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This study examined growth and wood properties of sugi (Cryptomeria japonica D. Don) cutting cultivars
planted in the Kyushu region. Sixteen cultivars (48 trees) which were identified based on MuPS (Multiplex-PCR of
SCAR markers) types were used.

Each cutting cultivar showed peculiar growth. The intra-cultivar variations in green moisture content of
heartwood were small whereas the inter-cultivar variation was large. There were statistically differences in the L*
and a* values of the heartwood color between cultivars, and a negative correlation of the L* value with green
moisture content was found. There was also significant difference in wood density between cultivars, and the
neutral and the late-growth type cultivars showed larger basic density than the precocious-growth type cultivars. A
significant difference in dynamic Young’s modulus was also found between cultivars, and there were two axial
variation patterns. In one pattern the dynamic Young’s modulus increased with stem height, and in the other it was
almost constant except at the position of the butt log where it had the lowest value. The former was the neutral or
late growth type and the latter was the precocious type. There was a significant difference in the bending load-
deformation curve of clear test specimens between cultivars or growth types.

Keywords :  sugi, cultivar, MuPS, growth, wood property.
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Table 1. Outline of the experimental plot studied.
. o growth __ _DBH(em)_ _ Hm)

No Cultivar name ) MuPS type 7 type” N Mean SD CV © /0)7 Mean

1 Iwao 009010 1110010 010011 (a) 46 237 40 169 188

2 Nakamura 000900 0000001 110110 (a) 55 234 31 133 185

3 Hinode 100190 0011010 001110 (a) 51 233 40 172 154

4 Takenosako 001010 0010010 010110 (a) 44 230 34 147 164

5 Yamaguchi 000010 1101010 110010 (a) 35 212 44 205 16.5

6 Kumotoshi 091000 1110000 110110 (@) 53 207 30 146 180

7 Yaichi 009090 0000100 011109 (a) 49 198 48 245 164

8 Garin 000000 1010000 110110 (a) 56 197 27 134 154

9 Edanaga 000010 0010000 110110 (a) 43 187 28 149 153

10 Ono 019900 0010000 110110 (a) 51 183 20 110 171

11 Akaba 019010 1110010 010111 (b) 44 190 41 217 15.3

12 Obiaka 000010 1010010 110010 b) 23 194 30 156 156

13 Yabukuguri 011900 0010101 110110 (b) 43 176 27 152 144

14 Measa 001100 1000110 110110 (] 45 191 25 131 137

15 Ayasugi 010010 1110111 010111 (©) 54 178 18 103 135

16 Honsugi __ 0101101010111 010111 (© 38 157 23 147 125

_ total or mean 730 201 40 198 158

Legend ! N : The number of standing trees at the timing of sampling, DBH: Diameter at breast height (1.2m), Mean : Mean
value, SD : Standard deviation, CV: Coefficient of variation, H: Tree height based on three sample trees.
" MuPS (Multiplex-PCR of SCAR markers) type, 1: distinct fragment, 0 : no fragment, 9 : indistinct fragment.
? Growth type of cultivar, (a) : early growth type, (b) : neutral growth type, (c) : late growth type.
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Annual and total growth of DBH, tree height, and single tree volume.
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Table 2. Green moisture content at the stem height of 0.2 m, 1.2 m, 2.2 m and 4.2 m based on three sample trees.
N Cult _ Heartwood (%) _ Intermediate wood (%) Sapwood (%)
o CUUVATRAME Topm  12m 22m  42m 02m  12m  22m  42m 02m  12m  22m  42m
1 Iwao 146 110 89 67 115 102 87 117 274 256 247 248
2 Nakamura 204 131 102 91 105 75 90 61 262 263 251 186
3 Hinode 135 89 72 63 124 131 93 109 295 288 261 255
4 Takenosako 203 116 83 109 109 73 84 70 281 270 275 259
5 Yamaguchi 148 87 82 71 103 93 94 87 253 221 217 186
6 Kumotoshi 195 206 139 142 112 114 80 83 246 279 262 256
7 Yaichi 73 60 56 57 96 101 106 91 284 240 214 196
8 Garin 151 97 97 114 88 65 87 80 229 225 223 230
9 Edanaga 118 105 111 110 83 66 74 63 210 206 214 224
10 Ono 108 78 62 60 95 89 76 100 234 253 228 242
11 Akaba 90 87 74 60 90 106 95 94 266 255 241 233

12 Obiaka 161 118 106 105 79 97 75 69 245 235 226 219
13 Yabukuguri 110 85 67 69 112 99 77 104 231 221 231 192
14 Measa 91 70 65 79 98 75 99 84 255 295 250 264
15 Ayasugi 79 89 71 64 1133 90 105 99 287 255 249 243

16 Honsugi 75 60 53 54 88 80 68 87 265 224 216 201
Mean value 130 99 83 82 102 91 87 87 257 249 238 227
SD 48 349 231 263 151 18.1 112 163 239 261 193 274
CV(%) 344 352 278 320 148 199 129 186 93 105 8.1 12.1
Legend : SD:Standard deviation. CV: Coefficient of variation (the same applies to Table 3-5).
Table 3.  Wood color and wood density based on three sample trees.
. Sapwood color Heartwood (% basic density (kg/m”)

No. Cultivar name L' a ¥ L & b 02m 12m 22m 42m 62m 82m stem
1 Iwao 778 19 197 722 73 236 288 296 295 302 310 315 306
2 Nakamura 809 14 204 69.2 112 236 276 272 286 297 288 290 289
3 Hinode 794 21 199 703 93 226 271 273 284 293 307 313 294
4 Takenosako 807 25 190 754 87 225 270 270 265 270 289 296 279
5 Yamaguchi 793 13 195 731 57 229 200 302 312 302 311 319 312
6 Kumotoshi 798 21 206 676 80 228 205 284 290 294 300 309 298
7 Yaichi 782 16 205 767 70 227 302 315 331 330 338 337 328
8 Garin 805 09 197 734 61 245 300 313 316 309 299 313 310
9 Edanaga 786 17 216 722 98 238 325 325 315 311 326 317 320
10 Ono 788 27 212 745 95 233 310 311 322 315 331 339 327
11 Akaba 779 10 216 773 50 235 316 303 319 319 3% 340 325
12 Obiaka 809 22 203 746 83 220 315 308 310 319 317 326 318
13 Yabukuguri 805 14 208 721 82 244 355 336 329 34 34 345 345
14 Measa 814 08 191 775 37 238 297 276 292 296 301 - 300 295
15 Ayasugi 797 24 208 767 57 243 295 305 310 319 33 360 321
16 Honsugi 780 25 193 739 96 246 312 345 337 358 407 387 358

Mean value 795 18 202 735 77 234 301 302 307 312 322 325 314
SD 12 06 08 29 20 08 22 23 20 22 30 25 21
V(%) 15 347 41 39 266 34 7.1 75 6.4 72 9.2 77 66
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Fig.2.  Dynamic Young’s modulus at different stem Fig.3.  Load-deformation diagram of 16 sugi cultivars.

heights.
Legend : The same as in Fig. 1.

Legend: The same as in Fig. 1, O : Proportional limit, X :
Breaking point.

Table 4. The analysis of variance for dynamic Young's modulus.

Factor DSS df MS Fy Py %

A: Cultivar 202.2 15 135 95.76 0.000 ** 61.4

B: Log number 914 4 228 162.31 0.000 ** 278
AXB 13.2 60 0.2 1.56 0015 * 4.0
error 225 160 0.1 6.8

_total 3203 239 - 1000

Legend : DSS : Deviation sum of squares, df : Degree of freedom, MS : Mean square, Fv : F value, Pv : P value,” : Significant at
1% level, ": Significant at 5% level, VC : Variance of components.
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Table 5. Mechanical properties of clear test specimens.

N  MC

No.  Cultivar name (%) ér%% ( g?c]r?f) (l\/f‘laa) (I\ég{% (11\\/[/[%5) (NWm)
1 Iwao 6 15.1 36 0.388 25.2 6.85 62.0 1.59
2 Nakamura 6 16.3 29 0.407 269 397 52.7 371
3 Hinode 6 15.8 2.7 0.369 22.0 4.13 495 261
4 Takenosako 6 15.5 3.6 0.349 22.6 7.14 50.0 1.01
5 Yamaguchi 6 15.3 31 0.373 26.6 6.25 56.3 244
6 Kumotoshi 6 155 29 0.351 26.1 6.07 50.8 1.75
7 Yaichi 6 155 2.8 0.369 312 6.45 53.0 1.88
8 Garin 6 15.6 35 0.339 275 7.01 496 1.01
9 Edanaga 6 15.3 25 0.397 283 6.70 58.1 231
10 Ono 6 15.6 2.7 0.381 26.0 5.57 515 197
11 Akaba 6 15.7 23 0383 24.1 6.22 54.7 192
12 Obiaka 6 15.1 34 0.319 258 551 44.1 1.09
13 Yabukuguri 6 156 30 0.389 22.6 297 477 410
14 Measa 6 15.9 2.8 0.369 218 447 49.1 2.49
15 Ayasugi 6 155 3.2 0.329 239 468 437 1.68

_ 16 Honsugi 6 158 35 0.342 237 581 83 136
Mean value 15.5 3.0 0.366 25.3 5.61 51.3 2.06
SD 0.5 04 0.025 25 1.23 48 0.88
CV(%) 30 134 69 10.1 219 9.4 430

Legend © N:The number of test specimens, MC : Moisture content, ARW : Average of annual ring width, AD: Air-dry density, o.
: Compressive strength, MOE : Modulus of elasticity, MOR:Modulus of rupture, W : Bending work, SD : Standard

deviation, CV': Coefficient of variation.
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