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ABSTRACT

Anatomy of the vegetative organs of three species of Piper, has been studied. It has
been observed that all the three species agree in general anatomical features. The axis is
sympodial. Generally more than five leaf traces are present which may or may not be of the
same size. Stipules do occur in P. betle. Piper too is exceptional in having a single prophyll.

INTRODUCTION

The genus Piper, after which the family and the order are named, is the best
known genus of the family perhaps for its scientific and commercial importance.
Much of the published work before the beginning of the present century confined
to taxonomy, but in recent years embryology and anatomy too received some
attention. Chibber (1913) gave an account of the morphology and histology of
the vegetative organs of Piper betle. Rousseau (1927) studied the nodal anatomy
of a number of species of Piperales and discussed the interrelationships of dif-
ferent genera of the order. Goebel (1931) described the vegetative and flowering
stems of Piper species and interpreted the stipules as axillary. The present con-
tribution is the continuation of a series that was started sometime ago and deals
with the vegetative anatomy of Piper longum, Piper betle and Piper subrubrispicum.

MATERIAL AND METHODS

The materials of P, betle, P. longum, P. subrubrispicum preserved in F.A.A.
were kindly supplied respectively by Mr. Y. K. Murty, Mr. S. K. Goswami and
Mr. K. M. Vaid. The author’s own collection included P. longum and P. subru-
brispicum from Ssharanpur and Dehra Dun respectively. Serial transverse and
longitudinal sections, 10-12 microns thick, were cut and stained with safranin and
fast green in the usual manner.

OBSERVATIONS

External Morphology. While P. subrubrispicum and P. longum are erect or
rambling shrubs P. betle is a liana climbing by adventitious roots and thriving
well in moist shady localities. This latter species is commonly cultivated in India
for its leaves that are chewed. The nodes are conspicuously swollen and the inter-
nodes are somewhat cylindrical. In P. subrubrispicum the nodes also have a large

1 Based on a portion of a thesis accepted for a Ph.D. degree of the Agra University.
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scaly structure, the prophyll, which surrounds the axillary branch and reaches
a length of about 4 cm. It is convolute, with & prominent mid-rib which ends in
a point far below the apex. The leaves are alternate, simple, cordate palmately
veined with a short petiole. The stipules are visible only in P. betle.

Vegetative Anatomy. Adult internodes of all the three species studied agree
in general and especially in the arrangement and structure of the vascular bundles.
A thick cuticle is seen outside the single-layered epidermis. The epidermal cells
in P. subrubrispicum are unequal in size and those of P. betle are papillose. Typical
three-celled hydathodes with a balloon-like or disc-like apical cell (P. betle) and
bicellular (P. betle) or multicellular (P. longum) trichomes (hairs), are commonly
found on the surface.

The cortex in P. longum is distinguishable into 2-7 layered collenchyma and
several layered parenchyma. Sometimes this parenchymatous region shows
lobed outline due to the presence of vascular bundles immediately below. In
P. betle and P. subrubrispicum (Fig. 1) this is distinguishable into three more
or less distinct regions : (1) outermost region of about three layers of parenchyma
which may also show some stone cells in the latter species ; (2) a middle region of
2-3 layers of chlorenchyma with inter-cellular spaces (P. subrubrispicum) or 5-6
layers of discontinuous collenchyma (P. betle) and (3) an innermost region of 6-9
layers of collenchyma (P. subrubrispicum) or 4-6 layers of parenchyma with some
chloroplasts (P. betle). Secretory cells (oil cells) are also observed in the cortex.
No definite pericycle or endodermis could be seen. Chibber (1913) described a
definite endodermis in very young stems of P. betle and he also interpreted the
parenchyma cells below the collenchyma region as pericycle.

There is a very conspicuous mucilage canal in the centre of the internode of
P. subrubrispicum (Fig. 2) and P. betle (Fig. 3) but none in P. longum (Fig. 4). In
addition to this a ring of smaller canals is also found in P. betle separating the two
rings of vascular bundles.

The numerous vascular bundles which are collateral and open, are arranged
in two (P. longum, Fig. 4, and P. betle, Fig. 3) or three (P. subrubrispicum, Fig. 2)
concentric rings. The bundles of the outermost ring are always greater in number
than those of the inner, but they are not uniform in their size. This ring has about
15 bundles in P. longum, 25 in P. betle and more than 35 in P. subrubrispicum.
The second ring consists of 3-5 bundles in P. longum and about 10-12 in P. belle.
In P. subrubrispicum both the second and the third rings show 10-12 bundles
each alternating with one another.

It is interesting to note that one of the bundles of the inner ring in P. betle
is transversely oriented or twisted through 90° (Fig. 3). Chibber (1913) reported
several such twisted bundles in the same species.

All the three species agree in the formation of anastomosis and connecting
bridges between the vascular bundles of different rings of the internode ; in having
5 or more leaf traces and sympodial growth. However, they differ in details of
the nodal structure and hence the three species will be treated separately.

In P. longum all the bundles in the sub-nodal region undergo some branching
and anastomosing (Fig. 5), those of the two rings fusing freely by connecting bridges
and forming a nodal plate or plexus. Five bundles then diverge out from this
plexus as leaf traces (Figs. 6-8). Sometimes there may be eight of these but the
additional bundles are very small and disappear sooner or later by fusing with the
adjacent ones, bringing the number to 5 or 6 at a higher level. With the depar-
ture of the leaf traces into the periphery of the cortex the rest of the bundles resolve
themselves into two groups. The group adjacent to the leaf traces has many
small bundles while the one away from it has a few large ones (Fig. 8). The former
supply the axillary branch and the latter the main axis (spike). From the axil-
lary branch some traces move laterally and they constitute the vascular supply
to the prophyll and its axillary bud. The prophyll which has about 9 poorly deve-
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TEXT-Fic. 1.

A part of a cross-seotion of internode of P. subrubrispicum. X 150.

Respectively cross-section of internodes of P. subrubrispicum, P. betle and
P. . Note the mucilage canals and inverted bundle in. (Fig. 3.T).
Figs. 2 & 3x12; Fig. 4x 24.

Serial cross-sections of & node of P, longuwm showing the leaf traces and prophyll
formation. x24.
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TExXT-F1G. 2.

Figs. 9-12. BSerial transverse sections of a node of P. longum showing the separation of
leaf base, prophyll, prophyll bud, main axis and axillary branch. Xx16.

Figs. 13-19. Serial transverse sections of a node of P. subrubrispicum. Note the size and
arrangement of leaf traces. Xx8.

loped bundles, and its rudimentary bud follow the leaf base in their separation
from the node (Figs. 8-12).

In P. subrubrispicum the bundles in the sub-nodal region show some enlarge-
ment and then branch and anastomose forming connecting bridges with the outer
ones (Fig. 13). The central mucilage cavity that runs through the internode
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gradually decreases in size and finally disappears at the node being replaced by
parenchymatous pith (Fig. 14). Though there appears to be three rings of bundles
even at the node they are different from those of the internode. The outermost
ring consists of the smaller bundles originally placed in the outer ring of the inter-
node. The second ring contains larger bundles belonging to the outer ring of the
internode. The third ring contains the bundles of the second and the third rings
of the internode irregularly arranged (Fig. 15).

Simultaneously with this reorganization, a group of bundles appears to move
off to one side of the node (Fig. 14). Later on that part of the axis containing this
group of two rings of bundles separates as the main axis and then functions as the
leaf-opposed spike (Figs. 15, 16).

As the spike is being separated from the node on one side, the leaf traces and
the leaf-base are being organised on the other. Most of the bundles of the two
outer rings of the node numbering about 20, move out as leaf traces. The rest of
the bundles of the node show some branching and reorganise roughly into two
rings (Figs. 15, 16). During this process some bundles that constitute supply to
the prophyll (Fig. 17) are left in the cortex on the side opposite the leaf base.
The leaf base clasps all round the node except on the side where the main axis is
cut off. Tt has alternately large and small bundles, the latter being placed more
towards the abaxial side.

With the separation of the leaf base, the prophyll and its bud make their
appearance and gradually separate from the axillary branch. The prophyll bud
receives several minute traces from the stele of the axzillary branch (Figs. 18, 19).
The bicarinate prophyll has more than 10 layers of parenchyma in which oil cells
are scattered and contains about 12-15 small bundles on either side of the midrib
(Fig. 19), one of its margins is overlapped by the other. The axillary branch does
not have any central canal at its base but it appears at a slightly higher level.

In P. betle the bundles in the sub-nodal region enlarge somewhat in size and
become surrounded by a fibrous sheath. On approaching the node those of the
outer ring branch and anastomose (Figs. 20-22). They develop connecting
bridges between themselves and between those of the inner ring and send off seven
large alternating with four small leaf traces into the cortex (Figs. 23-25). In addi-
tion to these 11 traces there pass out, into the scarious margins of the leaf base,
two very small traces one on each side (Fig. 23, St).

The twisted bundle (Fig. 20) that is so constantly seen in the internodal region
appears to become normally oriented and merges with the bundles of the inner
ring. Tt is thus not visible in the nodal region. The central mucilage canal be-
comes very much elongated transversely and the peripheral ones merge into larger
groups (Figs. 21, 22). Just above the separation of the leaf from the node the
;entra,l cavity again becomes very small but it never disappears completely (Fig.

5).

Some bundles on the opposite side of the leaf diverge out a little but soon dis-
appear without separating into a distinct structure (Fig. 23, B). In all probabi-
lity this is the abbreviated continuation of the main shoot. The growth of the
axis thus appears to become sympodial. With the separation of leaf base, the
axillary branch also shows its first leaf, the prophyll, and sends off some very
rudimentary traces for the prophyll and its axillary branch (Fig. 25, Pr.).

The structure of the petiole is almost similar in all the three species studied
except for minor differences. It is more stout in P. betle and P. subrubrispicum.
Tt is generally plano-convex in corss-section with a central groove on the adaxial
side which varies in depth in different regions of the petiole of different species.

The petiole has a single layer of epidermis, the cells of which are slightly papil-
lose in P. betle. Hydathodes are more common in P. betle. Just below the epi-
dermis there is a discontinuous layer of stone cells in P. subrubrispicum. Collen-
chyma is well developed in discontinuous patches in P, subrubrispicum and in P,
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TEx?-¥i6. 3.

Fige. 20-25. Serial transverse sections of & node of P. betle. Note muocilage canals and stipula
traces. x10.

Fig. 26. Cross-section of a petiole of P. betle showing the stipule. x 20.

Fig. 27. Cross-section. of a petiole of P. betle showing the stipular traces.. x13.

Fig. 28, A part of transverse section of a leaf of P, longum. x 229,
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betle those below the upper epidermis are typically tabular resembling in their
arrangement cork cells. Secretory cells and calcium oxalate crystals are found
scattered in the parenchyma region. The vascular bundles of the petiole resemble
those of the internode but they have poorly developed cambium. Chibber (1913)
suggested the bundles in the petiole of P. betle to be schizostelic. Their number
varies somewhat. There may be 4-5 bundles of almost of the same size and occur-
ring in open arc (P. longum, Figs. 10, 11) ; seven large alternating with four small
bundles in addition to the two minute stipular ones (P. betle) ; and 9 large alter-
nating with 8 small bundles (P. subrubrispicum).

The vascular bundles especially those at the margins of the open arc- show
branching and fusion bringing about variation in their arrangement and number
(Fig. 26). This generally results in their arrangement in a ring (Figs. 12 and 27).
These extra bundles are always small and vary from 2—6. In P. betle a mucilage
canal is seen inner to each of the larger bundles at the base of the petiole (Fig. 27).

The lamina is palmately and prominently 5- many veined. Some collenchyma
is seen in the midrib region and below the veins also. The epidermis is thick-
walled with a cuticle. The palisade is one (P. longum, Fig. 28) or two (P. sub-
rubrispicum) layered, followed by 3-4 layers of spongy parenchyma. Secretory
cells are confined to this region. Stomata are on the abaxial surface and their
guard-cells show upper ledges. The vascular bundles resemble those of the petiole.

DiscussioN AND CONCLUSIONS

Anatomy of the adult internode does not warrant any detailed comments.
Variations in the number and arrangement of bundles in the internode, and in the
behaviour of the mucilage canal when present, appear to be distinctive of different
species and these have been considered by Solereder (1908) and Metcalfe and Chalk
(1950), as of sufficient taxonomic value in delimiting the species of Piper.

The structure of the node also is somewhat distinctive of different species and
can be determined by the number of leaf traces, mucilage canals etc. As a rule,
each node bears a leaf, a leaf-opposed spike, and a bud which carries on further
vegetative growth. The latter in turn bears a prophyll which has a bud in its
axil, almost at the level of the node of the parent axis. The relationships of these
different organs at the node though not externally visible are very clearly estab-
lished by the course and behaviour of their vascular bundles. There is little doubt
that the leaf-opposed spike which has a cylinder with fewer vascular bundles is
the continuation of the main axis which has limited growth. The branch in between
this and the leaf is naturally the axillary branch which carries the sympodial growth
further. Its first leaf is a prophyll which bears a bud in its axil.

Chibber (1913) offered a different interpretation of the node in P. betle. He
considered the prophyll as a scale leaf or sheath borne on the abbreviated internode
and the normal leaf borne on an elongated internode. He, therefore, assumed that
in this case the branch consists of abbreviated internodes, alternating with. elon-
gated internodes. Such an interpretation is obviously incorrect and is due perhaps
to a misinterpretation of the prophyll which is borne not on the main axis but
on the axillary branch. ,

.There has been some difference of opinion as to whether stipules occur in.all
species of Piper or not. There is little doubt that they exist in Piper betle where
each stipule receives a trace that immediately branches.

Though no stipules or vascular supply is evident in P. longum a structure
similar to the one found in P. betle is observed half detached on the upper surface
of the petiole, Whether it is a rudimentary, reduced axillary stipule or simply a
thin wing of the petiole is, however, difficult to say.

In P. subrubrispicum there is no evidence whatsoever of the presence of stipu-
les. But in the arrangement of bundles in the leaf base it agrees with that of P.
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tiliaefolium which has been interpreted by Rousseau (1927) to be stipules. Out of
more than fifteen bundles that occur in the leaf base of P. subrubrispicum the
smaller ones are placed alternately with the bigger ones more towards the abaxial
side. However, no alternation was seen in the last three bundles in the margins of
the leaf base. Such an arrangement of bundles in a single file led Rousseau (1927)
to interpret the margins of the leaf base in P. tiliaefolium as stipular in nature. If
that is so then P. subrubrispicum also has stipules though it is doubtful if this
much of anatomical evidence is quite adequate to interpret the margins as stipular.

Prophyll or the first leaf of the axillary branch has been described in the
majority of angiosperms. Dicotyledons have been regarded as characterised by
two, and Monocotyledons by one prophyll. But many exceptions to thiz rule
are already on record (Arber 1925 ; Foster 1932). Blaser (1944) discussing the
morphology of Cyperaceae reviewed the previous work, the meaning, nature and
variation etc., in the prophyll of angiosperms and came to the conclusion that it
is & leaf or leaf-like structure and not a distinet morphological entity.

Like many other exceptions Piper, too, like Peperomia (Murty, 1958), has a
gingle prophyll. Foster (1932) considered the single bicarinate prophyll in Carya
as double on the basis of vasculature and presence of two buds. Similarly Arber
(1925) interpreted some of the prophylls of Monocots to be double. But in Piper
it is really a single structure as it has a single mid-vein and one axillary bud. In
the past prophyll has been equated with parts of a fully developed leaf (De
Candolle 1866 ; Rousseau 1927). This is apparently a wrong approach.

-
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LEGEND

A—axillary bud; B—main branch; Chl—chlorenchyma; Coll—collenchyma ; L—
leaf base ; Lt—leaf tra.ces me—mucilage enna.l P—petiole ; Pa—parenchyma ; Pal—palisade
Pr-—prophyll Prb—prophyll bud ; St——stlpular trace ; Stl——stxpule T—inverted bundle.



