sclereid initials, which
are densely protoplasmic (Fig. 50), usually appear very late after the secondary
activity has started in the stem. As the initial increases in size (Fig. 51),
the thickness of the secondary wall gradually reduces the lumen considerably
(Figs. 52-55). A lobed sclereid initial may lead to a lobed brachysclereid
(Figs. 56, 57).

The sclereids of the pith also develop similarly, but they do not enlarge
much (Figs. 58-60). Sometimes brachysclereids are developed in between
the arcs of the broken rings of secondary xylem (I'ig. 61). The details of
the development are just like those of the osteosclereids.

Development of the sclereids in fertile parts

The sclereid initials are usually slightly elongated near the margin of
the sterile sporophylls in both the male and female cones, and the growth of
these cells is only in the vertical direction. ‘Secondary sclerosis’ of these
initial cells leads to the development of osteosclereids (Figs. 62-64). Similarly
in the middle region of the sporophylls, there are some rounded or lobed ini-
tials which subsequently develop into the brachysclereids (Fig. 64). The
inner stony layer of the seed is composed of numerous brachysclereids deve-
loped as in the stem.

Disoussion

A detailed investigation of the fertile and sterile parts of four varieties
of Taxus baccata shows certain features which are interesting, distinetive
and useful in differentiating this genus from the other closely allied genera.
These distinctive features (Table 1) can be made out even at the varietal level,
as shown by the distribution pattern of sclereids of the varieties studied.
In T. baccata variety-1 the sclereids are present in large numbers in the leaves,
while they are totally absent from the leaves of other varieties. Thus this
character itself becomes a distinguishing feature of this variety. It was
found that in varieties whose leaves are devoid of sclereids there is abundance
of transfusion tissue, and invariably where sclereids are present transfusion
tissue is absent. This suggests that the two tissues probably serve the same

Fras. 65-70. (c—cortex; [—lumen; n—nucleus; pc—pit-canal; scl—sclereid; sw—second-
ary wall; sx—secondary xylem; vs—vascular supply.) 65, transection of an old stem showing
sclereids in the pith region, x71-4. 66, transection of an old stem showing sclereids in
the cortical region, X 71. 67, cleared mount of a leaf showing numerous sclereids distributed
in a diffused manner, X 36-6. 68, a part of the female cone showing the sclereid with a distinct
nucleus, X 97. 69, four separate sclereids magnified to show the wall, x 110. 70, some sclereids
magnified showing the pit-canals, x 116.
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function. This kind of correlation was also found in the different species of
Podocarpus (Rao and Malaviya 1965).

The adult sclereids of 7'. baccate show a great deal of variation in the
shape of the lumen, which often presents a seemingly septate appearance.
This can possibly be correlated with the uneven deposition of lignin on the
primary wall and the concentration of some layers at a few particular points.
This feature also constitutes a distinguishing feature of the sclereids of 7.
baccata and helps to separate this genus from Cephalotazus.

In Cephalotazus (Rao and Malaviva 1964a) the sclereids are of the brachy-
sclereid type and have got characteristic peg-like projections on the secondary
wall. Another distinctive feature is the total absence of sclereids in the
leaves of Cephalotazus. On the other hand, sclereids are abundantly present
in the leaves of at least one variety of Taxus, i.e. T. baccata-1. 'The sclereids
are of the brachy- and osteo-sclereid type. These above-mentioned differences
in the nature of the sclereids in these two families further support their
separation from one another, which has been mentioned on other morphologi-
cal and anatomical grounds (Hardev Singh 1961).
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