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T B

K= (Abies sachalinensisMAST.) D5y EF EOZFEIZEET D28 (BB - THE, 1932 ; fEl - 14 R,
1936 ; JRH « MR, 1941 ; #&7% - LA, 1942) X b R~ O EOERFE OLRICB HF5ED iz >
7z, &<, THh b R=Y (Abies sachalinensis MAST) &7 A4 ~ K~ (Abies sachalinensis MAST. var
mayriana MIYABE et KUDO) (D433A%F EOIRHLTd D ERFOBIEDTLIRIC KX HERFEA DXy (FH « IR, 1964)
1L, SERFIUOBERE /341 O FEHNIZS FLCER A O pE HIFEIZSE) & FEMI ORI BN & OBREOIFFRI R LT,

B (1965) 13ASEDOKPEMOERRIIOBRE 34T 2 TR, ERFIL DA « FEER AR THERERREIZ & b
TRUNEREN T D ARIER CH D & L, FERIINE S E Hi- 2 S b L, RO O ER RIS
Lab TSl £ % b R~ VR OTEHIROIX 5y A48 LT,

ZHUITH B R LT H b R~ OFEHECHN I HIRASE % 8 & o ER R B s o fe
FECHY, ZIVENDEHSOMOSRNREREEDIENR ORI LM S OBERH 57259 EDBEZIZL -
W5,

F D%, WRBEEZE L VAT LB OHEEIC LT, b R~ OREHROMS S O AR A & Ff 1
TEEIIHNAGRHEO AR & BN G <, HlAZERTh 5 L oWE AR, 1965 ; EF1, 1966 ; IR 5,
1966 ; [fH &, 1966) 5%V e, £7z, AEOTRFGLLRAFUIREZE G & GBI 1258,
TNEND N R VICBE RN G5 L OWEbIB bz (ARH, 1965 ; [MH, 1966 ; [ - ([,
1969 ; M5, 1970 ; &1L, 1970),

UL, BROFERZEZIE, & R ONEEERRAFEE O FMEHRI L > TRy SV HUBINE R O%AE
REEOIFE, =& 21%, ER, B, @ik, fEEIC0T 2R SICHEEnH 5008 ) hERETLTZ Y
DIDTRN,

ZiU, ABEEDOIRERIICALE L TS b R~ Y ORBRAER AT CE D720+ 0 7 R OREAS D il
HENTWWZ Eb D725 5, £z, WAOIEIIEMOEREIZ /2 L2858 % Ld3 b O30

(LANGLET, 1959 ; LIy, 1959 ; ASTON and BRADSHOW, 1966 ; GRIFFIN, 1978 ; ¥, 1974 ; i, 1976)
D, ETOEIZIZWL, EINEORENRER L TRUVINGTEA D, Liziio T, WE I LICEBD R F — )3 E
20, —EOMEAE BTN EnHiT b5 (GotHo, 1959 a, b ; SQUILLACE, 1966 a, b ; MORGENSTERN,
1969 a, b ; GRIFFIN and CHING, 1977), 7=& 0%, it B 7a@n %, i & BN 2 id(s 1 & Ry HEY
DIRNETHUL, BIAREK T3 <HSHEEZ L3724 5 (i, 1979), L7e3->T, kR iZiBnT
b, AERIFE OREMIFIZ BN AAREIR Cliie SHERAVZEEN & B 2 DD EEN D/ Z — % LT & o (M -
A, 1973 ; Okabaetal., 1973) HAHILDH,

—ic, M FEH) MOBEARIZENOBEEAHENET 52 LItk Thlebahd, BinFHE
DEAITB{E - DZRIER. (BIA O/ ), BINEK, B LOBSETOERIZE > T2 5, FEMIH
TEND/ G —AINEH LT BRI K> TENEIVRHEI T D (SQUILLACE, 1966), HINEIKIE, ZDOHT,
TERD RO REREREEZEZ BND, UL, ) A RO FEHIZE B I I ERAEANER 5 &
&% 3% (MORGENSTERN, 1969b ), HEAMINVER LdH - T D TR FEEM (FEHh) , Z3EER] (FERIPNASS) ,



VARG (BIRSNFR) 72 ED XD 7oy VM OBEARIHIC X > THERK LIZBARSEROFTIAEAT HHEE S
No, £72, RS LY@ EORREEZ NS Z S I L - C, SO, Bl
PITER LOVEDPERIX 5372 E S BN 5725 9,

b L, ZENBNEROEHTH S L9HUE, BIREIKITERD B9 CO D BRSO RO—D LB %
DIVDIND, WikE O T EH ORI G, FEMSCATHOA R EREX 3N [RRIC /2 57249 (FH, 1979),

Fl DO HIR A X 2 72DI121E, T BEBEIRHERR— B X DD FEMOIEN Y 2 50N L
(LINDQUIST, 1954), OUNT, L5 D EIPHA B 5N LT iuEZe 720, T@he&IHD Ko E B R
DEEMDOXSTHH D, MEEANITIBEREX R HDOTH D, T77bh, 9 2ITOARAEREDX ST
H5,

ARG b R~ VR OFARHIEX 2 HIE L, 9 ZACONZESEALNIT D720, b K<Y OERE
A, FEE, oA RCLINCRAET DREEEIC T2\ D e & O RS OpERIEZE RS L UE R
EFERMDERREER & DRHRZR EI2OW T, 1964 0D 1979 4EFE TO 16 FFRNZE 27> T-AfFE 2 B fBD7- 1
DTH D,

AWFGEa BT DICHIZ Y, AHEESIHEE R SRR L ORI R IS 1 7R
LSRN, F, ARRSCE ET DIBR U TR E KRR O R E B2 2 13 U O H &y Eds
BROFHAEAZRI TG, RO RE LHBh S -7z, DLEDOEALITTZ Ui DI IEE 2 H
L EF%, E6I2, AMEOMETIZEEL, ERGRETFII0ET, A8 BlEHE I8 B2 HErR
A o T, DDIERLE R L TS, —F, AEENARERBRE W TE, RS S T, TTN
5k, He BRIR, KEFPES, ARETOSREICREMOMRE, 7% OB CEER 120, Fi2, &
BRI T — & DVERRI I LEAB I R DB IEE 22120 e, BB AN T2 05 2 12640
LTS,

VI, RO SIERE ORI R U CHEFRE 2\ =202 248, ORIEEIIZEE, SRR omRE, SR
1% N IEWT B AEBRE OBMREAIC 2D LR AR T 5, 7ok, il THmE R 75 rimn S
THb,



FH1E ERROIPRER LOREZED

PEHN R 2 2

JRH < B (1946) 13~ R= Y ERRARIEDOTPRIC K> T 8FAIT/HHAL, T OB AR ZAIZE LTz, HIR
(1965) IFERRIUDSHEE /AT THEIIERSEC & b2\ R 2 b T D ARAR TH 5 Z L 2N LT, £
7o, FEGEEEAL, FEHIOM ORI OFERNC L > T b R~ Vil O E X554 5%

AT LI,

AETE, b Y OBRRIURECOME FIPE OPEMIZR R, SPEEHIOMy OB, TR E DR
HIFRIZR SN & 2 EHLOPERN T 301 2 BREEEIA] & OBIR AT L7,

F1ET BORES, MR LU AROZLR

V) # #

RN & U TRV EDIE IR CH
%, FETEERDER S 25 N T 538k
L7orge sl L7,

b R DFEFZO BN IAEZSE AR
XU (Ehl, 1950), FEEEAL E1IR55E
DB & SATHNEET 5 (Bl 1A,
1975 ; B« A A, 1978), L=~ T,
KIRPEHR OFERDOEARNTRE 727203
iE, FEEEIIT OB ZTH L5
ZBND, DD, MEHISMHS
WTREFE U712 1969405 1973 4R 1207
DREER 2 N TR LT,

HER RS OPEMIFS S OMSY OFTTERN
IR —1 1L L, FE-XINIAmE
MHSEEA S FREE DR T DS
BfL & LTz, MROAIRENEILORRE D
FTETITA 4 2 8Tz,

FEHIIS L OMS OB —1 D &
BOTHD, BTG LIZABLIUB
HER AN E BT A OSEX y %
LOLEbOTHD (hEEo%wE, 19
73),

1) Mk J5ik

The Pacific Ocean

M—1 b R~ OfEPEES L OMONE
Fig.1. Location of stands of Sakhalin fir
collected for provenance tests and

climatic limit in Hokkaido
---------- X4y Climatic limit in Hokkaido
@ DfrE  Stand location

N : Nemuro, A : Akkeshi, U : Urakawa, Im : Iwamizawa,
K: Kitami, O : Okoppe, T :Tomakomai, Kt : Kutchan,

I : Tkeda, R : Rumoi, Ny : Nayoro, As : Asahikawa,
F : Furano,



(2) FMAEIFVE

INEE LT=A B> X D 3TEHIZD
WV LTz,

1) Bk B A ERFERIOEIELIMN
R (1965) &R U HIETEICEREOE

BRI > THOE D 8 DY
G:/ \skﬁ L/f\_o

TA RN Rk (R
ZELWHO)

A —RIEOIH A Z O TE L <
RO, FEEANF/AEZLL,
RN ER Y B> TR ER D
ﬁ%ikhk%kof“é%@

B 2 — AR & < SERICT
K350,

C Bl — R I IR Z VDA D
FREED D72 D,

D B o h & <
ﬁ&ﬁi%bm%@k%b<ﬁw%@
BEEND,

TH N Rk (RfgoshH AV
R, FEFRNH D),

E ARt 2 </ha ],
KOREFEINNANATIR S DE TR,

F R — i n 2 </ha <,
KOFRD B LLTM5%®,
FIIER L THZOREINE N
D,

G — R ORI X b TS
<, B L72WEDONKERY T2
@W*ﬁ?é%@%%é

H A —RifOfhiH 232 < GRO B
WHD,

SFE LT BRI EAL L CTh o
MO, ENEIUZ LB 8FTD
S E b= 21~ T72bb, T4 KK

2V HRED ANS DIRNZIZ 1S 4 DR, T R RV RHEO E S HAZ
i) fE 7 FE RHSBNCHRIRRE LD 200 B OMEESAI 2 B L, EEA T AHEALSHIE

F—1 b NV ORRRR L O FRE 2

FEHNIX Y, MO OFTIEM & RS
Table 1. Provenance and number of mother trees sampled to
survey cone type and seed characters in Sakhalin fir

s L7 (b

PEHH Moy FITTEH R
Provenance Stand Location No. of mother trees
12
NEMURO N -b Nemuro 12
A-h H ak: 2
- amanaka
AKKE, 12
SHI A - a Akkeshi
24
I-h Hobetsu 13
IKEDA I-c¢ Churui 1;
I-o0 Onbetsu 32
. 8
U - e Erimo
WA U -s Samani 6
14
K -b Bih ;
- oro
9
KITAMI K -0 Oketo
12
0 k Ok °
-0 oppe 4
OKOPPE 0 - om Ohmu :
. 12
Ny- ¢ Nayoro
21
4
As- a Aibetsu
ASAHIKAWA As- h  Higashikawa ‘;
3
TOMAKOMAI T -y  Yubari 3
) 9
TWAMIZAWA Im -k Kurisawa 3
Im- n Naie
12
RUMOT R -t Tomamae :
KUTCHAN Kt Kutchan 3

3

Total

156

L, 2 OORIEEOFEINE 1,000 kidi= 0 DES 24 & i,
i) AR ErEAZAE LR Y 7O EE 100 ccBFED A AT ) A —"Tec BT IAIE
DIHHEIZ L > T 1,000 cc 7=V OFFEE S & DT,

(8) WERTAISIE

1356 8 DI A HT- A 77,

SRR DAY A EE T 57~ STERN (1964) 35 LN SQUILLACE (1966) & [6] U7 EDR



O AFH B Z 7o 72, DT >EDET N E BB,

Yijk ::u+pi+sij+fijk

Z 2T ik T 1 FEHIOD j RGITIHIT D k RSO ETREOREME E 35, wlTHEITHY, pildE 0%)
R, sl TPEHN 1 IZIUT DMG7 ) DZRNIR, fix 131 PEHIOD § MONZEIT 2 k Bl OIREZ 2 b b bT oL d5, £/
TSI TREEM) S OB EAIEATH 5 EE L7 (SNEDECOR and COCHRAN, 1967),

SYBONTCIBT 2 B HEER L OBy OHEE TiEITR—2 L R—3 1T LD Lo, HEHPNRS SRS EE
RS —IE T WD DAY 2y 42880 STEEL and TORRIE (1960) D HIEIZ L > Th & i,

IR DHEEE O BERBIEBI O 5% S L i, £z, BIEEROSZHEGYZ B BV RINFEREZ
& DB ER D52 (KEMPTHORNE, 1957) #HEE L7z,

#—2 b Y ORI IT D B HEE & S8y OHEE
Table 2. Degree of freedom (DF) and expected mean squares (EMS) in
the analysis of variance for cone type index of Sakhalin fir

BE[K]  Source of variation DF E (MS)

] 2 2 2
#EH  Provenances 10 GW+6-SSSSGS +12.50410p
FEHIPNARSY  Stands within provenances 9 Gi +7.3576 Uf
H5PNZFE%  Mother trees within stands 124 Gi

#—3 b Y OREBEOSBOITIIT 2 BHEE & i OHEE
Table 3. Degrees of freedom (DF) and expected mean squares (EMS) in
the analysis of variance for seed characters of Sakhalin fir

BE[K]  Source of variation DF E (MS)
#EH  Provenances 11 Ui+4'33690f +8.371101
PEHIPNARSY  Stands within provenances 8 Gi +5.0426 Uf
HPNZFE%  Mother trees within stands 85 Gi
2) i H

(1) ERFALS L O TR OA

ER ARSI L T I OFSR TR —4 12, FEHEB JOW TR —5 I L Lz, BRI D2
N1 4.33 THD, ZHUITH B RV ETF b R EDORSGHR EOIRETH S, BRI 1.0 205 7.0 &K
EREENE L LT, EREARUEH O AT 2.0 205 6.0, FEHIFINE 2.0 725 5.2 DEENE & D,

SEHIERFIUFREGN 5 UL ETT 1k R SR Xy S b 3=, whE, bR, M ch s, B, 4
%, MBI, SERIR, BB, BENZAIT A R R YRR Th D, NI LT TH S,

fiE7E (1,000 0724 0) OEFEE10.7g THDH, FEPEIX 61000 171 g FTOLEEZ L LIz, K
SIFEENIHI T g O 16 g JEHPEANTR 7 g 1D 14 g DEBZ Led LTz, FEHREIO e MBI TR KB D 2 43



D 1 CPEMFZAERDZE L,

FEHITEIAN 10 g LT LB/ epE AR, JER, T 3 FEHCTH 5, #hiH, dbR, /INko 3 sl ¢ f+
E 10 g & HEOIRECH D, FE-ENE ERTR, 4%, &R ECHEBsIE B AHRALE LT
W5 (1), BESEAIAEL/NSUVNLEICORE S EAHEE S OBRIT W EEZ NS,

#£—4 b Y ORI DS L O E ORMEE
Table 4. Ranges, means, standard deviations (SD) and coefficients of variation (C.V. )
for cone type index and seed characters of Sakhalin fir

JPE &' 5; HAfr N2 P RS SRR
Character 0-0 Unit Mean Range SD C.V.
mother trees
ERFAHES  Cone type index 144 4.33 1.00— 7.00 1.128 26.0
Fi{E Seed weight
. 105 10.71 6.10—17.15 2.515 23.5
(1000 grains) st
R Seed vol
PP Seed volume 105 cc 3359 20.00-5263 7520 224
(1000 grains)
5 b K ORI LT IR OB L O T
Table 5. Provenance and stand means for the cone type index
and seed characters of Sakhalin fir
. " - H T
et oy BRI e PR
. Seed weight Seed volume
Provenance Stand Cone type index
(g) (cc)
NEMURO N-b c o r
4.91 807 27.0
A-h 5.33 851 23.9
AHHESHI A-a 5.12 821 26.0
4.85 10.84 32.9
I-h 5.00 11.38 34.8
IKEDA I-c¢ 4.93 9,89 32.0
I-o0 4.92 10.57 32.9
4.92 10.47 28.3
U -e 4.87 8.78 30.3
URARAWA U - s 4.84 9.70 29.2
6.00 11.70 38.3
K-b 4.67 10.85 34.9
KITAMI K -o 5.00 10.86 35.8
3.40 11.94 36.2
0 -ok 3.75 10.74 35.4
OKOPPE O -om 3.55 11.59 35.4
3.78 11.38 43.1
Ny- b 4.08 15.67 43.6
NAYORO Ny- ¢ 3.95 13.72 435
As- a 3.00 13.30 42,5
ASAHIKAWA As- b 4.20 10.08 30.4
3.67 11.37 35.3
4.35 10.52 36.9
TOMAKOMAI T -y 4.35 10.52 36.9
3.67 12.03 35.2
Im- k 2.33 — —
TWAMIZAWA Im- n 3.33 12.03 35.2
3.20 14.20 38.4
RUMOI R -t 3.20 14.20 38.4
HUCHAN K 2.00 11.70 39.5

2.00 11.70 39.5
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=2 b NV OPRERRIAREIC L DMKy BIR, 1965) & ERFRBIDSIE AT OREHRIAS
Fig.2. The pattern of provenance variation of cone type index and isograms drown by
YANAGISAWA (1965) to elucidate patterns of geographic variation in the cone type
indeces of Sakhalin fir

FEF4FE (1000 K240 ) ORFET 83.6cc Th D, RMPEIDEINE 20.0 cc, HRM 52.6 cc THET-DKR
XN 2B EDOZERENG D, MOENTH 24 cenvDi 44 e, FEHTEEIITR 24 ccnHRY 44 co TARBHIEI I
LRI TH D, FEHNEEIORE 1455875 30 cc LA T & /N7l frER Y, HREE &R CEILEII 24 cc &K
26 ccTHD, —F, &%, B, FHHEORE AT 44 ccld ETIRE, JEE L i U TR T
b5 (F—5),

ZDOXHIZ, ERRAUEEL, FEE, FEFARISEM, MOy, RHSIFAEhSKZ VN, LD bi, PERIREIZSER
REVY,

B —21ZHR (1965) (28D N N OpFEH & R OFELEERRAREE OS5 ERR &, K—5 O/ (3.30),
INEE (4.35) D KEEROERRAUEEROSERE &2/ v—F > hCTL® Uiz, &R, i, @, dbR7e ERF
PERSC AR — 7 WIS LARS O FERN IER RAUE203 5 LLETC, Wb BT h b R~V B S A (A
DOBEFENREN, 7o & 20, B, W, bR, THERTERFEAFEES 4~5 LLEORHED 50%LL 8 L7z, —77,
B, 4%, W, B FIR, BRI ORFE-IIE, ERRAREHDS 4 HHUVNE 5 ORIIZ DO TR, & <IT,
(BT IR & D 70 SERFRIFE S 4 DL E ORISR ShH Sdv7en o7, T OpEHIEZE R A KEF I 5
2T D T2 BT LT,

ER AR L OE B ORI FEHIRNC 1 %/kHUE, FEHINZRIRIC 5%/ KMEDHGE VA EMD RO Hi
7= (F2—6), FTAREITERRENZOR 1 Y%/ KEOHE I EMEDRED BV, ORI IHGEHA B
DIV Tz, ZO LD ICEREAEE, FEE & SIEEHRAEEINRE W EFEHIZ L L TH S,

IIBRGTOREEN (7)) [ZX > TREIN LD L ERGIEEO T 5H42 L L iz (F—6), FIFEL L



#—6 b N YVERRREEGS JOEHPEOSH (MS) & HRBIEBIOE 525 (V%)
Table 6. Mean squares (MS) and percentages of total variance (V%) based upon
variance components for cone type index and seed characters of

Sakhalin fir
HK  Source of variation
PE JPEHN oy FAs
Character Provenances Stands Mother trees

MS V% MS V% MS V%
EREAUFESL  Cone type index 7.5050** 35.9 1.6503* 82 0.7492 55.9
FiE7E Seed weight 23.9270** 26.7 10.3773* 21.3 3.3895 52.0
Ay Seed volume 237.6770** 414 37.0597 1.3 33.2408 57.3

*, HIENEN 5% KO 1% KRR ENEEZ H DT,

* and ** stand for statistical significance at the 5 and 1 percent level, respectively.

#—T7 b Y ORI LORE IR O 80y & BRI ER O % 52
Table 7. Components of variance and genetic intraclass correlation for
cone type index and seed characters of Sakhalin fir

Woi iD%a BARIER D52
E Components of variance Genetic intraclass correlations
Ch P oy Vp/(Vp +Vs) Vs/(Vp +Vs)

aracter Provenances Stands (%) %)
Vp Vs °
ERESUFESL  Cone type index 0.4798 0.1102 81.3 18.7
Fi7E Seed weight 1.7354 1.3857 55.6 44 .4
Ay Seed volume 24.0293 0.7573 69.9 3.1

REBIHIOF 583 50% LA ETRBRE VY, ZHUTFR—EHNORMSRARI NS KRE W L2 LOTHDOTH D,
HFRIDFF 5= TR R 36%, T EAWI 27%, FAFEIKI 41% TH S,

BARHIEER] &5 2 B % pEMS JSUERIPIMRG Y D43 EUsGY &, BN ofEREZ b & OBIRBI DGR HIZF
bRl Ule (R—7), BB EHH OB E 5RIT 81% Th D, HTEOLIUTK 56%, TR
ZIUTHI 9T% T %, FEHINMIITRIORFERITFIFE L HE DD TS, ZOZ LiE, Zhb 3TPEICONT
VFPEHDEROZN RN TR E VDS, PEHIAM OIBICNIRI VNS N2 e 2 LD LTS, Fiz, M—2 BB
£ 91T, BAEMOBRIIUOBE A BB OREN DD, T TPE BN L R &2 oL 9
T,

(2) BRASUFEE L M TE & DBRYFR
AR (1965) 13, 7 A b R~ SRHOBEEA @V O EERE 37 7 b N~ B OSEEED i\ RS PERE T
FVENEDNTNWD, £—b5 OFEHHI, Mo3RIONERIAFEE & Fliv-Eds L O & ORIIC S [F T A
Th B ENTE D,
[ — 3 I IARGr DOSEIER RIS & ff 1 (1000 KD & DBIfRE L LTz, WY, AORR @ =—.479)
DRBOBIND, FTebbh, MITOVEERRAEES 4 LT D, WL T A b K<Y SEOM a1, 11
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Fig.3. Relationship between stand means for Fig.4. Relationship between stand means for
cone type index and seed weight of cone type index and seed volume of
Sakhalin fir Sakhalin fir

gL E L, EHERFIEES 5 LLED, 7 b R RO PERE 13, 1ZEAEN 11 gBLF &R, L
ML, VHERFAUEE 5 T DEMy OIIIFEAEIL 8 g /D 12 g DEENH V), [ CERFEIIOMS PEREF D
EIZHREBRERANRDH D,

) — 4 | ZIFMG OFIER FIU I L R A & OFEBENZ Lo LTe, WFERICITAOFR (=—1499) 3%
n, FEFEEDOBICA LN LRI, Th N R Y ROMSPERE NS <, T4 N R ROy rErd
FAIREVMEAN S 5,

ER PR & RS L O %8 & OFEHN & RO OFEBREIIFR —8 I Lo LT, ERFIFR L L1
HEORIZITOT N S AOFFINCH BERBRN A DND, FEHNEOMBIRE ¢ =—.612) 135 O
BfREr (r =—.479) LV KXV, ©FV, T4 b K<Y RROEMNSOFEHIELS, KREVD, 7O kR~

Y SRR DPERN S OFEFTHR LS, /hNEWE W R D,

F—8 BRI L HETRE & OB
Table 8. Correlation coefficients between cone type index
and seed characters of Sakhalin fir

Btk FEHN Moy
Relationship Provenances Stands
Fi7H Seed weight —. 612* —. 479*
fE745FE  Seed volume —. 541 —. 499*

L B%KEOFGF IR EMEE H BT,
*  stands for statistical significance at the 5% level.

(8) FREFEDOE RO
kR OFE TR TER RN Pl U, BREESRIFICRA S 09 <, - ESCH AR 30% HAET5

(B - IS, 1975) L\Wvbius,

ZITE, ABERELEE B, RIS T SEREAE OB A R NS A 720, KEMD
B LTS OY X% 7 u— 2 BR Lz, 2B EF UARS, JWEE ARSI L, FR 21
STERML, TNENOAEBHORE ORI LI PE & 2xttb Uiz, 7 a—2 O, AR S bIET
—ETHDLND, 7 a—rnLER LT EE ORI IZ - CIUgaEEE HHbT B2 b5,



X—5 1%, &%, Jbh, #hHl, EEO 4
FEHIND D 26 Rl L OV LDy m—2
(bR 14 ) 7> HEE L 7-fE 7 EOFEREIX
Th D, MG OFEFERZIXEIEOFER v
=.752) BHLND, T OMEHETFEHEANC
DWNTHEEHNOREIZ OV T H FRETH 5,

F—9 [ IR I OED T v — bR
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72 EIEAIREARBLL T D E N K9,
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Tl EEEOFRIRE A Lod LTz, 2IROFRY
15 GREIRFERE) 138 Z oIz L Lizs
BY, r =752 LIEOEWMEE L LT, PE
R OMBREIL S BICEHWIEOE (v
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Fig.5. Relationship between seed weights from
parent and their clone

#—9 BRI OZEDY o— DRI LT T EOS BT
Table.9. Results of analysis of variance for seed weight collected
from parent tree in the native habitat and their clone

CN| MS
DF TAs Ja—
Source of variation Parents Clones
PEHN Provenances 3 4455.38** 2189.52%**
FEHINREST  Parent trees within provenances 22 414.29 372.80

X 1% KEORGE I ENEZ & BT,

**stands for statistical significance at the 1 percent level.

F—10 HAHORME & ZH 50 71— BERER L7l - OFHBIEREL
Table 10. Correlation coefficients between seed weight collected from
parent tree in the native habitat and their clone

CN DF FRBIREL
Source of variation Correlation coefficient
FEM Provenances 3 0.872
PEHIPNFRET  Parent trees within provenances 22 0.640
EEN Total  (Phenotype) 25 0.752




L72inoC, BEHRMORERNZ L, LA L TWL56813, ZehopEt, #Morks LUk
BOREFEIT, THThOBBHREZRILIL T D EEX N5,

28 KRR KO R E O R &
PEH DS EIRT- & DREEHR

PEHDIN BRI OB i 2 X —2 (2 L L7z, T TICHLARE D1, BRI DS 5 DL Lo
PEM RS, WL, JHRA, AERZR 8T, Zh DI ORHHARA R — 7 LR CALE LT D, —7,
HAHHALS J O —> Z WAL & 2 OB B 72 25 E IER TS S <, BRI R DS
AT HPRIBRIE DR DD, $720h, FKHEAR & BAR RO HIIX 5y & MHUSROER R OB Sy
A LITERRBEN D5 &5 Th %,

T 3 TPEDEEHIRIATN 272\ N9~ 2 BEHIO UG F- DS B IR & 2T~ 7' A XEEIFHITIZ L -
THER Lo, BRERTF-ORMEERHIER —11IC LD LIz, T AT >ED LB Tho.

1) #EHE Hik
(1) KR & 2 ORIEE R
KR ORIEE RN IZ I ZF VO RS FERN & fe b UTHE L7 K SBIHIFT O 1958 4K 5 19784 F TORGHIE
BECTH D (hfmEngE, 1958~1978),
1) EFHR AR 5 CLLEDIE B A Th B LTz,
i) PR @H~6H) 4156 HEFTORPIXIEZERTHLD LT,
i) AR 11 H~3 H) 11 AnS 3 AFEF TOHYHAIEEZEK TH LD LT,
iv) S BRSOV E T A— VBN TH LD LT,
v) FEEWIH 11 A 20 B2 HEHE L72fEES 10 cm LLED BEEF I THLD LT,
vi) FEEZFHZ 10cm B LN 50cm LA EOFEERIROF T2 HEML TH B LT,
vil) B K & 11 A0S 3 HE TORBEELARBKEITHE LI-FE 2 I ) A— MUV TH B LT,
vii) HEREFE 11 A5 3 A £ CTok B IR OS82 BEENT ChH Db LT,
728, BB OPEHIRAS) & KR T & OFGHEROR R I arE (S, A Husk CORFD) 35X OB
s (AAVHA) Ol (—1) OFEEHESIC O TR 22257,
(2) AT v FUA XERIFIHT
Z O BT AE DN 72 T DB SR A OMNIZW R A HEE S5 2 & Th D, TOHETEEARINC
FEFEIFIHTICS EDOWNTWD, T7bh, HAFEMOIEREZ TRT A7-012, HTz2 bl EMOSER 1

Xi, Xg, oo , X DO 5, FALLEIZREMENEBITHIRL TS TETH D, T2& S, ERERY (2
DG, ERFEERET2) 2T 5 9 A TR E BON M2 GUEAT) X, Xo, oo , Xm D3DD

& X, LnbmOEENAZ GEITE BT L HERIFAZFRET 20 TR, FIRZWT 55508
ROREWELINS—2>FTEIFAICE D AT, ZDOIZNT, HIOBRE TRIFIZEA S TO D 245K
R DA TH S,

B LWER A AN, T ETICRIFRIZE W AN TWEBDEEE R Ko7 &, ZOZEMIT
EUFAD D & VRN D, ZOMIRLIZE ST, ZESNAEELIRESN DL L2 25 EThittI bivd,



F—11 PEMUZITEE LT BHRIFT O KGN Bk

Table 11. Average meteorological data® for station’s nearest to sampled provenances

EEHE mmskE TAE AOEEE MERRTY o g (7S5
Duration of Aver:ge Aver:ge Maximum EDate that *Epg 2% Precipitation H IRl
JFEH growing April-June Nov-March deposit snow deposit Period of snow  Sumof
season temperature  temperature ~ Snow depth begins cover (Nov.-March) msqlatlon
Provenance time
(=50 cm) (=10 cm) (Nov:March)

(days=57) C) C) (cm) (=10 cm) (_days) (_days) () (hours)

NEMURO 207 7.7 —1.7 35.4 40 0.5 44.2 302.3 174.5
AKKESHI 200 8.6 —3.9 60.0 40 23.4 69.3 361.8 195.9
IKEDA 193 10.7 —4.9 49.3 25 11.0 68.3 227.4 189.7
URAKAWA 212 9.8 —0.6 25.8 40 0 32.7 258.4 163.7
KITAMI 193 10.5 —b.5 88.8 23 46.6 104.8 293.7 161.5
FURANO 196 10.6 —4.9 102.2 9 68.5 121.7 455.5 151.0
NAYORO 183 9.9 —5.9 1219 3 98.7 127.0 457.5 133.4
BIFUKA 188 10.1 —3.4 161.4 3 110.0 128.7 685.7 132.0
OKOPPE 192 10.3 —4.8 1219 10 79.3 1219 440.5 112.0
TWAMIZAWA 203 11.4 —2.7 132.8 13 84.2 1154 575.3 146.7
TOMAKOMAI 199 10.8 —4.3 109.8 11 584 1219 458.5 161.0
RUMOI 203 10.7 —2.0 116.9 10 81.5 1155 569.9 99.5
KUTCHAN 191 10.1 —35  206.7 5 1096 1239 957.6 106.3

*ABEOSE (1958~1978) (2L o7,
Derived from Weather in Hokkaido (1958 - 1978) .
MH2HEZ1EL, Znb 1 HEND ZEIC 1 TOME L,
Days from November 20th to the day of beginning of snow cover.

HL, @jﬁﬁﬁ:ﬁmm%# HDHEANE, TR TN 725 O BN EFRI AN H LD,
WZBIT 5 AT v 7T A RERIFSHTE HITAC8000 3 U — XD K E T E TR 2 2o 7,

2) fit F

(1) PHEERFI RS KL OFE TIE & BEH O XX - & OFHESfRAT

kN R OBRFIUFERR, Fl-EEES O & FEHIO SR - & OFIRFR IR —12 12 L Lz, EHiilicls
VD FH BB ER AR & SR O A B SR T, uﬂﬁ%Sﬂif@$w*m,wxﬁ%‘HMn£;
O50cm LU EOFEE A, BKkERETELITATHD, BEYIHOMIEDEEZ LD LT,

FEFE LT 4 A5 6 HETOVEIKIE, &GS, 50em LI EORES BENIE, S HDNAOFHHNC
AERERE LD LT,

TR E BN, MEYEN, 11 A0S 3 HE TOVEIKIR, FIFES, 50cm LI EOFES B0
IEDREHNA ERBRE LD LT,

AUV 2 AIBIRE SR AT, AT KL OVH AHER O it HIE N O FEHIS T OARBEFR SR £ 42
HilsDOFN LR UAF5T, L 0.6 UL EOEVMEZ LOTAIER 2 IERIIC LT LoD LB TH D,

BRI SE IR L OF, M EIIESYA LA, FErAEEERBIOMESYIA LA, RFEEEL



#—12 PRV ORBIZE GRS, frEB OSSR LERICIST D 5UER T & OFHERREL
Table 12. Correlation coefficients between climatic factors at the place of origin and
parental characters of Sakhalin fir

- i Eviin AR H A
£ - . .
.ﬂ@.% Parental Entire The Pacific The Japan
Climatic factor .
character region coast Sea coast
BRI _
AEHIH Cone type index 192 429 072
(BCLL LD %D i F-E _ _ _
Duration of growing Seed weight 551 560 679
season (days=5C) TR — 770% — 674 — 679
Seed volume
BRI _ _
PRI Cone type index 288 532 201
(4H~6H) 7T * * % _
Average April-June Seed weight 589 993 339
temperature FHFANIR 399 974%* — 745
Seed volume
BRI _ * _ *
PRI Cone type index 822 742 787
(11 A~3 H) i F-E .
Average November-March Seed weight 553 457 032
temperature ki 712" 618 293
Seed volume
BRI _ s _ _
Cone type index .650 .006 .240
RIS i F-E *
Maximum snow depth Seed weight 194 808 224
ki 742" 908" 656
Seed volume
BRI s *
FHEAIA Cone type index 148 ‘753 -806
(10 cmPA |) i F-E _ * _ _
Date that snow deposit Seed weight 113 494 428
i > s
beings  (210c) ki — 754" — 635 — 585
Seed volume
BRAERL _ s _
EEf=Ex Cone type index 596 657 479
(50 cmPA 1) i F-H *
Period of snow cover Seed weight 706 531 289
(=50c) i 682* 687 421
Seed volume
BRI _ s _ _
BEEH Cone type index 872 321 719
(10 cmPA 1) i F-E *
Period of snow cover Seed weight 716 277 547
> s
(10 TR 512 332 259
Seed volume
ERIAUFEEL o * * _ *
Pk Cone type index 873 892 826
(11 A~3 H) i F-H N .
Precipitation Seed weight 379 580 001
(NovMarch) s 560 — 506 213
Seed volume
BRAVIFERL _ _ _
H AR Cone type index 199 549 422
(11 A~3 H) i F-E _ N
Sum of insolation time Seed weight 363 541 190
(NovMarch) P48 — 459 — 660 —.368
Seed volume

*, HIENEN 5% KO 1% KRR EMEZ H DT,

*

and ** stand for statistical significance at the 5 and 1 % level, respectively.
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DFEMSENC R E 2 B2 B IE LTHRIKER L &2 b, Lo T, BREASEHOERZEIZ /- 0 L
PEHIC BT DY H SIED A, % 0 ERRANREIIES R EHIE EEVMETH D005, BEEHHO b
R=2137 5 s R=YOHANZ, ZEHEED N R~ V1374 b R Y OFEIOBRENTE - EZ 6D,

fliFHB IO FAREOMPEIL L bITHEEY S 1T EORN S S, AL S OIAEBTHM, 5
TR EOKERT- & bEv MBEBIRZ LO LT\ D, DF D, ZEMEFZMEME § 25 b P~ V(3K TEHY V5T
2, EEHHAFEE 42 N R~V R CIOTANOER SN TE = EE 2 B,

L, PEHIOSER - TS T\ LEEEZRSEIR 2N TOD D0y, 5 DWNTERFANC 72\ 0T 5
RSERFA L AR VR A B 725 L2 oW TUIE TORS, WIUZLTh, hRwY
DERFIIEATZE D PERIE BN JREH O ZUR - & BHATEE L TV D Z ERH L TH 5,

BIR (1965) 13, ERFAHEEOHERRY AR TPEHIOTE S DR L m\ HEARHR 8> 578, PEHOD KX Sy &
BRI DBEEES & DRI —E L2\ 8 5 & DTN D, ABFZE CIIER BRSO PEHIRTZE) T 10cm LA
LOEER BKE @ =—.873) 72l LEVWEBIRRIH Y, FEIOIEHE OBREL Y bEMIZIS T 543
DKWER A& OBFRDNERE TH D Z LAVRB Sz,

UL, ERRASORE TR OREIBIAENC, PERICISIT D EOKIERF- AR bRV EZ B JIE L TV D
1%, KR FFEARICR R & 5705,  HfiFEBRER O BHALIR DA BHEE CE 7evy, Fiz, B5UER
FOEATNAER L T D ODMSIAER TH LB LN TE 720,

(2) ERFIUFEE & FE T O FEHIFIZSEN TR B A ds K F 3R 1

AT v 7T A REEYFHHTIC L > TERFIL S X OFE TP E OO KR 2 72 T DR OIS B2
fREYFfRE A & & =, fREYRIREL, AR, e SIFERIICER -1 ICLd LT,

ERFAHEHOA WOk KE, BRI/ W T D REREREN IR A BEEE Lo Lo, EREVRIFEEE 2
5 2 KUERT- & OEMRREIT.934 TH Y, RERKILET2 THD (FE—13), ZIUIFEHOFAIER FRAFEE D
N KITT 2 KIERA-DFEDOR S 2 LT b D Td 5, RERRED) & BRI O FEHIEIZSEID 87%13 2

NG 25ERFIZ L > TSNS Z L R3bns,

TRIEIFRE IR ED YR, AR EORGINCHEREELZBIIEL WA ZEZ LH LTS, ZL
TR FARER DM DA 5 232 X512 2 KR OR BN I IR X AR 22BN 720,

FETEEMEEYH, RIEHES & OREIRREIIHAE RS Lo L2, B IR & ORI SFst
A EAKYECZE Lo Tz, FRFEE 2D 3 KUFEK - & OEFMBIREIL.890, EMRMIL.793 THhDH, fE{HE
DPERIFIZEENOR) 80% XD SRR FIZ L > T TE 5 Z L2 H b LT 5, REIFREIIFEEYI A B
L OV H BRIFEIVA, BFES N ETH D, BEEREIRERED GO L 91, T SKERTD I b, FEE
WIH OFENRHIRL, DU RIS DR TR,

flEAFEE 50cm DL EOREF HEL,  HBREEH & OIRIEREREBI G A EMEEZ Lo Uiz, FEFAfEE Zb
2 R IR - & OFEAHBIREIL.902, REFRENL.813 THD, Lizind~TC, FF-AHEOFEHEIZAENDR 81%IXZ 1
5 2 KERIC L - TRATE %, IRIENFARENT 50em LU EORESS REE, B REFREINVE DA L LT,

PLEOFHTI DGR X 51T, ERFSROEEHIRIZSENC 7o\ L, BoKEITR, HREIEOREZ B
JIFLTCW5, HIBEHIIAMIOBRZEWRT DN LSRNV, BRI BE « il 2 pEH &
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Table 13. Multiple correlation, partial and standard partial regression coefficients of
parental data (cone type and seed characters) of Sakhalin fir on the
entering variables of climatic factors at the place of origin in the stepwise
multiple regression analysis

i . e , .
Character RURINT T EIHES Qe s S o
O d Climatic factor Partial regression SD Standard partial Multiple Coefficient of
ng;ﬂglt (In dependent variable) coefficient regression coef. correlation determination
. - . +0. —0.4
ERIAUFEEL Precipitation (Nov.-March) 0.0008 0.4686 0.934%* 0.872
Cone type index H FREER 0.0169** +0.0052 0.5428 ' '
Sum of insolation time(Nov.-March) ) )
FEEYIH —0.1892"* ooz —11625
Date that snow deposit begins(=10 cm) o
=1 s
*i%i ) SRS 0.0355™* +0.0156 0.7993 0.890™* 0.793
Seed weight Maximum snow depth
H ] _ +0.0196 —
Sum of insolation time(Nov.-March) 0.0323 04334
FEERH *
0.2525 .
TR Period of snow cover(=50 cm) 0137 04675 0.902%* 0.813
Seed volume H FREER ' '

0. * +0.1757 —0.5242
Sum insolation time(Nov-March) 0.3620

¥, IEREN 5%E KO 190K EDHE A EN A H BT,

*, **  stand for statistical significance at the 5 and 1 percent level, respectively.
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Dow o\ 2FE AFEBIO6FAEROEE R EE T A— MUVEALTHE LT,

i) R oot 8 4L AT OV THILER 1~2cm OIRTTEE 2 U A— MUVEATCRIE L=,

i) YHHE 4 AR L 6 FAEHOENENOTIOMEARE A BT A— MUV THIE LTz, 72721,
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PO L, HBEOMEAMB OIS, £ 1.5em OFPANOEEASTEAfEE 13~20 35 Lznbia3Y
A— N VHATCHIE LT,

vi) BN 2 AR E 4 FAERICOVWTHE L, EWNIZOREIZ L > TOEFMERAERE L2 O
(Lammas shoots), QUEZFOHIZROMEENMPEAR L=t D (Proleptic shoots), @MEFPMEEAR LIZHD
(Sylleptic shoots) 7¢ EWZFEIN TS (KoZLOWSKI, 1966 ; RUDOLPH, 1964),

2 FAE ORI ONIOTEZE R R L OREHERANCE (FE—1) U OUBRERNCHE L7, OL QD3RR
A U7 b OIFODTEZHHEAIZFA LT,

4R OWTIERERN AT, JAZORKHTY (Summer shoots) & U CilA L7z, FKHEONIA 71
v MZBITHENENOAEZ 7 1 v NNOEEEETHRL, ~—Er FThbblLi,

™
TEF iR A R
Lammas shoot Proleptic shoot

FHE—1 bk Ry 28R OTEHHER & AEHEERIOFHO
Photo.1. Lammas and proleptic shoot growth at an age of 2 years of
seedling

P ol e I ) B LY .S



vi) BH O B 1[EREE 1HEEEE O 3HAERICHOWT 1977 4£ 5 A0D 6 AP £ T L7-, BT
TELED LS CRIFERRSYAY 3mm FEEEFEH L7 kBE L L7z, BREERIZ5 H 1 Bb A LzBRiEE To R
LTz, 207 my MNirEe7vmy NNOGHEFEFE TRL 72y MNESTH LD LT,

(6) HEatIA
IEOHTIET 1y NEE S BV, REMOZEE B L STERN (1964), SQUILLANCE (1966) & [FlUJ5kE
IZE D SEDET N E S B,

Yig =u+PF +s,+ [, +ey

2 TCYilIHHEDOT vy N, u (35RO, pildpE 1 OZME, s (3PEH 1 12381T A7
DR, G [ FFEHL L OGS JIZI1TF 2 k RBIOFROMIETH Y, eija | FFAAH CERNE RS DORIR A B 5
39 (MORGENSTERN, 1969 a), 47 11 v FMEAIIREMN ) SRR SN 7AZATH 5 L E L= (SNEDECOR
and COCHRAN, 1967),

IYEOMTIZ IS D A R KOV sy OHEE HIER —14 O LB 0 TH D, ZOFBRITIST 2 FEH-NMASY
B, MONFRENT—E TR B E S OFR%0 T ANDERSON and BANCROFT (1952) (2L - Th & i,

B Sy OHEERE HREPIAEEE (KEMPTHORNE, 1957) %% &b, BERBIZAEO 5215 L OB OB S

HIZ 53R b LT, SHTORNT S—E 2 kTl bbb S AT POMEZLR (sin ' V%) Lim
£—14 b RV OERBEON AT 5 H B L SRS OHEE

Table 14. Degrees of freedom (DF) and expected mean squares (EMS) in the
analysis of variance for seedling characters of open-pollinated

progenies of Sakhalin fir
vy DF E (MS)
Source of variation
@ﬂﬁ 2 2 2 2
+2.150 +18,3715 +37.5295
Provenances 12 O. Oy O, O,
FEHBPIRSY $1.999 5 +17.0890 ;7
Stands within provenances 9 o.m" Oy ' O,
MWINZR 2 2
Families within stands 101 o." 1.999 Oy
e 2
Error 123 O.

FH2H K R

1) Yot ROER
BREESSIEDN L2 AR PEHEROMI D DIEE LT- b R~ OEREIISOfE T AL BRI OB B S i L7228
fEZAE T Qe 2D ORRERHOKE L ENENOMERICEFA B b2 L TND LB NS, Ln
L, ZMbORE S ERE— 1T, WEIZL-> TR D EEZONDOTIENNR LT,



F—15 FHilED b K~ OARER LOTEEE R EOFR )
Table 15. Ranges, means, standard deviations (SD) and coefficients of variation
(C.V. ) for tree height and diameter growth of Sakhalin fir

A %T‘ﬁéﬁ NYYaR [t ST7 A IRy} WE': 7 K
TPE No. of =<1V HiPH ) TEHE R A= I RREL
Character 09 Unit Range Mean SD C.V. %)
families
e (2-0)
7—13. . . .
Total height 123 cm 6.7—13.6 9.7 1.69 17.4
mm (2-2)
15.4—31.1 . . .
Total height 123 cm 5 3 22.0 1.56 7.1
mE (2-2-2)
.4—56. . . X
Total height 123 cm  37.4—56.5 47.3 2.69 5.7
Rt (2-2) B
Basal diameter 123 cm 0.563—0.88 0.63 0.037 5.7
ot (2-2-2) B
Basal diameter 123 cm 1.1— 14 1.25 0.043 3.4
MR (2-2)
.9—14. . . .
Current height growth 123 cm 6.9 9 10.26 1.00 9.7
WIHHE 2-2-2) -
Current height growth 123 cm 12.3—204 16.96 1.445 8.5
THZFL
45— 6. . . .
No. of terminal buds 123 om 5~ 6.0 51 0.178 35
SR 123 cm 1.57—3.02 2.09 0.075 3.6
Leaflength
L ® &

K B RREDOZF R TEIDE 3R — 15 [ZFEHEIS LU ERITER —16 I L LTz, MmO T 2 40
9.7cm, 4 FA4N 22.0cm, 6 4D 47.3cm Th D, FERTNIZEEME B RE VY, 2 FFAEDFEMTS UM
W (F—16) OfFyNIE HIZ 7.47cm, FEHPFEEORKIL 12.2 cm, M FEOREKIL 18.47cm Th o, 44

B OFEHES L O Oy INE 18.0cm (FRE), fckid 26.7cm (EHNZD) Th o, 64FAN mOREMS X
UM BRI & HIZ 42.6cm (1RE), FKIL56.7cm ({BH1Z) THD,

PEHERIOE i 3R Z OFERN T B AHIRCA 7 — 7 WHAIHE LIAL O S EHEAALE L, MR VR
VIR A AR — 27 APPSR LARE A L TN D, 2 AN KRS 2 AFAE i TR LU,

EEBIOHE ENZ OV CEEM, FERINARSY (K9 BXUOMONG R (R) MERAFEINCHLMNNCT S
T LTe (FR—17), 2HAEB LI NA FAER mOMEITER, W5y, FREORTOERMICHE A
BEMRED LN, L, 6 FAENEIIFERMICOAGGHAE BN RO bz, 2V, HmEOBEmiz s b
TRUWNEEHBSOMAYTIZES TN L CND, T A BRI L) D12 O855 0 L 2 BRI By D& 5% %
b &7, BIEOERBI R OHEERITR—1TICLH LT,

2 AR OBERBIEBI O FFHHRITFRZED I 57% T b R E WV, EHRIZEIO T 513K 27% TZius>
WTREV, UL, OB IOFRMEHORGRITE HIZ10%LL T /NSy, OF Y, 2EA M EITREHTE
EERRE L, M3 KON RFEBD VN EZ 0,

4 AR RO T HHRITRREE OV TELRMAE K X W, FEHIAEIOZ 533 2 4R R OBA D 1/2
IR THD, 6FLERmOEMBAEBORGRKIZ SITRD L, #h4.9% TH D, WOEBIORGR Tl &
HERERIZ 6~T% LB/ NS,



£—16 | FvYOFEENIIIT 24K, THEE, HEROPEMIS JUMWEE)
Table 16. Provenance and stand means for tree height, diameter, number of terminal
buds and leaf length of Sakhalin fir

BT R YR TEIFER HER
"~ Total height Basal diameter Current height No. of Leaf
R 0 (cm) (cm) wth(cm) -
cm, c, gro cm, terminal  length
Provenance Stand

buds (cm)
e-0 @-2 @-2-2 @-2 @-2-2 @-2 @2-2-2 (3-9) 2-9

8.33 18.0 42.6 .58 1.18 7.6 17.6 5.0 1.71

NEMURO N—b 8.33 18.0 426. .58 1.18 7.6 17.6 5.0 1.71
8.67 20.6 47.6 .59 1.16 9.4 16.6 5.2 1.86

AKKE A—h 9.33 20.0 47.0 .64 1.19 8.9 18.3 5.2 1.76
SHI A—a 8.98 20.3 47.2 .61 1.18 9.2 174 5.2 1.81

8.64 22.6 48.5 .64 1.26 10.0 18.0 5.1 217

I-h 9.35 19.7 434 .68 1.23 9.2 16.2 4.9 2.09

IKEDA I—c 8.11 20.7 45.6 .63 1.25 10.1 16.7 5.1 2.10
I—o 8.79 21.7 46.9 .65 1.25 104 174 5.0 2.10

7.47 19.9 47.5 .76 1.38 10.1 17.3 5.1 1.86

OBIHIRO Ob 7.47 19.9 47.5 .76 1.38 10.1 17.3 5.1 1.86
10.60 22.8 50.0 .62 1.25 10.5 184 5.1 2.03

U—e 9.47 19.7 45.5 .68 1.27 9.0 17.6 5.0 1.98

URAKAWA U—s 9.45 23.1 48.8 17 1.32 11.5 15.5 5.4 2.03
U—a 9.91 22.4 48.7 .69 1.29 10.7 16.9 5.2 2.01

9.16 23.1 49.5 .63 1.31 1.1 17.3 5.2 213

KITAMI K—o 9.16 23.1 49.5 .63 1.31 11.1 17.3 52 2.13
12.22 22.5 48.1 .59 1.33 10.0 174 5.1 2.45

O—ok 12.09 239 50.0 .59 1.27 114 17.8 5.1 2.38

OKOPPE O—om 12.20 22.7 48.6 .59 1.32 10.3 17.5 5.1 2.40
10.94 21.0 45.0 .58 1.25 9.1 16.6 4.8 2.30

Ny—c 11.13 23.6 474 .60 1.26 11.3 16.9 5.0 2.38

NAYORO Ny—b 11.00 21.9 45.8 .59 1.26 9.8 16.7 4.9 2.34
10.93 24.8 50.7 .75 1.28 12.9 15.9 5.5 2.09

MAKOMAI T—y 13.47 26.3 50.6 72 1.34 11.6 15.3 5.4 2.16
TO 0 T—h 11.71 25.5 50.6 et 1.31 12.2 15.6 54 212
11.19 24.0 489 .71 1.26 114 16.4 5.0 2,51

AMIZA Im—k 12.17 24.5 46.3 .68 1.27 11.4 14.5 5.0 2.32
W WA Im—n 11.87 24.4 47.1 .69 1.27 114 15.0 5.0 241
10.34 21.7 47.7 .73 1.24 9.9 16.6 5.1 2.22

RUMOI R—t 10.34 21.7 47.7 .73 1.24 9.9 16.6 5.1 2.22
11.11 26.7 56.7 .80 1.41 13.6 18.1 5.1 3.02

KUTCHAN Kt 11.11 26.7 56.7 .80 1.41 13.6 18.1 5.1 3.02
HAKODATE Ht 24.0 50.0 .71 1.29 10.7 175 5.2 2.36

24.0 50.0 .71 1.29 10.7 17.5 5.2 2.36




FRBIEBOR 5B LN X 91, HEORGEIZ & b 7e > CHEMAENIZE LW Lz, %D,
SR O PHAAE R T PERIRZSED 2SR Z 3, HlEORSE & & IZPEHRIZSEN D L, A S SR AR ED )
KT DA HILD,

K18 ITK MO R, Wk, YRR, THEEE, ERIZOWTHERBNSEENFTGEEZ Lo L,
ZOHEEEIZ L - C, HIFEOE LU EIT DI EORREAHEE L L o & LT,

MORGENSTERN (1969 b) [ XERAVER DA 52RO BN HAEFIZ DWW T OED L H I LT,

O FEHIE (Vp) OBBIRGEIMy (V) ROFRM (Vi) OFNENL D RETIUTARAER L Z 2 5,
© FEHNMI T DOBIERZ 53R ERE L OSRRIOZF N L 0 RETFIUIERRER LB X 5,

Z ZTIFODHATE MORGENSTERN (1969 b) (Z L72SWAJRIZER L UT22s, QDA I PEHINAR R D
AEREHBREEI R 5D L WA RV R S H DD T, ik & HEEHRIMESHIER L KR TER, F12, FRMH]
DB G RIRK CHIUIFRER L EZ T2, ZDX I IREZ ST CEEDER T HLEHOED LI I
725,

FK—17 FHERAZBIT S b R~ Y OARR JOTEEERO 5 HT & ERBIEBIOZ 5% (V%)
Table 17. Mean squares (MS) and percentages of total variance (V%) based upon
variance components for tree height and diameter growth of Sakhalin fir

FA
wea Source of variation
FEHN oy ETA FRE
Character Provenances Stands Families Error

MS V% MS V% MS V% MS V%

e (2-0) x « *
. 30.6852 26. 4.6383 .1 1.9763 X 1.4732 R
Total height 6.8 6 9.8 57.3
. 75.4368 12.1 22.6251 7.0 10.7162 314 4.8904 49.5
Total height
Fi (2-2-2) 92.8775 4.9 487821 6.1 2544617 9243 145349 647
Total height
—% (9 -
Roete .(2 2) 0.0502 12.8 0.0265™*  26.9 0.0032 4.8 0.0028 55.5
Basal diameter
X _ _
tRoetE (2 2-2) 0.0523* 21.8 0.0092* 59 0.0038 1.3 0.0037 71.0
Basal diameter
éf:ﬁ{ﬂﬂ% @-2) 29.6003 12.1 11.3860** 11.3 3.8998 24.4 2.0171 52.2
Current height growth
YIEME 2-2-2)
. 11.56 0 17.0579** 14.5 4.4682 2.9 41818 82.6
Current height growth
TEZFEL
. 0.3128 2.3 0.2148 3.9 0.1442 37.1 0.0623 56.7
No. of terminal buds
%E 1.0434™*  49.0 0.0436 0 0.0448 30.5 0.0112 20.5
Leaflength

O ITEREN 5% KON 1% KEOHGHE EMEZ LT,
IR DEE V%% 0 & LT,

*, **stand for statistical significance at the 5 and 1 % level, respectively
If variance component is negative, V % is listed as 0.



2 AR EITARER TCHLIN A FAEB LD 6 FAENRIIFRER TH D, OFV, EMEOBEEIE 5%
VRS 2 AEDD 6 4R E TTRAET DT 62.9%70°5 13.9%I23) L1228, FRRIOBImAIZ-5RIT 22.9%0 5
68.9%THIM LTz, DX 5 7eBIBIT, HEORGEIZ AR T ORI ENEN T A b a7 L BREE L O
RHIERDOFIZ L > THER I DA, FRIEH LR 20 -7,

2 | o &

RO 4 FE08 0.625¢cm, 6 4F4EMD 1.25ecm ThH 5, 4 FAEDFERNTEEOR/NT 0.58cm (FR=E),
BRKIE 0.80cm (A1) Th D, 6 FAEDHEMTEOR/NE 1.18cm (IR2), KX 1.41em (BHZ) Th o,

IIBONTORER, 4 FEAEDIRTTEI TN I OAFFHIABEIESRO b, 6 4FATIIFEMMR X
UEHINR NSRS HOA BEPEDSTED DTz, BERBIZEN O % 5 IE B DV CGRAEZEIN K Th 5, 4
AT THIOZ 5303 26.9%, FEHIRRIOZAUIMITEID 2530 1 LR Th D, LarL, 6 4FATIIREMAZ
BOFHRITIZ DD TREL, WBLUOGERMOTIUIE DO TSV, ELIE, FRMIEBIOFRHRITMEN
1.3% & 1T & A EFEITITY,

ZOXE N, RoTBITEE ST, EIROGEIC & b 2R\ ERSOS S B A 5-5R) SHE A1 3 F H 4
% (F—17),

BEIEROF G2, 4 FATIE, RO 60.7% &K TH LN HLAREIZER, & L3R L
EZHND, 6 FAITFERFN T5.5% CARAR L EZ bND (—18), FRMAFHOHFERKIThHLEH
HTRENY,

F—18 FHEIFAIRT D b R~ Y OARS JOTHHER &L D558y LB AR O 5-R

Table 18. Components of variance and genetic intraclass correlations for tree height and

diameter growth of Sakhalin fir
Ve {0 %an BRI OF 54
W Components of variance Genetic intraclass correlation
Character Provenances Stands Families (0/5 (0/: ) %) V. + Vf
Vp Vs Vf (% )
i (2 . 0 0.6877 0.1557 0.2516 62.9 14.2 22.9 38.2
Total height
mm (2—2)
Total height 1.3718 0.6968 2.9130 27.5 13.9 58.6 18.8
mE (2-2-2)
Total height 1.1063 1.3655 5.4583 13.9 17.2 68.9 20.0
—r/3"4 _
o .(2 2) 0.0006 0.0013 0.0002 29.0 60.7 10.3 85.5
Basal diameter
—r/3"4 - _
ot (2. 2-2) 0.0011 0.0003 0.0001 75.5 20.5 4.0 83.9
Basal diameter
LR (2-2)
Current height growth 0.4666 0.4381 0.9414 25.3 23.7 50.9 31.7
MEME 2-2-2)
Current height growth 0 0.7367 0.1432 0 837 16.3 83.7
TEHH
No. of terminal buds 0.0026 0.0041 0.0409 55 8.7 85.8 9.2
Rk 0.0268 0 0.0167 61.5 0 385 0
Leaflength

ST DEE V%% 0 L LT,

If variance component is negative, V% is listed as 0.



(3) HUHfHE

MR ORENT 4405 10 ecm, 6 44D 17ecm TH 5, FERIS L UM IO & F/NT
NHEUEZ L LT, 4 FEOBEMEORRIT 18.6cm (BE1ZD), HyINT 7.6cm (fR=) TH b, 6 4ED
PEHERIORKIE 18.1em (A%, F/INT 156.0em GEHIR) THDH (F—16),

DEOHTR GER—17) OB L DI, AR S RIFFEHIN RS TN O AFEE A BN G &
iz, BRBIEBIORF 5ZRIIOTIVHREENKEV, & <IT, 6 FEDYUHHEDORRAATN T 82.6% & T
KEV, BEEEENIFE 5070 v MNEZEREZH LT, 6 FEDFNNEIZKEVDOIE, 6 A Pk
TR TR OFBELEZ HD,

A A DB R OFREB DA 531 24% Th b, FEHEIS LOMO O Z 53IIFRMEBIOFH 5350
YN T D, 6 FAEDOHTIZEENDOF G213 16%, PEMBIZAEIOZIUL 0% TH D, ZiuLElrofkEic
&b 7RV YRR OEHZEEIN D5 Z L2 L L TW5, O[T EICRBT S L VEEETH D,

BARHIERIOF 53T 4 A TIIERMIDY 50.9% &b K& <, FERMIZEINE Ly, LasL, 64Tk
ITZEBNDE G-I 83.7%, FEHIRIODOZTIN 0% THREZER, & LIIMEERNERLEZ b (8—18),

(4) T 2

TEZEE ORI T 5.1 TERVENT 4.5 15 6.0 £TEE) L7, PEHES JOMO O ZEEMRIL 2L 0/
W (F—16), WHONTIC LIURS R OBSF A BRSO HiLd, BRBIEEIOF 53R IR
DUVTHERHZER) () 37%) MKREL, FEHES LUOMSHEOFERIT NSV (E—17), BIsAEEROF 5313
FRMEENE L LWVEE THDLZLZ LD LTS (F—18),

(b6) ¥

BER-OFE)T 2.09 em, FR 41T 1.57cm 7> 5 3.02em, #5535 K OVEHNTEAIE 1.71em (FRER) 7> 5 3.02cm
(B522) £ TZ%h ULRAIFEHNEIZSEAN R & V), BER OFEHSEA i i & A TR S8 2 Lo L, AAUHIIZ
PEMIE 95 b R~V OERIIEL, KEHIZE S5 b K~y OERIE MEARH D (R—16),

DEHOHTR GE—17) oML L D1, FERLE SRR OISR A BN FEO v, ERIZEE D
FHRIIME & B 0 DR R E < 49%, DUWTERMDN 30%, 8722030 20% Th 5, MorfiiZEsho
HHRIT 0% TH D,

BER- OPEHABIOHIPR 5 2~ 5 &, BAHAS X O R — 7 HHAIFFELALeZE ONBEIZ S 67 HFE
HNHD b RV IFEERNEL, REEARCA R —Y Z LR DO b R~V 3BERNE) L, EROE
HRIZSEN S 72 LB BREE OSBRI 5D,

AR OF G-I IPERN 61.5% b K& <, MOOZUT 0% THD, Lizhii>T, HERIIAR
EHTHY, PEHISEROMRNE DD TRIVWEE EEZBND,

2) FKHONE BHEEH DA
k R ORI BREE B OpERl, PEHIPNM Y, MROTNSERMZERIC OV ORIz, 19122
AR OTERERIFKITN S 4 SEAE OFKRONS L OBHEE H OF R & Z O %Z, —20 (ZIXEEH & M558 %
L LT,
(1) TESHBHER O
TEZE RO OSSR IL 55% CTh b, FRTHINT 3.5% 5 98.3% £ CORE 72 E# % L Lz,



PEHIATES) & MOV DI & TR CAETT,  PEHII DR INT 81.0% (LR, Hokid 92.8% (B Th
Do MEAIZZ, SRR, B & BAHIRA R 7 AT LALEO S OITEMEE L LT-, —, A,
HUEH, JHRAT, ARFLZR EASTREAROA A 7 WA LAREPE RN A Lod U, PEHIRIZSEN| S Mk 72 (R 0 237
H5ib,

B RO HMATIZ L o C, FEH, FEHINMRSY, MONFREEREFEICT LrdTe (F—21), E
RIBND53 B DHEEAEITFR —22 12 LD LTz,

IDEOHTORESR, FEML, oy, FEREIOWTIUZ bFEHHIA RGO bz, BERBIEBOF 53RII5E
73 58.6% Thr b KXV, DUNTREHIIZE), X OICFRMEEI Th D MOIEBIDZ5-RN R /NS0,

TBRAUEIK OFG2RITPEHIN 45.83%, FEREIN 37.3% CTH Y AR L EZz bD (F—22), ZDX)
(ZTEEE R ORI ORI IPERRIAE IR X <, PEHSEIROZIENRKEVIEE LW 2D,

(2) MUZHHERIOFKHR

TEE RO O RO LW E D X 0 EEPEEEDME T D, FREOERIITAFIIEA D, HIZHH
FERIOFKIOSRO NI 33% T Do For T 1.7%0°5 61.3% Tdr 5, MEIFENL 5.7%H>5 58.4% T
b, FEHEROEEMEI IR LR ETHD (F—20),

TR ORKR O GO VEEH ZTAEZ R ORI OSEDMER VR A, W, [, (iR, EiieETh b,
DEOHTR FR—21) MOWLR I DI, FEHL, MGy, FREDWTIUZHFEHEEMI RO bz, EHK
BB DR 5RIIFAFEN e b K E < 64.2%, FEHRNE 25.3% T 5, M5B L OFRMAE T X HdTUREW,
BRI O 5RIIPEHN 70.4% & T OO TRE S AfEREEZ HND (F—22),

(3) 4FA ORISR

OE D% 1E, HEHEERTHLINOEAROENEL 725, F£7-, BB T TEET AR
THHPERTI 2 L, B HdFE U< vy GEE, 1976), LacL, FKONIAERICE > TREESRMEN L0
TAaoRAEL, EEEEIcEy (BRI, 1966),

FIHOSRORTHNT 23.2% T 5, FRTHEIDRINT 2.5%, KL 62.3% T, M LT &
IIRERZENR, FEHNTEIE 6.7% (RE, JEi) 7D 44.2% (&%) EEMRAEIIRE W,

#—19 b Y OKMODOIE R LUBREE R OFRTFEOFIPH, A5, R KO R
Table 19. Ranges, means, standard deviations (SD) and coefficients of variation (C.V. ) for
percentages of seedlings with lammas, proleptic, summer shoot growth and date of

bud burst of Sakhalin fir
= FRE =<Liva P ) IR RRYRE
Cha;f;;ter No. of
families Unit Range Mean SD C. V.
TEFRUEKfFOY ,
3.56—98.3
Lammas shoot (2 - yrs) 122 % 55.0 6.5 11.7
{IE=RIRESEEION .
- 1.7-61.3 _ ) .
Proleptic shoot (2 - yrs) 122 %0 33.2 4.4 75
BRI 0
2.56—62.3
Summer shoot (4 - yrs) 123 % 23.2 5.32 22.9
T 123 day 24.7—33.6 28.5 0.658 2.31

Date of bud burst (4 - yrs)




£—20 § F~YOKMODIERET JUBHEE A DpEttds UM
Table 20. Provenance and stand means for percentages of seedlings with lammas,
proleptic, summer shoot growth and date of bud burst of Sakhalin fir

P o> TESRRKEICY  ARERHOY R PHAEH
. Date of
Lammas Proleptic Summer bud burst
Provenance Stand (%) (%) (%)
(days)
B 59.2 22.9 6.7 30.0
NEMURO N—b 59.2 922.9 6.7 30.0
A 50.7 39.3 6.8 30.4
AKKESHI A 61.3 30.3 6.7 31.0
55.8 35.0 6.7 30.7
_— 50.5 45.2 11.8 27.2
30.3 42.0 23.8 27.9
TKWDA LC 425 46.6 13.4 28.1
0 44.0 44.5 18.3 277
38.3 58.4 11.4 27.9
OBIHIRO Ob 38.3 58.4 11.4 27.9
Ue 50.5 93.4 163 928.6
485 27.8 8.0 929.4
URAKAWA gis 40.7 45.3 7.1 29.9
a 45.7 37.6 10.6 29.3
31.0 52.6 14.2 26.9
KITAMI K—o 31.0 52.6 142 26.9
0ok 91.6 5.7 385 26.5
OKOPPE 0o 81.7 13.3 39.9 95.5
° 89.9 10.7 38.7 26.0
No—c 54.3 32.7 46.6 25.9
NAYORO ot 72.3 23.3 39.8 25.5
y 59.0 30.2 44.2 95.7
- 49.2 37.2 10.1 929.4
TOMAKOMAI T 76.9 15.6 11.4 28.4
58.9 29.4 106 28.9
Ik 68.6 926.3 38.3 27.2
TWAMIZAWA . 80.2 13.1 24.3 927.4
men 76.9 16.7 28.5 27.3
51.8 36.4 15.0 26.7
RUMOI Rt 51.8 36.4 15.0 26.7
92.8 6.2 404 27.2
KUTCHAN Kt 92.8 6.2 404 27.2
HAKODATE Hk — — 223 269

22.3 26.9




FROSRAS A\ ER 34 %, (B2, B, SRR 8T, 2 FANOIEFEMERMOMMORLFE UL, BAE
RCA R — 7 HHAF A LA DS FER T M2 LD L, Hsii72Mw 0 A Hid  (—20),
IYBSHTOFERIIPER, PEHIPNARSY, MOINERENCHE A EMERZD b (E—21), HEERBIZETHD
FEHRITPEMA R HRE < 43.2%, RN 32.2%, FAMIX21.7% Th b, MODZIUL6.9% & ZhHT
INE, DF Y, FHOSRIIHGE I L EE—IEE N & b TRE L, WORIEZENVNSWEWZ D, LI,
AR OZ 5 3RIIZR MM 55.0% & b REVS, FEHIRIOZNE 33.0% THh D (F8—22), FRERL®E

#—21 b Y OKMPODIERER LUBREE A O/8UMT & BERBIZEEIO T HR (V%)
Table 21. Mean squares (MS) and percentages of total variance (V%) based upon

variance components for percentages of seedlings with lammas, proleptic,
summer shoot growth and date of bud burst of Sakhalin fir

FA
wea Source of variation
FEHN oy FH AR
Character Provenances Stands Families Error
MS V% MS V% MS V% MS V%
E‘Al—l‘ﬂ:” Y N
TECFIEBRAH Y 1685.25** 189 383.15* 7.2 161.56* 15.3 105.48 58.6
Lammas shoot
I%ﬂ:IJ Y N
1EJ§Pi?FMEﬁU\ 1185.38**  25.3 250.12* 7.9 111.39** 2.6 65.52 64.2
Proleptic shoot
BRfiCr 1346.58* 19.6 312.55* 6.9 151.86** 324 56.62 41.1
Summer shoot
Gl 47.5095%*  43.2 3.4108 2.9 2.0425**  21.7 0.8669 32.2
Date of bud burst

Y, NIRRT 5%F LN 1% KEORG A EMEZ H 51,

*, **stand for statistical significance at the 5 and 1 percent level, respectively.

#z—22 I MY OKHBODERETS L OBHEE H O3y & BARAIER D% 5%
Table 22. Components of variance and genetic intraclass correlations for percentages of
seedlings with lammas, proleptic, summer shoot growth and date of bud burst

of Sakhalin fir
ISRy BARIER D52
7 Components of variance Genetic intraclass
7 correlations
Character PEH ) R \% v Vi Ve
Provenances Stands Families (()/p ) ( O/S) %) Vv s+Vf
Ve Vs vr T @
(0]
BTN
LT; jﬂfﬁéﬁt 34.1393 12.9667 28.0536 45.3 17.4 37.3 31.6
I%ﬂ:IJ Y N
ﬁiﬁ;ﬁﬁiﬁt 25.7114 8.1178 2.6840 70.4 22.2 7.4 75.1
Surjﬁi‘(ihoo ¢ 27.0490 9.4915 44.7255 33.3 11.7 55.0 17.5
PR3 1.1699 0.0800 0.5880 63.6 4.5 31.9 11.9

Date of bud burst




2 OO NEHEROFE S REWE W2 D,

(4) B ¥E H

N R= OBZEDIEHI IWFE T OHHTM: & BRI ALRE - A, 1964) LW vbivd, BHEEH D4 )
1£285 HTHD (F—19), Z0FfEIE5 A1 AL ERLI-LOTHS0 5 5 A 28 HEEKT S, R
TR BRSO 247 H, HbIENHON 33.6 HTEDZETKI 9 B TH D, FEHIRS LR EHOMEER I
W72V, BHEE H 2N bRV EERIBLE T 26 H, &bIEVOIFEED 30.7 H CrEHIFZERIIE) 5 B TH
% (#—20), BREEH OpEMRZAENITHISA MR D 230, BAUHASCA R— Z TR ERN <, K
AR — 7 HHAITERLARE PE O BREE L ME R B B,

3) ShilHAD AR & BRI ORI & OBIR

BREAEOYIHN T DAERREE N R~ ORI LOR T E & OBB#EMAZ B S NIT 5729,
FERLES JUEHIPNAR D 2 BRI OMEIRE A © & T, K23 186 OMEEREE L LTz, KD BT
PEMI, FEUCITPERIPNAR O TRIOOMERRE A Lo LT,

ERFAUE L 2 RO R, 4 FEOE R, YHME, BER, EENOKMFOSE, [F¥EHZRE & OfEBIREK
L, FEHIR, b U <UVIBEEHINAR T OWT I DSEHCAE TH D, & <IT, HEE W E X OHE & ORI
VIEEHI, PEHIPNARTE & B AEDEWBIRR A HIND,

T h, ERFEFEEDYINSWT A b B REOEEHSOK D D OfE R L, #WIAEESIEE TH Y, BRE
BHEHBIRENT I b R RO EEHSOMRI 0 b ORI XIIAERNS 5, LvL, 6 A & OFRERE
KL, BRHICDAEBIENR2, ZOZ ENLNERNICET 5 b R~V OREAR L ERFAIFEE & ORRITE
ORI & B 72WMRA TR DN H D L2 D,

PEHSOMI T ) DIER I TER RS L B BRI o 5, 3700, PEMIR], PEHPNA I THOFEEIREI T2
NFENr =—906, r =—.838 LEWEDEZ LD L TWD, ZiUL, FEEHECHSOEEREAYEEN T4 b R
< VR THIUE, TOBRRFRATEENEL, 7 F R YR THIUTERENMENZ L2 L LTS,

#—23 ERAVIFEE, FEEIS O AR S HARIVE & OMHBIRE
Table 23. Correlation coefficients between progeny character and parental
character (Cone type, Seed)

iz e B MEME S S R MERK R T/Eﬂ 1&”;@'&\ FOY PHEER
Total Total Current  Total Basal No. of Leaf  AKTY KON Summer  Dateof
Ch : height height height height  diameter lateral length Lammas  Proleptic shoot bud burst
aracter ©-0) ©-2) ©-2) (222 @2 buds ©-2) shoot shoot ©-2) ©-2)
BREIEIFER, —628°  —5T2 — 405 —549  —.509 406 —906™  —.787" 799" —707" 075
Cone type — 679" —648"* —498%  —462  —.365 280 — 838 — 751 734% — 613" 564*
index
FE{E 641" 515 .399 341 352 —.200 637" 082 —.058 644* 275
Seed weight 564™ .390 .283 273 207  —.355 600" 075 —.069 680" —.789*
FETAFE 646" 686" 610 513 412 —.039 732* 103 —075 723" 375
Seed volume 613" 580" 528" .308 253 —.225 740%* 183 —.178 743" — 861

L OIIENEN 5% OV 1% KEDFGE VA EMEE H Ho T,

BAIPER, TFBIMO I TH D,

*, **stand for statistical significance at the 5 and 1 percent level, respectively.
Upper figure is provenance means, lower figure is stand means, respectively.



TEZE R OFK ORI TPEHOM Sy OSEEER FIUFEE & B OFEHIICH BEZemV R Z Lo LT, 2%V,
T A N R RO EEHEOS ) b OBASRBHTTESE R ER O ON L L, TH b R~ RO FEHRS )
DB DERGREEOKMONTAREH RN LN 2 H 5D L TnD,

4 FAEOFKOSRIIFERSARy OHIERFA TS & TR OGN A B2 Rn3H 5, OFY, 74 K R=
Y SRR DPERSOMI D DRGSR, 2 A OTEZE P ERORKOSRE L OV 4 A OO &,
T 7~ R i 2 AR OIEE R RO OSEDED, 4 AR OFKHRUSEDMEL Y,

T OPEHISOMI TS & 2 6 OBRRERREOSIE & OMBIREITFR 23 I L LT, BAE Ll
FERS L OE TR & OFEEIREN T & IS, IR UEZ L Lz, Len-> T, FFE L EAE & OB
P T EIXOZ W TR 2558 & OBREMZ IOV Gk 9 Do

i 7508 & PEMIETS K OEHIN M T O MBI R SR A B L 2 AR L OV 4 O &, B
5, 4 FEROKMOETSHD, FIAEEEAOHEAR SITEORFRE LD L, ZiUuT b R 2o T
R (1965), MRS (1966), A1, A (1975), BRAED (1976) 72 E03 s LSRR LThH D, L
L, FEFAREESAROMEAR S OBMRITEEORE L & HITHRAIZTREL, BERFEFER S HAROHMEAR D
BRIC A BT &R CAEHAIDA A DD, RS LN 4 A OFKH ORI IR 72598 & IEOBHRZ L Lz,

PLEDREREZRENZDORD EDXD LY THDH, T4 b RV B OPEHSOM  PERL {13k CE <,
LI DRREREOYIIDOMEARIIFE TH S, 7o, ERITRL, 2 A48 CIHTEFHHREAOKMHUN
%<, 4 FEOMUOSEREN, T & R RREOBERSOMIERE (-1 R CIE <, Zi b OBIRGREEDS)
B AMMEARIIE S, £ LT, ENOITEEENEL, 2FAMITMEHIER OO ZV, L, 4
A ORMOSRIET A b K= /il b U Cb 7w M2 8 5,

FEHIROIERIFEEL, B AOEI S 5\ W TEEIESENEZ & O O3 5E b H 503, mEEIE{EH)
(N Th- T, BFEIZFE CHERIAERAMER L84, mEDNEIROIE SIS Ul ARE B2 Lt
FEHI O ERIFEB ZEy M4 Lo 9™ (ANTONOVICS and  BrapsHOw, 1970), —77, MONFRMOFET
TEEAAOAER, BEERENEL H DD LTS,

Z T, BRGPEECORE FE L ARDMERAR & OBBHEEEZ - L 5728, EREANEHES LU0 -EO
FHENAS) & 2 D%ARO 2 AL L ON6 B & O Z L LTz,

B—6 B LUK —7 NHH B L 91T, 2FAEEROFRIE) L ERFIFEE & ORIITADERNC R ¢ =
—277) BHHID, FEEORIZITIEOERO B ¢ =.357) AL,

%] —8 33 LK — 9 | ZER A EECES L OME -8 & 6 4R & OB Z L L7c, BB K 51,
6 FAEH ) & OFEIREN T 2 -4 S & OBIR L DRV,

BVEFOBRRERITIVERMENL TN D Lot FRED, 1976) 1L, N Y DIEINNIL T T AT 7
—w U 7 U B THHREIN TS (MORGENSTERN, 1969 b ; GRIFFIN and CHING, 1977), Li~L,
ZORERTHON> T b BV i TIIERORGEIZ & b 720, FFE & OBHRIMEL 725 TL b, L7235 T,
i EE L RRERDMEAR & OBMRILEEHBNC LD LB 2D L0 bETOREIR L DB O, B
TS L Bm & OBMRITFEFE & & & ORRIZ EEEECIIRY, iUk, ARE (1965) ROk oHlg,
[RGB DS Lo BRI & 2 DA RO R & OBRFEMI RN E WO FER E —ET 5, LTz
D35 T, BRHEOERRASTE TEE & 2 D%RRG5R & OBIEIBHEME I Z b TR EE X Hivd,
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4) S ORI & PEHIOD SRR T & DRELR
(D AR JOREROEHRZE) & PEHO KGRI & OFHBR#-T

HTRRORGE IR R OBEER)SHGE RV ENEE K OB H bive, £z, HEHHER)HE Y
ICHETRWEEL ST, LanL, 2EERBIO 4 4E0mE, 6 FAEDIRIEE, R EOEMRZAE I
FHAENEE Lod LTz, ZH S OBEHPE T AAHAR A — 7 HAHRLAL & £ OPEED S OD3E Y, —77,
ARHHRA 7R — 7 IR AR O REROD & DIHEL
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I R~ OHATI & PRI 51 2 SRR T & ORI

Table 24. Correlation coefficients between climatic factors at the place of

origin and seedling characters of progeny in Sakhalin fir

AN NZYPEARI ~ |
e W ii’ﬂfﬁ iﬂ:/ﬂﬁJ A AT
n Entire The Pacific The Japan
Climatic factor Character .
region coast Sea coast
HI 2-2 *
Total height .609 .909 .037
PHIIR HiERR  @-2) 6417 933" 028
A Aoril-d Current height ‘
R Wk 2-2-9 556 go1* 261
P Basal diameter ’ ’ ’
%E (2 - 2) ok _
Leaf length .456 .990 .368
E% (2 - O) skosk
71 —.034 —.1
Total height 8 03 30
E% (2 - 2) kosk *
Total height 765 421 7199
E% (2 - 2 - 2) sk sk
= . . . 831
B Total height 683 456 83
Maximum snow depth WA (2 -2) 687 399 707
Current height
Wk 2-2-2) "
821
Basal diameter 494 A7 8
981
Leaf length 432 .409 98
H 2-0 *
—.705 . .
e Total height 360 440
= e _
Date that snow deposit i (2-2) —.648* —.606 — 517
b e g]llS (z 10¢ ]]l) 'Ibtal helght
R @2 — 848%* —.443 — 839"
Leaf length
E% (2 - O) skosk
783 . —.368
= e _
Period of snow cover mE 2 667" 507 568
(=50 cm) éb tal h(?ght )
% 2-2 *ok *
Leaf length .848 443 .839
E% (2 - O) skosk
71 —.151 —.1
e P B
Period of snow cover R (.2 2) .628* .449 532
% 2-2 *ok
742 . .
Leaf length 7 487 707
H @2-0 *
622 . —.
Total height 6 262 303
E% (2 - 2) % *
691 —.408 176
Precipitation mi - 2-2-2) 685 —.196 833*
(N ov-M aI'Ch) Total helght
R 2-2) 620" - -
Current height ' ' ‘
%E (2 - 2) sk S
. —.64 .
Leaf length 868 647 936
F 2 —710% 538 484
Sum of insolation time R e(12g ~9)
Nov-March 765" - _
(Nov.-March) Leaf length 765 343 678

¥ TEER 5%F LN 1% /KEDRE A EMEE & o,
R —B & DOBIRITR ), —HUIBIZ 361 T HDHBURED WG TN A B R b DT FRR LT,
, **stand for statistical significance at the 5 and 1 percent level, respectively.
Progeny- environmental relationships in which significant correlation coefficients

%

appear in at least one region are presented in this table.



FERRZS D = O K 5 7 IR O 1 JE- O KR - OB X B LB 2 Db, ORGSO OEIE &
PEMORREIA - & ORRE 1 5, 2 OFETHNT Lz, LinL, T TIZORZL D1, FEHREZ RIS
WINE BNV I2NDTAT v 7T A REEYF TS 2 7o,

KUER - ETEE & OFBIRENIER —24 12 L LTz, BEWERTFOWTIE SAERBRD2VIZEY, 64F

WY HE, 4FEBL 6 FAENHOIRITE, THHFRRE 5 IWE Th D,

2 A AR SRV T RIEES, FESAIH, 10cm LT 50em DL EOREE AL, Mok, H R
72 E OKWERT- LRI B BIRE L Lz,

2 AR IO 4 AR EITIE  OFWEIAT- L EOBHRE LO LTS, LvL, EEOFRGEIZ & H 70 FHRE
REDME T L, FRHIREBAKMEE LR 2D bONRZ, ZiUuL, HEmoRkEE & HICHEARIZTZWTS
R E OMEME 9572070, BatOBRRSIH CES 72 B RO M EAERIMEE SN D Z L2 X b
ITIA SN TR0Y,

U AAREUREDAE T, Losb Wi ST RIS E <, AR L [ UGS
KERTEZERNZ LT LoD LB TH D,

4 A EIIRAES, FEPIH, 50ecm DL EOEE AOSKER 1 L BB m R H 5, 05 bIES
HIHDIRPAT, ZOMITEDRREZ LD LTS,

HERIT 50cm 3B LN 10em LA EOFEE BE L 13E, FEEYIA SIFADRRE L L T\WD, Zhth 3 XUEA
TIIEEROFEMEAENC -V UBRWEIMR A B KT L Q0D B2 6D,

(2) FKIHOSRODPE IS B & PEHO KRR - & OARBEfRHT

X —10 |2 2 FFAE OFZRERIFKIIOSR A PEHIBINC Lo LTz, TESHHETIORKH ORI L B AR A R — 7 1
RIFE LA KO OREIC S 672 ZHIROMAZE, BRIR, 4%, B SO <, RO FEH
TR, —7, AERHEREAOIKH ORI ITESH R ER O O GO E-IDME S, TAZHRERIOFKUSE T
FEHISEV MEZ LD LT D,

Z DX, B OSROPEH A B I THUEMED B 0 | PEHN IS 1T 2 5K - & OB/ BR IV RNE S5,

F2—25 12 2 A OFZRER IR UNE, 4 448 ORKOSRES L UBAEE H OPEHNAYS) & KR & OFERIFREL
L LTc, SIE ESUERT-& ORRISHGEHIZHEELR b ONRZ, ZDH 5, SHURIZISIT HFEBHRE K
FHOICAERET, LbmHiRicisi) 2B D @ Mtz Lo L, SHkiz 31 2B & R U 5% LT
KERFZ RN DD EDED LB TH 5,

TESHRETIORK R ORI IO Bk & & IEORRE Lod LTz, HEHFERIORKH ORI Aok E L AD
BfRZ Lo L (8—25), 2F 0, TEIFHERIOMMOSIAMOREKEN S ik <, HEHPRE
FADOFKH ORI IEIA DK BV D72 MU OFEHI N2 2 2 LD L TWD, LTED- T, FNENORKIUD
FEMIZAR RS- U CEERIZ1T 5 11 A S 3 A £ CTORIKED SR ERAZ M CE =B 2 b5,

X —11 1% 4 AR OKORE FEHBNC LD LT=2b D TH D, KB GR K 91T, FKHOSR) GV EEHD
X EAHES L O R— 7 P ERLAEoZ ONBROHIRIC 2\ N, 4 AR OFRKIOSR & 2231 A0
BREDSEHOCAE T, W I BRI 0.5 L0 RE L, b eifozhn & R U4 505 R 1
IEESN, BEPHRETHD, T7habb, 4 FAHOMMOSRIIAEFNR NG, BEHNEL, Lrbk
HDREKEN S\ A FE 375 N R 1280, LTE3-> T, Wb A EAAAS I L3 itz e &
9% b R34 FAEOKBOSENE <, RAARSEZ LT HUBZE S35 b R~ 2 1 3B HUSEDMER
IR BEE TH D,
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Fig.10. The pattern of provenance variation in the percentages of seedlings with
lammas and proleptic shoot growth at an age of 2 years in Sakhalin fir
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Fig.11. The pattern of provenance variation in the percentages of seedlings with
summer shoot growth at an age of 4 years in Sakhalin fir
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k K=Y OEAIFE & FERN 1T 2 55K 1 & OFEREEREL
Table 25. Correlation coefficients between climatic factors at the place
of origin and seedling characters of progeny in Sakhalin fir

A IAE W ek S AEE ] A AT
e Entire The Pacific The Japan
Climatic factor Character .
region coast Sea coast
AR WH;U @-2) —.663* —.649 —.656
Duration of growing season ;ﬁr%néer
d: =5C .658* . .
(days ) Date of bud burst 496 649
HEIFI, S —
T/Eﬂz‘fua@ 0 —.105 — 929% —.159
VAL =] mmas
R IS (2-2) . B
Average April-June g .310 916 .620
temperature ;%%réer
— * — —
Date of bud burst 631 851 833
HEIFI, S B
PHISIR T/Eﬂzﬁgﬁ 0 720" —.470 510
Average November-March e
tenperature EFREASRO" @ - 0) —749 530 — 639
Prolepsis
HEIFI, N B
T/Eﬂz‘fua@ 0 659" — 555 675
mmas
BRI (2 - 0) .
. —.653 . —.781
WOAFES Prolepsis 510
Maximum snow depth FK Ef;g\mii(;f) 765" 908 648
BHEER *
—. —.54 —.242
Date of bud burst 593 o417
FHEHIA WH;U @-2) —.788** —.878* —.718
Date of snow deposit ;ﬁr%néer
begi =10 .828%** .944* .
egins ( cn) Date of bud burst 529
= |J ) N
Lﬁ‘ﬁ?ﬁz} 584" — 582 422
B
B f '?j; AUBAIHOY — 591* 485 — 485
Period of snow cover %)(: Eﬁs
(=50 cm) Summer .815* 263 765
BHEER *
—.712 —. —.
Date of bud burst 7 530 570
B SW*U 737 496 712
Period of snow cover ;ﬁr%néer
=10 —.765* —.634 —.545
( cn) Date of bud burst
E‘—.—P |J ) N
Tﬁ?ﬁ” 720" 470 510
AL RO
Precipitation Prol —.749* —.530 —.638
(Nov-March) %)(: E%}S}S
Summer .616™ 783 472
= |J ) N
Lﬁ‘ﬁ?ﬁz} — 580* 295 —.270
i{|B==vinl
A 4'??; AAIRCY 590* 055 163
Sum of insolation time %)(: Eﬁs
(Nov-March) S . —.676" —.072 —.524
ummer
BHEER *
Date of bud burst 667 429 593
* IENEN 5% B I 1% K EOHEHIE B E H T,
A —EBREE & DERITEr ], —HUBICIs 1T AFEBRED WG HICA B b D12 2 FoR LT,

%

appear in at least one region are presented in this table.

’

**stand for statistical significance at the 5 and 1 percent level, respectively.
Progeny-environmental relationship in which significant correlation coefficients



BRLE H OPEHMRIZASEN & PERIODKAEIR 1 L B8R E Lo Li-, 97abb, EHAANGEE LOdpED b
R IIBEEN RS, RAAKEE LOTERO N R~ 1 3BES R MEA3 AR Db,

B ORUFEIRA- & OFRBSRE SR B 72 4 AR ORKOSRE L OBREE B O OREHREIZE S5
FIFTPEHO TR FDEE DN TS, ATV 7 U A REEUFHHTIC L - Tt L=,

4 AEATH ORISR & DIREIFRE IS (0.0786) 38 L UMKE: (0.0797) 23IE, FEHIH (—0.7400)
PRADFEZB T L 0D, EEFREIFERENC LIUTESYH O R HRE L, DO TRKEDFZENK
), D SRR TAC L 5T, 4 FAER ORISR FEHFIZAEIOR) 93% 050 T& 72,

BRIEH & OREIFREIIFEZIIH  (0.8728) MIE, [FKE (—0.0657) WA THD, FEHERFRIFREIZ LN
SRS W) H OB ED 2 (FU ERE REELZBRIEL TS, 2D 25MEAFHIC L - C, BIEH OpE
HZSEN D) 95% M35 TX 5,

L7223 T, N K=Y ORKHONE, BHEE B OREERIIZSE O Mgl 21 IO ZURR -3 R & 7B s JUX
LTWbENnzD,

W
w
=
3
5

1) AEHpEFEHNSIZS oo :

KMz T & LTI BENEHIOFEHOM D, FHBIRINCIEE Lz § R~ BIRZIZSROE R 2 F-0° 0 6 4F
FCOAERRHECOUVTEEM, FEHIPIARS 6 J O NFREI OZE S A Fid L=,

TN X - CTEMIIAEIN K E W H O 8 D WISERBEFR K E WO H & D —EDME L2
o7, LinL, 2~3 OIFEEBR-SEITFEIAE R Z VY, & <UL, BB FEO M F, MEME, %
5, B0 SI3PE-IIAEIN R X, 240 4 RO, HER STV bz, EHRIR, N
B, 449572 EO B AUHARC A — 7 HHAIE AL & 2 OWNFEIZS 572 2 MISPEO AR SIER CH D, —77,
s, ER M, #K, dbRAR EORSEHEARA TR — Y 7 WHANE LR OB FERD b R~ VIR EAENS D
fHRIDB A BID,

kN R @ 2 FEE OO TEZE M RS S UEHRERID 2 TEREN A LIz, 20 2 TEREDRKFUSEOREM
AN IZ DO TRE <, TEZHHRERIOFKMPUOSROFEHREANT 31.0%0° 5 92.8%, HEHHEAOIKFOSRDZ1
IE 6.2%7 5 58.4% F TORX 748 A L L=, —IZ, (EHZ, ARIR, B8O HAUHIRCA F=—Y 7
TR DR FEHI DO P ARG R FTEZR R OO & <, HEEHERIOHOSEIMER Y, —75, HA,
AU, JHRAT, AEFLZ2 E ORI AR — 7 A LR O BEHO % R GR B I TEZ I R ORI OSEAMK
<, MEHHEFROIKIPORNEMER D D D, 4 FEATEOKMPOSROFEHEAN 6.7%0°5 44.2% & K& 727258)
LU,

TEEHETRIOFKOSRIMEY ERRE S, TESEHERIORKI ORI E EREECTH Y, HIsAIZi, BAMEHR
oA — 7 WHAIFELIALS KO DONFEIZ D 572 B MBI CATE L TN D, 4 AFARE OFRKTOSRAMERL VERIER S,
ILERIRCA R — 27 Y P LA OHUR AT LD, 70bh, #IFEITE ARG % L3 HAKHI
oA = 7 HHAFERLAL & Z DONBEEIZD 572 2 Hitsk & 38 A ARG E L3 AR L O R— 7 il
ERLARE ORI D ZF N R E N, £, WHURAN O ERIR 8 3T 2N O PEIOBRED 2 SO U 7= AR0 s B A
LT EEZ BN, ZAUTSTE OPERITYY & pER DK ER 7- & OFIREMENT S B ST D,



L L, HiEle EOMEARITNEORGE L & bICRERSCHO BN L, FREZEE)) K5 )
DAL, Ziudel (1970) OHECH D L)L, BRI EREE ORZEEROFIC LD H 00y, R
TEDOFENPENT T2 BT, LnL, SlOMEARER, MO, BIYEA 7o S13pEHRZ
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Table 26. Provenance and number of mother trees of
grafts to survey snow damage of Sakhalin fir

s L e
. No. of
Provenance Location
mother trees

AKKESHI Akkeshi, Hmanaka 25
URAHORO Urahoro, Onbetsu 9
IKEDA Honbetsu 21
URAKAWA Erimo, Samani 6
KITAMI Oketo, Bihoro 10
FURANO Furano 16
NAYORO Nayoro 3
BIFUKA Bifuka 5
OHMU Ohmu 4
OKOPPE Okoppe 3
TOMAKOMAI  Tomakomai, Yuhbari 9
TAKIKAWA Tohbetsu 1
RUMOI Tomamae 3
KUTCHAN Kutchan 1
ITWAMIZAWA Iwamizawa, Kurisawa 10

Total 126

e N S e

Photo.2.

Damage by snow for grafts of

Sakhalin fir (Branch extracting

by the snow crown)

Photo.3.

Bedfrh

FE—3 RV r/u—r0FE

Damage by snow for grafts of

Sakhalin fir (Branch breaking

by the snow crown)
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v EEE) O 2ERIZOWTEBIRo7z,

FK—29 (TR DERIBIHEE N & RN /2T D ERBIABIO T 53R % L) LTz, RO T 5-RIT

73.8% & KX\ FEHIRIAEIDOE 5513 26.2% TH 575,

DTHEDTHD,
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Table 27. Analysis of variance for percentages of snow-damaged ramets in Sakhalin fir

A

Source of Variation DF MS E (MS)

. o 2 2
R Provenances 14 2695.9944 o.+ 7.9852 o,
ik Regions 8 4493.8853**

HuskPNPERN P].fov.enanc‘es . 908.8060
within regions
#5%  Error 111 587.8316 ?

¥ 1%7}(@0)%5551'5@75%’[\@% H5 bj‘o

**stands for statistical significance at the 1 percent level.

K—28 VXX u—rOFER, FEESE, WALHE, R, BERBIUHOIKIL

DFEEHEE)

Table 28. Provenance means for occurrence of snow-damaged ramets, number of
damaged-branches per snow-damaged clone, number of branches per whorl,
branch length (L) , branch girth (G) and rate of branch length (L) to branch
girth (G) in grafts of Sakhalin fir collected from fifteen provenances

EER EET i A 5353 Bt ORI
PEHN Snow-damaged  No. of snow- No. of Branch Branch 7
Provenance ramets damaged branches length girth L/G
(%) branches  per whorl (cm) (cm)

AKKESHI 53.6 3.3 6.2 186 3.07 60.8
URAHORO 47.8 2.3 5.6 197 2.96 63.2
IKEDA 28.8 1.9 5.6 197 3.06 65.4
URAKAWA 40.0 2.8 4.5 223 3.31 67.7
KITAMI 20.6 2.2 5.0 180 2.61 63.8
FURANO 44 2.5 4.9 198 2.66 71.9
NAYORO 11.1 1.0 5.6 143 2.28 62.9
BIFUKA 0.0 0 5.0 190 2.61 73.2
OHMU 0.0 0 44 156 2.47 63.2
OKOPPE 0.0 0 4.3 181 2.81 65.4
TOMAKOMAI 0.0 0 4.7 215 2.59 68.7
IWAMIZAWA 0.0 0 4.9 251 3.11 76.2
TAKIKAWA 0.0 0 4.5 131 2.40 55.6
RUMOI 0.0 0 5.1 229 3.18 72.7
KUTCHAN 0.0 0 3.4 248 3.55 72.5




#—29 VXX n—rOFERE LOIBREAIIE O oM & BERBIZEE OFEHR (V%)
Table 29. Mean squares (MS) and percentages of total variance (V%) based upon

variance components for the percentages of snow-damaged ramets and
some other characters of Sakhalin fir

ZIR
TPE Source of variation
JFEH Ja—r
Character Provenances Clones
MS E (MS) V% MS E (MS) V%
Snow-damaged ramets 2695.99 208.68 26.2 587.83 587.83 73.8
AR AL
Number of branches 3.3394™*  0.3339 46.5 0.3842 0.3842 53.5
per whorl
Bk 5957.79**  544.40 62.8 918.91 918.91 37.2
Branch length ) ' ’ ' ' ’
Fet 0.8878**  0.0618 78.5 0.2250 0.2250 21.5
Branch girth ’ ’ ’ ’ ’ ’
Ezfél:jzzii 295.50** 21.36 23.0 71.31 71.31 77.0

I 1% KEOHFIA RS E H T, **stands for statistical significance at the 1 percent level.
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1) #MEkL Tk #—30 HEFEIML L 72FEFROMEMT LOFRE
1) ¥ B Table 30. Provenances and number of mother trees of open-
MEN IR O BRI L A FE pollinated progenies of Sakhalin fir collected
HEFRTHD, RIS RS to survey snow damage
B U TGS TR —30 &k T PEHN T EH [SZHE-
b5, 10 FEH 36 BTz, ATAHR Provenance Location No. of mother trees
OB SH DO bb s N ARKESHI Hamanaka 5
HPTEHID & b O T B, DA ponbetsu 5
. . r1mo 1
EXOTIL 1959 RIS, ALIHE  grram Oketo 3
SRR GEHTDEERN) §AC oMU Ohmu 9
BT, 5FEREME L2, 1964 4%, NAYORO Nayoro 5
5 HFEDRFREINERNFIM CEH BIFUKA Bifuka 8
TYEEN) 185 %% 1 7ay he+  FURANO Furano 1
2Ty M, 3 REoHspe  IWAMIZAWA - Kurisawa 3
£ o T 1.8m X 1.8mfERIC 64 KT> HAKODATE Kikonai 3
LT, Total 36
(2) Stk

TEOFE, BiE, MsEes, fiRd JOTR IR BEEF D2 WOV TRlA LTz, A,
Bz, Bt JOBHEARIEOFTIEIIA 7 v > Fnb 288D, £55R 6 AT SOIEERZE L Tk 272
ol FENIEZR, £7 0y bOESEEEREL, Th R ClmTiEOREE R L hebo L L, Hl
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Fig.15. A method of measurement
of crown from index (tan «)

tana =B, /S,

L : 5 3RPEDORER
Length of 3 year’s lateral shoot
BL : BITE G5 3B E TRk
Stem length from top to 3 year’s
lateral shoot
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HoHT,

(38) HLRHITIE K381 FAZROFERDOHHIMIC
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BV 2 HHE LAk OHEE

W, L N CH B XIS KIS B L Table 31. Degrees of freedom (DF) and expected
mean squares (EMS) in the analysis
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FHE—4 bRV IAZFROEE @) FHE—5 kY IAZFROEE @)
Photo.4. Damage by snow for single tree Photo.5.  Damage by snow for single tree
progenies in Sakhalin fir progenies in Sakhalin fir
(Stem breaking by the snow crown) (Stem breaking by the snow crown)

£-32 FAFROEERSL LORHEERO

Uiz, FERIEFEN KRB 8.4%, {HiRD 6.0% FEHITL)
MIFUTONTND, ZOEDERIR, 46R, MH7Z2  Taple 32, Provenance means for percentages of
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% DE L FPEMDEERITT T 6~8%Th D, MR Provenance treesin 1977 snow-damaged

IEREERD BIES 2.9% T 5, (%) t@?

R L SRR L O ORI T ¢
=688 T, EOSHOICATIARA S Lib Ui, T e i o2
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TWAMIZAWA 5.2 6.2

%, BB SRR R 3800 B
7273, PEMINZ RN I HE B8O Hvie) HAKODATE 91 31
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= ¥ =
Parsentage of snow-damaged teas

;N F= DERFHEEROEHEL)
OEERNBTE, 19 4°4)
Provenance means for cumulative
percentage of snow-damaged trees
in Sakhalin fir
(Koshunai plantation, at an age
of 19 years)

#—33 FEAFROEFEROSH MS) & OERBIEEO TGS (V%)
Table 33. Mean squares (MS) and percentages of total variance (V%) based upon
variance components for the percentages of snow-damaged trees in the
open-pollinated progenies of Sakhalin fir

FA
PE Source of variation

PEHN EZA R

Character Provenance Families Error
MS V% MS V% MS V%

EER
Percentage of snow- 76.2277** 33.6 9.3357 0 12.1323 66.4
damaged trees in 1977
BREEER

Cumulative percentage of 233.8227** 31.2 33.9143 0 40.8975 68.8

snow-damaged trees

T 1%KIEORHEIHIE RN Z  boT, SHEGPADIEE & ST A Vwid 0 LFRLIZ,

**stands for statistical significance at the 1 percent level.

If variance component is negative, V% is listed as 0.

2) ARB JOTRBRIPE DA SR

FAZROERER LOSIVEOFEHIEEIIEE—34 I LD LT- Bl 16 FEOVSE O8I L 248 cm 75
289 cm T 5. #fifin 20 FEDOZ UL 431em 75 543cm & FEH-IBHEIC 1 mPL EOERN S 5, M Eae
SEEIE 7.2em 735 8.1cm, HiFHRDOZF1UT 119cm 725 148cm F TOLEENH V) PEHIL) D/ IMEIZ 72V v D i
KD Hei 3t & A%, 125% Tdh 5, L 4.5 725 5.8 KDZEE )& 5, JRAIREIE 45.5 225 55.5, HDIE
REEIE 58.4 7D 66.5 TIZRILDPEHINAE) L 0 K& 7ofifiz Lod Lic, B REE % & & T IR X 0.347
(19° 107) 75 0432 (23° 207 ) FTOLEEZ L LS, SRR WA S & bICERZEN R E V)

ZENQOYR
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Table 34. Provenance means for tree height, DBH, between-whorl stem length,
number of branches, rate of height to diameter (H, D) , index of crown
from and rate of branch length (L) to branch girth (G) in Sakhalin fir

‘ Fois wm R e e BB L
e Tree height DR Beween  Nher  HOPNE oy RO
whorl stem of crown
Provenance (16 - yrs) (20 - yrs) (cm) le(l(l)/g;h branches H/D form L/G
(cm) (cm) ?

AKKESHI 248 431.6 7.23 119 5.81 47.9 0.432 59.5
IKEDA 263 4704 7.52 131 5.09 45.5 0.391 61.3
URAKAWA 280 519.3 8.02 145 5.27 54.5 0.426 60.1
KITAMI 254 4581 7.33 127 5.37 46.7 0.419 58.4
OHMU 274 560.9 7.42 145 5.02 55.5 0.347 61.3
NAYORO 289 543.0 8.08 148 5.07 54.2 0.364 61.3
BIFUKA 272 496.9 7.78 141 4.49 50.6 0.390 60.3
FURANO 257 533.5 7.59 128 5.27 54.4 0.390 63.5
IWAMIZAWA 279 508.5 7.70 147 4.49 54.0 0.376 66.5
HAKODATE 285 514.1 7.84 147 4.62 49.8 0.423 65.5

ZINBEIEDBOMWTEITFR 35 ([Z L Lz, Hll 16 35 K08 20 £k, SRS IR 1 %K
YEORFHOEENEDS, SRR L BRI ZEEHRIC 5% K EDRTHAOE EM RO b=, LosL, Mommss
ERE DRI EH R A BRSO DR o7,

IS LD 2 BRRIEEN O 53R A2 FK—3512 L LT, FIFE & bRseL B0 5580 b kX < K158%
N5 9% ThD, ZIUIKFROT 1y MNEERNRKEWI L2 LDTHOTHD,

Rt 16 4733 JOMED 20 4R, MomiEes, SifE, BORIRLOPEHING RAEN O T H3IL 0% Th
L0, BT OHEEENADIFE T 5, FEHING REEN) i b K&\ WIFE IR TH 5,
B AR L TR DR REIZEB DO F5RHK 10% T 528, FEHIR L UOSEAEE#IOEHR 10 &l Sy,
ZHUTFH NSRBI NS W2 L 2 H ST L OFEDREAAEH), $/abbRFERDOT 1 v MEZERNPKE
W2 EBHERELTWD,

PEHIRIZAE O G2RIFIEIZ L - T 1.1%0°5 82.4% F TEH L TD, FHRPKEVIE TR L
TR Tl D, DUV TR 16 FEORIE L BRI O RN X, FEHIFIEEIOE 5803k X\ WL,
PEHIAEFINRKENZ L 2H 5D L TWAEND, 20X ) R EITEERIC L A2 BRI ENE WV R D,



#—35 b RvYORIEDSH MS) &k OERBIZEEO TGS (V%)
Table 35. Mean squares (MS) and percentages of total variance (V%) based upon
variance components for tree height, DBH, between-whorl stem length,
number of branches, rate of height to diameter (H, D) , rate branch
length (L) tobranch girth (G) and index of crown from in Sakhalin fir

2R
TPE Source of variation
PEHN A AR
Character Provenances Families Error
MS V% MS V% MS V%
i o
. 2177.8%* ) . . .
Tree height (16 - yrs) 77.8 18.2 546.1 0 658.0 81.8
. i 14135.0** 17.8 3584.0 0 4442.0 87.2
Tree height (20 - yrs)
JnEERES
DBH (20 - yrs) 0.8960 5.5 0.4652 0 0.8472 94.5
iR .
0.1211 13. .0192 .0481 .
Between-whorl stem length 30 0.019 0 0.048 87.0
i A o
1.2378 2.4 4111 10. .2 .
Number of branches per whorl 3 0 0.0 0.2779 576
HROTIREL s
HD 85.7115 29.1 19.5941 9.9 13.6032 61.0
33Q)I 2Nz
L/G 63.0741 1.1 42.5526 0 67.6558 98.9
ISR 2N

0.0076* 17.8 0.0034 17.9 0.0020 64.3
Index of crown form
*,FRIZINEIN 5% LN 1% K EDHGE A EMZ H BT,

*, **stand for statistical significance at the 5 and 1 percent level, respectively.

55 3 HT  THEEBIE LTERERIEE & ORR

70— RFAGCROEERGIE L BREMERN B & B 2 DNARENIEE L, FEMRAENE LV, 22T
IS PEHO T EHGTME & TERERIIE & OBIRIC OV TR LT,

VUTFH: (1954) | XA FIARDIEIEDSA: & LT, ORI R E VW, ORIEDSSEA THHER LT 5,
QFEENR, OBEEOENED, Rl E2bi D,

i (1975) 13RI T < AFDMEEDSEFL LT, OERP LV, ORMFEEOBE T LGRS LT
6,®&m¢k?@<&ﬁﬁk%w,@@ﬁﬁﬁ?%é,@ﬁﬁ%i@ﬁ%ﬁﬁﬁf%éﬁE%%ffnéﬁ
WS TSP E ORI THGEEN H Y, TS MAROIRE & ORNITERERBIRR H 57255 L EZ D
N5,

1) 2 \— OEERGE L AR

U = OBER LARERSTE OPEHSFAIOMBIRIAR — 172 Leb Lz, MATIRRHOICA B2 D
EOBHR (0 =637) & L LTz, FEMSPHIOMARRNTN 8 AD DK 6 A TH B, LR MEL BRI
LTEFROANEBRE LD LTS, BEREDS A, BE~OETIMZ 5D DEENEL 2> TE
FEOREDIE L BELZ BREN SN LB LND, UL, WAEHEFE CEIOTERIC bHER
&> CEHROEMMPAB 2 EEE & OHHIZLBIFRTIT THIA L &0,
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Fig.17. Relationship between provenance  Fig.18. Relationship between provenance

means for percentage of snow-
damaged ramets and number of
branches per whorl of Sakhalin
fir

means for percentage of snow-
damaged ramets and rate of
branch length to branch girth of
Sakhalin fir

TEREEDOIRIL L OFBIXNZX—18 (2 L L7z, MBHIZIITNROBRES DY, fMiRabSkEZbo b

R IEEETMER SN L2 LD LT 5,

F¢—36 |[ZEFR L K & OFBEREE AR L Ui, FHEMRENIEIRBIO /5oy & 3555k 3705
H LT,

ERIFHAFARECTH D, T EREORBE L 1T IEDRIE, FOIKEE & XA OBIHRFRD i 5 Tk

LIIBHRDFRD DL oTe, $bh, WAEEHN <, KT, HOBRAKRENEDITEEFE H 1707
UWMEAIZ LD LT 5,

y j: -

P B K36 VRX Y 0 OTER LV OB
[IOFHBEGRES S RJAS Table 36. Correlati fficients b ¢ q q
DRI R able 36. orrelation coetficients between percentageq snow-damage
U;: 2 % SR ramets and some other characters of Sakhalin fir
B b A [FEEET = Pfe R
= E* ” Source of Number of* Branch Branch I, /(/}* w
LOTHD, = 0)1‘3 variation branches length girth
BRI E A LN TEH
SSHRERY L 0 R Provenances .983 —.019 709 —.866
ETHs, 2F, FEHINS
TER LRALSL, Clones within .031 .096 .340 —.262
R, B, How provenances
R & & DA i 341 061 420 —.398
BiLE D THNC _ Brror _ .

LELDTLOES AR T2V ORI, ORI EREOL
5. * =Average number of branches per whorl
EHIEE ORI ** =Rate of branch length (L) tobranch girth (G)

BoddmEE L 13.983, HOMIk & 1% —.866, HEEE1H.709 & FNFhE W ERE L Lz, HREA2DEL 3

WE L EERLEOEVVERL, T TICOR_ZL 91, BESEREIC LD 0TI L
T WT D ROSNARAE R A2 L LT-T2d &2 Hiud  (ANToNoVIcs and BRaDSHOW, 1970) LasL,

, HERESVEDHREA

B



FUEDS B ERIOD b N~ 3RS D72 <, BT, LB EDTBIREE S R & Ve E DT RER RS A & o &
Wz k9,

2) FHEROEFEERGUM: LRI E

R LR 8 TIE & O X OVENG R OMEIREZ R —3T 12 Ld Lz, TIE O HCREHNH,
PEHINS R OMBIRES & BISHEEHIA BN E L LI L DA T 5, WA OEDFEDL,
EERGUE (FEROME) 1 IBENEASE THHIEEEN 2 LD L, FER JOBENSZ R D 2 5D
FEBIREDS & BITHE A EMEZ LD L7cDiE, BIREIKICTZWT 2HBISDRETH S (ANToNovIcs and
BraDSHOW, 1970), L7203~ 7C, WFEIIMIIAITH D L1352 BRI LA B 2\ s BhEMEA
SN Z D,

PEHIR OFRBIRED SR HIO A B O i A I E N SR M TR B BEE L L Tnd, Zi
LRI CBRE LOT RIS TH D, DF Y, TBEEDUE ESOERD b R~ 13l 7 i
BRHD, T 2 EDIENT HEMNGSRBIOMBINE <, FaHIZ bA B CHEERGIE & B sFaR E
EEZ ONDIFE M, Hifk, toOBRRETHL F—37),

PEHPTEYDEER L TCRENIFE L OBIRO 1 #l & L THERLGRE (XM—19), TERLBERIRLEOM
B (X—20) % Lo L7z, HEREHMEE OAOHBIIRTMEOEIAERNBIFCOLZ L2 LT, &
ER L BRI E ORIRITT TIZORT B0 THD, LvL, BHERARIEARKEZWGEHOHIZ IR EESR
DFEMGH Y, BEIGUEOEMFZ S & BAEE & OBRRITHMICITE TE 700,

—21, M—22 |TITRREEESR LR LOBHERIRE & OBRE L L, BEEERITIHME LAD
VRS (0 =—.789) BBV FEIHINCAHE TH D, B & OFRI S IEOEVEZ LH L ¢ =.690)
b HETHD,

TR L IZRENIZE & OFRBIRERSEERIRE, F5RME LEVMETEIL D OFF503F U ChiulmiFE 8=
HIZRBEREMED RN E B X DILD, £ 9 Thiuk, FERLEEBREMD EY VEEI IR L i BB Th
%o LU, TERER R A AN & B HE2BEhE & > CEHEGUME & TERERRHE & ORIRITEMIZ W E R0,

F—37 FEAFROEFTRLIREERIIVE & OZIRIFABIREL
Table 37. Correlation coefficients between percentage of snow-damaged trees
and tree characters in open-pollinated progenies of Sakhalin fir

W e g e SRS RERE g o BPEPIOE
Source Tree Between- Number Index
of . whorl stem of of

Character variation height DBH length branches H/D L/G crown form

T FEH —9271  —177  —357 560 — 391 —.146 681*

Percentage  Provenances

ofsnow’ etz

datmaged Families/  —.362* —.355 —.411  .452%*  —184  517**  420*
rees provenances

T 5% KON 1% KEDORGE IR EMEZ & 50T

*, **stand for statistical significance at the 5 and 1 percent level, respectively.



F— 38 ITIFEMI OB A L LT, AR HiRE & ITm W ADBRR H D, ZiudimAEsg i 2
PEHNE CEIFENE LS, RS D72 ERIIEIE SRV ETH D Z L EEWT D, LIon-TC, HfEg
FOMAREOERFZERIIZ HITZE LW B X 6D, BRSNS < AR BAF T B s TR OBERE,
BRI DD RIHEADOBEERLHE DL U 0797 <, HHICLDZEEEL O IFOT VR E VW2 L9,

BRI XS E=R & IEOMBAZ L L1223, BIRIRES K Z WNE ERHEO SO Seimh étif Th 5 =
EEREWT D, WFEH (1954), Jit (1975) 138iAENE, SF  RAMEEORBEEZ b2 6 DIE EMHEMHED &
EDRTWVDBN, ZOREFITZEND & —BT 2R %E Lo Lz,

kR~ O [ & 0E AU bELA 7 E OB 1L 38 B (19°X2), $lifa7aihid i 46 &

(% i%}
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(28°X2) ThH D, ZOREDERNEFEROL/DICEHENIEZ BT LT E I NI LTV, AH
(1967) ([ZXiuEs o—xfEniy (ﬁﬂﬁa EEIRT D) 1TEEAITHY, ¥ T v~ AX EMEMEE ORFRTIX
FaR 0 AVNEWEDIZEEMER B EWbiud, L, BERTORTE L)1, FEROMERREIZE)E
WHE, SR, TRIREL, MR & m EBRIRZ LD LT D, £72, THOAFEAERIC &V RS
BN 55 Z EMDHBLNR L DL, FEEGUEIZ W 2R E OISR Z T, SIE ORI

RN EELIECRE B rBLIEL 0D B2 LN,

#—388 FAEFROFEME L UGR IO ERIFEEIREK
Table 38. Correlation coefficients among percentage of snow- damaged trees and
some other characters of Sakhalin fir

Wi Hiff & T EREL DT R BOTARE i
Between- No. of Index of
Character whorl steam  branches H.D crown LG DBH
length per whorl form
e 927%* —.762%* 548 —.373 470 857
Tree height 886 * — 449%* 266 —.205 333 702%*
. Eﬁﬁfﬁﬁh 1 — 795%* 613 — 461 475 772
etween-whor
stem length —.464** .355% —.368* .338* A489%*
AR —.244 .396 —.640 —.547
Num};i‘:igﬁ“"hes —.044 103 072 140
BROTRLEE —.538 344 497
H D 307 195 .390*
R Z2INES —.229 —.130
Index of crown form 094 —.310
BEOFREE 318
L/ G 205

L FIEENEN 5% 3 LN 1% KEORE A EME H T, REBIIEEHNES), TBUIZFEREITH D,
*, **stand for statistical significance at the 5 and 1 percent level, respectively.
Upper figure = Provenance mean, Lower figure = Family mean.

AR EEEGIEOREHFIZEEIO UM & PEHIO KRR & DORSR

7 u— OEEREFERRICHIN BT vy bUIZ (M—14), PO LRE IS, FEHEE O IT7RE

3 B AUHINOA R — > 7 HHAIELIANS,  HEE @O AR AR — 7 A HR LA AR > T

’C BT D PERI 2 T IR 2R BB DL D, D, R AL JUE AATS RO HIIX 55 & A2

DT FHGWEDOHIPEAI 3 & — Bl E Y, ZORRZH DN D70 EER & FEHOURIA - & OBIfR %
BV & [F] UL CRMT, Bt LTz,



1) FEHTE & PEH OO KGR - & OFERIfRET

(1) 7 a—rHM5y

7 11— DFEMITEREDEFEZR & FEHIOKER - & OFEIRIREIIER —39 I L Lz, sl 2 BHFRIL
FESHIH, MEHE (10cm BL050em L 1), Wﬁ%§kioa%ﬁﬁﬁ&®mﬁl%&%ﬁm_ﬁﬁ&%%
ZLOLe, 2095, 10cm LA EOEH R, SRFES, HIRIFEO 3 KR okl 2351 2 BRI
Tl b E L <, LB HERAFEVEZ LSO L TWD, 20Xk 917, St E DT EROL T
NEBFEICHZT, Lot HEE LOTEIER 1Y, SEROMEMIAEN L B T TIRNER L % 2
H5ib,

EERH, BIEEZIIEERLADOERCH D, UL, BEENFL, FEEDBKEWVEERD N R~
EEREHIENENZ &2 Ldd, BRI & OIEOFRIIAI O H AL ER, $70bblEE H AV ES
HUEPED b R 3 IMERNZ 2 LD LTV A,

(2) SEHEMSY

FAZROFEREOEZR L GEMHBE L LI-EER TS, SfkicinW-QIEBM, BEA,
10cm L O50ecm VL FOREE L, AT o—r OBA LIFFR U ThS (E—39), BEEERLILH
FRIRFR O BDSFFHIA EMEZ L LTz,

EEAR L AT DAEBHRED A BT, RIS X OYH AMH O sl 2351 2 FHESRE D g oD
FNER UGS T, Lid 0.5 LA EDOfEE L3 %R HIEFTHIROATH D,

PRESE TR L LA R OADGEHIA B m HEREZ L Lz (R—39),

Lol Al isi 2 5E5E & OMBREIIESEYIH & I3E, FEEBE (10em PLEBS L 50cm LLE)
ClFA, HEEEFEESITEORFRE LD L, 7 a—rOEERDOLE S IFER UKUERT-OHRDEMEETZ Ld L
7=

7 a— L FAEMG L OEEFRREIZIINR Y OFRERH DM, Witk 5 EEIG U EOPEREIZSEN X,
UL EEHMO SUBEIALT- & B2 BRDSE8 Hiv s,

ZDEIIT, b R OEERG ORI IEEH O SERA-OIR A T TV D, L, &
SRR A A RN SR BREN B 500,  EORUER7-H35 I8RO EEE 35 LT L QWD DN HERIFHEI O ED
HINHFHIETE 720,

Z T, AT T UA REEIFHHTEE OG8RI B LT RN A HEE LT,

2) EELBUEOFEEHEIZAEN B A 13 LT SR 1

EERHIEOERRIEENC EOKWER D, EOFRBEZBIIIL T DA EHLMNCT DD AT v
U A RERIFINTE LTz, KO FEROEMOSIER A7\ DIRIEREREL, R X —40,
F—4112Ld L,

F—40 |TALN R X H1E, 7 v—r OFFEROEHRZINC B A B JUT AR 135S, Bk,
FESHIH, ABHWRTH D, Z0 4 5K T & FERE OEMEREN 0992, EFREIEL 0985 THDH (F—
40), OFV, 7 u—rOEFEROPEMAEIOR 98%IT 25 4 TER T OB LD w2 b, £ LT, 1
YERENFREDOHHED O B FEDS, FoKE, FESEYIHORENRNE R D, £, EUIFREOM 5 bES
DL, BKREN D2, FEEFRERLIER, WD EEMFEED N R NIEFEEZZIT O, —F5, EENRFL,
FKED% <, BEBENED, WHhWAHSEHEPED N RV 3EERGUER SV ERH LN TH D,

FAFROPFEMNEI DT FSR L KR & ORERREL, AEREIRREIIE 411 Lo Lz, FEERE (



£—39 UFXI n—BLUFEFROTEER L FEHNTISIT 2 5UBRER T L OFRBHRE
Table 39. Correlation coefficients between climatic factors at the place of origin
and the variation of snow damage in Sakhalin fir

SR W& At IR H A
Entire The Pacific The Japan

Climatic factor Character region coast Sea coast
I A SDC 401 328 — 538
Duration of growing SD .666* 532 584
season (days =5C) CSD .161 —.584 .026
SRR SDC —.590* —.622 —.397
Average April-June SD —.358 —.993* 741
temperature CSD —.428 —.393 .088

AR, SDC 169 332 — 668"

Average November-March SD —.423 443 .391
temperature CSD —.082 —.610 .042
e SDC — 777 — 485 — 289
haaxnﬁiifzféirdepﬂq SD — 658 — 262 —.136
CSD —.618 .357 —.059
FEEAIH SDC 932%* 634 —.484
Date that snow deposit SD .820%** .898 435
begins (=10 cm) CSD .664 —.052 —.288
FEE R SDC —.839%* —.494 .082
Period of snow cover SD —.671* —.202 —.159
(=50 cm) CSD —.656 262 094
FEEE HEL SDC —.872%* —.521 —.408
Period of snow cover SD —.706* —.388 —.639
(=10 cm) CSD —.553 376 141
7/ s SDC —.594* —.901 —.323
Precipitation SD —.456 789 .102
(Nov.-March) CSD —.543 504 623
H RERFR SDC .792* .622 217
Sum of insolation time SD .806* .393 754
(Nov.-March) CSD 957** 899 .888

SDC : 7 mr—rMEEZR  Percentage of snow-damaged ramets
SD : FEAFARDEER Percentage of snow-damaged trees
Cumulative percentage of snow-damaged trees

Y, NIRRT 5%F LN 1% K EORG A EMEZ H S,

CSD : REEHH

*

, **stand for statistical significance at the 5 and 1 percent level, respectively.



10cm LA E), H R ZOMEEWIA O 3 ZUERHIHGE VA BEAREIZE L Te, 20 3 KUERT- L 34E55%

DEFROEMMZASE) & OFEMEBIREIT 0.972, WERENL 0.944 THDH D, Zivh 3 KUER I L - THEA
FRDEEROIEMBAEID 94%DFH SIS Z E3bnnd, Lizi->C, FAEFROEERIMHC VLT
FEHIO TR DOFBIN E DD TRENEWNZ D, FEHERREIFRED D 3 KUER D 5 B, FEEFYIHNIET, i
HIROEZ B XIF L TEY, BE DA TO0HL, ARFFIXEOREZ B LI L TWD Z En3bnd,
L= o T, FAFRRICBOTHESEHEFED b R~ I 3SERGIME <, ESHERED 2 Ui MR
ZENPHLNTH S,

F—40 Ay TTUA REEIFGINCL DY 57 m— L BERITT\NT L EERO SR T OFBORG
Table 40. Multiple correlation, partial and standard partlal regression coefficients of snow-
damage of Sakhalin fir on the entering variables of climatic factors at the place
of origin in the stepwise multiple regression analysis

i AR T IEIHRE e PEERTIRE BRI NI
Ch /\t Climatic factor Partial Standard Multiple Coefficient
(Depen dirricvf;];‘iable) (Independent regression D partial re- correlation of
P Variable) coefficient gression coef. coef. determination
B e
s —06173** = 01064  —1.8644
Maximum snow depth
47/ Sy
R Precipitation —0.1170** £ 0.0185 —1.4560
a _/@Eggﬁz (Nov.-March)
Perc?éltage o HEYIA 0.992** 0.985
snow-camage Date that snow deposit ~ 1.4057"* + 0.1587 1.0980
ramets .
begins (=10 cm)
AEHIH
Duration of growing —1.0754* =+ 0.1462 —0.4931

season (days =5°C)
*OERIENEN 5% B LN 1% KEOFEIE R E H LT,

*, **stand for statistical significance at the 5 and 1 percent level, respectively.

#—41 Ry T 7T A XEREYFHIIZ K D FAEZFROEFRITIT L FEIO XU+ DO
Table 41. Multiple correlation, partial and standard partial regression coefficients of snow-
damage in the open-pollinated progenies of Sakhalin fir on the entering variables of
climatic factors at the place of origin in the stepwise multiple regression analysis

e SR RENRRE  epne  PEEREDRRE EMBIRER B
Ch /\t Climatic factor Partial Standard Multiple Coefficient
o darz:c er b (Independent regression D partial-re correlation of
ependent variable. variable) coefficient gression coef. coef. determ ination
TS HE
Period of snow cover —0.0783* £ 0.0430 —0.8815
(=10cm)
= 3:‘4—‘ cSE
P tage of HELIA ok
ercentag Date that snow deposit 0.2856** & 0.1148 1.1712 0.972** 0.944
snow-damaged . -
. begins (=10cm)
H e
Sum of insolation time 0.0763** £ 0.0387 0.5893
(Nov.-March)

*, HIENEN 5% KO 1% KRR EMEEZ H DT,

*, **stand for statistical significance at the 5 and 1 percent level, respectively.



&
(@}
=
e
Pt

1) EEEGUEOFEHIZA R o HE

BRI DM BIE UT- 15 FEHD Y X% 7 m— 2 L 10 BEEHID T )N DB LTSI RIT 5
EEPRG WA LS, TORE, 7 o—U M0 T, SERFMEMEOOITES, [, e, hm, b
RETHD, BRIFCATHOTMEL 5 1TV, JIUTK L, 65 B, B, B/0ML AR, w@ll,
BRI, BAZA T ECH D P E\ VER—TCH B,

ZIEHUERINC A% & BAHHAS L O AR —2 7R LAL & E ONERIZ S B A ko b N~ 135 E
AL, FFEDDTEBIZ LD 720G EEGWERRE Y, ZHLISAO TS X O 7R— 7 Wl H
VRO DI, FEEN 50%% Z 2.5 b D3> THELRGIMAMELS, WHIBFED b M~ OEERGUEIIIH
7R ZERPNRD HND, bbb, dHHED b R~ KIRKIIZDOFERFWENS 2 SOBET b5 &%
2T

B PEM DT EHH I & pEHIORE & 13E DO CRREMED E , AbEE OZRGE AL RO T H D,
ZORHHIIR AR L EARORK AR, BAME & AR KO R —Y 7 i Clde s ch s, H
AHHNIEZ BN WE AAR ORI TH D, A— 7 HHATERLAL & B AHA & 27~ 28 B AT O KRS Z N,
IR & AR — 7 WHAELA R SR B BV R EAROKE ThH 5 (fBEORE, 1973), K—14 2
SIALARE DI, BEHARKEOEMIE EEELH NG, WS, KRS A R — 7 AP LA 72 &
FHAROK e LT PERIT T ELHEIME ,  ZAUTH S NSEHADOKIER 723 b R~ OFERIECH
UVERZINZ CE o7 B2 6D,

IR DOFAEMIIZIT 2 B ERPIEOFEEA RS 7 v — 2 OFEGUE & R UEBO 2 — % L
Uiz, F72, ZOMEEMSTIZIUE TR0 B L ToMR OFEIGUEOREMFEZS R, HusfzE iR k&
W2 lkaELHLE (BiLs, 1979),

Z DX O ITEERGWEOERRIZEN /-0 L, PEHIOKIER ARV EE 2 35 JIF LTV D 2 & IR ED
PEHIEIASE) & PEHIOD KRR T & OFIBIfETSe, AT v 7 U A REEFROIHC L > Tl L bz, S50ERT
O, PEROREEES B0 EREEEOE-RIZAEN -0 L, & UITHRWVEEE HT-2 T\ D
ZEDBHALINTHoT, Fiz, AT v T UA XEREIFIHIC K - CEIFRUITZRE Sz IO KR 2 L - T
EEEMOFERPEDFY B EE CHEEHRD Z E LD NI T,

2) ZEBREICT-\WT DIERER - OE)G

k R=Y OFETHELEDIEEIZE H72 9 LD TH - T, LHEREORMILZ OWFRR7 e LTz
X E L& END, 2D, ZHUTHIG L TPIEREL L STV 5 (FiiE, 1960 ; #H:, 1961),

FAGCROEERGWE L RENIE & OBIR G L=, EERPIE & BRESR EIE, e,
HIREE (WU, 1954 5 5, 1975) 72 EORIPEITEFRGEL S VR E Lo Lz, LIhi>T, F vy
[ZBWTH EERGUECBRE U= IE A AR E R AR ML L TV D X9 IZE 26D, T8 b,
EEIHIEA O A AT O s 2 FE - 5 b R~V OFEREISEIRHE 2SR < SERE D72 <, BRI
A% LT DIEANHE DI, AU L, FEEGEMROE AARS Ok Z e & 35 ~ K~ 3R
DAL < SRR RN 2 <, B EE A ARG O A pE & 5 H O K 0 AR K E < HEEPIEEES 5



FRTVERER S 5 T0D,

Z DX D 7RIERERIEE OFEHI A B IFER O KR - L BB BR (36—42) 2L LTS, =& x0T,
EER L AR E Lo Uz, BHEAR L O FEH Y IR E O SRR - & bR B BRI 5 5
M, FEEGWEO M FIES U SITEIEE ISR O LT L\ 5 BIRBREED T T, B 5 EVMEA DD
HARERRIZ K> TRZELIZSDTHA 9,

L7235 T, SEREHITT D& b R RO BRED7=0I21E, HAARORKEE H-OSEHEIZHB
TERAORIMNE RDEN A EFRHINE T 28U O 7= OO R & L TERT2 Z EBFETH S,
F 7 ik & R A S IEARHAE O 7R E L CEBERHT 2 ReE b H 5 Th A 9,

FK—42 FAEFROFKIE L EMIZIT D55 1 & OB
Table 42. Correlation coefficients between tree character of open- pollinated progenies
at an age of 17 years and climatic factors at the place of origin

KUY S itk R ER N ]
Climatic Cha;a;; tor Entire The Pacific The Japan
factor region coast Sea coast
YERIR WL —.735* —.902 137
. No. of branches per whorl
Average April- EEOTAR
7 *
June temperature Rateof LG .656 .209 .955
FEEAIH AR AL ¥
72 . .
Date that snow No. of branches per whorl 728 550 004
deposit begins B * _
(=10 cm) Index of crown form 807 706 182
BT AK —
Period of snow cover BIEPAL —.691* 145 134
Index of crown form
(=50 cm)
S A BRI —.341 582 —919*
X Rate of L G
Period of snow T
cover (=10 cm) HIP —.699* —.145 117
Index of crown form
9ISy "
Precipitation No. of b %Eh&#( horl —.486 .992* —.629
(Nov-March) 0. of branches per whor
i _ * _
Tree height 671 613 .339
iR 0% _ _
H AR Between-whorl stem length 19 607 485
Sum of T AR *
insolation time No. of branches per whorl 686 373 383
(Nov.-March) HOREE «
Rate of H/D 718 481 173
BIEARE 773 — 206 786

Index of crown form

X B%KIEOFGE IR EMEE H BT

KRR —BREORRITA), — sl 361) DHBIRED R A BER b DI FRR LT,

*  stands for statistical significance at the 5 percent level.

Progeny-environmental relationships in which significant correlation coefficients appear in at least one region
are presented in this table.



4 SEREHG O EHNEZR R

FEREIIEE BV VR E B OIEMRHIC R E 2 ST 2. 5 2 L THHITWD, 20 20 HF
M, UL UISKREAREEENTAE LT, 728 21T, 1956 45025 1958 4RICIEHHT7, 1960 4EICITERE
JOVH @M, 1962 4RI X E/INBT B H EHUTE SO L5 b R~ iR B 7otz % b 7=
Z, K OPEEM ISR 272 < STV D (R, 1965), 0%, 1967 LT 1974 FAZ HiEH
MG ZHREDAE L, ZHOERPSAE S TND, ZORERE, EARDAR: 53 REN 2m~3miZET 5
MARIZHB I, BEE - HEFEHEIIRIT 2 ERLVEED—DTH D,

TIVERRL T, EIOFEITIZWT DM, [, BIROAR AL (5 H - 2%, 1958, 1959 ;1
o AR, 1968 ; At < W, 1972 ; B, 1973) 72 &8 < OFE S SN TnD, Bl TlE, k RvY
OFEELGUEOFEEHFEIZ R UARH, 1968) <CMifHrEOEHARIC BT 29E LB 2 b d L )il 7-
(MM S, 1969 ; %4t -, 1972),

250 (1975) 1%, EAMSH DIUE LIRS OB RGEREHI DWW TEREZRE L, N K~ Y 0%EE
ERGUEOPEH R A B H M2 Lz,

ARETIIEORREED, N R~ OFERERGIEOFEHZSEES L OMRHIMEO FEHIIZE) & E O S R
T L OBRERET LT,

B1HE MEHE Tk

1 # &

EREH BT O BRI LD EEF R TH D, RHEITEE U TR DStk L72IEIf TR —34 D
LB ThHD, TEH, 29 BEEOHIZIZANTARD F£—43 FEREFBRICHL U7 TRE & 5OR
DI SN H DL H A, FIE TR )Y Table 43.  Seed provenances and number of families
B St DA L (8—34), Fi113 1960 of Sakhalin fir collected to tests of des-
5 Iz, AR (EETEERN) iccation darriage 1n winter
HIC I E & S, 5 AR CHER L7z, M PITE FAH
1965 4E 5 A2, 5AEAE A EE - e Provenance Location No. of families

OEHEFEL L, &7 2y MZIAIE 1.8m, IWAMIZAWA  Kurisawa
Wi 1.5m &35 2554k L > T 40 A7o%]  KUTCHAN Kutchan
0 OUF Tz, Fitdiz oAl 160 A4  _Total 29
L7,

HEEDTAE LT (D, 1969) ity ARIOHT - Hamanaka, Akkeshi 0
PR X 33 BRBIE 5T /INIE (BRI 12 onbetst

. . URAKAWA Erimo 4

FARNNTHERR LTz, KITAMI Oketo 4

TR FRE 17y NeTD54K8  BIFUKA Bifuka 3

4

2




(2) AL

1966 DA D 1967 AR THNT CERHTT OIEMM IAHADORLEE, Whid b, #REL 5 172 (FEHS,
1969), 1973 F-DO4 5 1974 FRICH R UIEIRO#EEZ 9 1T e, Zo#kEL, B (1966) DFEX OIS L
DA LT 2T ETH D, PEFR L OMAKROZENEOREIT >ED LBV B 72 o7z,

1967 FEOFEEEL 6 H FAINZ, #BHOMKIE 105 3 ORERIZOWTHEAR & & DIGRE L=, #E
FREEIZEDIERIC KL o TA B ICIX Ay L, ENEIES AR HT- 212, T70bb, HEARMERICIES 1 258520k
e LTABRI T 4 = 5Tz, TORZEBERIIS T T2 & 31X LT,

1) BEERERRE

DEEzEEY HESR X577
1 % T
2 BEED— R E 721 3R 3 IR reZs E
3 TS LT A0 _Hion il ShksE HE
4 K5 K5

i) FEAEER (1967) 1967 4% (Bl 74F) OFEMEIC L DRIERIY, WERHEORABIC -\ T D EERK
4 DEEOENG Z — 2 b THHH LT,

i) FEPESR (1974) 19744 (Kfis 15 45) OFERMEIC L DRBERIE, MIERFEORASI IV T DREASL
DEEE =t FTh L LTz, BREIERIT 1966 HFKOATIZ - T HiGiRIOFHE 1 DA AL D
BEtoEGE S~ N THBHD LT,

) fit m 1967 HTFEREE T Lo 2 ERORHEEKORE 2 & T A — MVEALISHE Lz,

v) AR kR IO EA Z OF < BB OV TIEELE (1967 4F) DOfRARZ Y F A— |
JVH CHIIE L=,

(3) HEAtIHIA
SO T 7y NEOT —2 b BN, MR Eoi—t s N Th L b SN AEMEI T~ CTHEL

Hlsin ™ N + 1) Uiz, S0 SR HE L 13RI R — 44 T CHIIE & L CRRHT Ui, HEsiehas L s
B LB EROABIREIE, F—44 OB L > CHEE LI BRI S0R5 & 355808 Bt L,

F—44 FREOLGHOMNTIZIT 2 B HEE & 558k OHEE
Table 44. Degrees of freedom (DF) and expected mean squares (EMS) in the
analysis of variance for desiccation damage in winter of Sakhalin fir

DF E (MS)

CN|
Source of variation
A4
Replications
PEHN
Provenances

PEHING R , ,
Families within 22 o.t 3.0 ;
provenances
e 2

Error 56 O.

2

6 Gz+3.00j+11.001




HoHI & OB

paut

1) 1967 FFDOFERFEHHT DL 5

PEHBINZFERE DI ERE L ASEROBERITL 2R —45 [ L Uiz, EOREREIIEREN 3.08 TRbE
<, OWT, a2, BRIROMELEV, SBIROOITERET, T & i G EEEREN 1.0 B TEFEITON
TR, BEERE SITME, 213ETH LD, FIEE OIS, EBEED N R BIREETHY, E
JE7R EIHER W UERE TH A DO EIEZERN DO TREWVEWVZ D,

FEREOPEFLED & 5 D& SO TH HRFEROPEHEANT, 2.8%0 5 30.9%F TEH) L T\ 5, Hil
FEHRIIOHAIOIE 5, TR, MR HIRS, ZNEI 2.8, 4.3 BLNT7.9% TH5b, JLROKIEHRIT 18.8%
THFEZ LD LT D, FebAEENEODOIHMEINIZET 30.9%, FKE, HRIROIEERS 2T 28.4% &
26.1% &=L,

DX, FHEERE, BIOMIEROEMEAITIE DD THETH D, TN HOFERIERZ TG
(272 LD BT DN LT ST aRITFR—46 12 Led L=, IGHRERE, fhpEsR & & FEHIRIIC 1 %7k #ED
A EMEIGRO Bz (B—46) 723, FEMINGSRENI IR BMEDGR0 Hiho Tz,

HHETERE & AESEERORIEN T LoD 5 BKBIAEBIOD A 5238 2 K BRI O /382 b HUWTHEE LTz, 78750
FHRIL, PIIPEEREDS 24.5%, FEIEERDS 41.3% & LY NS 72ffiz LD LT\ D, SEIYEERE L RSP pEHh
WHE AR DOEGRIL, TITIN6.0%E T.1% TEHODTUNIV, —J, EHORGRITEERED 69.5%,
FEFERD 51.6% & B ER DT T b E Y, 7205, 1967 EORIETIE, ~ R~ Y OFEREIC L AW ERTER
SORGFER DL T, TS IZ FOFEMIZIRET 5 6D Th- T, FEHINFERBOEETX D THRNENZ
%o

INEHONIT D720, & OIGEEIIEENER &5 2 535 FEES X OBEHING AR O /5 o K 0k
PAHES (KEMPTHORNE, 1957) ##tH L, SEROBEIEHRE L, BEENIFGRITIER 4T L Lzt
BY, FPEE LASER (1967) 1L, FEHIOBRAIZF 5408 92.0 BLN87.9% & LD TEV, T7420b,

F—45 FEREDOYER L AR LU RAER OFERIEY)
Table 45. Provenance means for desiccation damage in winter and height
growth in open-pollinated progenies of Sakhalin fir

e CPOEGEE e BAEE mEASER i P
Degree of Mortality Mortality Cumulative Tree height

Provenance desiccation in 1967 in 1974 mortality height Growth
damage (%) (%) (%) (cm) (cm)
AKKESHI 1.68 2.8 6.6 32.8 43.8 124
IKEDA 1.95 7.9 11.9 42.7 40.6 11.5
URAKAWA 1.78 4.3 14.6 46.1 43.3 11.4
KITAMI 2.58 18.8 14.7 56.2 40.1 8.6
BIFUKA 3.08 284 22.7 69.8 42.2 11.8
IWAMIZAWA 2.88 26.1 32.2 70.3 47.3 7.1

KUTCHAN 3.06 30.9 10.9 60.1 48.1 6.4




YD b R~ OFMEFEGUEDOEHRAEN I Z OO TRE <, HHWEHIOWTERIEBIROIRARE N L
BHLINTH D,

PEHIDINZFERE OWEFEFREON O E =R 2R LTz (K—23), EEROEEIIERCAHROEE,
HFR L OMHAPEICZ <, WIhopERLE §, 80%LL EE @V MEZ L LT\ 5, ALHRPEIESEAD K 60%T, 9
ZATDZ 3 FEHIUTHOWTEVMEZ LD LT D, —77, AR, (8122, )13 K USSR ISR OGS

F—46 FERAFEOPHEE LABERTS LOBIRAER OHGMT & /38s sy OBERBIZEEI D5 (V%)
Table 46. Mean squares (MS) and percentages of total variance (V%) based upon
variance components for desiccation damage in winter and height growth
1n open-pollinated progenies of Sakhalin fir

FA
wea Source of variation
FEHN FH e
Character Provenances Families Error
MS V% MS V% MS V%
SR ERE
Degree of desiccation 3.8488** 69.5 0.2027 6.0 0.1168 24.5
damage
FhAER -
. 1 .3444** . . . R .
Mortality (1967) 375.3 51.6 136.3398 7.1 89.9828 41.3
= o
. 205.6288** . . . . .
Mortality (1974) 05.6288 16.9 75.4703 6.8 59.6069 76.3
SARERE AR s
. : 999.1064 4.2 142.2 2. 129.8091 .
Cumulative mortality 3 853 0 9.809 63.8
Féfr= s
. 72 10.1 63.3758 2.1 12. .
Tree height 99.7236 0 5 3565 37.8
AR s
. 74.4557 42. 10.8252 10. 42 47.
Current height growth 3 0.825 0.7 6.4295 70

¥ 1%7}(@0)%5551'5@75%’[\@% %) %bj‘o

**stands for statistical significance at the 1 percent level.

Fe—47 FEREOYPERE, MR JUREAER OBRBI ) & BRI ER O T 53
Table 47. Components of variance and genetic intraclass correlations for desiccation damage
in winter and height growth of open-pollinated progenies in Sakhalin fir

N==N ot = e/
I\ AN E{K E}‘j ﬁ"ﬂ—‘ﬁl
SHR) Genetic contribution

PH Variance component (Intraclass correlation)
PEHN ETA
Character Provenances Pl v, v, +v,) v, i\, +v,)
v, v, (%) (%)
SR E L
Degree of desiccation 0.3313 0.0286 92.0 8.0
damage
e
Mortality (1967) 112.6367 15.4523 87.9 12.1
Y]
Mortality (1974) 13.2743 5.2879 71.5 28.5
SRR AER
Cumulative mortality 69.7110 4.1587 94.3 5.7
i
Tree height 3.3043 17.0064 16.3 83.7
=R 5.7845 1.4652 79.8 20.2

Current height growth
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Fig.23. The pattern of provenance variation in the degree of
desiccation damage in winter Sakhalin fir

XD THN,

FEREO PRI 2 LA CFB A,  ERLosliR Ll 0 145100 1964 FJE I L 7-skBidk T b
B LTz, KPEHUIATREORBIR E IHFFE U TH D0, MEHIMNIEISRITN T D, BEERE IR OB
& [r] CHRENC[R] CEERE T L 7= (38—48),

PSR TE R TR L OWEED 90%LL ETH o & bl B, BRI o & ARV, REEEER L,
FRB LOYE IR E L, BErER L ITAORRE Lod LT, REEEHE B EREE S LT, HESR 80%
Pk, R A% TOLO0%E ST 5 &R, whl, bR, MBS LOWEE 725, 205 H, KXY RO
HIASHLE TH D030, T LAMBEEE TRELDOTHD, DL HIT, 1964 4F-E& 1965 FAIIMSTANIIEE L7-4F
BHE L > THERR LTz b R~ Y iRk o5 mE i O pEIFAEN L, <RI CEANZ LD LTS, LT, &
OEFE, THE, SEROEHEIAR ((—14) EIEKONZ—2 LD LTS, LIz-T, F k=Yoo
FRERGUE IS EFAPIE & AR, ERAKEORISAZFE E 35 N R~y &, R AARG RO 4 k&
T5 b K=Y DI, BHALRZERNDD EEZ HILD,

2) 1974 FFOFERE & BRERFEROZ R

1965 FERROADR ORI, 1974 FE ST TZOHRE Z O 7o, T ORIER & BB Z PEHI 25
—45 12 L LT, FFEROE-TENT 6.6%0 5 32.2%DKE e Eha L Lz, L, 1967 FOFEHE)
DOFFEER L OFIRNHERY Y, ZAUL, BEFTHAME PEHIOMEIRIT, 1967 FEDOHFEIZ L > TT TIZEDL L IRFE L
Tl EEZBND, BREIERIL 32.8% 5 70.83% £ CORE RrEMEZAT A Lb L, 1967 FEORIEHE 41T
EATHED RV, B, AR, ABIRFED L 1T, K 70% b OEEIRZET 5 & Uiy & LTlnrd s 2 &
HREECHAH, ZHUTETRWGETH, FIERNETIUIHERHOEEIZ & 725 T, FH L AEEENMK



F—48 1964 FEIERROMEMITINT HFEMEFIZ K HAFEaRT JOMEEROEEHTY)
Table 48. Provenance means for percentage of dead seedlings by desiccation damage
and that of healthy ones in winter of Sakhalin fir planted in 1964

PEHN A E A fll e FhBER
No. of sampled Healthy seedlings Dead seedlings

Provenance seedlings (%) (%)
AKKESHI 71 95.8 2.8
URAKAWA 80 95.0 3.7
HAKODATE 157 97.3 2.6
KITAMI 162 91.3 2.5
IKEDA 201 85.3 3.6
KUTCHAN 84 83.3 7.1
IWAMIZAWA 82 80.5 17.1
BIFUKA 326 63.8 14.9
OKOPPE 78 60.2 25.6

TTLEKEGRDTEAD,

FE3EERTS L OB SR O PERI B A I HE DT D700 T Lz (F—46), Wi,
PEHIFIZ 1 Y%o/KEDOFE A BT HILTDS, PEHINGCRMIIA BAKEICE Lo o7z, £z, koD
HEEMEIZ > TRAENC LD D ERBIAEEN OR 534 1 & T, FREDFHEITK 76% T, 1967 F-OFERED
ZNEVREREEZ LD L, BEMIEROTESE LI 64% T, N bV Mz L LT, FEHNZREO%
HRIIZEROP TR /NE <, FEEN 6.8%, SFERIEEN 2.0% Th -7, RFEEEROEMEOFT G-I
34.2% CHEMELHIEOLEENT LD HEHIREBIO T ERRE N L E2H LD LT D, BEFGRITER 47
WZLD LT, BFERFERIC OV TIIBERIN 94.3% & XD TREV, LLEDOFERNMD, 1D 2 Bvfkic
BITDH b R~ Y OFERERGHIEDOWTIE, PEHEIROMEDIRENWZ LGN TH S,

3) FEEHHIE L R L DRIR

1967 FEOBERFORE & YEER O Y FRREDOPFEHNEEN IR —45 12 L LT, BiEOPEHNEAIT 40.1ecm 2>
5 48.1cm £ TH T, FEHIRIZEN IR E VY, MR 6.4cm 7°D 12.4cm TSI LR U CREMIFRIZ
FREVY, Lok, Bl OmEHEEL & 3082 LD LTS ¢ =—.460), 25 OREHREZEROMEA
BEMEE T2 LD D728 Ui, fliEnd, PERINSRINC 1 %/KAEDORFHAA B GED DAz A iEHIIX
BETR-T-, YEMRL, EHNEE TH - -0 EENGE AT B KMEE LT (F8—46), #
i & OBED LB E ORI BN ZRBNC—E L 720D, S rEMOFR RGO mIROFED W
BIZl=0 L, NI TH DD EEZBND,

e OEIRBIEEB O REEN T2\ T D a5 5K 52 RD L, 2T 87.8%, FARMODZIUL 52.1% Lt K& 7R
2 LoD LI=AS, PEHIREOZHUE 10.1% T bR iz Lo L7z,

—IZ, ARESHEEATEHEETH Y, KO LR U XD IZFEREIC 2D LTI E MRV & ST
Do TDIW, FRVBIOBERE L HEERTFEORE & OBREZ X —24 IZ X W IRF LT,

FAROIIE L 45cm 76 65cm £ COEENG D, TR EEITR 1.0 025 2.6 T TEH L T\1D, L



ML, FRIGTHDIRY, mEORIC

IE—EDEIRD 72V, DR EY > o SKUTCHAN
SL7ebDIE, AARHHIRZ DNEEED 3 . ® BIFUKA
FHTHY, AP TLOLEDE, K By * \ B
VR ZE L THRZRTHD, MBS o ¥4 BURAKAWA
SHEARE ST, KEROVLEE 38 20 * s
Sl ORI, AHBRCEOTHE DX 3 !
HIPIZ 50 C b 42K —ROBIRAHED b La ..
s, § B % %o o 2 & of

I OBHRE N KRG 570, 1.0t T - - -
SYIBERS S USSR b L b LS. 3
FHESCREC A BRI TR —49 12 L LT, Total height

FEREOHERE L il & ORBIE
BEIX 0.162 (X—24) & X TR,
PEHITIOFRE 0.661 TIEDRHRE LD
Uiz, ZiUd, BiEEEMENTPEHR
ML, FEEL D TOTWVWIEELDT
LD ThD, FEMNFERE O —
0416 LEOBRE LD LIz, iU,
FEHIRIAREE S 10 OBIRAE L L, %
ERHUED BRI E SR RE N &
b L TW5, £ LU TEEMHEEE

M—24 FEEEFIC L DHER LYERF ORI & OBIFR
Fig.24.

of 8 years in single tree progenies

K—49 FYNEOPEHEREFREL & e ER & 2R
FHRERREL

Table 49. Correlation coefficients between degree of
desiccation damage in winter and height

2B 5, growth of Sakhalin fir
BRI TTH S, ThUT, B e s LR

HIZRIEIDRING &~ TR AR AMHE S v Source of Tree Current height

SRREDIIERLHMEL, SRS % Val;%on height growth

D% LD LT, Hmzmm% 661 — 958
SIEOWHIE L SR OB g N

FAETRRNE VATHS, 250, % mapilies within ~ —.416 333

BRI FERSRIL, BE  provenances

HEMEN TWAZ LEZ LD LTS, Environment ’ ’

SHUE, KTPERIZ L 9% | R FER 162 .

IR EIC B\ EE S > T DD Phenotype ] ]

Relationship between degree of desiccation
damage in winter and total height at an age

PEAEDMRAERPIER Th o728, FERFERGUEME  FAVHN 2 pEH & 5 2 B 5CR-OPEHFR S, FRFEIC X
DRBERT AR ENTHEE % O TR S, FRFIC X > T DA REEZ 51, HEROMRAERN
KFLzZ Ltk eERBND,

4) FEREFEGTIEDO Ml & FEMO KRR T & DBAFR

FREOWEEIR T L OE DR FPEMOMEX & & BIZEMBINCN—23 12 L Lz, FEAFIZIZW TS
HEHUEIPEROBCHIRETH Y, £ LT, BT 2 PEMOBGUE PR MEAERI L, BT PEHIFIZSE) 21y
AR S HIVD, ZD K D IREMEEEND S Z — 1, b B~ OFERERGTM OIS A ik O BR



BREIR ERRE L7 AB THDHZ LA LD LTS,

F—50121L, b R~ OFEREDO TP ERE, FistEis XL ORERER & SUER 1 & OFRREE L LT,
SEHHRERE LGOI B ERE A LT R THIRERES, S0, S AL, BKERS L O R
MCThHs, ZNOLEXERTDI D, fbEv HEBHRIIFESEWIH EOADRRTHS. ZD& I, FEHENE
<, FT, EEERMNERVEMTE, FREICZWT AR @SN ERH LN TH S,

FAtsets L ONRERSER L A B BRE LOTRER 11, BKEZ DOBNWTETHEIIERE - HERR
L LIERWER T Ch b, 2F 0, BEHOKBENSEN CHHIZEEREL - 1THL, BEUTHIUIHDHIZ
EEWRRTIEAR LD 2 & 0vbnnD,

F—50 FEEEOYE TS JORNFER & N354T 2 55K & OFHBE RS
Table 50. Correlation coefficients between desiccation damage in winter
of Sakhalin fir and climatic factors at the place of origin

\ZAA ==
SRET Eﬁig({f HE BRI
. desiccation . Cumulajcive
Climatic factor damage Mortality mortality
AH I
Duration of growing season —.585 —.560 —.320
(days =5C)
BN
Average April-June temperature 521 518 673
BN
Average Nov.-March temperature 158 119 086
RIRIES * % * ok *
Maximum snow depth 923 94l 743
FEEAIA
Date that snow deposit begins —.959™* —.960™* —.859™*
(=10 cm)
FEE R
Period of snow cover 954" .959%* .834%**
(=10 cm)
FEE R
Period of snow cover .945™* .933%* 793*
(=50 cm)
Rk
Precipitation .804* .840** 627
(Nov.-March)
H BREFRR]
Sum of insolation time —.864** —.891%* —.789*
(Nov.-March)

IR 5% KO 1% KRR EMEEZ H DT,

*, **stand for statistical significance at the 5 and 1 percent level, respectively.

%] — 25 | I IPEHNEEORESEER L BEHN 31T DFESEMI H & ORIRZ XK LTz, MEFIITAEDOZX DO TEV—
W72 BRI A B D,

[ —26 | ZIFFREIC L2 PEIHGER L EEH-IOREE AL (50em LA E) & OBRIRZ IR L7z, mEICHED
TOOTEWERNAA LI,
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M—25  FRFIZ L DEFEROEHREE) & M—26  FEEIC L AYEREOEMEE &
PEHMOSUBIR - & DRI PEHMOSUBIR - & DRI
Fig.25. Relationship between provenance Fig.26. Relationship between provenance
means for mortality by desiccation means for degree of desiccation
damage in winter and climatic damage in winter and climatic
factor at the place of origin factor at the place of origin

’@;wH% |2 & B PEHINE OREFEERSO SN E R DOASEN ZPEH O R RIR - DR\ % 5 17 T D,

@m®m@@%@&nk EDOLIREMRCHDTEA DDy, 22T, BIBOEESGIEDOSS & [FlkE

K,17/7942$Eh%ﬁ%k_ﬁoto%ﬂ%ﬁ#ﬁ@%ﬁ%gebf,1%%%?&1%7$®ﬁ%$
EHHUTe,

K PEROFERE O E L 8% 16 LT T RN 3R K&, REFES B L0 OISR TH 5 (&
—51), FEERIEYFARENC L > CTHGEEEFREC %tzé%ﬂ%®%ékﬁﬁ%ﬁé&o§®i5mﬁéo

BB DNRS, BKEDN L ERNE EREEFERRE @, W RZ D &, ZHEHOENS ERREFIZ 20
THEPHMENEM THL Z L2 H oD L Tn5, ZOERIFROPEFEETEE & OBEFARREIL 0.988, iE
12503 0.974 THDH, ZDOZ LiF, WERBOOHOIR L D12, BAEOWEEEOEMBIAEL S 212D
X3RRI L AT IT% HIATEHZ L2 LD LTS (F—51),

FhAER & SR & DIRENFE L O REIF R IR —51 12 Lod Uiz, FEHAEEM 2 L LI (RRIHR
BUIFES B (50cm LA L), HOKIE, HIBEHENCH DM, EHEREIFREICHA DD K 912, KR FEHTE]
BENIER<S AT XN 1T, FEE A% B0ecm LILb) & AMRIEFRICH S, S AENTIE, HRRREITAOR
%%L@waéooiw,ﬁfaﬁﬁﬁﬁﬁf,H%ﬁ%ﬁ&@w%éﬂ@@ﬂﬁ@%@%m;5ﬁﬁ$ﬁ%
VN, F77, EMEMRENE 0.999, HERENT 0.999 THDHND, I 3XFER I - T, EEEIZLHRME
ROMEHEIZEEID 99% 2 TX 2,

VLB 2@ L, KR 8ok AR EZ Lo s, SF 0, BEEHENT SEREICVT A
PIERSEEHICH Y, BANHAIZ E OEA ARG L LOTEERE A E L 95 b R~ VI EEREIC D
T HHERFEAMENZ EDH SN2 572,



K—51 Ry T TUA XEEIFHHE L DFEREF T\ 32 EEHIO KURIA - DR Ok
Table 51. Multiple correlation, partial and standard partial regression coefficients

of desiccation damage in winter of open-pollinated progenies of Sakhalin

fir on the entering variables of climatic factors at the place of origin

in the stepwise multiple regression analysis

W SRR RENHRE it e IR BEREK
Character Climatic Partia.ll Standard partial MUIUP.le Coefficient
(Dependent varible) factor . regres§1on SD regression coef. correlation O.f .
(Independent variable) coefficient ) coef. determination
Mk
Precipitation 0.0046** + 0.0003 22.0138
SR (Nov-March)
Degree of S - ok
desiccation Max. snow depth 0.276** £ 00013 2.8779 0.988 0974
damage ESKIR
Average Nov-March ~ —0.1379™* £ 00144 —0.3541
temperature
HE HAK
Period of snow cover 0.1850** + 0.0102 0.5540
(=50cm)
. Average April-June 2.1540"* £ 0.3175 0.1577 0.999 0.999
Mortality
temperature
H FREER
Sum of insolation time ~ —0.1710"* =+ 0.0112 —0.4499
(Nov.-March)

X 1% KEORGEHEENEZ & BT,

**stands for statistical significance at the 1 percent level.
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AHERGENS2 % T REM) DIUE U745 PERI O FERE R IV 2 iz, SISO DGR, EMIH]
EEINE LS, KFHIZRE & 9585, I OMAZR L, RAAMG A L3 HUD b Oy
HHED R, 7, AAEIRZ AU B 72 5 NRROTE AR A Lo HtkopErl, 72L& 203, (B4,
e AR K OSERITE L HEBTIHEDMEV Y, TR & AAMHAIOMHWEZED - B~ ORI EFHEGUEE L
WERDHLNDDIE, AAHHUETE FARSKREFA OLEMET TH 0000, KVHHUDOEES « HHERGEHIHTIC
BT DHEEDOFES TN U TRIRS VOO o Te e E B Z bivd, LU, mEvEFiEE Lo Lz
R, e S1AREIC IV TERIDRVES O LV, Wb D, B - MRS TH Y,
ZRGEAE Lo L7zdb R, AR—Y 7 AR CAZE L, Wi bR IS REZ LT il Ch 5 2 &
NEHLHLNTH D,

—77, HPEMENMEGNZ, JERIR, R LITEAANOLTHETHY, TNHOEMO F F<id,
SN, FEBIZ L > TAHOEL LWES LRI OIRES TR Y, B0 SISER SR D72
WHI D b DO TH D, A=Y 7 IFEUHLICALE T S HEPE D, iyt L RO, ZoiiEs, AA
W L P AARS B TH Y, 12& A LHADETRHREENZ,



ZOWIZETCIE, HEAER A SERCHIE TE 2h o2y, FEREREIE & B I8 B KR & OFERfE
WrPERIFOINC L - T, AEHERTE 2> o OFRELT IOV T, 2V EVEE CHEETE S
ZENRHBNIR T, LIRS T, ZOEEIFRRIC X > TR IEMOFEREHG M EDE S A HEET 5 2 &7
"REL TR o7z,

B - JEN (1974) S AXOFERERFIEOEMFAENY, RAAFELEAAEL TELIHEL, RAAK
PEDNE L EWEITMEZ LD Lo EHE LT\ D, ZOFIKE LT, EAAFEIIZEHT Th 57 OO
PEOFEIZIZNLIBIREIUZ W L2 BT TND, OF D, FEMOBRREROBEIGHIETHS tifimL, bR
Y OFEJREHGUEOEHZAEN %2 5 JIE U7 I IK A Th 5 L B LT 5,

FER G UPEA O ECIH A E O PRI L OMFZE. UABRE - TN, 1964 ; FAED, 1772 ; 85 « kY,
1973) 1ZRWVTIE, FREEHWE R 513 EIH O IR R 42 Ldd & O IA b= 57wy,

AEE (1968), SAED (1972) 1%, FEEEHHUMEIIRIE 4030 L7228 9 BEHIRZS B A Ldd & D_Tn
%o LU, TTICONRTERL IS, KEHIZ ER ARG EORE, §70bh, EEHHNE SRR EIC
W DEPIERE b R~V OFEMTH Y, A7 &5 QAT o koo %5 pEHN JFEREF 272\ T DT
MAMERNE N Z LD,

2) FEREEHPUE L AR & ORI%

I, AR AR LoV DE TH Y, FREAECHREIC 2O LTSN E N EE XD
NTW5, 95 Thiut, FEREETPEIOWTORERIL, BEERREOAEEDIKR N2 £ Z&I25
7259, LinL, TTICONERY, FRERDME S PERBT iiER L OB EROMEERDF R
W32 6T L HZED LD R E LI 72 o7,

FEREPIE L EZ DM EAERITITIEOBURR AL D, BHEICEET 25 R8T, #rEk OB
AR ECHIFE LWEEBEHT- 2D B2 6NDH, & IAD, FEMEORERES S BlE & OMEIXIEDR
ZChH D, Ziut, FEREEHEIOWCOEMOSERBEARDIK T E £ Z 2B 2720, &
H<IE, TTIZORTL DI, WEDER D HRNRRSINT B2 65D 2 EDIENIC, HEHETH D
KPS LSO R — 7 WHAIAE LA O b R~ 1, B T ED Y NV, (8 TH Y, ZhnigEiio k
K= OERICH B2 B IEFL Q0D L bEZ DD,

FERRANCO AL, P & OF AATISHEORISK, 3700 B 5%, THEHEHIEIC NI LD b R~
VHEHSOW L, S BIT, FIDEEERNT SR LZ ZRERFME S U CEEUERT 2 813, L
ML EPEFE DR EICEX b THERI E B Z BD,
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W) (Rhacodium therryanum) |XEMREORNTROEERHODO—2THDH, £<IZ, IREH
[E23 80 HLL LIZh/- A2 H/ s A Atk 42 (E#ED, 1960) b R~YOFERETH D,

—fZ, FEE FOREAIL, 1HT0CIURT-NTWDD, B LB THD0, KHOEEREINEGE Lo
WRIETH D (HEED, 1960), L7-03->C, ZEHEICHIT DM IR SR /-0 LCiEZ B0y, b
LI, ZOWEEZREREL CAER LahiudEmni v Bbnsd (EH, 1976),

etk - @G (1974) 13, SEHICRU DEEBEMONI %2, BHOSRRIZTWT DB ORI =R &
DOBFEN DR L CNDIEETH D, ZOIENTH, BEEEHRD b K~ Yoo <Y O RRAEME DIEE %2 X
Bol, RARFEHNCHEERR A L YL Vb5 (=% 1973a ),

—75, RS (1960) 1 XHAUHAZPEME 32, UT7ROAXE, KFEHHIOAET RAFITTH@E
JERZIZNT DIFIERZE L BN Z EZH LN L, Fiz, BiliS (1980) & N K~ ORFAEHICZD
T HIPUEOPEHIRI AR E L2 & A U, MO ASEHRIC 72\ W HIE O E—IRA RIZIE, 7E
OB BEHR N BRI E 21T L QDb EE B D,

ARFETIE, b N~ ORFEEEIFRITIEO FEHIFZA RIS X ONHUE & FEHI O SURIR - & ORISR Z T Lz,
51T, kS EARDIFRENIEE & ORIRIC OV T H R LT,

B1HE MEHE Tk

1 ¥ #
1) PR

BHENE, £—52 12 L L7= 8 EHD KA X —52 K HEHRERARR AL U 7R ok & SR
M SATE T U7kt 25 e 15 {8 Table 52. Seed provenances and number of families

Ko 5 FEFIZHRZINC LD HDTHY, of Sakhalin fir collected for inoculation
1976 4E 5 FICFFRIIN AR SR experiment with Rhacodium-snow blight
CEMEMIYEERN) HWIICE E 2172, 1978 FEHH T EH ET0

5 AT, 2 AR A ROES S EIC T Provenance Location No. of families

. VAT FaLs b 5 -l o NEMURO Nemuro 1
fiﬁi%ifbﬁbigkmﬁb’37m AKKESHI Hamanaka 2
J AT . IKEDA Honbetsu 3
%%Ef@&i%%%%l A=A (11’1’1 X1 URAKAWA Erimo 3

m) &35 3EDEIEZLY, BFIME  RITAMI Oketo 92
llemX1lem O5FE L, vy F&H72D 81  OKOPPE Okoppe 2
ATONE LT, BFRHT0 OMGAST IWAMIZAWA Iwamizawa 1
FNEN 243 KT OL LI, KUTCHAN Kutchan 1
H) kL 2R Total 15

k K= 5058 U 7R B R Rk &
HH -, BEIXEINT 5g, 7A~5g,



7K 15cc DEGITIRA LI T Z, TUORWREAE T, K& 200cc D=f47 7 A 224 25 ¢ T O A
T 15 CITR - 7 fEIRERN TR 3 IR L7, 3RS, EIdHmoiE LEEESRIRaOER Thibi/k
fElZ 72> TUN Tz,

(2) HEEERS K OWRY

Hefdl L B UOEHE, ZERMINE, KRB L CTRBWEEARIL, mdr = A7 72215 256g) OHE%
1978 4E 11 H 29 FICHAE LT=, ZDOHETL, £TF=MA7 T Ranb e D UEEESEEZMA S L, 711112
Lo THEDEIRICHE TN D L OITHAT L=, DL [0 | &fdio THEZ M B, THEL, EHIE
ERTORRIC L - TR, FRITRE UL 91 Uiz, #EIR5mb70 272y hEL, Y 172y b
ISR BT DR ERRLUN OB EEZ T = v 7 T2 70O BIX & Uiz, FESIIEMEON 2 #i% (12
HHR) mOEAEY, SERHERITEED 4 H 16 B ThoTz,

(3) FAHE

TR IR L2 80R, HEEXRO 4 A 21 BIZB I 2o 7, REIIO TS IKEA~IKEED T )L K
K, HEINNTZ TOFIRDOE L FELZERICBBONUERL, > ThTAfaz2L 0\,

BEETAI I ERE 10 U CEN TN EDIREE HT- 28BN Z a7z, BEYrEEROfRZ 1 & L
SERRAE IR S A 5 & L, FORZBEIAIS LT 2006 41Xy Lz (BE—6), JHEITSERICONTE
T ot FERIERD 9 HREEL 2 13HEEO—REDMEN R LIRZEO L O T, AFICEEEN W EEZD
D00, EERITHEH & 2 OffEs, RIS, 4 BXO5 Ok, sk 5 Offifko4
BB TN T D ENEFID/ ~—E > N THLD LT,

HAROE T TR RTOKICE R, Y RE, ook, R, B, TGS LOSERICOW TR D
Tpofe, FEFRTE 2E, B 1HOHECL -7,

FH—6 S Io) 2MREDX Sy
Photo.6. Classification of degree of infection by Rhacodium-snow blight
in the inoculation experiment

1 g Healthy

2 % %=  Slightly infected

3 oo Moderately infected
4 W& Heavily infected

5 I € Dead



(4) GerHk
Sty T LDENBHANY, THARZR(sn " V% ) L, ST RTT Y MR BB
T SYBUMNEAIER 53 DRFETH IR, BRI AHEE Ui, ZOMIBRRROIART k57,
%53 WEATIRRHEAIRD BT 5 F IE L YR Ol

Table 53. Degrees of freedom (DF) and expected mean squares (EMS)

in the analysis of variance of the inoculation experiment
with Rhacodium-snow blight of Sakhalin fir

ofvariats DF E (MS)
Source of variation
i) |
Replications r
FEM 5 5 )
ProvfeEnances p;—1 Ge+20f+3'657lgs
FEHINZ R ’ 2 2
Families within z m; = p, o +2 o
provenances =
. ,» 5
AR (-1 1) - o
Error =

1) WFEAHE RGO
EEERIRICED b P~ OSSR, RIS K UREROPEMTAE 2K —54 2 LD LT, EREROpE
FENT 0% (FR=) 75 86% (HAZY), I 18.8% (HAIZ) 7H 100% (R=), R 1.56% (EF
) 5 94.T% (RE) Th v EHFETN X HDTREYY,
R, RIS JUMHAE
s 1 i D 3OD/NT A H—IIHAIC
-.L' HLTCHAN _ AT A LIRAREW IRED EVVEES B B, S RITER

s _ . F (r =—1.0), BIURIER
LB ! :_/ ‘:. - ﬁ - (r =.840) & @E\WVEDHEBIRY
g BELHLTWS, 21T, R
2 % 108 - - i JRRERSER 1T (¢ =.840)

DHOPEE B KIT AN i BEEESH
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L7z 8 FEMI oUW TR
! EREFEHE & DAL A X —
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Fig.27. Frequency diagrams of damage degree index

by Rhacodium-snow blight in open-pollinated
progenies of Sakhalin fir
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OREFENE L, 54 D BFe 3 OBERE DA 4 1D LT, AEMOBES CTHh D, ZDL I, BERNE
VB OB E RE RO | DBRFE /AR | CBHE T2 7225803 8 5

Z DEREIFFHNTA OGN DI Uiz, R, MR, ASERIZ OV TR L7 R %
F—B5IZ L LTz, 5, M, MIEEORTEEOWTIUTS FEHIRIC 1 Yor/KHEDKTE A EMED TR Hi
bo LU, PEHINGGRRIZRZIIRSER 2 OB N TR BRSO BTz,

IS DHEENHIC X > TREENC L B RBIEENDOE 5REHEE LT, (2R E BRROBEZEDZ 53R
1L 10%LLTF E/hEV, FERDIEEDHERIT 24.1% TH 5,

Rt =Rds KOO E O PERINZ R ABN O TR 5 3RITFREDO T R IV /NS, ZHUTPERNS R
FENZX DO TNINZ EELH L TN,

FERRAB O H5RITZ DD TRE MBS, BRRIIZTNEN 87.8%F L1V 83.5% Th b, FEFEDZE
H 51.4%EEVMEZ LO LTS, 20X 91T, &EENI L 2HRFIEEOFGLEN LA T, BOSERICT
W AHFIEOZERIE, 138 A SHE LT AROEMITIFRT 2 D TH Y, FEMNGFEREOZEEIV NS,

F—b4 WrOSEREAEARRI I HIES, FEIe JUMESERR O EEHITEL)
Table 54. Provenance means for percentages of healthy, infected and dead seedlings
in the inoculation experiment with Rhacodium-snow blight of Sakhalin fir

- = PR iz
Provenance Healthy Infected Dead
(%) (%) (%)
NEMURO 0 100.0 94.7
AKKESHI 2.2 97.8 90.5
IKEDA 4.0 96.0 60.4
URAKAWA 10.7 89.3 44.6
KITAMI 33.0 67.0 15.1
OKOPPE 57.3 42.7 5.0
IWAMIZAWA 29.2 70.8 14.3
KUTCHAN 86.2 13.8 1.5

F—55 MrEAEREAARR I D64, Mt KUNSERDH (MS) &8ss o
BRBIEEI O 53R (V%)
Table 55. Mean squares (MS) and percentages of total variance (V%) based upon
variance components for the percentages of healthy and dead seedlings in
the inoculation experiment with Rhacodium-snow blight of Sakhalin fir

HA
wea Source of variation

e e e

Character Provenances Families Error
MS V% MS V% MS V%
Healthy seedlings (%) 1546.92 87.8 76.01 4.4 35.33 7.8
Infected seedlings (%) 2301.83 83.5 163.35 7.1 64.45 9.4
Rt 2585.82%* 51.4 392.06™* 24.5 128.94 24.1

Dead seedlings (%)
NI 5%3 LN 1% K EORE A EMEE LT,

, **stand for statistical significance at 5 and 1 percent level, respectively.




#—56 MrOSEREARRRICI T DR, Wil JURSER BRI By &
BARHIERIO T 54
Table 56. Components of variance and genetic intraclass correlations for the
percentages of healthy, infected and dead seedlings in the inoculation
experiment with Rhacodium-snow blight of Sakhalin fir

- WA
S . Genetic contribution
7= Variance component

(Intraclass correlation)

Character ey S v, +v,) v, +r,)
Provenances Families (%) %)
Healthy seedlings (%) 402.2061 20.3370 95.2 4.8
Infected seedlings (%) 584.7363 49.4499 92.2 7.8
iz

Dead seedlings (%) 275.5603 131.5417 67.2 32.8

SYERA DHEER L ONECAIEIR DA 55K —56 12 L L=, @483 L UOMERROEEH OB A2 55
ITENEH 95.2% 5 LT 92.2% & & TRE, FEMING R DOZAUTMEEZRD 4.8%, FEFRERN 7.8% &/
SV, ZAUTHEESEEIFESIE W CEINS R OBEIEMENZ L2 LD LT 5,

LU, AESERIFEEHIH O 5308 67.2%, FEHINZRRIDOEIN 32.8% ThH V), FEHINGRDERPUHRD
BN EVRIESND, UL, WL LRFESEIRETIEC OV T, FEHMOEIEES ENZ LB ST
H5,

2) WEEEIEEHEIE & FERENE & DRIR

F—BT \THEAPEONERER 2 FEHBINC Ld LTz, F—58 [ZEED /M K DS L OVERNSE
REOHFHOEBEMEORER-RZ L LTz, FEHRISHE A BN GR LN EITEER DA TH D, HE,

F—57 W SEREAEAERI L U7 AR E DRI
Table 57. Provenance means of seedling characters used in the inoculation
experiment with Rhacodium-snow blight in open-pollinated progenies

of Sakhalin fir
- Bif R e g pdE DO RE
Total height Basal No. of Branch No. of Leaf
Provenance height growth diameter lateral length terminal length

(cm) (em) (cm) branches (cm) buds (cm)

NEMURO 12.4 4.45 0.40 2.05 5.0 4.05 1.61
AKKESHI 13.2 4.80 0.38 2.08 5.5 4.30 1.83
IKEDA 13.5 4.42 0.45 2.17 5.8 3.68 2.19
URAKAWA 15.7 3.90 0.43 2.35 5.2 3.78 2.01
KITAMI 15.4 4.40 0.46 2.50 5.7 3.95 2.14
OKOPPE 15.4 4.35 0.47 2.38 5.2 3.88 2.44
ITWAMIZAWA 15.4 3.35 0.43 2.20 4.5 3.37 2.37

KUTCHAN 13.1 3.85 0.45 2.05 6.3 3.75 242




YR, oo, Bk, ERREOFBIVEITZARMICHE A EMESRD bz, LarL, BEESEROMERN

PEOREHIRIAE & Ll U, TERBRIEITEHIAREN N & <, HEHICA BN Z LOdTED D0y,

M TIRNC & DRFERES L OMERSRIT TV T D BT E OFERIRTIS K OERNZCRIAIOFRBIFR S 3 —
BIIC L LTz, RK—59 &HD ERBERE, PEHIIS JUPEMNGRMORIFHEIRED W AR LD LT

#—58

Table 58. Table showing significance of differences between provenances and between
families for seedling characters used in the inoculation experiment with
Rhacodium-snow blight of Sakhalin fir

I e R RERERABR Ik L7 AT E O PEMIRR FS K OEHIN R OfE HIA B2

78 PEHN ETA
Character Provenances Families

] Total height NS * %
Y4EE  Current height growth NS %
Rot8  Basal diameter NS %
A% No. of lateral branches NS NS
33 s Branch length NS *
TEZ#L  No. of terminal buds NS NS
R Leaflength * % *

NS IEHFHNCHE TRV & E2HH DT,

%, sk [ TEIEN 5% KO 1% KEDHEHIEEEEZ H H T,

PEHIFTES ISR L, FARMAER TR O L7z,

NS stands for statistical non-significant.

%, 3% stand for statistical significance at the 5 and 1 percent level, respectively.
Differences between provenances were tested against the corresponding between families
mean squares and between families against the error mean squares.

F—59 KBRS T DS L ATPE & OFERSREL
Table 59. Correlation coefficients between susceptibility to Rhacodium-snow
blight and seven seedling characters of Sakhalin fir

. N2z . % E‘%\ Z, o
WE K wl SR ase pp MBS TUREL e
Source of Total Current Basal Branch No. of NO'.Of Leaf
Ch " ot height height i ‘ 1 h lateral terminal 1 h
aracter variation elg growth ameter engt. branches buds engt.
R P 0.269 —0.450 0.686 0.195 0.387 —0.440 0.819**
Healthy Provenances ’
seedlines FEHING R
%) & Familieswithin  0.478  0.214 0.666**  0.248 0.459 0.771%*  0.623**
provenances
FhAER FEH —0.597 —0.450 —0.829 —0.195  —0.423 0539  —0.923**
Dead provenances ’ ’ ’ ’ ’ ) )
seedlings FEHING R
) Families within —0.471 —0.565 —0.255  —0.629"* —0.313 —0.659** —0.652**
© provenances

¥, IR 5%B L O 1%k EOREHIAEMEZ LT,

*, **stand for statistical significance at the 5 and 1 percent level, respectively.
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(F—61), ZO2KERTFIZE T, BHEOTEHEIE (EEF) OEMEZBIOR 92%013HH T 5 Z LA
RERED OGN TH D, Fiz, FEFRFIFREIC L T, MREE T ORGSR EOERZAE 3
FETHEORSPIIIF L THL ZE LN TH D,
FFERIZIZND LT, B50em AEOREE B, 11 A5 3 H £ TONKEE, B IREHR ORISR
BEEMZ LD LT, &b, HIREHHE & QRO ESRDMREREIRRED O L Th 5, Zh
5 3 KRN L~ T, WHEAHIRRORSEEROPERFIZABIOR) 96%H5HH TE 5 Z LBALNTH S, HIRIFH

F—60 MESEREAEARR I T 2 fdadc LURGSER & PEHIIC 351 T 5 5UBIR- & OFBILREL
Table 60. Correlation coefficients between percentages of healthy and dead seedlings in the
inoculation experiment with Rhacodium-snow blight in open-pollinated progenies of

Sakhalin fir and climatic factors at the place of origin

AN il NZEARI AR
SR T W aafﬂ. i 1(1(#!% H B
o Entire The Pacific The Japan
Climatic factor Character .
region coast Sea coast
THR -
Average April Rl — 758" — 847 — 974
Dead seedlings (%)
June temperature
=N == kok
M E,j{;g% = Healthy seedlings (%) 913 664 826
aXlzu{EI}llSUOW Rt —.719* —.483 —.701
P Dead seedlings (%) ’ ’ ’
FESEYIH A sk %
. —.887 —.631 —.995
Date that snow Healthy seedlings (%)
deposit begins FEAER s
(=10 cm) Dead seedlings (%) .889 692 957
o * %
) Bk Healthy seedlings (%) 910 740 807
Period of snow cover g
=50 — * — —
( cm) Dead seedlings (%) .840 554 677
o *
. FEE R Healthy seedlings (%) .835 650 943
Period of snow cover fepe—
=10 — * — *
( cm) Dead seedlings (%) 841 509 .990
CEWR *
Igﬂ.g}.(%. Healthy seedlings (%) 800 161 743
Precipitation g
Nov.-March — * _ _
(Nov.-March) Dead seedlings (%) 612 456 593
HA AL — * % —. -
FI““H#‘FE.ﬁ ) Healthy seedlings (%) 918 668 906
Sum of insolation time fepe—.
(Nov.-March) .859* 651 971%*

Dead seedlings (%)

*, HIENEN 5% KO 1% K EORGEHIAEMEEZ H DT,

A BB TR/, —HUI 2361 T AR R A B e b D2 23R LT,

*

, **stand for statistical significance at the 5 and 1 percent level, respectively.

Progeny-environmental relationships in which significant correlation coefficients appear
1n at least one region are presented in this table.
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F—61 AT v 7UA XEEYFHHTC L DREFETRHROE TV S 2 FEMO KRR - O R8O
Table 61. Multiple correlation, partial and standard partial regression coefficients of
susceptibility to Rhacodium-snow blight in the open-pollinated progenies of
Sakhalin fir on the entering variables of climatic factors at the place of
origin in the stepwise multiple regression analysis

W SUERT- (HEES TR EHEREEYRR EARBIERK PRIELRRE
Partial regression Standard partial Multiple Coefficient of
Character Climatic factor Coefficient SD regression coef. correlation determination
fesR | IRIRRES 0.1814™* + 0.0848 0.4853
Healthy Maximum snow depth i
Seedlings H HRAFH] 0.958 0.918
(%) Sum of insolation time —0.3574** £ 0.1568 —0.1568
° (Nov.-March)
FEERH
o Period of snow —0.0157 = 0.1344 —0.0252
BT cover (=50 cm)
AV Y
Dead FA —11.0320* + 27613 —0.4997 0.978** 0.958
seedlings March temperature
(%) F AR
Sum of insolation 0.5170™* + 0.1567 0.6488

time (Nov.-March)

¥ 1%7}(@0)%5551'5@75%’[\@% %) %bj‘o

**stands for statistical significance at the 1 percent level.
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Genetical and Breeding Studies on Regional Differences of

Interprovenance Variation in Abies sachalinensis MAST.

Suekichi HATAKEYAMA

Summary

Sakhalin fir (Abies sachalinensis MAST. ) is widely distributed throughout Hokkaido, the southern
Kuriles and Sakhalin. It is the most important planted species for timber production in Hokkaido.
Provenance tests of this species are important to identify the best existing populations for current seed
collection and for selection and breeding of superior strains for future. Therefore, main purpose of this
study was to determine the genetic variation among provenances and families, to ascertaine selection forces
responsible for variation pat-tern, and to delineate zones for seed collection and breeding.

For this purpose, this study was performed to determine the pattern of provenance varia-tion of cone
type, seed characters of parent, and to determine genetic variation of seedling characters, resistance to snow
damage, desiccation damage in winter, and Rhacodium-snow blight (Rhacodium therryanum) to progenies
Sakhalin fir, and to determine the causes of such variation where found.

I.  Experimental methods and procedures

The experiment of this study consist of five parts. In Part I, cone types and seed chara-cters were
investigated. Mature cones were collected from 124 trees in 21 natural forests (Table 1, Fig.1) .On
receipt, 5 cones were sampled from each mother tree to survey cone types on the basis of the shape of
cone-and bract-scales. All of the cones were classified into eight classes in accordance with the method
of YANAGISAWA (1965) , and given an index number for each.

These eight classes are devided into following two groups (by the shape of bract-scales) .

Index number 1 to 4 : Cone with long exserted and reflexed greenish bract-scales ; Mayer Sakhalin fir

(Abies sachalinensis MAST. var. mayriana) .

Index number 5 to 8 : Bract-scales raddish brown ; those exserted with the parts not re-flexed as in the
case of the Mayer Sakhalin fir.

Seeds extracted from the cones were measured the weight and volume of 1000 seeds. In Partll,
seedling characters of progenies were compared. One hundred and twenty-four in-dividual-tree
progenies of Sakhalin fir from 21 different provenances were grown in a re-plicated nursery test in Hokkaido
Forest Experiment Station’ s Koshunai Research nursery, for six years (Table 15, Table 20) . thirteen
seedling characters were scored in the nursery. Percentages of seedlings with proleptic and lammas shoots
in 2-year families were determined, separately, and percentage of seedlings with summer shoots in the 4
year families was determined, including those with shoot extention from both terminal and lateral buds.



In Part III, tolerance to snow damage was investigated using clones and open-pollinated progenies.
The clone trial used for this test was established in 1962. Four-year-old grafts of 126 clones from 1 to
25 trees in 15 provenances were outplanted in Hokkaido Forest Experiment Station at Koshunai (Table 26,
Fig.12) . The open-pollinated progenies of 36 fami-lies from 1 to 8 trees in 10 provenances were outplanted to
test tolerance to damage by snow (Table 30) . A randomized complete block design with 64-tree plots and 3
replications was established in 1965. Data on snow damage were taken together with morphological
characters of progenies in 1977.

In Part IV, desiccation damage in winter was investigated. All seedlings were raised from
open-pollinated seeds. Seedlings of 29 families from 3 to 6 trees in 7 provenances were outplanted

(Table 43) in the eastern part of the Pacific coast in Hokkaido. A randomized complete block design with
40-tree plots and 4 replications was established in 1965. Damage by desiccation in winter to each progeny
was assessed in 1967 and 1974. In Part V, suscepti-bility for Rhacodium-snow blight was investigated. All
seedlings raised from open pollinated seeds. Two-year-old seedlings from 15 trees in 8 provenances were
transplanted (Table 52) .

A randomized complete block design with 80-tree plots and 3 replications was established in early May
1978. Cultured Mycelium of Rhacodium-snow light was uniformly sprinkled on the seedling bed using a

sieve in late November 1978. After one winter there, most of the seedlings were infected by
Rhacodium-snow blight. Data were taken in the following spring. Analysis of variance by means
of hierarchial sampling was employed. The variance com- ponents were calculated for among

provenances, among stands within provenances and among mother trees within stands on the parental data

(Table 2) , and 13 characters of seedlings in the nursery (Table 3) . Data on the resistance to snow damage,
desiccation damage in winter and Rhacodium-snow blight to progenies were subjected to analyses of
variance to determine the portions of variance associated with provenances, families within provenaces
and within families (Table 31, Table 44, Table 53) .

The parental data gave informations on phenotypic variation associated with locality, while the progeny
data, for the most part, gave information on extent of genetic variation associated with locality of seed source

(SQUILLACE, 1966) .

A remarkable difference in winter climate have been recognized between the regions along the Japan
Sea coast and the Pacific coast in Hokkaido. Heavy and deep snow falls and re-latively warm
summers are characteristics in the Japan Sea coast and their inland. Few snow falls, cold winters and cool
summers are characteristics in the Pacific coast in Hokkaido. In the eastern part of the Pacific coast in
Hokkaido, wintertime drouths are rather common. The climatic factors used here were shown in Table 11.

The simple correlation analyses were employed to study relations with climatic factors at the place of
origin. The HSAP systems of NBC Computor Centre were used for stepwise multiple regression analysis
for each character on 9 climatic factors at the place of origin.

Provenance means were used as item in all correlation and regression analyses.



II.  Variation in cone types and seed characters

Cone types at three levels of sampling differed greatly. Mother tree means of cone type varied from
1.0 to 7.0 (Table-4) . Most of variation associated with mother trees within stand, but provenances
accounted for a considerable portion (35.9%) of it (Table 5) , since little of variation  (8.2%) was associated
with stands within provenances (Table6) .  Prove-nance means of cone type index varied from 2.0 to 5.12

(Table 5) . The largest cone type index of mother tree come from along the Japan Sea coast, on the
northern part of the Okhotsk Sea coast and their inland in Hokkaido (Fig. 2) , where there is deep snow
cover.

Variation in the seed weight was largest among mother trees which accounted for 52.0 percent of total
variance ; smaller among provenances accounting for 26.7 percent, and smallest among stands accounting
for 21.3 percent (Table 6) . A similar situation was observed on the variation in seed volume (Table 6) . The
largest seed come from along the Japan Sea coast, on the northern part of the Okhotsk Sea coast and their
inland. A similar situation was observed that provenance means for seed weight differed significantly
even when grafts of clones from different provenances were grown on relatively uniform site in the Hokkaido
Forest Experiment Station (Fig.5) .

The correlation between cone type index and seed weight based on a provenance mean was—.612,
significant : the correlation for stand mean was—.476, also significant (Table 8) . Provenance mean for cone
type index and seed character are strongly correlated with climatic factors at the place of origin (Table 12) .

To evaluate what climatic factors might be related to provenance variation for cone type index, 9
climatic factors were investigated. ~ The multiple correlation coefficient was highly significant (R=.934) ,
showing that provenance variation for cone type index can be explained by the precipitation and sum of
insolation time in winter (Table 13) .

Multiple correlation coefficient was also significant (R=.890) and showed that prove-nance variation for
seed characters can be explained by the date that snow deposit begins, maximum snow depth and sum of
insolation time in winter at the place of origin (Table 13) . From those results, it would be concluded that
the largest seeds come from the regions or provenances with longer period of snow cover, deeper deposit
snow and shorter insolation time in winter.

Most of the seedling characters studied in the nursery showed significant differences at four levels of
sampling. Provenance variation was strong for 2-year height, 4-year height and leaf length,
while it was relatively weak for basal diameter of 6-year seedlings and absent for the other characters
including 6-year height growth (Table-17) . Stand variation was strong for basal diameters and current
height growths. Family variation was strong for total heights, number of lateral buds and leaf length.
Seedlings from along the Japan Sea coast and on the northern part of Okhotsk Sea coast were characterized
by rapid 2-year, 4-year height growth and long leaves, while those from the Pacific coast were characterized
by less height growth in youth and shorter leaves.

Significant possitive correlation between total height in youth of seedlings and seed size for provenance



mean were observed, while those correlation declined associated with seedling ages. Those might be
resulted that total height is influenced by seed size or seed source by environmental interaction.

Percentages of seedlings with lammas, proleptic and summer shoots showed strong provenance
variation. Progenies from the Japan Sea coast, on the northern part of the Okhotsk Sea coast and their
inland were characterized by early start of height growth, high percent of seedlings with lammas and
summer shoots. As compared with the Pacific coast sources, those had lower percentage of seedlings
with proleptic shoot.

Il.  Variation of snow damage

Variation in the percentage of snow-damaged trees was largest within families which accounted for 66.4
percent of total variances ; smaller among provenances (0.4 to 8.4 percent) accounting for 33.6 percent ; and
smallest among families accounting for O percent (Table 23) . Significant difference was only associated
with provenances (Table 33) . Provenance means display a distinctive clinal pattern much like that for
the frequency distribution of cone type and height growth of seedlings in yourth. Progenies from
along the Japan Sea coast and their inland were damaged less seriously, while those from along the Pacific
coast were damaged seriously.

To evaluate what climatic factors might be related to the provenance variation of this damage, 9 climatic
factors were investigated. Multiple correlation coefficient was significant (R=.972) and showed that
provenance variation for snow damage can be explained by the period of snow cover, date that snow
deposit begins, and sum of insolation time at the place of origin (Table 41) .

The correlation coefficient between percentage of snow damaged-trees and crown form on a provenance
mean basis was 0. 68, highly significant ; the correlation for families within provenance was 0. 42, also
significant (Table 37) .  Significant positive correlation between percentage of snow-damaged trees and
number of branches per whorl for families within prove —nance was observed, and also significant negative
correlation between percentage of snow-damaged trees and between-whorl stem length was observed.
These variation pattern probably resulted from regional gradients in distribution of snow fall.

IV. Variation of desiccation damage in winter

Variation in winter desiccation damage was largest mong provenances (3 to 31 percent) which accounted
for 51.6 percent of total variance ; smaller within families accounting for41.3 percent ; and smallest among
families accounting for 7.1 percent (Table 46) . Strong provenance variation exists for this damage, and
the variation corresponds to the climatic pattern in winter at the place of origin  (Table 45) .

Provenance means of mortality and cumulative mortality by desiccation damage in winter were higher
the progenies from along the Japan Sea coast and northern part of the Okhotsk Sea coast than those from
the Pacific coast and southern part of the Okhotsk Sea coast.



When all seed sources were considered, an increase in the period of snow cover at the place of origin was
accompanied by an increase in the amount of desiccation damage in winter among progenies in the
plantation (Table 50)

A multiple regression analysis evaluating the effect of the climatic factors on the prove-nance variation
of desiccation damage in winter was carried out the same way as for snow damage to the progenies.  The
multiple correlation coefficient was significant (R=.988) , and showed that most of the provenance variation
for desiccation damage in winter can be explained by three climatic factors at the place of origin (Table 51) .
Standard partial regression coefficient revealed that the period of snow cover is the most important climatic
factor at the place of origin (Table 51) .

V. Variation of susceptibility to Rhacodium snow blight

The percentage of seedlings infected by this disease at three levels of sampling differed greatly. The
variation was largest for among provenances (13.4 to 100 percent) which accouned for 83.5 percent of total
variance.  Variance was much smaller and not significant for families, 7.1 percent. Significant
differences were only associated with provenances. Progenies from along the Pacific coast and the southern
part of the Okhotsk Sea coast in Hokkaido, where there is little snow cover, were seriously infected.
Progenies from along Japan Sea coast, on the northern part of the Okhotsk Sea coast and their inland,
where there is deep snow cover, were damaged less seriously. This provenance variation pattern
probably resulted from regional gradients in winter climate at the place of origin.

To evaluate what climatic factors might be related to the provenance variation to susceptibility to this
disease, climatic factors at the place of origin were investigated. The multiple correlation coefficient was
highly significant (R=.958) , showing that most of the variation can be explained by the snow depth and
sum of insolation time in winter at the place of origin  (Table 61) .

Progenies from along the Japan Sea coast, on the northern part of the Okhotsk Sea coast and their
inland showed strong resistance to Rhacodium-snow blight more than those from along the Pacific coast.
Damage by snow followed the same tendencies with the provenance variation of Rhacodium-snow blight.
Progenies from along the Pacific coast and the southern part of the Okhotsk Sea coast showed more strong
resistance to desiccation damage in winter than those from the other regions. Progenies in the
provenances tolerant for snow damage showed also adaptable tree forms, quick growth in youth, sharp
and uniform crown and thin branches (Table 37, Fig. 19, 20, 21, 22) .

The strong regional differentiation of the most of the characters studied corresponds to the climatic
variation pattern. It is also clear that the distribution of total geographic variation among sampling
levels is not the same for all characters, but differences of the pattern of variations are sufficient to indicate
that effects are not pleiotropic or even tightly linked.



