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Summary

It is well known that studies on xylem formation in forest trees have been numerously
done. Most of them, however, dealt with longitudinal elements, i. e. tracheids, vessels or fibers,
and a fewer with horizontal elements, i. e. rays. In this study, therefore, cell types of the so-
called ray initials and differentiating processes of the rays in Japanese larch, Lariz kaempferi,
were investigated microscopically.

Throughout the two growth seasons (Apr. to Oct. in 1974 and May to Nov. in 1975),
specimens which contained xylem-cambium-phloem were punched out from the stems in about
10 year-old trees at the experiment tree nursery in the campus of Hokkaido University,
Sapporo. The specimens were fixed in FAA or 2.5% glutaraldehyde in 0.1 M phosphate buffer
(pH 7.2). -A part of each specimen was embedded in celloidin or paraffin for light microscopy,
and the remainders in epoxy resin for ultraviolet microscopy. Sections for light microscopy
were stained with safranin-fast green, or toluidine blue-O. For ultraviolet microscopy, semi-
ultrathin sections (0.5 ym in thickness) were cut from the embedded specimens, and the epoxy
resin was removed from the sections by Yensen’s procedure!®. The sections were mounted
on quartz slide-cover glass with glycerin. UV photographs were taken with 280 my in wave
length using ultraviolet microscope (Carl Zeiss MPM-01).

In Japanese larch, there are two tjpes of rays, i.e. uniseriate and fusiform ray. However
only uniserate rays were examined in this study. Uniseriate rays consist of ray parenchyma
cells and ray tracheids in the xylem. Therefore, it is reasonable to separate the cambial
ray cells (so-called ray initials) into two sorts, that is, ones which produce ray parenchyma
cells and anothers ray tracheids. In this study, the former is called cambial ray parenchyma

cell and the latter cambial ray tracheid. Consequently, the cambial ray consists of cambial
\ ray parenchyma cells and cambial ray tracheids such as in mature xylem ray. The results
obtained are as follows.

1. Cell types of the ray initials

The cambial rays consisted of several or more horizontal rows, in which cambial ray
parenchyma cells or cambial ray tracheids were located respectively. The horizontal rows of
cambial parenchyma cells were naturally connected with ones of mature ray parenchyma cells,
and ones of cambial ray tracheids with mature ray tracheids.

In dormancy. most of the cambial ray parenchyma cells were isodiametric and a fewer
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were radially elongated (Photos 1-5). The cambial ray tracheids in the marginal rows were
longitudinally elongated and ones in the rows between the marginal rows and the rows of
the cambial ray parenchyma cells were small isodiametric. In growth season, cell divisions
(mitises) of the cambial ray parenchyma cells occurred only in the radially elongated cells,
but not in the isodiametric ones (Photo 6-8). Judging from such observations, it is considered
that the isodiametric cells of the cambial ray parenchyma cells were so-called “Initials” which
were located at the boundary between xylem and phloem. As a result, it is presumed that
the radially elongated cells were so-called “Mother cells”. In the cambial ray tracheids, how-
ever, such difference in shape were not observed.

2. Differentiating processes

At first, future ray parenchyma cells as well as future ray tracheids began to elongate
in horizontal direction (Photos 6 and 7). However their diameters were not enlarged in both
typed cells. From such view point, therefore, it is considered that the term, so-called surface
growth such as in longitudinal tracheids is unsatisfactory to explain this differentiating stage.
In the case of the elongation of future ray tracheids which were located in the marginal row
and were longitudinally elongated, especially, it is noticeable that the long axes of their cells
were gradually transformed from in longitudinal direction to in horizontal one. Synchronizing
with the elongation, nuclei in future ray parenchyma cells and future ray tracheids were sparse
in content and elongated horizontally. 7

In future ray parenchyma cells, secondary wall formation did not follow immediately after
their elongation, such as in longitudinal tracheids. That is, the secondary wall formation was
not initiated for some time in spite of the completion of the elongation (Photo 9). Consequently
it is presumed that there is a short pause of the differentiation between the completion of
the elongation and the initiation of the secondary wall formation. In future ray tracheids,
however, such phenomenon could not be observed.

After such short pause, secondary wall formation was initated (Photos 11-13 and 17).
Because the cells which began to form their secondary wall were irregularlly appeared in the
differentiating ray, secondary wall formation seems to be initiated individually in each cell. It
is considered that secondary wall began to be deposited simultaneously on the whole primary
wall of future ray parenchyma cell, since difference of the thickness was not detected in this
study.

Immediately after the initiation of the secondary wall formation, the walls were rapidly
lignified (Photos 14-16 and 18). Ray parenchyma cells maintained their protoplasms in the
lumina, but ray tracheids lost them and their lumina were empty. :
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Explanation of Photos

Radial section of dormant cambial ray showing isodiametric (I), radially
elongated (RE) cells in cambial ray parenchyma cells, and longitudinally
elongated (LE) and small isodiametric (SI) cells in cambial ray tracheids.

Radial section of relatively small cambial ray in dormancy.
Radial section of small cambial ray with three horizontal rows in dormancy.,

Radial section of small cambial ray in dormancy showing three horizontal
rows in which only cambial ray tracheids are existed.

Radial section of extremely small cambial ray showing only two horizontal
rows.

Radial section of cambial ray in growth season. Mitosis is occurred in
cambial ray tracheid (arrow).

Radial section of cambial ray in growth season. Three mitoses in each
radially elangated cell and one in ray tracheid are seen.

Radial section of cambial ray in growth season. Two mitoses are seen in
two cells in the same horizontal row.

Radial section of differentiating ray. Secondary walls are not initiated to
form, in spite of completion of the elongation.

Radial section of differentiating ray. Secondary wall formation is not
still initiated except for one cell.

Radial section of differentiating ray. The cells which are adjacent to
growth ring boundary are initiated to form the secondary walls.

Radial section of differentiating ray. The cells in which secondary wall
formation is initiated are seen at the marginal rows in the ray.

Radial section of differentiating ray showing the occurrence of the cells
with secondary walls in the ray.

UV microphotograph of tangential sections at each position in current
growth ring showing no UV absorption in ray parenchyma cells. June,
25th.

UV microphotograph of tangential sections at each position showing UV
absorption in some of ray parenchyma cells at 75% position and all at
100%. July, 25th.

UV microphotograph of tangential sections at each position showing UV
absorption in some of ray parenchyma cells even at 30% position.

Polarizing microphotograph of radial section.
UV microphotograph of radial section showing lignified cell walls.

Radial section of ray showing disappearing process of nuclei in ray
tracheids.
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