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Fig. 1. Schematic diagram of the seasonal sequence
of the radial growth in Kara-matsu, Larix
kaempferi.

1; at the early of Apr. (dormancy)

2; at the late of Apr.

3; at the late of May.

4; at the late of June.

5; at the late of Oct. (dormancy)
c; cambium, cp; cambial ray parenchyma cell, cr;
cambial ray tracheid, u; undifferentiated cell, et;
differentiating earlywood tracheid, lt; differentia-
ting latewood tracheid, m; mature earlywood tra-
cheid, ml; mature latewood tracheid, r; ray pa-
renchyma cell, t; ray tracheid, p’; phloem pare-
chyma cell in the previous year, p; phloem pare-
nchyma cell in the current year, s’; sieve cell in
the previous year, s; sieve cell in the current year,
f: differentiating fiber-sclereid, mf; mature fiber-
sclereid, cs; crushed sieve cell, b; boundary of
the previous year’s growth ring.
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Fig. 2. Schematic diagram of the seasonal sequence of the radial
growth in Hari-giri, Kalopanax pictus.

1; at the early of Apr. (dormancy)

2; at the late of Apr.

3; at the middle of May

4; at the early of July

5; at the early of Nov.

6; at the late of Oct. (dormancy)
c; cambium, v; differentiating earlywood vessel, mv ; mature
earlywood vessel, lv; differentiating latewood vessel, mlv;
mature latewood vessel, s"-2; second group of sieve tubes
in the previous year, s-1; first group of sieve tubes in the
current year, s-2; second group of sieve tubes in the current
year, p’; phloem parenchyma cell in the previous year, p;
phloem parenchyma cell in the current year, i; intercellular
space in the phloem parenchyma cell, f; differentiating ph-
loem fiber, mf; mature phloem flber, cs; crushed sieve
tube, b; boundary of the previous year’s growth ring.
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Fig. 3. Schematic diagram of the pattern of the cambial cell divisions
and the differentiation of the newly formed cells.
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Summary

This paper is separated into three parts. The first is the seasonal sequences of the so-

called radial growth in Larix kaempferi and Kalopanazx pictus. The second is the differentiat-
ing processes, i.e. the pattern of the cell divisions and the lignification. Natually, the first and
the second are very closely related to one another, so that both can not be distinctively sepa-
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rated. That is, the seasonal sequences can be regarded as a flow, while the differentiating
processes also as a cross section of this flow. However, both were separately explained for
convenience in this paper. And the third is the introduction of the new experimental method
for studying xylem formation.

The author has carried out a series of studies on the seasonal sequences of xylem and
pholem development in Lariz and Kalopanazx, and each result has already reported respec-
tively. However, in an actual growth derived from cambium, each seasonal sequence is not
independent, but they proceed simultaneously. Therefore, in order to understand the actual
growth, these individual sequences should be explained collectively. From such view point,
each sequence reported was summarized as follows.

In Larix kaempferi, the three seasonal sequences on the accumulation of the newly formed
tracheids, the formation of the rays and the development of the phloem were schematically
summarized (Fig. 1). In this schematic diagram, the dormant cambium, the initiation of the
cell divisions, the differentiation of the earlywood and latewood tracheids and the ray forma-
tion in the xylem as well as the development of the sieve cells, the phloem parenchyma cells
and the fiber-sclereids in the phloem were graphically shown.

In Kalopanax pictus, the seasonal sequences of the maturation of the earlywood vessels
and the development of the phloem were also schematically summarized (Fig. 2). In this
schematic diagram, the dormant cambium, the initiation of the cell divisions, the differentiation
of the earlywood vessels in the xylem as well as the development of the groups of the sieve
tubes, the phloem parenchyma cells and the phloem fibers in the phloem were also graphically -
shown.

In general, because the quantitative sequences such as increasing processes of the cell
number are greatly influenced by growth condition, it is considered that the qualititative se-
quences such as these schematic daigrams can be more generalized than the quantitative ones.
Therefore, these schematic diagrams shown in this paper seem to be suitable for general
explanations of the radial growth in Lariz and Kalopanaz.

In Lariz. the pattern of the cell divisions for producing the tracheids was also schemati-
cally described (Fig. 3). It was eventually apparent that the groups of the four cambial cells
were essential for the cell divisions. They were easily distinguished by the differences of the
tangential wall thickness. And also in Lariz, the processes of the lignification into the walls
of the tracheids were shown by ultraviolet microscopy. The lignification began in the portions
of the intercellular layer, which were located at the points of contact of the intercellular
layers of the radial or the tangential walls and the cell corners. And then the walls lignified
gradually inward.

For studying xylem formation, new marking method by electrical stimulation was prelim-
minarily examined. This method was applied to several species, i.e. Abies schalinensis, Larix
kaempferi, Cinnamomum Camphore, Alnus japonica and Avicennia marina, and the possibility
for practical employment was suggested. Although some types of the influenced cells were
occurred in the current growth rings. the radially crushed cells seem to be most suitable for
marking because they were aligned tangentially. This method was not fully confirmed experi-
mentally, but it is considered that one of the most attractive directions for study on the xylem
formation was hopefully indicated.



