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Yousaku Hasecawa** Tadashi Yamapa** and Kazuo Sumiva** : Formation of

Wood under Restraint and Properties of the Wood.
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Fig. 1 Diagramatic representation of the experiments for a constant deflection.
(a) Stem bent horizontally and allowed to recover.
(b) Stem bent to upright to keep the apex remained vertical.
(c) Stem bent in the horizontal plane.
The force, Pt, was measured by a spring balance.
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Fig. 2 The relative force required to keep the stem of SUGI tree to the right angle by the
method (a) in Fig. 1. The experiment was began from the season of early wood forma-
tion, May 10, 1968.
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Fig. 3 The relatve force required to keep the stem of SUGI tree to the right angle by
the method (a) in Fig. 1. The experiment was began from the season of the end of
growing season, Aug. 21, 1968.

(O : constant deflection continued
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Fig. 4 The relative force required to keep the stem of SUGI tree to the right angle by

the method (a) in Fig. 1. The experiment was began from the resting season, Dec. 30,
1968.
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Fig. 5 The relative force required to keep the stem of poplar tree to the right angle by

the method (a) in Fig. 1. The experiment was began from the season of early wood
formation, June 22, 1969.
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Fig. 6 The relative force with compensation of diameter growth calculated by the
equation @ from Fig. 2.
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Fig. 7 The relative force with compensation of diameter growth calculated by the
equation @ from Fig. 3.

O
2

3

>

~)

:3 . 2
= JaLn. 69 Apzl:. 69 Noi/, 69
ESIAY) o

®

=

2 05 o

QO

2 Share!

O

% 02]

< 02k

© Uk

= s L Lo L L
3 I 10 107 10 10
W

&

time after bending (hr)

Fig. 8 The relative force with compensation qf diameter growth calculated by the
equation @O from Fig. 4.
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Fig. 9 The relative force with compensation of diameter growth calculated by the
equation @ from Fig. 5.
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Fig. 10 The relative force required to keep the stem of SUGI tree to the right angle by
the method (b) in Fig. 1 compensated by the equation @. The experiment was began
from June 11, 1969.
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Fig. 11 The relative force required to keep the stem of SUGI tree to the right angle by
the method (c¢) in Fig. 1 compensated by the equation . The experiment was began
from June 20, 1969.
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Fig. 12 The relative force requied to keep the stem of SUGI tree to the right angle by
the method (a) in Fig. 1 compensated by the equation (D). The experiment was began
from June 11, 1969.
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Fig. 13 The relative force required to keep the stem of poplar tree to the right angle by
the method (b) in Fig. 1 compensated by the equation (®. The experiment was began
from June 11, 1969.
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Photo. 1 The cross figures of the stem of SUGI tree bent with the method (a) in Fig. 1.
The dark portion indicates the compression wood. The arrows indicate the sampling
position. The direction of gravitational force is parallel to the side edge of this page.

Photo. 2 The cross figures of the stem of SUGI tree bent with the method (b) in Fig. 1.
The dark portion indicates the compression wood. The arrows indicate the sampling
position. The direction of the gravitational force is parallel to the side edge of this page.
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Photo. 3 The cross figures of the stem of SUGI tree bant with the method (¢) in Fig. 1.
The dark portion indicates the compression wood. The arrows indicate the sampling
position. The direction of the gravitational force is parallel to the side edge of this page.
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Fig. 14 Examples of infrared spectra of
the xylem of SUGI trees formed during
restraint by the method (a) in Fig. 1.
They were measured by KBr pellet method.
(N) : Normal wood
(L) : Lower side of the bent stem
(Compression wood)
(U) : Upper side of the bent stem
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Photo. 4 The X-ray diagram of the xylem of SUGI tree formed during the experiment

(a) in Fig. 1. (A) and (B) indicate the lower and upper side of the portion of the

maximum curvature between two supports, respectively. Compression wood was apparent
along the lower side.

A (B)

Photo. 5 The X-ray diagram of the xylem of poplar tree formed during the experiment
(a) in Fig. 1. (A) and (B) indicate the lower and upper side of the portion of the
maximum curvature between two supports, respectively. Tension wood was apparent
along the upper side.
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Summary

The process of wood formation under restraint has been studied with some physi-
cal techniques, especially rheological techniques. The analysis of this process is
considered to be a new branch of rheology in which the heterogeneous structure
caused by a biological excitation play$s a principal role.

Many growing stems of young SUGI (Cryptomeria japonica D. Don) and poplar
(Populus nigra L. var. italica KOEHNE) trees were bent and kept into the right angle in
three types as indicated in Fig. 1 from the growing season, the end of growing season
and the festing season. And the load required to keep the stem to the right angle
was measured with spring balances.

In the bending type (a) of Fig. 1, the relative force relaxed slowly and then it
recovered in the growing season, even if the values were compensated by the diameter
growth (Figs. 2~9). The negative relaxation seemed to take place during secondary
wall formation and lignification. In the resting season the relative force kept a constant
value. And in the growing season of second year, the force recovered slowly again
and when these values were compensated with diameter growth, the force did not
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recover (Figs. 2, 6). In the bending type (b) of Fig. 1, the relative force relaxed
rapidly at the time when the negative relaxation took place in the type (a) (Figs. 10,
12). In the bending type (c) of Fig. 1, these abnormal relaxations did not appear
(Fig. 1. o

These abnormal relaxations of the force were caused by the geotropic recovery of
the stems. And the recovery was related to the reaction wood formation (Photos. 1~3).

The xylem formed under these restraints was studied as to the molecular struc-
ture by the infrared spectra in the range 4000~650 cm-!, the microfibrillar angle and
crystal structure by the X-ray diagram and the lignin contents by Jounson’s technique!®.

The microfibrillar angle of the lower side of a leaning stem was. flatter than the
upper side (Photos. 4, 5), and the lignin content at the lower side was always greater
than the upper side (Table 1, Fig. 14).

From these data the cause of geotropic recovery were discussed in relation to the
formation of reaction wood. If we assume that the cellulose microfibrils are swelled
by the formation of lignin into inter-microfibrillar spaces, as WATANABE'® suggested,
this swelling effect along the lower side of the bent stem will be greater than along
the upper side. Then elongation on the lower side of the stem will occur. But the
force required for geotropic recovery of woody stem will not be ascribed to only these
facts. The differences of the processes of polymerization of matrix substances, the
interaction of the matrix and cellulose framework, and so on, between the upper and

lower side of the bent stem should be discussed in future.
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