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ABSTRACT

The origin and vascularization of the so-called stipules of six species of Péper have been
discussed in this paper.

The adnate stipules, the sheathing stipules and the leaf-sheath are quite different structures.
The sub-petiolar region of the genus Piper is a sheathing leaf-base with a free outgrowth at
the tip, which may be considered as ligule. The multibundle leaf-traces of Piper always originate
at the lower node. Marginal vascular bundles are the direct vascular supplies from the axial
component and are not the branches of the laterals.

The sheathing leaf-base of the six species of Piper resembles the leaf-sheath of Scindapsus
officinalis (Araceae).

Some of the buds of P. longum are always covered up by the bud-scales where only the
sheathing leaf-bases are developed.

INTRODUCTION

The genus Piper comprises more than 700 tropical species, mostly climb-
ing shrubs (Willis 1951). In books on morphology and taxonomy Piper is
described as having simple alternate, petiolate leaves with or without stipules
(Bentham and Hooker 1880, I11, p.\ 129; Hooker 1885, V, p. 78; Prain 1903, 11,
p- 892; Rendle 1952, II, p. 89; Hutchinson 1959, I, pp. 419-421; Willis 1951,
p. 515; and others).

According to Roxburgh (1874, pp. 51-52), the stipules of Piper trioccum is
solitary, spathiform, falling off when the leaves begin to unfold; in P. longum
a pair of lanceolate stipules join lengthwise to the petiole, in sessile leaf the
stipule is single and spathiform; in P. sylvaticum they are interfoliaceous;
the stipules are stem-clasping and petiolary in P. pupuloides; in P. betle and
P. migrum they are adnate to the petiole.

* The investigation has been carried out with a grant-in-aid from the Council of Scientific
and Industrial Research, New Delhi.
1 Since deceased.
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Stipules of P. betle are described here in detail (Fig. 1). The stipules are
adnate to the petiole lengthwise, they are ‘Connate at the base as they meet
each other round the stem on the side opposite the leaf-stalk, forming a short
collar to the axis’ (Chibber 1913). At the tip which is free from the petiole
the stipule is convolute. The stipules drop off early and leave a scar along
the line of attachment to the axis and the petiole (see also Rousscau 1927).

The free limbs of an adult leaf of P. betle (and of other species also)
have three distinet parts, namely, the blade, the petiole and a sheathing base,
margins of which are scarious, whitish, with very thin veins running almost
parallel to one another and ending a little behind the extreme tip which is free
from the petiole and convolute.

The sheathing base has been interpreted by the above authors as the
petiole slightly flattened at the base having a pair or a single stipule adnate
to it, i.e. the margins of the sheath have been identified with the stipule or
stipules as the case may be. But the evidence on which they come to regard
these margins as stipules is not mentioned. Only evidences, as far as we can
see, are caducous nature, leaving a scar along the line of attachment to the
axis and the petiole, and also their membranous texture.

In order to determine the real morphology of the sheathing base of the
leaves of Piper, its development and vascularization, studies were under-
taken of six species of the genus and also a comparative study has been made
with the similar sheathing base of Scindapsus officinalis, a monocotyledon,
which has been described as the leaf-base proper. Results of these studies
are reported in this paper.

MATERIALS AND METHODS

Materials of all the six species of Piper and that of Scindapsus officinalis
were collected from plants growing in the gardens of the University of Cal-
cutta. Shoots of P. longum were also collected from the Indian Botanic
Garden, Sibpur.

Piper betle L. .. Leaves alternate, petioled, bifarious, cordate, 5-7
nerved; stipules adnate to the petiole (Kig. 1).
P, longum L. .. Leaves as above, broad cordate, 7 nerved, stepules

adnate to the petiole, leaf joining lengthwise to the
petiole, lanceolate.

L. nigrum L. .. Leaves as above, obliquely ovate, 5-7 nerved, stipules
as tn P. betle.

P.ornatum N.E.Br. .. Leaves almost as above, ovate or orbicular, stem
climbing; stipules adnate to the petiole.

Piper sp, .. Leaves cordate, oblong, stipules adnate to the petiole.

Piper sp, .. Leaves as above, oblong, sometimes cordate, margins

undulating, stipules adnate to the petiole,
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Shoot tips were fixed and preserved in F.A.E.A. solution. For microtome
sections the fixed materials were thoroughly washed in water, dehydrated
in normal butyl-alcohol and finally embedded in paraffin. Both transverse
and longitudinal sections were cut at 6-8 u, cleared, washed and stained in
safranin and fast-green combination. To study the shoot apex in longitudinal
section tannic acid-ferric chloride and safranin technique was tried with success
(Foster 1934).

To study the courses of the leaf-trace bundles from the node to the tip
of the sheath, young nodes with attached leaf-sheaths were cut out from the
stem, split open, pith with the medullary bundles then removed, cleared in
lactic acid at 60° C., washed thoroughly, stained with light safranin solution,
mounted flat in glycerine solution and sealed with paraffin wax.

Text-figures have been drawn under a camera lucida and their magni-
fications are noted for each drawing in the explanations.

OBSERVATIONS

The origin, development and vascularization of the sheathing leaf-base
in six species of Piper and in Scindapsus officinalis have been studied in
transverse and longitudinal sections and also the course of the leaf-trace
bundles through the node to the sheathing-free base of the leaf in cleared
section (Fig. 10). Habit drawings of only Piper betle (Fig. 1) and of Scindapsus
officinalis (Fig. 2) have been given for comparison. It will be seen that the
sheathing bases, the so-called stipules of taxonomists, are alike in both the
species, and yet in Piper the margins which separate from the petiolar region
are described as stipules, whereas in Scindapsus the petiole is described as
sheathing without any stipule or stipules. Those of the other five species of
Piper have not been drawn as the nature of the sheathing base is almost
similar in all of them,

Piper beile—Figs. 4-10. RSerial transverse sections of the apical
bud through a node upwards

Figure 4 is a transverse section through the node. 1t shows three
regions: the outer (peripheral), the intermediate and the central. The peri-
pheral represents the base of the third leaf (If), the collar (Majumdar 1955a)
forming the mantle of the axis with full complements of the leaf-trace bundles
(M, Ly, Ly, ... L, L'y ...), cauline bundles (cb) much smaller, in between two
consecutive leaf-trace bundles, and a pair of satellite bundles (sb) associated
with the median.

The peripheral region completely encloses the middle one which contains
vascular bundles arranged at slightly different levels—the outer ones will
form the leaf-trace bundles of the second leaf (/f;) and the other six move
inwards and arrange round the pith (P) in the form of a ring (Fig. 5). These
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F1e. 1. A portion of the adult shoot of Piper betle showing leaf-sheath (sh), its free tip (ship)
and its nature of falling. X 1.

F1e. 2. A portion of the adult shoot of Scindapsus officinalis showing the nature of sheathing
leaf. Xx1/8.

Fic. 3. Longitudinalsection of P. longum showing the development of petiole. Figures 3a and 3b
are the cellular representations of a and b of Figure 3. Figure 3 is X 15, and
Figures 3a and 3b are X 135.

Fies, 4-9. Transverse sections of the node and apical bud of Piper betle (for details please see
the text), X35.

Fie. 10. Sheath of Piper betle cleared with lactic acid at 60°C. x 10,

Fias. 11-14, Transverse sections of Piper nigrum. X35.

Legends: See¢ below BIBLIOGRAPHY.
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inner bundles cannot be regarded as medullary bundles. A mucilage canal
occupies the centre of the pith. In Figure 5 the cauline bundles of the peri-
pheral ring are seen to have moved inwards, so that when the trace bundles
of leaf three (If;) enter the free sheathing base they remain in the stem.*

The sheathing base of leaf three (If;), which started separating from the
node on the opposite side of the median leaf-trace (Fig. 5), has now completely
separated (Fig. 6) in the form of a free sheath and the leaf-trace bundies in the
margins of the sheath have branched in the sheath after leaving the node
(cp. Fig. 10). The sheath, which was connate in the early stages of separation
from the axis, has now the margins free and overlapping. - The enclosed upper
internode shows two rings of bundies—the peripherals are leaf-traces of leaf
two (If2) and the inner in the form of six procambial strands enclosing the
pith; which down below differentiate into six bundles of the inner series shown
in Figure 5.

Figure 7 shows the sheathing bases of If; and {f, and that of If; almost
surrounding the axis. A horseshoe-shaped primary meristem ring has differ-
entiated at the junction of If; and axis. This meristem in the node below
gives rise to the six procambial strands shown in Figure 6. Figure 8 is a
section of the sheathing base at the level where its two margins have started
separating from its petiolar region. In Figure 9 the separation is complete
and the petiolar region becomes the petiole and the margins end in a free tip.
It will be seen that all the bundles in the margin do not reach the tip ; some
lag behind.

The course of leaf-trace bundles from the node to the sheath has heen
clearly shown in Figure 10 which is a sheathing base (cleared in lactic acid),
split open and spread out, so that the course of bundles could be followed
from the node into the sheath. It will be seen that the marginal bundles,
like the other leaf-traces, come from the node, they branch in the margins and
are very feeble in nature. They enter the shoulder of the sheath but all of
them do not reach the tip.

Piper nigrum—TFigs. 11-14

Figure 11 represents the structure of the node in t.s. at the level where
the base of the leaf three (If3) is separating from the axis. All the leaf-trace
bundles are in the leaf-sheath including the marginals. Leaf-trace bundles
of the second leaf (If;) are in the horseshoe-shaped promeristem and the
medullary bundles are moving inwards from this ring. Figure 12 shows leaf
three (If3) and leaf two (If;) completely separated from the axis which is made
up of the collar of leaf one (If;) and the enclosed axis. The primary meristem
ring has differentiated at the junction of leaf one (If;) and the axis. The

* Vascular system of the six species of Piper forms the subject-matter of a separate com-

munication.
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margins of the sheath of leaf three (If;) have started showing separation from
the petiolar region (pet reg) by constriction which has developed further in
Figure 13, ultimately becoming free from the petiole, which becomes convolute
(Fig. 14).
Piper ornatum—Figs. 15-18

The sheathing base of If; encloses the same of Ify, margins of the latter
not yet overlapping. Peripheral cauline meristem of If; has differentiated in
which the leaf-trace bundles are embedded. The inner meristem enclosing
the axis (pith) has divided into four unequal parts (Fig. 15). The sheathing
base of If; now separates from the upper internode which is made up of the
collar of If; enclosing the axis. At the junction the primary meristem ring
has organized (Fig. 16). The sheath of If; encloses the lower portion of the
blade (Fig. 17). The petiole now separates from the leaf-sheath, the tip of
which is seen beyond the two lower lobes of the blade (Fig. 18).

Piper spy—Figs. 19-20

Figure 19 gives the same picture as shown in Figure 16. The sheath of
Ify still remains connate, and collar of If; contains only three trace bundles.
Figure 20 shows the sheathing base of If, with overlapping margins, but If,
shows the base of its blade (wings) enclosing the sheathing base, the margins
enclose the tip of {fs.  In this case the petiole has rot yet developed.

Piper spo—Figs. 21-24

In the transverse section of the apical bud four leaves in different stages
of development are seen. Sheath of If, encloses that of If; which in turn
encloses that of If,. The collar of {f; is confluent with the axis, and has al-
most embraced the latter. The primary meristem ring is seen organized at
the junction of If; and the axis (Fig. 21). The margins of the sheath of If,
are in the process of separating from the petiolar region of the sheath by
constriction. They partially enclose the base cf the blade of If; (Fig. 22).
Figure 23 shows the petiole of If, separated from its sheath, the two lower
lobes of the blade enclose the margins which, with a strip of the adaxial face
of the petiolar region of the sheath of Ify, forms a cup-shaped structure which
partially encloses the upper portion of lf;. In Figure 24 the blade is attached
to the midrib (of the lamina), and the petiole has not yet developed (Fig. 23).
The tip of the margins is like that in Figure 23.

Piper longum—TFigs. 25-32

In Figure 25 the upper part of the leaf-sheath is enclosed by the base
of the lobes of the lamina. (Only the sheath of the outer leaf is followed)
(Fig. 23). The margins are still attached to the petiolar region of the sheath.
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Fias. 15-18. T.S. of P. ornatum. X 35.

Fi1cs. 19-20. T.S. of Pipersp;. X 35.

Figs. 21-24. T.S. of Pipersps. X 35.

Fias. 25-28. T.8. of P. longum. X35b.

Fic. 29 is a habit sketch of bud of P, longum. X#%.

Fies. 30-32. T.S. of bud of P. longum. X35,

Fics. 33-35. T.8. of the shoot of Seindapsus officinalis. X 20.

Legends : See below BIBLIOGRAPHY.
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In Figure 26 the wings of the blade become attached to its midrib region,
the margins of the leaf-sheath are almost on the point of separation from the
petiolar region by constriction. Figure 27 shows the lamina with wings.
The margins have just separated in the manner shown in Figures 23 and 24 (with
the adaxial strip). 1In Figure 28 the margins have separated into two picces
which made many to consider them as a pair of stipules.

Piper longum with scale-bud—TFigs, 29-32

Figure 29 is a habit drawing of a bud in the axil of a leaf. 1t shows the
leat-base which partially encloses the bud-scale, which in its twrn encioses
the axis of the bud (Fig. 30). Tigure 31 shows the petiole of the leaf and
the scale-leaf which is sheathing and which encloses the tip of the inner leaf.
Figure 32 shows the same, a little higher up the petiole and the scale. The
scale represents the sheathing base of a leaf which does not develop petiole
and lamina.

Scindapsus officinalis—Figs. 2, 33-35
(Monocotyledon)

Figure 2 is a habit drawing for a comparison with Piper betle (Fig. 1).
1t shows the short petiole and sheathing leaf-base, exactly like what has been
deseribed for Piper sp. The margins fall off with the opening of the en-
closed bud, and there is also the tip free from the petiole. Figure 33 is a
transverse section of the vegetative bud showing five leaves in different
stages of development, all the leaves with sheathing leaf-bases, If, and If;, are
confluent with the axis, i.e. the stem is made up of the axis plus bases of
If; and If;.  In Figure 34 the margins are separating from the petiolur region
of Ifs. 1In Tigure 35 the petiolar region has separated from the marging of
the leaf-base, the latter separating with a strip of the adaxial face of the
petiolar region have formed a convoluted structure like that in Piper spp.
(Figs. 9, 14, 32, etc.).

Development of the petiole in Piper longum—Tigs. 3, 3a, 30

Figure 3 is a median longitudinal section of the shoot apex of Piper
longum. Three leaf primordia are seen in different stages of development,
Ify, if and If;. In leaves one and two petioles have not developed. 1In [f,
4-@¢ represents the region between the blade and the leaf-sheath, which will
later develop into the petiole. This region is occupied by a meristem (Fig. 3a).
In If; this region has developed into the petiole (b) by mainly transverse walls
and elongation of the cells parallel to the longitudinal axis, and by occasional
longitudinal walls (Fig. 35).

3
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Thus the origin of the petiole is a latter development, the petiole being
intercalated between the lamina and the sheathing leaf-base.

Discussion
The sheathing leaf-base of the flattened petiole with stipules (?)

Stipules, when present, are outgrowths at the base of the leaf, and their
vascular supply (stipular and ligular traces) is normally derived from the
laterals of a three-bundle leaf-trace, while the laterals are still in the leaf-base.
Eichler (1861), Colomb (1887), Sinnott and Bailey (1914), Mitra {1945, 19490),
Mitra and Majumdar (1952), Majumdar (1956), Majumdar and Pal (1958,
h, 1959) and Pal (1959) and others have supported the above as regards the
morphology of the stipules.

This leads to the fundamental question: what is the morphological
nature of the leaf-base of which the stipules are the outgrowths? The exis-
tence of the leaf-base (not the base of the leaf) as a primary element of the
complete leaf is not recognized by the American morphologists whe hold
that a typical leaf consists of the blade, the petiole and a pair of stipules (sce
Majumdar 1955¢). The European workers, on the other hand, think that a
complete leaf consists of the blade, petiole and the base, and the stipules, when
present, are a paiv of outgrowths of the leat-base. But their idea of leaf-
base is not clear (sce Majumdar 1955a ; Majumdar and Pal 1958b).

The morphologists use three terms when describing the sub-petiolar
region of the leaf: leaf-base, sheathing base, and leaf-sheath. Are they synony-
mous ?  In Umbellifers, e.g. Carrot, Heraclewn, Parsnip, Parsley, etc.,
all dicotyledons, the leaf is provided with a sheathing base which is described
as the petiole in the lower part, flattened and broadened to enclose partly or
fully the axis. Rendle (1952) described such bases ‘petiole with a broad
sheathing base’ (II, p. 411). The Araliaceae and Polygonaceae where the free
limb of the leaf has a blade, a stalk and a sheathing base which, in case of the
Polygonaceae, the leaf has a stipule, the ochrea. Lubbock (1899) writes that ‘in
Usbellifers the upper part of the leaf becomes detached, broad, often forming
a sheath (p. 19). When this has proceeded sufficiently far the free lobes may
fairly be called stipules. In Pdrsley the sheath is quite entire, in Ostruthium
there is a distinct shoulder on each side, while in Aethusa cynapium the
shoulder has grown out into a small but distinet stipule’ (Lubbock 1899,
Figs. 314-316, pp. 199-200).

Monocotyledons are generally characterized by their leaves being provided
with sheathing bases, and a petiole may or may not infervene between them
and the blade. Now what is the nature of these sheathing bases? In grasses
it has been conceded, even according to conventional morphology, that the
sheathing base is the leaf-base and not the petiole broadened and flattened

3B
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near its msertion on the axis, In the majority of monocotyledons a petiole
intervenes between the blade and the sheathing base, vet the family Araceae
is characterized by having leaves with a sheathing base. Now the morpho-
logical nature of the sheathing base of these and other plants can only be
settled by their developmental and histological studies.

In monocotyledons the morphological nature of the ‘ensheathing leaf-
base’ has been thoroughly discussed by Arber (1925, pp. 55-60).  The sheathing
region of leaf not only encircles the axis but also by the growth of their free
margins forms a ‘wrap-over’. 1In monocotyledons the leaf-hase may he:

1. Simple sheathing—Strepolirion volubile Edgw.

2, Simple sheathing with distinct stipular wings—
Hydrocharis morsus-ranae 1. (2st).
Potamogeton natans L.—stipula adnata.

3. Simple sheathing with ligules-—Pontederia cordain 1., Calla palusiris
L., Potamogeton natans L., Water Hyacinth, Alliwm porrim,
Grasses.

In Scindapsus Prain (1903, 11, p. 1114) states ‘petiole sheathing geniculate,
sheath often accrescent,’.

Arber after a very careful and thorough study (Fig. 124, A-H) regards
the simple leaf-sheath (leaf-base) as the ‘fundamental type from which stipules
and ligules are developed by a secondary process of winging’ (p. 97). Both
stipules and ligules are outgrowths of the leaf-base, but stipules are found at
the base of the petiole (free-sheathing leaf-base is very much shortened, not
entirely eliminated, Fig. 124, and ligules are at the top of the sheath) (Figs.
124, C, E, ete.).

But Gluck (1901, p. 81; Colomb 1887) thought that closed leaf-sheaths
of monocotyledons are ‘stipulae adnatae’ which have arisen by the fusion of a
pair of free stipules with the base of the petiole (cp. Piper spp.). Leaf-sheath
according to American botanists is produced by the petiole in the base of the
leaf becoming ‘much dilated and membranous at base’ (Asa Gray 1879, p. 104),
and Sinnott and Bailey (1914) think that the leaf-sheath is formed by
the fusion of series of stipules laterally against each lateral of multibundle
leaf-trace, the teeth representing the number of such stipules fused (Mitra
1045).

But Arber (1925, p. 98) thinks that the interpretation of Gluck ‘deprives
the leaf-sheath of its rank as a primary element of the leaf, scems to me
(Arber) highly artificial. It is hardly possible, T think, to suppose that every
one of the countless sheathing leaf-bases met with in this class has had a
stipular origin, In the Iridaceae, for instance, there are no examples of
stipules, and only one genus, (feissorhiza, is known to possess a ligule. Tt is
difficult to imagine that all the simple leaf-sheaths of the other fifty-six genera
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belonging to the family have originated from stipules of whose existence no
trace whatever remains’. Therefore, even on normal formal morphology, the
leaf-sheath of the monocotyledons is really the leaf-base of the leaf, a primary
clement of a complete leaf.

We have said before that in order to determine the morphology of the
stipules, their ontogeny has been thoroughly studied in a number of cases by
us (Majumdar 1956; Mitra 1945, 1949a, b: and Pal 1959). Though the
vegetative shoot was discovered for the first time by Wolf (1759), the leaf
initiation of the shoot apices of angiosperms was not understood before 1935,
when Gregoire and Louis showed that the initiation of a leaf at the vege-
tative shoot apex takes place by the formation of what they described as
Soubassements foliaves (Foster’s foliar buitress, Majumdar’s foliar foundation).
On this foliar foundation the free limb of the leaf is erected later under the
influence of its median strand which is acropetal in differentiation. Majumdar
has also shown that this foliar foundation after its initiation extends laterally
around the axis partially or wholly. According to Majumdar (1955a) the
foliar foundation is an integral part of the leaf, its real base. In the majority
of cases it remains confluent with the axis as its outer component, and the
petiole appears directly inserted on the former without any evident base.
This explains the attitude of the American botanists and also of those who
regard the free lateral stipules as cauline (Parkin 1948) or from a region which
Cross (1937) described as leaf-stem transition region (p. 161).

But in the Polygonaceae, Umbelliferae and Monocotyledons the foliar
foundations not only embrace the axis as a collar but grow vertically upwards
free from the axis for a greater or shorter distance, and the petiole is inserted
on this. When the foliar foundation is laid down, it occupies only a small
sector of the apical dome, and is radially (horizontally) extended with only
the median bundle and two laterals as its bundles. This portion of the foliar
foundation (petiolar region) becomes continuous with the petiole and the
midrib region of the adult leaf. It then gradually extends tangentially
along the two sides of the shoot apex when more bundles, the laterals, enter
the extending wings. In the cases of sheathing leaf-base, the two wings meet
on the opposite sides of the apex, fuse to form a collar round the axis, and
sometimes overlap to form the ‘wrap over’. The petiolar or midrib region
of the leaf-base has been confused with the petiole with which it is continuous.

Whether the foliar foundation will develop into a free base (free from
the axis) or remain confluent with the axis as its outer component, is deter-
mined by the behaviour of the laterals during their courses through it towards
the basc of the petiole. The laterals, after their departure from the axial
ring, move into the leaf-base (collar) and then turn towards the median to
join the latter at the base of the petiole. If the laterals cease to proceed
fnrther, both parallel and oblique or horizontal, within the axial component,
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as in China rose, Calotropis, Jasminum, etc., no free base is formed and the
petiole appears to sit directly on the axis. But if they run parallel beyond
the axial component before they change their courses towards the median.
a free leaf-base in addition to its lower part confluent with the axis is formed,
as in Polygonum, Heracleum, (Clentells and in many Rubiaceae. If again
during their movement towards the median the laterals branch, the branches
stimulate the upward growth of the leaf-base to form the stipules. In rare
cases the foliar foundation may grow free from the petiolar region into a pair
of interpetiolar stipules as in Dentella. In the petiole the laterals and the
median come together and unite at the base of the petiole to form a ring
of vascular bundles, particularly when the petiole is cylindrical.

It may be concluded that even when the other two parts, the blade and
the petiole, are absent, the leaf-base is present as the axial component. A
leaf withont a base cannot therefore be conceived. Strasburger (1930, p. 104)
categorically stated that ‘the petiole is never ingerted direetly on the stem’.

The so-called stipule of the Piperaceae

Stipules and ligules are outgrowths of the leaf-base, and their vascular
supply is derived from the laterals (three-bundle leaf-trace} or lateral ends of
the leaf-trace (one-bundle leaf-trace) while still in the foliar foundations (ex-
ception was noted in Dentelle where the stipules are without any vascular
snpply). This may be regarded as the correct interpretation of the morpho-
logical nature of the stipules (Majumdar and Pal 1958, b, 1959).

Stipules of the genus Piper, if present, are adnate to the petiole. In Piper
betle the stipules are described as adnate to the petiole throughont their
lengths, which means that the petiole is inserted directly on the axis with
the stipules forming its wings. But we have seen that anatomically and
developmentally the petiole is a new addition between the blade and the sub-
petiolar region which is the free leaf-base (P. longum).

In Piper leaves the foliar foundation completely encircles the stem, and
during their upward growth the free margins overlap each other to form the
‘wrap-over’, the margins receive their vascular supply, multibundle trace
directly from the node below, they run parallel, very thin, branch in the
margins, anastomose and end at a short distance from the extreme tip; the
margins instead of being entire develop shoulders which unite to form a free
tip. This free portion of the sheathing leaf-base may at best be called ligule
(Arber) as it is really an outgrowth of the leaf-base (of. stipules of Rose,
Mitra 1949a).

The sub-petiolar region is thus the sheathing leaf-base with about 13
bundles of which 9 enter the petiole and arrange into a ring of vascular bundles.

The ontogenetical and the developmental studies of the leaf-sheath of
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Seindapsus officinalis (Araceae) also support the sheathing nature of the leaf-
base of the species of Piper. No difference as regards their sheathing leaf-
base excepting the number of leaf-traces has been encountered in the present
investigation.

CoxcLuUsIoN

The ontogenetical development of the leaf-sheath has been worked out
and disenssed with a view to elucidating its true morphology.

The stipules arve outgrowths of the leaf-base (Sinnott and Bailey 1914 ;
Parkin 1948) and so the leaf-sheath cannot be organized by the fusion of the
petiole and the stipules (Majumdar 19554). »

The leaf-sheath and the sheathing stipules are morphologically two dis-
tinet structures (Mitra 19492 and 19496 ; Majumdar 1956 ; Majumdar and Pal
19586). The sheathing leaf-base is always associated with the multilacunar
conditions in dicotyledons (cf. Rose, Piper, Panaz, Aralia, etc.), and this is
also a characteristic feature of the monocotyledons.

The leaf-sheath of Piper as well as of Scindapsus is an extended portion
of the leaf-base. 1t is formed by the extension of the lateral vascular bundles
and free from the axis. The free tip of the leaf-sheath may be considered as
the ligule and not as stipule because the extreme end of the free tip does not
get any vascular supply from the branches of the laterals, which enter the
petiole only to join the median leaf-trace bundle forming the vascular system
of the petiole and the blade proper. TIn cases where the lower portion of the
free tip of the sheath receives the vascular bundles, these are alwayvs formed
by the extension of the marginal bundles of the leaf-sheath.
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