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Wood Properties and Genetic Variation in Plus-Trees of

Todomatsu (4bies sachalinensis) (1)

- 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/cm?, 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.
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Wood Properties and Genetic Variation in Plus-Trees of Todomatsu (Abies sachalinensis)(1)
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Todomatsu seeds in Hokkaido.
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ption of tested clones.
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PE i 7 a—4 CF%) M w B £ (em), 7kt H (m))
Provenance Name of Clone (Avg. DBH, Avg. tree height)
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Wood Properties and Genetic Variation in Plus-Trees of Todomatsu (Abies sachalinensis)(1)
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Fig. 2. Diagram of typical density curve within one

annual ring and its components in Todomatsu.

LB RW @ 4EdilE, EW @ BAfIE, LW @ Buifi, RD : Fdn% L,
ED : R, LD : Bep &, BC @ BB OFIR

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.

WE Z A H B E S50 ¥ (g1 454 KE=SR  F¥ kKX /D
Character Factors DF Sum of squares  Mean square F Value h2 Avg. Max Min
Wi | E 4 540.282 135.070 2.08ns
R DBH PEHIPN 7 1 — 83 5401.583 65.079 3.68%%%* 050 252  37.6 14.8
Growth 30 20 2879.657 17.667
T = E 4 63.835 15.959 1.99ns
H BEHIPN 7 1 — 83 664.535 8.006  2.60%** 038 138 187 8.7
e 498.953 3.080
A i JEE 1 4 3.894 0.973 0.94ns
GRS RW PEHIN 7 1 — 83 85.608 1.031 2.64%%* 036 327 545 1.72
Annual ring e 62.995 0.391
components BiE | FEH 4 4.6907 1.1727 1.14ns
EW FEHN 7 B — 83 85.6729 1.0322 2.9 %% 041 285 512  1.36
2t 57.1981 0.3553
WekrlE | pE HE 4 0.0718 0.0180 0.66ns
LW FEHIN 7 7 — 83 2.2604 0.0272  2.11%*x 027 0420 0.704 0.232
2 o 2.0742 0.0129
R | BE MY 4 0.0118 0.0030 0.86ns
RD PEHIN 7 o — 83 0.2834 0.0034 3.40%%* 046 0397 0487 0332
= 5t 0.1615 0.0010
SRl | E 4 0.0043 0.0011 0.63ns
ED PEHIPN 7 v — 83 0.1424 0.0017 3.7 1% 048 0352 0.420 0.303
e 0.0743 0.0005
ek | E 4 0.0099 0.0025 1.58ns
LD PEHIN 20— 83 0.1303 0.0016  2.91%** 041 0.631 0704 0574
25 ot 0.0869 0.0005
M sm s (e 4 490.106 122.527 1.36ns
il 1 3 B MOR  lpz iy 7 v — 83 7456.665 89.839  5.84%*x 064 619 762 459
Bending test 2 2 2492.407 15.385
in small clear | (¥ o 2 |pE 4 18.717 4.679 2.6%
specimens 1R %% PEHIPY 7 o — 83 149.247 1.798  6.38%*x 0.68 746 947 524
MOE 26 e 45.670 0.282

JLBI) **% : fERRFE0.1% KHETHE, * : fARFE 5% KETHE, ns : FETRW

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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Fig. 3. Variation of ring components by X-ray densitometry within stem.
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Legend) Symbols and vertical bars denote average and standard deviation. RW, LW, EW, RD, ED, LD: See legend to Fig. 2.
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Wood Properties and Genetic Variation in Plus-Trees of Todomatsu (Abies sachalinensis)(1)
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Table 3. Coefficients of correlation of annual ring components.

B4R FEHBHEREFOOT—UVRE
T2 —2y FOHEBRE

RW EW LW RD ED LD Table 4. Coefficients of correlation Corewood-

RW Outerwood of annual ring components.
EW 0.984*** RW Core-Outer 0.477%**
LW 0.181*** 0.008ns EW Core-Outer 0.472%**
RD  -0.510*** -0.630*** 0.626*** LW Core-Outer 0.582***
ED  -0.505*** -0.599*** (0.496*** (.955*** RD Core-Outer 0.672%**
LD  -0.041ns -0.173*** (.750*** (0.676*** (.552*** ED Core-Outer 0.726%**
n=249 LD Core-Outer 0.668***
JLBID) no: BERAREL, R GIRER0.1% KMETHE, ns : AR TRV n=249

Legend) RW, LW, EW, RD, ED, LD: See legend to Fig. 2.

n: Number of individual trees, ***: Significant at the 0.1% level, ns: Not significant
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JLBI) noc BERROREL, FRR o fERREE0.1% KHETHE

E) P 1-10 44, ST 11-25 S8R 2R,

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.

0.55
050 | °
i Hakodate 2
% o | o0 g o ot
RZI %
s T
S MO r=06a1m e
8 n =88
E8 035
~ e (&)
¥ 030 | A
lwamizawa 1
0.25
0.20 1 1 1 1 1 ]
0.0 1.0 2.0 3.0 4.0 5.0 6.0
Ring width
FEibE (mm)
FA4E /00— TLDEHIELEHEEOER

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

PEHN Ja—r%4 RD (g/cm?) MOR (MPa) MOE (GPa)
Provenance Name of Clone Ring density Bending strength Modules of elasticity
JEVERT SRR Iwamizawa 1 0.332 49.5 5.48
Douseinan S HIR105 Iwamizawa 105 0.377 583 6.75
{B.5n%z 101 Kutchan 101 0.342 57.4 6.84
W NF 109 Tomakomai 109 0.370 59.1 -
A - H& FfE 1 Hakodate 1 0.359 59.7 7.10
Hakodate - Hidaka ) Hakodate 6 0.361 50.4 6.38
P fig4 Hakodate 4 - 58.6 7.01
BRI ARJI2 Asahikawa 2 0.339 53.0 6.72
Douou 6 Oumu 6 0.354 52.6 6.34
103 Oumu 103 0.370 57.2 6.77
B2 Okoppe 2 0.353 49.7 5.53
L4 Okoppe 4 0.378 57.1 6.99
fBJ11103 Asahikawa 103 - 60.2 7.18
4,759 Nayoro 9 - 60.7 6.99
JE Hh R34 Tkeda 34 0.344 48.9 5.90
Doutou #h 26 Tkeda 26 0.358 51.9 6.99
L9 Tkeda 9 0.338 55.4 7.22
—+ P58 Tokachi 8 0.339 57.5 7.25
TR [EE 1 Akkeshi 1 0.369 57.0 7.40
Konsen |===2 00! Akkeshi 111 0.370 54.8 6.81
=121 Akkeshi 121 0.355 55.5 7.25
=z 113 Akkeshi 113 - 57.8 7.11

JUD) - 1ZIEEE LA b2 oR g,
)23 DT CHRIEEAIGN D 7 v — o 2 i LTz,
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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