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Analysis of growth traits measured for 1 to 20 year-old
sugi (Cryptomeria japonica D.Don) plus tree clone tests in Iwate Prefecture.
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Evaluation of clones and analysis of age-age correlation were conducted for sugi (Cryptomeria japon-
ica D.Don) plus trees based on the data of tree height, diameter at breast height (DBH), survival ratio
and stem form measured in 8 clonal tests in Iwate Prefecture, Japan. Analysis of variance using the
data of all tests proved that there were significant clonal differences for each ‘traits. The decreasing
tendency with age in the propotion of clone x test interaction of tree height and DBH indicates that
subdivision of the breeding area is not needed. Five superior clones were picked up based on the stem
volume per unit land area estimated from tree height, DBH, and survival ratio. Age-age correlation
was calculated from the tree height data of 5 tests where tree height was measured in every census
from 1 to 20 year-old. The age-age correlation was approximated by a linear function of LAR (loga-
rithm of age ratio). Selection efficiency, genetic gain per year, was estimated assuming the rotation
age of 50 year-old. The selection efficiency reached its maximum at age 12 and decreased thereafter.
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Fig.1 Distributions of clonal test plantations of

sugi plus trees.
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Note : Alphabet numbers show plantation number(Table.1)
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Table 1 Clonal test plantations of sugi plus trees analyzed
BEKES B o K % Bt 1 # H OB X ok oE ¥ sftro—rH K O# B
TemCodo  Name ofest st B et comeroned_npheton
T16 HER165 ~18%  HFEATHEFAIIFHEA B [ || A 1973 30 3 350
T22 HEEE ~24% A TFREESHT R TR o T 1974 30 3 580
28 HEH8E ~30%  AFRBHNTFEET BE de b i 1975 30 3 200
T34 HER34s ~36%  HFE AR R #woF e & 1976 30 3 500
T40 HEE405 ~42% SRR T HTEREIL A6t s 1977 35 3 480
T46 FUs A6 ~ 485 A TR T BTHIRET AT AR 501 N 1978 33 3 500
T51 HAHRSTT HREAMEMEE R T TR T oW 8 1981 20 3 550
T53 FEHIRS3 Y BT BV 7 S TP S EGR [ 1982 33 3 550
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Table 2 Plus tree clone tested at each plantation

ro—-rFe ok R OB & Witk REWE 5 syu—-sF5 W OE B & REEME BEHES
Clone Plus tree Number of Test code Clone Plus tree Number of Test code
number name l0calons 16 T22 T8 T34 T40 Te6 TSI TS3 number name locations 16 T2z T28 T34 Td0 T4 TSI TS3
312 z 2 1 O 363 MO 2 2 C O
314 B 3 2 [olNe] 365 T HMFE 4 1 O
320 HFW) 1 5 @] 0] o O O 367 T M o6 1 O
322 EF(E) 3 2 O O 368 T M FE 7 1 O
324 HFEW) 5 1 @] 376 - A 1 1
325 HF) 6 1 C 377 - A 2 1 O
326 HFW 7 4 O O C @] 378 H oW 1 4 o C O O
328 EHFW) 1 2 o O 379 BEFRE) I 7 O C O O C O O
329 HFE) 12 1 O 382 E M 5 1 C
330 B OE 1 2 Q.9 383 B 6 1 @}
331 o' 2 2 O O 388 B Om 1 2 o O
332 o' 3 1 @) 392 it & 4 1 O
335 [ifEC2E 6 O cC O O O 393 it % s 1 QO
337 HBEH 1 3 O C O 394 it & 6 3 o O
338 HEG 2 3 O O 414 — ® 3 4 o Ke) O] e)
339 Ol 1 1 O 418 5 R 1 5 O O O O O
40 & i 4 2 lolNe; 0o B OB 1 8 O OO0 0o OO0
341 o 5 s O C O C O 422 s H 2 2 O O
342 &b 6 4 C O O O 426 K & 2 3 O 0] O
343 oMb 7 1 Q 428 Kin g 2 2 O Q
344 o8 4 O O C O 429 KaE 3 4 O o O O
345 % fil 9 1 O 431 K#nE 4 1 O
346 EBEHE 1 6 O O 0O O O O 438 ® R 1 1 (@]
347 LHE 2 1 O 442 £ R 5 6 o O C o O O
348 BB 3 6 0.0 2.0.0.9 448 E % 3 2 @) Q
349 LHEFE 4 5 o O O o O 450 £ & s 1 ¢}
350 EBM®E 5 7 O O O O 0 O 0O 453 mo % 1 1 O
351 LM 6 5 O QO o O O 454 EOH 2 5 O O C O C
352 EM®o7 4 o 0O 0 O 456 "W 1 1 C
353 EBfF 8 7 0.0 .0 0O 0 0 O 465 BAE) 1 1 o}
354 L9 2 O C 466 HAEE) 2 2 O C
356 E@ME 8 C C OO0 OC 0 0O0 468 N} 2 1 O
357 o2 8 o OO0 000 .o 484 W & s 5 cC C O O C
50 LHF 14 s 00000000 w91 HEMR) 8 4 O 0 ©
361 o L) 3 Q Q.0 501 % K 1 1 O
362 T H B 6 o 0O O C © O (8) O C O c o ¢

O e R T

) show the plus-tree clone tested at the location
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Table 3 A list of traits measured for each test site

FosE bt oy AR Age of assessmet(year)
Test code 1 5 10 15 20
B B B BE EEE Be EE £FE BE B8 £EE B
Height Height Height Diameter  Survival Height Diameter  Survival Height Diameter  Survival Stem forme
ratio ratio ratio *E i—‘ fﬁ'%
Stem butt Stem
Ti6 O O O O O O O O O O O O
22 O O O O O @) O O O O O O O
T28 O O O O O O O O O O O O O
T34 O O O O O o O O O O
T40 O Q O o O O O O @] @] @] O o
T46 o O O O O O O O C O O @ O
T51 O O O O O O O O
T53 O O] O @) O O O O

i) miEE e (O b2m)
Note:Diameter is measured at the breast height (1.2m above the ground)
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Table 4 Test mean and standard deviation for each trait

B b Bf 5 (Height)

514 (Diameter)

1% (Survival ratio) B (Stem form)

Test code KT 3
Stem butt Stem
1K (Age) K (Age) 2K (Age) K (Age)
1 5 10 15 20 10 15 20 10 15 20 20 20

T16 04 (006) 1.1(022) 3.0077) 5.1(.28 797D 38 (1.13)  5.8(1.80) 10.0(2.02) 0.8 (0.15) 0.8(0.16) 0.6 (0.17) 4.8 (0.35)
T22 0.4 (0.05) 12(0.18) 24(0.50) 3.6 (0.68) 4.9 (0.99) 28 (1.01)  43(1.26) 7.9 (1.54) 05 (0.14)  05(0.15) 04 (0.11) 3.9 (0.41) 3.9 (0.54)
T28 0.3(0.05) 1.4(030) 33(0.66) 53(1.02) 6.6(1.46) 4.5(142) 7.8(1.57) 104 (1.99) 0.7(0.16) 0.7 (0.16) 0.6 (0.16) 4.6 (0.28) 4.5(0.34)
T34 0.4(0.03) 12025 2205 4.6 (1.32) 2.5 (0.80) 7.2 (1.87) 0.6 (0.14) 0.4 (0.12) 43(0.39) 4.3 (0.54)
T40 03(004) 1.6(029) 35(0.57) 54081 6.9 (1.04) 45(1.10)  8.1(1.52) 11.0(1.37) 08(0.12) 06(0.12) 0.5 (0.10) 44 (0.38) 4.6 (0.41)
T46 03(0.04) 1.1(028) 25(0.82) 4.5(1.40) 6.4 (2.31) 2.2(1.08) 6.1(224) 9.4 (3.19) 0.7(0.19)  05(0.14) 0.5 (0.15) 43 (0.51) 3.8 (0.87)
T51 0.4 (0.04) 1.3(0.26) 3.3(0.75) 5.5(1.06) 5.1 (1.67) 10.2 (2.06) 04(0.14) 04 (0.13)
53 04 (0.04) 09 (0.18)  22(0.48) 3.9 (.04 2.9 (0.72)  53(1.47) 04 (0.15) 04 (0.11)

k) SRR
Note:Value in parenthesis stands for standard deviation

*-5
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Table 5 Significancies in clonal differences tested by ANOVA for the data in each test site

BEAES HHIE B (Height)

M EE (Diameter) B (Survival ratio)

Site code df. ER (Age) FR  (Age) FR  (Age)
1 5 10 15 20 10 15 20 10 15 20

T16 28 ok kK *k sk £ ok k% *k k¥ * %k dk
T22 28 NS NS NS * NS * ek o o *
T28 28 Hk kk 3k &k NS Hk k% * EX * %k dok
T34 28 *k EZ S *k £33 ok 3k NS dok
T40 25 o ok NS NS NS NS NS * ok * o
Td6 26 o NS * * NS NS NS NS & NS #
Tsl ]9 Fk xS NS * * k¥ £33 EE 3
T53 27 *ok £k dk *kk * * k% £

w1 IKETHEZED Y * 5 %KETHEEED D NS: HEAER L

**:Significant at 1% level. *: Significant at 5% level. NS:No significant
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Table 6 Combined analysis of variance for each traits and five assrssment age

LEH BiE  (Height) HaEEH  (Diameter)
Source
FR_(Age) R (Age)

1 5 10 15 20 10 15 20
HFERR 0.232 (7) 3.144 () 21.102 (7) 45271 (6) 72.822 (5) 7922 (7) 25476 (6) 128.19 (5)
Site
WERMN L 0.002 (16) 0.297 (16) 2.025 (16) 5929 (14)  12.814 (12) 7.52 (16) 932 (14) 1998 (12)
Rep./Site
a=E 0.007 (70) © 0.186 (70) T 1.228 (70) © 3.050 (63) T 5.095 (64) ~ 270 (700 T 7.56 (63) T 1040 (64)
Clone
MEMARX 20— 0.004 (139) 0061 (139) © 0379 (139)° 0.888 (118) N 1.831 (99) ™ 125 (139) 241 (118) ™ 352 (99) ™
Site x Clone
BAFE 0.001 (418) 0.032 (418) 0.270 (418) 0.697 (362) 1.558 (325) 0.80 (415) 2.05 (362) 273 (325)
Error

) RIS B
Note: Value in parenthesis stands for degree of freedom
wx ] BKETHEED D * 5 %KHETHEED D NS: FEAZL L

#*:Significant at 1% level. *: Significant at 5% level. NS:No significant
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Variance due to site and replication effects are exclude from the total variance.
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HF#E  (Survival ratio) B (Stem form)
#RIC (Stem butt) 2 (Stem)
FR (Age) EX (Age) R (Age)
10 15 20 20 20
1.178 (7) 1.085 (6) 0529 (5) 6.570 (5) 6.623 (4)
0.102 (16) 0.057 (14) 0.059 (12) 0.521 (12) 0.965 (10)
0.060 (700 ™ 0.055 (63) 7 0.045 (64) T 0.285 (64) ~ 0.820 (52)
0.024 (139) ™ 0.020 (118) ™ 0.020 (99) ~ 0.131 (99) ™ 0.206 (83) ™
0.013 (415) 0.013 (362) 0.012 (325) 0.119 (325) 0.236 (269)
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Table 7 Correlation coefficients among traits based on least square estimate

BT BH 2K JBE & 5 (Trait number)

Trait ~ Trait Age

number 1 2 3 4 5 6 7 8 9 10 11 12 13

I B 1 032+ 029+ 030+ 025ns 026+  023ns 0.07ns  002ns  0.04ns  0.14ns  002ns  -0.15 ns

2 (Height) 5 089+ 077+ 0.74 = 085+ 0.75+  0.70 =~ 054 = 047 = 049 = 0.26 = -0.21 ns
10 091 = 0.88 + 090+  0.88 = (.82 *« 0.50 = 041+ 045 033+ -0.21 s

4 15 0.90 «= 0.85= 091+ 0.8 038«  0.32- 032« 039+ -0.08 ns

20 083: 085 090 | 036 02w 033 034 013n

6 g e 1B 10 0.89 = (.84 # 053+ 045+ 042 0.34 ++ -0.18 ns

7 (Diameter) 15 0.91 = 047 «= 0.45 =« 0.36 « 0.33 = -0.08 ~s

8 20 . 039+ 025:  028:  024ns 021w
10 0.89 == 0.85 » 0.17ns  -0.04 s
15 0.84 = 0.11Ns 0.08 ~s
20 OoNs 000w
20 0.30 ~s
20
5 % kit NS: AR L

**:Significant at 1% level. *: Significant at 5% level. NS:No significant
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Table 8 Top 20 ranking of plus tree clones concerning to the estimated value of stem volume on a unit land area

K (Age)
15
: WoElE R MR gma s HeEE s A
NE T e 2R Mieisal T WA a—F Sat ligifiz. L3 = !
Ranking Plus tree name Plus iree code Number of  Estimated value Ranking Plus tree name Plus tree code Numberof  Estimated value Ranking Plus tree name
locations tested locations tested

1 ] 2 422 2 6.71 1 it % 5 393 1 34.32 1 a5 2 82.18
2 & R 1 418 5 6.68 2 B W 1 456 1 33.93 2 it # 81.91
3 K *8 2 426 3 5.80 3 a5 R 1 418 5 32.06 3 K8 74.73
4 "W I 456 1 5.60 4 KA 2 426 3 29.77 4 = 72.26
5 € % 5 393 1 5.59 5 = i 2 422 2 29.17 5 R 69.76
6 B &1 4 8 504 6 W1 378 4 27.00 6 HAER 57.13
7 il 5 341 5 4.83 7 =7 & 1 420 8 26.48 7 &l 54.13
8 it % 6 394 3 457 8 & il 8 344 4 25.14 8 E B 53.44
9 i 8 344 4 4.19 9 THH# 2 363 2 23.19 9 I‘ Mo 2 50.88
0  EEMH 16 361 3 4.08 o £ & 5 450 1 23.18 0 ®H & 1 50.44
0T EE 7 38 1 406 11 ##EH 2 33 3 209 n T s 4777
12 X K 5 442 6 4.03 12 fE % 6 394 3 21.58 12 L 8 47.50
13 & M 6 383 1 3.99 13 HFME) 3 322 2 21.24 13 ik % 6 46.51
4 E i 5 450 1 3.98 14 &AMl 5 341 5 21.14 14 E K 5 ¢ 46.41
15 EFH 3 32 2 3.54 15 B E 5 442 6 20.81 IS E#EH 2 33 3 44.74
16 H#EH 2 338 3 353 16 T H @ 7 368 1 20.50 16 & #8344 4 42.10
17  HAMR) 2 466 2 3.50 17 B @ 6 383 1 19.85 17 aFE) 3 322 2 40.74
18 & H 2 454 5 3.39 18 LHHE 2 347 1 18.14 18 HadE) 8 4% 4 39.77
19 THMFE 1 36 6 333 19 & M 2 454 5 18.04 19 M 1l 1 378 4 38.36
20 THHFE 2 363 2 3.26 20 kEBO 8 353 7 17.90 20 M 2 454 5 38.16

*: BT RS 72 ) O FEifEEE [ m/hal

# : Estimated stem volume on a unit land area [ i /ha]
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2. 2. 2 FREEEOHETEERERKRERDHEE
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¥ (T16, T22, T28, T40, T46) O ET—% % H

WTERBOME (r) %ko, £X1 (LAR) 08

BaRL7-DODR— 4 Th b, WEOERILERD—K

BE=084Tdho7/z. INSDIEEa, b DOMEE(6)FIC
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HEZITo 72, T 2T, HELREZ504EE L U804F &
L726
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Table 9 Analysis of variance for each traits each age, based on the plot mean values of 5 test sites (T16,T22,T28,T40,T46)

LEA H e & (Height) Kyss B (Diameter) AFFE (Survival ratio)
Source d.f. FR  (Age) R (Age) FER (Age)

1 5 10 15 20 10 15 20 10 15 20
BEK 4 0.350 3.383 19.472 44.256 62.266 75.671 170.664 93.759 0.759 1.064 0.568
Site
HE AR AR 10 0.002 0.195 1.594 5.492 14.890 4.990 10.431 22489 0.056 0.036 0.049
Rep./Site
sa— 57 0.007 ™ 0.182* 11437 2624 5058 2,636 63957 10214 0.060 ** 0.053 0.049 ™
Clone
WERXZ70- 718 0.005 ™ 0.070 " 0436 1.021° 1.740 ™ 1444~ 2356 3.238 % 0.026 ™ 0.023™ 0.021
Site x Clone
2] 269 0.001 0.037 0.296 0.689 1.655 0.899 2.035 2,902 0.014 0014 0.012
Error
#x ] BRKETHEED Y * 5 %KETHEAEDY NS: HHE#EL L

**:Significant at 1% level. *: Significant at 5% level. NS:No significant
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Fig.3 Age trends in broad sense heritabilities of tree height, diameter at breast height, and survival tario.
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a-—-F Plus tree Number of Height Diameter Survival ratio Stem form Estimated value

Plus tree  name tested L #

Number location Stem butt Stem

FER (Age) ER (Age) £R (Age) £R (Age) FR (Age)
1 5 10 15 20 10 15 20 10 15 20 20 20 10 15 20

312 2 1 035 127 250 541 3.36 8.75 0.52 047 4.36 4.17 1.73 23.03
314 =K K 1 2 035 129 268 416 586 365 591 873 055 048 047 4.02 3.84 232 816 2462
320 BHFE) 1 5 482 6.00 379 7.06 10.19 0.60 052 046 447 4.11 3.04 1489 34.04
322 BT 3 2 604 7.03 391 794 979 0.63 047 051 4.71 4.63 354 2124 4074

_______ 324 HFGY 5 1038 101 242 604 278 894 055 046 439 429 120 . 2628
325 6.43 2.89 8.63 0.56 0.49 4.00 426 1.33 27.67
326 423 542 288 591 849 0.56 047 051 4.43 434 121 821 2329
328 478 628 342 703 970 065 056 050 4.79 455 244 1550 34.63
329 527 3.56 8.56 0.73 0.48 4.57 451 221 22.07

....... B0 M K 12 031 099 230 397 571 293 645 970 065 048 056 417 425 151 933 3533
331 2 2 419 597 327 645 894 064 066 056 4.53 428 206 13.55 3154
332 3 1 451 231 6.49 0.35 0.26 4.02 468 0.34 5.94
335 1 6 418 532 280 601 826 050 045 041 4.56 418 1.14 804 1756
337 1 3 432 5389 344 617 831 063 058 054 455 436 224 1124 2592

e N

o BB

]

465 AR I | 038 122 276 444 329 612 049 039 T w7 161
466 FIF (B 2 2 034 123 303 533 803 396 738 1146 062 050 046 443 350 1693 S7.13
468 A om0 2 1 032 116 275 442 603 287 558 792 043 039 036  4.56 LIS 624 1624
w4 MBS 5 034 130 277 481 616 358 670 899  0.66 065 056 417 395 277 1643 3296
191 [T 8 4 034 119 277 482 650 356 725 1023 059 057 050 454 425 243 1687 3977

042 140 9.54
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