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Study on the Wood Formation in Trees

Report 1. Seasonal Development of the Xylem Ring of
Japanese Larch Stem, Larix leptolepis GORDON

By

Hitoshi ImacawA and Shigeo IsHipa
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Fig. 1. Diagram of the newly formed cells and the cambial
cells between cross nicol prisms.
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Fig. 2. An example of R/T ratio variation from earlywood to latewood in

a growth ring of sapwood. Each sopt shows the value of R/T ratio of
one tracheid in each of four radial rows selected for the measurement.
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Smoothed curves resulting from plotting of the cell number in the various tissue zones
at the breast height of larch stem in Tomakomai, Hokkaido. Primary wall zone con-
sists of cambium and enlarging tissue cells. Secondary wall zone consists of secondary
wall thickening cells and mature tracheids.
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Fig. 5. Variation of the cell number in primary wall zone. The dotted
line illustrates the number of cells which are enlarging over
0.3 R/T ratio. All except:these enlarging cells in primary wall
zone were defined as “cambial cell”.
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Fig. 6. Variation of the number of cells defined as “cambial cell”.
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Fig. 7. The number of the newly differentiated cells into
secondary wall zone for every 10 days.
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Fig. 8. Disappearance of the enlarging cells over 0.3 R/T ratio in primary
wall zone and cessation of the earlywood formation. Note Figs. 4, 5.
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Fig. 9. The number of the newly differentiated cells into mature tracheids
for every 10 days. Cell differentiated to lose protoplasm in the
lumen was defined as “mature tracheid”.
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Fig. 10. Seasonal variation of the frequenéy of the cell divisions.
The frequency was calculated from number of the cells
which were formed for every 10 days.
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ring formation on each time can be obtained.
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Summary

In this paper, the seasonal development of the xylem ring (at breast height) of larch
(Lariz leptolepis GORDON) stem grown at the Tomakomai College Experiment Forest,
Hokkaido University, was described.

The average height of the four trees selected for the experiment was 17m, the
average diameter at breast height was 31 cm and the average value of the average ring
width of each tree from 1962 to 1966 was 2.5 mm.

From the north side at breat height of each sample tree stem, a small block with
some annual rings and bark was punched out with a chisle at 10 day intervals from
April to November in 1967. The block was fixed immediately in formalin-aceticacid-
alcohol (FAA) and embedded in celloidin. Sectioning was done chiefly in the transverse
plane on a sliding microtome, and the sections were mounted on slides for microscopy.

In the transverse section, five radial rows of cells between the last summerwood and
the last phloem were selected for measurement and observation. Only those rows were
selected in which all cells were maximum in tangential diameter, in order to avoid the
narrow places near the tips of cells. These rows were separated into three zones defined
below.

Cells in which only the primary wall was present were readily distinguishable from
those in which secordary wall formation had initiated by their low level of birefringence
when examined between cross nicol prisms in a polarizing microscope (Fig. 1).

The secondary wall zone (appeared as a bright zone between cross nicol prisms) con-
tained newly formed xylem cells forming at least the S; layer. The primary wall zone
(appeared as a dark zone) included cambial cells, xylem cells and phloem cells which began
to enlarge before initiating secondary wall formation. The phloem (bright zone beyond
the primary wall zone) contained newly formed phloem cells.

Therefore, the total number of newly formed cells is the sum of the cells in the
primary wall zone, secondary wall zone and phloem in the given radial row of the current
year’s ring (Fig. 4).

On the other hand, seasonal diameter growth of the tree stems at breast height was
measured with the dial gauge dendrometer, a modification of Reinke’s Precision Den-
drometer (1932) (Fig. 3, Photo 1).

The results obtained are as follows:

1. The redivision of the cambial cells initiated on about the 10th of May. This time
was determined by the first occurrence of the phragmoplast in the cambial cells in early
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spring (Photo 3).

2. The number of the primary wall zone cells was counted and it tended to increase
in early June and then decrease by late September (Fig. 5). A method of discriminations
between cambial cells and differentiating cells in the primary wall zone was formulated.
In this paper, cambial cells are defined as cells in the primary wall zone which are less
than 0.3 in R/T ratio (R: radial diameter of cells, T : tangential diameter of cells) (Fig. 6).

3. When comparing the seasonal tendency of the number of differentiating cells
which began to form secondary wall in a 10 day period (Fig. 7) and the number of
cambial cells in the corresponding period (Fig. 6) a delay in the phase of these curves
was observed. Thus the duration of differentiation from cell division to initiation of
secondary wall formation is thought to be constant.

4. In the secondary wall zone, earlywood cells (defined as more than 1.0 in R/T
ratio) were no longer formed in early July (Figs. 2, 4). At the same time enlarging cells
(more than 0.3 in R/T ratio in the primary wall zone) disappeared (Fig. 8).

5. The cell which had no protoplast in the lumen was defined as a mature tracheid
(Photo 7). The seasonal process of maturation of tracheids (Fig. 9) is concerned with
the frequency of cell divisions (Fig. 6) and the duration of cell wall formation (Fig. 8).

6. Cambial cells divided most frequently from early June to early July (Fig. 10). The
cambium always consisted of 10 cells and 0.7 cells of them were divided per day (Fig. 6)-

7. The ring width (radial width) and the number of the newly formed cells were
compared in percentage (Figs. 11, 12). The percentages of the ring width at each given
date (width of the secondary wall zone) were calculated upon the total ring width on the
1st of November (Fig. 13).

8. The increase in stem diameter, which was measured with dial gauge dendrometer,
ended earlier than xylem formation obtained by the section (Fig. 14). In spring and late
summer (autumn), however, both measurements were very similar. Thus the readings
with the dendrometer may correspond well to the xylem formation.

Explanation of photographs 1~7

Photo 1. The dialgauge dendrometer was set on the north side at the breast height of larch stem:
Photo 2. Cross section of the dormant cambial cells. April 25th. Embedded in celloidin. X 300.

Photo 3. Initiation of the cell division. Phragmoplast (arrow) in the cambial cell can be seen.
Cross section of May 15th. X 600.

Photo 4. Cambial cells and enlarging cells in primary wall zone. Cross section showing the
difficulty to distinguish the cambial cells from others and non-secondary formation by
this time. June 4th. x300.

Photo 5. Primary wall zone and a portion of the secondary wall zone. Cross section of July
7th.  %x300.

Photo 6. Cessation of the cell division. Cross section showing the hardened radial wall of 3
or 4 cambial cells and the “gel state” of protoplasm. October 12th. X300.

Photo 7. Comparison of the mature tracheids and the differentiating cells by the difference of
the birefringence of the secondary wall. Two photos (A.B) from the same area of
a section showing that a differentiating cell with protoplasm (A) have no S; layer (B)
and a mature tracheid without protoplasm (A) have S; layer (B). X 600.
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