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Table 1. States of sample stand at the time of this research

S X e / 0* A¥+r /) Fx
Cryptomeria j, | Chamaecyparis o, |Crypto.+ Chamaecy.

K # (4£) Stand age (yr) 19 19 19
SIAE (k) Stand density (no/ha) 3.672 "2.836 3.254
MEWEiE A3 Total basal area(m?/ha) 39.1 : 27.0 33.1
Y EER Mean D.B.H. (cm) 10.2 10.8 10.4
S ¥ # B Mean height (m) 8.9 8.2 8.6
SE ¥ B T & Mean clear length (m) 3.0 3.3 3.1
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Table 2. Comparing two methods of measurement of branch increment

3 = w E A B W E
it & ﬁ;ﬁ&%(%%ﬂ%& k& L Close measurment [Simple measurment
0. of | Basa Dry A—a
sample |diame- | Length | 2% ht X 5% A X%k (a) A
Species | bran- ter 80 Division| % & & |Division| % & &
ches | (mm) | (cm) (g) No. [Increment| No. |Increment
1 15.2 161 82 21 10.3 7 9.3 0.097
2 11.0 137 39 18 7.4 6 8.1 0.095
. 3 15.0 143 62 17 11.5 6 11.4 | 0.009
A F 4| 10.8] ‘07| 28 14 5.7 5 4.9 | o0.140
. Cryplomeria 5 | 40| 127| 46 16 9.5 6 10.6 | 0.116
japonica 6 | 12.4] 13| 49 17 12.7 6 11.2 | o0.118
7 16.0 154 83 19 28.6 7 28.6 0
T?t-al 85.7 84.1 0.019
E ) ox 1 13.6 160 94 179 38.9 23 40.9 0.051 °
Chamae- 2 8.8 111 22 71 11.3 10 11.2 0.009
cyparis 3 7.9 130 54 118 30.7 15 31.3 0.020
obtusa =
Total 80.9 83.4 0.031
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Table 3. Measurements of sample trees

Bt AE S  Sample tree No. 1 (Cryptomeria j.) # & Tree height (m) 13.4

MEE®R D. B. H. (cm) 18.7 ¥ T & Clear length (m) 3.6
g
R B REE R
N
B | o Ve | e R v (FREE g |
branch|Mean can Branch [Dry Dry
Stratum | Branch |basal branch clzal;?n‘:h dry |[weight of Leafw;liryht Stenvlve%r{lt weight
No. |diame- |length length weight |branch g ‘ 8%t stem
ter 8 increment ‘increment
(m) (em) | (em) | (em) | (8) €:9) &) 2) )
0 ~ 0.3 5,683, 719
8'3: o8 11,064 947
1.3~ 1.8 8,698 863
2.8~ a8 7,568 761
3.3~ 3.8 2 2.4 215 104 570 14 611
3.8~ 4.3 1 1.8 195 | 130 | 114 2 o2 | 6280 599
4.3~ 4.8 1 2.2 192 9 | 228 10 | . 344
4.8~ 5.3 7 | o4 55 19 | 11 2 150 | 5098 | 639
5.3~ 5.8 6 1.6 157 79 705 35 1,419
5.8~ 6.3 10| 0.9 98 40 | 445 18 gg2 | 4206 598
6.3~ 6.8| 8 1.7 157 65 933 71 1,829 3.917 510
6.8~ 7.3 12 0.9 84 27 461 50 1,339 ;
7.3~ 7.8 12 1.4 133 57 709 105 1,813 5 104 a4
7.8~ 8.3 10 1.4 123 34 691 137 2,080 ’
8.3~ 8.8 8 1.5 138 28 734 185 2,317
8.8~ 9.3 16 0.8 79 2 | 318 ) 1,120 1,444 407
9.3~ 9.8 8 1.1 107 5 242 54 901 893 a8
9.8~10.3 9 1.1 101 5 249 108 1,047
10.3~10.8 1 0.9 86 5 216 109 940 a0 | 230
10.8~11.3 12 0.9 67 4 166 74 629 '
11.3~11.8 5 0.7 50 3 23 12 101 16 -
11.8~12.3 9 0.7 48 0.4 48 28 | 147 ;
12.3~12.8 1 0.5 34 0 34 34 66 . 8
12.8~13.3 1 0.5 13 0 0.6 0.6
13.3~13.4 0.1 0.1
2t Total | 159 1 6,998 1,128.6| 17,827 | 56,883 7,194
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BL3XARE S Sample tree No. 2 (Cryptomeria j.)
MEE® D.B. H. (cm) 17.7

M ' B Tree height (m) 12.5
# T & Clear length (m) 2.9

ST .
EMER TR = R E B R E
B oA Mgan NV ﬁﬁﬂtﬁ Bﬁﬁii; 5 EHNE | BYE 5
ranc ean ranc fy ry
Stratum | Branch [basal branch Clle);;mch dry |weight of Leagvgiryht Sten:ve(%rj{]t weight
No. |diame- [length length weight [branch g &0%of stem
h ter g increment increment
(m) (em) | (em) | (em) | (8) (g) (g) (g) (2)
0 ~ 0.3 . 4,914 480
0.3~ 0.8
9.5~ 0.8 8,889 702
1.3~ 1.8
b~ 18 7,423 705
2.3~ 2.8
2.8~ 3.3 2| 2.0 220 145 | 342 5 244 0,417 477
3.3~ 3.8 1] 204 | 232 164 | 283 6 247
3.8~ 4.3 2 1.8 170 110 | 211 4 161 5484 355
4.3~ 4.8 1| 20 204 121 694 26 853
4.8~ 5.3 7 | 1.2 123 30 | 533 24 657 | 479 397
5.3~ 5.8 7 11 116 41 584 29 951
5.8~63| 12 | 1.4 | 137 58 | 790 41 1,470 | 5868 386
6.3~ 6.8 12 1.0 04 14 | 672 67 1,334
6.8~ 7.3| 13 1.5 132 42 | 1,072 90 | 2,254 | 2964 372
7.3~ 7.8 15 | o7 68 14 | 563 80 1,353
7.8~ 83| 26 | 0.9 89 18 | 782 181 2,285 | 2065 335
8.3~ 8.8 10 1.0 87 14 | 439 124 1,240 | 299 261
8.8~ 9.3| 26 | 0.7 59 8 | 445 125 1,408 ’
9.3~ 9.8 12 1.1 93 6 | 31l 130 1,049
9.8~10. 9 1.0 86 5 | 219 % 749 " 719 208
10.3~10.8 14 | 0.8 68 6 | 175 84 795 . 289 L7
10.8~11.3 12 | 0.9 66 4 | 148 78 432,
11.3~11.8 12 | 0.6 34 0.6 38 28 111 o .
11.8~12.3| 16 | 0.5 25 0 27 27 31
12.3~12.5 4 | 0.3 11 0 3 3 1 0.7 0.7
gt Total | 216 8,331 1,470 | 17,625 | 49,188 4,807

3 ARE S  Sample tree No. 3 (Cryptomeria j.)
MEEZA D.B. H. (cm) 12.1

i) # Tree height (m) 11.7

# T & Clear length (m) 2.6

0 ~ 0.3 2,521 346
0.3~ 08 5,447 540
18~ 18 4,255 441
2.3~ 2.8 1 1.3 | 150 97 64 1 50 | . -
2.8~ 3.3 1 1.8 169 98 | 102 2 154 | 3:013 332
3.3~ 3.8 2,603 309
3.8~ 4.3 2 1.3 140 81 117 2 136 ’

4.3~ 4.8 4 1.3 138 76 185 4 366 .

4.8~ 5.3 5 1.5 150 64 347 16 762 2,055 246
5.3~ 5.8 6 1.3 130 46 | 380 36 913 1788 239
5.8~ 6.3 6 1.1 111 27 204 21 634 v/

6.3~ 6.8 1 1.1 106 13 | 356 61 1,214

6.8~ 7.3 10 1.0 99 12 | 232 35 851 1,381 261
7.3~ 7.8 9 1.0 9% 3 | 250 44 939

7.8~ 8.3 11 1.0 97 4 | 293 70 1,059 1,024 255
8.3~ 8.8 10 | ol 75 3 147 35 589

8.8~ 9.3 8 1.0 87 13 | 157 70 570 674 227
9.3~ 9.8 11 1.0 79 1 190 112 712

9.8~10. 8 | 0.7 48 0 47 30 117 366 174
10.3~10.8 1 0.6 37 0 38 31 100 51 .
10.8~11.3 3| o5 28 0 6 6 31

11.3~11.7 , L 5 5 20 8 8
2t Total | 117 3,120 736 9,226 | 25,236 3,468
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BITHic BT 2 RO 1T () -7 =
BEaAARFE S Sample tree No. 4 (Cryptomeria j.) # ® Tree height (m) 11.2
MEHEZ D.B. H. (cm) 144 B T & Clear length (m)- 3.0
R - RS R E
B | ok Mo | B ER| teE PO e w | P
branch/Mean can | Branch [Dry Dry
Stratum | Branch |basal branch lbranch dry | weight of] Leaf g-ryht Sten;v e(%r{;t weight
No. [|diame- [length [ elz;r | weight branch weig 8ot stem
ter| ng increment increment
(m) (em) | (em) | (em) | (8) (g) (8) €D (&)
0 ~ 0.3 3,323 432
0.3~ 0.8
o8~ 1.3 6,564 533
1.3~ 1.8
1.8~ 2.3 1 2.0 | 223 1 | 261 3 230 | 50436 482
2.3~ 2.8 1 1.9 223 120 222 2 141 :
2.8~ 3.3 2 1.6 182 82 | 264 4 278 | 5% 467
3.3~ 3.8 3 1.9 184 88 619 22 946
3.8~ 4.3 3| o7 82 20 61 2 ne | 3902 395
4.3~ 4.8 5 1.2 136 45 366 21 668
1.8~ 53| 17 0.6 66 21 237 17 730 | 3276 427
5.3~ 5.8|. 8 1.7 157 14 | 1,145 102 2,255
5.8~ 6.3 11 | 0.9 86 7 | 470 61 1,208 | 2503 438
6.3~ 6.8 . 11 1.1 102 15 541 109 1,466 1713 384
6.8~ 7.3| 9 1.1 108 13 460 102 1,378 ’
7.3~ 7.8 10 0.9 83 3 289 69 781 — 341
7.8~ 83| 13 1.0 84 1 377 101 1,074 ’
8.3~ 8.8] 14 0.8 76 1 287 74 827
8.8~ 9.3| 13| 0.9 76 2 | 240 103 789 622 264
9.3~ 9.8 10 0.9 73 0.3 195 70 553 240 143
9.8~10.3 5 0.8 65 0 74 63 241
10.3~10.8 | - 10 0.6 42 0 39 39 113 2% 18
10.8~11.2 | 19 0.5 26 0 25 25 89 ,
2t Total |: ::165. 6,172 1,240 13,973 33,261 4,324
Bt3AES  Sample tree No. 5 (Crsptomeria 7.)  #  # Tree height (m) 10.4
M EER D. B. H. (cm) 10.0 B T & Clear length (m) 3.8
0 ~ 0.3 ' 1,581 176
0.3~ 0.8
i 23 3,327 265
1.3~ 1.8 ,
am 35 2,622 197
2.3~ 2.8
e~ 3 2,180 179
3.3~ 3.8 1 1.6 162 86 82 1 87
e~ a3 . 1,927 171
4.3~ 4.8 3 .3 136 43 144 3 318
4.8~ 5.3 2| 1.3 | 126 46 88 2 258 | 1467 153
5.3~ 5.8 6 1.3 105 24 144 12 482 1148 160
5.8~ 6.3 " -9 1.0 100 20 201 14 702 ’
6.3~ 6.8 8 1.3 127 3 369 62 1,166 832 65
6.8~ 7.3 10 0.7 61 1 188 45 742
7.3~ 7.8 13 0.6 51 5 70 16 350
7.8~ 8.3| ..12 0.6 55 1 74 19 352 489 165
8.3~ 8.8 11 0.9 68 4 149 68 650 222 mn
8.8~ 9.3 11 0.9 64 3 132 63 466
9.3~ 9.8 16 0.5 28 0.5 31 13 81 33 24
9.8~10.3 19 0.5 22 0 23 23 42
10.3~10.4 1 0.5 11 0 0.3 0.3 1 0.3 0.3
# Total 122 1,695 387.3] 5,697 15,828 1,766

T
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BARE S  Sample tree No. 6 (Cryptomeria j.) st # Tree hegiht (m) 9.7

M ®ER D.B. H. (cm) 9.0 ¥ T % Clear length (m) 4.3
' 35 7%
s S ¥ .
& p— %fgnﬁﬁz qzﬁ&&ﬁﬁ LE| EE R RELE HEE | BEE B R E
branch|Mean ean Branch |Dry o Dry
Stratum | Branch |basal branch| cl?;fHCh dry | weight of Leagvgir}'ht Sten:v e('}r{]t weight
No. |diame- |length [* length weight |[branch &n 80U6f stem
ter| ) g increment increment
(m) (em) | (em) | (em) | (8) &) ) €D (g)
0 ~0.3 ) 1,189 119
08708 2,467 173
10718 2,173 158
2.0~2.8 1,910 133
58738 1,471 121
4.3~4.8 2 1.3 146 62 93 5 207
4.8~5.3 4| 12| 138 35 | 191 13 410 | 1107 136
5.3~5.8 S 1.1 124 19 197 19 557 751 141
5.8~6.3 8 0.8 83 7 93 11 324
6.3~6.8 14 0.7 65 4 130 21 485 481 119
6.8~7.3 8 0.7 62 2 70 17 249
7.3~7.8 14 0.7 64 3 114 42 478 258 73
7.8~8.3 6 0.7 67 0.3 48 20 207
8.3~8.8 18 0.5 37 0 37 20 216 91 20
8.8~9.3 13 0.6 38 0 41 30 103
9.3~9.7 6 0.4 14 0 4 4 5 2 2
# Total 98 1,018 202 3,250 11,900 1,195

BEEAARES  Sample tree No. 7 (Cryptomeria j.) st # Tree height (m) 7.9

MWEE®R D. B. H. (cm) 9.9 # T % Clear length (m) 3.7
0 ~0.3 1,175 125
0.3~0.8
0.8~1.3 3,004 1 228
1.3~1.8 '
asas 2,429 208
2.3~2.8
Sl 1,953 168
3.3~3.8 1 1.9 | 178 112 160 7 195 |-
3.8~4.3 1 1.6 160 98 104 4 137 1,523 173
4.3~4.8 4 1.6 | 171 53 | 407 41 873
4.8~5.3 3 1.3 116 28 163 23 440 1,017 166
5.3~5.8 11 1.1 108 5 | 409 102 1,412
5.8~6.3 9 1.0 97 2 241 71 706 504 126
6.3~6.8 9 0.9 80 4 141 52 513 149 s
6.8~7.3 9 0.7 58 0 81 38 | | 244 '
7.3~7.8 18 0.4 20 0 24 11 26 5 9
7.8~7.9 5 0.2 | 4 0 0.8 0.8 0.5
Bt Total 70 1,731 350 4,547 11,763 |} .1,257

B AES  Sample tree No. 8 (Cryptomeria 7.)  #°  # Tree height (m) 7.5

Wi #E & D.B. H. (em) 6.0 # T ® Clear length (m) 3.3

I
0 ~0.3 426 | 30
0.3~0.8
0.8~1.3 ) 1,176 43
1.3~1.8
1.8~2.3 906 8
2.3~2.8
2.8~3.3 686 45
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I B EE | BRERE
B | Pt E | Bl PP S | B
Mean can | Branch |Dry Dry
Stratum | Branch branch clsargnc}l dry | weight of| Leafwg}-yht Sten;veQr}}rlt weight
No. length length weight |branch cig WEIENULf stem
g increment ) increment
(m) (em) | (em) | (8) (€) (&) (&) €9
3.3~3.8 11 0.3 31 0.9 14 2 41
3.8~4.3 3 0.8 91 40 75 0.5 49 476 56
4,3~4.8 1 1.0 116 14 21 0.5 47 330 39
4.8~5.3 6 0.9 97 19 108 10 238
5.3~5.8 8 0.6 65 3 55 8.9 176 205 %0
5.8~6.3 9 0.7 74 0.8/ 76 15 246 )
6.3~6.8 13 0.6 51 0.2 47 18 128 s 2
6.8~7.3 9 0.4 25 0 7 6.3 12
7.3~7.5 4 0.2 4 0 0.4 0.4 0.4 0.7 0.7
%t Total 64 403 61.6 937 4,263 302
B AE S Sample tree No. 9 (Cryptomeria j.) 8 & Tree height (m) 5.3
MWEEE D.B. H. (cm) 4.0 # F & Clear length (m) 3.0
g .
0 ~0.3 175 28
0.3~0.8
0.8~1.3 626 48
1.3~1.8
1.8~2.3 444 63
2.3~2.8
2.8~3.3 1 0.8 97 0.7 - 11 0.1 15 29 62
3.3~3.8 9 0.5 62 3 28 1.7 111 L64 o
3.8~4.3 12 0.4 64 2 56 8.5 169
4.3~4.8 9 0.6 70 1 66 13 159 3 al
4.8~5.3 8 0.4 34 0 11 3.3 .51
5.3~5.32 . 0.02) 0.02
i+ Total 39 172 26.6) 505 1,752 283
Bt A%ESE  Sample tree No. 10 (Chamaecyparis o.) st % Tree height (m) 9.6
M &EiE®R D. B. H. (cm) 15.6 B2 T & Clear length(m) 2.4
0 ~0.3 4,705 525
0.979.8 1 8,487 509
b.3~1.8 6,930 495
2.3~2.8 1 3.1 278 170 423 14 57 :
2.8~3.3 1 3.0 200 | 210 | 357 11 35 5,647 508
3.3~3.8 2 2.7 245 78 825 79 298
3.8~4.3 4 | 2.4 | 241 117 | 966 100 335 | 4389 683
4.3~4.8 3 2.3 248 9% 932 185 518 .
4.8~5.3 2| 3.1 | 250 35 | 922 225 30 | 3302 570
5.3~5.8 4 2.4 216 77 | 1,171 342 861 1.964 361
5.8~6.3 6 1.9 202 50 | 1,230 432 1,154 ’
6.3~6.8 5 1.8 168 46 892 353 872 929 279
6.8~7.3 11 1.4 155 38 885 369 1,071 .
7.3~7.8 8 1.5 143 25 745 342 965 a13 142
7.8~8.3 8 0.8 75 7 103 52 252 : :
8.3~8.8 11| o.8 67-| -3 93 53 177 2 o
8.8~9.3 14 0.5 34 1 18 18 39
9.3~9.6 4 0.2 12 0 0.7 0.7 0.7 0.3 0.3
% Total 84 9,563 2,576 | 7,265 | 86,713 4,099

e s - e £ S e o = 2 o
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#3AKES Sample tree No. 11 (Chamaecyparis o.) st # Tree height (m) 9.5

EER D. B. H. (¢cm) 12.5 # F & Clear length (m) 2.3
AN IR EF‘ iéJ
& — %eggnﬁ{i SRR ﬁ% LE| EEE R R E EEE| BEE HRLRILE
branch|Mean can Branch [Dry Dry
Stratum | Branch |basal branchcllg;?n(:h dry | weight of Leafwgiryht Sten“;grit weight
No. |diame- [length length weight |branch g 806 stem
ter| g increment increment
(m) (em) | (em) | (em) | (&) €9) (2) (g) ()
0 ~0.3 3,482 514
0.3~0.8
0.8~1.3 7,483 614
1.3~1.8
1.8~2.3 1 2.5 | 300 178 | 301 11 67 | +9% S44
2.3~2.8 3 2.2 282 110 1,251 63 295
2.8~3.3 4 1.9 | 224 98 | 707 43 221 | %160 657
3.3~3.8 3 2.3 273 130 914 146 442
3.8~4.3 3| 20| 226 81 | 312 65 3s5 | 3:091 628
4,3~4.8 3 1.8 213 56 431 83 298
4.8~53| 10 | 1.4 | 167 53 | 1,283 301 701 | 2108 403
5.3~5.8 6 1.4 158 40 823 200 606 1.154 287
5.8~6.3 2 1.8 161 33 156 63 165 ’
6.3~6.8 6 0.9 108 30 101 57 223 526 219
6.8~7.3 12 0.8 79 20 195 109 421
7.3~7.8 13 0.8 83 13 119 55 268 211 125
7.8~8.3 11 0.7 66 5 45 22 139
8.3~8.8 15 0.5 41 2 6 6 26 29 20
8.8~9.3 14 0.3 18 0.2 0.3 0.3 0.4
9.3~9.5 1 0.03 19 1 0.2 0.2 0.2 0.1 0.1
& Total 107 6,685 1,225 4,318 27,172 4,011

B AE S Sample tree No. 12 (Chamaecyparis o.) ##f #® Tree height (m) 9.4

MWEMESZR D.B.H. (cm) 13.0 B T % Clear length (m) 3.8
0 ~0.3 2,909 263
0.3~0.8
0.8~1.3 5,454 323
1.3~1.8
1.8~2.3 4,167 240
2.3~2.8
2.8~3.3 3,492 253
3.3~3.8 1 2.1 228 126 198 5 24
3.8~4.3 ) 2,880 271
4,3~4.8 1 1.9 182 105 117 2 7
4.8~5.3 2| 1.8 | 194 8¢ | 273 29 133 | Do¥ 277
5.3~5.8 8 1.5 174 54 | 748 151 521 1,169 187
5.8~6.3 5 1.4 153 31 418. 124 372 ’
6.3~6.8 12 1.1 121 41 523 212 626 502 106
6.8~7.3 5 0.8 95 28 75 35 128
7.3~7.8 5 1.2 117 24 186 98 304 122 58
7.8~8.3 12 0.9 80 18 195 109 329
8.3~8.8 12 0.6 48 7 42 29 107 13 7
8.8~9.3 13 0.5 27 1 12 10 41
9.3~9.4 3 0.2 9 [¢] 0.4 0.4 0.4 0.1 0.1
7 Total 79 2.787 804.4 2,592 22,695 1,985
B AZES  Sample tree No. 13 (Chamaecypariso.) # B Tree height (m) 9.4
BWEESZR D.B. H. (cm) 12.3 B T % Clear length (m) 3.9
0 ~0.3 3,159 314
0.3~0.8 .
0.8~1.3 5,235 284
1.3~1.8
1.8~2.8 4,254 266




BT HIc B2 EBME 1 (GED — 11 —
Lk, 9 e
B | s Mo | (b e depl FRER g m g g FORRE
) branch{Mean “ean Branch |Dry | Dr
Stratum. | Branch |basal branch| 1branch dry | weight of Leaf dr Yh Stem dr}}rl vgeight
No. |diame- [length [¢'€3f weight |branch weight Welghtlof stem
ter length increment ' increment
_(m) (em) | Cem) | (em) | (8) [€:9) (2) (8) g)
2.3~2.8 v
§‘§~§‘3 3,712 295
.3~3.8
3.8~4.3 2 1.5 182 117 189 3 21 3,099 275
4.3~4.8 3 1.8 189 72 403 17 108
4:8~5.3 4 1.6 179 s | 505 50 333 | 2415 315
5.3~5.8 4 1.7 179 39 644 123 618
5.8~6.3 3| 1.3 162 | 23 | 268 76 204 | 1,466 325
6.3~6.8 12 1.1 135 33 661 210 745
6.8~7.3 12 | oo 103 23 | 33 123 546 | 1-048 238
7.3~7.8 16 0.7 82 14 222 82 460 54 134
7.8~8.3 14 0.8 70 5 143 81 372
8.3~8.8 14 0.5 44 2 34 18 89 16 ;
8.8~9.3 17 0.3 22 0.3 8 6 28
9.3~9.4 2 0.1 11 0 0.4 0.4 0.3 0.2 0.2
3 Total 103 3,411 789.4] 3,614 | 24,652 2,453
HEAAES  Sample tree No. 14 (Chamaecyparis 0.) ¥ % Tree height (m) 8.9

MEESZ D.B.H. (cm) 9.9

# T & Clear length (m) 4.9

0 ~0.3 2,105 156

0-3~0.8 3.822 147

1.3=1:8 3.017 _ 150

g'g:f;g 2,561 158

g'g:i‘g 1,919 159

4.3~4.8

4.8~5.3 1 2.3 190 55 128 7 45 1,494 170

5.3~5.8 5 1.6 178 76 384 41 247 937 152

5.8~6.3 6 1.3 142 | 42 293 61 293

6.3~6.8 10 1.2 126 32 334 100 401 439 o8

6.8~7.3 10| 0.7 84 | 20 194 66 313

7.3~7.8 14 | 0.9 % 11 219 107 488 - -

7.8~8.3 13 | 0.5 40 2 32 19 111

8.3~8.8 13 | 0.4 24 0.07 7 7 40 y ,

8.8~8.9 5 | 0.2 8 0 0.6 0.6 0.9

2 Total | 77 1,592 408.6| 1,939 | 16,424 1,220
HHAAES  Sample tree No. 15 (Chamaecyparis o.) bl ® Tree height (m) 8.3

mE % D.B.H. (cm) 8. = ear length (m) 4.

MEE®ZR D.B.H. (cm) 8.7 BT Cl 1 h (m) 4.1

0 ~0:3] 1,374 131

8‘2:?'2 2,593 121

i'g:;g 2,153 . 119

g-g:g'g 1,717 149

3.3~3.8

3.8~4.3 1 1.7 195 62 157 8 44 1,381 180

4.3~4.8 2 1.0 144 44 93 7 38 012 170

4.8~5.3 4 1.5 161 2 | 432 73 360

5.3~5.8 7 1.0 122 26 | 303 80 360 46 109

5.8~6.3 12 | 0.7 88 20 192 92 348

6.3~6.8| 13 | 0.8 89 6 | 208 134 535 17 5

6.8~7.3 15 | 0.6 52 0.9 63 40 215

7.3~7.8 14 0.4 36 0.2 14 11 72 " i

7.8~8.3 10 | o1 13 0 0.9 0.9 7 L1

2t Total | 78 | 1,493 445.9| 1,979 | 10,704 1,027

i
v
|
I
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#3k%E  Sample tree No. 16 (Chamaecyparis o0.) ¥ & Tree height (m) 7.7

W% E & D.BiH. (cm) 9.3 ‘ B F & Clear length (m) 3.0
B v o ‘
= . KA %ZELE&QZ&{:JEE EIEH LE| BieE R R E HEHE | BREE AR RELE
i 'branch|Mean can Branch |Dry a Dry
Stratum | Branch |basal branch| 1’2ranch dry | weight of] Leafwgiryht bten;vec%rslrn weight
No. |diame- length N lar th weight |branch g 8Mof stem
; ter eng : increment| increment
(m) (em) | Cem) | (em) | (&) (g) [€:D) (8) (g)
0 ~0.3. : ‘ - 1,669 194
0.3~0.8, :
0.8~1.3; . 3,635 152
1.3~1.8:
Uamga | 2,581 181
2.3~2.8' i ' ! ,
2.8~3.3 2 | 2.2 198 66 | 737 37 181 2,201 307
3.3~3.8 : 1,798 275
3.8~4.3 7 1.4 155 38 418 65 291 ?
4.3~4.8 4 1 1.3 139 32 291 66 297 740 215
4.8~5.3 9 1.2 135 32 444 172 592
5.3~5.8 13 0.7 84 15 172 84 349 320 147
5.8~6.3 13 0.9 90 4 256 122 548
6.3~6.8 11 0.8 65 0.4 56 34 225 72 39
6.8~7.3 14 0.4 34 0.5 17 12 86
7.3~7.7 7 0.3 22 0.3 3 3 12 2 2
&t Total 80 2,394 595 2,581 13,024 1,512

B AEKE  Sample tree No. 17 (Chamaecyparis 0.) # % Tree height (m) 5.7

BWEEZ D.B.H. (cm) 5.7 # T & Clear length (m) 1.8
0 ~0.3 . 459 39
0.3~0.8
013 1,415 66
1.3~1.8 1 2.0 230 174 252 2 6 978 -
1.8~2.3 1 2.3 247 26 407 28 110
2.3~2.8 1 1.8 220 91 150 16 47
2.8~3.3 : 470 7
3.3~3.8 6 0.9 162 53 204 59 177 216 43
3.8~4.3 3 0.9 128 26 75 30 95 “
4.3~4.8 5 0.6 86 23 84 37 131 45 8
4.8~5.3 13 0.3 36 5 12 10 35
5.3~5.7 9 0.2 17 0 1 o1 [ 4 0.7 0.7

2 Total 39 ) 1,185 183 608 3,584 309

BOBAERLIL 015 HTD D, x#u(&«rt/#GﬁmﬁE@%kmﬁ,ﬁ@&&éﬁi%
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4K ha d 7=V #H EKE - |
: = Table 4. Dry weights and volume of tree parts per ha }

, S % v % 2 X4k )% i
! Cryptomeria j. “ Chamaecyparis o, Crypto.+ Chamdecy. [‘
AER REE|AFR | RER BFEE | RER |
Biomass | Increment| Biomass | Increment| Biomass 1| Increment f‘
! - ;
: #®  Stem 76.1 8.9 59.8 6.4 67.9 7.7 i
| #  Branch 10.7 1.8 11.2 2.7 10.9 2.2 f‘
) -7 E | ¥ Leaf 26.7 9.6 18.3 {
o Dry weight (t/ha)| 3% Cone 0.16 0.04 0.10 l‘
! #  Root 29.2 23.6 26.3 .
i 1
- £  Whole 142.9 104.2 . 123.5 il
% K ‘ y
| Volume (m?/ha)” . Stem 217.9 25.6 131.8 14.2 175.2 20.0 : !
: H5R BLBEORRELRK i
Table 5. Comparison of stem and branch increment ) i
: . i - ‘
i : - o ) S A ¥ = J - F
. e i - Cryptomeria 7j, : C/mmaecypgris’ 0, 1
:_ ‘ L 3 # B |
i s Stem Branch Stem Branch |
; D & E R X ; ¢
. The rate of matter productions 0.333 0.067 0.667 0.281
! against unit leaf amount
i BLRORERONE
: The ratio of stem and branch 0.832 0.168 0.703 0.297
: " increment o ) ]
' - -
¥ . MEXE THQD)
: : 3 20 10 0
| 15m | I . E— .
: o C? messpicni 1
‘ ‘ 2 *_- K CI:yPtOmLI:[aJ’, xamaequ.lrls 0. ’I

Cryptomeria j. Chamaecyparis 0.
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) 10 Q
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]
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“ o |
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‘l L ¢ 1 I 1 ) 1 ]
l 5 5 0O 05 10 15 5 0 05 10 15 .‘
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K EAR M N W ¥ _ - E5K HooBmomE - :
e Fig. 4 Vertical distribution of leaf Fig. 5 Vertical distribution of leaf weight (1), g
‘1 weight (¥2), branch weight (¥5) stem increment. ..(4¥s) and branch increment \
“n and stem weight (¥s) per stand. (4y8) per standi: - :

| & . o aeAL o - - R, I I
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0
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Fig. 6 Vertical distribution of leaf weight (w.(2)), branch weight (ws(2))
and branch increment (4ws(2)) in each stratum of each sample tree.
The broken line of left side shows vertical change of 4ws(z)/wr(z) and
that of right side shows 4ws(z)/ws(z).
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KHd KRB L BN EENB 20, RILBEORE LTRIER2MEZLY, ZThaiit s/ $izlb
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BORE 1 £MOMERY, BHOBGFRETEH - b0EEORERLET 3, B L OEOREEOEL
DREZ BT L0236 MOARDOIRMRS 57 Th 5, BORERIIAX, vt/ L bicLE»OTRE
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X¥t<5&rt/#@&@ﬂ%%@%w:am%ﬁo%ﬁme%ﬂvééﬁ,t/#@ﬁoﬁ&%@
24.3% 2V HDEPRYVEY, LHL, EEPIICHRE LR 11 FEDO L ) FHROKEDOKEEN, 35.8%
PV ELIZEWMEETRLTVWAI LY 5 LTH, Hk / FHROBOBEERIFHICH N OTRIRY
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Fig. 7 Height and clear length of sample tree. Closed
circles show tree height and open circles show clear
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" Cryptomeria j. (Tree No.1~9)
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Fig. 8 Vertical change of distribution rate of leaves, branches, branch
increment and stem increment in each stratum of each sample tree.
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Table 6. Relationship among max. weight strata, clear length rate

of branch and its mean height

Ftin L) R HO®mS (m)
= (%) :Il\z/lean height( of

Mean clear length each stratum

rate

BREE &K KB

The stratum with the largest 7.2 7.1
branch increment
2 ¥ ¥ B K K
The stratum with the largest 12.8 6.3
Cryptomeria j. leaf weight
>3 =}
The stratum with the largest 18.8 5.7

branch weight

Bk EE &K KE

The stratum with the largest 24.8 5.7
branch increment
2 7 ¥ ¥ BE K X B
The stratum with the largest 25.4 5.7
Chamaecyparis o. leaf weight
5 B &
The stratum with the largest 32.6 4.7

branch weight
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Table 7. Result of the pruning at a definite clear length rate of branch
- a0 E Y BITH CHRELLERECE S
B & %gﬂib‘)’% EE$ I b E X The rate of the loss by removal
Species Clear length rate l\fﬁi?nratlznoih Br anﬁi =
of branch (%) ?n crov%n ] Branches increment Leaves
50 0.14 0.17 0.03 0.08
= ES 40 0.21 0.27 0.05 0.15
30 0.31 0.42 0.12 0.28
Cryptomeria j. 20 0.40 0.55 0.25 0.43
10 0.49 0.75 0.45 0.65
50 0.06 0.06 0.01 0.01
t / ES 40 0.16 0.26 0.06 0.08
: 30 0.33 0.51 0.27 0.26
Chamaecyparis o. 20 0.66 0.91 0.82 0.78
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Fig. 18 Result of method 1 with which branches were removed at a
definite clear length rate of branch. }
Closed circles, open circles and crosses denote branch weight, leaf
weight and branch increment, respectively. Right dotted line indicates
the mean clear length rate of branch of the stratum with the largest
branch increment and left dotted line indicates the one with the

largest branch weight.

ETERITET B LY D R B AFTRRKOFEBRERYREN 2 %DLIATHY BT R
EN3m T, LOBERICHTDEEL38 %, BRETIHECEFSIT 250 1UET, JBMICITHRE
DOBFTHIBT 2 XD TH B0, REEDCHEEKISHO LT &S, EOBEEDCL»bHIE. Fh
BEBOBITHIZIIR LRV B FIZOWTAHS L, BOTH_A ENYERIT29%DLZATHY,
BITHbE 1.7m T, TOMERICHT 2EEE 30%, BRETIHEOEEZ 240 1 DL, BRECHEKE
B3TD1ThH3, SMHBRBEHT bOBMIIAFLHE IV EDLRVAE, KEOBREIIRYKEV,
2. —EOH EBET-HICKITET 35%
Soic, Bi—FRCB O TRBEBOR M p»b Y 2L, HTHER TS 2 —EOEOMI L) ER
OBENFEEORBIBSESZ L (B16H), YHACBNTHEVEWEOBICSTIZES T



BT bIic 3 5 ERagRfE 1 (R — 29 —
B8R —EDHITEITL LA
Table 8. Result of the pruning at a definite height above ground level
= w0 E Y BT HTHRELLEROEIS
it & BAT 5 0 Hs BT b k& The rate of the loss by removal
Species The height of Mean ratie of N }3%! F=3
pruning pruning lengt Branc|
(m) in crown Branches increment Leaves
2.8 ¥ T 0.03 0.02 0 0.01
3.3 0.04 0.04 0 0.02
3.8 0.05 0.10 0.01 0.04
4.3 0.12 0.12 0.02 0.05
. 4.8 0.18 0.20 0.04 0.10
A ES 5.3 0.25 0.25 0.06 0.15
o 5.8 0.32 0.38 0.13 0.26
Cryptomeria j. 6.3 0.38 0.46 0.18 0.35
6.8 0.45 0.57 0.27 0.46
7.3 0.51 0.66 0.35 0.55
7.8 0.58 0.73 0.42 0.63
8.3 0.65 0.80 0.53 0.73
8.8 0.71 0.81 0.56 0.75
2.8 0.04 0.07 0.01 0.02
3.3 0.05 0.14 0.03 0.04
3.8 0.06 0.21 0.06 0.07
4.3 0.15 0.28 0.10 0.11
= / * 4.8 0.24 0.36 0.15 0.16
5.3 0.33 0.50 0.27 0.28
Chamaecyparis o, 5.8 0.42 0.66 0.42 0.43
6.3 0.51 0.76 0.56 0.56
6.8 0.60 0.86 0.72 0.58
7.3 0.69 0.92 0.84 0.82
7.8 0.78 0.97 0.94 0.93
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Fig. 19 Result of method

2 with which branches were removed at a

definite height above ground level.

Closed circles, open circles and crosses denote branch weight, leaf

weight and branch increment, respectively. Right dotted line indicates

the mean height of the stratum with the largest branch increment and

left dotted line indicates the one with the largest branch weight.
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Table 9.

its mean height above ground level

Relationship between clear length rate of branch and

23 ¥ = / *
Cryptomeria j. Chamaecyparis o.
mh kXY X ¥ kR mh E» v kxR TH M E®
Clear length rate of branch Mean height Clear length rate of branch Mean height
(%) (m) (%) (m)
10 6.9 20 6.4
20 6.1 30 5.1
30 5.4 40 4.1
40 4.9 50 3.6
50 4.2
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Fig. 20 Comparison of the effects of two pruning methods (one example).
In each graph, first line shows the pruning length rate in crown, second
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Fundamental Studies on Pruning 1

Discussion about pruning on the basis of an ecological research

Takao FUJIMOR1

(Résumé)
Introduction

This report is one of the fundamental studies made for the improvement of pruning
technique. The production structure of a stand was analyzed and on the basis of this data the
application of ecological knowledge to pruning technique was discussed in this report.

Although many reports concerning crown structure and trunk growth have been published,
there are still unknown points about branch growth in every stratum. This is probably due to
the fact that measuring branch increment involves complicated procedures. Therefore, in this
experiment, much attention was given to the precise measurement of branch increment.

The Cryplomeria japonica and Chamaecyparis obtusa that were used in this experiment are

the most extensively planted coniferous trees in Japan.

Experimental Stand

The experimental stand was in a mixed forest of Cryptomeria japonica and Chamaecyparis
obtusa located in Hiroshima prefecture in the south western part of Japan. Both species were
planted in alternating vertical strips of three rows each (Fig. 1) ; the stand was 19 years old
and had already closed but neither species had yet influenced the other (Fig. 1). Furthermore,
thinning and pruning had not yet been practiced. The site condition was comparatively good.

A survey of the stand is shown in Table 1.

Material and Methods

The field work was carried out from March to May, 1968. In the sample plot (250 m?%)
which included 47 trees of Cryptomeria japonica and 36 of Chamaecyparis obtusa, the trunk
diameter at breast height (D.B.H) and the height of every tree were measured. For precise
measurement and analyses, 9 sample trees of Cryptomeria japonica and 8 of Chamaecyparis obtusa
were felled in proportion to the frequency distribution of the D.B.H. and of the height. Of each
trunk, the branches, leaves and roots were weighed according to the stratified clipping method
—the trunk was sawed into stratum lengths of 1m, and the leaves and branches into 50cm
length strata. The diameter at the base, the whole length and the clear length of every branch
were measured. The distinction between the clear portion and the crown portion of a branch is
shown in Fig. 2.

Some samples of trunk discs and tree parts were chosen from every felled tree and brought
back to the laboratory for dry weight determination and branch and stem analyses. The increment
in the trunk and brances during the last year was calculated according to the stem analysis

method. Each branch was cut into sections of 5~25cm in proportion to its size, and its annual

Received October 2, 1969
(1) Silviculture Unit, Silviculture Division, Kansai Branch Station.
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growth rings were examined with a magnifying glass. Then, special attention was given to the
distinction between the annual growth rings and the lack of the rings. When it was difficult to
distinguish whether a growth ring in a branch had developed during the last year, stem annual
rings, annual shoot or the ratio of leaves and branches of the corresponding stratum were
referred to.

All of the values of the measurement are shown in Table 3.

The amount in ha was calculated by the following equation :

y=3" G/G’

where ¥, ¥, G and G’ represent the total weight in ha, of sample trees, the total basal area in
ha and of sample trees, respectively.

In this report, increment means the amount of increase in net production matter during the
last year where the amount of losses by death, shedding or other causes during the last year

are neglected. Weight data are given on an oven-dry basis, unless stated otherwise.

Results

The structure of the stand is shown in Fig. 4 and 5, and the volume and weights of the
tree parts in ha are shown in Table 4.

Fig. 8 reveals that, in Cryptomeria japonica, the stratum with the largest leaf weight was
usually found around the middle part of the crown of the tree, the stratum with the largest
branch weight was found just below that with the largest leaf weight, and the stratum with the
largest branch increment was found just above the one with the largest leaf weight. In
Chamaecyparis obtusa, the stratum with the largest leaf weight and the stratum with the greatest
branch increment are almost the same place, both occurring above the stratum with the largest
branch weight.

In Fig. 6, the rate of branch increment against leaves per stratum decreases gradually from
the upper part to the lower part of the crown in Cryptomeria japonica, but in Chamaecyparis
obtusa, only a slight change from upper to lower part is observed.

Also in Fig. 6, the branch growth rate (the rate of branch increment during the last year
against the weight of the present branch) appears to decrease gradually from the upper part to
the lower part, reaching almost zero at the lowermost stratum both in Cryplomeria japonica and
Chamaecyparis obtusa. o

As to the whole branch growth rate in this stand, that of Cryptomeria japonica is 17 % and
that of Chamaecyparis obtusa 24 %. The branch growth rate of Chamaecyparis obtusa seems to
be unexpectedly high, but from data the author obtained in other young stands, it might be
considerably higher.

Fig. 16 reveals the relationship between tree height and natural clearing of branch in simple
stands. According to this, the height of a definite clear length rate of branch (or the lowermost
living branch) is distributed in a definite extent régardless of the tree height. And this
experimental stand seems to have a similar tendency (Fig. 7).

In Fig. 15, it will be seen that the vertical change of crown length rate of branch shows a .

similar trend to that of branch growth rate.

Discussion

In general, the main purposes of pruning are said to be the production of straight, full-

bodied and knotless trunks. The author considers, however, that the production of knotless
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trunks is, more than anything else, the essential function of pruning. Because the straightness
and full body of each trunk in a stand can be controlled by the management of stand density.
Of course, the production of perfectly knotless trunks might be impossible. but it is worthwhile
to produce as much trunk with as small and few knots as possible without causing a striking
reduction of trunk growth by pruning.

On the other hand, there is another essential function of pruning, i. e. controlling the growth
of dominant trees in order to compensate for the deteriorating effect of thinning. By pruning,
the sizes and forms of dominant trees within a stand can be made to coincide rather closely
with those of less dominant trees.

In any event, in practicing pruning, it is necessary to know how the branches of every
stratum are contributing to the trunk growth.

Therefore, the author discussed in the present paper the degree of contribution of branches
in every stratum (hereafter abbreviated as DCB(z)) from the following points of view. One is
DCB(z) to the production of the trunk. The other is DCB(z) to the production of the knotless
trunk.

The following discussion is advanced on the basis of the pipe model theory?® and the law
of relative growth®, that is, the amount of trunk increment which is produced with the leaves
in a definite stratum is proportional to the amount of branch increment in its stratum.

As to the production of knotless trunks, general opinion is that the amount of trunk growth
is not much influenced by pruning.

DCB (z) to the production of trunk might be represented by the leaf weight and its ability
to affect trunk increment through photosynthesis.

WL (Z) X @ veveererrerernettiiisii (1)
where wr (2) means leaf weight in a stratum and @ means leaf ability. When @ is represented

by branch increment against leaf weight in a stratum, (1) is changed as follows :

wL(z)x"_u’)”L‘;((:)L=4wB(z) .......................................... (2)

where Jws(2z) means branch increment in a stratum. And when @ is neglected, 4wz (2) is
represented by wr (2) approximately.

Accordingly, DCB (z) to the production of trunk may be indicated by 4wz (2) or wi(2).

For the production of knotless trunk, a branch has a positive function as holder of leaves
and as a vessel to transport production matter to the trunk ; on the other hand, the branch has
a negative function of forming knots in the growth of the trunk. The author regarded dws (2)
as positive since it expresses present contribution and regarded ws (2) as negative since this
actually means the forming of knots in spite of its expressing past accumulated contribution.

AWBCZ) it
e il S

This is the same as the above-defined branch growth rate.
At (4), dws (2) can be substituted by wr (2) as mentioned above.

wr (z)

wg(z) ........................................................................... (5)

According to Fig. 11, two curves of (4) and (5) represent a similar trend.

The stratum with the highest degree of contribution to trunk production is the stratum with
the largest branch increment, and its position may be estimated by the position of the stratum

with the largest leaf weight and that with the largest branch weight (Fig. 8). And when the
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clear length rate of branch is adopted as an external indication of DCB (z) to trunk production.
their relation is as shown in Table 6.

The indication of DCB(z) to knotless trunk production, dws (2)/ws(z) or wr(2)/ws(z)
decreases from the upper part to the lower part in a nearly straight line (Fig. 6, 11). Therefore,
it becomes appropriate to remove branches from the lower part of the tree in case we remove
the same amount of branches from each tree. The clear length rate of branch may be adopted

as an external indication of Jws (2)/ws (z) or wr (2)/wr (2) (Fig. 15).

As an example of the application of the ecological data to pruning practice, the author
attempted to estimate the effect of pruning with this experimental stand.

Two methods of pruning are conceivable. One is the removal of branches according to a
definite external indication such as clear length rate of branch (method 1), and the other is the
removal of branches according to a definite height (method 2). The estimated effect by method
1 is shown in Table 7 and Fig. 18. In method 1, since clear length rate of branch and DCB(z)
have a close relationship (Fig. 15), DCB(z) can be estimated by the clear length rate of the
branch. These relationships can be learned from Table 6 and Fig. 18. The estimated effect of
method 2 is shown in Table 8 and Fig. 19. There exists a close relationship between the two
methods. Since each height at a definite clear length rate of branch is distributed within a
definite extent without reference to tree height (Fig. 7, 16), if mean height at a definite length
rate of branch can be obtained, branches can all be removed up to the same height. The
relationships between a definite clear length rate of branch and its mean height above ground
level is shown in Table 9. When the effects of the two pruning methods are compared, the
two types of effects corresponding to clear length rate of branch and its mean height respectively
are almost the same under the stratum with the largest branch weight. An example of this is
shown in Fig. 20. Knowledge of this fact will cause pruning in a simple stand to increase

efficiency.

As far as the losses of growth are concerned, the above data indicate that externally intensive

pruning would have less influence on Cryptomeria japonica than on Chamaecyparis obtusa.

In this report, the author discussed pruning on the basis of experimental result. In order
to clarify certain points, much more experimental data must be obtained. It is also necessary

to put the theory into practice and to prove its effect.



