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Abstract

Some studies were undertaken to identify the association of distribution pattern of phetosynthetic
assimilates with the phyllotasis and vascular system in tomato plants. The vascular system

of tomato consisted basically of four orthostichies with two vascular bundles from each

leaf. Tt was clearly observed that the arrangement of the wascular system affected a distribution
pattern of MC-azsimilates. The source leaves exported only a smaller portion of their

assimilates to young leaves located on the opposite orthostichy to them, as compared with

those on the same as well as side orthostichies. Since tomato plants have a sympodial branching
system, the leaf which was sitnated just abowe the inflorescence differentiated in advance

to the inflorescence. The vascular bundles of the leaf in a sympodial branch near inflorescence
developedin the location between the inflorescence and the leaf just above 1t. This vascular
pattern cause alimited distnbution of photosynthetic assimilates to the inflorescence from

the leaf st above 1t.
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Introduction

The studies on translocation and distribution of
photosynthetic assimilates in tomato plants, which
were earlier undertaken by the author and his group,
indicated that there existed a special inclination in
the distribution pattern of assimilates between source
leaves and sinks, and that the inclination was not
disordered but primarily dependent upon their posi-
tional relationships on a stem™®.

In regard to the phyllotaxis of tomato plants,
Lehmann® described that the leaves developed
alternately with a 2/5 phyllotaxis. Usugami”, how-
ever, demonstrated four orthostichies of phyllotaxis
in tomato plants, which showed a combined diver-
gence of 90° and 180°.

According to the study results obtained by the
author”, variations in the distribution pattern of pho-
tosynthetic assimilates showed a high correlation with

the positions of leaves specified on the basis of four
orthostichies. Therefore, the arrangement of vascular
system corresponding to the relevant phyllotaxis
might affect a pattern of distribution of photosyn-
thetic assimilates.

To identify the phyllotaxis precisely, it is neces-
sary to take some physiological index into account,
in addition to the estimation based on external
observations. In this context, there is a relevant issue
to be revealed yet in tomato plants, which issue
relates to the arrangement mechanism in a vascular
system that links an inflorescence with the leaf just
abowve it, It is observed that inflorescences develop
with divergence of 180° on the opposite side of the
respective leaves just above them, and that the dis-
tribution of photosynthetic assimilates from those
leaves to the inflorescences just below them are lower
in general than those from other leaves. Such a dis-
tribution pattern of assimilates has not well been ex-
plained by the present knowledge on arrangement



mechanism in a vascular system.
The present paper accounts for the results of the
studies pertaining to the above subjects.

Distribution of photosynthetic assimilates in
each of the leaf positions on a stem

Table 1 indicates that in the upper two leaves, a
higher percentage of distribution is observed in the
uppermost leaf than in the next one, with one ex-
ception among the four orthostichies. This is the
case in which the upper leaves were situated on the
same or side orthostichy in terms of their relative
positions to their relevant source leaf. However,
when the leaves on the opposite side of orthostichy
were included, the distribution to the leaves situated
on the opposite side to the source leal was lower,
irrespective of uppermost leaf and next uppermost
leal,

Fig. 1 shows the distribution pattern at the grow-
ing stage of fruit thicking. The highest percentage
of distribution took place in the first inflorescence,
except the case in the 9th and 12th leaves (leaf just
above the inflorescence). The 9th leafl of tomato
plants under this experiment had a lateral shoot to
be grown as the next main stem under a sympodial
branching system. It was, in appearance, situated
just above its relevant inflorescence. The distribu-
tion of assimilates from that 9th leaf to the second
inflorescence was higher than that to the first
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Distribution pattern of the assimilates as
affected by phyllotaxis
Ll: Basal leal, A: Apex,
Lf: Source leaf, Lu: Leaves above or be-
low Lf, Su, S/: Stem above or below Lf,
R: Roots,
Source: Shishido & Hori (1977)™.

Distribution of the assimilates to young leaves and apex in relation to phyllotaxis

Percent. distribution 1o uppermost

Source leaf Yeal dnd next uppeciost leal Percent. distribution to apex
Leaf Leaf The . . . The The . 3
stage Aber camet Side Opposite Side same** GiEes Side Opposne_

2 10.3 3.1 14.0
6 3 3.2 9.6 10.8
4 1.4 5.4 11.5
2 4.1 20.7 10.8
7 3 9.1 22 17.5
4.6 12.2 |
2 22.3 10.0 6.7
8 3 1.9 19.9 4.6
4 13.5 0.9 10.2

* Leaf | is basal.
** Relative position to source leaf.
*** Relative position of outermost leaf to source leaf.
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inflorescence. It was also observed in the 12th, which
was situated on the same orthostichy with 9th leaf,
that both of the first and second inflorescences did
not function as a major sink,

Arrangement of a vascular system

A diagrammatic model of the arrangement of a
vascular system in tomaio plants is presented in
Fig. 2. As indicated in Fig. 2, no direct connection
is recognized between the two cotyledons, L1 and
L2, and L3 and L4, respectively. In more general

terms, there exists no direct route between L2,,_; and

La,. The direct route upward exists between Ly,
and the right-hand side of La,,;, or the left-side
of Lyy.2, and between L, and the left-hand side
of Ly, 1, or the right-side of Ly, ; 5, providing that
the plant has a clockwise phyllotaxis. The direct
route downwards exist between Ly, ; and the right-
hand side of Ly, 5, or the left-hand side of Ly, 3,
and between Ly, and the left-hand side of L;,_3, or
the right-hand side of L,,.3, respectively. This
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Fig. 2. Diagrammatic longisection of the stem showing
course of vascular bundles and vascular supply
to leaves in the plant with clockwise phyllotaxis

Cot.: Cotyledone, L: Leaves (LI is basal),
— : Vascular bundle in the fromt of stem,
=== ¢ Vascular bundle in the back of stem.
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implies that the adjacent leaves, or L,,_; and Ly,
have only an indirect route in the above-noted vas-
cular system,

[n reference to the arrangement of vascular sys-
tem in connection with inflorescence and adjacent
leaves, the system is shown in Fig, 3. The vascular
bundles of the lateral shoot (Laty,) of L, just below
the first inflorescence wedged themselves in the mid
part between the main stem and the L, bundles.
This might have caused some impediment to the
function of vascular bundles connecting the first in-
florescence with Ly, It was however confirmed in
the observation on stained vessels in the main stem
that the Ly, vascular bundles themselves run parallel
to those bundles coupling with the first inflorescence,
and that the staining solution readily moved through
the former route®,

The vascular bundles of the first inflorescence and
those of leaf just above it were wedged by bundles
of the lateral shoot of the leaf. (The lateral shoot,
which is morphelogically a sympodium, is called “‘a
main stem”’ for its external appearance and cultural
convenience.) As a consequence, a direct connec-
tion was not observed between the bundles of first
inflorescence and those of leaf just above it. In the
latter system, no exchange of the staining solution

Laty

Fig. 3. Diagrammatic longisection of the stem showing
vascular arrangement around the inflorescence
La: Leaf just above the inflorescence(F),
Laty: Sympodium, Latg-L1: Ist leaf on the
sympodium, Lb: Leaf just below F, Laty:
Lateral shoot from Lb, —: Vascular bundle in
the front of stem, ---: Vascular bundle in the
back of stem.
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took place. This proves that the vascular bundles anthesis showed the same level of functions as a sink,
of the first inflorescence run parallel to those of leaf which was equal to that of young leaf and much
just above it without any cohesion. Such an arrange- less than that observed during their fruit thicking
ment of vascular system held true irrespective of the growth. The percentage of distribution and RSS of
number, i.e. even or odd of leaf just below the in- the photosynthetic assimilates to the inflorescence
florescence. from source leaves were therefore controlled by two

factors: one was the relative position among those
Distribution pattern of the assimilates to concerned leaves, and the other was the relative
inflorescence before anthesis from different position of the inflorescence and their source leaves.
leaf positions The data obtained indicated that a close relationship
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Table 2. Distribution of '*C-assimilates and relative strength as a sink (RSS) in relation to source leaf
position on the plant with the first inflorescence after initiation of 8th leaf*

Plant parts as sinks

Tth leaf 8th leaf 1st inflorescence Apex**
Source leaf -
% % Wy L
distribution > distribution  T°0  distribution  N°°  disibution | RoO
L3 1.31a%** 15a 8.00a 308a 1.55a 310a 5.17 820
L4 4.98b 54b 0.34b 15b 3.94b T4lb 1.66 265
LS 1.95a 244 2.78b 126a 0.55¢ 89¢ 2.58 368

* The 8th leaf apparently situates above the st inflorescence.
** Apex is situated as relative position of outer most leaf to the source leaf.
*** Different alphabets imply significant differences at 5% level.

Table 3. Distribution of “*C-assimilates and RSS in relation to source leaf position on the plant
with the first inflorescence after initiation of 9th leaf*

Plant parts as sinks

Gorsse: TodE 8th leaf 9th leaf Ist inflorescence Apex**
LY Oy afy o
distribution R3S distribution RS distribution RSS distribution 535
L4 1.24a%** 16a 4,99 131ab 1.16a 145a 4,58 188
LS 4.88b 72b 1.43a 50a 2.4la 271b 4.63 354
L6 2.]3:1_ 29a 6.95a 24?3__ 059:1_ G4b 12.63 509

* The 9th leafl apparently situates above the inflarescence.
**: *** The same as Table 2.
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between the functions of four orthostichies and the
distribution patterns of photosynthetic assimilates as
source and sink existed among the same and side
orthostichies, but not among the opposite orthosti-
chies. This relationship proves that the position of
the first inflorescence before elongation of its sym-
podium was born in accordance with the four-
orthostichy system, even though that inflorescence
was situated on the opposite side to L8 in appear-
ance at the advanced stage of its growth,

Discussions

In tomato plants, the vascular bundles running
toward a stem from the bilateral sides of petiol are
connected with a semicircular-shaped vascular of the
stem at the petiol, from which vascular two bundles
are bilaterally developed upward and downward as
well.

The same pattern as above is also maintained in
the development of phyllotaxis in tomato which con-
sists basically of four orthostichies. It is therefore
concluded that the specific pattern of distribution
of photosynthetic assimilates is determined with the
following two factors: one is the arrangement of
vascular bundles, and the other is the degree of con-
nection between these bundles. No direct connee-
tion of vascular bundles exists between the leaves on
the opposite orthostichies, and as a consequence, no
exchange of the assimilates takes place. Connections
are held through one and two vascular bundles be-
tween the leaves on the side and same orthostichies,
respectively, and distributions of assimilates are af-
fected by degrees of their connection.

Providing that the phyllotaxis and arrangement of
vascular bundles in tomato plants are determined in
accordance with four orthostichies, the position of
leaf just above the first inflorescence should vary ac-
cording to the number of its lower leaves, even or
odd. If the inflorescence develops above the even
number leaf, its position should be opposite to the
leaf just above it with divergence of 180°. If the
inflorescence develops above the odd number leaf,
its position should be on the side orthostichy with
divergence of 90°, whereas the apparent divergence
is 180°. The distribution patterns of assimilates 10
the first inflorescence from leaves just below as well
as above the first inflorescence were the same in those
two cases, where the leal number was even and odd
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at the fruit thicking stage. This feature is not con-
formable to the distribution patterns and RSSs ob-
tained in relation to the inflorescence and its source
leaves before anthesis.

It was observed in this experiment that the vascu-
lar bundles of new leaves wedged in between the
inflorescence and the leafl just above it, thereby the
direct connection of these two parts were hampered.
In addition, the leafl just above the inflorescence
might have supplied some nutrient to the lateral shoot
from that leaf. These factors may justify the
decreased trend of assimilates to the inflorescence
from the leal just above it.

Very few information is presently made available
in regard to the developmental mechanism of second-
ary vascular bundles during the growth of sympodi-
um in plants with a sympodial branching system. In
case of tomato plants, however, it is concluded that
their phyllotaxis consists of four orthostichies with
divergence of 180° and 90°, and that the distribu-
tion of photosynthetic assimilates is closely associated
with the arrangement of vascular system.
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