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S. Mixamr and K. Nacasaxa: Selection for Minimizing

Spiral Grain in Larix leptolepis Gorp.
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Table 1. FELERKEEMXBEHRICE T 2 EHEEREO @IEHZES
Variation of grain angles among trees in the WADAYAMA
and TOKIWA stands

B BEAE ()
w5 = 4 Grain angles (°)°
Stand Variable % A B | £ 9 &
Maximum Average
#i FH Range 1.5 ~ 9.8 0.6 ~ 6.9
oo £ B Av 4.5 2.5
A . 2] erage . .
WADAYAM = HE [ = Standard deviation 1.4 1.3
" ) | Range 2.1 ~10.8 0.6 ~ 6.4
 OKIWA® ¥ 13 Average 5.1 26
B #[F 3%  Standard deviation 1.4 1.2
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Table 2. #iEDRIER A% % 2 Bk O BEHEE

Frequency of trees changing direction of spiral

in the succeeding growth rings

o3 AN 9 KA AT | %225 % % Bk E@ﬁgﬁ%&ﬁkﬁﬁ%ﬂﬂﬁﬂ
Number of Number of trees changing N {‘)R £1 havi
Stand sampl spiral direction from left umber of trees having
ple trees | 1= 1 to rioht maximum grain angles in
& right hand direction
V\%TLADEYAI\I}IJA 193 85 (44.0%) 9 (4.8%)
H il 165 68 (41,29 %
TOKIWA -2%) 2 (2%




77 =y OMIMEHEFEICE T 288 (21 - BHO -7 —

AHRTI4.0%, HRKEK T 2%5 51/ (Table2), COEE, 3 TICHRSNTOBHOP (i~
B LPPED - /oo BHATRAMMBEMNBELZ S OMIKIE, FELEEHKTIHE 4.8%), BMKAEHK
T2k (1.2%) Th-to 95~97T%DMAIREF N THRREER Lo

PED &S, EEOHMTRARETEOSED SNlh, KOETRE, L0803, B
NG O I BRI EOZBIE, R UILE L GEMOBEMARDBED SHICHPDB) %3 2 HEEKD
WIUHEE, 510 THRAMMAAR AR @R BB ER SIK 20T, KEMEIIEDL -1,

VI HFEEMELC DLW TORE

1. BhEA, BT IUREE

BIRHZET &b D BEEENRINE, COBREORERET, ILLOBREO®EEETETILL
BREMEZRSC EWTETE 2T TE 2,

BRI, BARBMBRICED SNTOAMOFA LOFER EM OMAEBERMEIR 5 % 2.9°2
™) &, ZOXSISMELRET 2 MO LERY 55, BAMHEMES S.0°LITT, SFOdmaEE
DL LUTFOSDE Uiz, DB S S KO HBRIT, MELEEKTE.7%, SHMRKEKT 3.0%
THoTeo LIS ->T, MR L BEZLOENED 505, —REHHTIE 5 BRI ORIRE T, HlEE

Ilor
n
L]
s °
10
o
or ° 2 [}
g : .
0 s
L ol £
5 o
T o 8
vg 71 E ]
o E
£ .
= O =
] : s
= | R * [
2 e it
e b y Y=0.88X+2.29 8 5|
it TRy~ (r=0.85) #
18 YA I3
# andd 4 70 P ™ Y=0.83X+2.89
=0 Ba: o I TS (r=073)
8 - o . .
Gg . }Selected trees QO
2k ° . o & o
[e) }Selec'fed trees
o Oo °
' 2l o
=nf 1 1 L I 1 2 1 i 1 FI—y 1 7 L 1 L L It
i 2 3 4 5 6 7° i 2 3 4 5 6°

T rIsEa EAIE  Average grain angles
Fig. 6 SEEifEME & BRI E S O

i IEHER R Average grain anglgs
Fig. 5 SFISMEMEAE &R ARMHEERE SO

Bk CRE D

Relationship between average grain
angles and maximum grain angles in
WADAYAMA.

Bk (B
Relationship between average grain
angles and maximum grain angles in
TOKIWA.



— 8 — MERBIETRE R 276 %

RBEDNS MERASROH SNB & EICI 5, ZOBADBREER, BRASEEMNET2.0°0 5, ¥
BHERETL5°C 50 TH B, ,

BRI - T EAIE L 12, Fig. 56 KRSNB LD, WHEOMICECEOHEEG
(r=0.86, 0.73) BB B DT, FHFLFIKOVTRIKEL TS, BHEILOVTHHIBELZE LVEKSE
5hB. LL, MEEED S, k& i, BAMERERLNIC OV TRIK L LUET 5 &, MHEL
EERCIRNIY, SMEERTIRES BOEERISEINS C LI 5. ThdDpicid, SFEmEER
BEA2° HRObONEETNTHD, HROBHFEREICS > Ak 62% 10T F120, BABETE, T
SHETR B sk B BRI AR IRIZIZ 0D, BN 3° LIFOEMKAE T TRY, £hbOhh b#ikMs
ERBENICHD LT 2 Bk AR, BEAESPICRETE 5, Fig. 5~6 OOMREMTERL L
KM TH 2. 20%, LWEEAOAREFERICLBRD, BHENEETE - 2R TR, PROR%
UMtk a3 S e, BIZIIETS BHRERI, 10h, © ORIC RIS b OB 50
i3, 4BOMEMEE UTHRERBEHERT 5720, BEIGEVSDOEMALIILDTH b0

2. HEENE LRES X CROTE & OBF

ARDOBEKTE, RECHEAEE L CREBREDOKS ST ERNRLE Uicds, BEHEEE LTITE
SIEAIE, MOBESFEBICHEING C LICEE1E55, Libd, &7 <Y TREMEEMEE & pR & 28
Bk 5 & TAMEVOERENEDT, COADRIZTE =7,

Fig. 7~8 i, FELEGKEBRRKEHICE T 2 MEER D & O & SRR & 0BT
LiebDTHS, WFNOEAD, —EOBESS D& RS bNEN -1, FEBEEREICO T
b, RRLE D SRS »7T20 77 VHEEM 7 81—V 2 A0 THEAFRIE BB S OB
HBTh, HEBERSRERI 0T, DB EGERMTE, KESHBHEEMNESOMICRBERRRS 2
LREZONITO, Lichi-T, BRICKE LTI, MELZMIBEEE LTRICENBTES, 2D L
3, HCOAE, WREICT < N BRDEET 5 THESH 5 &V C LiCiE b, FE, FHELEFHK

7@ A B Ot Maximum grain angles
o

L J ol - i i '

20 alo 40 50 10 20 30
fB5E#®’ D.B.H. (cm) &l & Tree height (m)
Fig. 7 RKHMEAE NEER, BEs 0BG i)

Relationship between the maximum grain angles and
breast height diameter or tree height in WADAYAMA.




o o ~ © © =) Z
T T T T T —°

PR EMNE Maximum grain angles
N

717 =y OFMEBRFIEICET %K Gk ER)

! FIa

20
@S &% D.B.H. (cm)

30

10

20

& & Tree height (m)

Fig. 8 JAMMEEMELIRE
B, BWEEOEKR B
Relationship between the
maximum grain angles

and breast height diameter
or tree height in TOKIWA.,

Table 3. FIH LEAHD 52K L 7o B & O
Characteristics of the trees selected from WADAYAMA
. . e REENY I IRE-T 3
muk (@ B | BO0E ) pTE E A E A E| w oo o
Maximum | Average
Tree at breast | Clean bole . A
Selected height height length grain grain Stem form
trees g g g angles angles
(m) (cm) (m) D) D)
SGS-1 24.8 35.8 14.8 2.7 1.0 Crooked
2 16.0 26.0 10. 8 3.1 1.7 Straight
3 25.1 32.0 10. 8 3.1 1.7 ”
4 25,0 44,0 17.0 2.8 0.6 ”
5 21,2 23.0 13.3 1.5 0.7 Slightly crooked
6 27.0 36.0 22,0 3.0 1.1 Straight
7 25.3 36.0 18.6 2.3 1.0 ”
8 18.7 23.0 15.0 2.5 1.1 "
9 . 27.0 35.2 17.0 3.1 1.6 ”
10 23.8 28.0 15,8 3.1 1.1 ”
11 12.5 30.9 4,2 2.3 0.9 Forked
12 25.3 35.0 12,5 2.8 1.0 Straight
13 27.0 32.0 19.4 3.5 0.8 ”
14 24.0 27.0 17.0 2.7 1.7 ”
15 22,4 36.0 13.2 2.2 1.1 Slightly crooked
Average 23.0 32.0 14,8 2.7 1.1
SGL-1 25.5° 30.0 18.2 7.3 4.8 Straight
2 23.5 40.0 10.5 7.1 4,4 ”
3. 21.6 30.0 15.5 8.9 6.9 ”
4 26,0 27.0 20.3 7.5 6.1 Crooked
5 22,2 32.0 14,7 9.8 5.3 Straight
6 22.8 34.0 14.8 7.1 6.3 ”
7 25.3 40.2 16.6 6.4 5.5 ”
8 22.6 37.0 12,1 7.3 5.8 ”
9 21,1 24.0 12.0 6.6 2.4 ”
10 21.1 36.0 9.6 7.0 5.0 ”
Average 23.2 33.0 14,4 7.5 5.3
Average
of all 23.9 32.0 15.8 4.5 2.5
sample
trees
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Table 4. IBCH b & B3k L o G DR
Characteristics of the trees selected from TOKIWA
\ | paae — [BABE | @
BHEAR | M & . BT E | E R E|E A E s p
Diameter Maximum | Average # o R
Tree at breast | Clean bole p :
Selected | poicht height length grain grain Stem form
trees g g g angles angles
(m) (cm) (m) ) °)
SGS-16 17.4 20.0 8.5 2.6 1.2 Straight
18 18. 4 18.5 10.0 3.1 1.5 ”
19 14,2 18.0 7.7 3.4 1.6 Crooked
20 12.0 13.0 9.1 2,1 1.6 Straight
21 13.5 18.0 7.3 3.7 1.8 ”
22 12,7 13.0 8.5 3.4 0.8 ”
23 12.8 16.5 7.3 3.4 1.5 Slightly crooked
24 14,1 19.0 8.2 2.3 1.0 Straight
26 16.5 17.5 10.0 2.8 1.2 ”
27 16.5 22.5 8.0 3.7 0.8 Crooked
28 20. 4 29.0 9.1 3.0 1.4 ”
30 22,3 27.0 9.0 3.0 1.0 Straight
Average 15.9 19.3 8.6 3.0 1.3
SGL-11 22.5 25.0 12.0 7.8 4.1 Straight
13 19.3 23.0 8.1 8.0 5.1 Slightly crooked
14 17.9 18.5 9.7 7.7 6.5 Crooked
15 16. 1 16.0 7.9 9.1 6.1 Straight
16 14,4 19.5 4,8 9.6 4.3 Crooked
17 17.4 18.5 10.8 10.8 3.8 Straight
18 22.3 30.0 11,2 8.1 6.3 ”
Average 18.6 21.5 9.2 8.7 5.2
Average
of all
sample 15.7 19.8 8.7 5.1 2.6
trees




N 7=y OWHEHEICEY 58K EL - REO

~ 8
I ses—1
.g) 0 1 i A D_""—_—l
v 3
£ $—2
il
o
o 0 1 1 1 1 1
@ 3
it $-3
“ﬁ 0 e 1 1 I 1 1
H o,
|2
s—4
0 i J
L3
$-5
0 N 1 1 ]
R
PITH 10 20 30 40 50
BMorsoF @ W Growth ring number from pith
-~ 5
P . $65-6
@ 0 L W )
%
3
=
i s=7
(‘5 0 fl 0. L 1 J
3
53
it 58
1 1
ﬂa 0 L J
F
& $-9
0 1 1 1 L ]
L3
l 5-10
0 1 1 1 1 1
R
PITH 10 20 30 40 50
oo T RS Growth ring number from pith
’:‘ o
L 3 ses—11
@
2 o 1IN —— r— L —
@
e ®
o s—12
S 0 % I
.3
b s-13
-1 o \ A ;
&g M
M3
)i-3 S—1
0 1 ] i 1 1
L3 . '
]
0 1 —|
R o 0 20 ! 40 50

Moros T Y Growth ring number from pith

Fig. 9-2

Fig. 9 FELEE M TRHK U o BEOEMEER B DR MED 5 — ¥

Radial variation patterns of grain angles of the selected
trees at WADAYAMA.



Grain angles (°)

R AR

- —

R

g

il

Grain angles(®)

AR

Pl

e

Grain angles (°)

WERBIBHERE H 2765

st
6L~ |
0 1 | I 1 1
sk
-2
1} 1 1 1 1 SE—|
sk
L-3
D 1 | - ] 1
FITH 10 T 20 30 40 50
CREo 50 F oE Growth ring number from pith
st
SeL—~4
0 1 1 L 1 —
10 r
s
1-5
0 1 1l 1 L -
sk
-6
0 I | 1 1
PITH 10 20 30 40 50
REmsn F &8 Growth ring number from pith
st
seL—7
0 1 1 1 L 1 — 1
5 =
-8
D 1 1 L -}
st
1-9
0 /1 L 1 i 1
PITH 10 20 30 40 50
s 0 E ER Growth ring number from pith

Fig. 9-4



7=y ORMERECET RE GL - BR) ~— 13 —

i )
i
o s6L-10
ﬂ‘@
Eol of : L . . )
R piry 10 20 30 40 50
BMrspF s Growth ring number from pith
Fig. 9-7 (3% in continuation)
30
$85—16
0 1 )
.
3
s—18
T : —= !
2
.E” 3 _ # .
T . s—I19 o s—24
E 0 1 ] % 0 J
g 2
S 4 8 3
§—20
c §—26
] ﬂ 0 1 1 ~
(O]
3
& §—27
! @ O 0 o t00-0-0-00d
18
%1 3 $—28
B
1 0 1 —
L3
$~30
] [} g 1 i
R oy 10 20 30
PITH 10 20 30
B o0 T EB Growth ring number from pith B> 0 FERE Growth ring number from pith
Fig. 10-1 Fig. 10-2

Fig. 10 ERIXAEN TRIK U 7 BR OB EORRF ML 2 — v
Radial variation patterns of grain angles of selected
trees at TOKIWA.

AOMIREREHRE LR T, BHERICS 5 BEO MBREZNTN6.7% £3.0%TH - oo Tl
TOEBE > FRNNEPHRCRAE LAKSAAPHEOT, chiEZETEL, 1 20KRPLER
LWEEERBSHE 254, BABKAEG-T5BLEEDTHS D,

EHEES DR S DV EKIE, BERBETIRD OO E LTHIBERE LS DTHYD, SGL-9,
SGL-16, SGL-17 @ & S ICEEH M OEB <2 — v g RISMEE S A 120



— 14 — WERBRETFERE $2765

10
gk
seL—~11 —~
< 5T
. . ) . F S6L—16
3 2
- g g 1 — ]
] c
o | "B r
g S -3 5 or
£
o )
‘(5 0 1 1 1 ifé sL
18 L=17
g i
b B s L. "o,
L L-14
&
E -
sk
L L-18
l D 1 1 J
- R PiTH 10 20 30
#Ero 0 F8EL  Growth ring number from pith
l Fig. 10-4
O 1 1 ]
[
R pm 10 20 3 Fig. 10-3

BEors 0 F 8B Growth ring number from pith

VI BREFORE RS IS 2 RERNTIREIC 4 558

BREAEAED 5 LT, BREGOREICET 2 MM B0 VTRV R EFESHRL (DN, —
ELREIN OBEREENK X {105, HERBAENRIC UK TR, BASMERE S FOEERRES
P, EODEF LOERE RS &2 LR 7208, SBEEROKRE T, THBEOFEOMHEERNEEED
PO THEET 2 X0 b, BARMMEAEZ D THRIE L, BERSLE L 2 ERMER SN
0T, £RICX BTSN BICkED,

MR E BT A IRMIRE TR, TN TORBEMEE C 0 Tl 2 LEMID L, FHHEERIBED/N
SVWFUBAEEET IR ER 2~ R0BHic Ao e nid kv, £, FHBORLSEFZ L
HELBMERE 2 GRIKT 2861, TN 56MRIIRICIE - TH/NSOMHEHEMEL & >R EN C
AT E T 0, '

PUT R, TR 5 FIBCE BRI L TROE £ 7213 2 IRBIKE T 254, MIAF/EC BLICTE > 12 O THETSH
3%, MBLEGKEERIREROEHERDFRIIEREZMO TR UICERTH 5,

Table5 1%, HOFMOMMERE S, KK TOERORABMEENE - OHBRH¥TH 5, 24
DOIMEFTORRE EOMETI, MBREIZ0.7TUTTH 54, SHEHMITORKMEELE L 6 Flawn
FTTO.8HIRICIE S, HMXEHRDHITIE, 8FiHDITELEL 0.9 LIS, Tiild, Fig. 11
WRENBE LT, ZLOMERTSENER (2~44) TERAMMEMNELRTLOTHS, Fig
121318, BRAWHEREEZRUEAROERBEEERDO LI DTH 5, 2WEKRD > HLIO%BLI LOME



715 = OHHHEREICET 28k Gk - BIO — 15 —

Table 5. 2zl U TORAMHHEMNE L10FKE T
HEHEER B & DR BIFREL

Correlation coefficients between maximum grain angles

among all of the growth rings in a disk and grain

angles of a certain growth ring or the maximum values

up to the designated growth ring in juvenile wood

#H B8 % ¥ Correlation coefficient

WADAYAMA TOKIWA

(193 trees) (165 trees)

2nd growth ring 0. 44 0.51
3rd growth ring 0.62 0. 64
4th growth ring 0.69 0.63
6th growth ring 0.68 0. 65
8th growth ring 0. 66 0.69
10th growth ring 0. 68 0.67
Max. up to 2nd growth ring 0. 44 0.51
Max. up to 3rd growfh ring 0. 67 0. 69
Max. up to 4th growth ring 0.72 0.76
Max. up to 6th growth ring 0.76 0.82
Max. up to 8th growth ring 0.77 0.92
Max. up to 10th growth ring 0.78 0.92
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L, BREMEREDNIO IS Vv— 7DV TRS &, 54 D ETIRT5~90%, 6 Fifwd F TIC85~90
B OIS EAHHEEREATR Lice COXI I, HERHICT > TOHMENED/NSVEKRDS <,
CBEVERTRAEER T, Lih-T, BOERTNSOEMHBEMNEL DD, LrbRAEEZRLL
THDHDH LEETE BEERERE~NE, 2N50% (MERPERBICT > THHEEMEO/NSOERTH 5,
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Table 6. £ H B EK IC & 2 E-EHE

Estimates of genetic gain through mass selection

S f— PA==:! . .
s ) w® 5 &z EEBE Genetic gain
Selection intensity Stand B2 = 0. 40 72 = 0.45
. ) B °) (%)
5% WADAYAMA —1.18 (26.8) —1.33 (30.1)
7 TOKIWA —1.17 (22.9) —1.32 (25.8)
10% WADAYAMA —1.00 (22.8) —1.13 (25.6)
7 TOKIWA —0.99 (19.8) —1.12 (21.9)

h? : Assumed narrow-sense heritability

Table 7. BERLLOCRBRELRRICBY 2H/EHOE &
LA D)
Ratio of the desirable trees qualifying for the selection criteria
in subsequent generation corresponding to the different selection
intensity and heritability values: an extract from the table
prepared by Axemine (1958)

iR E IR E Selection intensity (%)

Heritability . 5 10 20
0.05 1.1% 5.2% 10.3% 22.0%
0.10 2.0 7.5 13. 4 24,2
0.20 3.6 10.9 ’ 17.5 28.7
0. 30 6.3 15.2 22.5 33.7
0. 40 10. 4 20.6 28.1 38.9
0. 50 16.0 27.0 34.3 44, 4
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Selection for Minimizing Spiral Grain in Larix

leptolepis GORD.

Susumu Mikami®@ and Kazutosi Nacasaxa®

Summary

The Japanese larch (Larix leptolepis Gorp,) produce less useful wood as construction mate-
rials. The lumber of the larch trees from plantations often presents such serious defects as
splitting and twisting, especially when trees are young. It is generally agreed that the spiral
grain is an important variable which causes twisting of board and squared lumber. In the
present paper tree-to-tree variation in spiral grain, selecting method, possibility of shortening
test period and genetic gain through mass selection are discussed.

The spiral grain on disks taken from 358 trees in the following two plantations was ex-
amined by splitting method:

1) WADAYAMA state forest, near Ueda, Nagano prefecture.

Number of trees examined: 193

Tree age (years) Y
Average tree height (m) : 23.9
Average D.B.H. (cm) T 32,0

2) TOKIWA municipal forest, near Saku, Nagano pfefecture.

Number of trees examined: 165

Tree age (years) ;31
Average tree height (m) : 15.7
Average D.B.H.(cm) ~ : 19.8

A large number of trees showed the spiral pattern first being left spiral and then gradually
decreasing to the datum-line, and their detailed radial variation patterns differed from tree to
tree. However, despite the diversity of variation patterns, selection of the desirable trees
showing low grain angles or straight grain could be carried out on the simple criteria of the
maximum grain angle and average grain angle in the same disks, regardless of radial varia-
tion patterns.

The variation of the maximum grain angles ranged among trees from 1.4° to 9.8° in
WADAYAMA and from 2.1° to 10.8° in TOKIWA. Average grain angles ranged from 0.6°
to 6.9° in the former locality and 0.6° to 6.4° in the latter. The values of standard deviation
of maximum grain angles in two populations were exactly the same, although the population
averages slightly differed from each other. The disks for this study were taken from the trees
in a finally cut stand in WADAYAMA and rogued trees in a thinned stand in TOKIWA.
Therefore, the above-shown results appear to indicate that even the trees felled in thinning,
being negatively selected for growth rate or tree form, do have sufficiently large variation in
spiral grain, and that this situation allows the selection of the desirable trees simply regarding

spiral grain in any larch stand being felled in an appropriate season to collect scions for
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propagation.

In the case that the selection criteria prescribe less than 3.0° of maximum grain angles
and less than 1.3° of average grain angles, so as to ensure the supply of lumber useable in
construction works, trees qualifying for the criteria appear in frequency of about five per cent.

Corrélation coefficients between grain angle and tree height or diameter at breast height
were remarkably low (#=0.06~0.10). In the scope of 358 trees from two populations, the
magnitude of grain angle does not seem to be influenced by the difference in the growth rate.

The data of radial variation in grain angles from pith to periphery indicated that the ob-
servation for a period of about ten years is enough for making evaluation of an individual in
this trait. :

The information on the genetic variance of spiral grain in Japanese larch is limited to
only one by Mikami ef al. (1972), who examined 400 ramets of 80 clones and obtained gross
heritability 0.5 for the maximum grain angles. And it was also found that the variation
among clones was continuous, when their values were arranged in an array by their mag-
nitude. This is unlike the case of Pinus taeda® which demonstrated an apparently discontin-
uous variation among families and negligible contribution of additive genetic component to
total genetic variance. The mode of inheritance of spiral grain in Japanese larch could be
assumed to be similar to that in Pinus radiata, in which additive genetic variance occupied a
large part of total genetic variation. Under these estimated and assumed conditions, genetic
gain was provisionally estimated. If heritability value were 0.4 and selection intensity were
5.0%, the maximum grain angles of subsequent generation through bulk propagation of se-
lected individuals would be reduced by 1.2° in population average. And the desirable trees
qualifying for the selection criteria would appear in frequency of about 25% in subsequent

generation.





