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(Communicated by P. Maheshwari, F.N.I.)
(Recetved February 4, 1963)

The paper deals with the path of vascular bundles through the shoots of
Bougrinvillew glabra, B, spectabilis and Abroniu ellipticn with special reference
to their nodes. 'The epidermal characters of the shoots and leaves in four
varieties of the two species of Bouguinvillew are also described.

INTRODUCTION

The anomalies in the anatomy of nyectaginaceous plants have attracted
the attention of botanists from very early times. As early as 1873 Finger
wrote a dissertation on the anatomy of the vegetative and floral parts of
Mirabilis jalapa wherein he refers to the earlier work of Unger and Nageli
on the anatomy of M. longiflora. De Bary’s description (1884) of the anatomy
of young shoots of M. jalapa and M. longifolia® is largely drawn from these
accounts. Later, Hill and De Fraine (1912) described the seedling structure
of certain Centrospermae wherein they have given a detailed account of the
seedling anatomy of a number of species of Mirabilis and Abronia from the
Nyctaginaceae. In more recent years the vascular anatomy of M. jalapa
has been re-examined by Inouye (1956a) with greater emphasis on its develop-
mental aspect. A detailed account of the anatomy of the internode of
Boerhaavia diffusa was first published by Maheshwari (1930) and later Bhargava
(1932) reported the occurrence of a similar vascular system in the internodes
of B. repanda. The floral anatomy of Mirabilis jalapa, Boerhaovia diffusa,
B. repanda and Bougainvillea spectabilis has been described in some detail
by Joshi and Rao (1934), while Cooper (1932) has described the development
of the floral organs and hairs in B. glabra.

The nodal structure of the plants of the family, however, remained rela-
tively unknown except for a brief mention of its unilacunar nature by Sinnott
and Bailey (1914) and short descriptions, chiefly of young nodes, by Finger
(1873), De Bary (1884) and Inouye (1956a). Accordingly, the authors took
up a detailed study of the nodal structure of some Nyctaginaceae mainly
including the members of the family available in India. Some results of these
investigations have been published already (Pant and Mehra 1961a, 19615,

1Perhaps it is a misprint for M, longifiora.
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1962a, 19620, 1963) and a comprehensive account of the anatomy of the shoots
of Bougainvillea glabra, B. spectabilis and Abronia elliptica is given below. 1In
this account the course of each individual bundle in the shoots of Bougainvillea
has been traced and all inner ring strands have been followed through several
successive nodes and internodes. Anatomical variations existing in different
nodes have been carefully noted and the development of axillary and accessory
buds and the origin of their vascular supply has been studied in detail. After
the present study was completed, Sharma (1962) published a brief account
of the nodal anatomy of Bougainvilles but he mainly confirmed some of the
points which had already been covered in our earlier note (Pant and Mehra
1962b).

The material of Bougainvillea glubra and B. spectabilis was collected locally
in different seasons of the year. Material of Abronin clliptica was kindly
sent from North Arizona, U.S.A., by Dr. (Mrs.) Watson Smith. The methods
followed for the study arc the same as mentioned in our previous paper on
Boerhaavia diffusa (Pant and Mehra 1961b).

OBSERVATIONS
Bougainvillea glabra and 5. spectabilis

Euxternal morphology.—During their vegetative phase the plants of
Bougainvillew glabra and B. spectabilis show nodes with a thorn above each
feaf (Pijl 1951 regards it as a modified shoot and calls it an inflorescence thorn),
and usually between it and the petiole are present one to four abaxial accessory
buds (Fig. 1A). There are no accessory buds in young nodes near the apex
(see leaves I and £ in Fig. 5D) but as each node grows older it goes on developing
more and more accessory buds. The abaxial accessory branches develop
in a basipetal succession (Figs. 7B, 9A) and the thorn, which is at first axillary
and therefore of the nature of an axillary shoot subsequently becomes farthest
from the leaf base (Figs. 1A, 7B, 9A). In the flowering phase a number of
nodes, usually near the apex, develop inflorescence axes in place of the
axillary thorn.

A lateral branch in an old stem usually develops from the first formed
abaxial accessory bud but otherwise they all remain dormant. Occasionally,
the first and second accessory buds develop into fully grown branches (Fig. 14)
but again it is the oldest abaxial accessory branch which tends to dominate.
Often the length of an older internode may be shorter than the internode
above but this shows no constancy. The leaves are arranged in a regular
Fibonacci spiral with contacts 2 and 3 (Figs. 4G, 7C). Generally, during the
spring and the rainy seasons, plants of Bougainvillea show two types of
shoots : (i) some which are relatively vigorous and soft and (ii) others which
are rather slow growing, thinner and comparatively hard. The number of
lenticels seen in old shoots is often higher in B. speciabilis than in B. glabra.
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The shoots have a leaning habit and the petioles of their leaves twist to expose
the laminae in a single plane (at right angles to the direction of light). In
individual leaves, the two halves of the leaf lamina are somewhat asymmetrical
on the two sides of the midrib and often one-half is slightly wider than the
other (Fig. 1B-E). The width of lamina was measured in the two longitudinal
halves of individual leaves near base, apex and in the middle but their asym-
metry shows no correlation with the size, age or position of leaves on an axis,
although they are generally more asymmetrical towards the two extremities.
The narrower segment of the lamina is more often placed on the inner side of a
leaf (the side which lies towards the apex after twisting), although it may
frequently be situated outwards. The apices of leaves may be emarginate,
obtuse or acute (Fig. 1B-E).

Anatomy of internode.—The arrangement of vascular bundles in the
transverse sections of the internodes in the two species of Bougainvillea is
essentially similar, In a cursory glance, the vascular strands in the central
region of the stem appear scattered and are enclosed by a peripheral ring of
vascular bundles embedded in conjunctive tissue (this is the well-marked
‘belated ring’ of the Nyctaginaceae). However, a careful study of the
vascular bundles lying inside the peripheral ring of the stem reveals that they
belong to two categories: (i) an inner ring consisting of a variable number of
somewhat loosely arranged unequal bundles and (ii) intermediate bundles
lying between the inner and the peripheral rings (Figs. 2, 5A). The number of
the inner ring strands is generally eight to ten but occasionally there may be
up to fifteen or less than eight bundles. Often there are a few more inner
ring bundles in B. spectabilis than in B. glabra, although typically there are ten
strands in the inner ring of either species; six out of these are the clearly marked
innermost traces of the two succeeding leaves (three for each, see Fig. 3A).
The number of strands on either side of the two sets of innermost leaf traces
is sometimes equal but quite often unequal, there being occasionally only one
strand on one side and two or more on the other.

Between the bundles of the inner ring and the peripheral ring lie numerous
intermediate strands of various sizes (Figs. 2, 5A) whose number increases
in older shoots. Although these strands may appear to be placed quite at
random yet, as will be clear later, each of them has a definite position in relation
to others and they all have a predetermined course in the respective nodes.
Just outside the peripheral ring of older stems may be seen a discontinuous
layer of somewhat thicker walled cells (taking a light red stain of safranin);

Fio. 1A-E—Bougainvillea glabra. (ach, abaxial accessory branch; azb, axillary branch).
A. Shoot showing a node with an axillary branch (thorn) and two well-developed abaxial
accessory branches in the axil of the leaf. Xx0-67. B-E. Leaves from different nodes showing
asymmetry and apices ranging from pointed (B) to obtuse (D) or emarginate (E). B-D x4;
E x1.
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according to Metcalfe and Chalk (1950) these isolated fibrous cells belong to
the pericycle. Around these cells may be seen a continuous starch sheath
whose cells contain plentiful starch grains but a typical endodermis is indis-
tinguishable (Figs. 2, 5A). The starch sheath is especially clear in sections of
fresh sappy shoots.
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Fic. 2-——Bougainvillea glabra. (fl, flank strand; ¢¢r, inner leaf trace; mtr, median leaf
trace; pr, peripheral ring). Transverse section of a young internode showing cellular details
and vascular bundles arranged in an inner and a peripheral ring besides some irregularly placed
intermediate strands between the two (see also Fig. 5A). The patches of thick-walled peri-
cyclic cells are not yet differentiated. The starch grains in the cells of the starch sheath too
are not seen as these are best visible in iodine stained sections of fresh material. X 75.
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The soft and hard shoots are anatomically similar but the cortical cells
in the soft shoots are more sappy and their walls are thinner while the thicker
walled cortical cells of hard shoots look relatively empty. A phellogen differ-
entiates In the hypodermal layer of older shoots as is also the case with other
Nyectaginacese (Metcalfe and Chalk 1950). The stem epidermis shows
stomatiferous and non-stomatiferous areas, and simple, multicellular,
glandular hairs. The stomatiferous areas show epidermal cells with thin
anticlinal walls while the cells in non-stomatiferous areas are thicker walled
(Fig. 6H). The periclinal walls of the epidermal cells are covered with a thin
surface cuticle. In the leaves of B. glabr« the number of stomata per sq mm
and the size of epidermal cells is slightly different from that of B. spectabilis
(¢f. Fig. 6B with C and E with F). The nature of the sides of epidermal cells is
variable even in the leaves of one and the same plant. The leaves near
the apices of shoots (those which are inore exposed to sun) have epidermal cells
with straighter sides (Fig. 6B) while the epidermal cells of the leaves near the
base of a plant (shade leaves) are sinuous walled (Fig. 6A). The lower cuticle
of a leaf often shows parallel cutin folds usnally in the lateral subsidiary
cells of the stomata (Fig. 4H). The lower epidermis of a bract shows sinuous
walled cells (see Fig. 6G and also Kenda 1954). Their stomata have guard
cells overarched by subsidiary cells. The comparative measurements of
epidermal cell size, stomatal distribution, etc.. in the two species are given
in Table 1.

Anatomy of node.—In a node the varions bundles from the inner and
peripheral rings as well as some intermediate ones regularly anastomose to
give rise to the leaf and branch traces (Figs. 7A, 9B, (). The course of
individnal inner ring bundles in several successive nodes and internodes of a
single stem is graphically outlined in Fig. 8A-X, while the course of all
bundles of a stem is illustrated by means of topographical sketches of selected
transverse sections of its two successive nodes and an intervening internode
in Figs. 3A-K and 4A-F.

Course of inner ring strands.—In each node three strands out of a variable
number of inner bundles depart to supply a leaf (Figs. 3A-C, 9C). These
three traces (one median and two laterals) are the innermost bundles supplying
the leaf and are accordingly called the innermost leaf traces. Two strands
of the inner ring, one each placed on two flanks of the arc formed by the inner-
most leaf traces (Figs. 3A, 5A). have a distinctive role in the node. These
are sometimes larger than other strands of the inner ring and are here named
the flank strands (Figs. 2, 3A, 5A). Sharma (1962) calls these bundles
‘medullary’ but they are actually not so. A third medullary bundle distin-
guished by Sharma is not always distinct and we were unable to confirm
his observations about its course. As soon as they enter a node, the three
innermost leaf traces travel outwards into the cortex, while the sides of the
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flank strands which face the leaf traces become somewhat curved outwards
and soon establish connections, each with one of the adjacent intermediate
bundles (Fig. 3A), which at this time come to lie near them. Higher up in
the nodes the curved outer ends of these strands straighten out and sooner
or later produce a small vertical branch towards the periphery (Fig. 3B, C)
while their residual inner ends continue upwards as inner ring strands (Fig. 3D).
In rare cases, instead of forming a single branch, two branches may be formed
from the curved ends of the flank strands. The curving of flank strands,
their fusion with intermediate bundles and ultimate splitting into smaller
branches take place either simultaneously or successively. The smaller
bundles formed from flank strands finally fork and their forks towards the
leaf traces supply the branches (see p. 446 and Fig. 3E-K). Their other forks
next become twisted so as to turn their xylems towards the centre and now
onwards they become intermediate strands running through the internode
above (Fig. 3E-K). In rare cases the curved end of each flank bundle forms

Fia. 3A-K-—Bougainvillew glabra. Transverse sections at different selected levels of a
node starting from the base upwards. (e, an inner ring strand; abp, accessory branch prim-
ordium ; ach, abaxial accessory branch ; azb, axillary branch ; bs, branch strand; fb, fusion bundle;
#1, flank strand; ks, horseshoe-shaped bundle; ip, inshifted peripheral ring bundle; ¢s, intermediate
strand; 4tr, inner leaf trace; k, [, intermediate strands; m¢r, median leaf trace; pbs, penultimate
branch strand; prs, procambial strand). All X20. A. Transverse section at base of node
-showing an inner ring consisting of inner leaf traces, two flank strands and other bundles (the flank
strands have fused with adjacent intermediate bundles). Around them are the intermediate
bundles in turn surrounded by a peripheral ring of vascular strands and conjunctive tissue. B.
Section showing two inshifted strands of the peripheral ring. One of the flank strands has become
lobed prior to division. €. T.S. showing the inner leaf traces shifted outwards. Some inter-
mediate bundles seen in B have fused. Both the flank strands have divided to give rise to penul-
timate branch strands. One of the inner ring strands («) in B has now divided into two (a3 and ag).
D. Section showing a leaf gap in the peripheral ring. In between the median leaf trace and the
lateral traces now lie two obliquely travelling strands (ipy, ipg; cf. A-C). The two enlarged
lateral leaf traces are now lying close to the two adjacent intermediate strands (k, 1). Some
intermediate bundles have become lobed, E. Section showing two oblique bands of vascular
tissue formed by the fusion of the lateral inner leaf traces, the inshifted peripheral bundles and
intermediate strands. The median leaf trace is seen between their outer ends. One of the
penultimate branch traces has divided into two smaller strands and the other is lobed prior to
division. F. Section showing splitting of the two lateral leaf trace bands and the second
penultimate branch trace. The flank strand, fi;, and a few intermediate strands in the leaf
sector have become lobed and some intermediate strands have divided. (. Section showing a
gplit flank strand (flg). Opposite to the gecond abaxial accessory branch primordium are seen
the bages of its two procambial strands. H. Section showing seven bundles in the base of the
petiole. The procambial strands of the second abaxial accessory branch are now seen cut almost
longitudinelly and the axillary branch traces are cut obliquely. I. Section showing the two outer
ends of the procambial strands of an accessory branch now joined to become horseshoe-shaped.
The residual flank strands have also fused to form a single large fusion bundle. J. Section
showing the petiole separated out. The accessory branch is also about to separate from the main
axis, A number of intermediate strands (m, #, o, p, ¢, 7, §) have come to lie in & single arc and
the fusion bundle has become lobed. K. Transverse section showing the supply of the
axillary shoot (thorn) and two fused intermediate strands in the arc seen in J.
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two branches instead of one. Sometimes one of these two branches directly
enters a branch base but in other cases the branch towards the leaf traces
forks again and only one of these supplies a branch and the other twists and
forms a second intermediate strand of the next higher internode.

In some shoots of both species but more often in those of B. spectabilis any
other bundle of the inner ring (commonly an alternate bundle from the flank
strand) may also split np (see bundle ¢ in Fig. 3B and «,, @, in Fig. 3C) into

¥i1c., 4
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two or rarely into three smaller branches. One of the branches of the bundle
@ (Fig. 3B, () ultimately supplies the leaf inserted in the third succeeding node.
Sometimes two bundles besides the flank strands may fuse and for some
distance travel in union and thereafter break up once again into two (Fig.
sSF-H, S, T).

At a higher level in the node where the branch traces turn outwards the
residual flank strands running through the inner ring once again start dividing
and fusing. Sometimes one or both the flank strands may divide before fusing
with the other but in other cases a fusion between two flank strands precedes
any divisions. In those instances where one or the other flank strand divides
before undergoing any fusion, a small strand formeéd by its division fuses with
the other undivided flank strand (Fig. 3F-I). This union of bundles occurs
very commonly ’in B. glabra and although we could never see a similar complete
fusion in the nodes of B. spectabilis yet even there the two bundles come quite
close to each other. The total effect of these junctions and branchings is to
line up a set of bundles against the gap left in the inner ring by the departure
of the innermost leaf traces. In cases where the flank strands fuse before
dividing, the strand formed by their fusion usually divides immediately after,
but sometimes it may do so after remaining undivided for a long distance.

The divisions and fusions of the various strands of the inner ring generally
take place in the nodal region but often they continue in the internodes as
well (Fig. 8A-X), a feature which marks out the obviously alternate leaved
stems of Bougainvillea from the seemingly opposite leaved ones of Boerhaavia
or Mirabilis jalapa. Besides these changes, which are brought about by
divisions of the inner ring bundles and their mutual fusion, in some nodes the
number of inner ring strands may also increase by the inshifting of an inter-
mediate bundle which thereafter starts behaving exactly like a strand of the
mner ring. v

F1e. 4A-H-—Bougainvillea glabra. A-F, transverse sections at selected levels higher
up in the same node as in Fig. 3; A-F X 20; G x28; H x500. (awh, axillary branch; fb, fusion
bundle; f1, flank strand; ¢g, an inner ring bundle ; 4tr, inner leaf trace; ma, main axis; mtr, median
leaf trace; pbs, penultimate branch strand). A. T.S. showing the base of the axillary shoot
(thorn) which is about to separate from the main stem. A peripheral ring is not yet differentiated
in the thorn. The fusion bundle fb in Fig. 3I has now divided into two smaller strands fb, and fi,.
Another strand of the inner ring ig has become lobed and the gap in the peripheral ring is closed.
B. Section showing the axillary shoot and the main axis with some fused intermediate strands.
The lobed strand iq in A has split into two, one of these becomes the flank strand in the next node.
Three inner leaf traces belonging to the leaf in the next node have now shifted cutwards. C.
Section passing through the base of the next higher internode (cf. Fig. 3A). D. Section showing
the fusion of a flank strand with the adjacent intermediate strand prior to the formation of the
penultimate branch traces. E. Section showing the two branch traces and the lobed flank
strand. F. Transverse section showing the supply of the second leaf (next to the one seen in
Fig. 3K) and split penultimate branch strands. G. T.S. of a shoot showing foliar arrange-
ment around apex (see also Fig. 7C). H. Magnified view of the lower cuticle of a leaf showing
coll outlines. The lateral subsidiary cells of the stoma show clear parallel cutin folds,
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Origin of leaf traces.—Each leaf of Bougainvillea glabra and B. spectabilis
is invariably supplied by three innermost leaf traces (see p. 439 and Fig. 3A-E).
These traces, after they assemble in a node, run through two succeeding inter-
nodes (Fig. 8A-X) and an intervening node before they pass out into a leaf.
Generally four other bundles, two intermediate strands and two bundles from
the peripheral ring, also become the leaf traces (Fig. 3A-H). The total number
of leaf traces is, however, frequently variable because of the inconstancy in
the number of intermediate or peripheral ring bundles which participate in
the formation of a leaf supply.

The three innermost leaf traces start enlarging and shifting outwards at
the very base of a node (Fig. 3A). Soon, one but usually two bundles of the
peripheral ring which lie close to the median leaf trace deflect inwards to take
their position among intermediate strands (Fig. 3A, B). Meanwhile, any
other strands in the peripheral ring, which lie on the outer side of the leaf
traces, also shift inwards in two groups on the two sides of the median leaf
trace.

'As a rule the median leaf trace departs without any change (Fig. 3A-G),
but, in nodes where only a single strand shifts inwards from the peripheral
ring, the median leaf trace may divide into two unequal bundles and then its
larger segment alone acts like the median leaf trace while the smaller one now
behaves like the second inshifted peripheral ring strand of nodes with two such
bundles. Rarely, a median leaf trace may become connected with an inshifted
peripheral ring strand before it travels outwards.

In a fransverse section, at a slightly higher level in the node, two inshifted
peripheral ring strands and their adjacent innermost lateral leaf traces may
fuse and appear like two lateral bands of vascular tissue which travel obliquely
outwards (Figs. 3E, F, 5B) or they deflect out without any fusion. In the
meantime the lateral leaf traces have already fused with two or more adjacent
intermediate strands. Normally, only two such intermediate strands supply
each leaf of B. glabra (strands k and [ in Fig. 3D), but in some nodes of B.
spectabilis up to four intermediate bundles may supply a leaf by joining the
two obliquely running vascular bands on the two sides of the median leaf trace.

At a higher level the two lateral foliar bands of obliquely travelling vascular
tissue start dividing (Fig. 3F-H). Generally each band divides into three
but rarely into two or more than three strands towards the median leaf trace.
Each leaf is thus supplied usually by seven strands but rarely by six to nine
bundles. In some nodes, besides the two usual intermediate strands, some
other adjoining intermediate bundles also come to lie close to the outgoing
leaf traces but they soon diverge and do not take any part in forming the
leaf supply.

Small branches, arising from the two lateral vascular bands of the leaf
supply, remain in the main axis and those of them which arise from their
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A

Fia, 5A- C-—DBougainvillew qlabra; 1D—B. spectabilis, (abp, abaxial accessory branch
primordium). A, T.8. of an internode showing the arrangement of bundles in various rings
(see also ¥ig. 2A). » 45, B. T.5. of a node showing the leaf traces and other strands in the
main axis. An accessory branch primordium is seen between the leaf and the main axiz, 21
C. T.8, pussing through a node showing the strongly developed axillary branch traces and the
main axis. <44, D. L.8. of the shoot npex showing three leaves (I, 2, 3} near extreme apex
without uny buds in their axils and a fourth one (£} showing o single axillary bud.  x73.
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inner sides subsequently participate in supplving the abaxial accessory
hranches.

Origin of branch traces—The axillary thorn and the abaxial accessory
branches are supplied by the bundles arising from the two flank strands and
their adjacent intermediate bundles (Fig. 3A-K). After the departure of the
leaf traces at a slightly higher level in the node two intermediate strands,
Iving by the side of the flank strands. start shifting inwards and finally become

S BestTaRaGy O :
'&“‘{‘"ﬁ I SA
RSP S EIRE l
B lEN D Hlerlk e Smcmagh gte
ek I~ { (A K
BALLETHEE N AR ey
2 i S

g e

N
NS ‘ ‘ ( 7
g
e
&N
e

B

SARTEW Y
(o ™
AR

s

T

g
[ 71— ]
[
acg
-
=1
I

:'.aﬁ‘l “' "l‘!‘lh' ]

e P D
A Ty
oS Satacelh

55
X
LR

2
7

§
S S
S ARy
et X
N sSUesslra) ST
R s
sSast et
CH) e

& \rslsfeay

Fic. 6A-H—A. Bougainvillea glabra, lower epidermis of a leaf showing sinuous walled
epidermal cells.  x100. B. B. glabra, straight walled cells of the lower epidermis of a more
exposed leaf. (100, C. B. spectabilis, lower epidermis of an exposed lcaf showing distri-
bhution of stomata (ef. size of cells with that of B, glabre in B). »100. D. TPart of A more
magnified to show details of over-arching subsidiary cells. x200. E. B. glabra, patch of
upper epidermix of a leaf showing a number of stomata. 100. F. B. spectubilis, upper
epidermis., G. B. spectabilis, lower epidermis of a bract with sinuous walled cells. x 100,
H. B. glabra, stem epidermis showing stomatiferous and non-stomatiferous areas, 100,
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connected with the peripherally curved ends of the flank strands (see p. 441
and Fig. 3A). As already pointed out, these curved ends straighten out at a
higher level (Fig. 3B) and thereafter each flank strand gives rise to two small
bundles either directly or by first forming a single branch (the penultimate
branch supply bundle) which travels, for some distance, without any notice-
able change. However, at a higher level in the same node, when the leaf
traces have already travelled out, it splits into two equal smaller strands.
As already pointed out on p. 441 sometimes while these penultimate bundles
divide they become connected with some intermediate bundles. In any
case, out of the two smaller bundles formed from the flank strands, the outer
forks supply the branches (branch supply bundles) while the two inner ones
(which lie next to the residual portions of the flank strands) turn into inter-
mediate bundles (Fig. SE-K). In the normal course each branch supply
bundle once again divides into two branches (Fig. 3K). One each, out of these
branches, which lies near the two inner ring strands, may divide or fuse with
other strands in the vicinity and thereafter travel vertically upwards as an
intermediate strand but it does not take any part in the formation of the
branch traces; the other strand is the branch trace proper of the axillary branch.
There are two of these axillary shoot traces which are placed next to the leaf
traces and they now take up an oblique course and enter the axillary branch.
The youngest abaxial accessory buds having procambial strands show no
connection between these and the strands of the axillary branch or those of
the parent shoot (Figs. 3H, 5B, 7B, 9A), but slightly older abaxial accessory
shoots have their strands joined with the anterior ends of the axillary branch
traces (Fig. 9B). Near the base of an accessory bud these small connections
are arranged in two parallel strips whose anterior ends sometimes join to give
a horseshoe-shaped oblique vascular band (Fig. 31). Higher up, in the bud
" these oblique vascular strips split up into a number of smaller strands which
form its inner ring. The axillary branch traces travel out through the leaf
gap just above the leaf traces (Fig. 3D-K) and thereafter split into five or
six small bundles which then run vertically through the axillary thorn. In
flowering shoots, where the axillary bud turns into an inflorescence axis,
the vascular supply is more strongly developed (Fig. 5C).

Course of intermediate strands.—The intermediate strands in the shoots
of Bougainvillea apparently lie somewhat scattered (Figs. 2, 3A, 5A). These
strands travel through an internode without any noticeable change but as
they get into a node some of them which lie in the leaf sector start participating
in the formation of leaf and branch supply bundles (Figs. 3A-K, 4A -F).
Other adjacent intermediate strands shift inwards and, after the leaf and branch
traces have passed ont, they start twisting and soon aggregate in a few small
groups or in a single group. Sometimes, while these strands are shifting
inwards and twisting, they become connected with some of the peripheral
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Fis., TA-D—(ach, ubaxial accessory branch; ard, axillary braneli; pr. petiole), A,
Bougainvillea glabra, transparency of longitudinally split half of a node showing the branch
trace and other bundles, The xylem at some places shows a peculiny tormous course. 17,
B. B. spectabilis, longitudinal scetion of an adult node showing four abaxial aceessory buds
and a single axillary shoot in the axil of the leaf. 36, C. B, glabra, seetion of shoot apex
showing phyllotaxy. x38. D. B. glabre, TS, of a shoot near apex showing threo bases of
leaves. Note the arrangement of inner ring strands, the leaf and the branclt traces. X 44,
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ring strands and often the resultant larger strand shows an amphivasal arrange-
ment of xyvlem and phloem, althongh it soon splits into branches having the

F1e. 8A-X—DBougainrvillea glubra.  Serially arranged selected transverse sections of a

single shoot diagrammatically showing the course of inner ring and some inshifted intermediate
bundles which participate in the formation of branch traces, their ramification and fusion through
eight consecutive nodes and internodes. All X 15,
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normal collateral arrangement, In some shoots, while these amphivasal
strands divide, they at first become bipolar with a common phloem and two
xylem groups. The phloem of such strands ultimately splits in the middle
to give rise to two collateral bundles. Further up all these intermediate
strands lying towards a leaf gradually line up in an arc (Fig. 3J) and some-
times they fuse in a few groups (Fig. 3K) or all of them unite to form a single
continuous arc. Thereafter they once again split into smaller strands some of
which remain in the same vicinity but others shift outwards opposite the leaf
gap (Fig. 4A-C). Other intermediate strands which lie outside a foliar sector
may also slightly deviate but they practically follow a straight vertical course.

Course of peripheral ring strands.—Very few strands can be seen in a
foliar sector of the peripheral ring (Fig. 3A—C) in a young node, and whatever
strands there are shift inwards and later a parenchyvmatous gap appears in
the peripheral ring through which the leaf and the branch traces pass out
(Figs. 3D-K, 5B). Some of the inshifted strands of the peripheral ring
participate in the formation of the leaf supply (see p. 444 and also Fig. 3A-K),
while others become intermediate strands and thereafter divide and become
variously connected with other intermediate bundies. Subsequently, at the
upper boundary of a node, some of their branches shift outwards and fill the
leaf gap along with a concurrent differentiation of conjunctive tissue (Fig. 4A).
The strands of the peripheral ring which lie outside the foliar sector travel
vertically straight although, in rare cases, some of them also shift in, to
become intermediate strands in a node. In very old stems, where a number
of peripheral rings of bundles have developed, numerous belated bundles are
present in the foliar sectors as well.

A remarkable feature of the xylem in this plant is the frequent occurrence
of tortuous xylem elements which are best seen in whole mount transparencies
(Kig. 9B). Crystals often clog old xylemn elements as in Mirabilis jalapa
(Pant and Mehra 1963). 'The thickenings and other details of xylem and con-
junctive tissue are like those described for B. diffusa (Pant and Mehra 19612).

Abronia elliptica

External morphology—In each somewhat swollen node of Abronia
elliptica are inserted two rather fleshy, anisophyllous hairy leaves. The leaf
lamina is slightly asymmetrical on the two sides of the midrib. The two
axillary shoots of a node are generally very unequally developed. In the
few shoots examined by us, an adaxial accessory branch was often present
but unlike Boerhaavia, Mirabilis, Oxybaphus or Bouguinvilles no abaxial
accessory branches were seen anywhere. However, in some nodes, each leaf
has enly one branch in its axil and even an adaxial accessory branch is absent.
- Anatomy of inlernode.—As in other Nyctaginaceae a transverse section
of the internode of A. elliptica shows an inner ring of unequal vascular strands
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F1e. 9A-D—(ach, abaxial accessory branch; awzb, axillary branch; cs, central strand;
fl, flank strand; pt, petiole). A. Bougainvillew spectabilis, a tangentially cut longitudinal
section of a node showing the vascular supply of the petiole, abaxial accessory branches and
the axillary branch (see also Plate XXIV, fig. B). x12. B. B. spectabilis, a whole mount trans-
parency showing the course of xylem through a node. Note the sinuous xylem elements at places.

%21. C. A diagrammatic reconstruction of a shoot of Bougainwillea to show the course of
bundles in the inner ring (hatched), intermediate bundles (white) and the peripheral ring strands
(thick black lines). D. A schematic diagram of a shoot of Abronia elliptica showing the course
of inner ring bundles in a node. (The dimensions of bundles in Figs. C and D are by no means
proportional to their size in nature).
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(Fig. 11A). The number of bundles in this ring is variable ; some shoots have
only four strands while others show as many as seven. The two larger central
strands of this ring are shifted more towards the centre of the axis. Sur-
rounding all these bundles is a peripheral ring of vascular strands which are
embedded in conjunctive tissue. Intermediate strands are typically absent,
as in B. repanda and B. verticillata. Outer to the peripheral ring there is a
broad zone of parenchymatous cortex which is, in turn. surrounded by an
epidermis whose cells have their outer walls cutinized. Typical pericvclic
and endodermal layers are indistinguishable (Fig. 11A) but an endodermoid
layer of tabular cells having isolated fibrous elements on its inner side is
present.

Anatomy of node.—The nodal anatomy of A. elliptica is more or less like
that of Boerhaavia except for some minor differences, e.g. its two or three leaf
traces pass out independently into a petiole (Fig. 10A-H) although they may
rarely fuse to form a single arc. Occasionally one or two of the inner leaf
traces may even split up into two smaller strands before thev pass out into a
petiole. Rarely the branches of such split leaf traces may once again fuse
and then divide a second time higher up. As usual the leaf traces are often
strengthened by some of the peripheral ring bundles with which they establish
oblique connections.

Each central strand, which is initially at right angles to the arcs formed
by the leaf traces, bifurcates at the very base of a node to form four main
branches. Two of these branches (one from each central strand), which are
more strongly developed, supply the main axis and the two others supply
its branches of one side (Fig. 10A-J). The xylem of these freshly formed
branches shows a tendency to surround the phloem. In some nodes these
branches may give rise to a few small bundles towards the adjacent leaf traces.
These ultimate smaller branches may partake in the leaf supply. The
bundles of the peripheral ring also become ‘obliquely connected with the
lateral ends of the four branches of the central strands (Fig. 10D) and from
the upper sides of these connections arise small bundles which thereafter run
vertically by the side of the main branches of the central strands (Fig. 10E).
These and some of the inshifted peripheral ring strands in the nodal region
now appear like intermediate strands (Fig. 12B, C) but, as soon as we approach
the internode, some of these bundles partake in the branch supply and others
shift outwards into the peripheral ring. The lateral ends of the four main
branches of the central strands also form connections with the outgoing leaf
traces and they may form branches which supply the axillarv branch of this
side. Meanwhile, the pair of main branches of the central strand in the inter-
node below, which continue to remain in the next internode of the main axis,
divide and two of their outer forks approach each other and fuse to form a
large strand, the so-called central strand of the internode above (Fig. 10F, G).
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The other central strand is similarly formed simultaneousty or at a slightly
higher level by a pair of opposite forks (Fig. 10H) of the main branches of a
central strand in the internode below. These new central strands are now
at right angles to those of the previous internode (cf. Fig. 10A with H). Some-
times the two main branches of the central strands which remain in the main
axis travel up unchanged. Later they come close to each other and at a
higher level their adjacent ends fuse to form a more or less complete ring of
vagcular tissue (Fig. 11B), which soon splits and results in two large central
strands (now at right angles to those of the previous internode) and two or
three smaller strands on each side which are the inner leaf traces (Fig. 12A-Q).

Fra. 10
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The other two forks of the central strands which supply branches of one side
now divide and their two outer branches go to supply the axillary branch
(Fig. 10G-I). Their inner branches, however, enter an adaxial accessory
branch (Figs. 10E-J, 11C).

The obliquely travelling traces of the axillary branch often form con-
nections with other strands and finally split into smaller bundles which soon
become arranged in a loose ring consisting of two larger central strands and a
variable number of leaf traces (Fig. 10G~J). The two inner strands supplyving
the adaxial accessory hranch generally travel upwards unchanged for a
considerable distance but higher up they get surrounded hy a weakly developed
peripheral ring of immature and separate strands without intervening scleren-
chymatous conjunctive tissue (Figs. 11D, 12H, I). Sometimes a single shoot
develops in the axil of a leaf but it is anatomically similar to the adaxial
accessory branch (where such branehes exist).

Discussiox

The internodes of shoots in all so far investigated forms of the Nveta-
ginaceae (see also Pant and Mehra 19615, 1962¢, 19625, 1963) show an inner
ying of six to ten or sometimes more collateral bundles, a peripheral ring of
bundles embedded in conjunctive tissue and often a number of intermediate
strands.

According to Maheshwari (1930) the bundles of the peripheral rings in
the stems of Boerhaavia diffusa and Mirabilis jalapa appear, at a later stage,
by a belated differentiation of some peripheral procambial strands. Our
studies show that the peripheral rings of Oxybaphus, Bougainvillea and

Fia, 10A-J——dbroniu elliptica. Transgverse sections passing through seclected levels of u
node.  (abtr. axillary branch trace; adb, adaxial accessory branch; adtr. adaxial acees=ory branch
trace: aab, axillary branch: btr. branch trace; e¢s. central strand; itr, inner leaf trace; lir, leaf
trace; ae. main axis; mitr, median leaf trace; pr, peripheral ring ; pt, petiole). Al x 15, A, TN,
passing through the base of a node, showing three and two inner leaf traces respectively for the
two opposite leaves. Intermediate bundles are absent and out of the two central strands. one ix
lobed and the other is already split into twe. B. Section showing three leaf traces shifred
outwards and their fugion. A branch of one of the central strands has fused with a peripheral
ring bundle. €. Section showing three separate leaf traces travelling obliquely outwards. 1),
Diangram drawn by combining two scetions to show connections between various inner ring
and peripheral bundles. E. Section showing the main axis and the base of a petiole.  The
two traces of the leaf on the opposite side have also shifted outwards and a number of divisions
have taken place in some other inner ring bundles. F. Section showing the traces of the
slightly higher oppoxite leaf shifted outwards and the formation of a ring by some inner ring
Section showing fusion of bundles to form a central strand

strands at the opposite end. G.
Section showing the axillary branch traces and

and the adaxial accessory branch supply. H.
the two central strands of the main axis. The central strands now lie at right angles to those of
the previous internode (cf. section in A). I, J. Transversc secctions showing the main axis
with its two vascular rings. the adaxial accessory branch with a weakly developed peripheral

ring, the axillary shoot and two petioles,
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A

" Fie, 11A-D—dbronin elliptica (cs, central strand). A. T.5. at the upper extremity of
an internode showing the arrangement of vascular strands. x63. B. 'I.8. passing through
a node showing the innor ring and the dark thick-walled cells of the peripheral ring. x 38,
C. T.8. of a node showing the adaxial accessory branch traces and the fusion of two bundles

to form a central strand. x38. D. T.8, of a shoot showing the adaxial aceessory branch
having a feebly developed peripheral ring. x 38,
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possibly Abronie also develop in a similar manner. In the various gemera
and species studied here, a variable number of intermediate strands are
always present between the inner and peripheral rings but they are typically
absent in the internodes of Abronia elliptica, Boerhaavia repande and B.
verticallate.  The internodes of B. diffusa show only a few intermediate bundles
while Bougainwvillea glabra, B. spectabilis, Mirabilis jalupa, Oxybaphus nyctu-
gineus and O. viscosus show a large number.

The inner ring of Abronia elliptica, Boerhaavia diffuse, B. repunda, B.
verticillate or Oxybaphus nyclagincus and 0. viscosus generally consists of two
opposite groups of inner leaf traces and alternating with them two somewhat
larger strands. These are usually deflected inwards into the parenchyma
of the pith and are, therefore, sometimes called medullary bundles (Maheshwari
1930) or central strands (Pant and Mehra 1962¢). Such central strands have
a decussating sequence in each internode and their regularly decussate branches
form the traces of the opposite and decussate leaves. The stems of Bougain-
villew glabra and B. spectubilts which have spirally disposed leaves are also
exceptional in having no such opposite and decussate central strands. How-
ever, even Bougainvillea shows two distinctive strands on the two flanks of
the avc formed by the innermost leaf traces, herein termed the flank strands.
Sharma (1962) regards these strands along with an adjacent inner ring bundle
as medullary. The two flank strands are, however, not usually medullary
and the third strand is in no way different from other inner ring bundles.
Nevertheless, the nodal plexus of the genus clearly shows that the two flank
strands are comparable with the central strands of other genera. The branches
of the central strands in all investigated forms (where they are present),
along with branches of other adjacent intermediate bundles (the cusp bundles
of Merabilis jelapa), at first form the branch supply and subsequently their
residual portions give rise to two pairs of strands (each pair consisting of a
branch from each central strand) which fuse and result in two large decussate
central strands. Likewise, the two flank strands in Bougainvillea give rise
to its branch supply. 1In B. glabra even their residual portions thereafter fuse
together to form a larger strand of the next internode which may run through
it undivided or it may soon divide to form two or more inner ring bundles.

In forms having opposite and decussate arrangement of leaves, e.g.
Boerhaavia diffuse and Mirabilis jolape, the bundles of the inner ring typically
continue throughout an internode without any divisions or fusions but in
forms having alternate leaves, e.g. Bougainvillew glabre and B. spectabilis,
fusions and divisions of inner ring and other strands may continue even in
the internodes.

The number of the innermost leaf traces is constant in Mirabilis jalapa,
Bougainwvillea glabra and B. spectabilis as in most other plants but in the
stems of Abronia elliptica and Boerhaavie their number is inconstant. All
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the other genera of Nyctaginaceae studied here are characterized by their
innermost traces being joined by a variable number of bundles lying outside
the inner ring (intermediate and peripheral ring strands). The number of
such outer traces becomes very large in Mirabilis jalapa where up to sixteen
such strengthening strands were observed. The number of innermost leaf
traces is also inconstant in some other Centrospermae, e.g. in Achyranthes
aspera (Joshi 1931), where their number varies from three to seven. Such an
inconstancy in the total number of leaf traces is very unusual for most other
vascular plants and, therefore, it emphasizes the need for more intensive
investigations of nodes in other angiosperms. As far as we know the only
other flowering plants where variations in nodal anatomy are recorded are
Helleborus (Miiller 1944), species of Frasera and Swertia perennis (Post 1958).
However, unlike the present Nyctaginaceae, these are all rosette plants show-
ing variable forms of foliar appendages.

On the basis of the course of innermost leaf traces forms of the Nycta-
ginaceae studied so far may be grouped into three main categories of nodal
structure. The first category includes three forms, Bougainwillea glabra,
B. spectabilis and Oxybuphus viscosus. The innermost leaf traces in these
pass out independently into the leaf base and petiole. In Bougainvilleu
the three traces remain far apart but in Ozybaphus viscosus they come quite
close and for some distance lie side by side. The second category includes
Mirabilis jolapa and Ozxybaphus nyctagineus where the innermost leaf traces
invariably fuse to form an arc before its branches enter the leaf base. The
third category, which includes Boerhaavia diffusa and Abronia elliptica,
presents a sort of intermediate condition between the first and the second
categories. The innermost leaf traces here may sometimes fuse to form au
arc but in other cases each one of them may enter the leaf base without any
union with the others. In Boerhaavia the leaf traces may rarely remain far
apart but in Abronia they come close to each other even when they do not
actually fuse.

Marsden and Bailey (1955) and Bailey (1956) have distinguished four
main types of nodes among the dicotyledons which differ mainly in the
number of gaps and leaf traces but in all typical dicotyledonous nodes these
traces come out of a single vascular ring. The nodes in the present Nycta-
ginaceae (and also those of the Amaranthaceae described by Inouye 1955,
1956b, 1956¢) are, however, exceptional and a type by themselves. They

Fie, 12A-T—Abronia elliptica. (adb, adaxial accessory branch; axb, axillary branth;
cs, central strand; Itr, leaf trace; ma, main axis). All X15. A-G. Transverse sections passing
through a node at different selected levels drawn mainly to depict the course of inner ring
strands. H, I. Transverse sections of another node showing vascular bundles. Note the
position of the adaxial accessory shoot hetween the main axis and its almost equally developed
axillary branch.
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generally have three innermost traces leaving a single gap in the inner ring
and a variable number of outer bundles for each leaf. If the strands of the
inner ring alone are taken into consideration they are usually of the three-
trace unilacunar type but if all the strengthening strands (intermediate and
peripheral ring bundles) are also included they may be called unilacunar
multitrace ones. The inconstancy in the innermost leaf traces, sometimes
noticeable in these plants, is also in favour of their b‘eing classed separately.
Such a type could be conjecturally derived from a unilacunar two-trace or
three-trace node (see Canright 1955, p. 134, Text-fig. 1), although there are
at present no observational grounds for such a derivation. It is equally possible
that this nodal type has no direct relationship with any of the dicotyledonons
types as it is quite likely that the Centrospermae actually represent a distinct
line among the dicotyledons. Maheshwari (1930) had arrived at a similar
conclusion on the basis of internodal structure of Boerhaavia diffusa and Mira-
bilis jalapa. Indeed, in having a number of inner and outer leaf traces, the
nodes in the Nyctaginaceae show a greater resemblance with those of the so-
called ‘palm type’ among the monocotyledons (see De Bary, 1884) than with
those of any typical dicotyledon.

In the various families classed under Centrospermae by Engler and Prantl
(1934) the occmrrence of the so-called medullary bundles is known onlyv in
some families, e.g. Amaranthaceae, Nyctaginaceae, Phytolaccaceae and
(*henopodiaceae. From the scanty literature available on the leaf traces and
their course or origin in the various members of these families, it appears that
the anatomy of the plants of this alliance, when it is better known, may
throw a great deal of light on their relationships. According to Nageli (as
guoted bv De Bary 1884) Phytolacca too has an inner ring of bundles containing
three leaf traces going to each leaf but its nodal anatomy is not very well
known. The nodal anatomy of some Amaranthaceae and Chenopodiaceae is,
however, described in detail (see Joshi 1931 ; Inouye 1955, 19565, 1956¢ and Fahn
and Arzee 1959) and these present many similarities. The vascular anatomy
of an opposite leaved amaranthaceous form like Achyranthes japorica (Inouye
1956b), for example, is closely comparable with that of an opposite leaved
genus of the Nyctaginaceae like Mirabilis jalapa (see Pant and Mehra 1963).
Likewise, the course of the vascular strands in the nodes and internodes of
some other Amaranthaceae having spirally arranged leaves, e.g. Celosiu
cristate, Amaranthus tricolor and A. retroflexus (Inouye 1956¢), is also very
similar to that of Bougainvilles glabra and B. spectabilis. The three main
innermost leaf traces of these plants have almost identical courses in Bougain-
villea and the above-mentioned Amaranthaceae. The flank strands of
Bougainvillea are exactly like the strands named cauline bundles by Inouye
(1956¢c). The present study of the nodal anatomy of some Nyctaginaceae
brings out remarkable resemblances of detail between their stem anatomy
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and that of Inouye’s Amaranthaceae (provided they have similar phyllotaxis).
This is clearly-in accord with the well-known views about the close relationships
of these two families under the Centrospermae but it is obviously against
the wide separation of the Nyctaginaceae and Amaranthaceae suggested by
Hutchinson (1959). The anatomy of some opposite leaved Chenopodiaceac
described by Fahn and Arzee (1959) is again similar to that of the present
Nyctaginaceae. They, too, have leaf traces arising from an inner ring in the
same fashion and their so-called cortical bundles are connected with the leaf
traces like the intermediate and peripheral ring bundles in the Nyctaginaceae.
The leaf traces in the Chenopodiaceae investigated by Fahn and Arzee (1959)
are, however, typically single while the Nyctaginaceae described by us have
one to three inner traces for each leaf. Nevertheless, even some Chenopodia-
ceae, e.g. Chenopodium glaucum, have three traces going to each leaf.

According to Fahn and Arzee (1959) the single leaf trace in their articulated
Chenopodiaceae could be assumed to have arisen by the suppression of their
two laterals. We can cite no evidence in favour of such an assumption for the
one-trace or two-trage leaves of the Nyctaginaceae but some of these plants
are undoubtedly remarkable in supplying different leaves on the same axis
by a varying number (1-3) of inner traces.

It has already been pointed out (Pant and Mehra 19615, 1963) that
the two seemingly opposite and decussate leaves in Boerhaavia, Mirabilis
and Oxybaphus are neither at an angle of 180° to each other nor exactly at
the same vertical level. The condition in Abronia elliptica is similar. Accord-
ingly, the phyllotaxis in these forms can neither be termed spiral nor strictly
opposite and decussate. The genus Bougainvillea is different from all other
forms studied during the present investigations in having a regular spiral
Fibonacci phyllotaxis (see Fig. 7C).

The occurrence of abaxial accessory buds in some Nyctaginaceae was
already pointed out by Sandt (1925). Later Kundu and Rao (1957) made
a brief mention of the occurrence of accessory buds in Bougainvilles but gave
no details. The present studies reveal that they are present in all investigated
forms of the family except Abronia elliptica. In the opposite leaved nodes
of Mirabilis longiflora and Oxybaphus nyctagineus Sandt found that there
was always a plus side with better developed axillary and accessory shoots
and a minus side with underdeveloped buds. In the present work also it
was found that in old nodes the axillary bud of the plus side usually becomes
almost as strong as the main axis and pushes the parent shoot to one side,
so much so that the old node presents a forked appearance. The same
condition prevails in another opposite leaved genus, Boerhaavia (see Pant
and Mehra 19615, 1963). In addition to abaxial accessory buds, adaxial
accessory buds were found to be present between the main axis and its better

developed axillary branch in all forms except Bougainvillea and Oxybaphus
6
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viscosus. The adaxial accessory branch in Boerhaavia is inserted in the extra-
axillary position (it is never placed centrally) between the main axis and its
better developed axillary branch. Sandt (1925) has reported similarly placed
accessory buds in Aristolochia, Lotus, Galiwm and others and calls them biseriate
buds. From the few apparently trifurcate nodes of Abronia elliptica, studied
during the present investigation, it is not possible to ascertain the nature
(adaxial or otherwise) of their central axes.

The number of abaxial accessory buds varies in different forms and often
on the two sides of a single node as in Mirabilis jalapa. As already pointed
out by Sandt (1925) for Mirabilis longiflora, normally only up to two abaxial
accessory buds are developed in most forms although the nodes of Bougainvillea
frequently have four or more. Sharma (1962) regards such accessory buds
as prophyllar but beyond the roundabout argument that, because the Nyctagi-
naceae are regarded as related to Phytolaccaceae and also because the latter
show ‘small structures’ which he thinks to be ‘evidently prophylls’, there
are no grounds for regarding them to be prophyllar. Sharma’s ‘ prophylls’
in Phytolaccaceae are possibly the arrested accessory buds which Sandt (1925)
described long ago. One often wonders why it should always be necessary
to interpret plastic and extremely opportunist plant organization in terms of
set ideas.

In all forms where it occurs, there is a single adaxial accessory branch
but in Boerhaavia verticillata there may be two (Pant and Mehra 1963).
The adaxial accessory branch in Boerhagvia diffusa and Oxybaphus nyctagineus
is never centrally placed. In young shoots of Oxybaphus nyctagineus this
branch at first lies centrally between the main axis and its equally developed
axillary shoot but as the nodes grow older the adaxial shoot is pushed on to
one side. In Mirabilis jalapa this shoot continues to be in its central position
and never appears extra-axillary. Finger (1873) regards this central shoot
of Mirabilis jalapa as the terminal part of a sympodial main axis and the two
better developed stems on its two sides as the axillary branches. Recently
Sharma (1962) has re-stated the same view without referring to Finger’s
earlier paper. However, as already pointed out, if the central shoot is the
main axis, its primordium should always be present and indeed it should appear
relatively prominent in younger nodes. Our observations show that it is
actually the reverse and that in the young vegetative nodes there is often no
trace of this shoot (where not even its primordium is visible), although in
older ones it usually starts showing itself. Accordingly, it is regarded here
as an adaxial accessory branch and one of the better developed shoots on one
gide is taken to be the axillary branch (the axillary branch of the opposite leaf
is underdeveloped or suppressed).

The opposite view of Finger (1873), which regards the central shoot as

the terminal part of the main axis, is not supported by developmental studies
6B
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although it may fit in well with the dichasial arrangement of flowers in the
fertile axes of M trabilis, Boerhaavia and Bougainvillea besides other Nyctagin-
aceae and Centrospermeae. It is, however, not necessary that the mode of
branching in vegetative and floral axes should be identical. A form like
Bougainvillea clearly shows that its main shoot is monopodial while the
flowers on the axillary inflorescences are borne in dichasial cymes.

The degree of development and the ultimate character of the axillary
and accessory buds are also different in different forms. Pijl (1951) has already
recognized that the thorns and inflorescence stalks of Bougainvillea are homo-
logous developments. A study of the anatomy of young and old nodes of
Bougainvillea shows clearly that the thorns in its vegetative axes and the
inflorescence stalks in their respective portions are not only homologous
structures but they represent developments of the axillary buds; the lateral
branches of this plant are normally formed from the first or subsequent abaxial
accessory buds. The typical inflorescence stalk in Boerhagvia diffusa and
Ozybaphus nyctagineus is an adaxial accessory branch which is formed in or
later assumes an extra-axillary position. The lateral branches of these forms
are typically developed from axillary buds. The flower of Mirabilis jalapa
may be borne on an adaxial accessory branch or in this genus they can also
be borne on shoots of other categories. Strictly speaking, therefore, the
flowering axes in the various forms of the Nyctaginaceae are not always derived
from homologous shoots of the same order.

Among other well-known general features of the stems of this family (as
seen in the present forms) may be mentioned the occurrence of raphides,
simple hairs, fibres in the pericycle region and formation of sub-epidermal
periderm. An endodermoid layer may or may not be distinct. The only
additional peculiarities of the family noticed during the course of the present
studies are the occurrence of stomatiferous and non-stomatiferous areas in the
stem epidermis and the presence of many more raphide-bearing cells in the
nodes. The presence of more abundant raphides in a relatively softer region
of the stem like a node is possibly for its additional mechanical support. A
unique feature of Bougainvillea is the occurrence of tortuous xylem strands
in its stems (Fig. 9B). As far as we know this feature is not described for
any other living or fossil plant. The only somewhat comparable xylem strands
are those found in Palaeostachya vera where the sporangiophore trace first
advances straight upwards and then turns slightly backwards to enter the
bage of the axillary sporangiophore. In Palaeostachya this forward and back-
ward course is sometimes regarded as due to a phylogenetic shifting of the
sporangiophore stalk but one is left guessing as to the purpose of the zigzag
course of the conducting channels in Bougainvillea. In Mirabilis jalapa
and Bougainvillea xylem elements are sometimes found to be clogged with
clusters of crystals. The occurrence of crystals in the wood of various plants
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is recorded by Chattaway (1955, 1956) but the taxonomic value, if any, of
erystals in the xylem of the Nyctaginaceae, can be judged only after a large
number of its members have been investigated for this character.

A comparative epidermal study of B. glabra and B. spectabilis shows
a few specific differences in the distribution of stomata and the nature of the
epidermal cells (see Table I). The amplitude of sinuosities is greatly variable
even in leaves of one and the same species of an individual plant. The
epidermal cells of exposed leaves have less sinuous walls than those of shade
leaves. Such differences in the sinuosities of epidermal cells may have some
importance by way of suggesting caution in the taxonomic use of epidermal
cell characters. Palaeobotanists, for example, would normally keep leaves
with almost straight-walled epidermal cells, as in Fig. 6B, in a different species
than those having epidermal cells with distinctly sinuous sides, as in Fig. 6A.

The close anatomical similarities noticed in the two species of Bougainvillea

are in consonance with their closely similar cytological karyotypes described
by Sharma and Bhattacharyya (1960).

SUMMARY

Externally the vegetative nodes of Bougainvillea show a thorn whose
position is occupied in the flowering nodes by an inflorescence stalk. Develop-
mental studies of nodes clearly indicate that the thorn as well as the inflores-
cence stalk are axillary branches. In addition, the nodes of Bougainvillea
-show one to many abaxial accessory buds in basipetal succession between the
axillary branch and the leaf (there are no adaxial buds in this plant). The
lateral branches of the stem normally develop from the oldest of these buds.

The internodes in both the species of Bougainvillea show the usual three
categories of strands, viz. (i) a peripheral ring consisting of vascular bundles
embedded in conjunctive tissue, (ii) a number of scattered intermediate
strands lying between the peripheral and the inner rings, and (iii) an inner
ring of separate bundles.

The inner ring of Bougainvillea shows no central or medullary bundles
but consists of the innermost traces of one or more leaves and on the two
flanks of the three traces, meant for the leaf of the next node, two more or less
differentiated flank strands which are comparable with central strands of other
forms. The flank strands divide and give rise to the axillary branch traces
which split further at a higher level and supply the abaxial accessory buds.
After giving rise to the branch traces the flank strands divide again and their
branches fuse with adjacent bundles which now enter the next internode as
inner ring bundles.

Developmental studﬂes in the apical portions of stems of Bouguinvillea
show that there is only a single ring of procambial strands just below their
apices. Later, these strands mature into the inner ring of bundles, although
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by that time the intermediate strands and the peripheral ring of bundles may
also become differentiated.

The number of innermost leaf traces is constantly three and these get
strengthened by fusing with a variable number of outer bundles. The three
traces of each leaf always pass out into the leaf base independently.

The nodes of Abronia elliptica show close similarities with those of
Boerhaavia repanda and B. verticillata. The number of inner leaf traces is
variable and there are no intermediate strands in the internodes. The leaf
traces pass out through a single gap after getting strengthened by the peripheral
ring strands. The two large central strands divide and give rise to the axillary
and adaxial accessory branch traces. The arrangement of vascular bundles
in the inner ring follows a decussating sequence like that of its leaves. The
number of inner leaf traces is inconstant as in Boerhaavia but they usually
enter the leaf base independently as in Bougainvillea although they may
rarely fuse to form an arc. In its nodes a shoot is almost always present in
the position of the central branch—possibly it represents an adaxial accessory
branch but its development could not be observed in the small amount of
material which was available for the 'present study.
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