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Studies on properties of natural bending wood formed in tree growth.

(1) On Taiwan-akamatsu (Pinus massoniana Lamb.) planted in
Kyoto University Experimental Forest in Kamigamo.

Yasuo OHsAKO, Hiroyuki KATO and Tadashi NOBUCHI
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Table 1.

Specimen condition of the parts used in the test

#l EBRAARFORRE

K1 gEkicsd 2R E 2R 9 BN

Weight Height from ground Diameter
Sample No. (kg) level (m) (mm X mm)
s 1 8.35 0.6+0.2 144 X134
S 2 5.15 2.2+0.2 124124
s 3 3.00 4.2+0.2 118102
S 4 1.30 6.2£0.2 67x 66
S 5 0.42 7.95%0.2 : 44 41
S 6 0.15 9.0+0.2 ] 23x 24
Table 2. The branch condition used in tension test
%2 SIREBRARMORE
Leaves weight Branch trunk Branch length Diameter
Sample No. ® weight (g) (cm) (mm)
B3-5 1060 985 230 28.9
B4-5 1300 800 217 26.6
B5-2 2360 850 187 29.1
Table 3. The Branch condition used in bending test
®3 T EBRABEMORE
; Leaves weight | Branch trunk | Branch length | Diameter Bending stress
Sample No. (8) | weight (g) (cm) (mm) (g/mm)
- !
B3-3 1135 1000 [ 202 l 29.4 ©ol2lx 105
B I
B4-2 | 800 : 620 115 28.9 0.56 x 10°
|
B5-6 1780 480 143 24.5 | 1.69x10%
B6-2 950 360 145 20.5 i 1.82x10°
S|~ S6 : Sample No. of blocks in stem B8 z
Bl~ B8 : Sample No. of branches B7 ‘ =
20 %
?,
B 5
‘ a
0§
8 2 o
L 1 1 I §
2 B
0 Height from ground level (m) a
Fig. 1. Shematic diagram of the position of samples in the tree
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Table 4. Variation of annual ring width (mm) from cambium to pith.

4 FRELOH~DODERIEOHR

T annual ring No. I ‘
e fomcambium -y, | g 0y L5 g 7 8 9 |10 1
sample No. - B
o s 1 0.4 15 20| 6 5| 7| 71 s 5 | 11
§ 2 0.4 1.2 27| 7| 7| 7| 9| 6| 2
e 3 0.1/ 07 37, 7 7, 7| 8| 5
a 4 0.5/ 06| 36 7 | 7 | 8
& 5 0.3 0.1] 3.6/ 6 6
s 6 0.3] 0.1 6.5 \ |
s 1 0.7 23| 25| 71 7| 8| 91 6] 9| 9
- 2 0.4 1.3 43 7| 6| 8 | 9 | 7| 12
§ 3 0.5| .5, 47| 91 6| 9| 8| 5
s 4 L7 10| 40, 7 | 6 | 8
@ 5 0.5/ 0.4 41| 6 | 8
6 0.2 2.6 6.5

o s 1 03! 39 a5/ 10 9| 1|1 of 81w/ 9
§ 2 L 08! 3320 9| 8, 9 9! 1| 12
2 3 2.0 21 60| 9 8| 12| 8| 6
K 4 35 12| 55 8| 7 7
: 5 | 18| 03] 64| 7 6 |
~ 6 0.2 3.6 6.5 |




243

Table 5. Compression wood distribution in lower side wood on disk.

#5 BOTRickr2EEETHOS M

T annual ring No. 1

ffom cambium 1 9 3
sample No, T —

S 1 X O O
2 X X X
3 O o | x
4 O o O
5 O O O
6 X O O

O : compression wood
X : normal wood

Table 6. Pattern of transition from spring to summer wood within annual ring.

6 FmMmANOE - EMOBITEE

\\\ . .
\\\\_\ side on disk upper side wood side wood lower side wood
\\’\
™  annual ring No.
~__ from cambium 1 2 3 1 2 3 1 2 3
sample No. e
s 1 O] o]0 ;00|00 * *
2 olojojlojolo|olo]o
3 X O, 01000 * * O
4 X A O X A O * * *
5 X A O X A O * * *
6 X O O X A O X o *
)
(O : annual ring with normal spring and summer wood
A\ : annual ring with imperfect summer wood
X : annual ring without summer wood
* : annual ring with compression wood

E ARSI LSO 5 5V IRERATEEL L TERRIED ST, EHMROBMEL
TOROBESHEDBVBASHET 5, ChOOBEICOLTE, Photo. 1 OAM 2 FKE
Photo. 2 DFM EDHBIK BV THLMIREN TV S, YBRAFERICOVTE, BREO
MEARR TR BRIV 5T, ARICEHMREMRT 2 TRERELONEM, 24
RICEVTS, BREEHERARNLTOEC L], BROURAREELSNE,

3-1-2 REEOT 4 AV aV

PMOMILE L 0 by HIma « AR ICH LREER T REBCOVT, €074 4 VY
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BEH AR (BHE) % Fig. 3 K, 7k, BAFROBHIGEERE (BREE % Fig. 4
R U (R AR, AEERADSE ) B 7o B 2R,
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Fig. 4. Pattern of variation of average tracheid wall (tangential wall) thickness
in outermost spring wood.
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Fig. 5. Pattern of variation of average spring wood tracheid length in side wood.
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Table 7. Colour reaction of lignin from different parts of the stem.

®7 V7 AFROSN
T side on disk | |
T upper side wood ' side wood lower side wood
sample No. — i
s 1 ++ | ++ ++
2 ++ j ++ ++
3 ++ } +F ; ++
| |
4 ++ 1 + ++
5 +++ } + ok
\
6 ++ + ++
grade of intensity measured by the microphotometer
+:01-0.2 ++ :02-03 +4++ :03-04
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Fig. 8. Relationship between modulus of elasticity in bending and height, (a) stem, (b) branch
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Résumé

Taiwan-akamatsu (Pinus massoniana Lamb.) planted in Kyoto University Experimental
Forest in Kamigamo showed a tendency to weep and the stem to lean about ten years
after the seedling stage. From studies of the properties of the stem and the branches,
the following results were drawn.

1. The annual ring width of the outer three years of the stem showed small values
compared with the inner parts. In the leaning parts of the stem eccentric growth was
shown as the effect of compression wood formation.

2. The values of tracheid diameter, wall thickness and length formed in the same
year decreased as the stem height increased. This tendency was emphasized in specimen
No. S4—6. The tracheid dimension in the outer three years of S4—6 decreased in value
from pith to cambium.

3. In the side wood on disk, lignin content decreased with increasing height and
in the upper side wood and lower side wood on disk, sample No. S5 had the maximum
values of lignin content.

4. The values of tensile strength and modulus of elasticity in bending decreased
with increasing height and the values showed remarkable decline at a higher point
compared with the bent point of stem. The results might be related to variation of
lignification, tracheid length, thickness of cell wall, etc.

5. The values of tensile strength and modulus of elasticity in the bending of the
branch showed a similar tendency to that of the stem. It was shown that the bending
stress on cardinal points of the branch increased with increasing height of branch.

From the results, it may be assumed that a decrease in strength and increase in bending
stress might be a factor in the bending of the higher branch.
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Photo. 1  Light micrograph of a crooss section of stem (S2) showing normal
spring and summer wood.
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Photo. 2 Light micrographs of cross sections of stem (S5)
(a) upper side wood, (b) side wood, (c) lower side wood
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@ M, b B, © T



Photo. 3(c) Photo. 4

Photo. 3 Scanning electron micrographs of three types of tracheids.
(a) S2 (side wood) (b) S5 (upper side wood).
(c) S5 (lower side wood)
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Photo. 4 Branch condition in standing tree (B5)
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