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Annual Ring Structures of Sugi (Cryplomeria
japonica) Cultivars for Considering
Wood Quality Breeding

Kazuyuki Opa, Shinya Koca and Juichi Tsursumi
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Table 1 Mean annual ring width, mean latewood percentage, basic density and mean latewood-
tracheid length of the 11th to 15th ring from pith,

Cultivar Ring Latewood Basic Tracheid
and width percentage density length
tree number (mm) (%) (kg/m®) {mm)
Hinode No. 3 3.4 14 255 3.4
No. 4 3.0 14 240 3.5
Urasebaru No. 4 4.3 13 250 3.2
No. 5 3.6 11 265 3.4
Kumotooshi No. 1 6.0 12 295 3.0
No. 2 5.5 14 275 3.0
No. 3 5.5 12 265 2.9
Tanoaka No. 1 4.3 14 275 2.6
No. 2 3.9 16 315 2.6
No. 3 3.9 15 300 2.8
Ayasugi No. 1 4.2 29 365 2.3
No. 2 3.1 26 375 2.3
No. 3 3.1 27 350 2.4
Higomeasa No. 1 5.0 19 305 2.3
No. 2 5.4 22 295 2.6
No. 3 4.8 19 280 2.5
Honsugi No. 1 3.6 28 335 2.3
No. 2 1.8 28 365 2.0
No. 3 5.6 32 400 1.9
Arakawa No. 1 4.1 17 245 2.4
No. 2 5.1 17 235 2.7
Y abukuguri No. 1 3.3 23 265 2.3
No. 2 1.9 22 275 2.2

Note: Hinode and Urasebaru are triploids. The others are diploids.
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Table 2 Diameter, wall thickness and cell wall percentage of tracheid in the 15th ring from pith,

Radial Tangential Cell wall
Cultivar diameter Tangential wall thickness percentage
and (um) diameter (fzm) (%)
tree number (pem)

Ew Lw Ew Lw Ew Lw

Hinode No. 3 44 13 33 1.8 4.1 23 82
No. 4 43 12 33 1.5 4.4 17 81

Urasebaru  No. 4 50 18 30 1.7 4.6 19 70
No. 5 50 15 29 1.7 4.6 20 81

Kumotooshi No. 1 48 12 24 1.5 4.8 20 79
No. 2 46 12 24 1.5 4.5 22 82

No. 3 50 13 23 1.5 4.7 23 86

Tanoaka No. 1 42 12 25 1.5 4.7 23 83
No. 2 43 12 23 1.4 4.5 22 85

No. 3 45 12 22 1.4 4.6 23 80

Ayasugi No. 1 40 12 22 1.3 4.6 19 82
No. 2 42 13 23 1.2 4.9 20 85

No. 3 44 13 22 1.4 4.6 20 80

Higomeasa No. 1 47 14 21 1.4 4.5 22 81
No. 2 48 13 21 1.5 4.3 23 83

No. 3 47 13 22 1.4 4.6 22 81

Honsugi No. 1 42 11 22 1.6 4.8 23 87
No. 2 39 12 21 1.4 4.6 24 89

No. 3 39 11 20 1.3 4.6 23 82

Arakawa No. 1 40 12 22 1.4 4.2 22 83
No. 2 40 13 21 1.7 4.1 22 84

Yabukuguri No. 1 40 12 23 1.4 3.9 23 82
No. 2 38 12 22 1.6 3.5 22 76

F3 i o IEHBE OIS U 2 EIROBEREBL 1 FA 2V A- S0
VARITE:: 4
Table 3 Tangential diameter of ray parenchyma cell and number of the sells per
1 mm? in tangential section of the 15th ring from pith,

Cultivar .
and Tangent(xa;c)hameter Number of ray cells
tree number #
Hinode No. 3 19.0 113
No, 4 18.8 110
Urasebaru No. 4 20.1 99
No. 5 19.3 106
Higomeasa No. 1 13.5 216
No. 2 10.6 246
Honsugi No. 1 10.4 240
No. 2 8.6 222
Arakawa No. 1 15.4 178
No. 2 15.5 195
Yabukuguri No. 1 16.8 188
No. 2 14.0 157
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Effect of mean latewood percentage on basic density in the 11th to 15th ring
from pith.

Q: Hinode; @ : Urasebaru; A : Kumotooshi; A : Tanoaka; [ |: Ayasugi;
Bl : Higomeasa; ®: Honsugi; @: Arakawa; -+ : Yabukuguri; **: Sugnifi-
cant at 1% level
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Table 4 Longitudinal compressive properties of mature wood in the air-dry condition.

. Specific Compressive Young’s st_rain at V\{ork to
Cultivar . strength modulus maximum load | maximum load
gravity {kg/cm?) (X 10%kg/cm?) (x107%) (kgecm/cm®)
Hinode 0.33 (0.03) 277 (32) 85.0 (15.6) 0.36 (0.04) 0.56 (0.08)
Urasebaru 0.30 (0.02) 256 (25) 80.4 ( 8.1) 0.34 (0.02) 0.46 (0.04)
Kumotooshi 0.34 (0.01) 301 (12) 83.3 (5.5) 0.39 (0.03) 0.58 (0.05)
Tanoaka 0.40 (0.02) 340 (19) 66.4 (7.3 0.83 (0.28) 1.95 (0.98)
Ayasugi 0.43 (0.02) 352 (26) 57.8 ( 6.6) 1.31 (0.07) 3.34 (0.38)
Higomeasa 0.35 (0.01) 258 (11 47.6 ( 4.0) 1.28 (0.16) 2.17 (0.44)
Honsugi 0.44 (0.03) 352 (39) 61.8 ( 6.7) 1.27 (0.20) 3.34 (0.97)

Note: The values in each column are the mean of data from five clear specimens.
Standard deviations are in parentheses.
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Fig. 2 Effect of specific gravity on compressive strength parallel to grain.
(O: Hinode; @: Urasebaru; A : Kumotooshi; 4 : Tanoaka; [ ]: Ayvasugi; B:
Higomeasa ; ® : Honsugi
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Fig. 3 Effect of latewood-microfibril angle on Young's modulus in compression parallel
to grain,
O: Hinode; @ : Urasebaru; A : Kumotooshi; A : Tanoaka; [ |: Ayasugi;
B : Higomeasa; ©®: Honsugi
B3 HUERY Y BB lETIE s 2o 4 7Y M EROBY

120

Young’s modulus (X 103kg/cm?)

Specific gravity in air-dry condition

Fig. 4 Effect of specific gravity on Young's modulus in compression parallel to grain.
O: Hinode; @: Urasebaru: A : Kumotooshi; A : Tanoaka; [ ]: Ayasugi;
. Higomeasa; ® : Honsugi
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Fig. 5 Relationship between latewood-tracheid length and strain at maximum load in
compression parallel to grain.
O: Hinode; @ : Urasebaru; A : Kumotooshi; 4 : Tanoaka; [ |: Ayasugi;
B : Higomeasa; ®: Honsugi
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Fig. 6 Relationship between latewood-microfibril angle and strain at maximum load in
compression parallel to grain.
O Hinode; @ : Urasebaru; A : Kumotooshi; & : Tanoaka; [ |: Ayasugi;
# : Higomeasa ; ®: Honsugi
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Fig. 7 Relationship between specific gravity and work to maximum load in compres-
sion parallel to grain,
(: Hinode; @: Urasebaru; A : Kumotooshi; & : Tanoaka; [ ]: Ayasugi;
B : Higomeasa; ®: Honsugi
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Fig. 8 Relationship between latewood-tracheid length and work to maximum load in
compression parallel to grain,
(O Hinode; @ : Urasebaru; A : Kumotooshi; A : Tanoaka; [ |: Ayasugi;
B . Higomeasa ; ®: Honsugi
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Fig. 9 Relationship between latewood-microfibril angle and work to maximumm load
in compression parallel to grain.
O: Hinode; @ : Urasebaru; A : Kumotooshi; A : Tanocaka; [ ]: Ayasugi;
B . Higomeasa; ®: Honsugi
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Summary

Annual ring structures and compressive properties of sugi cultivars were investigated. Three
trees each from five cultivars and two trees each from four other cultivars including two triploid
cultivars were felled in a 25-year-old stand and a 30-year-old stand, respectively. About 10 cm thick
disk was taken from the breast height of each tree stem and was dried at room temperature. Annual
ring structures of the disks were examined on nine cultivars and compression tests parallel to the
grain of mature wood were done on seven cultivars. Ring structures of the pieces were also analyzed
after compression tests. The results obtained may be summarized as follows:

1) There were no significant differences in tangential wall thickness and cell wall percentage of
tracheid among the cultivars, but latewood percentage, basic density, tracheid length and tracheid
diameter depended on cultivars. Tracheid length was longer and the diameters of tracheid and ray
cell were larger in the triploid cultivars than in the diploid cultivars.

2)  The cultivars having high latewood percentage showed large basic density, and high correla-
tion between latewood percentage and basic density was obtained as a whole.

3) Specific gravity was correlated positively with compressive strength and also with work to
maximum load. Latewood-tracheid length was correlated positively with Young’s modulus, negative-
ly with strain at maximum load and negatively with work to maximum load. Latewood-microfibril
angle was also correlated positively with strain at maximum load and with work to maximum load,
and negatively with Young’s modulus. Therefore negative correlations were found between Young's
modulus and strain at maximum load and between Young’s modulus and work to maximum load.

4) Due to the differences in specific gravity, latewood-tracheid length and latewood-microfibril
angle among the cultivars, the compressive properties depended on cultivars. The examined cultivars
were roughly classified into three groups on terms of the compressive properties: Type 1 has higher
Young's modulus, lower compressive strength and smaller strain at maximum load, Type 2 has lower
Young's modulus, higher compressive strength and larger strain at maximum load, and Type 3 has
intermediate values between Type 1 and Type 2.





