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Sadaaki OnTA : Variations, Parent-Offspring Correlations and Heritabilities
on the Ring Structure and Shrinkage Traits of Open-Pollinated
Families of Akamatsu
(Pinus densiflora Sies. et Zucc.)
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Table 1. P, KAJOFHEEETTHEREEOEE

Traits of tree ring struchtres of sample trees.

B H B  (Motrer tree) FtxRF  (Family)

Trait |\ & 4 | @ B |VHE| B | an | K £ | & B || EL | 2D
® =t - 7% 4| 0.7~66 | 29| 11|39
g | Tohoku | 2~63 135 1 LLESATS ) w06 | 29| 13| #53s
= O - 1| & K[ 06~72 | 29| 12|48

oo pyy| ansai IS 32 A3 AT S T 052 | 28] L1 [ 415

& ik . S Bg 7| 05~64 | 31| 13413

mm | TTotal | 1963 1341 12388151 & ! o564 | 30| 12| 418
¥ Bt - 7 | # 4k | 275~630 | 440 | 70.9 | 16.1
% Tohoku | ¥~ | 49 | 8.9 12.0 7| B8 ¥ | %1~677 | 450 | 76.9 | 17.1
9 MR N U & k| 261~677 | 444 | 739 | 16.6

*FMD Kansai | 9738 | @7 ) 4 | L4 =0 msuses | 432 | 606 | 140

4 fk - > | B8 WE | 266~557 | 415 | 49.9 | 12.0

kg/m? | Total | 395~603 | 488 | 56.4 1 1L6 | 7| o x| ge6se4 | 424 | 561 | 13.2
5 ® ok - 7| % 4t | s546~978 | 788 | 90.6 | 11.5
K| Tohoku | S>3 | &7 ) 8.2 8.4 7| B8 7| 290~1081| 767 | 95.3 | 12.4
et Mo - L& k| 290~1081 778 | 933 | 12.0

*SEMX Kangai | M2~1007) 871 1 8.5 | 99 BEEAEEEBEAENEE

& N | B 7| s61~977 | 754 | 80.8 | 10.7

kg/mt | Total |O72~10071 &5 | 785 | 93\ 7 & | sspe007 | 776 | 79.9 | 10.3
& [ B4 - 7| # 4t | 137~450 | 293 | 66.5 | 22.6
%\ Tohoky | 24~a%5 | 38 | 541 | 151 S m m | s | | 674 | 21
& B 7 N 1| % K| 299.5~457 | 299 | 65.7 | 21.9

*FMN Kansai | 274~3%8 | 340 | 3.9 117 7 [ B Jb| 179408 | 294 | 459 156

& N S| BS 75| 180~500 | 205 | 50.7 | 17.2

kg/mi | Total | ZA~4% | 30 | B8 | B & k| 170500 | 204 | 482 | 16.4
L Bt - 7| 3 db| 222~68 | 35 | 59.9 | 16.8
% Tohoku | 0~ | 3% 976 272 7| B3 P | 29~484 | 366 | 50.2 | 137
& B N 1| & fk| 220~688 | 361 | 555 | 15.4
FED Kansai | $12~420 | 310 | 3.7 9.6 > [ & A | i~ | 34 411 | 120

* & & o~ | 33 | T3 |22 |2 | B8 | BE~6R | 1) 471|134

kg/m* | Total : 0| & k| u1~6%8 | 47 | 4.2 | 127
) w= ot - 7| ®| 4t 52~782 | 654 | 5.5 [ 8.6
% Tonoky | 574~72 | 62 | 9.2 | 6.2 S| g | soiea | o | 414 | 73
4 B - L) & fk| 521~B02 | 651 | 522 | 8.0

. FLD Kansai | 9~781 | 686 | 36.1) 8.2 - | #® b o65~8% | 677 | 527 | 7.8

£ 1k N S| B 76| 541~803 | 651 | 53.2 | 8.2

kg/m* | Total | YA~T8L | 84 | 8331 8.2 |71 & el saleg3 | 664 | 544 | 8.2
7 L4 - 7| ® d6| 2~62 | 22| 18419
o Toholea | 18~100 | 425 | 20.1 | 47.3 b B | ees | 0| 162 540
o RS 7 N L2 k| 2~80 | 291 | 141487

*,*LP Kansai Bordh ) %21 9.8 210 [ ® Jb| 3~ [ %2123 41

& i . S0 B3 W | 366 | 219 | 12.0 | 5.2

% Total | B~00 | 3891167 418 17 & 4! 3v;1 | 241 124 | 515

Note)

%' RW : Ring width %2 MD : Mean density %° MX : Maximum density
** MN : Minimum density ** ED : Earlywood density *¢ LD : Latewood density
%7 LP : Latewood percent
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Table 2. £ & FHRFZOIEEE BEX
Traits of shrinkage of mother tree and family.
Tay 7] Tay 21l £ &
KARES 15 Block 1 Block II Total

Tee | Mother |l | miERE | THiE | BERE | THE | EERE
Mean S.D. Mean S.D. Mean S.D.
T-1 | 8.3 7.0 0.70 7.0 0.8 7.0 0.7
3| 7.1 6.9 0.94 7.3 0.7 7.1 0.8
7| 7.9 7.0 0.079 | 6.7 0.8 6.8 0.4
.y 8| 7.9 7.1 0.55 7.0 0.9 7.0 0.7
gl 9 | 9.0 6.8 0.76 7.1 1.0 6.9 0.9
G 10| 8.8 7.3 0.62 7.1 0.8 7.2 0.7
B o 13| 7.9 7.0 0.90 7.2 1.1 7.1 1.0
ﬁf‘—; £ 14| 7.3 7.0 0.78 6.4 0.9 6.7 0.8
= 17 | 9.7 7.2 0.80 7.2 1.0 7.2 0.9
RS 20 | 8.3 6.3 0.78 6.9 0.8 6.6 0.8
‘%’ﬁ?a_@ 21 | 8.4 6.9 0.94 7.0 1.0 6.9 0.9
S 82 22 7.4 7.1 0.76 6.8 0.9 6.9 0.8
b ES 23 | 7.9 6.8 0.93 7.0 0.8 6.9 0.8
- 24 | 8.6 6.7 0.58 7.2 0.7 6.9 0.6
9 55 25 | 8.8 7.5 1.26 7.3 0.8 7.4 1.0
L EE 26 7.7 7.0 0.74 7.3 0.9 7.1 0.8
-0 27 | 8.4 7.1 0.59 7.1 0.7 7.1 0.6
HeE 28 | 7.9 7.2 0.77 7.2 0.8 7.2 0.8
29 | 6.9 6.7 0.65 7.2 0.7 6.9 0.6
30 | 8.0 7.0 0.73 6.8 0.9 6.9 0.8
ToE 1 g 70 | 074 | 7.04 | 08 | 7.0 0.77
K-31 | 8.2 7.0 0.93 7.1 0.6 7.0 0.7
33| 7.4 7.1 1.18 7.1 0.7 7.1 0.9
34 | 8.0 7.5 0.63 7.1 0.6 7.3 0.6
~ & 3 | 8.3 6.8 0.59 7.1 0.6 6.9 0.6
£z 36 | 8.9 7.4 0.63 7.0 0.7 7.2 0.6
= 39 | 8.0 7.2 0.52 7.4 0.5 7.3 0.5
ol 40 | 8.5 6.8 0.37 6.9 0.5 6.8 0.4
Bt a1 | 8.7 7.1 0.94 7.3 0.7 7.2 0.8
F e 44 | 7.5 6.6 0.35 7.0 0.7 6.8 0.5
RS 45 | 8.4 7.2 0.56 7.0 0.8 7.1 0.7
%;ﬂg 46 | 8.8 7.2 0.65 7.4 0.5 7.3 0.6
XL 47 | 9.2 7.5 0.57 7.5 0.8 7.5 0.7
= 50 | 8.7 7.2 0.88 7.3 0.5 7.2 0.7
%ﬁﬁg 52 7.4 7.1 0.67 6.7 0.9 6.9 0.8
@ TE 53 | 8.0 6.8 0.73 7.3 0.6 7.0 0.6
2 54 | 8.5 7.3 0.67 7.4 0.7 7.3 0.7
S ®s 5 | 8.5 6.9 0.72 7.5 0.7 7.2 0.7
HEE 56 | 9.5 7.7 0.64 7.4 0.9 7.5 0.8
59 | 8.9 7.1 0.57 7.2 0.8 7.1 0.7
61 8.2 6.8 0.97 7.5 0.6 7.1 0.8
TE ) g4 7.1 069 | 721 | 067 | 7.1 0.67
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Table 2. (—2-J%) (Continued)

Taw 71 A=A
KAES 2l Block 1 Block 1I
Nee | Mother ["wioie | el | TioE | BeRE
Mean S.D. Mean S.D.

T- 1 3.5 2.8 0.35 2.9 0.3 2.8
3 3.2 3.1 0.37 3.4 0.2 3.2
7 4.5 3.1 0.37 3.0 0.5 3.0
=X 8 3.0 3.1 0.33 3.0 0.4 3.0
gl 9 4.4 3.0 0.39 3.2 0.4 3.1
=2 10 3.5 3.2 0.30 3.3 0.3 3.2
Moo 13 2.8 2.7 0.31 2.9 0.3 2.8
= 14 | 26 2.9 0.24 2.7 0.4 2.8
& 17 4.0 2.9 0.21 2.9 0.3 2.9
R o 20 4.0 2.7 0.49 3.1 0.4 2.9
1;7‘: E 21 3.0 2.6 0.28 2.8 0.5 2.7
R 22 3.1 3.1 0.41 3.1 0.5 3.1
o &S 23 3.5 3.0 0.59 3.2 0.3 3.1
rEE 24 | 3.7 3.2 0.31 3.2 0.4 3.2
DES 25 3.3 3.1 0.40 2.9 0.4 3.0
0P8 26 3.0 2.9 0.26 3.0 0.3 2.9
££% 27 | 3.4 3.0 0.40 3.0 0.5 3.0
HE8 28 3.4 3.3 0.47 3.2 0.4 3.2
29 3.3 3.1 0.36 3.3 0.4 3.2
30 3.3 3.0 0.43 3.0 0.5 3.0
TME | 34 29 | 03 | 306 | 039 | 3.0
K-31 2.5 2.9 0.19 3.1 0.4 3.0
33 3.7 3.2 0.45 2.9 0.4 3.0
34 3.6 3.0 0.47 3.2 0.3 3.1
e 35 3.5 3.0 0.28 2.8 0.3 2.9
’e 36 4.4 3.3 0.40 3.3 0.4 3.3
® o 39 | 3.3 3.3 0.39 3.3 0.3 3.3
% o 40 5.1 3.5 0.32 3.5 0.8 3.5
;f,; - 41 3.8 3.0 0.40 3.4 0.3 3.2
=3 44 2.7 2.6 0.41 2.7 0.2 2.6
) 45 3.7 2.9 0.32 2.6 0.4 2.7
¥ g 46 3.9 3.0 0.37 3.4 0.5 3.2
TE 47 | 3.8 3.0 0.30 3.0 0.3 3.0
O &% 5 | 3.7 2.8 0.40 3.1 0.4 2.9
»3_25 52 3.3 2.9 0.38 2.8 0.4 2.8
ggé 53 4.4 2.8 0.21 3.0 0.3 2.9
R E 54 3.6 3.0 0.33 3.1 0.4 3.0
2 g:g 55 3.2 2.9 0.39 2.8 0.4 2.8
ﬁéé 56 4.1 3.3 0.50 3.3 0.5 3.3
59 4.3 3.1 0.32 2.8 0.3 2.9
61 4.5 3.2 0.44 3.4 0.4 3.3
Eri W D30 | 036 | 308 | 03 | 30
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Table 2. (o>7%) (Continued)
Tay 7] Tay 711 z #
RARES st Block 1 Block 1I Total
Nee | Vother ["min | mERE | FLE | mERE | FOE | BERE
Mean S.D. Mean S.D. Mean S.D.
T-1| 27 2.4 0.4 2.4 0.4 2.4 0.4
3| 22 2.1 0.3 2.1 0.2 2.1 0.2
. 7| 17 2.2 0.3 2.3 0.4 2.2 0.3
. 8 2.5 2.2 0.3 2.3 0.3 2.2 0.3
@&\‘ 9 | 2.0 2.2 0.3 2.2 0.3 2.2 0.3
e 10 | 2.5 2.2 0.2 2.2 0.4 2.2 0.3
& 13 | 27 2.6 0.3 2.4 0.3 2.5 0.3
e 14 | 27 2.4 0.3 2.4 0.4 2.4 0.3
WHE 17 2.4 2.5 0.4 2.5 0.4 2.5 0.4
REZ 20 | 2.0 2.2 0.3 2.2 0.3 2.2 0.3
B2 21 2.8 2.6 0.3 2.5 0.4 2.5 0.3
58 2 | 23 2.3 0.2 2.2 0.4 2.2 0.3
S Eg 23| 22 2.3 0.3 2.2 0.3 2.2 0.3
b g2 4 | 23 2.1 0.2 2.3 0.3 2.2 0.2
e 25 | 26 2.4 0.5 2.6 0.3 2.5 0.4
g 350 2% | 2.5 2.3 0.2 2.4 0.3 2.3 0.2
LB 27 | 2.4 2.3 0.3 2.4 0.4 2.3 0.3
S Ee 28 | 2.3 2.2 0.3 2.3 0.4 2.2 0.3
#HA&32 29 | 21 2.1 0.2 2.2 0.3 2.1 0.2
30 | 2.4 2.3 0.4 2.3 0.4 2.3 0.4
THE | 24 2.3 0.3 2.3 0.3 2.3 0.3
K-31 | 3.0 2.4 0.2 2.3 0.4 2.3 0.3
33 | 2.0 2.2 0.3 2.5 0.4 2.3 0.3
. 34 | 2.1 2.5 0.2 2.2 0.4 2.3 0.3
. © 3% | 2.3 2.2 0.2 2.6 0.4 2.4 0.3
gz 36 | 2.0 2.2 0.3 2.2 0.3 2.2 0.3
e 39 | 2.4 2.2 0.3 2.3 0.2 2.2 0.2
& 0 | 16 1.9 0.2 2.1 0.4 2.0 0.3
& ¥ 41 2.3 2.3 0.4 2.2 0.2 2.2 0.3
e 4| 27 2.5 0.4 2.6 0.3 2.5 0.3
R E£Z 45 | 2.2 2.5 0.3 2.7 0.3 2.6 0.3
® e 46 2.2 2.4 0.3 2.2 0.4 2.3 0.3
=] 47 2.4 2.5 0.3 2.5 0.4 2.5 0.3
o E¢ 50 | 2.3 2.5 0.5 2.4 0.3 2.4 0.4
k= 52 2.2 2.4 0.3 2.5 0.4 2.4 0.3
§ "% 53 1.8 2.4 0.3 2.4 0.3 2.4 0.3
359 54 | 2.3 2.4 0.3 2.4 0.5 2.4 0.4
9B 55 | 2.6 2.3 0.3 2.7 0.3 2.5 0.3
T ES 5 | 2.2 2.3 0.3 2.3 0.3 2.3 0.3
HA3 59 | 2.0 2.3 0.3 2.6 0.4 2.4 0.3
61 | 1.8 2.1 0.3 2.2 0.3 2.1 0.3
ToE 55 2.3 0.3 2.4 0.3 2.3 0.3
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Table 3. g & T EROMHBEBER

Correlation coefficients of ring structure traits

B B\ % G iR | FTIFEE | BN EE I RAZE IR H X | EMEE | MHEE
Trait RW MD MN MX LP ED LD
F & R 0.19** 0.09 0.01 0.39** 0.12 0.17 *
RW 0.19**| 0.28** 0.16 * 0.40%*| 0.25**| 0.34**
T EE 0.83** 0.04 0.85**| 0.78**| 0.50*"
MD 0.63**| 0.56**| 0.81**| 0.59**| 0.27**
RINEE 0.06 0.57**| 0.87**| 0.30**
MN 0.34**| 0.26**| 0.89** 0.01
BAEE 0 0.02 0.09
MX 0.33**| 0.31**| 0.64*"
¥ A X 0.50**| 0.28**
LP 0.20** 0.07
BhEE 0.27**
ED 0.01
Wbt & E
LD
Note)

RW, MD, MN, MX, LP, ED, LD : Tablel1 &8 Sece Table 1.
PRy EALE, TEIRFEZ  Upper column for Tohoku, lower column for Kansai
¥k I 1 RBLRNVTHE * I 5%LRLVTHEE
Significant at 19 level Significant at 5% level

2—-5) ERHEORGEROEE

BEFOHRER, FEAFEBETFOMBREC L 2B L o7, EREBERETICILDRDLE
BHICDW T, RRORCHbELLERD -7/, FALE 17 %5, BAEE 12 ZfHiconwT
Kdlz, £72, TOFENIE, B8, RRLLH»S SERBL IFRED 2EROFEHEZAH W
TiTbhbDTH 3,

(DR BT 5 R IRER

BREIZOWT 2 SN S OKRE 2 Table 7 10R T, % BRI X 5 BEEIIRZ
LTk,

4 Xaos®
0'52+O'p2+ 0'52

o’ =K  o?=XKEEA
o i=EAE
CORRCETHT, BELMEBECOVWT, EREI L CRESRE, oy Mo, S8R
=, BEEERDI, SRBCOVTORGELIEL, Table8 iornt, HILETIBABET
32.3%, WM EET 23 A%DBEX LD, ZOERLOBETIX 0% ThH o1z, 72, BHE
ZOWTITERIE 43.2%, BIMEREIC 22 6% DBETEENES NS, FOEIPOBETIZVTH
LIBEROMIEL -7, ZOBE, FibeBEEOmEMCHEL CREFETHIEBEOENES

BEEh =

x100%
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Table 4. =ALE, BEEESE L FHIROTEMOHEE

Correlation coefficients between of ring traits of mother tree
and family (Tohoku and Kansai)

BEES | FHE | TOEE | RARE | RIEE | BMEX | BHMEE | BMEE
Tree NO.| RW MD MX MN LP ED LD
T-01 0.08 0.66 * 0.83** 0.37 0.78 ** 0.63 * 0.71*"
T-03 0.90** 0.26 0.45 0.72** 0.36 -0.66* 0.51
T-07 0.56 -0.29 0.91** 0.19 -0.67 -0.56 0.37
T-08 0.80*" 0.11 0.93** 0.37 0.24 0.20 0.91**
T-09 0.08 -0.24 0.95** -0.16 -0.19 -0.39 0.85**
T-10 0.32 0.16 0.70 * 0.64 * -0.39 -0.53 0.82*
T-13 0.46 0.56 0.96** 0.45 0.81** 0.34 0.96**
T-14 0.25 0.47 0.66 * 0.43 0.67 * 0.22 0.65 *
T-17 -0.34 0.58 * 0.91** -0.39 0.53 -0.10 0.86**
T-20 0.78*" 0.27 0.90 ** 0.11 0.40 0.41 0.90 **
T-21 0.20 -0.15 0.92** 0.14 -0.49 0.81*F 0.93**
T-22 0.71** 0.25 0.79** 0.72"* 0.30 0.52 0.88*
T-24 0.69 * 0.03 0.90 >~ -0.09 -0.35 -0.11 0.56
T-25 0.74" 0.38 0.82™" 0.82*" -0.37 -0.48 0.69 *
T-26 0.66 * 0.32 0.91™* -0.37 0.44 0.17 0.80**
T-27 0.62 * 0.31 0.82** 0.15 -0.23 0.30 0.89**
T-28 0.47 0.34 0.92** 0.72** 0.11 -0.73** 0.92**
T-29 0.40 -0.22 0.93"* 0.17 -0.07 0.10 0.84*"
T-30 9.59 * 0.18 0.87 ** 0.54 0.25 0.65 * 0.90*"
K-31 0.12 -0.11 0.64 * 0.84** 0.40 0.62 * 0.63 *
K-33 0.29 0.21 0.88 ** -0.64* -0.30 -0.05 0.90**
K-34 0.22 0.10 0.97 ** -0.32 0.21 0.12 0.90**
K-35 0.38 0.54 0.97 ** 0.62 * 0.43 0.17 0.90*"
K-36 0.39 0.40 0.70 * -0.17 0.68 * 0.21 0.43
K-39 0.43 -0.42 0.41 -0.24 -0.15 0.30 0.51
K-40 0.29 0.09 0.92** -0.13 0.61 * 0.71** 0.94*>
K-41 0.51 ~-0.40 0.92*" 0.18 -0.18 -0.55 0.94**
K-44 0.75** .21 0.85™ 0.64 * 0.04 0.58 * 0.71*
K-45 0.34 0.42 0.80 ™" 0.12 0.39 0.54 0.85**
K-46 0.38 -0.60 " 0.92*" -0.37 0.23 0.51 0.75*"
K-47 0.43 -0.17 0.70 * -0.32 0.37 0.19 0.77 **
K-50 -0.37 0.19 0.94™* 0.65 * 0.26 -0.80*" 0.81**
K-53 0.18 0.49 0.68 * 0.29 0.38 -0.37 0.77**
K-54 -0.26 -0.19 0.89** 0.54 -0.17 -0.12 0.72**
K-55 0.05 0.23 0.39 0.00 0.58 * -0.19 0.38
K-56 -0.07 0.35 0.94** 0.73** 0.26 0.54 0.90**
K-59 0.22 0.35 0.67 * -0.21 0.21 -0.06 0.89*"
K-61 0.42 0.10 0.80** 0.00 0.39 0.33 0.78 **

Note)

RW, MD, MX, MN, LP, ED, LD: Table1 &M See Table 1.
T #EJitE (Tohoku), K : BipEE (Kansai)
*¥*k . 1YL~V THEE * . 5%ULRAVTEE
Significant at 1% level Significant at 5 9% level
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Vardation in wood characteristics with ring number from pith.

Note)
TO08; #lt&E Tohoku K 36; #p#E Kansai
RW, MD, MN, MX, LP, ED, LD, #*— 1% See Table 1
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Fig.1. (o2%) (Continued)
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Table 5. I[WhEIEAE B 2 TEE OB & FHERR DR

Correlation coefficients between shrinkage traits of mother tree and family

FEH Tuw o1 (BLOCK 1) VA=DAI! (BLOCK1I)
Provenance 514 EaLic] At Eafiic]
& Trait Tohoku Kansai Tohoku Kansai
E%HIE ns ns ns ns
Ring  width 0.01 0.35 0.44 0.30
BRAM ns x x ' .
an.sh. 0.40 0.48 0.41 0.47
FEIA 0.59 ** 0.48* 0.36™ 0.46 *
WigR it 0.66"* 0.41 * 0.61°° 0.36
Note)
* ok 1%L RLVTHE * (5%LRVTHE NS: BETxRW
Significant at 1% level Significant at 5% level Not significant

Tan. sh. : Tangential shrinkage Rad. sh. : Radial shrinkage

29.7%, BAEE 28.6%, HIEFE 27.8%, WHE 16.7%DIRL 2 343, FRiE & M EE TR
R0 TH D, £72, BAEE 12 RRIC OO T EE 18.0%, BAEE 5.1%, MR 1.1%,
ZOMD 4 E TR0 TH D, PHEERIC DV TR L BEZFE% Table 10 i0rnd ., PUERAE (T/
R), #EAANKER, FEFENEEOIROETENMES 25,
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Table 6. FE#EEIcM7T 2 PEOEMME
Analysis of variance of rings tructure traits of the provenances.
i B = A HHE 5 M EHF 57 B
Traits Factor DF SS MS F
K 18 Block 1 0.010 0.010° |~ ""0.028
¥ g # #h Provenance 1 2.367 2.367 6.543 *
Ring EHNE% Family PR| 29 10.490 0.362 1.047
width # # Error 30 10.365 0.345
4 {& Total 61 23.231
K 18 Block 1 6 512,934 6 512.934 6.874
TR # #i Provenance 1 733.771 733.771 1.111 ™
Mean FEMNE % Family PR| 29 19 146.141 660.212 0.697
density 2 # Error 30 28 424.922 947 .497
4 {4 Total 61 54 817.773
& 18 Block 1 1.313 1.313 0.001
B # #h Provenance 1 11 506.211 | 11.506.211 8.345 **
Maximum |EMIANFE R Family P.R 29 39 984.410 1378.773 1.068
density #® % Error 30 38 727.316 | 1 290.910
4 4 Total 61 90 219.312
R 1§ Block 1 7 241.781 7 241.777 1.555
BN B¢ #1 Provenance 1 6 247.816 | 6 247.816 1.560 ™
Minimum |E#A%E % Family PR| 29 116 151.250 4 005.215 0.860
density # # Error 30 | 139 690.125 | 4 656.336 0.860
4 4k Total 61 269 331.062
& $8 Block 1 396.330 396.330 14.760
B A E #i Provenance 1 198.170 198.170 8.864 **
Latewood |EE#i~NE% Family PR| 29 648.331 22.356 0.833
perent i 3= Error 30 805.574 26.852
4 & Total 61 2 048.405
R 18 Block 1 4 026.129 4 026.129 7.329
B #E # Provenance 1 909.236 909.236 2.788 8
Earlywood |EEHIANZE% Family PR| 29 9 457.555 326.123 0.594
density # # Error 30 16 480.180 549.339
4 {& Total 61 30 873.105
& 18 Block 1 2 667.493 2 667.493 7.851
Bkt B % #1 Provenance 1 3 615.810 3 615.810 11.225 **
Latewood |EHIANFEHR Family PR| 29 9 341.582 322.123 0.948
density 2 % Error 30 10 192.996 339.766
4 {& Total 61 25 817.887
Note)
* % 1 1 %BKETHE * 15 %KETHE NS:HETHL

Significant at 1% level

Significant at 5% level

Not significant



— 44 —

Table 7.

HEABRBU TR E

53555

FREE BT 5 R E OBREREE D 72 0 DT

Analysis of variance of ring structure traits for the estimation of their heritabilities.

wH it (Tohoku)

B 7 (Kansai)

¥ B 2 KR
Traits | Factor |HHE| “FAM SEHYY | o |BERE| FEAHM FHEY | R
DF | 45 MS ¥ | DF| &S MS F
X 1B
Ko 2206  2.206 | 0.987| 1 0.6971  0.697 | 0.280
x F
o 21.618 1272 | 0569| 12 53.027| 4419 | 1.7%
FEHE |REER
Rine Btk Bt 1 7997 223 | 1.6%8| 12 20854 2488 | 168
ECO-
& E | 6 284.327 1.316 156 229.915 1.474
£ &
s 346.148 181 313.492
=
o] 1| 10608.000 10606.000 | 1.846| 1 | 50912.000 50912.000 | 7.165
x® %
Bl 1w | w00 4wsom | 07| 12 | 62192000 5182664 | 0.729
EEE | RAEER
CTEE \RERA | gres000) 57589 | 1573 12 | 852640000 710532 | 2.007
density = =
£ Z | 216 | 788 800.000| 36 51.852 15 | 549 648.000| 3 523.385
£ &
25 s | om0 181 | 748 016.000
= 7
Kol | 1| 16912.000 16912.000 | 2.538| 1 | 20 496.000] 20 4%.000 | 2.0
K H .
Eo | v | 00| 16a0 | 1675| 12 | 102006.000 8500332 | 0.854
BRAERE | RKHEER
NEREE (XA | 103296000 6664469 | 1263 12 | 119 440.000) 9 953.3% | L6
density P
2 | 216 1140 176,000 5 278.50 15 | 921552.000 5 907.383
=y
E T a1 11 460 128.000 181 |1 163 504.000
R &
Kol | 1| 1200000 1200000 | 0.217) 1 | 101 952.000| 101 962.000 | 1.472
® %
Bomiy| 17| S S7.000| 3Msee | 0.623 12 | 755 472.000] 62 956.000 | 0.909
B/ANVEE | RHEH
BUNEE  ZEER g | g3 950 000 556,58 | 2.088| 12 | 831392.000] 69 282.625 |22.919
density =
2 P 26 | 571 s08.000) 2 647.259 156 | 471568.000 3 022.872
2 % 051 | 725 536.000 181 |2 160 384.000

Total
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Table 7. (2-0%) (Continued)

H it (Tohoku) £ 7 (Kansai)
¥ H 2 K
Traits | Factor |HlE| EAM A | o8 |AREl EAN | FAEY | S8
DF SS MS F DF SS MS F
k18
Block 1 557.750 557.750 | 4.316 1 2 891.250| 2 891.250 |12.536

x %
Family 17 2 073.062 121.945 | 0.944| 12 2 475.937 206.328 | 0.8%5

e 4 R REEA
Latewood |inter.act| Y7 219%.750) 129221 | 1.212] 12 2767.625  230.635 | 2.154

percent
m oz
S El a6 | momes  1065% 1956 | 16701.937|  107.064
2 &
L Elm | nemaw 181 | 24 836.750
BB\ 11 j0832.0000 10832.000 | 23200 1| 21 056.000 21 056.000 | 7.795
Block : ' ' : ' :
KA | a058.000] 2380000 | 0511 12 | 27 472,000 2289.333 | 0.847
Family : : : : : :
MaEms (KA 7| 9360.000) 466823 | 2.267| 12 | 32 416.000] 2701333 | 1.585

Earlywood [Inter.act.

density ——
Error 216 444 736.000] 2 058.063 156 265 808.000{ 1 703.897
2 &
Total 251 575 456.000 181 345 752.000

K
Block | 1| 35424.000) 35424.000 |13.909| 1 | 2480.000 2480.000 | 3.683

x &
Family 17 48 352.000) 2844.235 | 1117} 12 25 216.000) 2101.333 | 3.121

B EE | KAMEH
Latewood |mteract| 17 | 43296.000 2546.823 | 1.257| 12 8080.000|  673.333 | 0.383

density

il

1
Frror | 216 | 437 632.000 2 026.074 156 | 274 032.000 1 756.615

£ &
Total | 291 | 9564 704.000 181 | 309 808.000
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Table 8.

MERBRGIT RS

E3IH =

SETe o RO -V EOBLEROMEE (K, HiL)

Heritablity estimates of each by analysis of variance of ring structure(Kansai and Tohoku)

2] 78 (Kansai) H Jt (Tohoku)
¥ H | % % | 7ovr |® E | BEE | R R | 7oor | B 2 | apE
Trait family plot error |herilability| family plot error |herilability
FERE | 0107 0001 | 1625 43.2 0
FATEE
s 0 0
REEE
REER | 127 524 | 180,557 |7301.434| 6.7 |551.260 | 119.895 (6155.555| 32.3
e M % | 0.944| 27570 | 186.558| 1.8 0
RAHEE
L 0 0
WHEE | 197537 0.0 |[2126.476| 22.6 |175.597| 20.160 |2805.704| 23.4
Notes)
RW, MD, MN, MX, LP, ED, LD : Fig 1 #8 See Fig. 1.
Table 9. FHFEURIC & 2 BEE—ER Table 10. FHFEHEH 5K IUHE

(8F & 9 FEDFHY)
Heritability estimates by regression coeffi-
cient of ring structure traits (mean value
for 8th and 9th ring from pith).

) & fm ¥
Provenance (Heritability %)
i B | ROt
Trait Kansai Tohoku
T IR 0*! o
Ring width
Me:';n der%ity 0 29.7
BABE
Max. density 5.1 28.6
REEE
Min. density 0+ 27.8
B E .
Earlywood density 0+ 38.2
Bt B .
Latewood dexnsity 18.0 0+
B H %
Latewood percent 1.1 16.7

Note)

* 1 BAOFREI¥o AL
Minus value of heritability regarded

as zero

HEEICER T 28 EE

Heritability estimates by the coeffi-
cient of regression analysis of shrink-

age traits.
B | oy | Fuy sl
Provenance
W st | BagE | st | BIv
Trait Tohoku | Kansai | Tohoku | Kansai
£ i E
Ring width 0 -0.18 |-0.20 |-0.22
T IRANAE R
o o 10,15 019 0.16 | 0.19
angential shrinkage
X HEEER
Radial shrinkage 0.3410.200.13 |0.19
IR A%
0.27 10.23 [ 0.26 | 0.20
(T/R)
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L -3

RILECBBET 7~ Y OB » SERL BT o BR LB EFRABCER L TEsh
RFROFEHES T 218, IHEEEE2RTERCOVLT, WRSH, BEHEEZOMR, &FE
i, BEBLZEEOWTHREILIERE2BEN T2 LRODEIIKCR S,

()t CEENR s N BB, BATE, BHEE, BIFE (1%KE) Ths, £,
EREC 5 %RETEESENEEZERSRED NS, UL, FHEE, B/IEE, EMEER
BEMETERIZ O,

(2) ggm, EEFAOIERIZ, HILEC R TEBEEOFIKE LIERETT,

() wLE, FMFEECEEL T, BEOM CHERERI D 2 012, FHIE LR e OBFRETT
H5(5%KeE), Lol, ZOEE, TOMOBERBICASNBERIZEARS L{EH, LK T,
HEBRECETAREL LTH, ERBOATE CRAREE, B/IEE, BHEE, BMEELY
LED LT ARERD L, EFOHBz TR, AE: b BEAEE, BHTES L URIEE
DIWEBENTHY, ZTOMOBEIHEELIRD S THIEENE, SHEMEET 2.

) EREBEDBREORN L K% & OBRIR, FE, BEECThLBEABEIRMEELD
Az & B VARBARIG 2 & A%, EHEE & OHEBIE,

(5) IFER O & RF L OBOBRC D WTE, BEAETIIEILE L Y BEED 7K
B,

GBI OoRO - EREEREOEGERIHILETCIRAEET32.3%, BMEET
23.4%, FOELOBETE 0% THo, &z, BEEICDWTE, EHIEIC 43.2%, BHEE
I222.6%, BREEIZ6.7%, BMEIZ 1 8% ORBREEHNL LH S, ZOEPOBETIVT
Ny 0%THot, ZORME, FILE, BEEL LIGEGEENIRD SNLPEIIBMERE LBRE
BRI THB,

(7) ERRE D & RO IRIEFR, RILE (17TRKR) TREMEE 38.2%, FHEE29.7%, &
KB 28.6%, RIETEE 27.8%, MM R 16 7% DIE: 72 3, F8HIE L B EE T BERR{EVE
BiRT . %72, BFEE 12 KRR DL, B E 18.0%, RAEE 5.1%, M EZ L T2 1.1%
T, ZOMOBE TIEGES 0% TH S,

PR DL TETER > S RO ZBERE, BVoy 2 L HHEBEEOAXFVWEELRL, X
WRAEE (T/R), BEARIGER, $EFAMEEORGRTEMEL 5,

5 A X ®&

1) AHEWE &KX Ty b A—F -2 L 2RMEBEEORE, AMITZE, 25 276 (1970)
2) MEBEPEH  MEEEICET 25 B 1), HEER, 22 (1969)
3) MEBBIEH  MEEECET 2E E28), AR, 244 (1972)
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Variations, Parent-Offspring Correlations and Heritabilities
on the Ring Structure and Shrinkage Traits of
Open-Pollinnated Families Akamatsu
(Pinus densiflora Sies et Zucc.)

Sadaaki Onra:

Sammary

The variations, parent-offspring correlations and narrow sense heritabilities of annual ring
structure (ring width, mean density, maximum and minimum desity, earlywood and late wood
density of each ring, latewood percent) and shrinkage traits in open pollinated families of young
Akamatsu (Pinus densiflora SieB. & Zucc.) were examined. The sample discs were taken from
the Iwate test plantation and each trait was studied in relation to the ring number from pith and
discussed in comparison with those of the mother trees which were from two districts, Tohoku
and Kansai. Moreover, variations in these traits within and between families and between
provenances were obtained, together with parent-offspring correlations The maximum and
minimum density, earlywood and lewood density are able to provide more detailed infromtion
than annual ring width on tree breeding for wood properties in Akamatsu. The differentiations
of the provenance regions for qualitative traits were density and latewood percent at 1%
significant level and no differences were apparent in the mean density, minimum and earlywood
density. Narrow sense heritabilities based on the parent-offspring correlation were
approximately 32% for maximum density and 239 for latewood density in Tohoku, the same
sense, 43% for ring width, 229 for latewood density and 7% for maximum density in the Kansai
provenance. Another way of estimation, that is, heritabilities based on the variance components
were 38% for earlywood density, 309 for mean density, 29% for maximum density, 289 for
minimum density in the Tohoku and 189 for latewood density, 5% for maximum density in the
Kansai provenances.

Parent-offspring correlation parent-offspring correlation (coefficients for shrinkage traits
obtained a higher correlation) in the Tohoku provenance those of in the Kansai for tangential
shrinkage at 5% significant level.

Narrow sense heritabilities for sirinkage traits based on the parent- offspring correlation
were 159% and 19% for tangential shrinkage in the Tohoku and the Kansai provenances
respectively. Those of radial shrinkage and anisotopic shrinkage, were 13~34% and 19~209%,
and 26~279% and 20~239% in the Tohoku and the Kansai provenances respectively.

Received Janury 5, 1988
(1) ex-wood Tecnology Division, in the former organization
(wood Tecnology Division)



