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Wood Properties and Genetic Variation in Plus-Trees of

Todomatsu (Abies sachalinensis) (I)

- Selection of the annual rings and of strength in grafted clones -

Hisashi Akutsu Takaaki Fujimoto Kazuhito Kita Makoto Kuromaru

For the purpose of improvement of wood properties, ring structure determined by X-ray densitometry
and the modulus of elasticity (MOE), bending strength (MOR) in the bending test of small clear
specimens were examined. The used specimens were 249 grafted plus-trees of Todomatsu (4bies
sachalinensis ) in 88 clones from the seed orchard in Niikappu. These specimens were 32 to 41-year old
clones. The average ring width (RW), ring density (RD), MOR and MOE were 3.27 mm, 0.397
g/em?3, 61.9 MPa and 7.46 GPa, respectively. Analyses of variance of these properties were significant
at the 0.1% level among clones. The values of repeatability, heritability as a broad sense, were 0.36 for
RW, 0.46 for RD, 0.64 for MOR, and 0.63 for MOE, respectively. It was thought that repeatability of RD,
MOR and MOE were high so genetic improvement of these characteristics will be possible.

For the selection of improvement of breeding, the values of the criteria were established by an
average RD of 1-25 annual rings and by average MOR and MOE except for specimens, which were
nearest to the pith. These values of the criteria were 0.380 g/cm? for RD, 60.8 MPa for MOR, and 7.56
GPa for MOE. 22 clones which had 2 or 3 factors under the values of the criteria were selected. These
clones are considered to be exclusion trees for genetic improvement in the seed orchard.

Key words: Todomatsu, plus tree clone, broad sense heritability, density, MOE
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Wood Properties and Genetic Variation in Plus-Trees of Todomatsu (dbies sachalinensis)(I)

L 55> & 25 AR O Fi i FE DB &, R0 b IV ER & BV 7 MOR & MOE {E DS
EZRHNTERICL 2B EOBREILEELZR T2, ThHOfEIZRD, MOR, MOE TZh£110.380
g/em?®, 60.8 MPa, 7.56GPaC, 2 £/ 3BE CHEMRMDO 2 7 o —r 28K Lz, ThbDy
0= E ORGSR O D OHRA LB L LN B,

1. [FC&IC

MBI BT A MRABT RIS = ICEMBEERIEIC
LoTH#EDLNTWD, ZOELFE TBEOEN
EENSITENEREOFRAB LN IMENR
W & LEERIICEE SN TING, ZhiciE-T, E
SLALHEE TIE, SR EENTS L ORI 2 BRK
L, ZOBEME 77— b LT, ZEOREIEMT
MR LR AR L, o EEERE S (B
Bl OEREFHEL TV, ThE TORMRBRE
WCOMEN»D, BEEEE—RELMAE TS
R ECH N ERTAMEO S TENLTWA Z BB LN
W7o TW5d, £72, bR VIIEMBZERNKE
Wiz, Ak TR, GEVERE, R B e, JERK,

EH, RIIOASOFHRESY (B1R) #5%F, =

TUCKIIS T & 2R ZH T T 5,

L»L, hF=YOMEIZWTIE, ALK, X
Rz DT, (REEMOHBRIC L BMERT
KL OB DFTEIC X BRI~ DR 7L, F
AEREE 2R RSN TS, £, B
MERELTHLAR s 0RKTRECHY, B
ST RS TWARWVWDORIIRTH D, AT

Wk
Douou

EIR

Doutou

i - B
Hakodate-Hidaka

1R #HEHRER (O) & M FTYDFHRES
Fig.1. Location of the seed orchard (Q) and 5
prefectural departments by supply and demand for
Todomatsu seeds in Hokkaido.

{I. Hokkaido For. Prod. Res. Inst. Vol.20, No.1, 2006]

s B

i, ZokonEEEsSEx, NN YEEERHO
MEOREEZKDZ xRS L, I N REsem
7 a—VDMEOREHNEROBRN 2Tz, 72
B, AWIEO—EILE 52 B B ARM FERE (KE
) ¥ BIOEE 115 B B ARKES GIEH) ¥ <
FERLI,

2. HEAKRKOER
HERKITIAEHE S V¥ —FRNICH DR

TR CHTERTSEARN 192 Fith) o 172 ARBED A
NHBT, FIEEERO b K~y OREREIEEA Y
72— % AV 25 B D BEORIREAZ T 1962~ 1967 4
ICER SNz, b MY EREROMEHEIZA 60ha
T, MR DL ODTHEESICHEIETE D L HIT36D
T8y ZICHIIN RS SR TW5, AT 735
~2091 &K /haT7 vy 7 TLITR R ->TWD, Bk
(% 1999 45~ 2004 4F  (Bkilit 32 ~ 41 FF4EIRF) DEAF
DOIKIZ220 7 my 7 TEfINE, Zhb227 8y
2 DRERETOFIFEAENT 145 ~ 484 A /ha TH - 7=,
HBHRERIL S m— 2 T ICTEEN R EEEDO b O
Flro—r%i=02~3FEAERY, #ES0cm (
EE12~1.7m) O/PAKREHF, o, FEHRI
RRiC s ER e s RE L.
HEAOWEEZEHT L IZHTE 1 BISFT,
WA DT v— 0T 88 T, MBI 251 ERTH o,
PEM T & O¥EER O v — g X (EIRS0E, ETERT 17
L 47, R - AFE1T & 50, EHR25 L 73, ER2 &
58, MRIN7 & 21 Tholo, HEI n—rBRHRHE (4
= EFEFPEER) & ATHKICHTE, KRB
MB32 70— TAIHKIES6 7 u—rThoiz,

3. HBRAE
PERREE X T o P A Y 10z & A AR
FRAT & TIS 0l F SR AT BRI (R /NI IE TR
B) & Uiz, BBHEH L 1.2 ~ 1.7 m BRI R A
b, BhEETE X 30 mm OB REMESH 525



b MV RIS OME L REER (5518

7 n—4 CEX & EECm), i (m)
Name of Clone (Avg. DBH, Avg. tree height)

g1 #HEIO—romg=E
Table 1. Description of tested clones.
JE Hh
Provenance
HEER(21.9,14.4) #RR2(23.3,13.4)
EVERT B RR104 (18.9,12.9)  E RAIR105(29.4,15.1)
Douseinan SN 104 (24.8,14.3) /105 (23.5,14.4)

Bz 1 (29.2,16.3)

B2 101 (30.0,13.8)

B RIR101(23.5,14.9)
4 RIR106 (21.4,12.9)
w106 (21.1,14.9)

A RR102 (22.8,15.2)
& RR107 (17.1,10.7)
N 109(21.5,13.3)

ERIRI03 (33.4,18.7)
103 (20.5,13.4)
4 (23.4,14.3)

1 (25.8,15.7)
TS (21.1,13.4)
RAT104 (21.7,12.3)
TGS (24.4,13.2)

A4 (19.2,11.3)
RTY (18.0,10.0)
el (25.1,13.9)
6 (28.3,16.6)

BEfE - H &
Hakodate-Hidaka

S (17.5,10)
101 (24.5,12.0)
T 452 (28.5,13.6)

e (22.1,13.3)
Jr102 (19.5,12.1)
HHiE3 (25.2,15.1)

{7 (22.8,13.6)
AT 103 (23.8,14.3)
g4 (24.4,13.7)

)1 2 (24.3,13.3)
£ %5 (26.6,13.4)

)16 (14.8,8.7)
4,27 (25.8,13.5)

JIEJ11 103 (20.8,13.4)
4,929 (21.9,13.5)
378 (27.7,13.5)
Mgt 103 (29.0,13.6)
B4 (22.3,16.0)

%=1 (254.13.1)

#7510 (26.3,12.2)
#2713 (31.7,13.8)
HEF: 104 (31.3,15.7)
FL#p101 (15.9,10.3)

% 922 (26.3,13.9)
11 (28.4,14.3)
6 (28.0,15.0)
Bl (19.1,11.1)
B3 103 (24.9,12.8)

ALFEG (27.6,15.2)
A 16 (31.2,15.4)
Al 32 (27.0,14.1)
3 (20.9,11.7)

M7 (37.6,17.5)
W 22 (21.4,12.3)
Wl [ 34 (28.2,14.7)
I8 (23.0,13.9)

9 (36.9,16.9)
25 (26.8,14.7)
A FE 39 (23.8,14.0)
59 (24.4,13.8)

S%ﬁu 7] (32.9,15.6) FEYES (25.0,12.6)
HEFC101 (31.5,15.7) HERE102 (33.0,15.4)
| BEp2 (35.6,16.1) FLER3 (23.0,13.3)
A3 (27.0,14.2) WS (23.4,13.0)
i #h 10 (19.5,11.3) W12 (20.3,13.2)
Dou/t;u #h 26 (25.7,14.0) b 30 (31.1,16.0)
w41 (36.3,16.7) i 102 (27.5,15.1)
Jb K3 (27.4,15.6) IR 103 (23.0,14.0)
AR EE1(33.2,15.0) 11 (23.1,11.8)
Konsen JE 5121 (34.5,13.6) JH B 125 (22.0,13.5)

112 (29.2,14.0)

EE113(19.9,12.2)

115 (18.9,12.5)

YRR - Iwamizawa,

E L

M CERER L, WCMR% ICFmRT A & d R B A o
R v

FIRFEATOREHNIE S (M) 2mm & Lz,
X AREBRTY 77 v 7 AR CMB-2 B & A,
WEAEMHE19kV, 25mA, BXHEMERDE LA,
BEHERICEa= AT o INVER-I I e T4
A—F 21118 &R, AU » 10X 300 pm, Y
1 m/ B TRIE L, FERET 077 519 2464
L, BWEbO8ER%0.55 glem® & Liz, KFERmD2)F
O EHIE Z FRONRRME L L, BBRIFOE/KE
I 12 % Th o, HEREAROMHTICIZ 1 ~ 25 Fiii
DiEE AV,

HF B ORBIORIND X, ML 6 LEITH
(Z3EE L C 207 T CERIRL L, HTiE 20 X 20 mm, #49&320 mm
DOFRBRIAEE L, JIS Z 2101 (Zft>TRBR L=, T
=BT, #iPRE (LIFMOR), #Fvo 7@ G
TMOE), BE, &/kZEeHi, bk, 1 KBOR
BHELTEHEINO.L) ZHiD> B OFEEES om, 24 B O
(LIF#E#I No.2) #6cm & L, LBEORENZ3 cm
TOME L, MBSO AR L7205 T L,
BROFE No. 126 Thotz, REBREKII1 7 n—
1m0 12 ~38 T, HEBREEOEKEILIZ~15%T
Holo, MERBEIIE HIT88 7 m—r 249 KT
HoT,

/N : Tomakomai, $# : Rumoi, {B%0%2 : Kutchan, i : Urakawa, 8§ : Hakodate, /&Il : Asahikawa, 4% : Nayoro,
Bifuka, #ff : Oumu, B#E : Okoppe, #LF : Ikeda, - : Tokachi, i : Urahoro, B : Akkeshi

4. HREHERAT

BEHEROBRTIE, 7ue—rBXOEMRNY
a— EBERET MO EITY, SRS &K
Wi, SRSHTIZIZ SAS (Statistical Analysis System)
@ GLM Procedure Z vy, VAR COMP Procedure {Z X
0 SRS R RD T, EMITERRSOEER, &
fF - B@, R, JER, REOESOTHDS,

fRHr LI EIIRERE Ch 2 iE L mER,
EIRORE T 6TBE, B X OIS O iiTHBRO 27
BThd, BITICEME S MmERIENMEE A
W, ERETT CIIERET (B2RBR) ThHF
g RW), BHIE (EW), BrAIE (LW), FiEs
B (RD), B##EE (ED), BeM#EE (LD) © 1~
25 RO AR L .25 OFIROFEEEE A, TIS
D T ER OfEFTIZIZ, MOR & MOE®No.1~No.3
DEEEE THEE AV, SRR A BRI K
IEE (FE0oBEE) #EE L,

=o'/ (s> +c,’)

h?: KE#%E (REOEER), o 7 v —r Dol

B4, o

RR7E

(MBS 205 H15]



Wood Propérties and Genetic Variation in Plus-Trees of Todomatsu (4dbies sachalinensis)(1)
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Fig. 2. Diagram of typical density curve within one

annual ring and its components in Todomatsu.
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Legend) RW: Ring width (mm), EW: Earlywood width (mm), LW:
Latewood width (mm), RD: Ring density (g/cm?), ED: Earlywood
density (g/cm?), LD: Latewood density (g/cm?), BC: Boundary criterion
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Table 2. Results of some properties, analyses of variance observed values and repeatabilities among clones.

Ch-)z[ffi[ter %ic?ors EI;J:}E{ Sun‘: EI)'J sjgares l\/?Zzi?jzji e Ii?%gﬁ T B ﬁ%’d\
quare F Value h Avg, Max Min
T 4 540.282 135.070 12.08ns
W DBH BEHL L T — v 83 5401.583 65.079  3.68%%* 0.50 252 376 148
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125 HE 4 63.835 15.959 1.99ns )
H WPy T — v 83 664.535 8.006  2.60%** 038 ,13.8 187 8.7
Fayi 498.953 3.080
EdnE | RE 4 3.894 0.973 0.94ns
R E T RW B O — 83 85.608 1.031  2.64%%* 036 327 545 1.72
Annual ring a3t 62.995 0.391 '
components BAiE [ 4 4.6907 1.1727 1.14ns
EW Mo — > 83 85.6729 1.0322  2.91%%* 041 285 512 136
fhiE 57.1981 0.3553
neiiE  [REHn 4 0.0718 0.0180 0.66ns
Lw B - 83 2.2604 0.0272  2.11%%+* 0.27 0.420 0.704 0.232
BRI 2.0742 0.0129
ENEEE | EM 4 0.0118 0.0030 0.86ns
RD By T — 83 0.2834 0.0034  3.40%** 0.46 0.397 0487 0.332
vt 0.1615 0.0010
Ry A ) 4 0.0043 0.0011 0.63ns
ED Py O— 83 0.1424 0.0017  3.71%%* 048 0352 0420 0.303
syt 0.0743 0.0005
Wbt B |REHL 4 0.0099 0.0025 1.58ns :
LD MR O— 83 0.1303 0.0016 2.9k 0.41  0.631 0.704 0.574
FhIE 0.0869 0.0005
s (i 4 490.106 122.527 1.36ns
i e R MOR BNy o — 83 7456.665 89.839  5.84%#% 0.64 619 762 459
Bending test 3 2492.407 15.385
in small clear | g1y 4 > 7 |EEHL 4 18.717 4.679 2.6%
specimens Ve By O— 83 149.247 1.798  6.38%* 0.68 7.46 947 524
MOE 503 45,670 0.282

JLEIY * 0 fEIRER0.1% KIETHE, * . fEMRE s% KETHE, ns I HFETLRY
Legend) ***: Significant at the 0.1% level, *: Significant at the 5% level, ns: Not significant, DF: Degree of freedom, h?: Repeatability, Avg., Max., and
Min: Average, Maximam and Minimum values of sample clones. DBH: Diameter at breast height (cm), H: Tree height (m), RW, LW, EW, RD, ED, LD:
See legend to Fig. 2. MOR: Bending strength in small clear specimens (MPa), MOE: Modulus of elasticity in small clear specimens (GPa).
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Wood Properties and Genetic Variation in Plus-Trees of Todomatsu (dbies sachalinensis)(I)
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Table 3. Coefficients of correlation of annual ring components.
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RW EW LW RD ED LD Table 4. Coefficients of correlation Corewood-

RW Outerwood of annual ring components.

EW 0.984*s#* RW Core-Outer 0,477k

Lw 0.18]*** 0.008ns EW Core-Outer 0.472%%**

RD | -0.510%** .0.630%** 0.626%** LW Core-Outer 0.582 %4

ED | -0.505%%*% -0.509%k* 0496%+* (.955%+* RD Core-Outer 0.672%+*

LD | -0.04lns  -0.173%%* 0.750%** 0.676%** 0.552%** ED Core-Outer 0.726%**
n=249 LD Core-Quter 0.668***

JUAY oo SERUAREL, o EIRER 0.1% KIETHE, ns: HE TRV n=249

Legend) RW, LW, EW, RD ED, LD: See legend to Fig. 2. LB n: PeEUREL 4 AREE0.1% KEETHE

n: Number of individual trees, ***: Significant at the 0.1% level, ns: Not significant
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Legend) n: Number of individual trees, ***: Significant at the
0.1% level, RW, LW, EW, RD, ED, LD: See legend to Fig. 2.
Note) Corewood and outerwood mean average of 1-10 annual
rings and 11-25 annual rings, respectively.
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Fig. 4. The relationship between ring width and ring
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Legend) n: Number of individual clones, ***: Significant at the 0.1% level
Note) Iwamizawa 1 and Hakodate 2 have the same values of ring width
but have different ring densities.
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Fig. 6. Variations of MOR and MOE within stem in bending test of small clear specimens.
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g5k EREEERFEOIOD—LIE

Table 5. Clones under the values of criteria for improving wood properties and their values.

HEHE Za—r4 RD (g/em?) MOR (MPa) MOE (GPa)
Provenance Name of Clone Ring density Bending strength Modules of elasticity
ETER ERIRL Iwamizawa 1 0.332 49.5 5.48
Douseinan RRI05  Iwamizawa 105 0.377 58.3 6.75
{B4n%z 101 Kutchan 101 0.342 57.4 6.84
T\ 109 Tomakomai 109 0.370 59.1 -
HiE - B & BHfE 1 Hakodate 1 0.359 59.7 7.10
Hakodate - Hidaka HAE6 Hakodate 6 0.361 50.4 6.38
i fEd Hakodate 4 - 58.6 7.01
IEES H8JI 2 Asahikawa 2 0.339 53.0 6.72
Douou HER6 Oumu 6 0.354 52.6 6.34
103 Oumu 103 0.370 57.2 6.77
HER2 Okoppe 2 0.353 49.7 5.53
4 Okoppe 4 0.378 57.1 6.99
JBJI103 Asahikawa 103 - 60.2 7.18
4,259 Nayoro 9 - 60.7 6.99
EH Hhm34 Ikeda 34 0.344 48.9 5.90
Doutou 26 Ikeda 26 0.358 51.9 6.99
a9 Ikeda 9 0.338 55.4 7.22
-8 Tokachi 8 0.339 57.5 7.25
HRa =A== Akkeshi 1 0.369 57.0 7.40
Konsen Eglll Alkkeshi 111 0.370 54.8 6.81
g 121 Alckeshi 121 0.355 55.5 7.25
JER 113 Akkeshi 113 - 57.8 7.11

AR & &
5»__
BRI E R B T A,

JLD - R IEUEIE LA B &R,

%) 273 OTBE THUERRMG O 7 o — 2 245l L,

Legend) ~: Means over the values of criterion.

Note) Selected clones mean under the values of criteria for 2 or 3 factors.
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