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Susumu MIKAMI : Breeding for Wood Quality of Japanese Larch,
Larix kaempferi (LAMB.) CARR. [=L. leptolepis GORD. ]

— Genetic Improvement of Spiral Grain —
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Fig. 1. #I#%i L 2 BOREAEOMERAR, Fig 2. 5IHW MK X 2 EAOEEAEDHIEHERK,

Grain-angle determination by OitEg, OHIKE, OMEDER, OXRED AR
splitting method. Grain angle () = Grain-angle determination on seedling by sliver
tan™ ‘T method. Notes: @; tree axis, @; removed bark,

@®); fiber inclination, @; grain angle.
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Variations through successive growth rings from the pith, of the average, the

standard deviation, and the range of the spiral-grain angle in IWATE-25.
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L3



ATy OMEERICETAME (=) — 61—

BEH»S/NEL B 2BREWULDIINL, EEHOEFSOEOREREREME LHBICKREIEDE, 20X
3 EHATHETCRS &, £ OB THMEINTE RO LRAUEM Y — v & RT 2, BEREMICRS &,
BEHRIC BT B EAE L B/MEOHE X, BF—25Ti3 6~13, BA—143TR 6 ~11'"THY, kL3
o DEHKRE,

Fig. 5 135F—25 (1) LEFA—143 (M) DM B T ZEERAED /NS WK, KEOEERVERC
EAEMOKREEELZFL L TRLEZBDOTH S, ZOFIEnE, REAKEOAESSFHEBLTK
ENLOLNEVLLOIR, ZOAEOEAAEDORNTHETEZ S Thd, RBFMCBET L, &K
AESECHRER T 2BELRON 30T, JVEBEOTIVAE: b DOEEERADIZEZ, SFROV
BAELRDILERDH S,

(°)
&r
6}
o
=]
“ -
Kel
[}
L e L
234 o
T A
£ L L
) )
[
’i 2F N
v
M -
&
S
[\ 0
£
|l
B o
=]
2
12'
ey
Ko
2
o v
4L
pith 2 8 12 16 20 24 28 32

W Growth ring number
Fig. 5. # 7=V OBICBT 3 EEAREDLEST MERA
Examples of radial variation of spiral grain in the stems of larch trees.

Table 13, WMk BT2RERBORAAEOHRER, KO FHERVEERELZTLIZLOTD
2, BAAEOMSTFIEIEMS L V4.5 LA TH > 7edd, FHARREF—2522.6 TH 5 Dwxt LE
F—143132.0CH D, KE B0 ERL I, BEOHBREEE, RRAENZNETN2.5~8.2°L2.6~T7.9',
FEAENENEFR]S~5.1L0.7~4.4ThHD, BECI>TREREOSHZ L ERLI,

THAEERC L > TELT 28, BRABCKELENH 2BEAM TR FHARIIOVLTORERE
nHY, MEOECHBERNRED 51 b, Fig. 6% UFig. 73MIHIcmEDOBEFRERLIZLDTH S,
WFR b EBREQCHBBFRERLR, L7EL, BE—143CB W TIRRAAES. 0T OEEDOTFHIARER
2T1L3UTTH 29, EF-25CTRFHAELIDDETHET 3, Liw->7T, & W RBOBE & {EE



— 62— HABEBMERE B65

Table 1. BHF—25LBM—1340H v VMM BT 5 EEMEROKE X
Variaton of spiral-grain angles among trees in the IWATE-25 and the MORIOKA-143 larch stands

FEEAE (B)
"o £ Spiral-grain angle (deg.)
Stand Variable BAXAE Y BE
Max. angle Mean angle
# Range 2.5~8.2 0.8~5.1
&5F—25
F ¥ Average 4.5 2.6
IWATE-25 o
E#¥(EZE  Standard deviation 1.0 0.9
# Bl  Range 2.6~7.9 0.7~4.4
B R —143
F ¥ Average 4.5 2.0
MORIOKA-143 o
HE¥{RZE  Standard deviation 1.0 0.8

(X .
8-
L]
2
&
fer T .
~
)
: .
= }' LI ]
= . et o e
L)
% ....: °. oo.
K (¢ IR
w4 e Y=2.388 +0.812 X
.. ../..... - . .
« % L., ° (r=0.737)
o0 .....
i L] o0
L ]
L]
2
>
1 2 3 4 5 (°)

E#jfE Mean grain-angle

Fig. 6. SF—250% 7 VB 5 EEAEORKAE & FHA
& & OBk

Relationship between mean and maximum angles of
spiral grain in larch trees of IWATA-25.

2EREDICRTEZHET 2 2 LBLETH 2,

VR BARES 3 LT CEYAREHSLSUTO b0 2 RERED/ NS LEKTHL2 T 28, BT
—957i 34 (3.3%), BWE—143Tik 64 (5.7%) DMK 2, ThZUOEEAEOFRIC L 2R
BRI, Fig. 8O@D ThY, 2EH%EL TEREIAZL/NE V.



Right-hand Left-hand

HEEAED B  Spiral-grain angle

Left-hand

Right-hand

Fig.

A7y OMEERCEYT 5% (=5) — 63—

8
[ .
L ]
( L ]
2
g
Zet
o
&
E L]
3
E
] L
p
)
&
£
® 40
Fool Y=2.752 +0.867X
% % * (r=0.655)
(L X ]
o3
2+
1’
1 2 3 4 5 (°)

F#ME  Mean grain-angle

Fig. 7. BM—1430 % 7~V Ic B 2 EEAREORAAE & Fiyf
B & OBER,
Relationship between mean and maximum angles of
spiral grain in larch trees of MORIOKA-143.
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Radial and longitudinal variations of spiral grain in the stems of larch trees.
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FHAZE(CAE % Fig. 9 105 LT, EHENOEEAR I EE3 8 8 2 ER—EHTRZ#RD 2 &, F—FH
BTH->THEAMNEE 2EANED SN D, £, HEEIMTIMOEHEST 2B & B2 RS Y
7 — R EESS L, 8542, HEE T L CRAAEOERAAER Y - HENLEGLBRES N
% (Nol0),

D3, Blb S OERENCIE U7 fER A E OMHER R SRR ESic L o TR S,
FOEIGEETH 5 BESS <, EREAEOBEBNSEOSEBARIXERC L > THL L TECERT,
Table 313, @ERKKOOTHEIMASI0ME COFSHBRABERVFHIARERLIZbOTH
3. BRAEICZOWTHAL L, Nod, N6, No7, Nol2, Nol4i3&HE TR E 2fE% R L, Nol0, Noll, Nol5
Table 4. KEEARE DM EEBISA AR OMHEREK

Correlation coefficients between maximum angles of spiral grain at different stem heights

BOEX Stem height

0m 1m 2m 3m 4m 5m 6 m 7m 8m 9m 10m
Om | 1.000 —0.124 0.076 0.169 0.124 0.084 0.132 0.029 0.067 0.331 0.081
1m 1.000 0.890 0.639 0.466 0.212 0.466 0.412 0.563 0.325 0.525
2m *% 1.000 0.776 0.652 0.432 0.648 0.612 0.713 0.587 0.718
3m k ok ok ok 1.000 0.832 0.47¢ 0.577 0.671 0.737 0.525 0.560
4m * % * % 1.000 0.619 0.734 0.886 0.767 0.828 0.750
5m * 1.000 0.823 0.695 0.746 0.716 0.803
6m * % * * % * % 1.000 0.862 0.861 0.811 0.883
7m * * % * ¥ * % % % 1.000 0.813 0.826 0.889
8m * * * * % * % * % * * %k 1.000 0.754 0.835
9m * * * %k * %k % % * %k * * 1.000 0.831
10m * * % * * %k * %k * %k * %k * % * % 1.000

* Signifcant at 5% level. * % Signifcant at 19 level.
Table 5. FeEIAREDM & FFHAE OMBERE

Correlation coefficients between mean angles of spiral grain at different stem heights

Boma Stem height

0m 1m 2m 3m 4m Sm 6m 7m 8m 9m 10m
Om | 1.000 0.562 0.506 0.413 0.479 0.360 0.403 0.378 0.396 0.268 0.180
Im * 1.000 0.681 0.776 0.734 0.415 0.506 0.545 0.570 0.251 0.272
2m * % 1.000 0.836 0.665 0.270 0.376 0.450 0.414 0.321 0.327
3m * % * * 1.000 0.763 0.421 0.447 0.539 0.536 0.282 0.283
4m * % * %k * % 1.000 0.416 0.680 0.757 0.737 0.475 0.435
5m 1.000 0.796 0.798 0.764 0.855 0.837
6m * * * % 1.000 0.912 0.956 0.874 0.879
m % * % % * % * % 1.000 0.920 0.875 0.837
8m * * * % % % * % * % 1.000 0.879 0.834
9m * %k * % * % * %k 1.000 0.921
10m * % * %k * % * %k % Xk 1.000

* Signifcant at 5% level. * % Signifcant at 1% level.
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Table 6. HOEEIARBEEFAAEL -4 7 <V EEHORME
Characteristics of the larch trees sampled in investigating the spiral grain of branches
= . (4F
meEs e prm meme o CFEK oranch digmeter (an)
T Tree Crown number in the disk (annual-ring number)
€ height height . S5 0% Branch No.
No. (m) (m) (m) Entire erggﬁicm 1 9 3 4
1 18.2 11.0 17.6 23 8 26(10) 22( 8) 23( 8)
2 19.0 12.5 19.3 22 8 23(9) 23(9) 25(10)
4 17.2 9.9 15.8 21 9 22( 9 22(10) 23(11)
5 15.6 8.7 18.1 22 8 22(11) 32(11) 23( 9)
6 18.3 12.5 18.6 22 8 23( 8) 22(7) 23( 8)
7 18.8 10.9 18.0 22 8 24( 8) 22( 6) 26( 6)
9 17.7 10.8 18.7 22 10 30(11) 25(10) 24(11)
10 16.4 9.2 17.5 22 8 20( 8) 26(11) 22(11)
11 17.2 10.2 18.8 22 8 26(10) 27(10) 26( 9)
12 17.9 10.5 19.0 22 7 28(10) 25(9) 30(10)
13 19.9 12.7 19.4 22 8 29( 9) 28(10) 25(10)
14 20.7 11.9 23.1 22 7 34(11) 31(11) 38(10)
16 17.7 11.6 18.9 22 9 25(10) 21(10) 24(12)
17 19.2 10.3 18.9 22 9 31(11) 32(12) 32(11)
21 18.2 9.8 20.6 22 8 27(13)  30(15)  27(12)
26 15.5 8.9 21.3 22 8 29(12) 34(13) 27(13)
28 19.0 13.7 18.0 22 10 29(14) 26(12) 23(13)
29 19.5 13.1 18.0 22 9 24(10) 27(11) 22( 8)
34 18.8 11.2 18.7 22 9 24(9) 23( 9) 24( 9) 24(9)
@D 18.5 6.3 20.4 22 6 34(14)  38(14)  32(13)
42 18.8 10.2 20.1 23 9 28(14) 24(11) 30(11)
43 18.9 8.9 20.5 22 8 27(10) 26(12) 29(13)
64 18.4 11.5 18.3 22 8 29(10) 21(7) 24( 8)
68 19.4 9.8 21.5 22 8 23(7) 33(11) 29( 8)
69 19.8 12.2 20.3 23 9 28(11) 23( 9 28(1D)
70 17.3 9.0 18.9 22 7 29(10) 21( 9) 27(10)
71 16.9 8.2 16.2 22 10 28(12) 26(12) 26(11)
73 19.3 10.8 17.7 22 9 30( 9) 26( 8) 24(7) 25( 7)
76 15.7 8.1 19.0 22 8 20( 9) 24(10) 25(9)
77 14.5 8.1 16.3 22 8 33(12) 37(13) 31(13)
78 17.9 8.6 18.2 21 8 21( 9 21( 9 31(10) 21(10)
80 18.6 10.8 16.7 22 8 26(10) 29(11) 27(11)
83 18.6 11.8 19.2 22 8 29( 9) 29(10) 26(10)
84 19.1 5.9 19.8 21 9 33(15) 30(14) 31(13)
85 19.3 12.3 17.5 22 8 28(10) 33(11) 29(11)
88 16.9 11.1 17.1 22 9 32(11) 23(11) 28(11)
95 18.4 10.4 18.1 22 9 19(10) 21(11) 24(12)
96 17.3 11.5 16.4 22 10 23(11) 24( 9) 23( 9)

QDI O RERAESEF A TRET 5 RHEE,

Note : @D is the aberrant tree developed right-handed spiral grain in all rings of branches.
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EEEINNEREERL TV, FHABCOLTRBEZD D DH/NE VO TEEZZEFRDIT 1,
ZnTHN10, Noll, Nol5, ix&#h EBT/IEREERL T2,

Table 4 X UTable5 13, BAMAE L FHBEICDOVT 0m»510m : ToM EEMOMEBEREERL
LOTHZ, HERBIL4~5mEBILTCZO LT CELZBELELTEY, smUETREKARL
FHAEOMECS T2 TOMESHMT1I %Y NV OREWERZEOHBEEFESZED shi, 4mUTT
FH EERIC & o THEFRBCHERESBD 52 220050, L RFEHAFCOWTZOHNS
(%%, ZOHT, RAAER 22BN LD E o EEMTEBELMHEEBEE R L,

INSDOER»SF 2, LR 5 m~10moOfE FHOREARBICOW T, S5mLlED EOMEDL S
PR 2RI L T b AR OISR TR TH Y, HIEE 4 mUTORBTHRLE0 5 ERAAEDHE
PREHE N 2 mALEH, FHAE TR 4 mIBENELTH D,

FE2H HoleEARH

1. HERM R UNRIE ik

TR IS AR E S AR E G ARSI > /NFE (B E5550~600m, SEMERIM) 4B T 525
EES T VS, EEICSEEREECERAKE L,

BHBEROBMUE, 5F S 10emD IR BT 5 & & b2, FTEME»S 3~ 4 KD £EUEHH» 510
emfEn /-MEEITTOL L TR E10emD R 2 HEL 72, BRREOILA « BRE S EFR L BEACEDLS4H
I SERET 2 2 & RFEL 72, WA %L, KBS 3 Hubhs0RHTH > 72,

TERIARBEDHEE, BICODWTEEOLZWANT, HOWTEABFREIC T —2 LTWRENS
MTHBEL, MERAACOLBTERI LIfTo, Tho 0fIEM > EHBERERE, SARERUFE
HAEERD, SHAROEREE LT,

HEWRAAROHR, HTH, WREE, MEMAROERE, HOERRUHOEREIL, Table6 i2FT s
DThHotze B8, HEAKRNSTIZBOIEEAE I DL TEMOBERAKREED S 2w, BoEEARSERE
2 S8EE D, FRSHENL THERRO X EAERKE {2 2BHREETH - 72,

2. KIzB 3 ERIAEOBRNS

FEPRIEAR (No3T) % B < BEBAARITAR D BRI IC D v THIE L 7 FEEAE D A1, FHAEH2.2+0.87°,

RAAEYM.220.90TH o7 (Table7). THSOBEIZEFRTOMDH 7~ 9 S THEL 7241
Table 7. BRI BT 2 EEIAEDOFIAER RAAE

Mean and maximum angles of the spiral grain in stems and branches

A o ﬁ@*@(ﬁ)
i g piral grain angle (deg)
Number of HE(E
Item | T35 ﬁfﬁi Ll
samples
P Average deviation Range
& FE W K Mean angle 37 2.2 0.87 0.8~4.2
" Entire rings R AMAE Max. angle 37 4.2 0.90 2.6~5.7
Stem ,
H1E 5 cmN A% Mean angle 37 2.7 0.89  1.4~4.7
Within 5cm radius &AAE Max. angle 37 4.2 0.91 2.6~5.7
53 Y% Mean angle 114 1.2 0.46 0.2~2.6
Branch BRAAE Max. angle 114 1.7 0.50 0.4~3.7
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(CEHAaEL.7T~2.8, BRAE3.T~5.1) LHEL, ZIZFEINLZLOTHY, HEAKEIBOREARIZ
DOTHENZEERTH oIt EZ oD, %72, HOEREITTOEREIOmNOER 2 HRIZLIBED
BOREOAREIR, FAEHN2.7+0.89, BAAKEHL.240.91TH o7,

B ORERIARE L P AEHL.2+0.46°, HAAEHL.7£0.50TH D, BOFEEAME L LB L ThHk DS
2EZRLUT, Fig 10 ERBEIMCHE S HOBERARE D FEH EE AR 2 £ B AE O AR T LHE L 2
BRETR LD TH S, HOREARBIARBTREL, 4EHEFMERTCAESRRE LD, DB
TrMEMELES, Lol, HRIEXBETZ2EREZESDEXHY, 2OHMARIAERE TEAMA
0.2~2.8", 6FWMETHFMI.C~AEH[3.3, 8EMEH CHFALT~ESRS.6CL%D, £5D%DEIE
WERBINE & b IEAT 2R RL T3,

(°)
e . +SD
. 2.0+ / ————— \,\.
] / ~.
s — 1.5pk
§ E L o ~~o
B 1 1.0} /0/ 0\
2501, 00— AV
£ E); / /'__'\, ~~o
a . ~,
0 0.5} o/ \ 0\0
o . '\‘
& 1 1 1 1 1 1 N 1 1 1
. S
’ -SD

5 T osf ~.
® o —

£ 1.0b

E& L 1 1 L 1 1 1 1 1 1 1 s 1

& pith 2 4 6 8 10 12

ERM  Growth-ring number
Fig. 10. HOREEARBED EmENIc > %1k,

Transition of grain angle in branches through successive growth-
rings from the pith to the periphery.
¥z, KEOREAMBE» SHCEMTA2HEI 5 FERELSRohn, FOHEEIZL.8RTHD, 25126

FEHET8.8%, 8 FwHTI15.8%, 10EHHETIT.5N LD, BOBE LKL (ERTREAREEZ

(%)
60 |-
z -
g
g
£ 40
<)
g I
®
H 90l Branch
1 Oy 1
pith 4 8 12 16 20 24

8% Growth-ring number
Fig. 11 B UNC 51 % BARRE O ERAIH T,

Frequencies in the branches and stems of maximum grain-angles
in certain growth rings from the pith.
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LHEESE (Table8), RAAEOFERALIFAREIZ, BT 3EHHICER L, BT 4FERBIC
=2 8RN 2 NRECHET EAERLL (Figll),

Table 8. BERIARED A MMBED SEH S IWELT 2R KR O8O HIRHFEE
Frequency of branches and stems (at breast height) changing the spiral
direction from left-hand to right-hand through successive growth rings

Ll S D FEEE K 7S

Growth-ring number

from the pith Branches Stems
% %
1 0 0
5 1.8 2.7
6 8.8 5.4
7 12.3 5.4
8 15.8 5.4
9 17.5 5.4
10 17.5 5.4
17 16.2
20 18.9

Fig.12i3, BEEE L L T« - 24K N37) OB R ORI BT 2 ERAEOREBRRE 2R LELDTH
5, BOREABER—RICAHSNZREAELWY, L QCEFHEREDSNE LA, BOERARIZS
IRV CRBEEFSZOERE» B EL LD TH o7z, L b BEL7 3RO, TR UREER %
Wotz, ZOBKIIMEARTHY, HTEMEL, HLRPKWE/RTH 7225 (Table6), [FUMKGEAT
H2NBIR U Z DMOER TR I D X > REEHAD SN Eh 572,

*)

Left-hand
SIS

BEEABDAHE Spiral-grain angle
]

o

=]

o«

f 4

= Branch-2

% 6

o

=
L 1 1 1 1 I 1 1 1 1 1 i
Pith 2 4 6 8 10 12 14 16 18 20 22

W Growth-ring number

Fig. 12. EEEAENSTORK UBICB T 2 FEEABED FEH EER,
Spiral grain variations in the radial direction in the stem and the
branches of aberrant tree No37.
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HIZBWTIX, HTHOBKSEEARBORZECEET LI LEZoN50T, MIELLE2TORKICD
WTTHREERR (BEHABRTTERERED CHBERENS) OEBIAREOFRE R 2 BT L7223, %
DOEEIRD NP0, £, HOBERIEBFCL > TELERRVUKEBZENZNELLZDT, &

=
Table 9. HOFERRUKS LIERAE & OFEBEFREK
Correlation coefficients between spiral-grain angle and height

from ground level and thickness of branch

B OEEIAHE Spiral grain of branch
EEAEE RBRAE

Mean Maximum
grain-angle grain-angle

HOEER -
Branch height from ground 0.0208 0.0469
oRe 0.0250 0.1094

Branch thickness

-—---@® Mean grain angle

——O Max. grain angle

Fig. 13, O FLEFNL & fERIAHE £ DBEf%,
Relationship between spiral-grain angles and compass
directions in branches.
NoDEELEZOND, Table Y IFEOBFARTRUKRE LERIARED AE & OBF 2 HBHRETRLIZ Y
DTHb, INSDERRAERY TiE, HOERIAREIIEZEESCPERER CHNHTHSL LEZ 5N 5, Fig.



— 72— MARBESMRARSE H65

BRI OB LS OBBER LD TH S, BMEPBABECETFOELANR SN B2, HET
i OMIcy —~EORRIERD s BT,
3. HoREARE L BOREREAE £ DR
R AR 37 S OFIERE % v THEOREARE OS2 1T 5 72 (Table 10), PHIAE & &
KAEEDOTZ I DO TEAMMBEEETH > 72, HOBERABZBOZA EHEL TNV I ERFIBL
7B, FTRTHRBEARCLZERBREVLIEERL TV,
Table 1113, EAEEMES BV CROREARE L B#OEEAE L OHBFEE RO bDOTH S, FIIA
BLREAAEOWZECS L TEOEESHEEGRsRED oS, LT, BOSFREFRICLIBELD

Table 10, B OERIAE BT % 38T

Analysis of variance for spiral-grain angles of branches

FEFS S MS.

%2 K B HE

Source of variation D.F.

TR BRARAE

Mean grain-angle = Max. grain-angle

i i 36 0.6463** 0.7945**
Tree
BRI 77 0.1139 0.1773

Branch within tree

**Significant at 1% level.

Table 11, £ & 80 fEEAIEROFEBERLE
Correlation coefficients between spiral-grain angles of branches

and stems at breast height

53 Branch
Ty BAAE

Mean grain-angle Max. grain-angle

8 (M5
Stem at breast height

SEHAE e .
SlEH Mean grain-angle 0.4286 0.3938
Entire rings =

g BARE 0.3837* 0.3909*

Max. grain-angle
s SR E . "
%é > mei}:?ﬁ Mean grain-angle 0.5131 0.5044
Rings within -
5cn rading  BABHE 0.3915* 0.4035*

Max. grain-angle

*Significant at 5% level.

**Significant at 1% level.
b, HOEBBIGEVEZRIImMIIBEL B8 THBRENAE ZEER L. I s, &
bk X 2 FHBRE R T L B OER10emP EHAE 20 B, 2 0MR%Fig AR LT, @ REEMOF
WEETHY, ORFHWAROREEESETHY, ThThOMHEREIZ0.44, 0.51THS, WIhb 1%
KETHETHD, 12751, NJTOBEEKIFED SRV T2, ERBOTFHAE (X) KHNT 2HOMEE
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FHfE (Y) ORBRIE, Y =0.434740.2660X TR X1 3,

o
) ® Grain angle of
- a branch
’
- : :I O Av. of three
v branches within
: ! o, Aberrant tree with tree
] |} right-hand spiral
3 ’_ ‘o branches
5 po
g b
z . .
3 1 |
@ r [ . .
o :
& ' ' L]
£ -
k2| [ ° .? o
% L.’: Py 03
° - . [e]
= 8 X e 8 oo *
u 3 ° *
£ r 3 ¢ g° 8
fod (3 [e]
S 8 * o '. o* ? ¢
& L] L O
T T.a ¥ gt
° . K a
)
% -
i o? 1% E; ?
L]
[
i 1 1 ] 1 1 1 1 1
1 2 3 4 5 (%)

PR R D 1E 5 cnic 1543 B 9K
Mean grain-angle in a 5cm radius of the stem at breast height

Fig. 14, RORRIAEOVIAE L KOFHAE £ O BF.

Relationship between mean grain-angles of stem and branches.

BB, #7~YO8 L BORRABICE T3 ~ROBEHRERL: D TH B, BOEEARO BT
MERORERARETRETE 2B EOBE RV, LERIC, HRAEMENRE LTROERAE (X) 28
LT Offifk 2 BRI, FOBAFIIE (Y) DB TO8TUTO LD RER L& 32 L EFHOK
BOMBESELT 2, LrL, ZOREINEHLEEIE 8 BB R, $72, X22.0UTFELTHA
LEEERIDNTH 2, I5LEYROVTOEFEELERDTH, ZOMRIWFTELL, LizdoT,
HORERABEDORNTROEEAREOANE BB EMICKATE 2 L3THETH 228, BERIED TEL,
BORBIABEIZ OV T —EOREL R TEATFHEE T 2 BEONRBHE L L THEATE 20,

B E &

ATV DBICB T HEEARE L, FRETHEELTI~4FHETRERARIEL, 20BRIRE%
RELDNR—RINRS —>ThHho, LrL, RAAEDOARE X, ZOHBEBHRUZOBOE(ERIE, H
WL o T—RTRZL, FRBEARNICBO T EBIC L > TET 2, BEEHEHH 2RI & HI0E
bLAERLBCEETHET 2, 0L REMBREVL OLDI 4 FREHT L L b RANTET
pT D, F A TR FERAEORE S FEERL TORWOT, BEO D OEEFECIERETH 5,

RERIABEZEEANEROARSOBETH L, 2 LOEESMIEEDH 2 VISEEISEOAES b HF
BThHL0o, 2EHEZBUCRAAEN NI LI L2RTRENHNITRYL, BRAEIEKCEL N
IHE—DETHD, ThONSWEEERRZ LICE>T, FHAELAENIC/IS R 20T, EikisE
ELTHIBTE 2, 72720, HLOBEORICE, BAAELEO IR T 2 B0 SR EE O
DFEFR TR E LA ZORBEIGLIOARE . b OEERESTED 6N D, Licdio>T, BRENICETEE
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ERAEEZ b OEEERRLDOICER, RAAELPYAROGME CIMES 2 2 L8 L, WHDEI/)
sSWEEOFI £ Fig. 8 1ZR L7z2, TheFig. 3 RUFig. 4 DB BT 202 tE& T 2 &, ZOFHHFED
OSBRSS,

EEABOBEFFMICEEL TERTEX A W0R, HERICIPERTHL, v VETEMWENLID L
PEVAE (3.0m) 55 HERKSFRINT VL9, 75V TRMEENELEOFMITEL Tnd L
L728REDDH D, RN ZHARTE D H 543100 139 P HERARESERD TO R WEBHITH S,
ARETHRET U 7RERTIE, bS5 maifk 25 LT LI e THRORBEIABOMMENEZ S, £<I25
~10mOEETIF, WTFNOMEMIZBL T EWHEMBERERL, OB, SHIRENLHIIE ST
b EEROHENTHEASTIRETH 5, —FH, HEE 4 mPUTOMBETIE, 0miE (EM#IIZ10~20em) O
A FEEERIHOMEBEEE LS ELRS30E, 1MUBEBICBLTH 0mIGTWELERTEKD RN
2, BRRAE DL THBEMOHBEEFEL» 5 &, 2~4miB L 20 E0E s OB & A E ARG
PHEST 225, 1 MUBTRZORESETL, 0mUERIHME S HBEEEsEZD NG K5, TA
B o TIFHRBOEED 5525, 4mPUTOME L 5 mELEDATE & T & » T HBEBERS5 £ 2,
2 mA7E & ALONLE & OFBIREDS | MKV 3 M E LB L TS REERLEOE, ERCEBE T
bbb ERbhs,

INSOFER»SF 21T, BEEOE% H 2 EEOMED & WML AR TIT O I EEY H 525, F
AfifEO & wEgoh - THE2FMET 50 TchiE, THORC - THARTHZ, Z0OHE, 0miE
BRETHD, IMEELETHESRLIOTHITYEBLTH 2~3MUBE»SIENT 2 2 EAEE L
Vi

HIERIC & > TROREAREEZME T 25813, TRRSEESNBRT 20T, FOHKFRMEHES,
ZDZ s, RUBERTAREEZEZEL TO2HEERWT, RERBEOEETMAIEED» &5 »E2RETL
72 AT 7Y OROREEARE I, B CHELFIERE, BOBE L AKCARRTREL, 4~5EHH
TRAKAZIGEL, ZOBEP TS89 -2 A CREFAEELS/55 — > ERTHOME L, L
L, BIHEL TEEAESNESC, ERENOELLESHNZEESE L, $BERAEOHESE
BB LI RERRTIE MBI RS I LABRE LT EFoNE, S0, EERIERS k&<,
BrofMic bIEOFELMEBERER (r=0.44~0.51) BR® SN2, HOBER, BEFMEIKES L3
B Ths, LHrL, BOEEARBORBEBE L L TR LT 5 I BEHED,
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B4 JERIKEOMIRE « TR R

B 5=V ORRSFEE, bAERRBOLEKIPOHIBIZBES A TL 259, # 5w VERKE, bbb
INSDOEKMICHERT 20 THE0, FOBFREREISORKBEINLIDOLE>TWEEEZSND,
LinL, BTEMREROEEE 60 70 139160z ) 0 iF, Eiil]CAR, BeRORE, MRtk CHEmEaF
B S e D B D, Lizi- T, EMHIICBNTY, SCOBE DLW ITEFERREECL 2ER
ODHFEENTFEIND,

KBTI, 7TV OREABIZOWTEREERT 2BOMMN L 2 8E 2H 270, 11O EMM
2REL, KEAEOENS, EEAEOKS S RUTEEARED AEI/NS WEEROHERERSHIIC L >T
PORERZ L DERI L, £, BFEMEPRICT Y7 v VEAMC BT S EEIREOER, EHIC
L aEROFAYE, F—EHORL 2BET CORMARORBRERWS LT 570, FHOL T YR
IR T B EMRBH O MR E VT, REAE O EMBER R R AR AEE 2 RE L 72,

F1E REAHEOMOERER
1. B K UBEAROBEN 0 FEEARR O HIE f ik

Table 12, 357 B ORAARD ILEK
General descriptions of the sampled stands and the sampled trees

Hif  Site conditions 3K Sampled trees
Sﬁi}d Fife#  Locality M dRE A ER 1BE AR Bie hesR %TF‘%
Age Altitude Soil  Number LT€€ DB.p, Grown

height " height
(vears) (m) Direction Slope type  oftrees (m) (em) (m)

1.5 F-52 AFREFRAEFEY, LEUEEMSAHHE 31 460 W gentle Blp (d) 45 17.8 28.8 8.6
IWATE-52 Kitakamiyama Nat. forest 52, Iwate, Iwate

prefecture
2. 48 AFREFEERNIR, —AKLEHHSHIE 27 360 S slightly. Blp (d) 45 17.6 22.8 6.6
MORIOUA-48 Ippongiyama Nat. for. 48, Takisawa, Iwate steep
pref.

3 -240  EFRTHEIN, FISILERK0 HH 25 600 S » BE 90 19.7 21.1 11.4
KAWAI-230  Monmayama Nat.for. 230, Kawaj, Iwate pref.
4.1 F-286 EFRTERFEIHN, LEILESH286 Wit 23 660 W Vi Be 90 18.8 21.7 8.9
KAWAI-286  Kitatashiroyama Nat. for. 286, Kawai, Iwate .
pref.
511 #-29 AFRTEAFEIF, ALERILEGH296 HIE 25 760 SE n Be 8 18.2 16.0 7.8
KAWAI-296  Kitatashiroyama Nat. for. 296, Kawai, Iwate

pref.
6.% A-191 EFRATHEON, FREGH K 25 470 S gentle Blp 120 15.1 20.4 6.7
SIZUKUISHI-191  Amihari Nat. for. 191, Shizukuishi, [wate pref.
T f-143 AFRETFIERN, BREBKI K 31 385 SE flat Bls(d) 105 17.5 22.0 9.4
MORIOKA-143  Takisawa Nat. for. 143, Takisawa, Iwate

pref.
8. fH-217 AFREFBELNMUE—EFMT 43 25 765 SE Slightly Blp 89 19.2 20.4 11.4
MORIOKA-277  Sotoyama-1 Nat. for. 277, Tamayama, Iwate steep

pref.
9.5 F2 AFREFHETFH, WHMUEFKS W 26 440 S J BB 90 18.8 21.9 10.1
IWATE-25 Yokkaichiyama Nat. for. 25, Iwate Iwate pref.
10. %40 REREATAFER, BROXEH 31 750 — 7 B 163 15.0 18.0 —
TOKIWA Tokiwa public for., Saku, Nagano pref.
1LFEL-147  REHSNIEMEN, MELEEH4T HiE 54 1450 — gentle Bp 192 23.0 30.0 —

WADAYAMA-147 Wadayama Nat. for. 147, Wada, Nagano pref.
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19724 £ 1973 I REFIET O 2 %643, 198044 5 1982 T CTHFRT D 9 M4, &I OWT
1.115F0 % 5 < V{2 HAE L o, #HEMS OB KR VAR LEERILZ, Table 12I077 8D TH-
fro BREFRTOMEL—147TR54EEMSTH D, MHIZ23~3IELEDIEMMTD - 72, B IZREFEROHKS
TI750~1.450m, EFEOHKITIII0~T65mTH D, WIhb 2 HEHHROBIREZED H 5 HH» 5 HE
PR E Nz, BHSOERISAL, EHRERCEBRE DL THRENZTRTREL > T,

HEAARSIE, 1HDIBHV~192KTh o7, HEADERRERIZ, MHIL—1473MERDBR Tl &
FELRR2, BOOKAD I b, BHEAKIFHELRL TS, SFRTONKSE, FEAHOE
WEHPBEAETH 10T, EERNZFOKRID LHI0%BICAZ D TH o7z, Lichi>T, M S HHT
T5E, BFROEAKREIPEDVEFORVIDIIZ > T3,

FEEABEOBERENT, BEAREEE L CHEHOMO 2 WES S HIRL 72E S 1W0mDHRTH 5.
HIE FEBEI & o708, BFETOHMEKRICOWLTIE/ FRA 20l T, HFRTOHRAKNICD
VTR ERIAERIEERE % BV 0. lamsE A CRIE U e, %8, ATE THREIAREO EIEFHE D 72 0 ORIE R
BHERLVEGHE (2~3m) »oHWT 2 2 EHBEE L L RN, KETHEHORE M- EH
i, ZOFEONIE TS HORE TR LEOFE AT T H 2 Wk b b > T, BIC KBS0 R
HWhSEMENTEY, BEOBELENSEEDEILENH 110 TH 5,

2. ®& R

EMDOREEAREDFERIC & 5 RBREMRSF FEHETRL 200, Figl5TH 2, EMD L b 2~ 4 Fiy
BCRAMEICEL, MBEIBBRELES, LaL, MAMNIE-o TR 6~TEH» 5, 55312~ 13FH
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I/ - i seeseseneen. KAWAI-286
; . e -
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i 3 A . 1 i 1 1 S—
é . ——e— KAWAI-230
; I ~—.— WADAYAMA-147
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5ol A N\ - IWATE-25
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4
—.— TOKIWA
3 LN S e MORIOKA-143
~------ MORIOKA-48
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F#%  Growth-ring number
Fig. 15. # 7Y 1Mz 6 3 lEEIRE OEEH AL/ 5 — 2,
Radial variation patterns through successive growth-rings from the pith in eleven larch
stands.
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HOHUREN 2ED 2HAEZRT L OME S5 (Fig.150 L-tFB DM, 0 5 DI TIE, J113H—230
2R & EEREINCEE S REAED AE OB MSEEICTED S, 127EL, ZhsDEBERDY 4 7L
EEAEOAR/N L ZEEB GRS R, BHOKD TREREINCL 0> TREBESBY T 2514 7 Th
30, BT 5 L2107, MOMKS LKL TREAKBEOAENFRICRKEVWLDTH o,

Table 133, 114530 % 5 < Y EEL. 115K D&% Fv TREARBEO B AE K U EE O 38507
ET-oERTHZ, WEE L bMGRESBCSVEREELRD 51l

Table 13, # 7 =Y M2 6 1F 3 JERAREO B KR AE R U FHHE D 5347
Analysis of variance of maximum grain-angle and mean grain-angle in
larch stands.

S THVS  MS
BHHE

Source of DF BRAE YR

variation Max. grain-angle Mean grain-angle

53 10 15.1108** 12.7660**

Stand

HrAEE 1104 1.3985 1.0217

Tree within

stand

* % ! Significant at 1% level.

Table 1413, HAFIERZERIEEZ (L.S.D) KE->TRELHERTH 3, MHIL—147I3HE
NEVOT, FHABK DL THRT S Z L @ARKEL 20, oksoiEs>20@@EIchh, Lk
LREVLWHIBLTWADT, ZITERIUCIMYFVE LI, AAEIC DL TIIEF 52 L BRI fhosk

Table 14, ERABORRKBRCFIAEOKSIEEE

Test of significant differences between stands for maximum grain-angle and mean grain-angle

Bk T M EEOREMS
L2y Max. grain- Mean grain- Significance of the differences between stands
Stand
angle (deg.) angle (deg.) 1 2 3 4 5 6 7 8 9 10 11
1. IWATE-25 5.07 2.75 kk kk kk kk kk k*x x%x xk NS *=x
2. MORIOKA-48 4.08 2.14 NS NS NS % NS NS NS *x NS
3. KAWAI-230 3.98 1.74 ¥k x NS NS *#% x% NS ** *% *x
4. KAWAI-286 4.32 2.37 * NS *x* NS NS NS ** NS *x NS
5. WAWAI-296 4.06 2.22 ** NS ** NS % x NS % xx *
6. SHIZUKUISHI-191 4.58 2.68 NS ** *x * *x* NS #* NS #* NS
7. MORIOKA-143 4.46 1.97 *x NS NS *x NS #= *x NS ** NS
8. MORIOKA-277 3.73 1.76 xx & NS #*% x* x NS * ok ok
9. IWATE-25 4.47 2.56 NS * %% NS * NS ** xx ** NS
10. TOKIWA 4.98 2.65 NS ** %% * xx NS ** ** NS * %
11. WADAYAWA-147 4.98 2.65 NS * %% NS * NS #x x* NS NS

AR EHIRAAE, THERFEHAECDLTOLDOTH S,
NSHBEZHLL, *;5%ULNLTHE, **, 1%LV THEE,
Notes : The upper diagonal refers to maximum grain-angle and the lower one mean grain-angle.

NS non-significant, *signifscant at 5% level, **significant at 1% level.
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SFERRCENKE L, ELEM27TENH—230/N& L, D% OMG L ORTHEEELRD Shiz,
EEAEIC DL T b ERZERSR S0 B,

Fig.16i, &M B 2 RRKAE & FHAEOBEESMEZR LD TH 5, HWARRO LI L BRD
bEXR TV IY, REFR, AFROETHR, BEHK, BEHK, IIHBRKIZHT 2 e, KoREsD
FDIBERFR, SFHRRUEROMXOMSTTKRE S, BRHK &K ONHMX O T/ S WiERDERD

S5 b,

30 30 30
IWATE - 52 [ MORIOKA - 48 [

KAWAI - 230 KAWAI - 286
(n=45) v

(n=90)

(n=45) (n = 90)

20 20

MORIOKA - 277
(n = 89)

30 " Y KAWAI - 296 30 SHIZUKUISHI - 191 30 " MORIOKA - 143 30
(n = 86) | (n=120) 9 (n=105)

4RMEE  Frequency of occurrence

30p ] 0 30
IWATE - 25 TOKIWA

(n=90) r (n=163)

WADAYAMA - 147

(n=192)

[ Max. grain angle
m Mean grain angle
V¥ Av. of the stand

20

1 2 3 4 5 6 7 8 9 1011° 1 2 3 4 5 6 7 8 9 10°
HEASEOME  Spiral-grain angle

Fig. 16, # 7 <Y 1M BT 2 REIKBORKAE & FHAE OHEE S,
Frequency distribution of maximum grain-angles and mean grain-angles in
eleven larch stands.

EEIRBEOMSPFEHER UKRSNOEEMG 2R 2 £, WohTHARICECRTD oD, ZhoDik
SEMRE L TREAREOAED/NS WEELEER T 2580 X 2:8KOES, H5VxRIKEE 2
HBIedZ, RCERAE 3 LUIT TEYAELSUTO L OSERIAED/NS WERTH 2 L L THIBI
ZOHBSBEE AR L D2 Tablel5TH 2, ML > T2.6%~14.6% EREHIESDE &R LIz, &<
12, BE—2774514.6%, NFH—230%510.0% LMD B L TRECHOCHRAEL R L, %7, &K
SOEFHETIES.6%, BWE—2772)1H—230%R < GFHETIE4.6% Tho7ce ZDE I, HAMTE-T
EEAED/NS WEEEEDEHENEFICELDOLH 25, LLOKMII~T%ORBICH 20T, F
WL TIR5%RIBEFRET208EYTHL LEZ 5,

%8, EEAREOMSHAR LERS, ERGA, HEE, HBARUKSOEBTRR oM —ED
BERERED sz r o1z,
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Table 15. BEEIARBED AL/ S OIEED HHEE

Frequency of occurrence of trees with slight spiral-grain

HIREE Frequency of occurrence (%)

w5 SARES OUT  Fm ST AL BORIERT 0O
s . uitable for criterion
Stand Less thaq 3.0°0n Less than. 1.5%n of A and B
max. grain-angle mean grain-angle

1. IWATE-52 4.4 11.1 4.4
2. MORIOKA-48 8.9 26.7 6.7
3. KAWAI-230 14.4 37.8 10.0
4. KAWAI-286 8.9 14.4 6.7
5. KAWAI-296 8.1 14.0 3.5
6. SHIZUKUISHI-191 5.8 6.7 4.2
7. MORIOKA-143 5.7 31.4 4.8
8. MORIOKA-277 15.7 40.0 14.6
9. IWATE-25 5.6 11.1 3.3
10. TOKIWA 4.9 11.7 2.6
11, WADAYAMA-147 15.1 17.2 4.7
Total 9.2 18.9 5.6

B2H ERIARBEOME FEMEAE R

1. AE LA 7 v VEFEMARY, EMERRURAEAHE
RE LA 7~ VETEMRBM I, EMERBIEA1959F 4 A ICRETEREENEEREE N IR
U 7o v FIEAERM » 19624F 4 A iC AR EEEABEN IR L 72 EEB# Th 5 (Table 16), 1971465 H &
BEIACZNZAHEERET 70T, ZOF» SEHMLPRML 72, WFh b EEBLERSHZR- L0
TH -7z,
HEEM E Table 1TICRL7: b D TH 0, HREIABRM TIX258EM, FIHBRMTIX10BEHTH 5, FRERHIC
F16EMPSHER S M T e hd, FHHEPEEZFORLOLERESE SN r 20T, FEEAREDHIE X105
Mz L L, IS DEMERIE, WIR 19560 BIERIC, {ERM TKRTTRORE» & FHEL 72
BMFICHKRTZ2HDTH S,
HHEEBUL, FEARO 2 S ERICAETL T3 4 02 R, BERABMTIX 1 7oy F10A X 4 K18 X
25FEM=1.000%, FIREM Tix1 7oy P15AKX 3 KB X108 =4504, &E1.450% L7z,
HER, BEAROEERSSES10emO IR HWML, HEEC L > TiTo72, HEOEHEIL 8 ~ 9{E
THo7z,
2. % B
Bl & FIRERH CRBERS TR O TH >0 T, BB L CRAAE L FHAED 7oy b EY
% THEMTE1T - 72 (Table 18), WA CRAMER VFIAEOEMISMEBEETH - 72,
iz, RIE (Foy 7)) BHBUcowTid, RERBEORKAEDANE BV LV TEETH 572,
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Table 16, FERIARI % AA Lz FEMGRERH D BEE
Outline of the prnvenance test-plantations studied for spiral grain.
e Aty el FOEABRH
ASAMA plantation KANO plantation
FRAEH# BT EHEEX 18HTE A /N | HEEX 24T & /N
Locality Nat. for. 18, Komoro, Nat. for. 24, Toobumachi,
Nagano pref. Chiisagata, Nagano pref.
FERLEL 25 16
Number of provenances
RIE% 4 3
Replication
7oy FEE (o) 467 389
Plot size (m?)
Fuy M AK 144 120
Plants per plot
#® Et Double lattice Triple lattice
Type.of design
M O# Apr. 1959 Apr. 1962
Planting
M1k May. 1971 Oct. 1973
Thinning
Table 17, FEEIARHE %A L 72 EH
The provenances studied for spiral grain
B Hh VB oD EE FOEBRH D PEHY
Provenance Provenances in ASAMA Provdnances in KANO
#5 A LN - R fit 3
No. Name Planted Studied Planted Studied
1 EXI—XK#lE  Mt.Fuji-Tenjin O O —
2 n —=8 ) -Sangoome O @) @) O
3 0 —#H M| # -Shizuoka O O O O
4 BHREE Kobushidake O O O O
5 A\r&—f F Yatsugatake-lnago O O O O
6 n —Eod /) -Uminokuchi O O O O
7 ERN Tadeshinayama O O O -
8 NrE—8¥ Y atsugatake-Toyohira O O O O
9 o —iLRT ) -lower Tatsusawa O O — —
10 VA Ll o ) -upper Tatsusawa O O O —
11 HEHS& Kai-Komagadake O O O —
12 FAERRE Akaishi-Oosawadake O O — —
13 H *—7* #& Nikkoo-Akanuma O O O —
14 0 =k fE » -Kootoku O @) — -
15 N —BFE # -Yashuubara O O O O
16 75 FE Manza O O O —
17 % FMI—40%T Asama-lower Mizunoto O O - —
8 2 —F # » -Kutsukake O O O @)
19 » —B % 7 -Oiwake O O -
20 LR Kamikoochi O O - -
21 EEL Rengedake O O — —
22 =HEN Takasegawa O O O O
23 KREW7& Kiso-Komagadake O O O O
24 H & Ontake O O O —
25 sRERIL Illachimoriyama O O O O
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Table 18, MBI Kk UFIGAEBHIIC B 17 5 FERIKBE DR X AE & K5/ O 8T
Analysis of variance of maximum grain-angle and mean grain-angle in ASAMA

and KANO plantations of larch provenances

TETH  MS
et E K E
BA S T fa R

Plantation Source of variation = DF . .
Max. grain-angle Mean grain-angle

ASAMA Replication 3 0.708* 0.325
Provenance 24 0.612** 0.706**

Frror 72 0.233 0.220

KANO Replication 2 0.066 0.134
Provenance 9 0.354* 0.346**

Error 18 0.128 0.091

* . Significant at 5% level. ** [ Significant at 1% level.

Fig 1713, BEMORKRAE & FHAENED & 5 2HBHIIZS D 02 R 2 72012, RAEHRER D255
D7 =5 2RO TEMFPHEDHAERLIDDTH S, HL OEMIZABRMEFHME0. 4 OEWHE I BH T
205, KEE > & No23) SEEWCKELM@EERL, HAEFME Nolb5) REES (Nol9) »BF L IL#E (No 3)
NS IR R LT, EEREIOLSDIZBARAEE Tl 20.94 > t00520.71°, FEIHEE Tteo,=0.90">
two20.68ThH o7z, RARAEETHAE L OBMRIE, EHFHEDO L LB W TS EWIEDHEEG

(r=0.83) %RL7z,
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EE iRt s
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K ! ¥=4.34 + 0.74%
o
| (r= 0.83%%)
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(™ L 1
3 4 5 (9
FH#IFAE  Mean grain-angle
Fig. 17. BEEBRMIC BT 2 5EMOFHIAE L RRMAE L OBR, AR
B EHE 2 R,

Relationship between mean grain-angles and maximum grain-

angles of 25 provenances of the ASAMA plantation.
Note: The dotted lines represent the average of the plantation.
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ASAMA Prov. KANO
No.
]
_ | - !
30 : - 1
L ' 15 B ;
10 b ' L '
1 1
I T1
30 F ' - :
b= ) 3 L U
) 1
10 ¢ ' - 1
!
30 } ! - -
I : 8 i I
10 | : ‘|_| . :
—
] [}
30 | ' - [
) ! 4 !
Q - ] - '
€ 10} ! | - !
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30 | L '
o 23 = I
10 F - |
1 | L I_l 1' 1 1 1 1 L1 )
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BKAK Maximum grain-angle
Fig. 18, wRIaEaH & AIRER M H BT 2 W0ERIC B 2 R AR O R K AE OHEE S

fio mARIZABRMTISE, VILEMTHELTRT,

Frequency distribution of maximum grain-angles in ten provenances com-
monly included in the ASAMA and KANO plantations.

Note: The dotted lines and symbols (V¥) represent the averages of the

plantations and provenances, respectively.
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Fig.181%, MizABMIC 2@ 3 2 108 2 D LS, kR8s L TRRKABEDEESMEZ R LI LD TH
%, WREERES+HIE BV T, HHBERUSMABRTHREBTLTL b —HL 20, EHTFE
DHBHTFHE» S D FTHIER KL T3,

COBIRE S SWFHL BN O, BRAE TIAEOEMYISER AL CHBHEOBEFR 2 R0
»Fig 19K UFig20TH %, REMIC & > THOMHEIZ R %2 543, BAMAEOHESEFRRE < —RLTBD,
FHEERE (r=0.80) X 1 RV RV THEETH 7z, L2L, FHABEC DL TREBMICL 315 2 &K
%<, AESHEBRRES Shxhol, HRABEEZS~0EROLDOTHD, RAAEERE OEET
RELLEZRLTWS L EbN 22, KEOREMSEBCET 2 hH22 2 L hs, FHAKR
LI BRRERLIBDEEZ S,
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L . 6
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5.0F s
g
s 4
g °: % Y=2.048 +0.529X
s /" (r=0.80%% )
z 3
14 15/’ 8
° °
2
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B
a0}
1
Ls 1 1 1 1 1 1 1 1 I . 1 "
2.0 5.0 6.0 ()

%R ER# ASAMA plantation
Fig. 19. &AM OEMTHEICL T 2 HERtHE,
Relationship between ASAMA and KANO plantations in the

provenance means of maximum grain-angle.
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Fig. 20, “F¥yMAEOEMTHEI 81F 2 ABt M,
Relationship between ASAMA and KANO plantations in the

provenance means of mean grain-angle.
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Fig.21ix, MRABMHICILEL THERE N T S10EHMIIDWT, BRAED 3 UTTH 2 EEOHREES
ALz DTHD, HHEEIMNE (Nol15) 2520%6F THEL, DWTA S EHEFE Nou8) M10%ETH > 7z,
BLLEEi (No3) ZRMIREM T 0%, B TI0% TH >/, Figl80EHILBHETIZ 3 DL I 548
1B%Ir>Tw5, ChIESLETEEDLETHY, SUTOEGRRshE» o7, L, HAA
EOHEEMin SN+ 5 &, BEMBHICRIF->ZAMELTL0T, L 2ARBROKESELL
DirbHINIZ Y, ZOER, RHERBRMOADOERTHVRKICIIRS B oens, FER» & Noll) kU
EREEST (Nol9) B3R TH o7, KEEY» & (No23) (dEM %8 UC 3" LAT D& 1 KB
Shighpotz, REMEEZ EOTILUTORRKBES b OMEKOHEERL B2 &, BB TI135.8%,
HERHITIX6.7%TH Y, FIHIOALKRTESNIME (5.6%) WD TH -7,

InsEMERMC BT 2 REKREBEOBRNG DEY E KRS TH 2 KEMROHBEIMALE LEIKE & DRI
i3, —EOBRERD Sheh o7, '

ASAMA Prov. KANO
10 20 (%) No. 10 20 (%)
1

T 1

Fig. 21, B & MRARM c @ T 2 10EMIC BT 2R RKAE I LUTO
Bk HIRERE

Frequency of occurrence of trees with slight spiral grain (less than
3’) in ten provenances of ASAMA and KANO plantations.

B3 E &

H %Y OEMMIC B T B EEIARBEOBEN T OEOIZ DL T, TS s BRI OE L EA 3
THSERRE L CAMBECB LT IMRFORE LA L 7225, RKEOMER LI L OBfRIzOW»T
WEATE 2RREB L oz, —FH, N PIIFERT LRFETO 250 0 2 FN30E T DO
ARELBUREAARELHEL, FIBONFIBEIC L ORTHRANABRCFEAEI/NE L, RUILELA
BlENZERZBT, 20BVEAERGLBEES YL, 20, BERTOMSREFETOMS LD
YEFDVSED, TARERBEOAER/NISLTWE EEZ T,

FFRIZBOTCE, &7 7Y O—REEKMD 51163 (REFRTT2MHS, SFETTIMNG) 2EU,
L #5357 D5~ 1NADEEEFHE L 72, ZORETE, EHDPOLEFALBRIIRLD, FRAEK
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VEHAHEOMIFEHE R F N ENS.7~5.1°, 1.7~2.8DIF 5D & &R L, M EERCERESENRED
Bhiz, LoL, TNODEFIEEEAFTRHELBEU DD TR EL >, Tibb, E—MEECEL4E
BIREUC b K & e Zh3 0 VR —48, JII#—230, JIIFH—286, BEM—27TTRUEF—25D 5 HRFIBVT B,
RR A & P ABEOMKSTIHER, ThEn3.7~4.5, 1.7~2.6 TH D, KA K E e FEEIRD 5 |
Nize &7, A—HEBBETEE IS 2TE-1IRAAE L FHAE LR, JIH—296 T2 F1 % E
BRL T,

REREO/N S RBEOHBRZ, K2 A LBER5.6%TH 2725, 10~14%DE W HER L R
TR 3BUTOMG0H D, Wk 2BEROHES N TFREND,

IS DIGHRIERIGEMM O TGRS  ERALL - ERE - DERORER T LALYRT T
e LT, #7370 MREMMICE T 2 ERARBOMIHERE, %5, BTHECRESRFICL
5HDTHAS>LEzZBNS,

H T =Y REMD SEF RN THEE L ZEMERM TR, REABEORE SpHs»ICERZD, Lr
bR M B LT Y REARBOEMN AR EMBORKAEOHENERIER S KT 2. 27,
EEABEO /NS VEKOHREIZ, SEMEZACTLEH6%THLH, EHBIIRS & 0~20%DE\:
BROOEND, ZOHE, BT EORERENE D THo o BRIBEIC R 55, WIFhoOE S 1956E0
REERIC0FEORME» SREB LA b O TH Y, BHEORU T 0 THER O fEEAT O B % i 1Ic ©
MOz EFEZENE V., LT, ZAsDEMBERIRAROEGHEORVERLTVE DT
59,

UL, EMEMMICET2EERAROBRNEDEIZE, —EOHMBRER IS 5T, T/-4LEHH
OREERCE D BRBROPE VRO shkv, BEFET 24 7Y REKINEFO O THY, Zh
SOERIBEEIFHCLLbDOLEZSN D,

PlED &5 wh 7=y OREARBICONTIE, EMMERNKE L, sz v Ty HaoHE
ENREVY, EREMPERMKSOBRVES CHHALEALMER2 b O 7 v VEADERIC DR S
%V, THIE, B LOEEOHEENRE S SUENT0%, ATHTIRIUBEE ) THS Z L NEHTH
2, RikD, EREGEOEBKSERICHS255, 7z, EEAELIMEOBEFKIZOVLTE, APTZOE
2D b 160 168 LAY, MOBEVENBBICINTELY, AFRTRE I hoDFRE2XFTIHER
BESRY, BFEOEEM £ #M L 7-CHAMPION®Y, BURGER!®, RAUT & MARSH?* K *KADAMBI &
DABRAL®D ERED E LM R B, X o —BiEtic 81 2 kLR 5> 3, SEBAUCEFOEN
FOMERESRKERFEL L OO TER LD LIS N,
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FHOE REAHELARPERUCHOMEIE L OREMR

FERIAB AR OBRIIOVLTRE, MBI VBFICI I EL-LBERSBESh TV, b LERK
HOARE Y EFERCEHE L OMIKECHBEGELH 2 L T, BB L > TEBIN T ERER
BOVAVHREEAREORRC L > TRTTS 2Lk d, Z0OBAR, SBEC—-EDEATTELIE
ESEMEIC L o TEKRITI 2Lk 5, BREDOVARVIIETT 2, ZOBKRIR, BCEERBELITT
B, toERBECHEBT 2METH 3,

A7=YOERPEL LTRER, MR%E (FERK, AF RUOHEBSERE GoBEMY - Tk -
EME, So%d, REAE, Hohlh- 2z, Z2OMEESOERME) b ohds, AETH,
REIARE LAER, HORUAKUHMOZD EOBRERD EURETL 72,

JEEIAR L # DR UN L OBRIZDWTIE, BUIARMERES 2 i AMFAHOMI &>, EDHHAIEE
RCHZIEBASHLTHS, LrL, IhE TOWRRRIVEORBCEISCDOTHY, +IcKE
RERZEUVEBOARN L 3HAE SR, BDH L ILEROERE T — 5 L LTHEENBTE 2 400
Sizv, REARKEOBEEERIMOR UL AHRRTLILEHEDT, MEDCHEFEL2HENCIEL < v
ZHENHY, ZOROORIERT-7HDTH 2,

BHT SRR OWIE Tk

FEASE, Table 19T 133 TH S, D> 5, REAELEE - £ TE - WEER - HOh
ChHMDz) EDBFREFAEL DR, BEF 528 BE—48D 2O TH Y, BD OIS TRRIERIAR
LERmE: OB EREL 2,

Table 19. #HEMS R UKD
General descriptions of the sampled stands and the sampled trees

##  Site conditions #aAAR  Sampled trees

Sz?d FifEM:  Locality Ml dBikE Il R tigw. AH ﬁ‘i walz@g-:ﬁ

Age Altitude Soil Number height D.B.H. height

(years) (m) Direction Slope type of trees (m) (em)  (m)

TOONO-9 AFRETHHES, RAEHRARISHH 23 575 SW gentle BD 120 18.1 19.8 10.6
Yakushi Nat. forest 95, Toono, Iwate prefec-

ture

TOONO-123 AFRRHI/RE, SMEEK123 K 22 650 W gentle BID 100 15.3 19.8 7.0
Fukurohata Nat. for. 123, Toono, Iwate pref.

TOONO-255 EFRREH/INRET/NRE BB M55 L 25 530 W gentle BID 90 18.1 20.2 10.4

Otomo 2nd Nat. for. 255, Toono, Iwate pref.
TOONO-257 ATFREFT/ IR, NREZEHHST K 24 520 SW slightly BIp 100 18.7 20.9 10.0
Otomo 2nd Nat. for, 257, Toono, Iwate pref. steep
EEEDIZ»Tablel2DNo.1~No 9D £ MZ 72,
Added No.1~No.9 stands of Tablel2.

BFS L B1A~12FCHRAR 2 LEL THELS» S E S 10emD IR 2L, BHEC L > TEHD
CREABOAERAEL, 2FEROFHE (FHAK) LBEAE (BRAE) 2RO, 1, #Hirs
EESNICEEINIERIIOVTOFEIAB L BAAELRD T,

EF SR VBE—480 2 BT, SEHAROKEARIC DI 3.5mEFORAZHIRL, K&3.5m
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D10em s AEEM L, BMICEL Tk 2~3EOBERS 21To7%, I s OAM 2 RILHAKEES
O BB & KA (RFEIZESY) Tt ORETESE, ZATEA»S4ATHETONY »
ARRAREZREI B, MORUhELZVERHE L. HOEKEER, KettR#fAksrE (MT— 8 SK)
THE LR, HETRLIY%, MONEBTHIR% TH o7, HORULER, 3.0mOEERZAMOD 3
MEEEL, 1BEsE¥ELE»SHN2 250 lmE THEL TEA—UR (100m) 33 2H3E TR
D, MOZFDEE, AMONHEOREZ 1 mEs THEL THE (3,000mm) 2T 2HIRTRD 2,

L, BRI o THECEIND AL, ZMSBHEER E —BT 20T, AHOTLO» 5 EHB(0 ~1.0m) -
I (1.0~2.0m) « F&8 (2.0~3.0m) O 3 &S50 T, MORBAEIIH T 2EHAOERAEREIEL
720

B OVTORIER, WTFhb 4MEZOWLTITY, HORUhERUZ Y BRABAMEYL, HEOEE
REO AL FEE 7 OfEARDOME L L7z,

B2H fERAE L ARPE L OBF

EF—52 L B —48DMFIC B 1T 2 EEAE L fE, HTEAVMEER L OMEBFRE 2R (Table
20, Table 21), fEEIAE & BFHER L OMTEBEELHEBRIEED s B D57z, 1L, EEIAEDF
HAECHRRUETSE EOMTIE, s e b BOMEBBRERL, LLbEF-52TR 1%LV TE
BThoTz,

COBFEEISIHLLAND D, BF-SACB T B EAAEO VAL L TE &£ OBIF% % Fig22ic
Rl COEDPSHESLAEIZ, EXTKETROBL S KORBAARDEENKE L, ThoiBRLHE
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REEAEOFEAE Mean grain-angle

Fig. 22, BF—52I2 81 % felblRKE L T & & OBfR,
Relationship between mean grain-angle and crown height in the
larch stand, IWATE-52.
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Table 20, AHF-52C B SEEIAREOAE L £RPE & OHBEGRE
Correlation coefficients between spiral-grain angle and growth traits (tree

height, crown height, D. B. H.) on IWATE-52

g 7 8 9 10 1 12 13
7| - 0.692  0.711  0.420 —0.200 —0.381  0.053
8 I 0.671  0.673  0.073 —0.058  0.161
9 . Ak 0.748  0.001 —0.036  0.140
10 . . . 0.176  0.143  0.066
S A 0.267  0.666
12 kk o e 0.246
13 o

Notes : n=45, ro.0s=0.294, ro.01=0.380
**  Signifcant at 1% level, * . Significant at 5% level.

Traits : 7. WEMAROFEYAE  Mean grain-angle in a disk at breast height.

8. 7 mAAE Maximum grain-angle in a disk at breast height.

9. FE5mNDOFLIAE Me}.;m grain-angle within a 5cm radius from the
pith.

10, N mAAE Maximum grain-angle within a 5cm radius from
the pith.

11, &&E Tree height.

12, XT@ Crown height.

13, Mo=ER Diameter at breast height.

Table 21. BEf-48iC B F 2 EEIAREOAE L £ RIE & OHBRE
Correlation coefficients between spiral-grain angle and growth traits (tree

height, crown height, D. B. H.) on MORIOKA-48

%ffi 7 8 9 10 1 12 13
7 | 0.586  0.704  0.434 —0.076 —0.033  0.213
8 Kk e 0.607  0.887  0.019  0.214  0.096
9 . . 0.659 —0.111  0.068  0.104
10 . . . ~0.098  0.189 —0.026
S 0.114  0.433
T ~0.082
13 % oo

Notes : n=45, r0.0s=0.294, ro.00=0.380
** ! Signifcant at 1% level, *: Signifcant at 1% level.
Traits : 7. ~13. F—20&8H8 Refer to Table 20,

B EBBIMRIERD s hk v, 205 KOBEAKR, FWMEINC L %5 EEAEORL BEETH - 1z,
L, BE—48ORTEORWEG TRARMERL RS Lo ol LT, HF-HUTBT 5 M
BOMFRE, PEBEECEESEASNILLDOTH->T, REAARLETHEO—-BRNEREHHET 50T
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BrweEz s,

FEEAED AR & FHE L OBFRC OV TR, FROBELRHAT 2 I8 TERL0T, EREICHESE
FREERD Iz, ZOREEHS T LCRLIZDNFig23TH 5, 1HSH7 D OBRAALIZ86~120KT
Hotz, B s 1 BHOER I, ERBRED S OMNTIRE THY, B HEEROEEREREY,
B b 2 FlRE THENE O E2 SR CEWEER TS, 3~ 4 FHE CHBERBERABIETLO0
HieDBER 2, ZDK, 77 ADMTRRENARE K Z2EAERTH, EEAE 0~0.30EEPN THB
T3, &fROHEE L TR 77 AOBRICH 2D, BLES DERER &, EEAREOHKECRITT Fif
B (EEERXR) BIEETEXZLEZ D,

(+)

0.8}
ll\ Mm
g 0 \n"//l'p

A

L 2 ! 1 ' 1 N L i L 1 s " N N J

pith 10 20 30
E#K Growth-ring number

Fig. 23, /7 7 = Y 11MMC B 1 3 FEEIARED A E & F£iRiE = OHEBIRE O T
2 & BHER,

Transition of correlation coefficients between spiral-grain angle

and growth-ring width through successive growth-rings from the
pith in eleven larch stands.

P&, #7=Y0oEBARBEOABE L ERPEORBER T, FHETE 2 HANBER R, Bk
Ehleo> THRZNENRIAPEE LTRS 2en3TE B, LT, EROERLMEED 5 fEEA
HOAEONS WEEREBEERT 2 2 L8R TH S, REKREORECK TR VEAHEERSHEL
ELThH, THERKEEARE L GOMBEEREH D, LHVIEEEFLWEFRERDZIENTEL0T, &K
DRBERZETERE I LR,

B3I REERAELMORUAKRUMOZ D & D%

HEF 52 LB —48D 2 KA DV T, FNFNHLEROERAA L B TRE L 2 MO R U BIZEF—52
T16.8% (8.4~30.0%), &% M—48T12.8% (2.7~26.3%) TH v, ¥ D % » £ 1d & F—5270.22%
(0.05~0.56%), BSM—487C0.28% (0.03~0.70%) Th -7z,

Table 22K UTable 23iF, ZRZROMFZBTHOR LR, HOZ D, MEMAKOFHIAE L BKRA
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Table 22, BHF-25IX B 2 ERAEOAEE L MO CAKRUMOZ D & OFHBFEK

Correlation coefficients between spiral-grain and twist and warp to timber on IWATE-52

PR 2 3 4 5 6 7 8 9 10
1 | ---- 0.110 0.521 0.753 0.745 0.759 0.714 0.515 0.813 0.566
2 e —0.164 —0.023 —0.022 —0.079 0.056 0.132 0.146 0.291
3 L T 0.681 0.574 0.848 0.543 0.485 0.631 0.364
4 * % *k 0 ---- 0.782 0.921 0.805 0.535 0.737 0.426
5 * % * % *k o ----- 0,890 0.713 0.489 0.723 0.422
6 * % * % * * LE TR 0.773 0.567 0.789 0.456
7 * % * * * % * % LE ST 0.692 0.711 0.420
8 * * * % * % * ok * * xk  oo-- 0.671 0.673
9 * % * % * % * % * * * % kK - 0.748
10 * % * * % * % * ¥ * ¥ * % * ok oo
Notes : n=45, ro.0s=0.294, ro.o1=0.380
** ! Significant at 1% level, * . Signifcant at 5% level.
Traits: 1, Mo lh Twist of timber (10cm square and 3.0m long).
2. Mo%EDY Warp of timber (10cm square and 3.0m long).
3. AMEORERIARE(0~1.0m) Spiral-grain angle on the surface of lower part
(0~1.0m) of the timber.
4, Vi (1.0~2.0m) Spiral-grain angle on the surface of middle part
(1.0~2.0m) of the timber.
5. Vi (2.0~3.0m) Spiral-grain angle on the surface of upper part
(2.0~3.0m) of the timber.
6. Y (SF#57) Average of traits 1, 2, and 3, .
j } £ o0nm Refer to Table 20,
10,

Table 23, BfA-48x B 2RERBOAE L MORQ UK UMD Z D L OHBEFR

Correlation coefficients between spiral-grain and twist and warp to timber on MORIOKA-48

PR 1 2 3 4 5 6 7 8 9 10

1 | - —0.192 0.622 0.830 0.739 0.827 0.691 0.459 0.800 0.481
2 | e —0.013 —0.097 —0.003 —0.042 —0.031 —0.219 —0.085 —0.281
3 L 0.674 0.523 0.846 0.521 0.243 0.648 0.275
4 * % L IR 0.785 0.927 0.681 0.340 0.742 0.447
5 * * * * 3 0.865 0.547 0.320 0.621 0.383
6 * * * * * * L SRR 0.661 0.373 0.762 0.415
7 * * * % * * * * *%x oo 0.586 0.704 0.434
8 * % * * * L BT 0.607 0.887
9 * % * % * %k * % * % * % kK 0 ----- 0.659
10 * % * % * % * % * % * % kk  -----

Notes : n=45, ro.05=0.294, ro.o1=0.380

** ! Significant at 1% level, * . Signifcant at 5% level.
Traits: 1. ~10, F—228H Refer to Table 22,
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Fig. 24. 2 7=V AMOMEICE T 5 RKEOEHMEE (FAhOHEE—B) tHDAL
h & DR,
Relationship between spiral-grain angle on the surface of timber, which
coinsides with the direction of surface checks, and twisting of timber in larch

wood.
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B, Bl o HES5 mNOFHAE L RAAE, AMEO 3R 2EEREOAE L 2 h & O FHfE
2 B, BFEMOHEBEREERDLDOTH 2,

Honthiz, REAEOAE2RTETOREL L %L NV TEDEELHEE R LI, ZhoDHhT,
L ZEWHEBREE R L QR HMEOREEAREOBE L HL0» S S5mNOFIAETH 2, 72, HED
REIABZERRC EEL D b PMOEIM ORI E IV EEZBFZEEL > TS, 20O LI, EEAK
HOEH2ENM OB CNDORWEEIC R 2 £ 5 Th 3,

MoZEDZ, WY E0BE L OB TRERLAEBEFRE RS 2b o,

Fig. 24i3, HEOFEHIO KM EFBHOETE BT 2956, TRhELQUCIOBEREEEFATRLEY
DTHD, MBI T 2 FAROEMSIRELLDOE LR LAESKEL 2o T3,

Fig. 251k, R MHEREEOKRE L - FESaNOFHAE LM ORLUNELOBFEERLIZLDTH
5, HRAMEEIL, EF 52 BMA—48D 2HFDLDEELYRWERTH %, MEHIERNLERCH
D, HHEREL0.824 L K& <, hUCABOER N T 2EEAIAEOAEOFSESBO THL I LERLT
w5,

%
32p

28¢

24} °

20 °

16

Y=5.35X - 0.80

Correlation
coefficient; 0.824

MonUhi Twist of timber

12F

1 1 1 1 1 1

1 2 3 4 5 6 (%)
REAEOFHYAE Mean grain-angle

Fig. 25. #ORUChE 0D 5 FE 5 aNEHOFHHE L OBER.

Relationship between twist of timber (10cm square and 3.0m long)

and mean grain-angle on the growth rings within a 5cm radius from
the pith.
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BAE EFH Z

HEEARBOAEDOKRE 2 LIEAXER EOBRIZOWTIE, WL DOrDMR T 2H&E8 R 5N 5, Ponderosa
pine TIRIEAR AR, ME & h 2 L KEOFERIPELE D S 1129, Chir pine T & RIBEIZIEEIAE D HE & FEiHiIE
HWFEBARARICH 5 Z L MG T N TV 5%, —7F, A UChir pineT b A—E# 5 IEHHE 138 & 02T LA
B %R L%, Red pine CREFBRERESEAT 2 L REOEEMENTEE D12, Pinus pseudostrobus Tl
EREEOERZ L DOMNERT 2R 2EETIHRNVEDDIEBEEINTVIE, ATIVRBWLTH,
FEORRICITERENL £ 2 ERBOEMSEE 2 L0 EEHNH D), FLEEOHRICKBREFGSZ L
RO LIFEINTV D,

HREIERBOREHERTH2 05, bLHREREORZCERBIAKELFEL O TWVRI LT IR
51, BERERORE LEEAREOAE L OMIC—EDHEIBD SN TRVWETH S, L LEAHEOHE
R, HEREE—0.026~0.2130&HETH Y, MEOH —EOBFRIEDH 2 LB onieh i, &
ME A T =Y ORBEBHIZ B THEOBFGERT L, ELRIBRERSERTH 2 L REREOHBE
BARELSR2EMICH B2, £EL L TRERARBEOEENEHKRTHY, —EOHFREERD 2 2 2 L IXHE
ThHad BT,

AR TIE, &5R1IIMG» S, 1080604 7 < Y EEEEEL, £85I L CEEAEO AR « £iHEY
BRI LT, ZOERTIE, Bi0o 1 ~2FHRIEESOCEDHBEMREE2RTH, I~4ERICR D L HERER
0 fiifg & 72 %, NICHOLLS 5% 993 Pinus pimaster B U Pinus radiata THIEX L #EAR 2 Z T CERBICHT:
ZEBEFHEDT, MECRZTBERFORELHE L/, ZORBRTE, FHIE, HOLE, RETECN
THEBIRE D57, EEAREIINL TRESHIREIRD Shih o, REARBIZDWLTI, FHHIC
LR, BOBIXIIZEENEETLIH, INSOREE2—FILT B L, Pkl & b RBERTIIFERF
EOBFRIEED SR k3 bDEEbNh2, FIENICHOLLSS DEBEERZDOI L 2RLTEBD, #5<
VIEDOWTHHETREZ LD EE L,

B L AERIARE OBBIZ DV Tid, Norway spruce & Silver firCiz 4B D% 2 A THREEIABED AN K
& { 72 919, Chir pine T3 IEDFEBIBARATELE L1, Pinus radiataTiXH & » 72 BE2 72 1030 2k Zhvehes
BhTWw2, AFRFERTIE, BEMRCE T 3 REIAEO AR CMERUKTS L OHEERIZAD
ExRL, 1MSTRETE L OHBERBICEVWERERD SN, O tid, HEERSBIAKETE
DENERTE, EEAREOAEINS LI EEI bbb 5, —RKREKE L THETE 21308
REZED S, 72721, MHFZEOHBEEFRIZZOREY E—ARTOEKRSEILT 20T, Bk OB
iz,

ERABEOEEEEIMOR N 2 BENCHET S 2ETHS, LErL, MORUE2ERPEELT
WY BT 53R G8E <, ETHRETHL L0, FPFRETEHMORUADAESRERTH 51E
EIAE»BEREL LTRY EIF25D0THS, Licdd->T, MEDEMREEL CHEL T, BEOTEEN
HHEVERFEREDZLESDH S, BPFRTIE, EEABECOLTTRRERSOHERE (905) %
AR E L TCHEORREME LR, HiEFL.2mE2TOL T 3R &3.5mOAAD S8 & L z—010em
DUFLEADOES3.0MEBACB T 2R UNE LS MARICE T 2 ¥Z 5 aNOFEIAE £ O T, BWIE
OHBEREG r=0.82) B¥FD SNz, 72, WEMARO SFRENFE L VHAE £130.728, BERAEL



—94— HABREMARE H65

130.556 DAEBEMR IS K S i, & ICFEHAE &L OBICEWHBBRBELT 5, MO UhOLHE 1o
T REARBEOAEDFSERICOIRVBBRTH L, ERBEFMOBERLEZ oh20T, ZOMIRRE
TH2> LEbR?,

HMOZD WOV TIE, MY LF2COBE L oM TCERELZHBERGRE RS Arot, LT, 20
BECOWTREENEL TRIKT 2 2 LLBETHD, BED L Z2HHERME1% <, BEROETHEE
BEETH 2,
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F6E ERAEOBRLCEE

REOREEMIZ DV TIRE L OBETHANS N T X8, SIHEAHPHIORD HOFEOHNFER 2 ER
T B EED 40 69129 13D 158) 160) 168) ) SRZ D GEAIK X V> & F 2 R 6 109 19 130 130 197 v B, L
L, 2hoDHL IR 2BHFE»SOHRD 2 VL IZMMOWRBERICNT 2/ FOGEHEICE ¥ T 5, fEM
AEOBERENZHEAT 3703, HEOBRE2EDT, REAR2ET 0T, ThE CRAOIFRIH
XNEHEERRT2HANEL, TARETEL 77— 28t L Touiy, L HENERES Wk
e X 2 BEHBOFIRELO THRwv, Z0EIBRETRH 528, HROE S »aaE e Ay CEHEL
TEBRE R BERFROBR CE, REAREORZEER L L CGREOBRFBKREVI EEHL,IILTWVS,

CHAMPION?® 29I Chir pine® E# I kK VRHEBIE AR ClRREIAE OBEHE 28D, & 5IZEh 6 ORERFAER
HOBERD S, MFHFEORELZT FICEMRUCEEORESFEERE SN S 2 & 2R L 72, NICHOLLS i3
Pinus pinaster CREEIAREOFEEC RIFTRECHEORE 2 RPEMICHO VAEL, LEBEHGRSE2{RD
SRV E»S, REARBILEGHNCEELRBETH S L Ui, &7 Pinus radiatalZ BF 5 8LEOH
BT 5% < OWFFSRERM 0 0 12013 FERIC L > CHREXE2WRI B Y- 23 TRV —>
BHD, LB CERTHOGEGEELRL, HNKRESEPKE NI L 2 S22 LT, Fagus sylvatica
EBOLTHBOEEDREE (0.66) BHEESIN TR,

RETWE, 77V OREABIET I RIZEREBT 220, BFEODERY u— Y RUBRTERR
PRAVWT, REKEOREOZR L ZOBRELHAS 2 ICL, ARGRESBOKRE S EHEL 1,

BESES L CBEEOHERIRDET ML > TT> 7,

EFNVI L 7u—rDBR
= B BHHE 5 B SROEGRS

7 a— i n—1 M, o’etmo’c
so—vH n(m-—1) M, o’e
£ % nm-— 1

ole=BRIBESHEL

o%c=o?g =BIGIT )
h?= R#DMEE =T

o?e+o’g
TNV L BBEARARBRROEE

= W HHE 5 B SO WIS
£ F M m-1 M, o?e+ o*half-sib+ma?p
X £ A n(m-1) M, o%e+ o?half-sib
& & nm-— 1
cle=REI B

o*half-sib = >o%g+0%h
o?g | FINREL 8
o?h : FEAINEYED 8L
o’p = %o‘zg ,
he = BEOREE = o TE



Spiral-grain angle (deg.)

TEEIARED MR
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NAE» > DFEEI  Growth ring from periphery

Fig. 26, # 7Y /7 u— B3 EEARED ABEOREC X 5%k,

Variation patterns of spiral-grain angles with age in larch clones.
Note: Below the dotted line represents right-handed spirality.
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HEI1E ERAEOZ - EER

1. BEME R OEE T8

HILMAETESD 7 u— CEEMCER S A Tw Iz ATy DERsa—v ks, 1720—-2HD 5K
OERADESN 2807 0 — > 2BEE L T, #1 EH130~150mESOEFH O L WAIEH» 5E S 5 cmdD IR
BRI 72, A7 o—> 13, BHFE,SIEEE TORM BRI ALEERO Iy n—0ThY, Mk
SEEFBLILDTH 5,

EHER» SBLEETE 3cm, & 3mDRERARFRD, 20 LEE THICEO 285 FIT o EER Y
LBLT, ERATHEL 2, ERAAROLTHUETEEL 4 HULOFHEZATHROT, AF»5 4
~5EOERICDVT, BMEICE T 2MEOEMNABE25IBHRIC X > TO5 B THE L 72, BHLEED 1
~2ERIPETE kol Fio, BERORECMHIBRZR, A—EE LD 2 ¥EAAOHIGT 5 Fik
DHEBEEZFHTE 2L > THELL,

2. 8 B

FERAEOAHEN 70— MBIV 70—V HOEKICL > TEDL I RBENT 2T 2D0 %, BEHNR
8 70— DWTFig26iZR U7z, Nol2D & 5 WEHEEL T2 RT 70— 5310.0%, Na3270 & 5 1 FEE
O EREME & b 2EAR T2 07— 2 235.0%, Nob65PNo316D X 5 i Z kDD wv 27 m—p
T5%HE LTz, BYDT7.5%D 7 0—>iF, No52°Ne268D & 51z, b o 3~ 4 F#yH U Cheml AR
DERBINZ A HOPHET 2 EBELES VD TH o7z, EEAAIKEHDO 2 o—> TRETDHE
LRI TH - fe 08, No6T0D & S ICERERI & GleRIC ZL T 2 @ik & 7 o — 1% HB L7z,
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Frequency distribution of clonal averages of spiral angles in each

growth ring from the peripherv
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DEHie, 7uo—rNOBEHTHREAEOAF IS D2 RkBoon 35, ERICIIELARELZRS
&, 7a—YHOMBEEELD 70— VBIC L 2BV 2 DIEKE WL,

Fig. 27T, REEABOAED 7 0 — > FEDREI % F 7 L ISR LTz BT 4 BEH O Fd
H»OSNAFED 1 BEHE TOERT, ThEhl.2~T7.5, 0.6~7.6, 0.7~6.8°, 0.7~8.1I'DIFE 5D & 2R Tz,
FREME LD CABO/NSOEROFEENGE Y, 270 -V OFHEIZET T2, EFEHICBTIE
HIBREDS T, 70—V L EOPREVIEERLTNRS, &, 70—V IJLiZR2 &, HEiz2°U
TONSRAEERT OO L6 UEORELAERRT LD, 37u—-rF08D 6ﬂf:o

Table 241, FHBICEEAREDOABED IR 2T LBRTH D, SEHTY u— HSBICEES
BRED S NIz, £z, 70—V E 70— AEED» 5RO LEOBEEIX0.35~0.42TH > 72,

REABORK AR BEEFHOEELIEE CTH 281 L 72 & 5 277.5% D 7 u— v 3 HIEE&ROHH

Table 24, MERIAREDEHFIAE OFEAMT L LHOBEER
Analysis of variance of spiral-grain angle on each growth ring and
their broad-sense heritabilities

C: S BHE FH P9FS Sttt #E5E
DF SS MS h?

Source of variation

FQ

Fourth ring from periphery

Between clones 79 666.68 8.44 4.44** (.42
Within clones 320 608.00 1.90

Third ring from periphery
Between clones 79 669.96 8.48 4.66** 0.42
Within clones 320 582.90 1.82

Second ring from periphery
Between clones 79 597.99 7.57 3.71** 0.35
Within clones 320 653.35 2.04

First ring from periphery
Between clones 79  900.54 11.40 4.65** 0.42
Within clones 320 783.50 2.45

** . Significant at 19 levdl.
Variance compornents of mean squares between clones=¢%¢€¢ +no? &
Variance compornents of mean squares within clones=o? ¢
2
W T

THREARBOAEN/NS K 22 HAERLTED, THIZELDNSWTEXD 7 v —r %2025 &, 85%D
7u—VRBBRCRRAEETL TS EEZOND, 22T, RRAEKODVLTOZ u—rBERL2FANT,
Table 253, fEEFAAEERAO B EIToRBERTH S, 70— VDB 1 %L~V THEMES
RSNz, i, TR KD IBEF (Table 24) ER U B THE L L AROEEEIZ0.49TH - 7z,

Table 25. BERIAREDERERED TR & ILERDBIEE

Analysis of variance of maximum grain-angle and broad-sense heritabilities

| EHE FHM FX¥H S8ttt BEE
Source of variation DF SS MS F, h?
Between clones 79  753.57 9.34 5.84** 0.49
Within clones 320 510.80 1.60
Total 399 1248.37

** ! Significant at 1% level.
h? . Refer to Table 24.



A 7=y OMBERICET 2% (=) —99 —

BEL 2 2BERORKAEOSERIZ1.0~13.5TH D, mAAKED 7 u— FEOHEFHIZ2.6~8.6°, 7
o — > NEERICB T 2 ERIBIIRERO 7 o— T3 5UTTH -7z,

INSOEE»S, EEABOAEIECZFHICLI->TELLRLYY, BENEEOKEVWI EHREN
72

B2H BATERRCIBY 3 ERIAEOEERER

1. HESOBERTERRICE T 3 EEAEOEEER

1) BERAMRIR CHIE F

FIABES S 7~V RER» SET 2 HRL, FRSEHETERLL 1 ERE 2 E40BEREATRESR
REAEROT, REAEO AELAEL 72, $HKRRBITTHY, 1 RKR D7 D HARBIL00KTH - 72,
FEEIAFED A1, 4 Adac, B2 EH IHOFig 2 R UERENRE L33 LY, Bl
BHEETEOLTAES B THIE L, MIESE L LTIMEEOE -2 « L —EfunT,

2) # R

HESNLLT00KO EEHARERIC B 2 REAABEOAEDO DL, Fig28oRa3n s L3z, B/MES
0°, RAEA19.0°, FIHEMRT.I"THY, ERMICEBLDOTh-o7, ZhHDffid, RHEKE*BNE
L CHE L RERmEEARN ENED2, 000Kk 0 B ARER (R/IMEL.0°, RAEL6.0°, Fi#E6.4) kUH
FRAEFBEIMNNULEEROBETRERERS D S B UER L 722,0008 0 #&KEF (R/IME1.0°,
RAMELT.0°, FHBET.3) CHBL TRELRBOLERS Bho, Z0Z X, WEEESKEROERA
HOWTH &M s DEAERM LA UBEOERERE I L ERL TV,
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BEEAEDO MK  Spiral-grain angle
Fig. 28, # 7~V OERBREEGBAEH & —REHMEGHAER B 55k
BIARED AEOHEE I,
Frequency distributions of spiral-grain angles in the seedlings
derived from a seed orchard and two seedling groups from
plantations of larch.
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Table 2612, KR CHERABROAEOR/IME, BRERVFESHEERLLDTHES, RRILICAS
L, ELDEDBEZELLERD, BHIESDXDNILHDTE (3~I1), RO KX DTIY(0~19)
Tholio £, FHEOR/NEVERRTIHE.L, ROUANZVERRTI.TTH>7,

Fig. 2913, 3°DATFO/MhSOAES b OEEOEBERE*RRINIRLI DO TH S, EHEETIEZ6.4%
THo755, N3 DFRFRTIEL9%, Nl3Tik11%LELCEOHBRELRL 2, #HITN1TTIR 1 %IcBE R

o7z,
Table 26, 77 <V EEMRAMRUORZNC BT 2 ERIAREOHEDOE R

Variation of spiral-grain among the open-pollinated progenies from plus-trees of larch

X * HehEAky REAEOAE Spiral-grain angle(deg.)
Progeny Number of g RAE  FHE

No. Name trees Minimum Maximum Average
1 MORIOKA-2 100 3 11 7.1
2 Vi -13 100 0 19 9.7
3 TOONO-1 100 1 14 6.1
4 OOTSUCHI-1 100 2 14 6.9
5 SHIROISHI-11 100 2 11 6.7
6 ABASHIRI-23 100 2 12 6.6
7 Vi -34 100 3 14 6.8
8 TOKACHI-24 100 3 13 6.8
9 Vi -29 100 2 12 7.2
10 SHIRIBESHI-30 100 3 13 7.1
11 MINAMI-TSURU-1 100 3 13 8.4
12 IWAMURATA-2 100 2 14 6.9
13 Vi -44 100 1 13 6.5
14 USUDA-4 100 3 11 6.9
15 SUWA-9 100 1 13 6.3
16 NAKANIIDA-MIYAZAKI-2 100 1 12 6.3
17 OOTSUCHI-KURIHASHI-3 100 0 16 8.6
Total 1700 0 19 7.1

Table 27. 7 7 <V REBFRICB T 2 REIARED HE OIS
Analysis of variance of spiral-grain angle in 17 open-pollinated progenies from

plus-trees of larch

£ A C L. HHEE RS a8t Vzrﬁiifgﬁi?eﬁn}ts
Source of variation DF MS F, of mean squares
Between progenies 16 90.81 19.02** o¢te+o*hal f—sS i b+ne?p
Within progenies 1683 4.78 gte +othal f—Sib
Total 1699

**Significant at 1% level.

PEn ki, EALEE2RL LB KEREIZR VY, FRICE > THREARBEORELEL D, S
WORKR» S b R OBENKE VI ENEMIF SN 5 (Table 27), &7z, ABFHOEF VILIC L > TH
FELRBOBMEEIZ0.61TH o7, FHOELERREFMHBOOERY o—r LIZAEME L) »#
%5, FEEIZOVWTHES LRIFONEL» S 3~ 4 BEDFHICHLT 2D TH S, ZOFFICEITBIE
EAREOLEOBEER0.42TH Y, L L THEESHEE SN, BERISHRMEOBEER V%



H o=V OMEERBICHET A5 (Zh) — 101 —
BEREFZE>TEDLLIDT, HIMEDLEIZE L A, HRICR TREEABROBEMSIIAEL, Lod
ZOREFIHENFBEARTH 2 Z eI b s,

(%)
20

15

10 +

HEMEE  Frequency of occurrence

71 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
KHES Progeny No
Fig. 29. FEEIARED BRE33.0° AT OB KA HHTHEE,
Frequency of seedlings with slight spiral-grain (less than 3.0°) in

each progeny.
2. B S OHARER R B 2 EEAEDOREER

1) BEEMRR CRIE fik

EFREFEEINIIR, BREERUSHKIEO23EAE D 7= Vs 5 20RO RHE & B BT 24REL, #H
IHAF@SEMTREG L, 2 ERE 3 EEHEEBNORBRMICHERL -, RIS 4Rk a8
NBFHEMTH 2, 1KRbI D OMEHARIL23K x 3F]=69KTH D, HAMFRIEFIRIL.3m x 1. 0m
Thote, RIBIRRD ST,

TR 6 ERIAFRAL B CLMERAEZKEIL, 1RRHZD60EK NolDRRIZOVLTOH53E)
ERRE LT, HEEL0mOMED S B S 10emd IR (FIE) 2L THEREE L,

TEEIABO AR, HIBEEEFRAL, REABUEER CHE L, SEROEHIIAEL, FA—BEEL
OREEEHAEREL, MET 2 EROMEETHL TRD:, 27, BEOFHHE L BAAREL, EHT
AEOVEELBRAMETH S,

2) # R

BRI HEL 7 FIIRE R R OB AEO 5 O KA FEIE % Table 28177 U7z, HEEFIRO RSB 5 8
EEATORROT, BLhs 1EHOFERIE £ 20 h o WA TIEEBCBREALZLOTHY, 5EH
DEHIZ 8 FARIERE N LD TH 5,

EEAFBOEGHHAZR, 1 FHERV2FHE TS, 3EHETRALAY, A~5FEHE»5H
V& {72 A 2R L 72, Table 200 3T OBRTIE, 1 EHEV 2 Fiic BT b RAMSIBCHE
BEHGED SN, FHICLIFADELESHNA S, ERABOAENKZOVRRATH L OEHDH



—102 — HABEERHRE H£65

Bl 3EHREU ETRYNEEL v, FORTPER 3 FE T2.5~4.5, 4FEHETL.~4.1, SFERHET
1.8~4. 20®HAICIES DX, RAMTRELESRD bz, 3EWME THESR /NS Do KRIEIN 9
THY, FRHREEREOIES DX DHAEIZ0.2~4.22TH o7z, THIIRL, HZBKED» > LNIODRFZ T
2.5~8.6DEACIESDOE, MELBIL2AEDOIMIBEL»ICREL 2, AFHRERVSFHREICBEVLTY,
BARREBRKROM TIIFEIREDRVHRD sl

EEI AR EREOBINC L > TNEL R 20T, BIMEZO L DIEHE OV RELE®RE L -
wnds, Bk, 7o—rbH50ERFRROEEAEZHEMNNICHET B CIEERHRETH D, AHAER
RTRRRAMABCEEEEDRD 547z (Table 29), %7z, KR FWEOEHHII2.2~3.7ThY, K
FFETLSOERFEICREBDBDTH -,

Table 28. #HHAMAKRDOK E & L FEREIARED HEORRFHE
The size of sampled disks and average values of spiral-grain angles in

open-pollinated progenies

REERE BROKOTYER TEEIAE DO AE  Spiral-grain angle ( ° )
(cm) T Bk Bl s OEE

Progeny  Av. diameter of Mean Maximum Growth ring from the pith
No.  sampled disks (cm)  angle  angle 1t 2nd 3rd  4th  Sth
1 2.6 3.5 4.5 1.2 2.6 3.6 3.9 4.2
2 3.7 3.4 4.5 1.3 3.4 4.2 3.9 3.9
3 3.9 3.3 4.3 1.2 3.1 3.9 3.7 3.7
4 3.9 2.9 3.9 0.9 1.5 36 3.1 3.1
5 3.8 2.3 3.1 1.1 24 29 24 24
6 3.8 3.2 4.1 1.5 3.3 3.9 3.4 3.4
7 3.8 2.4 3.3 1.7 2.8 28 2.2 2.1
8 3.6 3.0 4.0 1.7 3.3 3.4 3.0 3.0
9 4.4 2.3 3.5 2.3 3.0 25 1.9 1.8
10 3.9 3.7 4.8 1.6 3.8 4.5 4.1 4.0
11 4.0 2.6 3.5 1.3 2.9 3.2 2.8 2.7
12 4.0 2.6 3.6 1.4 2.8 3.1 2.7 2.7
13 3.8 2.7 3.7 1.3 3.0 34 2.9 2.7
14 3.6 2.6 3.5 1.4 2.7 3.1 2.6 2.5
15 4.0 2.4 3.3 1.5 2.8 2.9 24 2.4
16 3.7 3.0 4.0 1.4 3.2 3.6 3.3 3.3
17 4.2 2.2 3.1 1.3 2.6 2.7 2.2 2.2
18 3.6 2.7 3.7 1.3 2.7 3.3 3.0 2.8
19 3.3 2.7 3.6 1.0 2.2 3.2 3.1 3.1
20 3.5 2.3 3.0 1.1 2.3 2.7 2.9 2.8
Av. 3.7 2.8 3.7 1.4 28 3.3 3.0 2.9

BAAEC OV, $HEMEL 1985055 1 FiHE CRABELRLM@EE 1%, 2 FHET30%,
SERET3%, 4FHRETS5%, SERE TR THo, SERETRAAEL LD LEEIEOVT
3, ZOBISKXAEBKELBI2ON/NELL2DODTHETH L1, Dl L bR EKIXHEAA
EARLIEART ZELNTED, CORBEBIIBRRKAEDRRFHEDIES D &I3.0~4.8THY
(Table 28), REMABIEHVEEM LR L2 (Table 29), ERRORHAAEDSFIIFig. 300 L BD T
HY, AEOKEVLNL, N2, N3, NIODRFREAHED/IE VNS5, Nol7, N20DFKFKETIE, —RL
TS PIZ RS 50 %R LTz,
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iZTable 2912 RL 72 & 5T,
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1FdwmE 2FH TR
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Frequency distribution of maximum grain-angles in each progeny.
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Table 29. EIARREFKZIZE T 3 HERIARIED 53T

Analysis of variance of spiral-grain angle in open-pollinated progenies

% f& R F
Tl AR Betv%\ienf)rogjnies Witglfin ;ogzqnies F, h?
Spiral grain DF Vbp DF Vwp
Mean grain angle 19 11.000 1117 0.563  19.559** 0.985
Maximum grain angle 19 13.967 1117 0.826  16.871** 0.873
Grain angle of the indicated growth ring from the pith.
1st ring 19 3.536 823 0.423 8.322**  0.594
2nd ring 19 8.545 1117 0.889 9.613** 0.526
3rd ring 19 18.050 1117 0.918 19.671** 0.989
4th ring 19 22.664 1117 1.210  18.736** 0.951
5th ring 19 24.222 1117 1.480  16.363** 0.851

** . Significant at 1% level.
Vbp=o?e+ o*half-sib+ne?p
Vwp= o2e+ o*half-sib
- 4o%p

o?e+ o*half-sib+no?p

INODERD S ELNS 1~ 2 ERBEOM L fEOBEBRRZA CTHES N MEALE T 2 £, 12130
TETH D, AEOMERE QIR b DL REZ SRR, BLsd 3~4 E8HIE% < OEESBARA
ER2RTEMITHY, ZOMBHCBI 3 EEABORRIBORELRLZ I TH30E2 50 %,

2

BIE £ #

FERAEOREICHT 2 BEOHEERIBO TR BB OV TOLDTH 5, KADAMBI S |F
Chir pined W U K2 B S ¥, ZOFHDBB~82% SN LN2 T Eh s, A EMLERBEC L 2
YD EEZ 72, Pinus radialalZ 03 5 EEARBOGERICHET 2 % OMRBR T, KEOBRTEEILHE
TR0 6AIRDEE R T 25, FWMBEMNE & 5 ICHR L, SEHE TO. 2T £ 22 2§29 00, B RAFIRSE T
E LI REDBRERIL 4 FWE T 4T H - 1 STEHE TO20{ETF L7281, TEHE T H0.55% %57
LEPINHESN T2, INSORBERIE, BOEH Y — > TREOEWECIE A2, T~8E85Ic 25 &
TDOBEWYIRL D EERL TS, £72, Fagus sylvaticalZ 1T S AENESEEZE B A X <, BiE
R &2 L3N TWBEYY, —FPinus taeda®d AN TR F TIRIABNESRESEH A & WLIEESRE 3 1
TV 319,

AZRVICBE 5 RAARBEOECERICHET 2APIFBERTE, 70— 253 ERBOENICE > T
EABORRNEL SRS ZEBSBhEn o1, LI, BLH S 3~5EREDRAAE S $TIEBT
BEIHIED TRELEGERLIZ, FOBROEMIT DOV TIIERTE b 745, FERAROESR I L
2EAEBIE D 5 E 2, Pinus radiata & R ERIEINC L7z 3> CRESBROBEMET T2 b0 & P
o, UL, Table 24iCR 502 X512, 7=V T3 Pinus radiata X 0 b BEIEOE 255 O HAR 2
PRI LI TH S,

INRPOZA Y OIEEABEORZCRIZTEGE EREOFELZE T 24T, BB BT 2 EEHE
RUBRKAECET 2 FHEGBENZ DO TH Y, 20BROEIRMOBERIC L2 £ LTERIBICZh %
Ro7ehs, 2 L bFIRMBFCOVTEELOISHTH 2 £ 25, 7Y TIRHEE (8 ~1044t
F T)IHERIARED AEAVNE WEERIE 2 0% /NS OAE R TR THENE VO T, ST EE A
EVZ L RBHBERSEINCE L EERT D,



# IV OMEERICET 2% (41 — 105 —

HTE JERIRIEEOERIELE, EHIR N OB %

A5V OFEEARBIZEANERENAES {, 298 ED 2 BESROEEHAE NI L 2METHEL
720 £72, HLDOH TV YHRTIIERARED BEH/NE OEEDETH%IEB T 2 (Tablels), Zh 5D
HR» S, ERIABOBHED/NS WG 7Y kL &Mt 5 BIKT 5 2 EATHRETHY, Thozlt
MELTH 7Y ERHADKERAELEE LW HRICEEZEICHE S 5 C e[ Th 2 2t bHn Lo
72

RETIE, HT7oVIBTAREEAREBEOEREELRT £ L HIT, ZOEETERKEETLRHEOERK
HWERUEKEABEEOKS > SR, EMERIC L 2 BRESELHEL 2, S 512, KRBT 28K
B (FLEH) oBEEHEEL, BREKORSHEERTATRAEEI N2 HFHUOHRENMEL, EHLED
TWREWLTODICRBSRWIERHASHIC LT, JOHRELFO S FRE L CGRREROBE TR
ZEHENHT 2 ARPENTH L, TOBEFELLDZ2 N 77VDOS LRREE2wRT 5720, AL LIEK
e L TRHEREERL, 2ho0EEROS LA o -2 itk 2R EEAOBB AR LRI L 720

BI1H fERIAEDEREYE

#7=Y OREEKRE G EE& R OCERIC L > TEELRZ(LE2R T2, —E0ikE (2~3m) #oroH
Wiz BT 5 RAAE & THAEIC & > TEEOHRNTEA TR TH D, Fi LuEEARES b Dk 23S
HIZLNTEBIL2BEIBETHSMILI,

-7, EEAREIZ OO TRAMFAOHES WL 20 H 5, 3, FRIAMIZAMDM®E I EHE
T 5, EONC LT TR OB, 5lo® D L ERETIREME E FITT A IBER T 258, B
BH I & EhRTE T (BB ) TR MICRED S > T I NICEAIANIHBIER T 2561, RHKREL,
NS DEED SHIDIER AN TSI LA > THBRIET 5, BB TGN A & O
FREDAENS DL ZEEIZIOBETL, 100010582 LBEEFL 20K 5,5 2R D EEICBEVWTH1IYDA
BT/ AUETT 2, & 510, BETIVIAMOETCREL, IRENES %20 5 M T8/ &
FEEDAENICLED S DEIAHLETH L, L3N TW5b, 72, FREIAKBEDOAEIKS LBEIE, WM
HOERIC L > THIBAHRICEFIHENR I D QUATEVORRE & % 2130, MADOYHITR 2 £ CHWE,
MTERTLELLRALREDESRA TS,

IO LS, BHMEOHREBHEETI TR, EALOEEL LT, VXEVE - VEAFOWLT
NEOLTHBHEEAOEMNEZRHEFTE% (53:0), 1ET8% (54.5) UTEEDTHE, %/, K
RO T, BEEABEMOTFELB2 KA LT, SEEMI4100(=2,3) AFeLTBY, &
S FEEERMOMER IE (TAa~Y, 7uxy, AF~Y, bN%) OFEM LT TR EES
DFEAMHEIF2/100 (1.1 BT, FEFEMTIZ4100 (52.3) BUTELT, BLVWHERED T2,

Table 3013, ZHZ TEHFHEL IS BT 51.5255K0 7 7 vV EFCOWTRAAKOHREHE
FLELDOTHD, BAAEORE /NS OEKRLLTHDRLKSWERIZ0.7TH -7, MORAERIC
BUARAAEOHBEHEIE, RFRTOOFEEKRIDTIE2.8~9.1, MERT OTELEMIDTIE
3.9~10.4°, JLIBBEDBEEMIN TIE2.2~12.8TH 3, IO DR S, BMEDARENBEORS
EAT AR UCELABEMOTARLECES T2 BEIIHEET 25, EREEAMOBEE Y Tid
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BEEEERD SN, D, 1ROFRHC OV THHREIECTHM LABT 20T, #5737V TLER
AERICA S LEHNC T HREERMOEELTRETH 2 548, HIMH» S COHEER LT THELET
X2 EEERENT S Z LR AIRETH 5,

Table 30. 7 7%V 15 BT 2 HAAEOMHSFEHER U Z O HHEH

Average and range of maximum grain-angles in fifteen larch stands

TERIARE D R

Maximum grain-angle(deg.)

i HERR

iz Age Number of FIIf BME O RAfE
Stand .. .
years trees Average  Minimum Maximum

1. IWATE-52 31 45 5.1 2.2 7.9
2., MORIOKA-48 27 45 4.1 2.3 8.8
3. KAWAI-230 25 90 4.0 1.9 6.3
4, KAWAI-286 23 90 4.3 1.9 7.4
5. KAWAI—Z% 25 86 4.1 1.9 6.7
6. SHIZUKUISHI-191 25 120 4.6 2.3 7.9
7. MORIOKA-143 31 105 4.5 2.6 7.8
8. MORIOKA-277 25 89 3.7 1.8 5.6
9. IWATE-25 26 90 4.5 2.5 8.2
10. TOKIWA 31 163 5.0 2.1 10.7
11. WADAYAWA-147 54 192 4.5 1.4 9.8
12, TOONO-95 23 120 4.2 2.4 6.7
13. TOONO-123 22 100 4.5 2.2 8.5
14, TOONO-255 25 90 4.2 2.1 8.2
15, TOONO-257 24 100 4.2 2.2 6.7

Lietd> T, REIARBEOMBED/NES »i 7 < VEKROBEEHEE L LT, BEHEORRBHERCED 2
BEORMGEALTLDOEL, BRKAEE5/100(=3.0)UT LT 20MELTH2 L E2 %, Bk
FoTRBAAE R ZNGAVARSEMICOVERT2 b0 bRONZDT, 20X 5 2k
Bl oo, FHABICOWLTIZ2.5,7100 (51.5) UTFET3 2 enphEBTH5,

nE, REAAELAERVUBOBE EOBEFICOWTR, BS5ETHLMI L LW, B4
BeLTHRI IENTELDT, TOERPHPOENEELZEY, ThsDdh o ERARES LD
HICHTT2HDERSILICL T, BENCEN-BEIME 282 0 TE 2,

F2H BREZHROHET

BIETTm U 7B R X - THREAIARBED AE O/ S WEkZEKL, 2ho 23 e L TRREBERL
TEECERARBEDOAE S CORE/NE L TR 5000, BEHEL -T2 EEOEELEII L5, KFT
i3, BEBRQAG) =1 X s xh2eke, EFMBKOPRLMET 2L L bic, ERLORMEEE®RL I,

R X B E (1) i, B 3EDTable 151251 2 FEEIARED AE /NS WEAD HIRES.6% 0 5
BEEEL 5% L, EFMOTHS %2 2EELER T2 2L LT =—2.068 K07, &
fRZ (s )&, Table 3BLUIRL 1M BOFHAE L BERAEOEERE» S, THZOLOFIEHERE s =
1065 0F s =1.23% i\ 7z, BEE (h2) 1d, 6 B T0.45~0. 99DEHHETE S L7z d3, 05 OE & o
HTOREMO.40~0.66°0 90 120 L s, 2 2 TiH0.4~0.7% TOMEEBE L TRV,

Table 321, ZHZHOBEERCHR UL BCERSEOHEMERLALbDTH S, HEMDOFHAE L
2.35TH 35, BWEFSLTEE, RKEMDOEREABOFHEFIML. 1 F0AS 0125k



W7y OHEEECHT 25% (S 1) — 07—

%, EOMREBEFAOVIABCNRT B ERETRT L —46%TH 5, MKAFICOLTHFEBKIZ, KA
ERATIRL.2T/AE S 20315 k3, ZOMBIF-28.7%TH b, ZD LI, #F <Y OREEARRIZ O
TIHERBERIC L > TRELBREBE /T T 5 2 M TE 3,
UL, AMOFIBIZBL CREFMOFENMMEIC 2 20 TR, ~ADRMH 5 »IZRM A ED
SNTHEIEET 20 L5 p o B2 B, RERIAREIC Db THERIH5,7100 (5 3°) BUTF TR ER
Table 31, # Z = V113 B T 5 BEEIARTO FRE QM TIIE & BHERE

Averages and standard deviations of spiral-grain angle in eleven larch stands

T A AR
®4 Mean grain-angle(deg.) Maximum grain-angle(deg.)
FE(E TRHEAR 22 FEfE IR

Stand Average SD Average SD
1. IWATE-52 2.75 1.10 5.07 1.32
2. MORIOKA-48 2.14 0.85 4.08 1.09
3. KAWAI-230 1.74 0.68 3.98 1.02
4, KAWAI-286 2.37 0.92 4.32 1.10
5. KAWAI-296 2.22 0.82 4.06 0.95
6, SHIZUKUISHI-191 2.68 0.93 4.58 1.20
7. MORIOKA-143 1.97 0.78 4.46 1.03
8. MORIOKA-277 1.76 0.67 3.73 0.82
9. IWATE-25 2.56 0.94 4.47 1.04
10, TOKIWA 2.63 1.24 4.98 1.39
11. WADAYAMA-147 2.55 1.33 4.45 1.43

Total 2,35 1.06 4.42 1.23

Table 32. £M#ELIC L 2 BLERE
Estimates of the genetic gain of spiral grain through
mass selection

B#BE  Genetic gain

i THAR SR Pl
Heritability Mean grain-angle Max. grain-angle
(h?) AG % AG %
0.4 —0.87 37.0 —1.01 22.9
0.5 —1.09 46.0 —1.27 28.7
0.6 —1.31 95.7 —1.52 34.4
0.7 -1.53 65.1 —1.77 40.0

Notes . Genetic gais (AG)=17 X § X k2,
Standardized selection differential in case of 5% of
selection intensity ¢ =2.06
Standard deviatdon of mean grais-angge in Table 31

s =—1.06
Standard deviation of maximum grain-angle in Table
31 §$=-1.23

HIENe T, FIAMESETT 5, Lis->T, OSSR THETEIRL, FE8 GERR) OHBE
EREEL R D,

Ly
1 ot

Table BBCiEﬁﬁ"QZI . : T — ¢ dt» s, FI5%IcEEn s 2FEKEERL 25
t=u'-h% = 2T
q

EORRIIBIALFLENOESE (Q 2ROV DTH S, BEEISDEEDRRICBIFA2HLHOE G
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27T% T 2, BELI.TO & %1342% L% 5,
IO, ~ROERBHKIC L > THREMOHBRE LK %D 530%FRICIA LS5 2 EEEDT,

Table 33. BEEELXRKBI2HENOHBES
Proportion of desirable trees qualifying for the selection criteria
in the following generation corresponding to the different her-

itability values; in case of 5% of selection intensity

Emgmﬁr HEMOHBREE (%)
(h?) Percent of desirable trees
0.4 21
0.5 27
0.6 34
0.7 42

BUREIREVEFETE 2, L, HOPIcds 2 BHEAOHEN0BREICL Y EDETL L, &
RahkERAL LTERIMTZ I LRELY, Lrdy, REKRKEORT 2B, SHET S Z & T4
THY, HRADREERTRRARER ZENTER Y, LEdoT, EEARBCOLTHRE SR HRE
HsERCHT 570103, RERARTEIRETHY, MOBETFRERT 541D 5,

BIHET fERIAB O FHFHE & PRk

BiEGEEED 2 E T, EREASOREHHORE S AWK E LMEL £ 2, ZOMBSEVIZ CFHE %2 RE
I EDBZEHTE, —EHHAORRBRIIRE A2,

B 7Y OHZB@BHENRE L TREAAB DLW TE: LLEERIM R 28K T 2581, RAAEL Y
BAEOHENBEEECHAL T3 b02RADPEE LI LE2HTR L, UL, BARETIIE
BEAEOTFHABEORECEVHEZMTIZ L0, ZOHBANTEE L WARANBIRIZ b 5 #KE RIE
L7ehHs, 3R ERMELRHT 5N TES,

AHITIX, BRARDEERH EXHR E U CHREBIARTE % 34l U 7o R LB ORISR S - S8 TFHl L 7o
BOMEME LR L, REAEOAED/ NS WEFREZESZ LCHNERETLE, BB THE
B 2B BECTMMNIUR TS I I L 2BRA L, 2O Ehs, EEHARENRE L TRB®EKY
R, HOERBEE»SHEEL LS LA o—rOERMEERE LI,

1. BEEIAZED FHARH

1) HEME R HIET %

FEMH L, B4 EDTable 1213 L 7)1 H—230, JliF—286, EH—191, BEM—143, K77, HF—25
D 6B TH D, {HSOYREAREK L Table 120HWAREEK & —BT 5, REIKREORE R, #HAAL?S
B LB S 10D R EHWT, FZEEC L > TFER I &7 7,

2) # R

EEDOEEHENRE LIBRAK L SERE TORKAR &£ OMBEREERD, FHEMcE b2 5H
BEEOZEL %, Fig. 31T L7, WTFhOMBT BV TS, FOEHE, & BN E L EOMHEBEBE R
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5B, 7L, BE—ITCRHEBRESEREREI TOLIPLRI ERT2/RE LY -V 2R LI ¥72,
EFE-BEBLTHEAEANR S NS, L1 L, MOKS TR 3~ 7T EHOM THERENABCE X >

1.0 s 1.0 R R
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- Y
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Bl o DERE  Growth-ring number from pith

Fig. 31, 2EHE2 MR L L REEABEORAAE L ML» o 8EH I TORKAE L
DAEBEMRE
Transition of correlation coefficients between the maximum grain-angle
through entire growth-rings and up to a certain growth-ring (n-th) from
the pith.
Twn3,

Fig. 3213, EMA BT 2BRAAEOFERIIHBBE L ZORBHEE 2R LD TH 5, FimilHHEEA
Eradr, BFE—191%2K MO 5HITRBL»S SEHHCE— I BB TS, L IHKM—277TT
W, 60% I A 3 ERMBICRRAE LT L, JHICHLFE—191TE, 3E&HE 4 FERrT T—
DOUMBRSNDH, BEVWFEHROLICEPRT, SHT2ERER L, BRAEORFEEE2A4 L, F
AL BLTHIERA TR L >TH Y, BF 25K VNFH—286 L ARE TH - 7o, HH—143, &
Fl—277 R 1132300 BTESE 1L 6 FowE T8OX%IWEL T3,

P ERHIBIC AR E TR E L THRL DO TH 25, REAKREO/NS WEETE, ZOERISS
R 22 ENTEENS, Fig. 333, 6 D00 o BRAKELS 3 UTOEKSELETHL, BAAE
DERFIHIEE L RREE2RLEZLDOTH S, Fig. 2L W& T 2 &, EEHFIHBMEE T3 R U8R
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#05 5 D &R Growth-ring number from pith

Fig. 32. ERIRKBOBRKAE 2R TEGDERFIHREE & RREE,
Frequency of trees showing the maximum grain-angle in a certain
growth-ring from the pith and the cumulative frequency.

BRUSS, RREE TR 4ERET%, 6FHMETIRIELTE D, BAAEDHEFES R LMK
D% HoTnd, FEEAREOBEFMIC B 28R, SBERE ARSI ERTAESKE RS
Bk %, EEAREOAEO/NS WEERE LTS 2380 TH 2, Table 3413, I ERIAIED A
SLUTTHAMEED S B, BAICZ>TH 3 UTOAELERT 2EKOREGEEEE L L THRLLLD
ThHd, BEEIMMIE>TRLY, 4EHT3A~TI%, 5FEHTU~83%, 6FHTH0~91%, 8FtH
T58~100%, L0E8TT8~100%TH -7, HMABEDRERRAAEORREROLL L —RHLTED, &
RAENRCHBT 285 Tik 6 EWT~NRDBEEE R RL 12, 6 KOO SHEHAARSIAZ TR E Lt
B, 4EHRTY%, 6EBHRTIIY, 8EMTIIN, WEHTEI%TH -1,

UEOREHERD S, RERKEORAABZ OV TREVSERESEEL, BEAEDOAED/NS LE
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Fig. 33.

B o=y OMBERICET 3L (Z5) — 11—

n =63
" 1 '\1/.\1 H - -] | el 1 i L J
4 8 12 16 20 24 28

it & DFERY  Growth-ring number from pith
FEBIAREDAED/NS WEKHICBY 2 EKAEOEHIHBEE « BEAE,
Frequency of trees showing the maximum grain-angle in a certain growth-
ring from the pith and the cumulative frequency in a tree group with slight

spiral grain.

ke B I T X 5 AJRRIE S R S Tz, FRMIO BRI RN 1T B HeK AR 0 SR 3 o B B

Table 34. KEEIAREED FHAFHE D FHE

Accuracy of early evaluation for spiral grain

BironBHERE TORNABOAESUTOREEERZhoxT 2 (A) 0HE
Percentage of (A) to the number of trees with grain angles of less than 3°
up to a certain growth ring (n-th) from the pith

5 FE
ﬁﬁ * g 4th 5th 6th 7th 8th 9th 10th
No. of No. of No. of No. of No. of No. of No. of No. of
Stand trees (4 trees % trees % trees % trees % trees % trees % trees %
IWATE-25 90 7 16 46.7 15 46.7 12 58.3 12 58.3 12 58.3 11 63.6 9 77.8

MORIOKA-143
MORIOKA-277
SHIZUKUISHI-191
KAWAI-230
KAWAI-286

105 6 11 54.5 9 66.7 7 85.7 6 100 6 100 6 100 6 100
89 19 24 79.2 23 82.6 21 90.5 21 90.5 21 90.5 21 90.5 21 90.5
120 11 32 34.4 25 44.0 22 50.0 20 55.0 16 68.8 15 73.3 14 78.6
90 16 22 68.2 20 75.0 18 83.3 18 83.3 18 83.3 18 83.3 18 83.3
90 10 16 62.5 16 62.5 15 66.7 15 66.7 14 71.4 13 76.9 11 90.9

Total

584 69 121 57.0 108 63.9 95 72.6 92 75.0 82 79.3 84 82.1 79 87.0

(A) . 2EH B CTREIAEOAESTLUT OE L,

Number of trees with grain angles of less than 3° through entire growth ring.

L, RUKS T 6 EHT0~0BDEVEE I 543, BOMSITIE 8 Fic i 5 T H60~T0% DREEIC
LXE3, IROOMSEE LD TEENICAS L, BLns 8 ERE TORAAZICL > T, FRE b/
R AEEHERT A EEEN0%OML S LS TRUET I LN TELITH S, 4B, RRAEETRLL
HEIDEPHRTLFRELT, ERTIEROERABOAERAEL, HRIERACH S bDEER &
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CE-THHEOREE 2 S oA L&D I ENTE D,
2. BEEIAKRIED RHERE

1) SRR R RE Tk

A AR, Table 3B/ RLIAEBHOLDOTHD, TR TN 2HRBEIFETH 72, 2D bRE/I
LELEF-ABREIETFESTATH 72, £/, EF—HERERIFRILREEEOH 7 < FEEHRE
BhosDbDTH 2 MERKIIET—HEEED, 700K, b 3 £ Z L Fh2,0004, 37,7008 THh -
720

Table 35, FHLERICHEL - HAREH

Seedlings used for early selection

(= N =

HAER HEERARL %ﬂlﬁl%}ﬁﬁ@. EEE% B

Seedling-population Number of ~Age of seedling in Selection year

R g-pOp seedlings  the first selection y
NAGANO-Kawakami 2000 2-3 1974-1976
IWATA -Morioka 2000 2-3 1974-1976
IWATE -Kuji 2000 2-3 1975-1977
IWATE -Seed orchard 1700 2-3 1977-1979

BIRMFEE, RE)IEEC DL TREEMAKREEBREXS (5, RBRETEES) <, 5F0 3%EH
oW TERILMARER—ES THEITL 2,

FEFIABEDOHEEIR, B 2EDFig. 2 WRLEFIHEKR L > T2,

BRAHEE L TR, $TREAEOAES I UTOLMEELBIEL THREZHEGL, FAERHEL 3 ~4
FHFEL T3 D EoAEERTEELIRREEL T &, AEO/NSOEEECINES €2 HEERETL
72o

2) #% R

3EAMAER I BT B ERAEOAEZ, Table 3610R Lk 51, BEF—N FEN6.4+2. 1" CHIDE
HE&D o o/hsl, BF-ABENTALI T TORREREER LI, B/MEROLThOEFHICEWTY

Table 36. #IELEKEFICH T2 {HEROERARDAE

Spiral-grain angle in each seedling-population in the first selection

TEEIKE D AE  Spiral-grain anble
wAREH

Seedling- lati Ty RAME RKE
cedimg-popuiation Average Minimum Maximum SD

NAGANO-Kawakami 6.4 1 16° 2.1
IWATE -Morioka 7.3 1 17 2.4
IWATE -Kuji 7.4 1 21 3.1
IWATE -Seed orchard 7.1 0 19 2.4

0~1°T#h -7, Fig. 4B EAEFIC BT 2 EEABROAEDOI LR LI bDTH D, HF—AEED
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Fig. 34, # 9 =v D 4 EHAREH I BT 3 fERIABE D f&EEOSEE

Frequency distribution of spiral-grain angles in four seedling-populations of larch.
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Fig. 35, &F—ERME D EHARIC B 28RO FEEIARE O A E OMEE S,

Frequency distribution of spiral-grain angle at the 1st, 2nd, and 3rd
selections in the seedlings from IWATE-Morioka.
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Fig. 36. EF—AREOEHARIC BT 2 EHIFO ERIAED fAE OSEE S,
Frequency distribution of spiral-grain angle at the 1st, 2nd, and 3rd
selections in the seedlings from IWATE-Kuji.
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Fig. 37. AF—HEREDOHE A B ) 2 BIKEFOERIARE DO BE O 546,
Frequency distribution of spiral-grain angle at the 1st, 2nd, and 3rd
selections in the seedlings from IWATE-Seed orchard.
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E— FHEO I 2K, EFAMCAEZEVERD SNAD 5T,

Fig. 35~37TWEF D 3EMIC B 1J 2 Bk &L BREOREBAARBOAEDIAERLIZ D TH 5, FEM
13 1 EHOBIR CFEHENT. 1~T.45 52.8~3.3TET L, RAMHS17T~2105 8 ~10ETF L7z, &
WIEMS AFETE SR I LT EBAEORYEZEEL TY, Ih5DEORNERETIIRERIERE
el ERLTVS, 2EEOREKR TR 0KV L OHBBEENETE XY, THEIZ2.8~2.91C7% o 7245,
DRI EKE A EBRsWEn o7,

Table 373 1~ 3EORRICB VT 3 UTOAE 2R L EERKE Zh s oftEAF T 281G (&
WE) 2RLELDOTHS, 1EHOERCE T 2FKEET.4% (6.2~8.3%) ThHbH, 2BEETIIL.7%
(3.3~5.1%), 3MEETIZ4.0% (2.7~4.8%) ThHol

Table 37. FEEIAREDEHEKER

Results of early selection for spiral grain

R #E  First 2@ Second 3@ Third
HARER BAE . i . : ——
AR Number EHERE EEE  mMEAN B  BEAN ERCE
. . No. of Selection No. of Selection No. of Selection
Seedling-population of selected  rate selected  rate selected rate
seedlings seedlings (%) seedlings (%) seedlings (%)
NAGANO-Kawakami 2000 169 8.45 96 4.80 78 3.90
IWATE -Morioka 2000 104 5.20 66 3.30 53 2.65
IWATE -Kuji 2000 166 8.30 102 5.10 56 4.75
IWATE -Seed orchard 1700 109 6.41 77 4.53 56 3.29
Total 7700 548 7.12 341 4.43 282 3.66

LHIOFE T, FETRE L RHTMORBE2E 2, BRI E 4 EERL TTV 6 F4A£ X THREY
ZZriclizA, 2EBE SEBEICBT 2 BEEOEN0.771% /&, BIKEFHFOAE O SHICZELS
Hond, Lhrd 3EE CEBIGBKEN 4 BHRIC R >0 2 Ens, SETERERT L, —REHithc
BUZBRAAE I LUTOMEED HBERIZI.2%TH 2555 (F 4EDTable 15), EIKLEH 4 %Rikiczn
X, EEABOAEO/NS CEEBEIZIZRELI: D EEZ NS, T, FETHL I LIz L D1,
FEOBRICR/NSOAETH> THILERTRE AR b DEE20%RREHERT 20T, FIHRRIEE
BECOLWTHRAUEEORY 280D FRELZTER S 2L,

3. RHIEREED 7 o - U HRE

1) HEM R CRIE T

RiIECHRA L R EF—BHE L EF - ABEOHAES » o BT L L EEAREBED AED/N S WEE, 0
FNUA LA, MEHATASRAELRLIEEIRE 3K, EF—XFEETPEEOAR 2R EK
1945, 2F1604< % BEFEK & U CHRALMARE S IFRE Bl L 7z, & T —KEEORKMBIEII1976EH I, &
F—REEOBREKZITTESICEML, BE» SHMEONERIT> THFR2RE S ®,

19784E 6 ATANC, Zho DAL & BEEWFHRLRML TEL L AT L, FRU O %1981
EETHEREZLTERLL,

19814EFk1z, Table 38iC/R L7507 o— > #HEL, BRI EFE U AR TREAREOAELHEL T2

v — UEETT 572,
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Table 38. FEHEKEARD 7 o —CRECH L7 o— v BRUS LAEGBE

Clones and trees (rooted cuttings) used for clone-test of early selected individuals

— IWATE-Morioka IWATE-Kuji Total
Group of selected sa—vH B ro-—rf @R o2 BEEK
indivduals No. of No. of No. of No. of No. of No. of
clones trees clones trees clones trees
EEARE (K) 3 27 — — 3 27
Heavy spiral-grain
TEEIARE () — — 5 25 5 25
Moderate spiral-grain
HEEAIE (/N 17 137 — —
Slight spiral-grain 42 261
TEEIARE (/) — — 25 124
Slight spiral-grain
Total 20 164 30 149 50 313
2) & R

RUREREE» SBM L4 EES LA 0 —2iZ2o0nT, 3EREZSLESONBEOREARED BE
%ZHIE L7z, Table 393 2 DFERTH 2,

AEDORE LEREED Y 0— RS 1~8.TO&HMICE T, 7o - HEYHEIES.3TH-7, Ih
5D7u—YETI, SUREBEMICETY, BRI D LASRAEL L DbORHR L1 27, £77,
AESFREORKEED 7 0 — Y BE5 2~T7.30&FICH D, 7 o— EEHHEIZ6.2ThH- o,

—77, AE 3 AT OBKRMEED 7 0 — VBT, EF—REEHSL.0~3.7, EF—XEEHL.0~5.00T
HY, THERO 7 0—YHTHHEE2.3L2.5Tho7, ZOMBEREbE4L27u—2D5 5, 3.1
DAEERLEDETZ0—>0HTHY, TOHEEAFETBICHE Rinot, Lird, 2004 70—
YiE3IUTTH -7,

Fig. 38i3, Table 39DZBHMAER 2 L1z, S LKA L L THEEABOAEDIMFER L LDOT
Hb. AEDRKE WEREREOIAIEL 6 ~11, FREEOBTII4~8", NIVHTIHO0~7"Thy, &
KARBRITHS It BA 2 5H% R LT,

Table 40i%, FEEIAEO AE /NS VEIREED 7 o — > Bodic, FHEHS 3 UTD 7 o— > R 3L
T@éL*@wﬁgmﬂﬁ®%é?§1nfwéméﬁbttb?%écQyn—ywﬁg%ym—yu$
BEM3UTTHY, ZOBEE83.3%TH o720 £, HIEL 7226180 & LAMEIEKD 5 5, 232455 3L
TThy, ZOHEIE88.9%TH -7z,

Fig. 3913, EREEROAE L 7 o— > OFEHAE L OBBRETRLIbDTH 2, EEAEDAED /SN
BEhEEELT 2 EPHNTH 10T, HAZ -V RAEDNIVLLDITR-> T2, WERIZIZE
I BRIz H D, HHBIRENL0.88TH o 72,

IR TREBERO TR 28 L 720, RHBERERO 7 o— Y 2RELLER, #3227 o— > 083%,
BUARBEDIIUHBER 2T LTEY, IOFEOEMENEMT SN, 8, RECHL S LAE
BIEHEELHLDOTHY, BRRABEERTHACOVTORMESRTHI0S, KE2BEV IR LLEE

25,
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Table 39. FHAZERA T — > OEEIARED HE

Spiral-grain angles in the clones of selected individuals

Clone

Selected individual

)

Range

Spiral grain (

No. of

Spiral grain

Av.

ramets

No.

Total

5~ 6
5~ 8
5~ 8
7~ 8
4~ 8
4~ 8

NM LM OO
L O O~ WO O

O o <t <t O D
™~

o0 O O3 0 XD

2~ 3
2~ 3
0~ 3
2~ 3
2~ 4
3~ 5
0~ 3
0~ 2
1~ 3
0~ 3
1~ 3
2~ 3
0~ 4
1~ 4
0~ 3
1~ 3
0~ 5

IO I DO MOMN M
221233112122212222

o =<¢

137

N rEHMAMMAMNMNNMMMmMONNM

0~ 4
0~ 3
1~ 4
3~ 4
1~ 3
2~ 3
0~ 2
3~ 4
0~ 3
3~ 7
0~ 3
2~ 4
1~ 3
1~ 3
0~ 3
3~ 5
2~ 3
2~ 3
0~ 5
0~ 3
1~ 3
2~ 3
3~ 4
2~ 3
1~ 2
0~ 7

SO MMMOOMMOONHHFNOOD-C0LOLLDWMOM LD
N ANMOANNAMNMAIDAMANNAMNMANNNNNMAN N

MNWMME F TN FIIIOD N0 M O WOoo LD M < N <
o
i

MO DMMOMMMMOAMMOHOANNNNNMNMDNNNDS M
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Btk L B4EE  Frequency of trees
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TERAED HE Spiral-gram angle
Fig. 38, ;&K 7 o— VBT B 1T 2 IEEAKHE O A E O K 5,
Frequency distribution of spiral-grain angles in the four groups of

clones of early selected trees.

Table 40, ERIAEDAEO/NSWREBEEARD 7 o — v BIcE 2N 2 HEE
7 a—rRUS UKREEROEE

Proportion of desirable clones and trees (rooted cnttings) qualifying under

selection criteria* in the clones of early selected individuals with slight

spiral-grain angles

BE7O— i WEEiuky HEE Desiable type*

ERE
- . Tested Tested  No. of No. of
Original population clones trees clgﬁgs 9% t;)ée(s) 9%
IWATE-Morioka 17 134 16 94.1 124 90.5
IWATE-Kuji 25 124 19 76.0 108 87.1
Total 42 261 35 83.3 232 88.9

*l 7 o= FHERMEEDOREEAEDHENIUTD b D,

Clone or trees with slight spiral-grain angles of less than 3°.
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Fig. 39. BHLEKEEOREEABE L Zh oD & LAY o— v OREERARE & OBEE,
Relationship between spiral-grain angles of early selected individuals

and their clones propagated by cuttings.

B F #

H 7Y DO—REMMIC BT SEERBORFHNERIKNE, EMEOBREMAKCED 25E (M
HEAERNS, 10000 F) RUBSERBEN OFEFEE BHEEM410UT) HEGT 2M 20280 TE
ET 2842 2BEESEET 5, L L LREERAMO515RM -t TER S h 5 H¥E REER2,100
KT) 283 @EEBFEON I YM» SBUOHT I LRAARTH S, IhdDMIZKEM» S DE
HREBECEEE S, Lo T, BFOV 7=V EH» SREKRBE DLW TEE LOEERM 2BIKT 2
HEr Uik, BEABHBRBORSICHENST 2 b0 L LTRKAEHS/100 (=37 UT, &5 CFEREN
e b TAEINNS 2 5 EERERROICEHAFEH2.5/7100 (51.5) LT208584TH 5,

COBEEEZAOTHITYVO—REMBTRIREZET LI LT DL, MK L 2EOIZH S P TIICIZ
5.6%DFEREE L2, COMBEBEERE» SHE SN BRELAIECHES N EBORBEEERAWT
EMERIC & S BEESERHEE LR T, EEREEL 5 % TREFEL.50O%E, BEROFiE
TSRV HAET—46%, RRKAET-29%THo/z, TNODORIEFHER, ERPESTHESNT
WARIDBEEIHIEKREVDBDOTHS, &7z, AUERETRARCB I 2BRBOLRESEMET S &
1% %, ZOBECBVTYH, BEMTRE%OHRLRTH 295, BENCRIAELESETH 2,

LL, AMOFHE2EZ 2 L LEOBCESETCRMETE 2NBTREE SRV, KMOFIAICH:z-
Tid, GBIGC —EDHEEEN —A T L ORM E L BEMRKICERSNZOT, EHESEOL LV ZED
bOWWRREZEERDS L, ZOHr5R[FEORVEM « BHFE 2O HEETE I » 2B L % 5,
EEERIC L > TRAREFR L 2HE ORFHOERBIINUFBRCE 5 L FHINZDOT, ZONE
OEMMETIER KV 2RV EEZ B,

EEMOHBHEESEVERLER T2 FRE L TR, NRPESEENCEELZ O THRE, FEK
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BEEROBEFULZOE INATI2O0NROBIRANTH2, LrL, »77VESLARTHEIRZDIZE
BREANEC R ITNEE S RWDT, Z0kDITIXmER Cem AR+ 53Ul L BEE 252 LE21H
5, REOFERTE, » 7Y OREKREOERAZIZEHEMBEZRL (r =0.80~0.85), %< DS
DELOBEETRBL2S 2~4 BEOFRIIBRKAESEPL THA, 20RBEEI4EHET
60~80% 1T 2, EFEBEIIOVEL 2508, SEAERRE LT HREARED ARED /NS WLEKDEEK
DHEETH B,

REEROLEE L TR, BARELBYRAOBRERNRE LT, ARAEROEEARE 2SI HEEICE>T
HEL, 3~4FRVELBEKET-> T, BENOREAREE b OERBCNEEC208EMTHL, &
BOFBRTIR, IFEEEETHREMRE LTI UTOAE 2 b OEEEZBK L L 2 0FEEFRIR, 1EET
5.2~8.3%, 2EHET3.3~5.1%, 3MEET2.7~4.7%Th o7z, 2EHE IEEDENIZ0.7% ENE L,
3EDMED R UBRTHNOBEEREICIZIZNSE S €3 Z EMNABETH S, hoOBEKMEEE X LARTHE
L7 o= RERT >R TE, FHESEREED S LUTTH L7 0 —onEeEkos3%t i, S LK
ER2HEME LTR2 &3 UTOAER b DEEIISI% TH 272, £z, HOAUDAEDK « i« /MK
DLUTERKLZ V=7 DR UKEGHE TR, REABEOBEOSHBHES PICELY, ZORKICLS
RHER OBFIMEHNEM T & iz,

PlEod & 5z, BERAREC DL COREEME B & U CER LRI ORARZERICEH T 5720123,
ELARo—vOEREEEZZLEND S, DI, EREREEOEE R & 7213 RO EE
DEERMERRE L T LROFHBIEZIT->T, ZRASEFEAL LTHAT208MBHTH 2, » 7
TYDE LABERMICOVTIRERS S OMEIRENATVIH, 2ROV TIRKRETRET 2,
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BE A7~V DE LABEMERMICE Y 5 ET

bHETIE, 190FEOHERBRIMERERTH IV DS LA AEORN 2ED2 Z LSHLAD S
NTLE, 57V LARCHETIMESED SN TER, 517, FLRREEBEOLKEWIZE b
BTORECMARBEMEICBT 27 u— U HERMORE LDV E-T, S LKOMERRSHERS N
T&7, LL, ZASDOMEREBEESHUAMKPERETC L > TRERD, 2RFRELZOL0 b REE
Mokl EMs, EHABTHHEREINS L EHIXSLAHEEOERMEEL, %y EAMTE 25
WETHRBERTHRELCE> T3,

ARETIE, FEEAEOEPEEEFROEAELEZENELT, #7°VDSLKCHET 2 N TOMFERRE
ZEEL, MORLERETV, IS5 XRHEEREAZREARL LTHIT, 2hs0SFEHRROPFKE
BE&LT53 LAEMEELRE L7,

LI HI=VOILARCHET 3 IhE TOMEREOEY

ATV DS LAHBICET 28HE & LTI, EAOPIUIECERERR THEHRBTETL LERE
FHOCREERLZ LTS, BECTHEKRZ D ZOERE E LY, BIEER£0.02%DIAATIE
LESLLBEORBRIZN%THD, 889 HICIELHDYFEMER%0.005~0.02%DIAA THHE
LEEL LB EORRERAO~60%TH o/ 2 L2 BE L AP 4EEN SV oL, 4 AL
BAILZ L —2NTHELLEBE L BHE L LLEBE BT 2IAAQNER, WMENLE L L TOmE -
NTbhy B I UBOMBERIT L, ZORBR, ARSI LLOMN8ED D LD b HOLEEE
RL, 4 BXLDIAA—0.04% — 24hrsLE O FRTBIIFIT0% TH - 72, FBLEOHRIZTD >N T, £
I UBd I L AMIEIE B 7, 8 B &L TIRIAA0.02~0.04%, NAAO. Q2% MBS HRHTH o7z 35
2, AZRYOIULRTREAERIFICT 2 2EBEEGIRST 2 FEORA L @RUSLETHE L L, H
FOORIBEOKREZ LS LAABREZETL, BRI ~6 EE T THEYTH S 2 L, S LMHIEHRE
OFHBELD LBOFIRELRES 2 &, ES L CRERESELFHSHE D 2 BERICHEL - b DR <,
B L TRMEEEDPCHEMVMLERZT>CHroHET208BL I L 28E L, BLLLYEHRREE
IAA 2 THEW T 3 ~ 6 BSREILIE L 72 5541388~98%, NAA 4 FF{EW T 3 ~ 6 RERIALIE L 7454 1286~100%
DFRETH 12,

Z Dk, HRSSNII0FEE L2FEEDRM» S, BEELICB T 2RHRIRIBGE N 2HET 2L L d
2, 10FEAEBRRIC DL THRBEER O LR, RELEROES LB T 2RARIFIRE N 2FEL 72,
Z DR, BREAOFER L S LEOFERIGVIZ ERIRFEIEL, B L CRHEN»ERThY, EX
LCRMEEROBBIEIRIE - RBEE L bE L3208 AUBTERBLRV I LE 2T eIl LTz,
$7:, BELTRYODEO LABRBL O FRLES L TRANVAELSRIRT 2005, 51T, 8
EBOTLEAROERMSE L EROER BT NIE2TBORRENE SN S L 2R L 72, PIFOE 2 F
AEAROER L HIREELLL, HESTOEAMIREREZET 2HOMEL2 S LAT208RL, &L
fTEBROEKRIIES RN ERRE L HEYNE, 4 EEHAREAVTTH 2 0 R LLEETTV,
7H2 8 HUCIREEL & LI TR E & BIREEFOFR 2 HAE L, & LTI 530~40 Aflic R ER K H 23
OB ESC &8 LABBIIAR L 20, ATV BEIIAREIC IR IE S 2 BEEN S < 2 2 R 2B 1,
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Table 41, % 7 =Y D& LAROFIRICET 2 M OE &
List of previous reports on rooting of larch cuttings

sLIUEE RBE sum & LK FARME  FAK s
Insertion  Age of Cutti . Rof,’t“‘g
season ortet uttings Propagation bed Treatment (%) Author
(Spring) 1 Lateral shoot, Flower pot, Sandy loam NAA 38 ASADA and others
late March 15-20cm long 1959
~ 2 n , Nursery bed non 18 YANAGIHARA
late April 15cm long 1952
/I Terminal shoot, N non 8 N
15¢m long
) Lateral shoot, Flower pot, Sandy loam NAA 19 ASADA and
15-20cm long others 1959
U U , Green house, Heated bed non 57 UCHIHORI 1964
?cm long (18°-22°C)
4 7 R Heated bed (+20°) in a netted non 18-79 ASADA and others
10 long house, Kanuma-soil. 1977
3 n R Nursery bed IAA 10 UEDA For. Office
?cm long 1942
4 ? Green houne, Flower pot 1AA 70 ISHII and others
1934
6 5cm long Flower pot, Red soil non 93 ISHIKAWA 1968
7 ? Green house, Kanuma soil NAA 55 YAMATE 1961
10 ? Nursery bed NAA 25 YANAGISAWA
and others 1958
25 ? ? NAA 15 Vi
33 5cm long Flower pot, Red soil non 30 ISHIKAWA 1962
35 Vi n , Vi non 10 Vi
Y Y Vi , Y IAA 80 7
43 ? Green hause, Kanuma soil NAA 20 YAMATE 1961
(Summer) 0 Softwood ? non 13-55 ASADA and others
late June 1959
~ 1 n ? non 18-29 n
early Sept.
2 n Green house, Misotsuchi ,a Kind  non 73 ASADA and others
of sub-soil 1955
3 Adventitious Outdoor, Subsoil and sand non 50-53 MOMOSE 1960
Softwood, 10cm
long
7 Softwood, 3cm  Flower pot, Red soil long non 83 ISHIKAWA 1968
long
4  Pinched soft- Nursery bed NAA 16-58 SHIOTA 1953
wood, ? cm long
5 Softwood, 3cm  Flower pot, Red soil non 32 ISHIKAWA 1968
long
7 Softwood, 9cm v , Vi non 0 N
long
5-6? Pinched soft- Nursery bed NAA 86-100 INOSE 1953
wood, ? cm long
7  Softwood, 3cm  Outdoor, Subsoil NAA 17-53 ARAI 1967
long
Vi Y Vi » 1AA 0-33 7
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BHIZIMIEREE» SN T VOS LARET 2HFRCEFL, REFET CRBICH A D AB L Bk L,
B o ERFEIFEE L LB ICH L ORBEME L 12, TONEE, FRROERKE & LEOEERLURE
RR L OBRS, WEEE - & LT ERRD, RREOY, H VAR OREED Y, REAROFEH & 1IEHO
Rhizocutonia sp.,Fusarium sp X ¥ 2 FIEMEY, FIROHS L BHAES L OB 225D TH S,
HREAOEBICOVTIE, SEAUECEL LS LRERNSELRRAEDRL, 1~ 2EEPRETHS
Llt, &1, AVABALSLHLFERT L h s, KIRPCEHEL TAVADOBRE{RES ¥, &L
2 FEOAREMERIERH L, S UATEIICOWTIE, FXREHEO3ATA2ERHE LY, AKSD
SEORBER O CREAENTHEAL 4 A THTE D BOEREEZEB TV 2,

O, W3 SEEEHALAV T BTACHE LTERRRESE, 205 % 8 ARAICHIKICE L
FFI53% DFARFE 2Bz, IWFL 7T EE L B3FEAME» S IR LACHEEL CSPEREL, SATAHR
NAAMFEL T 7 ANOBERB L a LT, 7TEEBRRTS%, B3FELEOBEART0RORMELEB I, HiR
iz, HOBEA» DL ORI%PYIO OB THY, EHROBEA»SD b DIFKEINANVATH S
TEERBELL, NESOE 2 EAEAROME 3 ATAI~4 A LA AT ARD18~22°CI MR L 72 8 LK
Rizx LA, 3ATAS LT T60%, 4 EaTIT%ORIRE LG, A, HESEVIZEHRC
B4 3 Va0 oGRS S (55 2k, FIRBE £ CORBIRE 3B Bk < TS0CRIR TH B Z &
RRETRL 720 FEHD 9 921964480 5 1966 I 0T CRALES L ORRD S, WEADERNH 25 L&
LEORBENPMET LS LFUEENEDL S Z L 2R L, T4bb, 2~3FBEFHR»oREL S
GO LFHEEIZ6 BT A»S 8 HPAE TOWENH 523, S5FEMUEICE S & YFRICAFEBRT 5
ERTAEIATH - 720

FI s su s 2 UKFARO N REERT L, P 7Y TREHECBUZAIFEERKOS LAY, Bics
J3LUEMEEOS LFIRTI A LAOLERD S LM ROEEERT I L2 RE L, /2, &L
FOESMEL B2 ERMENWET T2 206, & LEOKNE & FIRAEH 28#-0 0 72,

UEROHRERC BT 2277703 LRCHET 2 EAWMREROENTH 2D, IhoOfREESLD
BELES LOBEICKSL, 2RENCET 3 RO FHAIFREE L BH L 0o Table 41TH 2,
ZoEMOHEE LS, BHIZLZESDEMNFERCRE L, BELLEE L TRATHEAR LA ® 52
CHREDBBOEENSD, 510, BX L THERSEREEN L T 2R 199169 L BB HEA T 4 H
TH»S 5 A LAEEHE § 5B 9@ 0 ahind, FEAOFEERIE VT E S LEORREN &
{25 ZEiE, ZLOBET -RWIEDOSNIHRTH S £ T 2 BERRPERHI 2, IbELEDFFERT
BOUDFRMELBILEREFONH 5, EELICBIT LS LTE, MRERSEFIELIERER %
Bt T 2 A R & B (00 52 1693 K A o 23, & LEEORBVES L OBARTIE—BL 1,

D&, HROHTZYDILRCETZ2WRBEREEEL Tad L, B, BALS LEORAK
V& UMM & - TRIRBESBIIC B2 0, & UMMM 2 A T 213 % e+~ 2 R#E
%,

33

B HIVOIULAREHFICET 28

T

HTeVOE LKRBHEL TRE-E-KOIEHENH L4, 773 YOEEMIT -BICEIMTHY,
BEXLTHHENLS LRKOFERICET 2R LY ERLTBS T, S LKKREZIMBT 3RS LETH 5191959,
BE & 723 9KO X UK TREFEISONEB I TICEES L0 99 FX 1L, X LEOKNE L #HIR
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LOBMEOD SHEH L E 2 o n 208, BIRAMOMESS VO LS LT BROFESEL WY, S50, HE
IS UAREREET 272180 % L EOFIRER LB E 3248, BIEORRE TIR10~30%E DHln% <,
HITTYDELKREEED T DICRFREOKRBALIFREL S, 207010}, SLE- SLAK: &
LATUEAR DL TR VEZ LLWRERZEEGE 2 L BLETH LY, BEOER» > —EQEAE O,
ZEBREETH 7D T, ROBEEITo T2,
1. 2 LEORERFARGES

1) BT

HAMABEERBHICER I N TR MEED T VFER 7 o— > (B — 2, AF—11)»5, 1974
iz Table 4213 R L 72 & LFER L 72, S LBEOE S EHOERH» S Sank 10emd 2 FEfE L L,
IBA 1 BRI THIRME S L TENAE SA PN ARNZE LT . 8 LTI AR, iy o—> & & 1858
HID2ARX 2FEHX 2 8 LARKR=80AK & L7z,

Table 42, #RFEHEHH, S LITUE, HEEROREBR ERAS D & LITUAK

Collecting and inserting date of cuttings, phenolgical condition of ortets and

number of inserted cuttings per ortet

g HHADIRE S LB REE - Number of cuttings
Collecting and Phenological condition Kind of 2 LAUK per ortet ¢

inserting date of Propagation bed

cuttings of ortet cutting Outdoors Green house
Apr. 20 HERITH 5.0 R EAY ] BiEt . 40 —
: Before flushing Hardwood cutting Kanuma-soil
May. 13 FZELLSHRPHT TR, i ) 40 40
: Flushed.
] 1 FrEH IemfEE iUz, n ” 40 40
ur. With new shoots, 3cm long
» o 10cm 7 TS ) 40 40
Jun. 20 With new shoots, 10cm long. Softwood cutting
” o 15em 7 7 40 40
Jul. 9 With new shoots, 15cm long.
7 30cm Vi Vi 40 40
Aug. 19 With new shoots, 30cm long.
Sep. 25 F&OMTIZEE D REL T, 4 ) 40 40

With lignified shoots.

BAOS LA & LKRKIZE 1 mXKES20mX & &30mD AR EB - £2255mDBE S I AN LD TH
%, LM 5emX10cme L, FEEDL/3% 8 LT 7, #AZ S LATERICIT-> 208, £0LIEIR
Togrol, ERFLEDODI VA THER{T>1:. RRF\EH LA LT 72,

SAMYARDEILA: SLKKIZAKYID A TICE— P ER R AN LD THD, KE+HcE52TH
5, 4demX 6 mDOMERTHRREDL/3% & LTI, BHEEKEIXS A La» 5 9HF LA E Tix36.7om/H, 9
A EAr o108 Fa E Ti310. Ton/ B CHBHIL 72, %8, DEAKO S AT K & KO BAEX %13 5
N TERDPOT, RIRFARIUA AT %2,

72, 6 1 B 3EARETREED» & UEMREEHERL, IBA 1 WHFITHRARLES L b0 E %
LEVLDENZRLORT DR LA MY AR E LITH 7, 8512, BE—1125 6 H20 IR iR
HL, IBA 1 %$FINE & FABICO T T, ZRTHRERT D% IR MNAT AR S LT 2, WTFh oS
b, ELBORIFW0mTHY, SLAKRBE—-FEATH>72,

2) WR
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Fa LT BT 2R S LEOEFERURERRE, Table 430 BY Tho72, BEAXLT
FREENEZ Lo 2B, WITNORREBL T LEBRIIES L o7, FIRULEEIT> /235
i, BESmO bOTIF6 B1HE LITUDOBEA—11220%, 6 208 3 L{TJ OB —223 5 % DRRE
xL, FR10m®D b DTIFHEA—1124 A208 £ 5 H13H S LA ORIFEKTI0~15%, 6 A1H3L
T O HERTI%, BiE—20 8 H19H & LT O UERK T20%OFEMEL /R L1z, & LEOEEER, &
CELfFF bRy, LEENRVEESWEAZRLI,
Table 43. & U{TUEHA & & LEOETFER URRE

Survival and rooting percentages of cuttings collected in different growing stages

3 B = L S LT TR EF R R U FAR R
g =53] WK ©po | Survival and rooting percentage of cuttings differest times
<2 # B Q5.5 | A
S5 HE | ®YE| Ortet | 4/20 5/13 6/1 6/20 7/9 8/19 9/25
S %iﬁ 580
= (e ) S R S R S R S R S R S R S R
M- 2 0 0 0 0 20 0 45 5 35 0 95 0 95 0
5cm S-11 10 0 5 0 20 20 25 0 50 0 95 0 100 0
Av. 5 0 3 0 20 10 3% 3 43 0 95 0 98 0
IBA 1%
» | powder
S M- 0 0 0 0 0 0 35 0 20 0 90 20 100 0
- ’é 10cm S-11 3% 15 10 10 30 15 3% 0 55 0 100 0 100 0
&i 2 Av. 18 8 5 5 15 8 35 0 38 0 95 10 100 0
e M- 2 0 0 5 0 10 0 25 0 15 0 55 0 100 0
i E 5cm S-11 10 0 15 0 60 0 10 0 15 0 80 0 100 0
:2 Av. 5 0 10 0 3B 0 18 0 15 0 68 0 100 0
Control
M- 2 0 0 15 0 15 0 3B 0 5 0 100 0 100 0
10cm S-11 0 0 25 0 25 0 20 0 0 0 95 0 100 0
Av. 0 0 20 0 20 0 27 0 3 0 98 0 100 0
° M- 2 - - 100 5 100 0 95 0 100 40 35 15 100 0
4 ‘é’ Scm S-11 - = 100 0 100 5 100 0 100 85 100 5 100 0
g\lj-ﬁ Av. - — 100 3 100 3 98 0 100 63 63 10 100 0
@5 | IBA1%
© | powder
_% 5 M- 2 - — 100 15 100 0 95 10 85 10 65 30 95 0
X . 10cm S-11 - — 90 60 100 0 100 20 95 15 80 20 100 0
? 'é Av. - - 95 38 100 0 98 15 90 13 73 25 98 0
pra &5
/K/ E IBA 1% | 10cm | 3-year old seedling 80 75
é‘ Control 10cm n 65 65
IBA 196 | 10cm | S-11 adventitious shoot 100 80
Control 10cm | S-11 Vi 100 10
S I EEE Survival percenlage, R ! ¥#R¥  Rooting percentage.

M- 2 B 2 Morioka-2, plus-tree clone.
S-11: /A-11 Shiroishi-11, plus-tree clone.

IAMNTAROE - P EALSLAFPBEE, BR5mD 78 9HE LT O b D2FE63%DFIR
KERL72, BWEOmTIE6H 1R L9 HBARRE13~BBOREBRTH >z, & LEOEERE, 87
VEDO S LG TEFEROELZ R, fiO»FROBIIZE T FHIN~100%TH - 12,

g/, TAMATARZE LT SEERERARO LFERIT, RIPLELTo2bDTH%, ELAET
65% DFEMMEE R L1z, WEEDER7 o—-rHE—1OREER % 6 B20H 2 & LT 25613, FiRieE
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WA LTz b D2380%, BB %DFARETH -7,

Table 44i3, B L S R MY AWNDARFRE LA Z 2 3EKEEZR LD TH S, [BIEF
FEXTHo T, BEXRBRIEEEBAEND L, 5 BOFHEERIST IR THREWBEHSLDTH 72,
CDZEMBEAILIEBI2S LBOEFRCRELbOEEZLSND,

Table 44. RARBIFERRRE &K « BkE

Mean temperature and precipitation per month from April to September

SULARR | BERUEK - BAE

Propagation | Temperature and Apr. May. Jun. Jul. Aug. Sep.
place precipitation
ik

: . 11.4 16.5 19.1 20.9 24.6 18.6
Air temp. ( °)
B4+ S LARKRDIRE
Outdoors | Propagation
medium temp. ( ° )

5cm 8.4 12.2 16.7 19.5 22.6 18.2
10cm 8.7 11.9 16.8 19.5 22.7 18.9
kg

e 94.9 50.2 181.3 241.5 228.6  102.4
precipitation (mm)

IR MY ARNORE

Temp. in green — — 18.5 20.2 23.4 18.7
house ( ° )
S LARKRDBRE
A s
b Propagation medium — — 17.4 19.5 22.3 16.7

Green house temp. 5em, ( © )

BUKE 36.7mm/day from early May to early September.
Watering (mm) 10.7mm/day from early September to early October.

FEAR(EEALIRIL, IBA 1 %% 2 3 LD 1~ 2emiz D3 2 BFE 2 T A L oo, 3R 0 HEE 1050
BDHNTz, L, FHHEANECESR, B TLHORREELRL I,

DEDHER»S, ELRROKSEBRLEEILOS LHTEHRIC DL TIIRET TR ERMNDH 543, Ef
OO DO ER o— > (UEE)TH->TH, TOMFEEFIAL, IBARRBELEXITZE, +OFR
XEDLATRETHD I L RRERL T,

2. EELICBIT S S LAROESE & FHIR L OBR

1) RERAE

HALMATESABMICER S LT S EAEEME» S, 19754 6 A13HIC s LAERERL T, 3R
FAY ANDOEEL, E— bR, IO 3IBEOS LARICE LITH 7, & LEE#HZRO KRS 5amd
MarE L, £3LAKEIC20AKX 3 RE=6048% & LTIz, FREELEZTh L o7, BHFEKITAE
DRBFEICHEL T o T, FARFAERFAFILA20H T 72

2) KR

179y &2 DS LITEEEN D Ro-720T, SREZADEEE, RRERVERE LAY
D% % Table 45127 L7z, BEL L INBO & LARKTIR100%DEFEREZR LD, E— F EATIHS0%T
Hotr, FIRFIEBLH65%, E—bERH2D%, NIWB5%THD, & LKRKIZE > THRIRLEOHE
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BoNT, T, RMEORKGEERL, ¥—bER, JIWOHETH -7, RFEBOS LEIE, & LAKD
MEWCBERZ L, TRNTANVADBEREN TV,

Table 45, & UARKRIC & 2 FEREAEDE W
Differences of rooting among propagation media

S LA EHFE FIRE  FEREL1ED D OTERHK

Propagation Survival Rooted Number of adventitious
medium (%) (%) roots per rooted cutting
7

EEE 65.0 4.7

Kanuma soil

E— Mt R

Peat moss 80 25.0 2.4

N

Sand 100 5.0 1.0

EROER»S, TAMVATESLEETTI2BADOSLARKEL TR, BRIEL TV LD

S>N7ze
3. BEXL BT B S LTI EHORE

1) A&

4 FEREMERUAD»S 6 A13H, 7THIAKRU S B12EICHREL 2, & LA, REFHE bHROEE
5 5emDEE L L, IBA1BKHEI TRIMEELES L b0 LSOO 288 Lz, 1{Efd b7 H DR
Bo3dapoiz0T, 14 E»S5D8 LERZREEL THV,

HEHIE b, EHACENOREBELL SA AT AROEB LIS LT, & LA 1E#1
WHEHzD20AR L L, 2EREL 7z, BATIE S X10mBEBTREDL/3% 3 LT, BELPE2BEORE
KefTolze SULMTER» SHBKETHRE TIVAEZAVTHE.RT 7 I A MY AT 4 X 6cmfl
RTHERDL/3% 3 LT 7, BEEAKIATZHOREBE A KICEL TIT> 12,

2) FER

& LT EHABI AT R R UFARE, Table 460 L BD Tholz, ZORBRTREVLELERL SHBL
Teds, L OREREFU S, B S LT EEOETERRURRER, A MY AOBEL bEs-
120

Table 46, EX LICH T3 & LTI IFHABI AR KR OUFIRE
Survival and rooting percentages of summer cuttings at differest times

= UAH FEAME E ALTE S LT EFEE  Inserting date

Propagation IBA 6/13 7/15 8/2
bed treatment S R S R s R

0,
Kanuma soil IBA 1% powder 35 30 40 40 55 30
outdoors Control 0 0 202 25 5
. IBA 1% powder 100 85 90 90 95 50
Kanuma soil

in green house Control 00 70 95 45 90 5

S:4&%FE Survival percentage, R . F1E¥* Rooting percentage.
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FEREELEORIEF RO b l, FRUEL L-BESORBORMRER, BT 7 AIBAD
40%, TAMNTATH TABHDIN%S TH->r, BAEOSEBORMERIE, BA TR 7HISAD20%,
2+ AT AT 6 BISHDT0% TH - 720

B S LT U B8 0RIRREIR, BUETRARNS{, RREELEDLDTIZ6 A LHTNE
CHRSFEELTED, TALSAS LA TREABESEL -2, —H, I A AT RARZS LTRSS,
8 Bz & LTI BB OMMRL R D& > 7o s, B ERRELTBY, BAOHE LKL TRE
BEM o7,

FHBERD S, 17 7VOILARCBL TEIBEELESLERETHD, ESLICBT 2 8HHE
A TR TERETHS Z LRI D ShIZ,

BIE BRI T ULABEAROMFREMAOTE=— v b A VNOMEIZS LITT
2 Hi5%e & UAKHRE

ATTVDELAREEERZ LD RV DOITE4D, A MTRAZERAROE=—1 - b2V TR
BL, 3LARKOADMRELEZ: TEBEL2HICEZES L 284, FREE2E,

1977TF LI, # 7<=V ImAsBEEECHEL CTRFER2HESY, ZhooMFEEAVTEZD
HHECE2HEELEEITL, ERICE 2FEREEOLS), A X 2 RIBEEHDE Y, FRADFEHEM
EFARENOBETE LML 72,

1. #HEMHR U

1) 19775 & L4132

1976£E &I 4 HRE b FAERAHBELRIMATESFBEICEMHL, FEERELTER L, 20
H & FEEE O % I3ME G R, 19774 6 A28 & 7 A14H IS HEME L R 2 EL 72, & LRI
PR D Setiidr & ZIH % B < #910emEF 5> & L, IBA 1 %A & 2 FAREELE 217> T, BIH, &%
LizE=— b Y RAVHOMIICE LTI, &/, HEROLHIZ, SR MY AROEELICH S LA
F7z,

& UAHTARSIE, SRR E QEERARIS URKANC 3 RER 8, 1 REKIOKRE Lz, & LF3HBERSK
IX3BERBEAR X 2BHIX 2 8 LARRRX 3 RIE X104 =3,960K TH - 72,

S LM ROEEE, BHOE=—L - FrALTE, SLMTERCHIEAKL THSEHL AEL
B THE- /2, FOBRRB—YIFRMA o7, I A MNTRATIR 9 AKX E T 8 ~108%i2 3055 T2085,
10~158¢ 13 1553 fifR T208), 15~178Fi 3053 fEIRR T20M DBBE K E2 1T 720

HAOEE D ZRBED 4 Bi2fTv, BRE L TERORERK 2 H~T

2) 1978 & LT

1976 EMMOEA (2 2FTU» o 7TERIER) 33K L I7TEEHEOHFER (% 21305 6 EREHHK
B) 56740 5 Z NZNIWAR L 1680KD & LRERML, RiBICDOWTI 7 A12H, BFic>wTiz 7 A48
KEHHEOE=— « b AMCE LTI, ILMTHE, ERERUARZIIVTED S LITTICHEL T,

3) 197940 & LA

19764E EMHDIRBEARIIA L 197TEERMORIEARCAA 1 5, LIRS 72020532, 5194040 = LK
EREL, 7THBCEEOE=—L - by AN S LFT, 3 LMTHE, SRRCATIZIIVVED S
LT iz#e L7,
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Table 47. EX LDOFREE
Rooting percentage of summer cuttings

2 A b2N7 X Green house*

E=— + b2\ Tunnel with vinyl sheet**

225U
Ortet June July June July
No. I 1 1IAv. I I IIAv. I II IIAv. I 1II 1IAv.
15 50 60 60 57 100 60 60 73 90 80 70 80 100 100 90 97
61 20 20 50 30 80 100 60 80 90 90 50 77 60 40 30 43
63 10 0 40 17 70 40 40 50 50 70 50 57 20 60 30 37
73 40 0 30 23 10 40 70 40 100 90 100 97 90 100 100 97
74 50 50 40 47 50 80 90 73 90 90 80 87 90 100 90 93
112 10 10 10 10 20 90 10 40 50 80 50 60 80 100 90 90
122 60 50 80 63 70 80 20 57 90 80 80 83 100 100 100 100
258 40 30 50 40 80 70 50 67 9 80 60 77 90 100 100 97
353 60 30 30 40 80 60 50 63 60 80 50 63 40 90 100 77
37 50 60 50 53 90 80 20 63 100 90 60 83 50 50 60 53
399 10 10 80 33 90 80 60 77 70 90 100 87 100 100 100 100
414 0 20 60 27 80 60 40 60 100 8 90 90 100 90 100 97
448 30 30 60 40 90 60 100 83 60 90 30 60 90 100 90 93
512 20 10 90 40 60 90 20 57 80 60 60 67 90 100 100 97
527 20 30 70 40 70 60 80 70 80 90 60 77 70 100 90 87
537 30 20 50 33 90 70 70 77 60 50 100 70 90 100 100 97
550 0 30 70 33 100 50 20 57 90 90 60 80 90 100 100 97
772 0 30 50 27 70 100 40 70 80 20 50 50 80 100 100 93
776 80 40 70 63 100 80 40 73 90 80 70 80 60 70 100 77
787 40 40 50 43 80 90 70 80 60 80 90 77 90 100 100 97
819 10 10 10 10 60 90 40 63 80 90 70 80 70 50 80 67
822 50 20 70 47 100 70 70 80 80 80 100 87 100 80 100 93
826 0 50 10 20 70 100 70 80 70 70 80 73 70 80 80 77
828 40 10 80 43 100 80 50 77 90 40 80 70 90 80 100 90
845 40 30 70 47 90 70 50 70 60 50 20 43 60 80 50 63
847 40 0 20 20 10 40 60 37 80 8 70 77 70 100 90 87
851 30 10 20 20 20 30 60 43 70 60 100 77 40 50 70 53
854 30 10 30 23 70 60 80 70 90 90 50 77 40 80 100 73
861 40 20 30 30 30 80 60 50 70 20 80 57 60 100 90 83
870 50 50 60 53 90 70 30 63 100 90 100 97 100 100 100 100
891 0 10 70 27 100 100 80 93 100 100 100 100 90 100 100 97
909 0 0 30 10 30 40 20 30 70 60 90 73 50 60 50 53
917 30 10 50 30 40 60 40 47 30 60 60 50 70 30 10 37
Total 30 24 50 35 70 72 52 64 78 74 72 75 76 8 85 82

*  Propagation medium; Kanuma soil.

L

N

; nurery soil.

— 129 —



—130 —

MABEEE RS

B6s

Table 48, E& L OANERFEEL

Number of adventitious roots per rooted cutting for summer cuttings.

2 A /T X Green house*

E=—« b A Tunnel with vinyl sheet**

BAEA
Ortet June July June July
No. I II Il Av I II I Av. I I I Av I II I Av.
15 5 5 8 6.0 14 16 15 15.0 8 9 7 8.0 9 11 7 9.0
61 5 5 13 7.7 17 12 20 16.3 12 14 2 9.3 7 9 4 6,7
63 5 0 11 5.3 14 15 12 13.7 8 4 2 4.7 5 4 10 6.7
73 4 0 8 4.0 6 8 9 7.7 9 7 8 8.0 7 9 5 7.0
74 11 8 9 9.3 10 10 10 10.0 6 9 4 6.3 6 8 7 7.0
112 1 4 2 2.3 7 7 9 1.7 6 8 7 7.0 8 7 7.0
122 5 3 5 4.3 10 9 10 9.7 9 9 6 8.0 10 6 8.3
258 3 6 6 5.0 13 12 14 13.0 8§ 6 6 6.7 g8 8 11 9.0
353 5 5 7 5.7 4 8 7 6.3 4 8 5 5.7 5 9 5.7
371 7 5 6 6.0 11 10 12 11.0 7 6 6 6.3 5 4 7 5.3
399 9 2 9 6.7 12 14 10 12.0 12 10 13 11.7 19 11 15 15.0
414 0 11 13 8.0 19 19 15 17.7 8§ 9 11 9.3 11 11 11 11.0
448 4 6 11 7.0 11 10 12 11.0 8§ 8 9 8.3 9 9 6 8.0
512 3 5 7 5.0 10 12 11 11.0 7 5 4 5.3 11 9 14 11.3
527 6 8 6 6.7 6 8 10 8.0 7 7 2 5.3 9 6 6 7.0
537 4 3 8 5.0 6 13 9 9.3 5 4 9 6.0 8 11 9.0
550 0 4 9 4.3 7 7 9 1.7 6 6 6 6.0 6 6 9 7.0
772 0 2 3 1.7 13 11 12 12.0 5 6 3 4.7 12 11 12 11.7
776 5 9 12 8.7 9 11 11 10.3 7 11 6 8.0 5 7 12 8.0
787 7 6 8 7.0 11 16 17 14.7 g§ 11 8 9.0 12 12 13 12.3
819 3 1 2 2.0 8§ 10 9 9.0 7 10 5 7.3 5 6 7 6.0
822 10 16 10 12.0 18 18 22 19.3 16 16 8 13.3 11 14 17 14.0
826 0 8 1 3.0 9 12 14 11.7 10 8 9 9.0 6 6 9 7.0
828 5 3 8 5.3 9 18 21 16.0 7 10 5 7.3 10 12 11 11.0
845 11 9 12 10.7 14 11 17 14.0 8 9 13 10.0 9 10 6 8.3
847 5 0 6 3.7 14 8 12 11.3 6 5 4 5.0 5 7 7 6.3
851 4 7 8 6.3 7 9 8 8.0 6 7 8 7.0 1 3 3 2.3
854 3 2 4 3.0 10 10 11 10.3 7 9 4 6.7 6 4 6 5.3
861 4 6 4 4.7 9 10 14 11.0 4 8 7 6.3 7 5 7 6.3
870 5 9 5 6.3 10 8 9 9.0 8§ 10 6 8.0 9 6 10 8.3
891 0 11 9 6.7 12 12 16 13.3 1 9 9 9.7 4 7 11 7.3
909 0 0 2 0.7 10 10 9 9.7 4 4 5 4.3 3 6 5 4.7
917 6 5 6 5.7 8 7 4 6.3 3 2 2.7 6 5 1 4.0
Total 6 6 8 6.7 11 11 13 11.7 8§ 8 7 7.7 8§ 8 9 8.3

* . Propagation medium; Kanuma soil.
** Vi

; nursery soil.
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4) 1980FD & LT

1976EFRDIBEARA2A, 197THEEHOTFEARITA, 1979EEHOREARITA D 53,4508 0 & LR % H
L, 6 A26BICEHADOE=—)b « b2 R MCE LT, & LN HE, BEERCHAEIINIEDS LT
ICHE 2,

2. FER

LOTTARC M L 72 & UARDFRIRE R OFARE 1 A 470 D O T EARR AR HRAR 7o v FBIITRL
72D#3, Table 47&%UTable 48TdH %, Table 49i%, AR ZAIZ LT, & LAK. & LT EFERIFAR
ERUFRERBEERO AN RIT o1 HERTH 2, BREFG S UAKRRUS LIFIRICE > TRE D,
Em— s bRV I LN RBEIRR e SRR, 2, SLAUREs6 AL 7TATE, @
ELRKTT7 ADBEBEBEN T —AFRREORBIT s LREX 3 LAUEBHORAERASEETHY,
SAMNTATTRIZE LTI DORBOFEENEFHTEN TV,

Table 49, EX LB % & LKK, & UITITRHABIFARER U ERFEEROFHIT

Analysis of variance of rooting percentages and number of adventitious roots

between propagation beds and inserting dates for summer cuttings

HHF EHE FHTH MS T F O3S
Source of variation DF Rooting”  No. of Variance components of mean
percent. roots squares
Propagation bed (B) 1 941.46** 4.57 o?e+30*BT+20%?B
Inserting date (T) 1 373.75** 25.23 o2e+30*BT +26%T
(B) X (T) 1 125.26 12.81** o%e+30*BT
Error 8 31.95 0.76 o’e

1) BIBER T =71 VEREETH B,

Rooting percentages were subjected to arcsin transformation before statistical analysis.
*x 1B LVNILVTERE,

Significant at 1% level.

Table 50, E & L2 B1) 2 BHEARPIFIRER URERFEERD S
Analysis of variance of rooting percentages and number of adventitious
roots among ortets for summer cuttings

R HHE FEES MS BT DS E S
Source of variation DF Rooting”  No. of Variance components of mean
percent. roots squares
Ortet (S) 32 869.66** 55.24** o%e+o?SBT +202BS+26?TS+ 02S
Propagation bed (B) X (S) 32 453.52** 10.16 o?e+o*SBT+206?BS
Inserting date (T) X (S) 32 280.69 13.99** o’e+o?SBT +26%TS
(S) X (B) X (T) 32 288.88 8.01 e+ 0?SBT
Error 264 228.64 5.88 o’

D RERERI T2 1 VEBRETH D,
Rooting percentages were subjected to arcsin transformation before statistical analysis.
* 5 %LRLVTHEE, Significant at 5% level.
xxx . 1YLV THE, Significant at 1% level.
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Table 5013, BFRFEREADOFRER CFEIRY 1 Kb iz 0 FRBUC O THEAM BT > LBRTH 5,
FARRR UARE L b CHRBEARMOBIZ 1 BV AV THERESRED Sz, I A MNTRABT 5RIRED
EHERC LI ESD &R, 6 ATIZ10~63%, 7B TE30~90%THDH, I A b7 A TIX 6 A543~100%,
7T RD3T~100%TH 720 & 72, FARED 3 LA X ERFEA, ARED & U R < SBEAR DR BIERIZ 5 %
VAV THBENSRD o, Thoid, R L - THEORTRRCThRS D, Fhss LED
AERFCEBELLLbOEEZ SN,

Table 513, S AMNTRAEEZ = b RATTBICES UM 12358 O SRR BIFFREA RO M
ERLIODTH 2,F—FBEA» SEUEBO S LREREML T LTI LBRTH S, & LRKKICE -
TREZEVERL, V==L bYANTIR 6 FIEOEBERD0%BLL EOFBME LR L 2D ZHL, 2
AT R TR 9 FEEORBEALBBUTORBETH Y, 4 8L OFFERII0BLUTOREBRRTEH - 12,

Table 51, FFEARICL2FBEDES D&
Distribution of rooting percentages among ortets

¥ R % TAPNTR* EAOE == s bRk *
Rooting percentage Green house Tunnel with vinyl sheet at nursery
(%) No. of ortes % No. of ortes %
91 — 100 1 3.0 16 48.4
81 — 90 1 3.0 5 15.2
71 — 80 10 30.3 4 12.1
61 — 70 9 27.4 2 6.1
51 — 60 4 12.1 3 9.1
Under 50 8 24.2 3 9.1
Total 33 100 33 100

* . Propagation medium; Kanuma-soil
* %k N ; nursey soil

Table 523, 1977 DETHRE2EH T, 4EMIIDOIEZYEZ L b RALTELREToERL £
LDIHbDTHS, 1978 7T~8 AVFIRTIAMBRDETH 7288, ZOEDFYFRELER LKL
46.0%6TH o7z, T HIT, 1B0ERLHNLBETH 57208, ZOEDFHIFHBRL68 4% TRRET L,
iz TR H80%RIETH 572,

Table 52. HHOE=—1N « + > INICHIT 2 X LAKEOFREES
Annul variation of rooting abilities of summer cuttings inserted in the

tunnel with vinyl sheet at nursery

F BRAS S LNUAE F R OB FIRE 1A D7 DR & LTI RERA

Year No. of No. of Rooted cutting No. of roots per Inserting
ortets cuttings Number % rooted cutting date
1977 33 990 738 74.5 7.5 6/28
1977 33 990 807 81.5 8.5 7/14
1978 89 2670 1229 46.0 4.0 7/12-14
1979 97 1940 1595 82.2 7.1 7/10
1980 116 3450 2359 68.4 6.5 6/26

Eio, BEREARICL 2RBEDITS D& 2ERINCR LI DOFig. 40TH 5, 1978EBNBEELIFE R LT,
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Linl, CZOEEBOTH0BLULORBRERTHOMBDHY, ZFHRIREORDRH» - 219719FICE
WTH%UTOFIBERIZL YE2DRONE, TDOLH I, FHREAICL 2RBENOENLREVLD
T, ERCHT B ERIBREAIOEC DO ERL L BNBETH S, FRABRO 4 FROFKRRE> o AH
LT, RiZ 2E0FRARFRALR LT 2 &, FHRRRI%E LT 3,

HREAROIEIC & 2 FBEHDET OV T, ST 5EEL T 6~ 9 FEOKBARDORIFEZF
BLABD Tid, 20kLIEBED SN,

%
50
40 Cutting year; 1977

i Number of ortets; 33
30
20|

1 1 A 1

% Cutting year; 1978
20 L Number of ortets; 89

BEADHEEE  Frequency of ortets

%

40L Cutting year; 1979

a0l Number of ortets; 97 ———1__
20 F

10}

% Cutting year; 1980
20 L Number of ortets; 116

10 ¢

P hd *R%s°s
31~ 51~ 71~ 9]~

40 60 80 100
FIRE  Percentage of rooted cuttings

Fig. 40, F#EROFEBRENCRIZTT S LFTEORE,
R e AL, [ i 7A LA,
The effects of year on the rooting abilities of ortets.
Legend : E5% inserting in June, [ ] inserting in July.
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BAHET £ £

BV DS LKRIEET ZHAEOAND 2L B oD T, BEOHERELEEL T, 3 LAHERMY
MALTE e xstE L2, BBREREH, HEaMHRTE LFTRECE > THRENEL B, —
EDMERE DN I EBTERD o7, £z, BEOERTIIHMEN~0%EDHNEL, 1737V D
S LA WM EERZ b DO TH > 72,

LiehoT, 77 YDS LRHEELZERLT 2010}k, FREOABAEEEES 2 IFuEk sk
Vo DT, REIBWTIEE LEORIAFIFBENIB L VEL LICBT 2 8 LAKE 3 LATREICS
WTERE 2To%. ZORRE, RO EBWEH» LR o7,

1) HEEL TR, SLKRREATHCIEL THARBLZFREOE 3Dy (B CERLOESE
RELARRERIES LR ALY, RENsRERBOAL» o7, IOBBEAETREAF S L
Tw3), Lrl, 6 AhE~7T AHHOEE L TREBVERRSIFTE 2,

2) BBRLOSLARNSE - b EAR/IBCLEL TERTY S,

3) A=Y DIUARTRFAREELE N LERNTH 5, IBA1 BHFMLEEETEN TH 5,

DBRUE2WEL TRESYLBFROE S Uik, FEAOERSHENEVES T BFERT 2,

5) SAMNTARICE LM LEEE, BICERZBOUEERERT, Liol, EFEELrREEr
BEER LR 2V,

IS ORER» S T, YFEBROMFEEZIBA 1 BBFITHEL, 3 2 b7 AROEE - 7 B ha

EHE LTI 2 HERHER SN,

COFEELVBHICL, BAOE=—v bV ALVAOHMIICHEFREESLLTYH, BOREENE
oMb, Fiw, COMECBLTRE, HHTER SN IMOEAL ACZDEORREFEOBELZT 2,
£, SLMNTEBRCEERL DT ERREICERCR 22T}, BRERERBCRS, 202 52K
T, 80%HIRDEE LI FMMENIEETE S, £/, FEHMTI LREREET 25813, BEEHD
BOREALERL BT k3725505, 0%MEOFHRIREL S A ES 2L LT
ETH 35,

HTTYDELKTE, FEAOERIAE LMETH 2, BEYBARLIRKLY T, ZoMFEss
FALZELTHEABS D, thoMBICHE L TV TR EF T2 5425, 208
MORERII TE Ao T2h3, KEORRTE, ML BELTIFEELEE THOIIREEN 2R L,
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FIE MeBH

FEEAEZ, BARRTIL BN R SN 2EAECESHORREFALCTH ), BAOERE L ER Y —
YTHBLEbLRBE®O, LmrL, AMAAOE? SRS &, HOBEEROER & 7% 2 s, GKFED
BFIfE>THORUAIEWRETZER L Lo e, 2T HICFE L R8s b D HTE
ERMETH D, H TV, bREOHEROT TCRBVRELL O/ —FICBL, FLEHS0.5RE
THY, R EE LHTRELPLEOERE b DS, BEMERT A TYRTHD, MK HENRT
VW33, FeE L, REOERNC X - T, B s hrz k 2 CBEERs T L TECERIL, 200l
BT 5 L MENCER L 2 FATONGEESRRELEDT, ACAEVEET S, TOI LHH T VMO
BHMEZREE R >TED, HOARSERIN TV, & TKEBM O LRSS OREKAED/NERT
ZOBERMBE Y, Lichi>T, A7V IEBIIMERRORS WX, MORUWEVLER/NELSTEIET
HY, BCARVORELBERTH 2 EEREZBEHNICHRT 2 2 L Th 5, REIKREOKREI DV T,
UHIGEPHGOM) FOEONAFERICL S L T 2BR LERXEC L2 LT 2ERCO» LD, UL,
% FHR ZEPIHE, SOHRTH Y, BROES AR E O TEHE L 738 £ 7 IERAROR
BRERTCIBEOFPIZEAL TH D,

HERAB OB ICHET 2532 L LTI, CHAMPION® 29D ¥EN HF o 2, HHEL LD TH 2, R
CRARDZOHG L Z 9 TG H S FHREFEERL, W O»DE% 3 BECHERK L TREAEOR
N EHEN, 100%BR R TR REKRIOTRIZ2/3HBH A, BEEAEL L OEMSOFRIZFLEALR
Chievs, FRMEEAREORERMY 2R T2 3ELonky, LW EREEL, 2hsolERE,
REEAREOBREHELFEIEL 22 T, BliHiisnsd, £/, REAREIBEZHEORELZ TS VWPE
THhdZ e, BuliCEB T 2NICHOLLS 57 DI EIC L > THHS N TH 5, T2 b b, Pinus pinaster
& Pinus radiata® KR RS 3B, HEAE, BARU—FRNEROZELRIIICO ) AR L, FiHiE,
MK, HE, KEERICNT IHES VI EEHESMI L, 277V CHT2RMECB T H, FE
BIAEOHE LS - BE - FRiE - KT & L oM —EOBIRIRAD s g o, BEAR L ORI
DT, FRZERSBRESNATHLE™, 20 L5 CERKREIZ, 22 L bEBHcsLTIE, B
BEREDEVCERFOEVOBELRZIZ NI WHETHL LE LN S,

L L, ERAREOEERAS 2 ISEEEASEOHE IR T 2563, Mo Ty, KADAMBISS
¥ Chir pineD R CAARDBEE-REC BT 2R UNEOBEEHN6E~82% TH -7z 2 Lh 5, KEOFEEME
—NOBEFICE > THE SN, RUNIEENETH S 2 & 2H@R L7, 7, ZOBELS 3 Pinus taedad) 4
FEATRBMERERAEL T, FHENMVEZSBEBIREVER2E 2, EEABDOBEEZRIC DWW T,
Pinus radiata THE I N-H0% 0, 70—2 0BT 3 LEEDOBEERIE, YIBERTIH0.6~0.7ThH 5
P, BEREICR S L0.2CET T 5%, 1, BARERRARUVATIRBERRCBEW TS, 9~1084
ETIH0.4~0.6DfE%RT A, ZHRLUBETIR0.2ATIET T30 120, 552V DEMEK S ELFAL
70—V ZDOWTHE L 72 A EOBEE L, FERI AR O FE& AN AE T130.35~0.46, RAAKE TIX0.49TH -
720, 72, BRAEIZDWTOOrtet-Ramet B Tix, HHBEHRE0.6605KD >N T 599,

ERRIZEVTH TV OEERRTHE L LRBEOBEER, 2EEHRRERRT.61, THk64
EHsZB L7 8 FEORRIERD 1~ 2 F#T0.53~0.59, 3FHLLLT0.85~0.99, FHIHET0.99,
BRAAETISITH 572, 2EEDNAER Y 8 FELOBLEOER TREBDOEE R DT, 8EEME
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MELR- 7B DTH oI EBEZ I W, B, BAEOMPHIBT S 3~ 5 E8ji, EEABEORER
BELSATERABELRTRTH Y, BERKURRAOEBIAEDBERESERNCHER AN O LE
2o, BEREIME BT - EWC X > TEET 20T, HAWLEWICR 525, » 7 <Y ORERAKEIC
DL TRBESHOEAENE L, L b EEIROFEEGHE NI E2EATE 5,

7z, &5 <Y L P radiata CIREEARBOFEZBEHFELUL TWL 20T, HBE TRD &> i Eighnic i
SBEXEDETIR, #IvYTHFREND, 1L, 70 —Y D0 THRLLEORETEER S T 2 &,
HIRVDOEBEDEL DERTHEORESMOEE 2R TS LI CEBbN D, # I 7V IIBIT5ELDA
HOERAFADOELE, 4~5FHmoETEARESbOMN% <, BUEHTAED/NS WEEKBHTE
BERTEEIGIVAEY b D, Likd > T, HEBRFRICBI 2BEFEOETE, FENCEIHEDAS
ZERE b I2RV, HELERTEEABEOBEERSKRE FHIE, ZORRCL->THAENER SN 5,

#7=YOREAABZERELHBOFBZCHEL TRV DT, £, BERMEESEEIZOWT
BN EEETFOREY, TOHroEE LOREREIAES b OEKEEKRT 2 220k >T, BEMCEN
ERERM 2B I ENTRETH S, 72720, BEOH I < VEMIC ST 2 EEABEOERIE» > £ 2, K
SRR I ED 2 FEEEM O BERERE LB T EALER I L3R TH B, 05 OMIE, KER
DB E» > DEMIEBICL EE DI L8295, LEH>T, BEOA 77 YHLrSEE LufEEAK
e b ok eRaBE L LT, NSO AABMER O RED SHEORELB LT LD LT 20ME
BHTHB, Z0ODITiE, BRAKELE5/100(=53.00UT L L, FERBINC L L% > TRED AN
ELRDLLDONEELDT, FYAEL2.5/100(=1.5)UT LT 200 EYTH 2, 2 OBEHREHE L HEHH
LTHEDOH 7V EMTREERITT 2 &, ML > TR 2, TS 6%DEREL 22,

LROEETEEAREOBRARZER LAKREZER L L S OREMRIL, BEESELLTRDL L
MTE S, KFRTES M- SEAEER UHEEMEL 5, BHEE £5%, BEEL0.5LBE L LBAOEE
ERER,BRRKAE TR 1.3, FHAKE TIE—1.0 Thot NP HENO FHEE R T 2% TRET &
29% L46% TH D, ENFNKE 2 EEIRBHIETE B, 2L, CHIREFATHEDO L VDA LETH 2,

EREPHOLED X 512, —~EEEDY ORMEEZ Z 73— EMEDL O/ N 7IREOHKEE
BEBEE T 25813, FAFEOLV LT v 7R K& 28R b D0, FEEKEIC DL TIRFIFRE TR
EXAEnd0T, EHEFIEL D IBREROHREE LI VEETH B,

A7y B SERIAREOAED/NE V6 BOMEEELEKRL, BREHERARNTRAREZER L L L &
DRFHO HBIEIZ, BIEFEO.5DOHE TR TH 5., BEMD 5 %» SR TRIBITHEALRSEE 20T,
ZOBERPERIASOEFMTELL, $ALFEEMAL LTHAELS SR 2D 2 2 L OLEN D 15H
TELH, FESWIEHCED 3 BRUOHEG OB LUT TRERLOER I »TENLDOTHD,
ZOEEENBULIED BLERD L, FEARBORE, ERTEARCHETEARD & 5 2480 5%
MITERVLOT, ENMORBEICLZ2HSUROIFTEL Y, LEOEEE2ED 200, BRBOK
Km0 BrEAER 2R L AT RER S5V, ZOFHRE L TR, BHREGOREFHEZ0 % 2FH
T& 28 LAHOEHERNTH 2,
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Breeding for Wood Quality of Japanese Larch, Larix
kaempferi (LAMB,) CARR, [=L. leptolepis GORD.]

— Genetic Improvement of Spiral Grain —

Susumu MIKAMI®V

Summary

The Japanese larch is the most popular tree species for reforestation in the hilly areas of the
northern half of Japan because of its rapid growth and outstanding adaptability even to severe
environmental conditions. Unfortunately, however, the larch produces less useful wood as a construc-
tion material. Although larch lumber from natural stands is greatly appreciated, the lumber from
plantation trees often presents such serious defects as splits of boards and twisting of boxed—hearts,
especially when the trees are young. It is recognized generally that the cause of the defects is spiral
grain. Therefore, the minimizing of spiral grain is essential for producing wood which can be utilized
as construction material.

The present studies aim to explore the possibility of genetically minimizing spiral grain in larch,
and to examine the method of tree evaluation for spiral grain, phenotypic variation within and between
stands and seed provenances, genetic variation between clones and half-sib progenies, selection criteria,
and genetic gain through mass selection. Furthermore, vegetative propagation of the trees selected for
spiral grain was investigated from the viewpoint of supplying genetically improved materials for
reforestation, because the frequency of selection—type trees in the following generation propagated by
seed would be not so great as to be acceptable to cmmercial forestry. For larch trees, however, it is very
difficult for the rooting of cuttings unless taken from very young seedling. Thus, selection for spiral
grain in younger stages and vegetative propagation by cuttings from selected trees were examined.

The results are summarized as follows :

(1) Measurement of spiral grain for phenotypic selections in larch stands

For the selecting of desirable trees with straight grain or slightly spiraling grain from larch stands,
the splitting method of stem—disks is the most simple and preferable one. There are two reasons for
this; one is that it is possible to observe and determine the development of spiral grain in each growth
ring from the center of the stem to the periphery, and the other is that it is possible to measure a large
number of samples at a time. This method, however, has some defects such as the loss of sampled trees
by felling and the restriction of collecting graft-scions from selected trees only in the proper season.

On seedlings or young trees, which are incapable of accommodating the splitting method, the sliver
method is effective. In this method, grain direction is disclosed by pulling small slivers from the surface
of the stem wood, and it is possible to measure annually the spiral angle of the new growth ring of the
same individual and to observe the development of spiral grain over a period of time.

(2) Phenotypic variation of spiral grain

The radial developing pattern of spiral grain in a stem is that it first develops in a left-hand spiral,
reaches a maximum angle in the 2-5th growth rings from the pith, then its angle gradually decreases
and changes direction to become right-handed. While this is the general development pattern of spiral

grain in larch trees, the degree of the spiral angle in each growth ring, the degree of the maximum
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angle, and the velocity of the appearance of the maximum angle differ at stem heights and in trees.
Radial developing patterns of spiral grain were relatively stable in stems at 2.0~4.0m height from the
ground and unstable in stems of less than 1.0m height. Spirality was intensified in stems more than
5.0m high. In the case of 20~30-year-old trees, the maximum and mean angles of spiral grain at 1.2m
heghts of stems varied widely among trees. They ranged from 2.5° to 8.2° in maximum angle and from
0.8° to 5.1° in mean angle. In spite of diversity of the developing pattern of spiral grain, when its angles
were measured in each growth ring at from 2.0~4.0m in heights of stems, the selection of trees with
straight grain or with slightly spiraling grain could be made by the evaluation of maximum and mean
angles.

The development of spiral grain in branches fundamentally was similar to that of stems, but some
noticeable features were observed. The spirality was weaker than that of stems; changing of the spiral
direction from left to right appeared in an early stage; maximum angles did not concentrate in a few
growth rings. Spiral grain of branches could not substitute for that of a stem in the evaluation of a tree,
even though a significantly positive correlation between the spiral grain of the branch and the stern was
computed (r=0.44~0.51).

(3) Variations in spiral grain among stands and provenances

The examination of spiral grain in eleven 25~50-year—old stands showed significant differences
among stand means of maximum spiral-angles and of mean spiral-angles. The percentage of trees with
slightly spiraling grain in each stand also ranged widely from 2.6% to 14.6%. These differences among
stands appeared not to be associated with tree age, tending manner, and environmental conditions,but
originated in seed trees or seed provenances. This fact was confirmed by an analysis of the data from
provenance experiments, which showed large differences among 25 provenances in maximum spiral
-angles and mean spiral-angles, and high correlation between two experiments (15-year-old). How-
ever, their variations were random, and no geographic cline and no effects of natural selection in
original habitats were found. Thus, it seems that the provenance variations were derived from a
random genetic-drift.

(4) Relationships between spiral grain and growth and other wood traits

The analyzed results of the relationship between the angles of spiral grain and the growth-ring
widths of 1,080 trees from eleven stands showed no relationships in almost all growth rings except the
first and second growth-rings from the pith. A small negative correlation between the mean spiral
—angle and tree height or crown height was found, and the correlation coefficients were significant only
in one of the eleven stands. A large positive correlation was found between the mean spiral-angle and
twisting in 10X 10X 300cm boxed-hearts after air-drying for four months(r=10.82). On the other hand,
on relationships were observed between warping of boxed—hearts and the other examined traits.

(5) Genetic variation in spiral grain

Development of spiral grain varied widely among clones and half-sib progenies. The genetic
variance accounted for the greater part of the total variance in the zone from the third to fifth growth
rings from the pith in which a large number of trees has maximum spiral-angles, and large heritability
estimates were presented. These results suggest that the spiral grain in the juvenile wood of Japanese
larch may be controlled genetically. As the examined materials were young, the transition of her-
itability estimates with age could not be confirmed. Nevertheless,in terms of the developing process of
spiral grain, it is assumed that they may decrease gradually or rapidly with age.

(6) Selection standards for spiral grain of Japanese larch

Selection of desirable trees with straight or slightly spiraling grain could be made by simple
criteria regardless of detailed radial variation patterns. As the standard for selection, it is practical to
prescribe spiral angles of less than 3.0° for maximum angle and less than 1.5° for mean angle, judging
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from the variation range of spiral grain in larch stands and regulations on spiral grain in larch wood
for construction works. When selection was conducted with the above standards in commercial larch
stands, selection intensity was 0.056 on the average. Thus,the necessary amount of breeding materilals
for spiral grain could be selected without much difficulty.

(7) Genetic gain through mass selection and its limitations in practical application

If the larch trees qualifying under the standards described above were selected and the following
generation was produced under a system of random mating with them, the population means of spiral
grain would be reduced by 46% in mean angle and 29% in maximum angle from those of the original
population. These genetic gains were estimated on the basis of a selection intensity of 0.05 and a
heritability of 0.5, which were averages of the values computed for different populations and half-sib
progenies. Thus, large genetic gain on the basis of the population mean could be expected through mass
selection. However, the proportion of the desirable trees qualifying for selection standards (selection
—type) in the following genération may be under 30%.

On the other hand, a population mean on the quality of piled logs or lumbers is ignored in making
use of wood, and the logs or lumbers are evaluated by a prescribed standard one by one. Therefore, the
proportion of selection—types less than 30% is too far from the practical requirements in wood use, and
it is necessary to sharply increase the proportion by an alternate reproductive means. The propagation
of their genotypes by cuttings seems to be the best method of obtaining practical effects.

(8) Early evaluation of spiral grain

To produce rooted cuttings of larch, the scion trees need to be young. For that, we have to evaluate
spiral grain in a young stage. There was a great positive correlation between maximum angle and
mean angle of spiral grain (r=0.80-0.85). Furthermore, maximum angles appeared in young stages (2th
—4th growth rings from the pith), and the accumulated frequency of their appearance up to the 4th
growth ring amounted to 80%. These facts reveal that early evaluation and early selection for
minimizing grain in larch would be possible by means of measuring only the maximum angle, although
the accuracy of evaluaticn would be reduced to some extent.

(9) Procedure of early selection for spiral grain

The following method was devised; the angle of spiral grain on the outer growth ring of three and
more year old seedlings or young trees was examined by means of the sliver method, and individuals
beyond the standard (the angle less than 3°) were eliminated. This operation was repeated annually on
the remaining seedlings or trees for three or four years. The final remaining group would be composed
of individuals with acceptable spiral grain.

Applying this method, early selection was made on four populations (2,000 seedlings per popula-
tion), and 2.7~4.7% of examined seedlings were selected through the annually repeated operations for
three years. As these values were less than the occurrence (5.6%) of trees with straight or slightly
spiraling grain in adult larch stands, it was assumed that early selection for spiral grain would be
greatly efficient. The test of 4-year-old clones propagated by cuttings of early—selected individuals
showed that 82% of the clones and 89% of all rooted cuttings were qualified under selection standard.

(10) Vegetative propagation of early-selected individuals for spiral grain by stem cuttings

Larch has been propagated by seed in normal commercial practice, because their cutting are
difficult to root unless taken from very young seedlings. However, cuttings taken from the adventitious
shoots of cutting—stock plants, which are topped at a height of 60~80cm and trimmed, can be rooted
easily in spite of the plants’ advanced age.

The level of rooting varied both with the cutting collecting times and with the root-inducing
treatments. The cuttings collected from pinched adventitious shoots in mid-June were found to root at

a significantly greater rate than other collections. The rooting of cuttings was increased remarkably
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by dipping the bottoms of cuttings into a powder containing 1% IBA (indole butyric acid). When
cuttings were inserted into peatmoss or Kanuma soil (a kind of massive subsoil) in a green house, the
number and weight of roots per rooted cutting were increased, although survival percentages and
rooting percentages varied from year to year. The cuttings inserted into nursery beds with a polyethy-
lene cover had also a large percentage of rooting except in extremely dry or cold summers. The rooting
percentage was 80% in an average normal year, although it was 46% in the year of fierce summer heat
and 68% in the year of extremely cold summer. In the normal years, the rooting percentages varied
among ortets (cutting—stock plants) from 20% to 100%. Four—fifths of 97 examined ortets showed a
rooting proportion of more than 70%. If one—fifth of the lower ranked ortets were eliminated from the
source of cuttings, the average rooting percentages could be increased by 10%. No tendency for a
decreasing rooting—ability was recognized in cuttings from 6~9-year-old ortets.





