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KRBT, EMA, 7oy 7HOBEBRAE I Tablel DL BY Th 5, MHFAE S & USEFREIZ
1983 FERKICEIT L 7225, 7oy 7 MOBBRBE DAL 1984 EEEIIT- 72,
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BREEICOWTE, 518, Bhs LU ARRE, SEKZAEICL Y, #AE, BTy
(HEFImPAE D25 b, 20 LIZEERZLD) BLUGHD @EEgebc—Ez032E
DY DOHBHD) O3BECRS L, FFC, BBOoSRIC O >w T EELZIRL:, 25,
B0 @EECEL T, BDOREICLVHO/D, YK, ZEHY O IBREICHES L TEELE
0, T OBIICIZZE NS OEFEE AT, FER, Table 1SR T 7oy 7 [ »5METOE
TR, 2709 MZOWLTEB L, 70y ZIVERRZEND RO THEN G, SBRA L1, 7—
FOWMY £ EDiE, Ty bHlzh HGPHERERE 36 Z0ES 8 ERUENRELTHT, D, 7
oy 7 I~MNZHB L THEET 2RREDWTITo 0o, HWT 2 KK, BibE 17 55, BIFGE 12
FRTHD, 372y 7 2G5 LAFRRHL 0 OREEBUIHILESD 88~104 & (P98 &), B
FEED 63~89 & (FH724) ThHoi,

BC b ->T, 7= R3E7uy b JEOREABUN T 28OS, BE, RITHD B X
URBH D ZnZhOHBEEROBEG TR 2H, FEFHESD 20O TRRAI & 5 BEREY %

Wiz,
1 ./ x ./ x+1
6= 3 <arcsm - +arcsin Tl >

22T, x={HIEAL, n=FAEFKTH 5,
2 HEREIUHERHE
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DERFZD S, ERCEFTLTWIEEE 7oy F 5720 5~10 FFE L /2. UERB & UHER

Table 1. EMiBLU 7oy 7 JEOEBERREBS LU 7oy b
Number of families and plots in provenances and blocks.

Block 1 Block 1I Block 1II Block 1V

P enat | ®AE | Fuy i | A [ o0 k| wRE |70 8| FRE | Foy s
No. of | No.of | No.of | No.of | No.of | No.of | No.of | No. of
families | plots | families | plots | families | plots | families | plots

HikE 29 36 22 27 18 24 16 21
Tohoku

B PEZE 27 32 22 27 15 19 11 16
Kansai

& & 56 68 44 54 33 43 27 37

Tota
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720 ZOBOERIZTL TV EMUADOLERE, RUALSEIFEY, AFT6F (28X 3
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N2UFER 1z DEERESBEOBFERE L Lz, AEBSROWMY i3, Wryoy s
B U CTFEIE T A AL 20 KR EBAE 20 KRR DV TUT oz, 22007y 2 #GEFLR
ZhT 0 OFEEALL, HALES 17~20 K CEH198), BIEES 12~194K (FH15FE) TH-
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Table 2. MEH I &8 & UEMZ - OSHITE
The analysis of variance tables for two provenances. and single provenance.
B H BHEE ¥ V] i EEEHOBHER S
Source d.f. Sum of squares Expectation mean squares
g b—1 | $,=3X,.2/3n,—CF 07+ nKy?
E iﬁl _ — 2 N 2 2 2
Provenance p—1 S, =3(X.;.2/Zbn;)—CF o’ +bor’ +n,K,
Bal(Form) 1| EMINFR
(Two Family-within- 3n;—p S:=3(X.,*/b)—CF=S,| o6,2+bo;?
provenances) provenance
B |En-Db-1| Si=S—8,—S,—S, %’
E bSn,—1 | Sr=3X;2—CF
e b—1 | $,=3X,/f—CF 0o /10 + 0102+ K
?Elmi/lﬁr f—l 52=EX.k2/b—CF' Uez/nh+6fb2+b6f2
HA(Form) ] =g
(Sll:;;(g)lfenance) TE‘I‘(? (b_ 1)(f_ 1) 53 = ST - Sl - Sz Gez/nh + dsz
z B bf—1 | S;=3X.*—CF’
Z2y ERVEE | sl b | SXn?— (X200 6.7

Tree-within plot

Note)

X -
n; .

b,pandn:

n,
Kg?:
Ky !
2 RKAMSE (EMA) Family-within-provenance variance.
D 7u oy b E4r# Between-plot variance.

CF:

[

Xixm &

N+
P KHR# No. of families.
n, .
KR ET Oy 7 OKAEMERASE Variance due to family x block.
L (EX /b
Ty FARERSE D SRR L3RS L 0RIEEEF— 5 L LTRD

Or?
CF

A

i 7oy r0 | EBbicsd 3 kBEEDOFRAFHM Mean of (k) family in (j) provenance in (i) block.
j EEROFEF% No. of families in (j) provenance.
Tay o, EMBBLUT 0y 2 ARAERK (=2n;) No. of blocks, provenances and families within

block.

EMNRAHARE (=p/2(1/n;)) Harmonic mean of the No. of families for each provenance.
7y 7 [5r# Between-block variance.
EEMIFS 8L Between-provenance variance.

(ZXx)?/bZn;

70y 7O kRFCBI 2 mBEFOMEORHEM Value of (mlth tree in (k) family in (i) block.
79y 2O kRRBIT 3EEE No. of trees in (k) family in (i) block.

7oy s NEGHOFTRTE (=bf/2(1/n,)) Harmonic mean of the number of trees for each plot.

Tree-within-plot variance ; it was calculated on the basis of the data of single trees. separately

from Form-II
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Table 3. &7 0 v M2 BT 5HEETIREEE

Number of the trees with forked stem in each plot.

o~ Block I BlockII BlocklIIl
Families BEAY | 5K HEAY | DA B|EAY | AR
plot | No. of | No. of | plot | No. of | No, of | plot | No. of | No. of
No. trees forked | No. trees forked | No. trees forked
observed | trees observed | trees observed | trees
T-1 17 32 0 13 30 1 35 35 0
T-7| 54 31 0 19 34 3 22 35 2
T-8| 12 32 1 29 35 1 5 34 3
T-9) 10 32 0 3 31 2 13 35 2
T-10| 22 33 0 37 32 1 7 34 0
T-13 5 31 1 30 31 1 25 34 1
T-14 | 46 35 2 20 30 0 43 35 3
T-17, 41 32 1 14 35 0 23 36 1
T-20 7 33 2 40 29 0 34 35 2
T-21| 47 33 1 4 32 0 33 0
T-23( 31 25 0 25 33 2 1 34 2
T-25| 49 35 1 45 34 0 4 35 2
T-26 | 57 28 0 9 34 0 42 33 2
T-27 | 60 30 0 18 28 0 15 35 1
T-28| 66 35 1 12 34 1 31 33 0
T-29 | 30 30 2 15 31 0 27 34 1
T-30 [ 63 33 0 34 31 0 38 24 2
K-33] 39 23 1 36 18 1 17 30 9
K-40 | 44 26 1 23 27 2 11 25 2
K-44 | 37 21 2 6 24 0 21 27 2
K-45| 38 29 2 26 29 0 41 27 2
K-46 | 52 22 2 42 22 1 37 19 2
K-47 | 62 29 0 8 31 3 20 29 4
K-50 | 28 24 1 49 21 0 28 26 2
K-52 | 50 22 0 32 21 1 8 22 1
K-53 | 23 20 2 10 26 2 12 26 0
K-54 | 29 18 1 41 20 0 18 27 2
K-551 19 18 2 35 22 0 29 26 2
K-59 | 36 26 3 16 19 2 36 22 1
Note)

1) TizEdeE, KixBErEE
T and K stand for Tohoku and Kansai provenances, respectively.

TwLEAEERRIC, BETEINCL S L E2 0N EEER, REROFELETE2REDTWE, &
I o912, ASRERMITET 2 BFIUOIEICRE S0z 40 LT H <Y EHRBH T, TVEM
(4L, hEtA) ObLO & VEGE R (PE, ME, M) © b0, EiflD RO HRERH
B{RETAZLOBEVEAEZRD T3, FEEC BT 2HEEFRICIRCERE D A0% <
HHET 20 LA LEET, £HEECREQETY, FEAODBACLSELHACHELE L, HEt
FEELEETwEEELSNS,
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Table 4. &7o v bizB28%0EE, BTHY B L UERER D {EfE %L
Number of the trees with straightness, basal crookedness and stem crookedness in each plot.

Block I Block 1I Block TII
WE IRUTE | B0 | GEE | RTTEN | B0 | EE | WiTd | 20
TH | DERE | EHK A | DA | FK A | DR | EH
£ % | No. of | No. of | No. of | No. of | No. of | No. of | No. of | No. of | No. of
Families |straight| trees stem |straight| trees stem |straight| trees stem
trees with |crooked| trees with |[crooked| trees with |crooked
basal trees basal trees basal trees
crooked- crooked- crooked-
ness ness ness
T- 1 4 3 25 9 2 19 7 6 22
T- 7 7 1 23 5 6 23 2 0 23
T- 8 11 4 17 8 1 26 3 1 30
T- 9 11 5 16 8 7 16 6 0 29
T- 10 7 2 24 7 2 23 5 2 27
T- 13 6 4 21 3 5 23 3 0 31
T- 14 6 6 23 4 3 23 1 1 33
T- 17 12 3 17 10 2 23 3 1 32
T- 20 ) 2 25 3 2 24 6 2 27
T- 21 4 3 26 2 4 26 3 3 27
T- 23 2 2 21 7 3 23 5 2 27
T- 25 7 1 27 4 1 29 5 0 30
T- 26 0 1 27 6 3 25 4 4 25
T- 27 3 0 27 1 3 24 1 1 33
T- 28 2 0 33 2 4 28 0 2 31
T- 29 4 2 24 5 2 24 2 1 31
T- 30 10 0 23 3 11 17 2 2 20
K- 33 1 1 20 1 3 14 2 1 27
K- 40 0 3 23 5 1 21 0 0 25
K- 44 1 1 19 4 2 18 0 0 27
K- 45 3 1 25 1 0 28 1 0 26
K- 46 1 0 21 1 0 21 1 0 18
K- 47 0 0 29 0 0 31 0 1 28
K- 50 3 0 21 0 3 18 2 1 23
K- 52 4 1 17 1 7 13 1 1 20
K- 53 1 0 19 2 4 20 1 2 23
K- 54 0 2 16 0 6 14 0 0 27
K- 55 3 1 14 2 3 17 1 1 24
K- 59 2 3 21 3 3 13 1 3 18
Note)

7oy +No. 8L UEEELLTable 3 12@FL
See Table 3 for plot No. and number of trees observed

BB, BHEPHESESEL TAZ L, Yoy JMZERCEESLONE 572, (Table5, 6),
S5 DRHEOFMRHEL, SIMRHEO b TP OB THYER T 20D THL 2 L AR LT w5,
ABELLHBRBEOR TR, HLEOBEY LBBEEOSME ) CRAMENEE L ot
(Table 6), F—FAMN TEERE £ 8 D RBUE, — AT SIS BB+ 2855 5,
RAEEOAOHBEE, 2EHD 30070y 7 ZNFRIZ OO THANG & 2 5, BEED 70 v
ZI(r =—0.474, df=10) 2B XD 55070y 7 TELLEBETHD, 370y 2 5AHz
LERRFHETAHATL, WEOAOHERTEMTE LS AETH -7, UL, FEHE b,
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Table 5. B®HEHICET 398G THER &A1)
Results of analysis of variance in four traits for stem form (Form1).
® B = S| BHE = EHYEA FD
Traits Source d.f. [Mean squares
7 owv 7 Block 2 135.16 4.41 "~
5 o FEEHL Provenance 1 554.16 26.48 **
Forked L Sl 27 20.93 0.68
orkedness Family-within-provenance ‘ :
##% Error 56 30.64
Zow 7 Block 2 245 .40 7.73**
N M Provenance 1 1417.04 19.82 **
e EMPIR R 27 71.51 2.25%*
Straightness Family-within-provenance : :
2% Error 56 31.76
7 uaw 27 Block 2 419.04 9.48 **
KRITHE 0 BEH  Provenance 1 40.68 0.78
Basal EHARFR
crookedness Family-within-provenance 27 52.45 1.19
32  Error 56 4418
7wawvy 2 Block 2 676.69 16.72*
@l b EE#t  Provenance 1 1235.31 13.50**
Stem Etﬁ”j‘]%{% * %
crookedness Family-within-provenance 27 91.53 2.26
87 Error 56 40.46
Note)
1) **xBLIU*R1%BLU5 %L~ VOEEE
* * and * refer to significance at 1 percent and 5 percent level, respectively.
Table 6. HEFE RT3 EHFISGEMAER I
Results of analysis of variance in four traits for stem form (FormlII).
. #HikE Tohoku pBiPeZE Kansai
o OH|E B T AT
Traits Source HEHE ETH O BHEE SERIE S F
d.f. Mean squares d.f. Mean squares
Bl |2 59.11 2.31 2 95.04 2.43
s I % K%
Forked- Farﬁfly 16 15.16 0.59 11 29.31 0.75
ness <
R
Error 32 25.60 22 39.04
ARSI 195.38 6.19** 2 62.33 1.84
. Block
M| ez
Straight- Farr/li\ly 16 78.66 2.49* 11 61.11 1.81
ness c
EE
Error 32 31.56 22 33.82
7o v 7 * *
_ . . .4 .
tR7cE b 1| Block 2 192.25 4.17 2 238.48 5.37
ol |y | 18 25.57 0.56 11 91.55 2.0
ness sz
o 7. 46.07 22 44.38
713 V4 7 * % * %
ot | Block 2 364.38 8.85 2 336.72 8.23
oo | Fay | 16 78.20 1.90 11 101.91 2.71°
ness EEE
Error 32 41.17 22 40.89
Note)

1) **BLUF*B1%BBLUT5%BL~LOEEME

% x and * refer to significance at 1 percent and 5 percent level, respectively.
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Table 7. B®IEEO 70 v 7 B L OEMTEYE (ATHE)

Block and provenance means (transformed values) in the
traits for stem form.

% B FE ¥ {# Means
Traits | B < B®BOJE) —> FA
better (Stem qualities) worse
Forkednass | Block11 10.6) Block T (12.1) BlockIll(14.8)
B
Straightness 1(21.3) 11(20.4) I11(15.9)
Tuy 7EOE | BTH 0
Comparisons Basal 1(12.4) 1(14.7) 11(19.8)
among blocks |crookedness
Bfo%
Stem 11(60.8) 1(63.7) 11(70.2)
crookedness
Forkedness %Pohokit (104) Eiansa\iﬁ(]'ss)
B o e W E % 4 [}
Comparisons  |Straightness ﬁa‘ohoki (22.6) Eﬂansai (14.4)
between B DM _— -
provenanees croc?lzgg]ness Totok (61,7 Kasa- 4]

Note)
1) R D i onTid, WEMBICEERE > 50 - % (Table 5),

There was no significant difference between two provenances in basal
crookedness (see Table 5).

BEM BV ETRAMENZ 25 TER LR X > TWRVLOT, WMED > b—HEHlE i
RROFENTRETH 2 Ll KL,
S L IRTTHT D I D TR, WAL, BATEREM L b, REMCERLEZRED shhol
(Table 6). BiFtDOIIRIE, BENZLOL, EEXPRAELR Y OBBERTE L0053 £
Zohsy, SEORETENSR2XAT 52 L 3TRAEETH -7z, BEMNSERED, RAME%
Bop{TRECZ->TwEnb LAk, 72, B0 BT 2BEL, SBNE< 22 iz
DELTZLEZONZ0T, SHBROBSEHAELLETH 2,
2, BEM R VEICET IRTFORRE L URRRE & 08
BBEEIZ O VT, BB CRERE (S) 8. UHE (B) 0 ZBEFEMESTHAT L, &[H
DEFHRRCB T 2 BEN LB 0 MR, #0602 T3 kO HHEEE O AT HE CTE
L7z, B2 E2RTIC B THERT 5 2 L3 THEYTH 285, HFOMEOES %Fig. 1
WY, RO YD OFE L REBORH D EH 2 WiBEEROA/ND L CHRABREED s
&@okoit,ﬁ%kﬁt%%%ﬁt@@ﬁ%%&éﬁbu,i%%wﬁ%ﬁm%otikﬁw
EfEEEEEORM I EICOVT, ZESOMEB L VEBEREO 7 — 5% B0 CHEES A7
%%,m%%&u—QMb@rﬁjgﬁﬁﬁﬁu&<,ﬁ%@ﬁatﬁ%@ﬁ ERHD L EFEOM
FREBD SN Lo T,
3. BIRTEEICT2RRORER
FHRETHR-HBPECHET 27— 512, 250 E2F-> BEEROHBEOALEHRECTHY,
Toy b TERBOND 1 DTS RETHUTHHINET>Tw 20T, BEOBEERIIRD
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Fig.1. BEMYB L Uadh b 41283 2 B4 L R OMMK

Relation between parents and families in straightness and crookedness of stems..

Note)
O ®iLE

Tohoku provenance

6 HREGOAKHRE (FXER)

o HEE

EENOL-:: ) 3

Kansai provenance

— 82 ® -
8 -
B}
g8 -
ElL 0 ® -
v @
£ ®
3 - 66 o . o -
[+
St 8o 8 -
E 8
I 58 -
5 8 o
£l 54 -
br o)

L 45 L . -

AE HE
Straight  Crooked
BSofei

Stem forms of parents

Freeman-Tukey arcsine transformation for given proportions (See the text).

Table 8.

BEPE T 2 BNS OHEEME L SFROKRER(R)

Estimates of variance components and family repeatabilities
in four traits for stem form.

¥ A

Traits

it Tohoku

BEpeZE Kansai

0 /Ny + On®

O'fz

6.2 /ny + o’

O'fz

it
Forked-ness

SEE M
Straigt-ness

IRt

B D

Basal
Crooked-ness

Crooked-ness

25.601

31.562

46.075

41.169

0
(-3.480)
15.700

0
(-6.834)

12.345

(=]

0.60

0.47

39.039

33.816

44,382

40.893

0
(-3.246)
9.098

15.721

23.339

o

0.45

0.52

0.63

BIENTERG, £72, bEDEHELIRL TR INTEREREEZTIFHBET -5 THY, 20
D7 —5 0o DESMTIC X 2 BEEREE UREESEL THT 5 2 L85G8 £ R TS
29, Lol, EALEb TEER A5 ORBEORRY, REBERNZI TRESALLIT TR,

ZERHEPTH S,

ZOLHIITR, IhoDEEOERBHEZRCN LEEHERI L A3ZENENIBZEFELT
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CEIREETOREE LT, KAOKERE (R) ##E L, RIEXE, Table2 OBAIITTEY
FHOBRRG» o ROR TR 72,

o2

{62/ M+ 002 /b +oy?

2, FREIE (o) WEDBEERTHEE, ThE 0 :H 0 ZREROHE@E 0 & L1z,
iR ixTable 8 (R £ 8D TH 2, Table 6 DAMSHER S LRTFHENE 2 L TH B, &
B2 & ARTCHA D 2D W TR, KRB~ A T ADEETT b O0% <, BEEDHRTH Y
% (R=0.52) #REFROKEXIZO0 LHEE XN, BEMEEBHOBICOLTREERSEL T
0.45~0.63 ¢ LLEHIS WIEEESER Stz

AEBROGWHE T, FIXEORBHNERIINT 2 BENERCE S EROFESRTD 51T,
RTH O EIC OV TRAEM TRZ 2BRE R 57208, BOBEELH Y CET3HEC LT’
T ORBAMERIINT 2 RIEWBEROFESHENAS I EHHL Mz IRz,

727EL, KR (R) OHEBE, 20RX»S5BSLE L I e Pond, 6% EOIERSOME
ODHEMEANCE > TEEZ6DTH Y, PHNSHEBEB L0101k, ChSDORBEIZ>LT
PR AEEFLEAERN TV Z BB ETH L,

4. YUERBIUHERENRRME & UEHHEE

(#ER) FMETL D DU LFER, HEY, HERSIUCEZEEEO 7oy N EHES, #
EAFHE L L IHERRIS L U7 2y 7 Bz Table 9 i2RT, £ 72, T 5 DIE DS
RE, A 1XD1TTable 10 12, BRI D>V TTable 11 K #HBhFT,

PEME CHCLIAEOMITE, ERTEEERSEMMCASAEROHL I ESTEIATL
%, EMARRE TR, BEEET1%, HEE TS %OAETEEEZNRED SNt (Table 10),

BT L ODESHTE, FLEXRROHEES LI UEREE L, UAERROEENT, 7h
FNRRMCEEEMED Shi- (Tablell),

(B%) Tablell TEMZ iAo e, HILETRABE L 7oy 7R EERIED b1
¥, BBAETOAEREBELBR SHEMEE T - 72, ZOEHRERETIZZ VA, HILEIH
NETFEPERSED, HECBHO OHBRS B o LEEED b OO THEORE S L D¢
BI0rb Livin,

LEER, BEREES SUHERIC DL T, EMMEEZEESOTRLEL CEETH D (Table 10),
RALEE T CBAPRRE O FAIMEHIA & o> (YRR © BTL 19.9 om BIFE 22.3 em, RS 1 B4k 05 &
BIZE 106 %, #H3ER HIL7.2cm BB 7.7cm), AUHE DV, SHOBESED PHEE A
% EVP, RRE LA, RILBECHATHEEENDPASWEESRLTED, JhsOBEHNEH
MOZEREFRET 2@ 2 2 WHESES H 5,

EOBTLREORAMEROERRICDVT S, HELEEECIIR 2 EEE2T L
(Table11)o L2 L, 242 BLTA2 L, FEROBHETIH, ThoBEORREERI, 52
DRERZLDTHAROENLS Z EBTE B,

R=




7 H eV REOEER, HERECETIER LBER(LE-OHHH) — 107 —
Table 9. W&EEHB X UHERED 7 v bFHE
Plot means in current year shoot and needle traits.
v b No.| BIEERE |MSEEE(n)| BEH(E) | $ES(m) |EEEEE/ m)
5 HRY Plot No. No. of Current year [No. of needles Needle No. of needles per
Family sample trees| shoot length | on a shoot length Lo length of a shoot
12 1 I 11 I i I Il I I I 11
T- 1 17 13 7 10 19.1 | 20.4 | 86.7| 93.7} 7.2 7.1 4.6 4.7
T- 3 15 46 9 10 199 { 19.0 | 96.0| 92.9| 6.8 6.7 4.8 4.9
T- 7 54 19 9 10 18.8 | 19.9 | 93.9101.0{ 6.7 7.1 5.0 5.2
T- 8 12 29 9 10 20.3 | 18.8 [105.5(111.9| 7.9 7.5 5.2 6.0
T- 9 10 3 10 9 19.5 | 17.5 | 90.1| 83.9( 6.8 6.6 46 | 4.9
T- 10 22 37 9 10 180 | 16.4 | 91.4 78.9| 7.2 6.7 5.0 4.7
T- 13 5 30 8 9 219 {21.3 ] 95.2(102.2| 6.9 7.6 4.4 | 4.8
T- 14 46 20 10 9 22.2 | 19.0 | 104.2| 89.8| 7.5 7.1 48 | 4.7
T- 17 41 14 9 10 18.7 1 20.8 | 95.9(101.8| 7.4 | 7.3 5.2 4.9
T- 20 7 40 10 10 21,2 (158 |102.7| 83.0| 7.3 7.2 4.9 5.3
T- 21 47 4 10 9 206 | 16.4 | 96.0| 83.8] 7.6 7.3 4.8 5.0
T- 22 64 54 9 10 18.3 | 21.0 | 89.3(108.2| 7.3 7.7 4.9 5.2
T- 23 31 25 8 10 17.9 | 22.7 | 89.3|103.5| 6.5 6.9 5.0 4.6
T- 24 9 1 10 10 219 { 21.3 | 92.0| 8.9] 7.3 7.6 4.2 4.0
T- 25 49 45 10 10 229 | 22.4 |110.5}1102.3] 7.1 7.1 48 | 4.6
T- 26 57 9 8 10 17.4 1 22.3 | 81.9(106.4| 6.5 7.0 4.7 4.8
T- 27 60 18 10 8 18.8 | 20.0 | 89.0|102.8 | 7.8 7.1 4.8 5.2
T- 28 66 12 10 10 21.8 | 21.0 |102.5| 97.8} 7.2 7.3 4.7 4.7
T- 29 30 15 9 10 20.6 | 20.4 | 99.9| 93.8| 7.0 7.2 4.8 4.6
T- 30 63 34 10 10 16.9 | 21.6 | 77.7| 96.3| 7.5 7.5 4.6 4.5
K- 31 68 43 7 8 208 | 24.0 {107.5|126.1| 7.3 7.2 5.2 5.3
K- 33 39 36 8 7 18.0 | 22.1 | 81.3} 99.1| 7.6 7.7 4.6 4.5
K- 34 67 48 7 7 22.1 |1 23.6 |108.8|107.9| 7.8 7.5 5.0 45
K- 35 45 22 7 10 19.2 | 19.4 { 85.9| 95.3( 8.1 7.2 4.5 4.9
K- 36 55 39 9 9 189 | 16.4 | 89.8| 84.2} 7.7 7.2 48 | 4.9
K- 39 43 44 7 7 20.7 | 27.3 | 95.8|129.4| 7.3 7.5 4.6 4.8
K- 40 44 23 7 7 21.3 | 23.8 | 93.6|107.0| 8.0 76 | 4.4 | 4.6
K- 41 40 51 7 7 21,3 (23.3|1102.7|113.5] 7.5 7.8 4.8 4.9
K- 44 37 6 7 7 23.4 |1 23.9 |102.2120.0| 8.9 7.8 | 4.3 5.1
K- 45 38 26 8 9 19.6 | 22.1 | 81.9(103.6 | 8.8 7.3 4.2 4.7
K- 46 52 42 7 8 220 | 24.1 | 106.1 {113.4| 7.6 7.5 4.8 4.7
K- 47 62 8 9 10 2531226 {1189|117.4| 7.9 7.9 4.7 5.2
K- 50 28 49 9 7 23.3 1 19.7 [ 1146 |103.0| 7.9 7.2 5.1 5.4
K- 52 50 32 8 8 21.5 | 23.1 {110.5|112.8| 7.6 7.6 5.2 4.9
K- 53 23 10 7 7 21.7 1259 |101.11125.0| 8.1 8.0 4.7 4.9
K- 54 29 41 7 7 21.8 | 27.5 |1 103.3|129.7 ] 8.1 7.5 4.8 4.8
K- 55 19 35 6 6 23.5 |1 25.1 [115.8|114.3| 8.1 8.1 4.9 4.5
K- 56 14 11 7 7 21.4 1 21.2 | 88.5| 99.4| 7.6 7.4 | 4.2 4.7
K- 59 36 16 8 7 205 | 25.1 | 89.7|120.2] 7.9 8.1 4.3 4.3
K- 61 6 47 5 7 21.2 | 25.1 {102.9|115.8| 6.7 7.5 4.8 4.6
Note)
1) TidsdbE, KixfEmE
T and K stand for Tohoku and Kansai provenances, respectively.
2y I, Nk7oy &S

1 and II mean block number.
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Table 10. HFERKB L CHEBEICHET 2 08-SR BR1D)

Results of analysis of variance in four traits for current year shoot and needle (Form ).

B o= = K B TIEF -
Traits Source d.f. Mean squares
A 1 19.13 4.56 *
HERR EH -
Current year Provenance 1 120.30 24.93
shoot length EHANRT
Family-within- 38 4.83 1.15
provenance
Error 39 4.20
Gy 1 886.88 9.97 **
EHIE EEHD s
No. of Provenance 1 2293.50 16.95
needles on
EHANRR
a shoot Family-within- 38 135.31 1.52
provenance
B 39 88.92
oy 1 0.289 2.65
FHEER EH o
Needle Provenance 1 5.513 29.73
length EHNRR :
Family-within- 38 0.185 1.70 *
provenance
B 39 0.109
Zo7 1 0.231 4.48 *
HERE EEH
N(l). of Provenance 1 0.078 0.57
needles per EHNES
1 cm length Family.withi .
y-within- 38 0.138 2.67
Of a ShOOt provenance
BE 39 0.052

Note)

1) **xBIUF*Z1BBLUSBLRALOBEES
* % and * refer to significance at 1 percent and 5 percent level, respectively.

5. HERS LUHEREORERE
ABEL - AEMS L CWEER L OEE%E, BEEMTALEE L RAEHETHBRIED
W, BRI L7 (Table 12), £RIZL Tk, BE L 4E & OB SvT LR
L7z,
EHEBELTAHD L, WEMMT, BPEMOMEBGRROMEEML TED, BEMOEEBEED
HEOBBIHBHEEL T30 L A2 ZENTEL, Lrl, W OhOREREEILE
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Table 11. SFEHS L UHERE T 2 EHRISRMTOBR @RI

Results of analysis of variance in four traits for current year shoot and needle (FormlII).

#itE Tohoku BEPEEE Kansai
%‘_E % A
raits ource R TS . BB SEHE R .
o Fv
d.f. Mean squares d.f. Mean squares
7\.U v Vi * %
1 0.039 0.010 1 35.133 9.54
Block
LERER
Current K%
st | Fawily | 19 3.251 0.804 19 6.389 1.73
length -
BE 4.046 19 3.683
7“3 Vs z * %
1 23.000 0.292 1 1396.9 18.37
Block
HEE K
No.of | Z& | g 75.714 0.963 19 195.02 2.57*
needles | Family : : : :
on a shoot| =g
BE 78.651 19 76.03
7oy 7 0.002 0.03 1 0.601 4.58 *
Block : : ‘ :
HER |y | 19 0.176 | 258" | 19 0.189 1.44
length =
BE g 0.068 19 0.131
GEa T2 0.026 0.55 1 0.203 3.80
0. O
eedles | patly | 19 0.174 | 3.67** | 19 0.099 1.85
length 2
of a shoot | fore | 19 0.047 19 0.053
Note)

) **BIU*E1%BIU5%VALVOEES
% % and * refer to significance at 1 percent and 5 percent level, respectively.

2 ko TIFABOAEBEE TH - 720, HERROMEICKERERSHIHELH T,

$7-, Table 12 TH S 0% & 512, MEMOHBEFEROME R, KRRFHETHS & D bIEFHLT
THBHERE GEHLTWw3, COBOMEMOERNEMEHRT 258, FHELTTZ E
EHEAOM L 2N PEREEbh S,

ATERORE . # 2 L SERE L EEROMEMEY, TEHME b 1 %BOFRAETEDOHR (#
BT r =0.82~0.88, FATHHET r =0.56~0.89) 358 Shic, £/, BEMEBEREE
Y ORI b EET 1% b L < i 5 %0KETHEZIEOHHM (E#EAT r =0.29~0.39, K%
SEHHET T =0.49~0.53) R S htz, B 4HEROEETIEY 2, YEERIEEHTO
2, WEHIE b 1 %AKETEETH-> 2, NEEBSETHERVIZE ZOYFRECD HEENS
B, BRTI TR RRRRTHERI NI LEE S,

Ko, BECHESER: 4FE coBicow T, BELY bEER & OEBREsEVE
ERUT, LvL, B> THEEAESS3HE AN, HECHEERL AREZLTA
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Table 12. MmEE, LEKB L CHERE O LRGN
Phenotypic correlations between the traits for stem diameter, current year shoot and needle.
TR LERE g EE EEEE
Diameter at | Current year | No. of needles Needle No. of needles per
breast height | shoot length on a shoot length Lom length of a shoot
DE@EE@ al 0.18** 0.25** 0.06 0.15**
lameter at ** * % o
breast height 0.19 0.25 0.07 0.16
C%’!fﬁﬁﬁ a -—0.16 . 0.82** 0.19** —0.18**
urrent year * *k *x _ o
shoot length b 0.52 0.88 0.40 0.18
NoA ¢ L a 0.06 0.56** 0.05 0.39**
0. 0I needles * ok ** - xx * %
on a shoot b 0.61 0.89 0.17 0.29
ﬁltl ﬁdlﬁ a 0.27 0.12 0.26 —0.25**
eedle - _ *
length b 0.43 0.29 0.10 0.49
N 2%%%%?&31 a 0.23 —0.44 0.49** 0.21
0. of needles * _ T
per 1 cm length b 0.35 0.09 0.53 0.33
of a shoot
Note)

1) a :#d4tE Tohoku provenance.
b : BE#E Kansai provenance.
2)  %.bf : Upper side of dashes : B{&#85f7 Individual trees
. BEAE&(d.f) Tohoku 376, Kansai 297
Z T . Lower side of dashes : 5% F#gig Family means
. BEE(d.f) Tohoku 18, Kansai 18
¥ kBLUFF1BBIVSBLrOERY
* *kand *refer to sighficant at 1 parcent and 5 percent level, respectively.

t@ﬁmwﬁtm%@%%%béztu?é&motokﬁb,@EE@%%%K@&,W%E@
LSRR, WEEE & EERC O TRBEMS L URREIEOTR S T1 %5 L < 125 %05
EmﬁTE®ﬁﬁﬁ%®6n,ﬂﬁmmﬁwaﬁﬁ&%<ﬁﬁ@ﬁﬁ%ﬁtk@ﬁﬁaéhto
HERVMELEOEANSBETHY, YERIREEERNL L Lit, REEOEKFIZ - -
T—D2OFMBEMIC LY > 5, AL Z L1, HEECEREFII>LTb VL2, Lal, &
EORER»S, ThoHERE L BBRORER : OBBEBERICENE L2 Ta %0, 72750,
BFEICOVLTE, BB I URRHEL Y, WEER E UEKE, WEER L S8 OfIT S,
HBISRO SN THEDT, 5, I3 LrACEHLRT— S OERBLE L E2 605,
6. HERS L UHERBEORFEM

HEHS S UHERE A REICOLT, Bl FRRROMEBREHE~:, BT, chs
AHE, #EOL, B, TH, JLEl, BB L R TRTIZDOLTF— 5 0385 T 5 45,
RREOT—5 1%, MELE»S0bOBTTHS, LiboT, 22T, BREOBTES(A)
BLUBMELR (B) 02207 -5 L &ERAOVHES v CHBMRS R KD 7 (Table 13),
HAFRIITable 9 iR T HILE, BBEES 20 KR TH2,

BPAMOSRIER %22 L, WTHOBEE DT, HEEEEE IR SR 5T, £72,
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Table 13. M4 B & USHEREOR T LB T ER

Parent-offspring correlation and regression coefficients in the traits for current
year shoot and needle.

¥ 7 #it#E Tohoku B Kansai
Traits BRTEEY | BRI | BRERTY | SEE LR
(AP (B)Y (AP (ByY
C’FEE@}%& —0.18 —0.04 0.26 0.12
orrelation
LEKR coefficient
Current year
shoot ler};gth B RE —0.12 —0.02 0.15 0.05
Regression
coefficient
C’Fﬁﬂﬁf%tﬂfﬁ -0.29 —0.07 0.05 0.03
orrelation
' EH coefficient
No. of needles
on a shoot @ﬁﬁ:ﬁ —0.13 —0.02 0.03 0.01
Regression
coefficient
C’FE@@{%?I 0.42 0.39 0.36 0.15
orrelation
B E R coefficient
Needle -
length B RE 0.17 0.13 0.16 0.05
Regression
coefficient
THBE SRS 0.19 0.05 —0.01 —-0.01
EEEE Correlation
coefficient
No. of needles per
1 ¢m length Bl 0.05 0.01 —0.00 ~0.00
of a shoot Regression
coefficient
Note)

1) EEETHA), ST EEBI L TIEIAXER
These coefficients were estimated from two kinds of the data, (A) and (B), on parent trees.
The data (A) are mean values based on shoots and needles collected from whole parts of crown
of each parent tree. The data (B) are mean values based on shoots and needles collected only
from upper part of crown of each parent tree.

BT & o THEEROENAE L BE->T0B OB o1, &5, Eflzrrb b & (A
BHEDES L ZBEEBV R hhotz, 29 LERERTEROVEDLLT, B L RAROH
BOENEZ SN,

TR THE L RS IOz, £ L BSOBRICH S 0, FEMOVLTHOBEICD
W b BRI & EE T E R Lizo s 8, KRROHEMEHIME LH» o8-
TWBB I L bbb T, BFOEMESMELESLD &L 2BRERTHON TRVEEZ TR
MAERD 5z,

B KR TR TS DOENH 20T, S TINSOREOBRTFHEMIC DL TERLRE
MidTx 20, HEE I OWTIZEBE 18 O & X DEEKE 5 %OMHBMRE 0.444 [T VWEZ R
L. #i0 3E iz DV Tid, Table13 THS 7% & 5 AHBIRBIZIZ L A X +0.2 ORANTSH
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Table 14. YEEB L UOHERE IZET 2 SPEER 5> D HEEE
Estimates of variance components in the traits for current year shoot and needle.
W oE HikE Tohoku BEvEZE Kansai
Traits o2 o o 6,2 O’ o/
LERR 16.69 2.27 ] 21.91 0.70 1.35
Current (-0.40)
year shoot
length
430.50 32.75 0 524.96 4.50 59.50
No. of needles (-1.47)
on a shoot
HEER 0.51 0.01 0.05 0.55 0.06 0.03
Needle
length
ERERE 0.42 0.00 0.06 0.44 0 0.02
No. of needles (-0.01)
per 1cm length
of a shoot
Note)

7oy b REEOFETS (n,) © HALE  9.38, BHEE 7.34

Harmonic means (n,) of the number of trees per plot are 9.38 for Tohoku and 7.34 for Kansai.

Table 15.

RRDODEES B & VBT ER» S HE LB EER

Heritability estimates based on variance components of open-pollinated families and
parent-offspring regression coefficients.

TS5 S DHEEE

Estimates from

ER e & O EE

Estimates from

ifri B variance components regression coefficients
raits
¥t Tohoku Bi7e Kansai it Tohoku BPE Kansai
LERE
Current year 0 0.23 0 0.30
shoot length
-
No. of needles 0 0.40 0 0.06
on a shoot
HER
Needle 0.38 0.18 0.33 0.32
length
N ﬁ%g%l
o. of needles
per 1cm length 0.52 0.20 0.09 0
of a shoot
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D, EFHEEREDLNE AT EABELTELDMAR,
7. HERS L UHEREORER

BEROKETR, A%, BEIECSL CRENESS L ORERNS»EFHT 51012175
BDThD, CITEDHIFD AWEE, YL LLBED L I 5 BEHYROBERII 2 2 WHL
ez, LehioT, UTTRERLME T 2 Bk, BENRBHRETHT 720 TRE
<,:nE@%E®iﬁﬁ%§KﬂL§E%¥@EX6%%ﬁ8ﬂﬁ8%5bfu5@%%%ﬁﬁ
ZIEiHB,

AREOREE, BT 2 FORMME 2L TRDBHEL, KRODERTH 5RD
2 ko T, BT b CHEE L7z, 31T D Tid, Table 2 OBRINICRT ¥ ORI
S ERDATRD I,

h2=406y2/ (634 o2+ 0¢%)

Table 14 = i3 53855 OHEE & %, Table 15 i2 i3 Table 14 DSER S 2 & #E L2 REF L
Table 13 DEFEIRESD S HE L IOBEEE Hb¥ TRT, %86, Table 13 OFTERFREIE
BISHATY L B FE0 2B oV TEL TV 245, ER» S ORERMEE R, SEEET
BDF — 5 B h AR ERO AL - TiTo fe BEERERLE 0~ 1 OHEOEL 5D
T,%%%ﬁﬁ(#)%ﬁ%@ﬁ%ﬁﬁﬁ@ﬁ%%?%ﬁﬁ,:n%oaﬁ&miﬁﬁ%wﬁﬁ@
50 L Li, FEL: AREORERE, ERCHEEFECLIPRYONTY FERLI, HF
WEB L UEERORERE, $ULET 0 TH B 00 LBIFEER 0.06~0.40 DfEERL 2, HE
WREOBEE, SR S OHEEES 0.20~0.52 ThH 50T L, ERFED 5> OHEEMEIIIE
LAY 0 ITEM o Tr. HEFEDBHLT, HEBESKE CRL BRI DV TRHEMBONE,
e LHERORERR, EMOHEEHRC»RD 5T, 0.18~0.38 &, B REVLHPRE
FELREEETH > 7,

W FEOERIC LD, HEECAERAIVFLHY, EAORBEICKELERELIES
LT E ALY, SREIC AT, YEEE, BENEIUEREEOREEI»LVEVLIOTH
25 rEbhg, $hbb, FEBROBETE, Zhs 3BEHORRMERIGERENERIC & E
ERARSTAESRHRDENENS JENTES, TRCHESN, HERCOVTE, BENER
wETLERDEENAE L REROHSPHREICED SN LB 2N TE LS,

5 B X ®m

1) MEEEHEE  HETEICET 2H, 8 13, B 7 o < . AR, 222, 1~113,
(1969)
2) METEPEH  HETECET 2%, F 2%, BT A v Y, FRERBTER, 244, 1 ~114,
(1972)
3) MOSTELLER, F., and YOUTZ, C. : Tables of the Freeman-Turkey transformations for the
binomial and Poisson distributions. Biometrika 48, 433~440, (1961)
4) =hfEs  7ATYEARKSZHRROER, BREICHET 2EHTHAMS X EEE, MR,
355, 77~96, (1989)



—114— MEARSRRE E355

5) BIRER « IR  EFLBC BT 27 4 < VETFEMSERNA (40 4£4:) DER, 89 [HH
i@, 271~273, (1978)

6) LEITRE : REEORES (9). BE, 28 (12), 73~79, (1974)
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Variations, Parent-offspring Correlations and Heritabilities on
Stem Quality, Current Year Shoot and Needle Traits
in Open-pollinated Families of Japanese Red Pine,
Pinus denstflora Sies. et Zucc.
from the Iwate Experiment Plantation

Chiaki Yamamoro®, Susumu Suiraisui®¥? and Satoru Yokora®V

Summary

Variations between provenances or among families, parent-offspring correlations and
heritabilities on stem quality, current year shoot and needle traits were investigated with 40
open-pollinated famlies which were derived from randomly selected Japanese red pines, Pinus
densiflora, in two natural stands of the Tohoku and Kansai regions. These families were planted
in a test plantation established 16 years ago in Iwate prefecture in the Tohoku region.

Four traits, namely, the forkedness, straightness, basal crookedness and stem crookedness
were studied for stem quality. When comparing the Tohoku and Kansai provenances, the
straight trees were found to be more frequent in the families of Tohoku, and the rates of the
forked trees and the stem crooked trees were higher in the families from Kansai. There were
significant differences among families for straightness in Tohoku and for stem crookedness in
Kansai.

The estimates of family repeatability on forkedness in both provenances and on basal
crookedness in Tohoku were zero, but those on straightness and stem crookedness ranged from
0.45 to 0.63 through the two provenances. It was clarified that the traits of the straightness and
stem crookedness must be considerably controlled by the genetic factors in Japanese red pine.

The current year shoot length, number of needles on a current year shoot, needle length and
number of needles per 1 cm length of a current year shoot (needle density) were also studied for
shoot and needle traits. The average values of shoot length, number of needles and needle length
in the family of the Kansai provenance were remarkably larger than those of the Tohoku
provenance. The same tendency had been observed in the parent trees of these families.

There were significant differences among families for needle length and needle density in
Tohoku and for number of needles in Kansai. Parent-offspring phenotypic correlations were
non-significant for all of the four traits on shoots and needles in both provenances. Phenotypic
correlations between shoot length and number of needles were outstandingly significant in the
families of both provenances. The same result had been already obtained from the parent trees
in both provenances.

The estimates of single tree heritability were computed by the application of two methods,
that is, the variance components and parent-offspring regression coefficients. The heritability
estimates on shoot length, number of needles and needle density fluctuated irregularly in the
provenances and the applied methods, but the estimates on needle length were a little stable
from 0.18 to 0.38. It was suggested that the traits of the needle length may be more or less
governed by the genetic factors in Japanese red pine.
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