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BEEISTF IOV TAERMEL, 79 OBBELALT 272010, BECD»TIHE
LB F—SBEEERA, TOMEERILI,

2 R FE

1982 EFkiZ, HEFERBMO T vy 7 I ~MOL 7oy P 2NRE LT, EFEABOBERLBES
FUMBEEROERFEERT o712, 7oy 7IVERW-EHBRIZ, EEBOEARBOTRIC L D EE
ENLRREB Dol dTH b, HERAFC L VemBN T, MEERIZ/ F AL D nn#E

Table 1. EHZ & B L UFHEMZ 40985 HE
The ANOVA tables for single and two provenances.

= & E H B ¥ A M g D B Y
Sources d.f. Sum of squares Expected mean squares®
fB?OZk7 r-1 Si= 2X,..2/3s-CF .24+ n, Kg?
F Pr%venarﬁtges p-1 S, =3%(X.;.?/8; X1)-CF g +ro? +n.Kp?
orm- [
(Two P dEA 1 Zsp | Si=3(X..t/n)-CF-S, ooy
provenances) = 3=
Sorrors | EsD0-D | Se=8:-8,-S,-S, o’
%Totaﬁg ES; Xr-1 ST = EXUkZ—CF
Note)
r 7o s Number of blocks
p o EEHhE Number of provenances

n o 7oy 7HER Number of families within block
n,  EMNERHZAFE(E Harmonic mean of the number of families per prov

Kg?; 7oy 758 Variance due to differences among blocks
Kp?: EHIZHR Variance due to differences between provenances
of? | EMINRFSE Variance due to families in provenance
L3 A 18 B E ¥ 45 M T F OERER Y
Sources d.f. Sum of squares Expected mean squares?
7mz2 B r-1 S, =3X,2/s-CF 0e2/ 0y + 0%, 5K 52
K& (F) ~ _ 2/ 2 2 2
Form—II Families s-1 SZ—EX.j /r CF O¢ /nh+6fb +ro;
(Slngle ) BxF (r_l)(S‘l) Sfb = ST‘S1 "Sz O'ez/nh + Gsz
rovenances
P ' éTotal rs-1 Sr=2Xy*-CF
ol v
'Ij‘;ees/wilgh,ijr?ﬁﬁ 2ny-Ts 2(EXund-CF) o’
Note)
s I RRE Number of families
r 7oy r¥ Number of blocks
Kg?; 7oy 73R Variance due to differences between blocks
ot I KRESE Variance due to families
n, . 7oy hN{EE#HK Harmonic mean of the number of trees per plot

DIRFFEY

o’ ; 70y EERESEIE Form-I1 £ i3l @k e 0 fIEEE 77— 5 L LTRD%
Variance due to trees in plots. It was calculated separately from Form-[Ion the
basis of data of individual trees, because of irregulality of tree number in plots.
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MTREL, FEBROMD E LDiE, 7oy 2 BT 2HIE 8RR LEAE 14 KAWL
DB 7 BT PR ARERE 3 70y 7 2G5 LRFH 2 0 OFERBUIHILED 95 &

(71~104 &), FAFEEL T1 A (56~88 &) TH-o7z,

FEFE DWW T T, 1982 FEK L 1983 FRD 2 [Mizb T, 7Vov 7 [ LI H@BL THEFEEI T
VAHHILE 2 RRLEEE 20 KRR EMRE LT, HERE TORS (Biim), 13 ROKE
& (Hfiinm), SEEFEELOBROER (iim) 28FE / FRAEBOTAEL 2, HEBOBEER
BDEEH 5K 5 cm BN IE THE L7z, ROKR S BAKKE LORERICNT 5 HREROLL
TRLU, BITOWARERNIARERE 2 70y 2 2G5 L HKR b1 D OFFEARLIL, FHILER
58 & (38~68 &), BEVHEEDS 36 & (24~DH1 &) Th oz,

¥z, BREOSEMMNE 0y + BV OREFRENELD I Lrd, RRFEHEEZT—F L
LT, Tablel Rl &k 51T, EMEELRET 57-01CForm— 1, EMIL ORZSHERD
LW Form— U 2#EAL TiTo7%, %8, Form—IIIZBIIEE L 72 7o v » AEEMS 8L,
B L3RRI OMEES27—-5 L LTRDTz,

3 & R

31 SRS L UREMEC ST SRR - EHMER

EFER, B8, BEEES L UBOBRLIZ Lo e vy  TTIgE, KRRVHE, ETEE
%Table2 iz, ZhoBEDSIESHTER % Tabled ~ 4 WRLT,
EFEFCIHEBCIZHEELETIEINS Y, 2070y F TREETRROL O IZMOBRAME
VIOFEELZ T THELBEEOSVCERALTED, ECX > TRKERELSRED 6T, T
bbb, BILE®D 92.7% (68.5~98.1%) ot L CRAFEREIL 69.9% (54.6~86.1%) TH D, s
SHRERIZE T bEMMERD | W KETEETH -1 EM T L CAFERORZMOHE S5 &,
HILETREERERERZEO N Lok, BILEORFENLDORRZRO 7y 7 —1 07 ay b2
19 4% L HEEICBEWEERLI-0O (Table2), BB L > THEENEHN L1270 TH S,
—7H, BEEIZDWTE, FEOEEERROBEHMOREE,» S { 2ECHOMBELEL SN
LEELEERETHSROSNS L L HIT, RARMSEHIC L SVWEEEMSED S,
fEEE 15 FHOBISE, 2RKROFEHEHN 6.2 m, RILEH 6.8m(6.2~7.7m), FAFEELH 5.4
m (4.5~6.3m) THY, EMMZES LUVERT L ORRMSBCBOEEESTED S hic, 05
BEROSFRLZFHMEIE 9.9em, HLEH 10.7cem (9.9~11.3cm), BAFEED 8.7cm (7.6~10.1cm)
ThHY, BELAROERER L, 7L, MEEETE T 0y 7 MRCHEEESED ST,
HALEORFZMAMOBEER G S U KETH 7. T 6 DERERROFIEE &L FHMSER
TRLEZOHMFig. 1 THY, RILEORFIIHENE { RRED/ VT Y $H/NS st L, BEE
BEOHETHY, RROEEIEMICL > THLNRERIBREARIN TV S, BOFRL 21
B MEEETRT b, 2FRTEEG 67, FALEY 66 (61~74), BIFEEL 67 (61~T76) TH Y,
EEHIRE - oy 2 MEREE TR L, AEMORZEIHCOABWERESRD S17,
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Table 2. A£%#ZE, #&8, WMSEERL L UBOBKILO 7oy b, TR, EMFIHE
Plot, family and provenane means on survival, tree height(H), diameter at breast height(D) and H/D.
® % Block— I Block—11I
Family | 7oy pNo| 4%% | #5 | WEEES H/DBH Toy Nl EFEXR | BE | WEERZE
No. | Plot No. | Survival | H | D.BH | Plot No. | Survival | H | D.BH
T- 1 17 91.7% | 6.4m| 10.7cm| 62.0 13 83.3%| 6.7m| 10.6cm
4 26 19.4 5.5 11.5 52.7 7 88.9 6.8 10.4
7 54 97.2 7.4 11.4 66.5 19 100. 8.1 10.6
8 12 97.2 5.9 9.6 64.3 29 97.2 6.5 10.6
9 10 94 .4 7.0 11.0 65.0 3 91.7 7.0 10.5
10 22 94.4 6.9 10.3 70.8 37 91.7 7.5 11.0
13 5 94.4 6.4 10.6 65.0 30 86.1 6.5 10.7
14 46 97.2 6.6 11.2 59.8 20 97.2 7.6 11.1
17 41 91.7 7.1 11.2 65.2 14 97.2 7.2 11.0
20 7 97.2 6.5 10.9 61.2 40 83.3 6.6 10.8
21 47 94.4 6.7 10.8 63.7 4 100. 6.9 10.5
23 31 72.2 6.6 10.6 64.5 25 94.4 6.8 10.4
25 49 97.2 6.6 11.4 58.8 45 94 .4 7.0 10.9
26 57 94.4 6.7 10.4 68.2 9 97.2 6.8 10.4
27 60 91.7 7.1 11.3 64.3 18 80.6 7.0 10.8
28 66 97.2 7.2 10.5 69.9 12 97.2 6.8 10.7
29 30 86.1 6.5 9.4 73.6 15 86.1 6.4 9.8
30 63 94.4 6.8 10.9 65.1 34 86.1 7.0 11.2
Tohoku Av. 89.0 6.7 10.8 64.5 91.8 6.9 10.7
K- 33 39 63.9 4.1 6.7 67.9 36 58.3 5.3 9.1
39 43 55.6 4.3 6.9 70.1 44 61.1 5.2 8.6
40 44 72.2 4.7 7.8 67.1 23 77.8 5.6 9.4
44 37 63.9 4.9 7.8 72.8 6 69.4 5.8 9.1
45 38 88.9 4.9 7.1 76.3 26 83.3 6.0 8.5
46 52 61.1 5.2 8.6 63.1 42 63.9 4.7 7.7
47 62 80.6 6.1 9.5 69.4 8 91.7 5.9 9.7
50 28 69.4 6.4 9.9 63.6 49 58.3 6.0 10.2
52 50 63.9 5.8 9.4 68.3 32 63.9 5.6 8.6
53 23 55.6 5.4 9.6 62.9 10 77.8 5.1 9.5
54 29 55.6 5.7 8.8 70.7 41 63.9 54 8.6
55 1% 52.8 5.2 9.6 59.4 35 6l.1 5.9 10.4
56 14 55.6 4.7 6.7 80.3 11 80.6 5.4 8.0
59 36 72.2 5.9 10.5 59.3 16 55.6 5.6 9.4
Kansai Av. 65.1 5.2 8.5 68.3 69.1 5.5 9.1
Total Av. 78.6 6.0 9.8 66.2 81.9 6.3 10.0
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Block—III K FFty Family means
7oy | £FF | BHE | BEERE E7FF | 85 | hEERF
B/ Plot No. | Survival { H D.B.H H/DEH Survival | H D.BH H/DEH
64.3 35 97.2% | 6.7m 10.7cm| 64.7 90.7% | 6.6m 10.7cm| 63.6
65.4 10 97.2 6.9 11.0 65.9 68.5 6.4 11.0 63.1
80.7 22 97.2 7.6 10.5 74 .9 98.1 7.7 10.9 74.0
62.2 5 100. 6.4 10.9 60.2 98.1 6.2 10.4 62.2
69.9 13 100. 6.9 10.6 66.4 95.4 6.9 10.7 67.1
70.7 7 97.2 6.7 9.7 71.6 94.4 7.0 10.3 71.0
63.6 25 94 .4 6.7 11.0 63.5 91.6 6.5 10.8 64.0
71.1 43 97.2 6.3 10.2 65.1 97.2 6.8 10.8 65.4
67.3 23 100. 7.2 10.3 72.3 96.3 7.2 10.8 68.2
64.3 34 97.2 6.9 11.0 64.3 92.6 6.7 10.9 63.3
66.8 3 91.7 7.0 10.8 65.6 95.4 6.8 10.7 65.4
69.0 1 94.4 6.9 10.5 68.1 87.0 6.7 10.5 67.2
66.0 4 97.2 7.2 11.3 64.3 96.3 6.9 11.2 63.0
66.9 42 100. 6.9 11.0 65.4 97.2 6.8 10.6 66.8
67.4 15 100. 7.2 11.4 63.8 90.8 7.1 11.2 65.2
65.3 31 97.2 7.1 11.2 65.2 97.2 7.0 10.8 66.8
67.3 27 100. 7.1 10.4 71.2 90.7 6.6 9.9 70.7
64.1 38 94.4 6.8 11.7 60.1 91.6 6.9 11.3 63.1
67.4 97.4 6.9 10.8 66.3 92.7 6.8 10.7 66.0
60.4 17 86.1 4.2 6.9 68.8 69.4 4.5 7.6 65.7
67.5 30 47.2 5.5 9.0 65.9 54.6 5.0 8.2 67.8
62.9 11 69.4 4.9 8.8 61.1 73.1 5.1 8.7 63.7
70.2 21 77.8 5.1 7.6 74.3 70.4 5.3 8.2 72.4
74.3 41 86.1 5.7 8.7 70.1 86.1 5.5 8.1 73.6
64.9 37 72.2 5.1 8.4 66.6 65.7 5.0 8.3 64.9
66.2 20 83.3 5.7 96 |62.7| 8.2 5.9 9.6 | 66.1
61.7 28 77.8 6.5 10.1 69.3 68.5 6.3 10.1 66.5
70.1 8 75.0 5.4 8.4 70.4 67.6 5.6 8.8 69.6
58.3 12 72.2 4.5 7.7 63.9 68.5 5.0 8.9 61.7
69.3 18 80.6 5.0 7.9 70.0 66.7 5.4 8.4 70.0
61.5 29 72.2 5.9 9.8 63.4 62.0 5.7 9.9 61.4
76.8 14 80.6 5.6 8.2 71.7 72.3 5.2 7.7 76.2
60.7 36 75.0 5.9 9.6 64.0 67.6 5.8 9.9 61.3
66.1 75.4 5.4 8.6 67.3 69.9 5.4 8.7 67.2
66.8 87.8 6.2 9.9 66.7 82.7 6.2 9.9 66.6
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Table 3. 4HEXRBIUREFECET 2 8MER (Form-1)
Results of ANOVA of survival and growth traits (Form-1)
2 S HoHE Tty OF 7 Fo
. Traits Sources df. Mean squares
7 Blocks ” 2 576.327 10.303 **
%aovenancﬂg 1 9 196.294 95.620 **
L EF B R R
%R;ZISY;:)I Famili=es within provenance 30 96.175 1.719
= Error = 62 55.936
Total 95
7 Blocks 2 7 565.191 6,400 **
%iovenancgg 1 505 195.652 112.542 **
15 & EHmARR .
Tree height | Families within provenance 30 4 488.957 3.823
# Error = 62 1 174.067
Total %
7 Btiocizs 7 2 31.153 0.901 ™
%iovenancﬁg 1 9 565.061 86.706 **
ftg & & # B PR R ox
DBH. Families within provenance 30 110.316 3.191
B brror 62 34.568
Total 95
7 B?ocﬁs 7 2 3.887 0.356 N
%iovenancgg 1 33.361 0.702 ™
BRI EHANRFR -
H/ DB.H Families within provenance 30 47.528 4.358
5
= Error 2= 62 10.907
1%
Total 95
Note)

x % . 1 B~ THEME
Significant at 1 % level

% . 5L RAVDEEN
Significant at 5 % level

NS BEEAZLETRT
No significant.
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Table 4. A£FEB LI UREFRECET % EMHRSEGITER (From-1I)
Results of ANOVA of survival and growth traits (From-II)
#® 4t Tohoku B 7 Kansai
B ', 2 A
Traits | Sources | HRE SEHE R Fo EhE WA S Fo
d.f. Mean squares d.f. Mean squares
7u v 7 * *
Blocks 2 456.344 5.748 2 149.071 5.453
KH ¥
4 77 % | Families 17 103.683 1.306 ¥ 13 86.357 3.159 **
Survival an e
(Arcsin) Brror 34 79.386 26 27.337
2k
Total 53 4
7 v 7 *
Block 2 4,533.336 5.689 2 3,524.840 2.050 N¢
%/% * *| * &
o Families 17 3,158.112 3.963 13 6,229.301 3.622
Tree e
height Error 34 796.880 26 1,719.705
Gy
Total 53 41
Ty
Blocks 2 7.078 0.425 ™ 2 121.549 2.286 NS
K%
M E % | Families 17 33.506 2.014 * 13 210.759 3.964 **
D B.H amze
Error 34 16.641 26 53.173
2%
Total 53 4
Taw * s
Blocks 2 37.889 3.506 2 17.580 2.223 %
%{% *% *k
¥ 17 33.933 3.140 13 65.306 8.259
e Error 34 10.807 26 7.908
2%
Total 53 41
Note)
k% 1%LV THENE * I 5%VANOEERE NS: FEMEZ L E2RT

Significant at 1% level

Significant at 5% level

3.2 BEEICHITIENE - XRMER
RED 7oy b FE, RRAFES & CEMTHE I Table 5 D2 8Y Thol, 2D B,
IEEEEE L ESOIECHEY S D (FREBHORIETIZr =0.90, FAEETIRr=0.94Th-
), AEFROR L ABEERZOEEFAT L I LB TERLOT, BBIINT 55— > + (K
TRET2) 2ROz, HOKSE, BLALSCHEORS L 20EEOBOERZ DT
IHhoREOFRSNOBRTH %,
NIEEIEBEORIZUOMNBECETLTEY, Yoy 7HEs L UEREICESE {, £RBHEC

H»%, Table6~ 7 i3,

No significant.
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Fig.1. HAtER X UBREERRC BT 288 L MEEEOSH

Distribution of tree height and D.B.H. in families of Tcohoku
and Kansai provenances.

BOTHRETEED SZ Y $ 1348~57L /N E ot THORZOBRREIC>WTIE, 7oy s — 1
DRPRELEERL, 7oy s HES L CEMBZCEREESED SNz, IROKE OFHHE

ZOWT HEMBEREEICRE oo, Tuy JHEZEOEERR S BKETH- T, HOkS
&, FAELSEILEL D SBAESLUFEL bREL, »PORRBO/NNT Y FINE L, EHfM
TEDHEANBER TRRLEORRMABRC REEESE» ST, MlEORREHHIzOA
BOEEESED SN, Lnl, IO EEZELCEMSE KU DT, BIEOKRE TIIK
DREEENROEFERT 2T TRV, ROKSOMEE - EEFFEORRL, £FREC
EFEMCILUTEZZ ZENTFREEA, EREEED 0y P TIHEFRENF L, HRLRL,
HEAENELRI D, OB ENDBSETLTWwE 2 L, MAELRZIBEERLLLO
LEZOHNE,

3.3 BRSLUBHEORFES

BEB L UEBEICD W TEBEORIE & FBTFEE T, B L RAOHEBEBER & H /.
HRARAKE, BEC OV TRHEILED BRALEFEED UFEROH RNRRTHY, BEECD
VTR EILED 22 FKFR LEBEED 20 RADTH L2 RETH 72,

BB TOFRTFHEBE, FILETIHIEDBEME(r =0.380), BIAETEADERK(T =-0.204)
WhHD, MEMTYEOHEAERL: (Fig.2), 20O I kid, EFEROEMBERICBE L THR~RL X
24, BEEC DL TIREROEEH & KRROEHM L ORFEENKE VDI, BTHBEST
LERNHFEGEILLA O EEZONS, ZhIIHL T, FiLETIABOLEEH L RRDHE
s i ZiZE—BE T H 50T, SV EL 3 ACEEES 50, REMOHETFHERC>LTT



Thww BREZMRLORE, HPE BT 2ETFHES L UBEGER(ZEiZd)— 8 —

Table 5. BEED 7oy b, RFB L CEHFHE
Plot, family and provenance means on branch traits.

Block— I Block—II KA F#HE Family means

%Fam“y% BFELY BOKRE  grrmien| BHOKE gy ROk
No CH/H" |Branch thickness| CcH/Hv |Branch thickness| CH/H®» |Branch thickness
(%) |Max? |Mean®| (%) |Max?. [Mean®| (%) |Max?.|Mean®
T- 1 53 0.39 | 0.37 52 0.40 | 0.37 52 0.40 | 0.37
2 52 0.36 | 0.33 56 0.37 | 0.33 54 0.37 | 0.33
3 50 0.38 | 0.34 55 0.38 | 0.34 52 0.38 | 0.34
4 51 0.50 | 0.43 49 0.35 | 0.31 50 0.42 | 0.37
7 56 0.39 | 0.36 57 0.35 | 0.32 56 0.37 | 0.34
8 47 0.37 | 0.32 57 0.36 | 0.33 52 0.37 | 0.33
9 51 0.35 | 0.32 52 0.34 | 0.30 51 0.35 | 0.31
10 45 0.33 | 0.29 60 0.37 | 0.34 52 0.35 | 0.32
13 53 0.35 | 0.32 55 0.36 | 0.33 54 0.36 | 0.32
14 50 0.37 | 0.33 50 0.40 | 0.36 50 0.38 | 0.35
17 58 0.35 | 0.32 51 0.32 ] 0.29 54 0.34 | 0.31
20 52 0.40 | 0.34 52 0.38 | 0.34 52 0.39 | 0.34
21 58 0.37 | 0.34 51 0.33 | 0.30 54 0.35 | 0.32
22 55 0.37 |1 0.32 54 0.36 | 0.33 54 0.36 | 0.33
23 51 0.37 | 0.33 55 0.37 | 0.34 53 0.37 | 0.34
24 53 0.40 | 0.36 58 0.36 | 0.32 55 0.38|0.34
25 56 0.38 ( 0.34 52 0.33 | 0.31 54 0.36 | 0.32
26 54 0.37 | 0.33 51 0.38 | 0.34 52 0.38 | 0.34
27 52 0.39 | 0.35 49 0.35 | 0.31 51 0.37 | 0.33
28 51 0.38 | 0.35 52 0.38 | 0.34 52 0.38 | 0.35
29 55 0.38 | 0.35 47 0.33 | 0.30 51 0.36 | 0.33
30 57 0.39 | 0.35 53 0.35 | 0.32 55 0.37 | 0.33
Tohoku Av. 53 0.38 | 0.34 53 0.36 | 0.33 53 0.37 | 0.33
K- 31 51 0.42 | 0.37 53 0.38 | 0.34 52 0.40 | 0.36
33 55 0.47 | 0.43 49 0.43 | 0.39 52 0.45 | 0.41
34 54 0.40 | 0.36 48 0.41 | 0.38 51 0.41 | 0.37
35 55 0.44 | 0.38 54 0.43 | 0.38 55 0.44 | 0.38
36 58 0.46 | 0.41 57 0.46 | 0.41 57 0.46 | 0.41
39 60 0.44 | 0.37 53 0.39 | 0.35 56 0.42 | 0.36
40 51 0.46 | 0.41 49 0.42 | 0.39 50 0.44 | 0.40
41 60 0.40 | 0.35 55 0.41 | 0.38 57 0.40 | 0.37
44 52 0.36 | 0.33 46 0.33 ] 0.29 49 0.35 | 0.31
45 55 0.39 | 0.34 56 0.40 | 0.36 56 0.39 | 0.35
46 53 0.40 | 0.35 57 0.43 | 0.38 55 0.42 | 0.36
47 54 0.39 | 0.34 51 0.35 | 0.31 52 0.37 | 0.32
50 53 0.38 | 0.34 54 0.38 | 0.34 53 0.38 | 0.34
52 57 0.41 | 0.37 56 0.42 | 0.37 56 0.42 | 0.37
53 49 0.38 | 0.33 51 0.36 | 0.31 50 0.37 | 0.32
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Table 5. (2-7%) (Continued)
Block— I Block—1II REZFYHE Family means
£ #
Family |HEF@Y| BOKRE grmey| BORS  grgre| Kok
N CH/H" |Branch thickness| CpH/H" |Branch thickness| CH/Hv |Branch thickness
0.
(%) Max?. { Mean® (%) Max?. | Mean® (%) Max?. | Mean®
T- 54 54 0.40 | 0.36 54 0.38 | 0.35 54 0.39 | 0.35
55 45 0.42 | 0.36 52 0.39 | 0.34 49 0.40 | 0.35
56 50 0.41 | 0.37 54 0.40 | 0.37 52 0.41 | 0.37
59 51 0.42 | 0.37 45 0.40 | 0.36 48 0.41 | 0.37
61 49 0.43 | 0.40 47 0.44 | 0.40 48 0.44 | 0.40
Kansai Av. 53 0.41 ; 0.37 52 0.40 | 0.36 53 0.41 | 0.36
Total Av. 53 0.40 | 0.35 53 0.38 | 0.34 53 0.39 | 0.35
Note)
D (B /BE) X 100,
(Crown height/Tree height) x 100.
2) I BAIBR/IKELOBROER
(Diameter of the largest branch)/(Stem diameter above the whorl of the largest branch).
3) | IRBEOFSE/IRE LOBOER,
(Mean diameter of 3 large branches at the largest branch-whorl/ (Stem diameter above the whorl).
Table 6. HBEHICET 298 RE (Form-1)
Results of ANOVA of branch traits (Form-1).
® =l = A BEHE |¥ 8% ¥ F Fo
Traits Sources d.f. Mean squares
7 u v 7 Blocks 1 0.0055 9.9421 **
KX (L) B #1  Provenances 1 0.0298 25.1881 **
Thickness |ZEHIAIFFR Families within provenance 40 0.0012 2.1448 **
(Maximum)  |zg # Error 41 0.0006
% & Total 83
7 o v 7 Block 1 0.0023 5.4374 *
Fox (EHy) (B #i  Provenances 1 0.0192 19.4851 **
Thickness |ZEHIPMZ% Families within provenance 40 0.0010 2.3222**
(Mean) # Error 41 0.0004
2 £ Total 83
7 v v 7 Blocks 1 4.3241 0.3695 ¢
BT En |E #1  Provenances 1 1.6450 0.1353 ¢
Crown height/ |E#IPIR % Families within provenance 40 12.1539 1.0386 *°
Tree height (%) |z # Error 41 11.7018
S f& Total 83

Note)
*% 1 1%LV THEMS
Significant at 1%

level

% I 5%L_UDEEMY
Significant at 5% level

NS:BEMLLE2TT
No significant.
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Table 7. HEH BT 3 EMBPESITHER (Form-1I)
Results of ANOVA of branch traits (Form-1I).

k< dt  Tohoku 5] 7g Kansai
¥ B | 2 R
Traits Sources | HHE | FHFH Fo BHE | PP Fo
df. Mean squares d.f. | Mean squares
7%};;@? 1 0.0037 | 4.5328 * 1 0.0019 | 6.7499 *
K5 (BR)| i | 21 0.0007 | 0.8909* | 19 0.0017 | 6.0314 **
Thickness e
Maximum)|  # Z | 21 | g 0008 19 | 0.0003
2 &
Total 43 39
7%;;3&? 1 0.0021 | 3.3616 *° 1 0.0005 | 2.2054
ks (F9) Pomiee | 20 | 0.0005 | 0.8141% | 19 | 0.0015 | 7.2423**
Thickness s
(Mean) | & E | 5 0.0006 19 | 0.0002
2 f&
Total 43 39
%ﬁé’kz 1 1.0037 | 0.0670 ™ 1 16.5171 | 2.0675 \°
= R F "
Crgiljﬁgiﬁn/ Fomilies | 21 5.9822 | 0.3991™ | 19 | 18.9752 | 2.3751
Tree height | s
Tt B E L o1 | 14.9898 19 | 7.9892
2 &
Total 43 ¥
Note)
% 1%L _ATHER * 1 5%LRALOEENE NS: EEMRLERT
Significant at 1% level Significant at 5 % level No significant.

HYsYOREREZRLELODEEZONS,

MEERS L USOBRILOBRFHEEIC DWW T Y, BS0HEE LR CERSRED Sht (Fig. 3
~4),

HTELEORTHE R, MEM: bEOBRRCHI2PIEEREITD sl o7, HOXK& D
Wi, BRER L CTEE L b CEOEBER L, mEME L EERRCIEEERES S
nxh-otz (Fig.5), BALEIZ B CEFHEBESE» - 2 8id, fIE TR L S, HEMH
WL AEOMN IR PRRCELHEDI 7oy b 8E L, Lrb ZoETREN Yoy Mik-o
TRERLIHEEISNE,

Plix, BEORERCST 2 8E e RROTFHEE OBIFRTH 325, B L RROFHEINK
FLZLLEEL D, £2T, BEOBRENC L TBS o BREIETE S & CISEEE -8
#i 16 FEOFRB VS &£ CHREER & OEE % # 7z, Fig. 6 3O FEc X 2 183%
BOMBERLLLOTHS, ERETRWTNGIE, HEEECIADERERL, SO - Tk
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HesuwTHBREN L CEZAERRR G252, £12, BB OEE 20~30 £OMICS
VT, BEE C EFEEOE L EEEE CHR T EEsA S, EEEOHBER TRADE
BRSNS, TS OERICOLTEREBES DLV, EEED LS wEBRoLsE
i RABOHEMOBENKE S ELD, RROBIOESEEL L2 L 20F, HFHEEEEL S
THET A2 L 3RBTHL L EZ NG,

3.4 BESIUEBHENREEE

HEHBORERIZ, BEFORRFHEZ 2EBILTRDBHEI L FRROSERI oKD B H
HEOWC kT, BT EICHELY, BEICDOWTIE, Tablel OB HiFRTRL 72Form— 11D
SEXPER OB SGS, ho=4 6%/ (624 on?t o) £ LTRDT,

Table 8 (ZFHEHC N3 2 RAFIHEO EIRFEL, Table9 BB SOHEEEZRLLZHDTH
D, BEEHEEDOOEBEMEL L, ChASOERKAESHWIEMI Lo L2 Akt -

£ o
‘:‘:’, ~ Yt=0.1027X+4.9019
I o C e (r=0.380)
> _ P35 °
'g 0T | "o
© [«]
s o] [
6 -
oy R . .
B e Tt Yk=-0.03X46.0177
3 . e—>  (r=-0.204)
w S . . ® . : K
*
I 1 1 1 1
14 6 18 20 22 24
5 #f Mother tree(m)
Fig.2. #i&ici+ 287486
Parent-offspring correlations on tree height.
Note)
Yt : sEikE Tohoku, Yk : BigE%E Kansai
£
E 2L
§ o 9Yt=o.0309x+9.8884
o 0 =

E 3”:90'%8—%—0: 24— (r=0.486)
T 10F o oo .
© [ ]
L B ¢ Yk=—0.0296X+9.4628
T b . . S TT——2— (r=—0.187
#

A ] 1 1 I 1

15 20 25 30 35 40

£ # Mother tree(cm)

Fig.3. MmsERcET 2HTHEEH
Parent-offspring correlations on D.B.H.

Note)
Yt: HikE Tohoku, Yk :BwE Kansai
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§ sof
[+ 4]
£ o . e . Yt=0.1316X+56.7012
= « °* o 9 (r=0.471)
E ﬁoo“%@? 4
® [e]
w ool -8 zYk——O 0284X +69.5500
@ (r=-0.079)
e
¥
B 50}
1 1 1 1 1
40 60 80 (00 120

B # Mother tree
Fig.4. BoOWRICEET 28 78

Parent-offspring correlations on the ratio of tree height(m) to
D.B.H.(cm).

Note)
Yt : g4k Tohoku, Yk : EpE#E Kansai

THE L 72&EFE % Table 10 2R L 72,

BEBEZDWTE, SEES» o OBE L BEENHEM CHU L -EERL, B
0.474~0.501 L& b &<, MIREELS0.048~0.227, BOFEKLL0.162~0.199 TH o7z, EHi
RE SHEE L /B EEE, RILETHSRES» o OREME &R L THEH0.21 IET LR

, MEEES L UBOBRILEBAE ZEVERS LT, £, BEOBRERCL > TR
72 10 AR OfES B L UMSER & KR THE L OERGRED & R 18ER L, B 0.422,
MBEEH 0.260 TH D, FHEOSRBFORIE & RAFHHE L OERFRED> 6 R 1 BE& IR L
T, HMACEERR L., 7270, BEEC W ITRERGEESVTFAL YA FAETHY,
ZOWEETIHERERE 0 VNS B L ERIR R,

BB DU TCREME & UHERIC & > TERLHEBEIC R - o, RILETRRRMAERCE
B, 0270374 FAETH - 2720306 OBERIEETE T, BRHRE» S
DWEEDHTH o7z, Livd, FREOHEMBIIEL, L BEOKE (BKX) 20w TiR0K
HETH -7, —F, BERBE TR 5 OREESEIRRED S D F NI TH 2 ED
EERALY, HHEERCB T 2HERORBRGEOHEGERRECUTHD, Hoks (FH) »i
bE <, HOKE (B&K), KTRLOBEERMERLITENT,

2Ok 5z, A—EHI W TE L ZBEESHEE S BRI DL TR, —23MEEESR R
OBEHDOMEFNRRFECEZNTED, b)) —DRFEERREC B T 2 HEMEO#ETIE
HEORFICKELSBELTWE EELI NS,

3.5 HERHAIIMOTI—E F—SEIE

FEL3 70y 27055, Yoy 2 I LIEA—RELCEBENTWEY, 7oy 7I1id*
ORETUEL, LEMEXEHOSMEDL S OFELSHERL T8, 2B TnE Y
oy FORREMO SOy MICHARTERTWE IS CEREBaN, LT, I X5 i
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d(Max.)/D

0.5
5
g o Yk=0.1154X+0.3714
% ° ® ° (2 ° (r=0268)
£ ') /
Eo.af Ly o
ﬁ‘\_ O O Cé ._OO [¢] S ® ;_
w ® 80 Yt=0.0004X +0.3708
# (r=0.001)

0.3

] I L 1
0.2 0.3 0.4 0.5

0.5+
S d(Mean)/D
£
% Yk=0.1330X+0.3208

=0.314

£o.4 e o &. (r=0.314)
ol R | o/s/o/
B e oo
w 00 ogeo o _ % —
i OO oR0 ® Yt=0.0562X+0.3191

0-31 ¢ (r=0.1717)

] 1 1 1
0.2 0.3 0.4 0.5

£ f#it  Mother tree
Fig.5. Ko AscBT %8 FHE

Parent-offspring correlations on branch thickness.
Note)

Yt:#dt# Tohoku, Yk :BF®E Kansai,
d(Max.) : RASEEE diameter of the largest branch,
d(Mean) : 778 FHETE mean diameter of 3 branches on the largest branch whorl,
D: HKEFOBOEE stem diameter above the whorl
OTRY—UDBT -7 O TEEEZ, BIERLZE T I LXTFREAL I EL S, TS BEDOS
RERE L.,

FT, B OWTD 7oy ZEHEE 27, Table 11 i3 Z OMHBEAFEKER LD THD,
Tay 7 I-METESEERL:, £, 870 v 7AOTHORE—E 25272012, HoHh
Uik TwWicisiBIER Yoy bOBET— 2 2RV, oy 7 Z L OWE, BHERE,
EREH RSz (Table12), Zho6DER»S L, 7oy 7 IADIHOFE ML DA Z
ZEHEDH LN,

&5, 7oy Z7MZ>HWIMH#IEBERA 7oy FOBES L UEILERRO&DBEEOT|FY %
K72 (Table13), FDFER, 7av 7o s o hRMTE TESFHICEESSED T 2 @A
Ron, i OBREER LA, 70y 7NK—EAROMAOELSEET 2 2 EBEDH SRz,

MEOERD»S, 7oy s IOBBEF—F 120 T, Yoy hOFEEEEZYEL, FIBED 1
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w

';c'; 0.6

© a A A—ATA 4 Tohoku

g 0er Na—a—a—" om0 CTree height
g 0o O™ ~D.B.H.

e D.2F ~ ~

[o} (0]

k-] oo

3 ° —. ® ><A

[ o —o—_____1¢

8 -0.2p :\0/ i~ .§3 Kansai

~. ‘/A OBreBeHheight
—-0.4F AD.BH.

g \‘\A/

® —0.6F

®

] 1 F| L ) 1
10 20 30 40 50 final
B RS  Age of mother tree(years)

Fig.6. fEoRER L 2888 L VHEERORFREOHY

Transition of parent-offspring correlation coefficients depending
on age of mother trees on tree height and D.B.H.

Note)
FROMIHEHEE L FEFOLOTH S
The values of offsprings were family means at 15-year-old after planting.
W, 2WEXELETEOERBRC L VBB T —7 DB ER2EL,
Y =—18.75908 X +0.810563 X2+ 758.0112

SHIZBEEORER, 71y 7 11— IROABREE 0.355 225 0.445 IWF & - 7245,

I -IITi}

B2 0.606 205 0.492 ICET L7z, E0BAMOMBRTE, 7oy 73RS KE 2 YFRHED

B NS {2 BHERERL (Table 14), S8R HHE L 72BEFRS 0.501 55 0.

386 IZ{E T L

7z FHET, BEFERFRET 0.103 25 0.067 12, EURFHED S OBEED 0.205 25 0. 134 11K
Tl ZHa60ERE, MHEEECLIORRETHEL T ifiZSRrnl- 2Ltk 20
», RREZO—HE THRPNTLE > Od, BEFEBHEETEP > LOMRETH 33,
THIEBEC L ) REOHEEIET LI s, BIBERRELEL - EEZ D,

Table 8. Izt 2 FTREHED BIFREK
Regression coefficients of family means and mother
tree, growth and branch traits.

52 . B odb = B OB
Traits Tnhoku Kansai
il -] 0.1027 —0.0334
Tree height (H) (0.2108) (—0.0864)
Bo&m B & 0.0309 —0.0296
D.B.H. (0.1302) (—0.1313)
B okt _
H/DBH. 0.1316 0.0284
HoRE (&K
Branch thickness(Max.) 0.0004 0.1154
HmoRs (F)
Branch thickness(Mean) 0.0562 0.1330
S TEk (%)
Crown l?eight/f{(%) 0.0570 0.0529

Note)

()0 10 EERFOBE T 2 REAFHEOERERTH S
The values in parentheses were based on regression between
family means and the values of mother trees at 10 years old.
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Table 9. S#UkS OHEEME
Estimates of variance components
2 = ® jt.  Tohoku B4 #  Kansai
Traits o’ o2 X o’ o’ o’
i} =
Tree height(d) | 4.862.5820 | 635.1709 | 787.0774 | 9,907.2266 | 1,283.2847 | 1,503.1978
MR 467.1653 | 1.1046 56219 | 856.2522| 15.4545 | 52.5286
BOIKL 0
/DB 177.2354 4.9133 7.7084 364.6797 | (_g 1569) 191328
BOKS (FK) 0
Branch thlcknesﬁ 0.0044 0.0007 0 0.0062 (—0.0001) 0.0007
(Max.) :
B i) 0.0030 |  0.0005 0 0.0044 0 0.0007
ranc 1CKnesy . . . .
(Mean) (—0.0001) (—0.0001)
KT AL 0
Crovvn(gf?ght/fl 54.0179 | 13.0175 | (_z 5oag) 65.0271 4.1697 5.4930
(o]
Table 10. BFEFEE L URROSEKS » S HE L /ELEE

Heritability estimates based on parent-offspring regression and variance
componens of families.

ERRE D S DHEEH SRS S DHEEME
. Estimates based on Estimates based on
i " regression coefficients variance components
Traits
) it B fic] ¥ Jt ] ]
Tohoku Kansai Tohoku Kansai
B =) 0.205 0 »
Tree height(H) (0.422) (0) 0.501 0.474
e m B & 0.062 0
D.B.H. (0.260) (0) 0.048 0.227
B oK 0
H/D.B.H. 0.263 © 0.162 0.199
BoKs (&K)
Branch thickne:s(Max.) 0.001 0.231 — 0.406
KROKE (F)
Branch thickness(Mean) 0.112 0.266 - 0.510
B T & K _
Crown height/H(%) 0.114 0.106 0.294
Note)

( YIEBMO 10 FEROELRZFEEL OERBL SHELETH 2,

The values in parentheses were based on regression between family means and the values of mother
trees at 10 years old.

4 % &=

KRBz BT, HRERRUSELERR B L TAEBEEMMEL, RELVHASLICE K
Bremlic, —Biic, 7H<YRHERPOECIBIGEIE T 2BBTH 2 &2 oh, RILEEE
BENH 5\ 3BHHE « A FRBEARKNOBERRR L2 TN ZThOERXAER L 258, TR
2k ABREEGHEICEE L EN L Y, BROFERI L 3RRBEO» LV SAD st ndZ
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Table 11. #HCBITE2 70y 7D

FEBALREK

Correlation coefficients between
blocks based on plot-rmeans of tree
height.

7ay 7z H M R
Block No. Coefficient of correlation
I—1I 0.606
I—II 0.548
-1 0.355
Table 13. ZuwZ I OBEIZBITST-30

D7y EIMELRALERFR D
IRl

Means of T-30 plots and means in the
row of Tohoku families on tree height
of block—II

5| & 5| T-3070ay b | 5l ¥y
Row T-30 plot Mean by
1 750 cm (3)
2 704 cm 731 (2)
3 696 (2)
4 675 (2)
5
6 671
7 676 (2)
8
9 692 (2
10 580 587 (2)
11
12 666 (2)
13
14 646 682 (2
15
16 695
17 656
18 670 (2
Note)

FIFSREILEREZOLZD LD TH S

Row means were calculated only by Tohoku
families

() BIFHERDIFay FRTHS

The values in parentheses show the number of
families

Table 12. &7 oy 7B 5FE—%K
FOEH 7oy OBEI
B3 2 FiE, EERE,
TEEHK

Means, standard deviation(o) and co-
efficient of variability(CV) on plot of
the same family in each block

7oy 7 FHERREEE | ERREHERR(Toy b )

Block Mean+o CV  |Family (No. of plots)
I 642.8+27 8 em 43% T-1(6)
I 658.7+44.5 6.7 T-30 (6)
I 645.0+29.9 4.6 T-14 (7)
Table 14. r#iEEEMHCET 25

BRorARES R (RALE)

Results of ANOVA of tree height
modified in renponse to site
conditions(Tohoku provenance).

®® | AmE | s op
Sources d.f. Mean squares
Jay s .
Blocks 2 9,048.000| 13.822
% % * %
Families 17 2,368.941| 3.619
B =
Error 34 654.588
£ &
Total 33
Note)

A # i3 Table 4 DRALEME L b x h 3

This table is compared with tree height of
Tohoku in Table 4.

¥k 1 BURLTHER
Significant at 1 % level
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EBREENT WS, Linl, ZOBICEEIZREMS & ERH = DFE#EL 500 knPlNTH 2 £ bW
bhTwd7, 2, bBEOT AR Y RAGMDIRIELBEAN-T 2EFRPLSEERRETO
FEM A S FET IR L EMRBHORE» SERENLLOTH D, HOEMITER 2 £,
S5 LIRS, 3~ 4 ETEFENEL ET LY, MG LR S BEVEMIZE 3 7ROBR
EMEE LEREBBONT B,

ARG A U EILEO RN, SRS L RZOERM OB CEFERBENCLH D, ERERHE
TO5kmEENT VA ICEBE LT, BERGEC DLW THER R, MEEECHEHIZEMKS D
LEEOBUERBENCH D, ACEMFBRMOBRL SV LT 500km% 320082 TH0,
HALH A ORBECHT 2 HEICERITIBENEEZ SN D,

L7z-T, BREEORZBFIIE T ARSI, BEFACECEET 2M0EROBEC4F
ROEVWSoy MBI BRAEY L OBEFORE LM 2T, SHOBREIVTSRERN
TwixwrEzohd, 0L, #E, WEEE, BoBRIEOBRFEECE T, HILER
RETIRETTSA0MEM (r=0.38~0.49) »BH-72DWL, EAEETIEYA +ADHEEHE
(r=-—0.08~—0.20) 2RL7zZEnobEREND,

~FH, HOBEOHEFHEEZ O W, EFEENELIIRBEDENT O v ML LEEETH
BERE,SE L, IREENE HREHEEOEELZ IR 7 oy POLZOLEILETEWEELTRL
72 AXTHHO 70— VIR EEORERHZ DV ZUL LI LREIN TR EHY, 23—
EOFERMTORTH S, FEBHORIERRICBLNTL 70y FOEESN—ETHIIE,
WAV EA THRRMEOBHERILEL, HTHEELEE 20 Ez o515,

IhoOBFREEEEOREHCBWTLEKETH D, RFERFEED S OHME TIIEEEDK
ERE T GEWEWESHEE SN, S8ESD 5 OHETCERIEOCHBE TRRMMOSE 0 &
WEaNIZ, £/, WEHEIZL->THRELENED b4, SHES S OEEEIFE T EIFR
BhoOWREED 2 ELWERRTEEN S, o7z, 20L& 51, EREROHEEMILEN, BE,
WEAEIZL>TRE oM, BohBRER22ANCAL L, BBLEOKIIEGEEEN
KREL, ZOMOERES I URIZEIIEGHIT/NE I L2 EBRT2 2 L0 TE 5,

PLE, B0 7 — 7 BITHERCES S OTHEEERLEZ N, BRB L UCRBEOREEC
DLWITHENLEREIBoNEL - 1H, BEB L UHORS IHENMIGERESR L, WEEE
ZOMOBEIEEFEZ NS, £/, HOBEIMEHAHEOETORE AR BEINE I L
6, THSBEDHIEIH7: > THAKOMNBSHENEE L EETRE2BIRL TTHLER
HHrEZOND,

2o, RBMATHENTETELEE SN, THEKCLZ 7T BLUBRTEROVTAS
FHEENF LS, F—yOIHMEBESRAS, UL, ZOMBRIBITEEOR LIcoRs
53, DLABEC L 27— D 2RNDTAREL I, Lintio> T, ARBMTHEEIh S 70y
FEOSIHEIBEESGTHLLL, BEF— OB TTHEe 2280 0nEEL 5,
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Parent-Offspring Cerrelations and Heritabilities on
Growth and Branch Traits in Open-Pollinated
Families of Japanese Red Pine,
Pinus densiflora Sis. et Zucc,

Susumu Mikami¥ « Tadashi KAWAMURA® » Masao WATANABE®
Sinobu KIipa* « Masaaki IwASAKI® » Nobuo OIKAWA®
Tsunesuke NoGUCHI™ » Naoei ITAHANA®
Kensuke YOSHIMURA®

Summary

A half-sib progeny test including the open-pollinated families of 58 different parents, which
originated from natural forests of Japanese red pine in the northern part{Tohoku)and western
part(Kansai) of Honshu in Japan, has been made to investigate the inheritance of wood
properties and many other traits. The test plantation was established in Iwate prefecuture in the
spring of 1968 with three year old seedlings, according to an incompletely randomized block
design with four replications of 36 plants in a square arrangement by 2 X 2m spacing.

Fifteen years after planting, survivaltree height, diameter, crown height and branch
thickness were measured for the families, common to Block— 1 + II « IIl in growth traits and
common to Block— I «II in branch traits. Block — IV was excluded in the data analysis, because
of the small number of the families.

The survival percentages were 93% (69~98%) in Tohoku provenance and 70% (55
~86%) in Kansai provenance. There was a highly significant difference between the
provenances. The differences between families were non-significant in Tohoku(except for one
plot damaged by snow), and significant in Kansai. Height growth and stem diameter also varied
significantly between provenances and between families. Tohoku families grew faster than
those of Kansai. These results suggested that the western provenance of red pine would have
a lower adaptability to a northern environment.

Genetic variations in branch traits seemed to be disturbed by the density effect of plots. The
differences among families were non-significant in Tohoku and significant in Kansai provenan-
ce in which many of the plots had open canopies. To evaluate the branch traits it would be
necessary to make a survey at the stable branching stage.

Parent-offspring phenotypic correlations were positive in both growth and branch traits in
Tohoku, but negative in growth traits in Kansai. The heritability estimates were computed
from the variance components or parent-offspring regression coefficients. The estimates for
growth and branch traits ranged from 0 to 0.50 by provenances, traits and applied methods.
They appeared to be high in growth traits in Kansai provenance that had better survival and
in branch traits in Kansai provenance that had an open canopy. Generally speaking, however,
the narrow-sense heritabilities would be relatively high in height growth (H) and branch
thickness as compared with other traits, such as stem diameter(D), H/D and crown height.
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