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Abstract

In the present study developmental relations between peripheral meristema-
tic cylinder and vascular bundles of the young parts of the shoots and the
relations between these bundles from the young elongating parts and those
formed during secondary thickening has been elucidated. The suggestion is
advanced that the limited lateral extension of bundles is an important deve-
lopmental feature of the wvascular system of Bougainvillaea glabra Choisy.
The organization of the wvascular system in thick fast growing sprouts and
in the thin slow growing lateral shoots are described. It is shown that the
quantitative differences in vascular organization between both types of shoots
are the manifestation of a close morphological harmonistation of the entire
shoot, and particularly of its entire vascular system.

INTRODUCTICN

The family Nyctaginaceae to which Bougainvillaea belongs has a pe-
culiar vascular system. There is a cylinder of meristematic tissue in
the peripheral part of the shoot. In annual elongating stems, internally
to this cylinder collateral bundles are scattered in the parenchyma on
the entire cross section. The oldest bundles lie near to the centre of the
shoot, and the younger ones near the meristematic cylinder or they are
embedded in it. During secondary thickening the meristematic cylinder
gives rise to new vascular bundles.

The opinions as to the mode of secondary thickening are controversial
(Balfour, 1965; Esau and Cheadle, 1969), and the development
and arrangement of vascular bundles in the apical parts of the shoot has
only been described by Balfour and Philipson (1962). These auth-
ors examined a 400-u segment of the subapical part of a shoot of Bou-
gainvillaea spectabilis Willd. The study of the development of vascular
bundles in so short a segment is insufficient for elucidating the deve-
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lopmental relations between the meristematic zone and the vascular
bundles of the young parts of the shoot, and the relations between the
vascular bundles from the elongating parts of the shoot to those arising
during secondary thickening.

The present studies on the vascularisation of Bougainvillaea glabra
Choisy shoots were undertaken to throw some light on these problems.

MATERIAL AND METHCDS

The investigations were performed on a 20-year-old, profusely bran-
ched specimen of Bougainvillaea glabra Choisy, a climbing shrubby
plant native of Brazil, in the glasshouse of the Institute of Botany of
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Fig. 1. Comparison of thick sprout with thin lateral shoot:

A — apical segments of thick and thin lateral shoots, B — successive leaves from thin lateral
shoot (the oldest and youngest ones excepted), C — successive leaves from thick sprout (the
oldest and youngest ones excepted). Natural size.

Photo by M. Niewitecki
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the Wroctaw University. The shoots of this plant show elongation growth
almost the year round and may be divided into two kinds: thick sprouts
which in one year may reach a length of 12 m or more; thereafter their
growth is arrested and they no more increase in length. They start from
the origin of the older thick sprouts, are capable of creeping and con-
stitute the axes for the development of thin lateral branches. The latter
elongate for many years, the activity of the terminal bud recommencing
repeatedly after-periods of rest. In the course of one season a segment of
at most some tens of centimetres is added.

On all shoots, in the axils of the alternately arranged leaves two buds
arise: one proximal to the leaf — vegetative, and the other lying higher
— the flower bud. The bases of the flower axes remain on the mother
shoot in the form of thorns (Fig. 14).

The length of the elongation zone of the thick sprouts varies widely,
generally between 10 and 28 cm. The slender lateral shoots seldom show
a zone of elongation exceeding 5 cm. The longer this zone the thicker the
stem, the more leaf primordia in the bud and the smaller the differences
in the developemental stages between them (Fig. 1B, C). The thicker the
stem the more vascular bundles are seen on the cross section.

A description in detail is given of the arrangement of bundles in
one whole annual sprout 50 ¢m long and in one whole three-year-old la-
teral shoot 54 cm long as well as in the apical parts of some other selec-
ted shoots.

The young parts of shoots were fixed by the routine method in CrAF
(0.5-0.5-20), embedded in paraffin and then sectioned transversely on a
microtome and stained with safranin 0 and fast green. A continuous se-
ries of microtome sections from a sprout was taken on a length of 20
cm, and from a lateral shoot on a 5-cm length. Older parts of the shoot
previously fixed in 70 per cent alcohol were free-hand sectioned and in-
spected in glycerin. Some of the free-hand sections were stained with
safranin O and fast green and mounted in balsam. Leaf venation was
examined on serial cross sections and whole leaves which were cleared
in 2 or 4 per cent NaOH solution in dependence on their age.

The diagrams of the longitudinal course of the vascular bundles, pre-
pared from drawings of the serial cross sections show the bundles arran-
ged in one plane as if in an opened and flattened shoot oriented with its
surface to the observer. The bases of the successive leaves beginning
from the youngest one are numbered from 1 to X (e.g. Fig. 5).

The leaves exhibit spiral phyllotaxy, on the thickest sprouts accord-
ing to the limiting divergence 99.3° (Fig. 2B), and on the thinner ones
and all the lateral shoots according to the limiting divergence 137.5°
(Fig. 24, C).
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Fig. 2. Leaf arrangement on cross sections through tip and at a certain distance
below the tip:

A — cross section through shoot apex with limiting divergence 137.5°, A’ — cross section

through the same shoot at a distance of 600 n from the tip; B — cross section through the

shoot apex with limiting divergence 99.3°; B’ — cross section through the same shoot 600

below the tip; € — cross section through tip of lateral shoot with limiting divergence
137.5°, C’ — cross section through the same shoot 600 I below the tip.

CBSERVATIONS AND RESULTS

Organization of vascular system

I. Longitudinal course of bundles in thick sprouts

A. Thick sprout with limiting divergence 137.5°

On this 50 cm long shoot the leaves in the number of 51 are alternately
arranged according to the limiting divergence 137.5° (Fig. 24, A"). The
zone of elongation growth is 26 cm long and comprises 42 undeveloped
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Fig. 3. Cross sections through interncdes of. thick sprout. On the right side of each
diagram the distance from the tip of the shoot is given in centimetres:

A, B, C, D — cross sections from the zone of elongation growth; outer border of meristematic

cylinder marked by interrupted line; E, F, G — cross section of part of stem not elongating;

outer limit of meristematie cylinder marked by continuous line. Vascular elements of xylem

in the bundles denoted by circles, phloem part of bundle dotted. Hatched areas denote fibres
and the not numerous parenchyma cells between them. Other explanation in text.
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leaves. The bases of the 27 youngest leaves are densely agglomerated
in the apical 2 cm long part.

On the cross section through the internodes at all levels, the bundles
lying closest to the centre of the shoot form a more or less regular inner
ring (Fig. 34-G). The outermost bundles are adjacent to the cylinder of
meristematic tissue or partly embedded in it. In the elongating internodes
(Fig. 3A-D) bundles are scattered in the parenchyma lying between the
peripheral and inner ones — conventionally termed intermediate. In the
nonelongating internodes, the outermost ring of bundles adjacent to the
cylinder is embedded in the fibres; in the oldest internodes of the shoot
described, the number of outer bundles embedded in the fibres is in-
creased to two irregular rings. The bundles of the inner ring and the
intermediate ones (Fig. 3G) are embedded in the parenchyma of the
central part of the stem. :

In each node three bundles depart from the inner ring and run to
the leaf: a median and two lateral ones. The departure of the bundles
form the stem into the leaf is gradual, starting from the inner ring
generally at a distance of one internode below the base of the given
node (Fig. 4A). Before departure to the leaf, an intermediate bundle
joins each of the lateral ones, forming the extreme bundles of the leaf.

In place of the departing bundles, two intermediate ones are included
into the inner ring — one on each side of the departing ones (Fig. 44A—F).
In each mode definite bundles undergo subdivision (Fig. 4B, C). Some of
the bundles formed by division form connections with those included
into the inner ring (Fig. 4D). In this way the gap in the inner ring is
closed and the number of bundles between the nodes remains the same.

Four peripheral bundles by-pass the median one departing to the
leaf; they run between the lateral bundles and depart higher to the
vegetative bud (Fig. 4E, F, G). The remaining peripheral bundles close
the leaf-branch gap, and from some of them bundles depart to the
flower bud.

Instead of the two intermediate bundles which are included into the
inner ring in the node, and in the place of two other intermediate bundles
departing to the leaf as its extreme bundles, four other intermediate and
peripheral bundles enter (Fig. 4I) after closure of the gap.

When studying the longitudinal course of the bundles, as lower end
was assumed the level of their departure from the peripheral ring. The
results are presented schematically. One diagram shows the longitudinal
course of the bundles, disregarding the fact that in’the particular nodes
some of the bundles unite, and others previously connected separate
(Fig. 5, diagram A, A’). Owing to this simplification the diagram is clear,
and reveals the fundamental and simple principles of the entire system
dissimulated by secondary changes. The second diagram (Fig. 5B, B’)
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Fig. 4. Cross sections through the node of thick sprout:

1 — median and lateral bundles of leaf; 2 — extreme bundles of leaf; 3 — intermediate bundles

which are incorporated into inner ring in node; 4 and 5 — intermediate bundles which after

closure of the gap fill the space left by the bundles incorporated into the inner ring; 6 and 7 —

extreme bundles of higher situated leaves; § — bundles departing to lateral buds. On all

drawing the youngest bundles embedded in the meristematic zone are omitted. Other explana=
tions in text.
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shows the secondary characteristics of the lengitudinal bundle system
omitted in the preceding diagram.

The level of departure of the particular bundles from the peripheral
ring is denoted on diagrams A and A’ by a dot, and the site at which
the given intermediate bundle is included into the inner ring is marked
by a line perpendicular to the bundle.

The basic features of the longitudinal course of the bundles are
as folllows (Fig. 54, A"):

1) All the bundles of one leaf: the median, two lateral and two
extreme ones run generally next to one another (e.g. the bundles of
leaf 42), less frequently in the lower segments they are separated by
bundles running to another leaf (e.g. bundles of leaf 46 or 45).

2) The extreme youngest bundles are never included into the inner
ring and reach the leaf as intermediate bundles. On the other hand, all
the remaining bundles or those from which they derive run at first as
peripheral bundles (in the diagram these segments are not shown),
further as intermediate bundles, and finally they are included into the
inner ring from which they depart to the leaf.

3) Each bundle at a definite point of its longitudinal course may
divide into two new ones. The bundles formed by this division either
belong to the same leaf (e.g. the median and left lateral bundle of leaf
42) or to two different leaves (e.g. left extreme bundle of leaf 38 and
median of leaf 30). In this way primary interconnections between the
bundles of the same leaf or between the bundles of different leaves arise.

4) The median bundle and one or, less frequently, both the lateral
ones belonging to the same leaf arise usually from the subdivision of the
same bundle. In the present description the lower segment of the
bundle from which — after division — there arises, beside the median
bundle proper, for instance the left lateral one of leaf 42 or both the
lateral ones of the same leaf as in the case of leaf 41, is also called
median bundle. In this aspect, the median bundle departs from the
peripheral ring at the greatest distance in terms of the greatest number
of internodes, from the base of the leaf corresponding to it, whereas both
the extreme bundles depart closest to the leaf base.

The quantitative characteristics of the longitudinal course of bundles
such as the number of internodes through which analogous bundles of
the particular leaves run, and the number of plastochrones separating the
interconnectéd bundles change either regularly from the base to the shoot
apex or without a definite pattern as if accidentally from one node to
another,

The regular changes in the longitudinal course of the bundles are as
follows:

1) The median bundles of leaves 43—39 after separating from the
peripheral ring run through 8 internodes: through three lower ones as
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intermediate bundles, and then through the five upper ones as inner ring
bundles. The median bundles of 38—27 leaves, after departing from the
peripheral ring run through 10 or 11 internodes including two or three
lower ones, where the bundles are intermediate and 8 upper ones where
they belong to the inner ring. The median bundles of leaves 26—9 run
through 13 internodes including five lower ones where they are inter-
mediate and eight upper ones where they belong to the inner ring. The
median bundles of the youngest leaves run, similarly as in the base of
the shoot, mostly through eigth internodes.

2) The bundles of one leaf are interconnected with those of other
leaves either within the peripheral ring or after departing from it. The
diagram shows only those connections which occur beyond the peripheral
ring.

The connections between the bundles of leaves n and n-3 and n and
n-8 are the closest connections possible at a divergence of 137.5° from
the left side of the sinistrorse spiral, and the connections between the n
and n-2 and n and n-5 leaf bundles from the right side of the spiral.

Sometimes in the base part of the shoot are the connections between
the bundles n and n-3: For instance the median bundle of leaf 45
joins the left lateral one of leaf 48. In the middle and apical part of the
shoot, the interconnections between the bundles occur every eight instead
of every three leaves. Thus, the left extreme bundle of leaf 38 is
connected with the median of leaf 30. On the other hand, from the right
side of the sinistrorse spiral, the bundles are connected every five leaves,
but never every two. We see for instance the right lateral bundle of
leaf 43 connected with the median of leaf 38, and the right lateral bundle
of leaf 33 with the median of leaf 28.

The bundles of the same leaf are usually interconnected with those
of two other leaves: one on the right and the other on the left. In this
way a closed system of primary bundle interconnections arises. In the
basal part of the shoot the bundles of leaf n join those of leaves n-3 and
n-5. Thus, the left lateral bundle of leaf 43 is connected with the median
and right lateral bundles of leaf 40, and the right lateral bundle of leaf 43
with the median of leaf 38. In the middle and apical part of the shoot the
bundle of leaf n joins the bundles of the n-8 and n-5 leaves. The left
extreme bundle of leaf 35 is connected with the median of leaf 27, and
the extreme bundle of leaf 35 and the left lateral of leaf 30 are intercon-
nected.

This means that, in general, in the course of ontogenesis the leaves n,
n-3 and n-5 in the basal part of the stem were at similar development
stages as leaves n, n-5 and n-8 in the middle part, since bundles of such
leaves become conected which differ by an appropriate degree of deve-
lopment.
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Fig. 5. Diagram of longitudinal course of bundles in sprout with limiting diver-
gence 137.5°

Simplified diagram of course of bundles in lower (A) and apical (A’) segment of stem, and

diagrams of course of bundles forming inner ring in lower (B) and apical (B") segment of

stem: a — bundles in which both wvascular elements of primary xylem and those of primary

phloem are differentiated, b — bundles in which only elements of primary phloem are

differentiated, ¢ — procambial bundle. The dot denotes the site at which the given bundle

departs from the peripheral ring. The line perpendicular to the given bundle denotes the site
at which this bundle is incorporated into the inner ring

Vascular supply to one leaf consists of five bundles, and each one of
these may be connected with one of the five bundles of two other leaves.
Thus various combinations are possible: the right extreme, youngest
bundle of leaf 35 is connected with the left lateral, an older one of leaf 30,
and the left extreme of leaf 35 joins the median — the oldest bundle of
leaf 27. This example shows indirectly that a bundle separates into two
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new ones when two different leaves to which these bundles belong are
separated by an appropriate differentiation interval. The variability in
the mode of connection of the bundles is the expression of a close
harmonisation of the whole shoot, and particularly of its vascular system.

Irregular changes in the longitudinal course of the bundles concern
the arising of lateral bundles. The right and left lateral bundle arise in
a different way almost for each leaf. Usually from the median bundle of
a given leaf one lateral bundle separates: right or left, and a second one
arises independently from these two (e.g. lateral bundles of leaf 42). Less
frequently two lateral bundles separate from the median of the given leaf
(e.g. the lateral bundles of leaf 39), or both lateral bundles form inde-
pendently of the median one (e.g. bundles of leaves 45 and 33).

The extreme bundles of all leaves depart from the peripheral ring —
with but small variations — at the same distance from the base of the
given leaf. The right extreme bundle separates, namely, at a distance of
three, and the left at a distance of two internodes below the base of the
given leaf.

Beside the above discussed primary, there are still secondary con-
nections between the bundles they are shown in the diagram (Fig. 5B, B’)
representing the arrangement of the bundles forming the inner ring.

In each node one or two intermediate bundles are included into the
inner ring, one on its right and the other on its left side. Mostly these
two bundles unite, they also do with some bundle of the inner ring. (In
the diagram the united bundles are maximally close to each other, but
distinctly separate).

In the basal part of the stem one or two bundles which are incorporated
into the inner ring in the given node n run upwards to leaf n-5, for
instance both the bundles incorporated into the inner ring in node 50 or
the bundle in node 48 on its right side (Fig. 5B).

In the middle and apical part of the shoot the bundle which is incor-
porated into the inner ring on the right side of node n runs to leaf n-5,
mostly as its left lateral bundle. Thus, the left lateral bundle of leaf 38 is
incorporated into the inner ring in node 43, whereas the bundle joining
the inner ring on the left side of node n runs to leaf n-8 as its median
bundle, e.g. the median bundle of leaf 35 is incorporated into the inner
ring in node 43.

In the middle and apical part of the shoot the bundles which are
incorporated into the inner ring in node n generally join the median
bundle of leaf n-5. Since one of the bundles incorporating into the inner
ring runs to leaf n-5, and the other to leaf n-8, a complex arises consisting
of bundles of every third leaf.

Bundles of various leaves thus interconnect owing to the division of
one bundle into two new ones (primary connections) or on the principle
of connection and separation of bundles independent from one another.

4
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Fig. 6. Diagrams of longitudinal course of bundles in sprout with limiting diver-
gence 99.3°. Notations as in fig. 5

Hmm A

If we would disregard the secondary connections and arrange the
bundles of the particular leaves next to one another at the same distance
from the centre of the stem, a cylinder would be formed. In this cylinder
all the bundles of the same leaf would lie next to one another like the
components of a single trace. The bundles of the particular leaves would
then be situated in relation to each other according to the possibilities
left by the limiting divergence according to which the leaves are disposed
on the shoot.

The arrangement of the bundles in this imaginary cylinder would,
therefore, be similar to that in the stems of many gymnosperms and
dicotyledones with spiral phyllotaxy in which a single bundle departs
from the stem to the leaf, and the vascular system has the form of a ring.
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It would seem that in Bougainvillaea the entire supply to one leaf
corresponds to a single frace in other plants. In a single trace on the
flanks of the central strand which determines the length of the whole
bundle new strands differentiate higher and higher. Owing to this a single
bundle arises widest at the base of the leaf corresponding to it, and ta-
pering lower down in the stem. The mode of formation of lateral bundles
in Bougainvillaea is erratic and variable in as much as is the arising of
the component parts of single trace.

A specific feature of the anatomical structure of Bougainvillaea shoots
would thus be the division of the vascular tissues of a single trace into
individual minute bundles separated by parenchyma. The lower segments
of these bundles run in the meristematic zone, and the middle and upper
ones at a smaller or greater distance from this zone, embedded in the
parenchyma of the middle part of the stem.

The general principles of the longitudinal course of bundles in the
apical part of six other thick sprouts examined in detail are the same as
in the one here described.

B. Thick sprout with 99.3° divergence

The essential features of the longitudinal course of the bundles are
the same as those discussed above. The differences concern only quan-
titative characteristics, and these are above all dependent on the unequal
limiting divergence in both the shoots. When leaves are arranged accor-
ding to the limiting divergence 99.3°, the bundles of every 3, 4, 7, 11
leaves etc. can connect. The connection between the bundles of every 4th
and 11th leaf are the nearest connections from the left side of the sini-
strorse ontogenetic spiral and the connections between every 3rd and 7th
bundle are the nearest connections from the right side of the spiral.

In the examined 14 mm apical segment of this shoot from the left side
of the ontogenetic spiral, the bundles of every 11th leaf unite most
frequently. For instance the extreme left bundle of leaf 27 is connected
with the median one of leaf 16. The bundles of every 4th leaf are rather
exceptionally connected (Fig. 6A4). The middle of the n leaf is distant by
as little as an angle of 12.3° to the left (cf. fig. 2B), and sometimes the
median bundle of the n-11 leaf lies on the right instead of the left side of
the bundles of leaf n. For instance the median bundle of leaf 17 is situated
on the right instead of the left side of the bundles of leaf 28, and the
median bundle of leaf 10 lies on the right instead of the left side of the
bundles of leaf 21. In this situation the bundles of leaf n and n-4 can
unite. For instance the extreme left bundle of leaf 28 is connected with
the right lateral and right extreme bundle of leaf 24, and the left extreme
bundle of leaf 21 unites with the right lateral bundle of leaf 17. Some-
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times the bundles of the same leaf are connected with the bundles of
leaves younger by 4 and by 11 plastochrones. Thus, the left lateral bundle
of leaf 20 is connected with the right lateral bundle of leaf 16, and the
extreme bundle of leaf 20 unites with the median of leaf 9.

From the right side of the ontogenetic spiral the bundles unite every
7 leaves, and never every three. For instance the right lateral bundle of
leaf 19 is connected with the median of leaf 12.

Since the bundles of the same leaf unite usually with those of two
other leaves: one on the right and another on the left, a closed system of
connections arises. Thus, the left extreme bundle of leaf 21 joins the right
lateral bundle of leaf 17, and the extreme bundle of leaf 21 unites with
the median of leaf 10.

The right and left lateral bundles of nearly every leaf form in a dif-
ferent way. The character of this variability is the same in this shoot as
in the previously described one.

The extreme bundles depart from the peripheral ring more or less at
the same level for all the leaves. The right extreme bundle departs from
the peripheral ring at a distance of four, and the left one of three inter-
nodes below the base of the given leaf.

A characteristic trait of the longitudinal arrangement of the bundles
forming the inner ring are the secondary connections between the bundles
of leaf n and n-4 (Fig. 6B). They form in a similar way as the secondary
connections between the bundles of every third leaf in the shoot with
divergence 137.5°.

The thick sprouts on which the leaves are disposed according to the
limiting divergence 99.3° are always thicker than those with divergence
137.5°. The number of bundles on the cross section is dependent on the
number of internodes in which median, lateral and extreme bundles of
particular leaves run. The more bundles are seen on the cross section the
thicker the shoot. When the limiting divergence is equal to 99,3°, the
bundles are more numerous. The leaves are then, namely, disposed at
smaller distances than at the divergence of 137.5°: four leaves on one
turn of the spiral instead of three.

II. Longitudinal course of bundles in lateral shoot

On the 54 cm shoots the leaves in the number of 45 are alernately
arranged according to the limiting divergence 137.5° (Fig. 2C). The lower
3-year-old segment is about 12 cm long and bears eight leaves. The
middle 2-year-old segment is 29 cm long and has 13 still preserved leaves.
The upper annual segment is 13 cm long and has 23 leaves, and the zone
of elongation is about 6 cm long.
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Fig. 7. Cross sections through internodes of lateral shoot. On the right side of each
drawing the distance from the tip of the shoot is given in centimetres:

A, B, C, — cross sections in the zone of elongation growth, D, E, F, G — cross sections of
parts of stem not growing in length. Notations as in fig. 3

On the cross section through the internodes at any level the bundles
situated closest to the centre of the shoot form the inner ring (Fig. TA—G);
they are — similarly as on the thick sprouts — 10—12 in number. The
intermediate bundles, particularly those adjacent to the meristematic
cylinder are less numerous in the lateral shoot than in the thick shoots.
This difference is best visualised in the cross sections below the elon-
gation zone of both types of shoots (Fig. 3E, Fig. 7D).

In 2- and 3-year-old segments of the lateral shoot there are corres-
pondingly two (Fig. 7E) and three (Fig. 7G) irregular circles of bundles
embedded in the fibres.

The innermost circle in the 3-year-old part is formed by the lower
segments of the bundles which depart to the leaves set in the first year.
The next ring is composed of the lower segments of bundles departing to
the leaves set in the second year. The outermost bundles which adher
to the cylinder of meristematic tissue are the lower segments of these
bundles prolonged to the youngest leaves set in the third year.

The longitudinal course of the bundles in the entire lateral shoot is
shown by the diagrams (Fig. 8) drawn in the same way as for the thick
sprouts.

The general principles governing the longitudinal course of the
bundles are here the same as in sprouts, and all the differences are only
guantitative. In general, in the lateral shoots, bundles of nearer lying
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Fig. 8. Diagrams of longitudinal course of bundles in sprout shoot with limiting
divergence 137.5°, Notations as in fig. 5

leaves unite than in the thick shoots with the same divergence of 137.5°.
From the left side of the ontogenetic spiral the bundles of every third
leaf unite; for instance the left extreme bundle of leaf 38 is connected
with the right lateral bundle of leaf 35, and the left lateral bundle of leaf
32 joins the median of leaf 29 and so on (Fig. 8A4). In this shoot, however,
the bundles of every 8th leaf never unite. From the right side of the
ontogenetic spiral the bundles are connected every two or five leaves.
Thus, the right lateral bundle of leaf 21 is united with the left lateral one
of leaf 19, and the right lateral bundle of leaf 23 joins the median of
leaf 18. Sometimes the bundles of the same leaf are connected with those
of leaves younger by 2 and 5 plastochrons. For instance the right lateral
bundle of leaf 36 is united with the left lateral bundle of leaf 34, and the
right extreme bundle of the same leaf joins the median of leaf 31.

A characteristic feature of the longitudinal course of bundles forming
the inner ring are secondary connections between the bundles of every
third and every second leaf (Fig. 8B).

In each node, usually two intermediate bundles are included into the
innmer ring: one on its right and the other on its left side. The bundle
incorporated into the inner ring on the right side of node n runs to the
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Fig. 9. Development of lateral veins in leaves. The continuous line represents the
nerves in which conducting elements of phloem and xylem are differentiated,
interrupted line denotes veins in which there are as yet no Xylem elements

n-5 leaf and unites with the bundles of leaf n-2. For instance in node 38,
with the bundles of leaf 36 the median of leaf 33 is connected. In the
same or a similar way the bundles of every 3rd leaf are secondarily
united in the whole stem. On the other hand, the bundle which is included
into the inner ring on he left side of node n runs to leaf n-3, usually as its
right lateral bundle; for instance the right lateral bundle of leaf 35.
Sometimes this bundle is connected with the bundles of the n-5 leaf. Thus,



Plate 1

Course of bundles in axis of an adult leaf. Cross sections through axis (A—K')
and drawing of whole leaf with levels shown to which the cross sections correspond.
The cross sections with primes refer to the levels between those denoted by letters
without primes

Plate II and Plate III

Fragments of cross section through peripheral part of young elongating thick
sprout. Bundle differentiation in cylinder of meristematic tissue; IT A — at 0.7 mm
IIB—12mm, II C — 18 mm, II D — 2l mm, IT E — 3 mm; ITT A — 0.7 mm,
IIT B 3 mm distance from tip.

Plates II A and TIT A, II E and III B show the same fragments. Mag:ni-flicaﬁon:
Pl. 11 X 230, Pl. IIT X 570

Plate IV and Plate V

Fragmemnts of cross section through peripheral parts of thin shoot at the border
of the =zone wof elongation growth and below, Differentiation of bundles in
meristematic zone; IV A — 4 ¢em, IVB — 6 cm, IV C — 8 em, TV D — 10 ¢m,
VA—6em VBand C —8cem, VD and E — 10 ecm, V F — 12 ¢cm below tip:
IVBand V A4, IV Cand V Band C and IV D and V D present the same fragments.
Magnification: P1. TV X 230, P1. V X 570

Plate VI

Differentiation of inner ring bundles. Cross section through inner ring bundles
at various levels of elongating sprout: VIII A — 0.07 ¢m, VIII B — 0.1 cm,
VIII C — 10 em, VIII D — 18 cm below tip
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the right lateral bundle of leaf 38 joins the bundles of leaf 36. In this way
the bundles of every second leaf are secondarily connected.

The general principles of the longitudinal course of the bundles in the
apical parts of four other lateral shoots, examined in detail were the
same, In the thinnest shoots the bundles of the nearest leaves unite, thus
the bundles of every 2nd or 3rd leaf.

The lateral shoots are always thinner than the sprouts. The differences
in shoot thickness run parallelly with those in the quantitative characte-
ristics of the longitudinal course of bundles. In the lateral shoots the
bundles of the leaves pass through a smaller number of internodes than
in the thick sprouts. Therefore, in the lateral shoots the total number of
bundles on the cross sections is smaller than in the thick sprouts, and
when the bundles are less numerous the shoots are thinner.

III. Course of bundles in the axis of the adult leaf

Each of the lateral bundles passing from the stem to the leaf divides
in two. Just above the base of the petiole all the bundles are arranged as
follows: the median bundle runs on the lower side of the petiole, and on
its sides one part of the left and right lateral bundle. On the upper side of
the petiole the bundles departing from the lateral ones pass and also
undergo division, On their outer side lie the extreme bundles united into
one (Pl I, phot. A). ¢

The median bundle does not change along the leaf axis up to its upper
part; here it is joined by the lateral veins of this part of the blade (Pl I,
photos J, K). The tissues separating from the lateral petiolar bundles run
to the major lateral veins of the lower and middle part of the blade (PL I,
photos E, F). The extreme bundles are connected with the vein network
in the region between the neighbouring lateral veins. They depart from
the leaf axis together with the lateral veins and separate from them in
the blade (PL. I, photos E, F) or less frequently they depart running to the
blade independently of its major lateral veins.

The course and differentiation of the bundles in several young leaves
are shown in fig. 9.

The development of vascular system

The bundles in the lower part of their course differentiate in the
meristematic cylinder, and in their upper part they run at a distance
from the meristematic cylinder and differentiate in the subapical region
of the stem from the procambium.

Longitudinal acropetal differentiation of the procambium occurs in the
subapical part of the stem. This procambium differentiated from cells
deriving from the apical meristem. In the lower part of the shoot where
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the radial and lateral exiension of the bundles occurs, the number
of procambial cells increases by division of the already existing ones. The
lateral expansion of the bundles leads to the formation of new bundles
from the older ones. The procambjum of the new bundle separates,
namely, from the side of the older one and differentiates acropetally. For
instance in the thick sprout with 137.5° divergence (Fig. 5A4), both
extreme bundles of leaf 13 are procambial and separate from bundles in
which the first elements of protophloem have differentiated. We find an
illustration of a similar situation in the sprout with 99.3° divergence
(Fig. 6A) in the left extreme bundle of leaf 20, and in the lateral shoot
Fig. 84) both extreme bundles of leaf 9. It is characteristic that the
procambium of the extreme youngest bundles of the given leaf most
frequently separates from the older, protophloem containing bundles of
another younger leaf.

In the particular bundles the protophloem begins to differentiate first
and is followed by the protoxylem. There are numerous bundles in all
shoots in which only protophloem is present (Figs. 5, 6, 8). The process
of differentiation of the first elements of protophloem passes from older
to younger bundles, and runs acropetally.

Differentiation of the first protoxylem elements also passes from the
older bundles to the younger ones and occurs acropetally. In the apical
part of the stem, in the bundles isolated protoxylem elements appear,
moreover, in the leaf or in the stem below the base of the corresponding
leaf, and they differentiate therafter acropetally and basipetally. In one
lateral shoot (Fig. 84’) in the upper segment of the median bundle of
leaf 6, the protoxylem is isolated, the middle segment has only proto-
phloem, and the lower segment has acropetally differentiating proto-
xylem. An illustration of similar situation in a thick sprrout is the right
lateral bundle of leaf 10 (Fig. 5A).

The particular bundles show extension growth mainly in radial
direction and grow but little to the sides (Pl. VI, photos A—D). In the
bundles of the inner ring the oldest protophloem and protoxylem elements
at the border of the zone of elongation are crushed (Pl. VI, pho'o. D). The
meristematic cells between the phloem and xylem show a regular radial
pattern already in the elongating parts of the stem (Pl. VI, photos C, D).

On the cross section through thick sprout the meristematic cylinder
is distinguishable at a distance of 700—800 n below the shoot apex (PI. II,
photo A, Pl III, photo A). Lower, 2—3 mm below the apex, bundles are
adjacent to the cylinder of meristematic tissue. The youngest of them are
not yet distinctly separated from the meristematic zone, but only form
a distinct group of cells in it (Pl II, photos D, E, PI. III, photo B). In these
bundles only the first sieve elements are differentiated, while the con-
ducting xylem elements are absent.
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When the stem ceases to elongate, metaphloem (sieve-iube members
and companion cells) and metaxylem elements differentiate in the
bundles adjacent to the meristematic cylinder. The metaxylem elements
are in these bundles the first conducting elements (Pl. IV, photos B, C, D;
Pl. V, photos A—F). Protoxylem elements are differentiated in older
bundles further removed from the meristematic cylinder (Pl IV,
photo D). Between the bundles adjacent to the meristematic zone fibres
begin to differentiate so that a ring of fibres is formed with the bundles
embedded in it (PL. IV, photos C, D; PL. V, photo F). Simultaneously, a
single layer of fibers begins to differentiate on the extern border of the
meristematic cylinder (PL. IV, photos C, D; PL. V, photo F).

Coordination of leaf and stem development

If we superpose two cross sections through the stem from different
levels but analogous sites, one can indirectly conclude on the basis of the
relations between the inner bundle rings and the meristematic cylinder
on these two sections how the primary increase in thickness of the stem
occurs (Fig. 10, A, B). In fig. 10 A both the cross sections from the older
and the younger part of the thick sprout are separated by a segment of
about 2 cm, in fig. 10 B they are distant by about 1 mm. On the cross
section of the older part of the stem the bundles forming the inner ring
are slightly shifted more outwars as compared with analogous bundles
on cross sections of the young part of the stem. The distance however, of
the cylinder of meristematic tissue from the inner ring of bundles incre-
ases. It results therefrom that the centre of the stem increases in diameter
but minimally, whereas the peripheral parts expand.

In the lateral shoots the circumference of the shoot increases less, and
the distance of the inner ring of bundles from the meristematic zone is
small.

In thick sprouts a larger number of leaves grow simultaneously than
on the lateral shoots. In connection with this a larger number of bundles
arises and differentiates simultaneously in the former than in the latter.
Owing to this the circumference of the sprouts increases more under the
influence of the larger number of leaves than it does in the lateral shoots.

The circumference of this shoot is composed of sectors belonging to
different-aged leaves. Therefore the periphery of the shoot increases at
a given time nonuniformly, in some parts more and in others less.

If we superpose drawings of the cross section through the bases of
three successive leaves from the thick sprout preserving their natural
position, the nonuniform increase of the stem in diameter will be visu«
alised (Fig. 10 C).
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Fig. 10, Primary thickening of stem:

A, B — cross sections from analogous sites on older and younger parts of shoots superposed.
In fig. A both cross sections 2 cm and in fig. B 1 mm distant from one another. The bundles
from younger parts of stem are darker, C — cross sections through the bases of three
successive leaves, n, n-1 and n-2 are superposed, The base of leaf n is ca. 3 mm distant from
the base of leaf n-1 and the base of leaf n-1 ca. 5 mm distant from the base of leaf n-2.
The base of leaf n is ca. 18 mm below the tip, D — cros section through stem ca. 1 mm
below tip, E superposed cross sections through bases of two successive leaves and the internode
between them

The outline obtained from the superposed cross sections, through the
bases of three successive leaves in the older part of the shoot is very
similar to a single cross section from a younger part of the shoot (Fig.
10D). The convexities below the bases of three succesive leaves lying
close to one another meet here, namely, at the same level. Therefore, in
the youngest part, the outline of the shoot circumference is irregular on
all cross sections. On the other hand, in older parts of the shoot there is
a convexity only below the base of the nearest leaf, and the convexities
below the bases of several successive leaves do not meet at the same level
(Fig. 10E). This is probably due to the fact that, firstly, during elongation
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growth of the stem the most convex earlier expanded sectors below the
older leaves grow less intensively at later periods than the sectors below
younger leaves between them, and, secondly, each sector ceases to grow
acropetally and expands longest below the base of each leaf. Owing to this,
in the older parts of the shoot the internodes are, at least at the base
less or more rounded. The older the shoot part the longer segment of the
given internode is rounded.

DISCUSSION

A. Construction of the vascular system in shoots
of Bougainvillaea glabra Choisy and other members
of Nyctaginaceae

In the annual shoots of Bougainvillaea glabra Choisy collateral bundles
are scattered in the parenchymatous tissue within the cylinder of meri-
stematic tissue. The oldest ones are close to the centre of the shoot form-
ing the inner ring. The youngest bundles lie close to the meristematic
zone or are embedded in it and form the peripheral ring. Between the
inner and the peripheral ring the intermediate bundles are disposed.

In each node three bundles excluded from the inner ring depart to
a leaf: a median one and two lateral ones. Each lateral bundle is, besides,
joined to an intermediate one. These are the extreme bundles of the leaf
which never are incorporated into the inner ring. The remaining bundles
of the leaf, or those from which they arise run below as peripheral bun-
dles, then as intermediate ones, finally to be included into the inner
ring from which they depart to the leaf.

The particular bundles may separate at a definite point of their lon-
gitudinal course into two new ones. The bundles arising by this sepa-
ration either belong to the same leaf or to two different ones. In this
way primary connections arise between the bundles of the same leaf
and the bundles of different leaves. The bundles of one leaf unite with
those of other leaves both from the left or from the right side of the
ontogenetic spiral. The bundles of each leaf are connected mostly with
those of two other leaves generally in the lower and middle segments
of their longitudinal course, thus, beyond the inner ring. In this way
a closed system of primary connections between the bundles, determined
by the limiting divergence of leaves arises.

One or two intermediate bundles which are incorporated in each node
into the inner ring usually unite with each other and also with a definite
bundle of the inner ring. These united bundles separate higher and run
to definite leaves. In shoots with a 137.5° divergence the bundles are
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connected secondarily every three leaves, and in the shoots with a 99.3°
divergence every four leaves.

Balfour and Philipson (1962) described the development and
arrangement of bundles in a 400-u segment of the subapical part of a
Bougainvillaea spectabilis Willd. shoot. They established a classification
of the vascular systems of dicotyledones and included the system of
Bougainvillaea into what they called the modified open type. Such an
open system is composed of independent not interconnected series of
bundles — sympodia. Since in the shoot here the bundles of every third
leaf unite, there arise three independent sympodia.

The above named authors classified the system of Bougainvillaea to
the open type taking into account only the upper segments of the longi-
tudinal course of bundles. This was because they investigated the de-
velopment and arrangement of the bundles in the too short apical part
of the shoot.

The vascular system in shoots of other representatives of Nyctagina-
ceae examined is similar to that in Bougainvillaea. Inouye (1956) de-
scribed the course of bundles in the shoots of Mirabilis jalapa L. Here too
the three main bundles are joined from outside by additional (extreme)
ones. Pant and Mehra (1961) described the anatomy of the node of
a adult stem shoot of Boerhaavia. Its similarity with the structure of the
Bougainvillaea shoot concerns all characteristics.

B. The development of vascular system

1. Role of the meristematic cylinder in the development of bundles. Interconnec-
tions of primary and secondary tissues along the stem and in relation to the leaf
to which they belong

In studies concerning the anatomical structure of shoots in represen-
tatives of Nyctaginaceae, the view prevails that only the inner-ring bun-
dles are of primary origin, and all the others situated outside this ring
are secondarily derived. Only Inouye (1956) demonstrated on the ex-
ample of Mirabilis jalapa L. that the peripheral bundles are of primary
origin. On the other hand, Balfour (1962), and Esau and Cheadle
(1969) assume that in Bougainvillaea the cylinder of meristematic tissue
is active only in older, secondarily thickening shoots, and that it arises
independently of the primary bundles and outside them.

It results from the present study that the lower segments of the bun-
dles differentiate in the meristematic zone, and the upper segments of
the same bundles run at a distance from this zone and differentiate in the
subapical part from procambium. When the upper segments of given
bundles are in the growing parts of the stem, their lower segments lie
in the parts not subject to elongation. In this connection, in the lower
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segments elements typical for secondary tissues, metaphloem and meta-
xylem differentiate simultaneously in the middle segments, and so do
protophloem, protoxylem and procambium in the upper segments.

Such interconnections of primary and secondary tissues along the
stem are quite similar to the observations of Thoday (1922). This
author described the successive phases of primary and secondary dif-
ferentiation of the vascular system in the stems of Heliantus. In this
plant there are three traces and the node is trilacunar. In the stem all the
bundles are arranged circularly. At every level can be distinguished
median and lateral bundles, which have still preserved their separa-
teness and synthetic bundles resulting from the running together and
union of median and lateral bundles of definite leaves. In the parts of
the stem showing secondary growth, fascicular and interfascicular cam-
bium is differentiated. The activity of the cambium is not uniform on
the entire periphery, this finding its expression in that at the same level
some bundles exhibit large quantities of secondary xylem, while others
have none. The synthetic bundles may be composed of secondary xylem
exclusively or contain it in large quantities, and the median and lateral
bundles which still are independent contain much less of it, or contain
exclusively primary xylem. The higher the leaf is situated in relation to
the level considered the more secondary xylem is contained in the bun-
dle belonging to it. At the base of a full grown stem, the complexes con-
sisting of the union of bundles of the highest situated leaves contain
exclusively secondary xylem, and the middle and lateral bundles of the
lowest situated leaves exclusively primary xylem.

Similar interconnections of primary and secondary xylem have been
described by Col (1904) on the example of Phyteuma hemisphericum
Hill.

Balfour and Philipson (1962) described in the shoot of Casu-
arina two rings of bundles. Each bundle after separating from an older
one runs through one internode in the inner ring and through higher one
in the extern ring. The lower part of each bundle is the site of initiation
of secondary growth, and the upper part does not take part in this process.
The same investigations report that in Phytolacca dioica L., the median
bundle runs down from the leaf through about six internodes as the me-
dullary bundle and only then runs outside in a normal ring of bundles.
In this way a medullary ring is formed composed of median bundles and
an inner ring of lateral bundles and lower segments of median bundles.
The cambium is active only in the inner ring.

Numerous authors found that in woody forms of dicotyledones pri-
mary xylem does not differentiate in the lower parts of the particular
bundles in the period of shoot elongation (Esau, 1945; Ball 1949;
Sloover, 1958; Benzin g, 1967). These are probably the parts of the
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bundles in which cambium begins to function earliest, and it is the se-
condary xylem that forms the missing link between the xylem of the
particular bundles.

In monocotyledones, analogously, the lower segments of the bundles
contain exclusively metaxylem, and the upper segments of the same bun-
dles exhibit both protoxylem and metaxylem. The higher up the stem
and the closer to the leaf the more protoxylem is found in the bundle
(Prionium, Zimmerman and Tomlinson, 1968).

It results from the here described examples that in dicotyledones,
both with a normal vascular system (e.g. Helianthus, Phyteuma) and
with an atypical vascular system in various varieties (Bougainvillaea,
Casuarina, Phytolacca), in woody as well as in herbaceous plants, secon-
dary tissues form in the lower segments of the particular bundles, whe-
reas the upper segments of the same bundles are deprived of these tis-
sues.

In dicotyledones with an anomalous vascular system this regularity
is particularly pronounced, since the upper segments of the bundles run
beyond the site where secondary tissues arise.

2. Limited expansion of bundles

In Bougainvillaea the bundles expand mainly radially, whereas la-
terally they grow but little. In dicotyledones with a limited secondary
growth the bundles separate from one another and are isolated by
parechymatous tissue like in Bougainvillaea, but on their whole length
they run next to one another, thus, differently than in this plant. In
dicotyledones with a marked secondary growth, the bundles do not
separate but adhere to one another by their sides, and then their expan-
sion to the sides and radially is unlimited owing to the meristematic
tissue contained between phloem and xylem.

The bundles in Bougainvillaea have a limited growth and are scat-
tered in the parenchymatous tissue. Therefore the meristematic tissue
capable of renewed divisions is localised independently of the already
existing bundles. It lies outside from them in the form of a peripheral
cylinder. A further consequence of this is a different than in most dico-
tyledones and in all gymnosperms mode of secondary thickening. The
secondary vascular tissues arise, namely in the form of bundles. There-
fore in older shoots the number of bundles increases internally to the
meristematic cylinder.

In the bundles of Bougainvillaea the parenchyma cells are scarce as
in monocotyledonous plants. In dicotyledones with a normal vascular
system, on the other hand, particularly in the woody forms, parenchyma
cells are numerous in the bundles between the primary conducting ele-
ments both in the phloem and the xylem.
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Can this small number of parenchyma cells be the factor limiting
expansion of the bundles? The hypothesis of Sheldrake and Nort-
hcote (1968) concerning the origin of auxins suggests an interesting
answer to this question.

In cut and explanted Nicotiana internodes, auxin production conti-
nues. Their presence is indicated by the callus forming on more and more
cut surfaces through the morphologically lower end of the internode.
Sheldrakeand Northcote (1968) demonstrated that there exists a
direct relation between auxin production and the formation of callus, and
the activity of cambium and xylem differentiation. They advanced the sug-
gestion that the differentiating xylem in the internode is the source of
auxins or their precursors, If cambium is active in the cut off internodes,
new auxins form from the decomposed cellular content of the differen-
tiating xylem elements. Part of them is transported down the internode
producing callus on the cut surface, while the rest remains in the inter-
node stimulating cambial activity and xylem differentiation. Owing to
this differentiation new auxins arise and in this way both these proces-
ses automatically regulate and maintain themselves.

If this hypothesis is correct, both the differentiating fibres and the
conducting elements of xylem are the source of auxins. If, however,
the auxin precursors formed owing to the differentiation of the conduct-
ing elements of xylem are at the same time utilised in them and tran-
sported to other parts of the plant, then what happens with the auxins
which form owing to fibre differentiation? It is possible that they pass to
living cells and stimulate their divisions. When the fibres in the bundles
do not differentiate, and the parenchyma cells are scarse and irregularly
distributed, the auxin precursors are transported to the sites of the same
bundle which are in different stages of differentiation. In this case, the
auxins would be utilised mainly for differentiation of the bundles in lon-
gitudinal direction, and less for extension growth of the bundles laterally
or radially.

The limited growth of the bundles, particularly laterally, is perhaps
an essential trait of Bougainvilluea shoots distinguishing this genus and
similar ones with an atypical secondary growth from most dicotyledones
with a normal primary structure and typical secondary growth. This is
an essential and fundamental difference associated with: atypical for
dicotyledones distribution of the bundles, the presence of a cylinder of
meristematic tissue surrounding all the vascular bundles existing at the
given time and atypical secondary growth. All or some of these characte-
ristics occur in monocotyledones in which the bundles also have a limit-
ed growth. The organisation and development of the vascular system in
the shoots of some monocotyledones e.g. Prionium (Zimmermann
and Tomlinson, 1968) has many traits in common with the
system of Bougainvilluea. The lack of similarity as regards all these

H
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characteristics with many other monocotyledones, is, maybe, connected
with the different mode of elongation and growth in thickness of the
Bougainvillaea shoots on the one hand, and the stems of monocotyledo-
nes with intercalar meristem on the other.

The above quoted suggestions are attractive since they stress the com-
mon features of the organisation and development of the vascular system
in plants in general. The general regularities of the development of bun-
dles — the basic units of the vascular system — are attained in parti-
cular plants in different systems, therefore the final form of this system
is not uniform. Any biological variability, namely, is based on what is
invariable.

C. Coordination of leaves and stem development

On the basis of the restricted but spectacular experimental studies it
may be affirmed with certitude that the development of the stem and of
the leaves are closely coordinated.

It is probable that in these interrelations the vascular system plays an
essential role.

When a young not fully developed leaf is removed, the growth of a
certain segment of the stem below this leaf in inhibited. The limitation
of growth is the more pronounced the younger the leaf in question.
Experiments of this kind were carried out mainly on plants with decus-
sate phyllotaxis (sunflower seedlings — Wetmore and Garrison,
1966; Coleus — Jacobs and Bullwinkel, 1953). In such phyl-
lotaxis only one internode was inhibited in growth below the pair of
removed leaves. On this basis Wetmore and Garrison (1966) con-
sider that the leaf and the internode below it constitute a physiological
growth unit. Probably, however, even in plants with decussate leaf ar-
rangement, this unit does not always comprise only one internode. Proof
of this may be found in the studies of Wangermann (1967). This
author described the influence of leaf removal on the differentiation of
primary Xylem in the shoots of Coleus. She removed one of the pair of
youngest leaves exposed in the bud. For the first 10 days after its re-
moval, new vessels did not appear in the internode beneath this leaf.
At the same time number of vessels below the control leaf doubled. New
vessels differentiate below the removed leaf between the 11th and 22nd
day. Their differentiation, however, is influenced by the leaf of the youn-
ger pair which develops above the removed one. The influence of a leaf,
therefore does not extend to one, but to two internodes beneath it. This
is due to the fact that in Coleus the bundles of each leaf run down the
shoot through two internodes and then unite with others and lose their
individuality.

It would seem, therefore that the physiological growth unit is the
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leaf and a segment of the stem below it difficult to define, which even
in plants with decussate phyllotaxis does not always correspond to one
internode as Wetmore and Garrison believed. In plants with spi-
ral phyllotaxy, however, one internode is never such a growth unit. As
proof of this may serve the experiments on Gleditschia triacanthos (N e-
ville 1961). They consisted in that a very young leaf primordium (100
—300 p) was destroyed in the seedling bud. On the grown seedling, the
scar lay lower than the base of the leaf older than the one removed.

If in some plants one internode is included in the growth unit, it is
not because it is the segment between the bases of two successive leaves,
or between the bases of two succesive leaf pairs, or else between two suc-
cessive leaf whorls. The growth unit of the stem is probably identical
with a repeatable unit of the vascular system in the longitudinal course.

This supposition may be referred to the views of Priestley and
Scott (1933). According to these investigators the growth unit in shoots
of dicotyledones depends on the phyllotaxy. In 1/2 phyllotaxy, the stem
consists of units occuring along two ortostichis. In connection with this,
on the cross section of the shoot at any level two different-sized units
can be distinguished: a larger one which is the prolongation of the nea-
rest leaf, and a smaller one — the prolongation of the successive higher
lying leaf on the opposite side.

In 1/3 phyllotaxy three leaf primordia grow simultaneously at the
apex. The shoot then consists of substituable units every three interno-
des along three ortostychis. When the leaves are disposed according to
the 2/5 or higher fractions, the number of growth units increases cor-
respondingly.

Priestley and Scott (1933) considered that the growth units dis-
tinguished on the basis of phyllotaxy should find their reflection and con-
firmation in the anatomical structure, particularly in the vascular bundle
arrangement. Thus, the growth units of the stem should correspond to
the units of the vascular system. This most probable suggestion was not
proved, however, either by its authors or by other investigators owing to
the simple reason that, when the phyllotaxy is the same, the arrange-
ment of the bundles may differ, and therefore the growth units of the
stem cannot be defined solely on the basis of leaf arrangement. The sa-
me phyllotaxy may be associated with several definite modes of bundle
union (Putawska, 1965), The growth units of the stem and of the va-
scular system change with the stem growth rate, whereas phyllotaxy
remains the same. On the thick sprouts of Bougainvilleea more leaves
grow simultaneously than on the thinner lateral shoots. Thus in the for-
mer bundles from more distant leaves unite than in the latter, in spite
of the same limiting divergence.

A change of limiting divergence from 137.5° to 99.3° causes the de-
velopment of the thickest sprouts.
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SUMMARY

The chief result of the present study was the elucidation of the developmental
relations between the peripheral cylinder of meristematic tissue and the wvascular
bundles in the young parts of shoots, and of the relation between these bundles
from the young elongating parts of the stem and those formed during secondary
thickening in the older parts, The lower segments of the bundles of the leaves
differentiate in the meristematic zone, and the upper segments of the same bundles
run upwards into its interior and differentiate in the subapical part of the stem
from procambium, The middle and upper segments of the bundles which run inside
of the meristematic cylinder have exclusively primary tissues, and the lower seg-
ments of these bundles have mainly or exclusively secondary tissues. This com-
bination of primary and secondary tissues along the shoot fis a general regular
characteristic which is particularly pronounced in Bougainvillaea, since the upper
segments of the bundles run beyond the site where secondary tissues arise. The
youngest bundles of each leaf have on one side connections with the finest net-
work of the blade veins, and on the other side in the stem they unite with secon-
dary tissues closer to the base of the given leaf than the older ones. This kind
of connection is probably a general rule and is justified by physiological reasons.

Lateral extension growth of the bundles is limited. This is probably an essen-
tial specific trait associated with: nontypical for most dicotyledones arrangement
of the bundles, occurence of the cylinder of meristematic tissue outside all the
bundles and atypical secondary growth.

In the thick fast-growing sprouts bundles of more distant leaves unite than in
the thinner slowly-growing lateral shoots with the same leaf arrangement (limiting
divergence 137.5°), In connection with this, on the cross sections through sprouts
there are more bundles than on the cross section through lateral shoots, and when
the bundles are more numerous the stem is thicker. When the leaf arrangement
is the same, but the rate of growth of the stem different, the units of wvascular
system and those of stem growth are correspondingly changed. The changes in
the mode of uniting of the bundles are the expression of a close morphological har-
monistation of the entire shoot, and particularly of its entire vascular system.

The authoress gratufely acknowledges professor Henryk Telezynski for
his helpful comments on the manuscript.
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Ogdlne i swoiste cechy organizacji i rozwoju waskularnego systemu w
pedach Bougainvillaea glabra Choisy (Nyctaginaceae)

Streszezenie

Glownym rezultatem niniejszej pracy jest wyjasnienie jaki jest zwiazek mie-
dzy peryferycznym cylindrem merystematycznej tkanki a rozwojem wiazek w mto-
dych czeSciach todyg, oraz w jakiej relacji pozostajg wigzki z mtodych rosnacych
na dlugos¢ czeSci lodygi do wigzek powstalgeyeh podezas wtérnego grubienia
w starszych jej czeSciach. Dolne odcinki wigzek poszczegélnych lisci réznicuja sie
w merystematycznym cylindrze, gérne za§ odcinki tych samych wigzek biegng do
wnetrza od niego i w subapikalnej czeci lodygi réznicuja sie z prokambium, Srod-
kowe i gorne odeinki wigzek, ktére biegna do wnetrza od merystematycznego cy-
lindra majg wylgeznie pierwotne tkanki, a dolne odeinki tych samych wigzek majg
gtéwnie, lub wylacznie wtérne tkanki. Tego rodzaju polaczenie pierwotnych tkanek
z wtérnymi wzdluz lodygi jest powszechna prawidlowoscia, ktéra u Bougainvillaea
jest szczegolnie wyrazista, poniewaz gérne odeinki wigzek biegng poza miejscem
powstawania wtornych tkanek, Najmlodsze wiazki kazdego liscia z jednej strony
maja polgczenie z najdrobniejsza siatka unerwienia blaszki, a z drugiej strony
w lodydze laczy sie z wtornymi tkankami majblizej nasady damego liscia. Tego
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rodzaju polgczenie jest prawdopodobnie powszechna prawidiowoscig 1 jest uza-
sadnione wzgledami fizjologicznymi.

Rozrost poszezegélnych wiazek, zwlaszeza na boki jest ograniczony. Jest 1o
prawdopodobnie zasadnicza swoista cecha, z ktorg z konieczno$ei wspoélistnieje: nie-
typowe dla wiekszo§ei dwulisciennych rozmieszezenie wigzek, obecnosé cylindra
merystematycznej tkanki na zewnatrz wszystkich, aktualnie istniejacych wiagzek,
oraz nietypowy wtérny przyrost.

W grubych, szybkorosnacych odnawiajacych pedach lacza sie wiazki dalszych
sobie — okreélonych graniczna dywergencja — lisci, niz w cienszych, wolnorosnacych
bocznych pedach o takim samym rozmieszezeniu lisci (graniczna dywergencja 137,5°)
W zwigzku z tym na poprzecznych przekrojach przez roczne odnawiajace pedy jest
wszystkich wigzek wiecej, niz na poprzecznych przekrojach przez roczne boczne pe-
dy. A gdy wiecej jest wigzek, grubsza jest rowniez lodyga. Przy takim samym roz-
mieszczeniu lisci, ale niejednakowym tempie wzrostu pedu, niejednakowe sa za-
réwno jednostki ukladu wigzek, jak i odpowiadajace im jednostki wzrostu todygi.
Zmiana w sposobie laczenia sie wigzek jest wyrazem Scistego morfologicznego
sharmonizowania calego pedu, a w szczegdlnosci calego jego waskularnego sysiemu.
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