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INTRODUTOTION

The rice plant is an annual grass. Its culm is erect, cylindrical and smooth,
slightly swollen at the node which is solid but hollow in the internode. The leaves
are distichous, base of each ligulate leaf forms a tube (sheath) completely enclosing
the whole of the upper internode but split down the side opposite the blade except
at the node of its insertion. .

The courses of the vascular bundles through the internodes, nodes and leaf
bases, i.e. the vascular system of the shoot of grasses, have rarely been studied in
detail, and our knowledge in this respect is rather incomplete. De Bary (1884)
described the structure of the grass node as a ‘complex and confused felt of trans-
verse bundles in each node’ (pp. 262, 264 and 311). Haberlandt (1914) coming long
after stated that ‘the true form of the vascular system is obscured owing to the
great elongation of the internode (20~50 or more) . . . and are connected at the
nodes by an abundantly branched network of transverse anastomoses’ (p. 384).

Bugnon (1920a) studied the origin and nature of the transverse vascular system
that form the nodal network or plexus (lacis aux noeuds) in the apical buds of the
seedlings of Oryza sativa. According to him such a system is formed by the sudden
change of direction of the longitudinally running leaf-trace bundles on entering the
node from the leaf-sheath, though Mohl attributed its independent origin to the
activity of a newly born (naissant) secondary meristem within the nodal diaphragm.
In a second paper (19205) on the subject he tried to explain the causes of such
transverse journey (causes du parcours) of the leaf-traces in the grass node.

Arber (1925) commenting on the nodal structure of grass culms stated that
‘the task of following the bundles in the monocotyledonous axis owing to the crowd-
ing of the leaf traces and their varying curvatures ...is an exacting and
difficult task which botanists seem to have shirked accordingly ; indeed, most of our
information on the subject is many years old. It is much to be desired that some
present-day worker would apply the skill and patience necessary for obtaining fresh
data with the aid of modern technique’ (Chap. III, p. 37). In 1934 she stated
again that ‘in the internode of grass haulms the course of bundles is vertical, but at
the level of the nodes horizontal strands are met with which connect the vertical
strands and anastomoses into an elaborate nodal plexus’ (p. 259, Figs. 125, B;, B;).

The position, it appears, remained the same in 1947 when Eames and
MacDaniels wrote that ‘in monocotyledons the many bundles form extremely
complex nodal structures . . . There is little clear information as to the basic
plan in these nodes’ (p. 152). It seems strange that they (Arber, 1925, 1934;
Eames and MacDaniels, 1947) did not make any reference to the works of Percival
(1921) and Sharman (1942).

In 1921 Percival studied the vascular system in the internode, node and leaf
base in the shoot of wheat plant which is hollow like that of the rice internode.
Sharman (1942) studied the same in the maize plant, the internode of which is solid.
(For detailed information see authors’ original papers, or Esaun, 1953, pp. 399-402.)
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Esau (1953), however, makes a general comment that ‘the complex arrangement of
the vascular bundles (in grass haulm) is related to the variable orientations of the
different traces of the same leaf ’ (p. 400).

Stover (1951) distinguished three types of grass stem on the basis of their inter-
nodal structures, namely, (1) in the Fastuceae, Hordeae and in some species of
Agrostideae the stem bundles are arranged in a single cylinder, (2) in the Agrostideae
and Paniceae they are arranged in two or three cylinders, and (3) in the Andropogo-
neae and Maydeae, the stems of which are solid, the bundles are irregularly arranged
and no cylindrical arrangement is noticed (p. 178). Esau (1953) on the other hand
recognized two basic plans in the distribution of vascular bundles in the internodes
of grass stem: (1) in hollow internodes the bundles are arranged in two rings or
circles, the smaller bundles nearer the periphery, and the larger ones somewhat
deeper in the stem, as in Triticum, Oryza, etc., and (2) in the solid internodes the
bundles are scattered throughout the ground tissue, as in Zea, Sorghum, Bambusa,
ete. (p. 399).

In rice internodes the fibrovascular bundles are arranged in two circles as in
wheat plant; sclerified hypodermis forms a continuous stereome cylinder with the
bundles of the outer ring more or less embedded in it. The nodal structure iz very
complex.

8o far as we are aware no detailed studies of the vascular system in the shoot of
Oryza have been made. As our studies of the nodal and internodal structures of
this plant show considerable variation from those of Bugnon (1920a) and Percival
(1921) in many details the present communication is considered desirable.

MATERIALS AND METHODS

Materials for the present studies were grown in the botanical garden of Dacca
University, To study the vascular system of the mature plant a few seedlings were
transplanted in pots. Plasticine cups were fixed to the base of the mature inter-
nodes above ground level below a node and a weak solution of India ink wag poured
in the cups. By means of a sharp scalpel a transverse puncture was made in the
stem under the ink solution in some cases. The black solution was sucked in
slowly through the vascular bundles, and then the course of some particular bundles
could be easily traced in the stem through the internodes and nodes by serial trans-
verse sections through them. The nodal regions with leaf-sheaths and portions of
the lower and upper internodes of the seedlings and adult plants were fixed and
preserved in FAA solution. At the time of use the preserved materials were
dehydrated and embedded in paraffin according to schedule. Some of the sections
were microtomed at 10p-15u, and stained in safranin and fast green combination,
but most of the sections were cut free band or with a hand microtome. Hand
sections were stained with a light solution of gafranin and serially mounted in 209,
glycerine solution and sealed with a paraffin-rubber preparation.

Text-figures (Figs. 1-15) have been drawn under a camera lucida. Photomicro-
graphs (Figs. 16-23) have been taken only of the salient stages wherever thought
necessary.

OBSERVATIONS

Ag we believe in the acropetal differentiation of the provascular meristem in
the shoot of higher plants the vascular system in the shoot of Oryza has been
studied in serial transverse sections from the top of an internode upwards through
the node to the base of the next upper internode.

In the hollow internode the bundles show considerable regularity in their dis.
tribution and form two distinct circles around the stem. The outer ring consists of
small vascular bundles which are more or less embedded in the hypodermal
stereome tissue. All these bundles are not similar in size but are alternately large
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and small. Their number varies from 18 to 22 in this ring. Beneath the outer zone
of bundles occurs a median zone (inner circle)- which contains the same number of
bundles which are much bigger in sizes. In this ring also the bundles exhibit two
types: the ovals and the ellipticals (roughly on their shape). The ovals are situated
just opposite the big bundles of the outer ring, and the ellipticals to the smaller
ones (Figs. 1, 2). The ellipticals are slightly bigger than the ovals. Thus the bigger
of the inner ring are situated opposite to the smaller of the outer and vice versa.
In this way four types of vascular bundles (Figs. 2 and 3) can be distinguished in the
internode by their size and position. Each leaf has numerous trace bundles: large,
small and smallest arranged in the order—large, smallest, small, smallest, large
and so on in parallel series (Figs. 22, 23).

In order to follow in detail the course of internodal bundles through the node to
the bage of the leaf and to that of the next upper internode three consecutive bundles
of the outer ring (numbered 1, 2, 3) and three of the inner ring (numbered 4, 5, 6)
have been selected (Fig. 2).

As we proceed from the internode towards the base of the node the vascular
bundles increase in size and the air cavities gradually become smaller and smaller
and ultimately disappear in the nodal region (Figs. 3-5). At first the inner ovals
{4, 6) and the outer bigger bundles (1, 3), placed opposite to each other, enlarge,
but the inner elliptical (6) and the outer smaller (2) retain somewhat their normal
size with slight changes in their shape (Fig. 3). Each of the outer bigger bundles
(1, 3) becomes laterally extended with the two xylem elements shifted towards
their ends. The inner ovals (4, 6) give out a branch each {4’, 8') towards the peri-
phery which later on join the central region of bundles 1 and 3 (Figs. 4-6 and 17-19).
Transverse provascular meristem develops in enormous quantity and forms a net-
work completely surrounding the vascular bundles of the inner ring. By this
time four vessel elements differentiate in the outer smaller bundle 2 which has also
extended laterally (Figs. 5 and 6).

The ovals (4, 6) gradually regain their normal size and move towards the centre
of the nodal plate, when the elliptical (5) enlarges (Figs. 5-8, 17 and 19). All the
bundles of the outer ring become semi-lunar enlarging laterally (Figs. 6 and 17).
Bundles 1 and 3 by this time join with the branches of the ovals (Figs. 5, 6 and 18).
In serial transverse sections through the node many large and small subsidiary
bundles are seen to differentiate by the breaking up of the secondary provascular
meristem in the node (Figs. 4-11 and 18-22). An outer zone of cortical tissue free of
vascular bundles is now discernible which represents the continuation of the sheath.-
ing leaf-base in the node (Figs. 5-9 and 17-22).

The elliptical (5) continues to enlarge and moves towards the periphery to join
the outer smaller (2) at its centre. All the bundles of the outer ring, big and small,
can now be distinguished into three parts—one central and two marginal (1', 1, 1’;
2,2,2;3,3,3; Figs. 5, 6, 18 and 19). The marginal parts have one xylem element
each, but the central part of the bigger bundle has none whereas that of the smaller
one has two elements each (Figs. 7, 8 and 18). The central parts of the bigger bundles
(1, 3) later form the collenchymatous caps of the branches from the inner ovals
(4', 6’; Figs. 9 and 10).

We have already mentioned that the ovals move towards the centre and the
enlarged elliptical towards the peripbery of the node. The contiguous marginal
parts of the bundles of the outer ring (1, 2, 3) unite with one another and also with
strands of secondary origin (Figs. 8-10 and 20). The central part of the outer smaller
bundle (2) having two vessel elements now gives out two branches (27, 2”) contain-
ing one vessel element each towards the base of the leaf-sheath, leaving the central
region without any xylem element. This part like the central parts of 1 and 3,
forms the collenchymatous cap of the elliptical 5 (Figs. 9-11 and 20-22).

The three composite bundles (4’41, 6’43, 54+2) formed by the union of the
branches of 4 and 6 with the central parts of 1 and 3, and of the elliptical 5 with
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the central part of 2, now move towards the base of leaf-sheath. The branches,
2" and 2" of 2, also move independently to the sheathing leaf-base. The composite
bundles forming the large bundles of the leaf-sheath have enormous quantity of
collenchyma around them to give flexibility to the sheathing base (Fig. 23).

The lateral parts of all the bundles of the outer ring now separate from the
centre and move inwards (1’, 1’; 2’, 2'; 3/, 3’), unite and in combination with the
subsidiary vascular tissues form a vascular cylinder broken only in the region
through which the ellipticals pass out to the base of the leaf-sheath (Figs. 11 and 22).
The gap in the inner ring caused by the departure of 5 is later filled up by a bundle
formed anew from the nodal meristems and moved into the gap to complete the ring
(Figs. 10-12). The ovals gradually change their shape to become the ellipticals in
the next upper internode (Figs. 12-14).

The sheathing base of the leaf now separates from the node (Figs. 12 and 23).
The discontinuous outer vascular cylinder is then repaired with secondary vascular
tissues and a complete cylinder is formed (Figs. 12 and 13). It then breaks up into
units which organize as large and small bundles of the outer ring in the next upper
internode (Fig. 14). This happens at the bage of the upper internode. Thus the
peripheral bundles of an upper internode are made up of the lateral vascular parts
of the outer bundles of the immediately lower internode with some amount of the
subsidiary vascular tissues of the node. Half the number of bundles of the inner
ring of an internode come from the lower internode (ovals which change their shape

EXPLANATION OF TEXT-FIGURES ON P. 239 (for description see text)

(All the figures have been drawn and photomicrographed from serial transverse sections
of the axis from the top of an internode to the bage of the upper internode
through the intervening node)

Fig. 1 shows the arrangement and disposition of the vascular bundles of the internode.
Fig. 2 is a portion of Fig. 1 showing distribution of bundles 1, 2 and 3 of the outer ring, and 4,
5 and 6 of the inner ring, and of air spaces. Fig. 3 represents the structure of the internode just
below the node showing enlargement of the bundles, and reduction in the size of air spaces before
they enter the nodal region. Fig. 4 is a t.s. of the node showing origin and the spread of the
provascular meristem and differentiation of a few subsidiary strands from it; it also shows
branchings of 4 and 6 (4/, 6”). Figs. 5 and 6 transverse sections of the node higher up showing
demareation of the cortical region, lateral spread of the outer internodal bundles, disintegration
or breaking up of the secondary vascular tissues into several parts, and the union of 4’ and 6’
with the central parts of 1 and 3; bundle 5 has enlarged further and has moved towards 2. Fig.
7 is a t.s. of the node showing coalescence of the continguous lateral parts of 1, 2 and 3, and with
subsidiary vascular tissues. Figs. 8 and 9 show the separation of the coalesced parts from the
central parts of 1, 2 and 3 and their movement inwards; cutward branches 27 and 2” of bundle
2 organize and separate from it leaving the central part without any vascular elements; 5 has
moved out further, and 4 and 6 have moved towards the centre of the node. In Fig. 9 new
bundle 5n is being organized from the secondary vascular meristem. Figs. 10 and 11 show the
full organization of the three types of leaf-trace bundles, and their movement outwards into
the cortical region; a cylinder of vascular tissue has formed with the branches of 1, 2 and 3 and
some amount of subsidiary vascular tissues broken at the place through which & has passed
out; 5n has moved to occupy its position between 4 and 6. Fig. 12 shows the separation of
the leaf-sheath with its trace bundles and air spaces from the node; the broken cylinder of
vascular tissues has been repaired, and the new bundles have taken their pgsition in the inner
ring. Figs. 13 and 14 show that the complete ring has now broken into its component parts, the
small and large bundles of the outer ring of the upper internode. Fig. 15 is the t.8. of the entire
sheath shown in part in Fig. 12.

LEGEND

aa—air space; cc—collenchymatous cap; cor—cortical region; sn—upper internode; sb—
subsidiary bundle; sh—leaf-sheath; sm—secondary provascular meristem; Sn—new bundle of
the inner ring (nodal origin); cross hatchings indicate origin from secondary provascular meri-
stem of the node.
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to become ellipticals), and the other half are formed from the meristem of the node
between the two successive internodes. Each new bundle thus originated passes
through two consecutive internodes and then moves out to the base of the leaf-
sheath in the third node from its node of origin.

As the structure of the nodes and the vascular organization in the shoot of
Oryza are rather complex and confused, a summary of the observations recorded
above is given below:

A. Internodal bundles (18-22 in each ring): They are arranged in two concentric
rings, and in each ring there are two types of bundles, large and small,
alternating with each other. We have followed the course and behaviour
of six bundles, three of the outer (numbered 1, 2, 3) and three of the inner
(numbered 4, 5, 6) circles through the node from the top of the lower inter-
node to the base of the next upper internode, and to the sheathing base of
the leaf. Redundant details have been omitted to follow their courses
clear in the shoot.

1. The outer large bundles (1 and 3): On entering the node from below each of
them organizes into three distinet parts, the central without any vascular
tissue (1, 1, 1’; 3/, 3, 3’). The lateral parts with the vascular elements
separate from their central and join the contignous similar parts of 2
(2’, 2’), and later together with the subsidiary vascular tissues form
the bundles of the outer ring of the next upper internode. The central
parts of 1 and 3, which are non-vascular, form the collenchymatous
caps of the branches of 4 and 6 (4, 6') and go to the leaf as its small
bundles.

2. The outer small bundle (2): It gives out four lateral branches, two towards
the centre and two towards the periphery of the stem. The two inward
branches (parts 2', 2) go to form the vascular bundles of the outer ring of
the next upper internode in conjunction with the laterals of the outer
large (1’, 3’) and subsidiary bundles. The two outward branches
(2%, 2") go to form the intermediate smallest bundles of the leaf-sheath.
The central portion of 2, now devoid of any vascular tissue, forms the
collenchymatous cap of the elliptical 5 of the inner circle, and the two
together pass out to the base of the leaf-sheath as its large bundle.

3. The inner ovals (4, 6): They give out one small branch each (4, 6') towards
the periphery to join the non-vascular central parts of 1 and 3
respectively and pass out as the small bundles of the leaf-sheath. The rest
of the ovals go to the next upper internode as ellipticals of its inner
ring.

The inner elliptical (6): It moves towards bundle 2 which it ultimately joins,
and along with the non-vascular central part of the latter as its collen-
chymatous cap forms the large bundle of the leaf-sheath.

s

B. Leaf-sheath bundles: They comprise three types, namely, the smallest, the small
and the large, arranged in the order—large, smallest, small, smallest,
large, and so on in parallel series.

1. The smallest (intermediate) bundles: They are branches (27, 2”) of the outer
internodal bundle 2. The number of such intermediate bundles are
twice the number of bundles branched.

2. The small bundles: These are composite bundles, each being composed of
the central non-vascular parts of 1 and 3, and a branch from the corre-
sponding inner ovals, 4 and 6,

3. The large bundle: It is also a composite bundle being composed of the non-
vascular part of 2 and the entire elliptical 5 of the lower internode.
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C. The nodal plate: The origin, nature and composition of the vascular system of
the nodal region have been worked out as follows:

1. Secondary provascular meristem takes its origin in the nodal region in
enormous quantity, spreads in all directions and surrounds the vascular
bundles of the inner ring of the internode below; from this nodal
meristem transverse, vertical and radial secondary vascular tissues
differentiate,

branchings of the bundles of the outer ring and of the ovals of the inner ring
of lower internode take place,

all the bundles grow in size,

the ovals after sending out a branch each change their shape to become
ellipticals of the next upper internode,

new ovals of the upper internode are formed from the secondary meristem,
and they move into the gaps caused in the inner circle by the wholesale
departure of the ellipticals for the base of the leaf-sheath,

many additional bundles also differentiate from the secondary meristem,
but they disappear at the base of the upper internode,

7. interconnections and anastomoses take place among the internodal vascular
bundles of the outer and inner rings of the internode by means of
secondary vascular tissues and their branchings,

8. vascular parts of the outer bundles coalesce and with subsidiary vascular
tissues form a complete cylinder before they break up into large and
small bundles of the outer ring of the upper internode,

9. the leaf-trace bundles depart for the base of the leaf-sheath, and

10. all air cavities and the hollowness of the pith disappear.

SO

&

D. Upper internodal bundles: The bundles of the outer ring come from the
branches (lateral vascular parts) of both the small and large bundles
(1, 2, 3) of the outer ring of the internode below. But before they
separate into discrete bundles in the upper internode they form along
with the subsidiary tissues a complete cylinder in the upper region of
the node. The ellipticals of the inner ring are the ovals of the internode
below and the ovals are formed anew from the secondary provascular
meristem of the node.

DiscussioN AND CONCLUSION

The nodal structure of the grass stem has been described by previous workers
as complex and confused. Esau (1953) thinks that such complexities are due ‘to
the variable orientation of the different traces of the same leaf’. She thus supports
the view held by Bugnon (1920a) in the case of rice seedlings. Eames and
MacDaniels (1947) write ‘there is little clear information ag to the basic plan in
these nodes’. Esau (1953), however, distinguished two basic plans of distribution
of the vascular bundles in the two types of internodes, hollow and solid, though
Stover (1951) classified three types of grass stem on the basis of their internodal
structure.

In 1921 Percival investigated the nodal and internodal structures of the wheat
plant, with hollow internode and solid node. Sharman (1942) worked out the
same structures in the solid node and internode of the maize plant. So it will be
seen that the vascular systems of the grass shoot with hollow internode and solid
node have not been studied in detail after 1921. The present studies of the same
in the shoots of the rice plant may be regarded as a new contribution.

In the present studies the origin and course of internodal bundles have been
followed from the upper region of the lower internode to the base of the leaf-sheath
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diverging from the node and to that of the next upper internode through the
intervening node. It would thus be seen that the course of the vascular system
has been followed acropetally in the shoot of Oryza instead of basipetally as has
been done in the case of T'riticum by Percival.

The internodal bundles of Oryza stem, as in that of Triticum, are arranged in
two circles: an outer peripheral and an inner internal. By their size and shape
the bundles of the outer ring are distinguished into large and small, and those of
the inner ring roughly into ovals and ellipticals. The inner are the largest bundles
of the stem. In their respective rings they alternate with one another, and in their
disposition the large and small bundles of the outer ring are placed opposite res-
pectively to the ovals and the ellipticals of the inner ring. In the nodes the ovals
and all the bundles of the outer ring branch. Each of the former sends out a small
branch to join the central parts of the outer large bundles and the two together
form the trace bundles (small) of the leaf. The ellipticals do not branch, but move
out to join the central parts of the outer small bundles and form the largest leaf-
trace bundles. KEach of the small bundles of the outer ring sends out two branches
to form the smallest trace bundles of the leaf. The central parts of the
outer bundles do not contain any vascular tissue and they form the collenchymatous
caps of the small and largest bundles of the leaf-sheath. Therefore the leaf-trace
bundles are not only large, small and smallest according to their size, but they
differ also from one another in their origin and composition.

Each large bundle of the outer ring (internodal) extends laterally and inwardly
to assume the form of an are. The vascular elements move to the ends leaving the
central part without any vascular tissue. At this stage each bundle can be divided
into three parts: the central without any vascular tissue and two lateral parts with
vascular elements. This also happens in the case of the small bundles, but their
central portions still retain two vascular elements each which later go with the
branches which they send out to form the smallest bundles of the leaf. Their
central parts, like those of the large bundles, now become non-vascular. It is thus
to be noted that the central parts of the outer bundles become non-vascular before
they are converted into collenchymatous caps. It is also clear that the large and
small bundles behave differently in this respect.

The lateral vascular parts then separate from the non-vascular central ones,
and the contiguous parts of the neighbouring bundles, one from the large and the
other from the small, unite first with each other and then with the secondary
vagcular tissues to form a broken cylinder. Just above the level of separation of
the leaf the broken cylinder becomes continuous which then breaks up into alternate
large and small outer bundles of the upper internode. These bundles are therefore
lateral vascular parts of the peripberal bundles of the lower internode. They
remain confined to the stem and send out only the non-vascular central part to the
leaf.

At each node the ellipticals pass out to the leaf causing gaps in the inner ring.
Their places are taken by bundles formed anew from the provascular meristem
of the node. The ovals while passing upwards through the node give out a branch
to the leaf and then change their shape to become the ellipticals, and the new
bundles which take the position of the departed ellipticals enter the upper internode
as its ovals.

Thus the bundles of the inner ring, which are the largest in the stem, are all
leaf-traces, take their origin in the provascular meristem of the node, pass upwards
through two consecutive internodes, and move out to their leaves at the third node
from the node of their origin.

The origin of the provascular meristem in the node is secondary, and is a
peculiar feature of the grass stem. It differentiates into a transverse vascular
system which along with the leaf-trace bundles and their branches form the com-
plicated nodal plexus. It spreads transversely in all directions but keeps inside

2
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the ring of outer bundles, surrounds the inner bundles half of which take their origin
in this meristem to replace those which leave for the leaf diverging from the node.
The vascular bundles, differentiated from this meristem anastomose, form a network
and establish interconnections between all the bundles of the internodes and their
branches, and finally disappear in the upper region of the node.

The provascular meristem is thus independent in origin and is confined entirely
to the node. Our studies support Mohl (Bugnon, 1920a) but do not support Bugnon
(Bugnon (Oryza), 1920a, 19205, 1924 ; Sharman (Maize), 1942), though it is true that
outer internodal bundles (small and large bundles in Oryza) divide in the nodes
into vascular and non-vascular parts, and the former unite with the secondary
vascular tissues to form a continuous cylinder in the upper region of the node. It
is to be noted that the outer internodal bundles are really cauline as they contribute
only their central non-vascular parts (residual) to form the collenchymatous caps
of the leaf-trace bundles and half of them (small) send out branches to form the
intermediate bundles of the leaf-sheath. The continuity of the peripheral bundles
from internode to internode is maintained by their vascular lateral parts to which
some secondary tissues may be added.

Independence of the transverse system from the buds is supported (Bugnon,
1924 ; Esau, 1953, pp. 400-402, Figs. 15 and 23, A-F). The complicated structure of
the node is not due to the variable orientation of the different traces of the same leaf
(Bugnon, 1920a; Esau, 1953). This may be true for Triticum, but the same can-
not be said of Oryza. The nodal plexus in the rice plant, as we have already seen,
is made up of a system of transverse vascular tissues differentiated from a provas-
cular meristem of secondary origin, combined with the leaf-trace bundles of two
successive leaves, and their branches plus the cauline bundles of the peripheral
ring, and their branches. All these bundles anastomose, form a network, and
establish interconnections with one another.

Anatomically the node which is vertically thick (leaf cushion) can be dis-
tinguished into three regions: lower, middle and upper. In the basal region the
provascular meristem differentiates; in the middle region the nodal plexus is formed
including the origin of new leaf-trace bundles, and branchings of the internodal
bundles, and in the upper region the bundles of the outer internodal bundles are
constituted. Therefore Sharman’s (1942) finding that the node of maize stem is
made up of the base of the upper internode and the upper half of the disc of insertion
of the leaf primordium seems substantially correct also in the node of Oryza.

The swollen nature of the node is easily explained because the disc of insertion
(leaf cushion) of the leaf primordium (cf. maize stem, Sharman, 1942} encloses the
axis, and gives the maximum thickness to the node.

SuMMARY

The origin, nature and the course of the vascular system in the shoot of rice plant have
been studied somewhat in detail in serial transverse sections from the top of a lower internode
to the base of the next upper internode through the intervening node and also to the base of the
leaf diverging from the latter.

In the internode the bundles are arranged in two concentric rings in which they are alter-
nately large and small in the outer, and roughly oval and elliptical in the inner rings respectively,
The ovals and ellipticals are the largest in the stem, and are placed opposite respectively to the
large and small bundles of the outer ring.

In the node each oval sends out a small branch which with the non-vascular central part of
the outer large bundle as its collenchymatous cap goes to the leaf as its small bundle. The oval
then moves up to become the elliptical of the upper internode. The elliptical on the other hand
passes entirely to the leaf with the non-vascular part of the outer small bundle, as the largest
leaf-trace bundie. Its place in the node is taken by a new bundle originated from the secondary
meristem of the node. This new bundle then passes up to the upper internode as the oval of
its inner ring. All the inner bundles, ovals and ellipticals, are therefore leaf-traces, and one
half of them by turn take their origin in the nodal meristem. FEach of them passes through two
successive internodes alternately as the oval and the elliptical before it ‘passes out in its leaf,

28
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The bundles of the outer ring behave differently. The large bundles extend laterally in
which the vascular elements move leaving the central parts without any vascular tissue. The
small bundles in addition to dividing into three parts like the large bundles also send out two
branches, each with one vascular element in each branch, to the leaf as the latter’s smallest
bundle. Their central parts now become non-vascular, Thus the three kinds of leaf-trace
bundles, largest, small and smallest, not only differ in their sizes but also in their origin and
nature.

The lateral vascular parts of each bundle, small and large of the peripheral ring, separate
from the central non-vageular parts and move inwards. The contiguous parts of the neighbour-
ing small and large bundles unite and then coalesce with the secondary tissues differentiated
from the nodal meristem to form a complete cylinder in the upper region of the node before the
latter breaks up into small and large bundles of the outer ring of the upper internode. These
bundles or their vascular parts continue from internode to internode, and only the non-vascular
central parts are sent to the leaf as the collenchymatous caps of the leaf-trace bundles of the
large and small, and two branches from each of the small bundles as the intermediate bundles
of the leaf-trace.

The nodal structure, which has been described as complex and confused, is the result of the
origin of the transverse provascular meristem in the node. This meristem spreads in all direc-
tions and surrounds the inner leaf-trace bundles and differentiates into a transversely oriented
vagcular system which forms a network and establishes intercoramunications between all the
bundles of the node, and their branches. The secondary bundles originate and disappear with
the exception of half the number of leaf-trace bundles, which it gives origin to, within the node.
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ExpraNaTioN OoF Prate XXIII

Fig. 16 shows the origin and spread of the provascular meristern at the base of the node.
Figs. 17, 18 and 19 are t.s. of the node at different levels showing distribution of the subsidiary
bundles, movements of the ovals and their branches, of the elliptical, and of the lateral spreads
of the outer bundles. Figs. 20, 21 and 22 show the origin and separation of the outward
branches of 2; formation of broken cylinder of vascular tissues (cf. Fig. 11) and the origin of
the new bundles of the inner ring to replace those left for the base of the leaf. Fig. 23 shows the
separation of the leaf-sheath with its bundles from the node; air spaces have appeared;
the upper internodal bundles are still being reconstituted at the base of the upper internode.
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