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Variation of Morphological Characters and Growth Response of

Saghalien Fir (Abies sachalinensis) in Different Altitudes
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Fig. 1. Seed sources and planting sites
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Table 1. Altitude and growth condition of sample trees and surrounding stands
Stand composition of three conifer species and hardwoods

HEARY

Sample trees

e KEA? A3 ha

Numder of trees of medium and large diameter

FABH - 1 in the surrounding stands/ha
Seed Altitude (m) | g i bRy ey | vhxJey | [LIE
soarce Height(m) DBH(cm) Abies Picea Picea glehnii | Hardwoods
sachalinensis| jezoensis
I 230 23—26 45~52 185 5 0 (255)
II 340 23~28 42~68 98 0 0 94
A 400 — 26—64 143 0 1 80
it 420 29~32 48~67 126 7 0 40
B 420 — 32~50 77 0 0 86
C 450 — 20~46 136 0 0 56
v 530 15~18 31~45 74 42 0 42
D 580 - 28~64 30 47 0 95
E 600 — 22~58 57 66 0 48
v 750 14~16 33~54 86 67 0 46
VI 940 16~18 37~61 14 44 0 24
vI 1100 5~15 13~34 15 4 85 20
VI 1200 8~12 23~29 25 7 40 50
X 1250 9~10 19~20 0 (50) (175)
X 1350 6 18 0 0 (250) (50)

E D #EERII~X#E5 K9, HUXIR2, X314, A~E#ME0zhizE— 51087,
2) ARIIHABEHOBEIIESOTERLTZ,
a) FHe KK BENE  >26em,

NE/EK IR 6 ~24em,

N.B. 1) Five sample trees are selected in each seed source, with the exception of I{(2) and X (1).
A~E shown in Table 5.

2) This table is based on the data from the Management Section.

a) Trees of diameter larger than 26cm.

b) Trees of smaller diameter (24~6cm) shown in the parentheses of the table.

b) (

HEHLD S B,

I 3ESHROFEEBZE ISV, 1T & TIBSEEROEHRELNXE % 5

% a1 (ZRA300R) fiic, Z U CVELF IR RBILOIIZ—R/2 Al ICEH & Z 200m
DEEZERUT, Z2hZhIBLTVAE, I, I, K 8 kmOSHER CIHEHEROBERICET
re—iR R, VIZIMOEIEIkmDMEICH 5, FHEINLDH B 1 211 RMICHE
TN (PUEf) X, V~X %D (KEEL) REBHRTLbd B, 12, ITEMIXLETHK
DEBHIZIEE SN TV, 205 LILF1I79EI0F DBAIZE - T, WRARKDKES 2L
51 M— 10D (A~E) (&, 19774 & 1979FICEMHAE L = 2R Y
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w5, 5 RISV EIIRADOE L OB THALZ, 2 REDEE R b > THERKROE L L
to 728, REROEERIFEZEMAL o LHILYhZE (LK) oMEERICE A0, BHT
BEFE0T T TIES,

2 AR (ROEE) I HEMNOEED 2N, BT (HFOH AR 5 OHE
DFEIRME % D Z R 12R), ZFREH (HEOMEAESEIEUEESRIRTED Shic
B, T DHI T OB ED b BEREICELU 226K & { 72 5) RO L FHFTERBAAIA (—
BAERZEIEUIXED S TRFEORRB I NIEE) oW TH~T, B 4 A30H %,
IR FEBIAR O LA REAEIE 5 H30H 2 2 h Zh OMEAERIEE (05 &L, A&
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3AEAERY D 19764E 5 HITKRM h441AR(147AX 3 RE) 2B HEE LT 2 EEHDOKE 21T -
1o 3RFHANFKRIZDL L 200 KL EOERBH -T2, VO 1 FKRIFZ6E, XOFK
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19794E 1243, HEE400~600m DD RIS THFTIRDIEIFEAR D SR LI, 61T, RBIES
EOMEHICL A TH A L 2EBLT, FHAKRZEML TN TR IAK, I~X TIZ40ED
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BYETH 17,

BREIIINFER ICIREL E L, 1 FHEARY h 20~ 30MEA T~ S N1z, BRE & FEFOR b Fu Al
WO SFFICE - T,
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a) 1973FEERREKREFOEEOEEER

FEHSHRE L EFOFEEOLE 26 Miczh b LES E OHBL2E— 2 ITRL, H4E
B DOREFER b PFR U1,

BREE © BRI /MEIIIIR "Iy, Ho LR EBICE XA T, HARORE R 1
(A~D=1~4474hF, ZUTE~H=5~8474 b FORKLEDT) ", SO
BB A5 & R/D33. 8, BAME. 2THH, RIFBEARDFLETL 4L 0 [HIZBHEOER
T (40AEE), Sl (7K) FHX " 04 IR, 0% hoRhEL (5 RIS RIS
5700~ 800m i S COMETIES. 5)o - T, HEMEZLERIIFFRETIE, Hinck-
THILT B MTORERUCHLDOERDD 5 C LHHEEIN B, HEMXERTIET A K
ETH N RESIKZIARICEET BHINB BN E VAL 5. BREBHEHE ES L OMIiZBAS
D> FEBEIX 720 (r=0. 044), BEF400~500m %2 & U TZ O LT THEREHMS RS 5 ik, K
B (BE~FKAL) (502 BEMR & 8T 5. WRIMMTHY 3 HH500/N 8125,
19794F 1T V% FICHT26 R DERERI B T2 L 2 5, KRABEO VIRV KITHEWEE 4.7 LW H{#
BRUTZ,

FEARL ALY b OERBUZ, 1(230m), I~V (340~530m), V~VI (750~1200m) K *KX
PE (1250m~) O 4 EEEOBTESD H, EE s OHEE S KL /205, 500mildh 2RRGE
LT ETFEARICED T 2 EA%ZIERHT 5 C &S TE 5, —MICERFER 1 424 b 200 ~500/80
HEEIMDH B EUEU EOHEREEFEINE D, I~NBTHELTWS, -

HREDE & R NHAED LA RISAED V126 9em & 2. 5emTh 5 o FAIHIR 7 D4l & K
KRG LT 2 (FEE700m LIFD380A) THI(EIX6. 6emM 2. 4em TdH » 12, HisE D
SEHRREEDEEIZRE K2 9(7.4~5.5)emTH/L Hh K&, ZUTNRTIZZDEIZNDI VD,
fZEE500m L EOD X TI3ES ORI - TR S 2885 > sBfA»ED 51 5 (r=—0.516
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LA ThrDIL, Zhi b ERTEDE EERVED SN, BCII7SERIIES L ORI TIE
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Fig. 2. Yearly variation of characters of cones and seeds from every source

PE7DEDS b 3 HHEIR, EE500m &700m Dbz b 2HIcLTZ2O LT TR 2EH
BEr%sRT EVAS, 2LT, COBERICHIZAN & VilithE TR, Hick->TEDPDC LD
dAHY, TEMEREL TERPTBRLIICEICESE, COWIYLE - THESMEICE ) 2ER
DERITEZD0, HHVIMALLOEKICE -TZOE, FLIEREO2ERICT 3 ERE



111

£—3. SHERORRROEFOHLE L HRE & OHBERK

Table 3. Correlation coefficients between various characters of cones and seeds
and altitudes of mother trees for 5 years

&® BRY BREE BRERIME  EF1000kE FEHEK
Year No. of cones Cone Cone Weight of 1000 Percentage
per tree length diameter seed grains of full seeds
1973 —0.378* —0.533%* —0.325* —0.739%* —0.491**
74 —0.425** —0. 652** —0.393* —0.861%* —0.839**
75 0.477** —0. 641** —0.170 —0.423* 0.173
76 —0.595*%* —0.274 —0.255 —0. 361 —0.781**
77 —0.622%* —0. 841** —0.378* —0.797** —0.656**

LB % BLUN BKETEHE,

* and **: Significant at 5% and 1% level.

200m 1E%> b DN — U HFEIET D>, B ZETH 5,

MEFEMROMEL, M- 1ITRTE Y KE LT T2 5755 55, FEE500~700m
UTRREBNTIZIN S REHOB TIIERENOKR & 2EZRIIABIhLV, B, KAAKT,
METEZF 2 TERR L 72 53 6 NRAY S BRI CERIRDREFICE S 15> 12lid, D3 H 19784 1L,
LOBRMETEORRREEICL 2 ONBBEINTZOAT, I ET 2128 DK X 2HE
BED LML 12,

HETEETBIRIL b LERE R L TR UEA 2R U2, EEOEN T~ TOBEREDHIER,
1973, "TTR O TYFITES»IT BN EI P IXFEDORDEN S E W FHE T 12, UL, EBEDE
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£—5. HEJRRE, BEF10000ER FFER

Table 5. Variations of cone length, seed weight and percentage of full seeds along the altitude gradient

AR EE B BREE (cm) ET1000kfE(g) £ R OE
Seed Altitude No. of Cone length Weight of 1000 Percentage of full
seed grains seeds
source (m) |trees | Wi PRRRE |\ py meRz | Py EEEE
Mean Standard | Mean Standard | Mean  Standard
deviation deviation deviation
A 400 26 6.35 0.92 9.83 2.21 62.2 12.08
B 420 17 6.55 0.64 9.57 1.87 66.3 12.37
Cc 450 16 7.00 0.73 10.76 2.17 67.6 10.77
v 530 9 6.69 0.53 9.89 1.42 54.5 12.25
D 580 20 6.30 0.43 8.80 2.43 51.0 18.71
E 600* 22 6.02 0.75 10.13 1.91 45.4 17.44
VI 1100 4 6.00 0.65 7.95 1.00 52.0 9.59
Vi 1200 16 5.12 0.72 5.14 1.30 33.2 13.34
X 1250 16 4.94 0.73 4.76 1.30 33.9 15.26
X 1350 4 5.00 0.29 3.20 1.50 12.0 9.59

T ERFELE | * 19774E, 81319794,

N.B. Trees asterisked were investigated in 1977, and the others in 1979.
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AL»POERELIETRES>TWENEF A S, UEHEMROD Z OMFRER N HFE D
ZhzhCcEET 3 b K2 v EROMICE, SHERBIcE T s EELBVIR LN

I-2—-2. XREDFELHE

KRB OEE OB S IER 20 6 OEE & OHBERE2E— 6 ITRLIZ, 20D
55, FERVIIRIEEMASE $4.0~4.28 VI BD THRVEFENICH b, ->TESED
M3 D 5N (r= 0.130),

THZFRUE 2, 4 FEE 612V (750m) TR BV, ZRL W FHTREI DL CER L OH
e Rohiznd, EJCidEEEIcE > T LML ETidRicd e s> T 5 (e=—0.511*
—0.548** © HiiAS 2 ARy, B34 FAR, UTFChIic#T %),

AEEHTHEL &5 (@) 0 b i, L EOEEEHTHSL »IczOHBREESE . &b
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ZNLUEDHD b DD TH s> 12,

HEi, 1, 284EE iy o EANFEICBOOBEMEZRL, EEEOHBEEE . 0
ﬁlﬁni‘éﬁ%a)%%@pw ZERITIE 4 FAEWNC 5 FAETHE S /500 (r=—0.581%%, —0. 647**,
—0.676™*, —0.683**), EIIEYF (HOF) HBREER LIS T4 EEILS%, Z
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TW3,

2) LEBREHOESHEIERDISTIDS3 555603, FiILk > TELOLEB ST,
LU, BiE & OHBIDIRCERRERIZ Z DL & D75,

3) WA DEICL 2 FERPOLRDIEIIML TIEESHTL < SEGH TRV, Ub
U, Z2DFDF75b b EBXIZEE500~700mdb 2 b 255e Uiz L F 2O S BICH O TEIC
Lo TENZNRL S BbNG2TRT e & DEMSBEN b Db Eb 2D 5 BT, &
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£— 7. AEAEOHEVEOSHON
Table 7. Analysis of variance of various characters of seedlings at the age of 4 years
2 A HEE | H F & 8B & (R Tt & | BFY e S 51779 ] T AR
Source df No. of Height | Diameter | Bud Terminal bud | Beginning of
terminal opening | formation Lammas shoot
buds formation
& = 7 2.56%* | 183. 69** 2.23** 7.48%* 14.79** 220, 33**
Altitude
K & 2 0.00 0.35 1.16 0.64 10.73* 95. 85
Replicate
F = 110 0.08 6.25 0.50 1.72 2.54 31.95
E
B\ & =
HEIM Percentage of seedlings
Durat;}on of B O | Ay omE EER | 8
growt Dead | Damaged Forming With
by spider |Lammas |furcate
mite shoots top
13.28**  |19.59 56.40 4671.66%* |  235.53%* R 5% 8L %KETHE,
6.18  [85.82** 205.31** | 1725.28* | 1115 * and **: Significant at 5% and
1% level.
2.96  |26.00 | 42.03 359.93 19.05 % leve

Kiz & 2 REHLI76ED S EHMICEB N THETHTH 5,

4) b FeYRRAREROVEEFRERL, EE0~600mdblzh 25 LTEZOTHT
i3, VERIDSIVELL EEVEDE T50~60% DEVMERTR L, 40% LT 2RI EEIIBHDE,
ZhE b EETIE40% L F 2R AESEA TS EL 25, RKRMHMDICBY 2 TR
EROREHIX, 60~T0%FBETHS I,

5) &5 b K2y RAMMDI50~60% DETAERRERTIIDICIE, Z—1»LHET 2
&, BEERICHEARES SOFEE, Tob5H - KEK%Pha h50~70KEHERFET 5T &
BEDEED—DEETHE 5, 1212L, AURHETIREBVT b Eichadi h40~50KD =/
2V, PHZITYRBELTOAMITE, RERMBETT 5. EH500~600mLLE T,
b K2y OEEIEOL, IR E ASE RIS ey ik T T e SRE
2, £12, FETREEDD XTI FICL ALEHBRENVE I THE, #->T, GES
HiE ETEYEREIREL, TRZOMAROLH AN EEEINE, ThoDlen, BiF
B E BT REERSEFINICEL 2V EICE AEFPAEL L3 TFLFRATHELEELS
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N3,

PlRiRshtzE s, P F2Yizz0EHAHOERBICO B EFEREBDENE»H T
1B, ERICEEINIEFEREOLE b KX, DT &id, EMZEEEINLEHOKE
RICAEBHBRKENT L R2ERL TN S,

Bl g, M—2icRd@Y, EE940~1100mEl b #i s Tk, 1974FEERTO F K KHH]
BICHRTEULCEL L ->T Wb, £, COBTORBRFRLBLNIED 4 FERFDH
B ORFER P AIER (M—3) c&k 3 &, 19T4FFEIEATE L HANRT 940m U ED DD
AR MK ¢ 4 FEERFORFEEIE . HE b 1100m LU EDFES LI TITHA TAER NI <
BoTWh, LD SREDSHEE> TITHEEREF > 5 DFHIZEE40~1100mEL LD b
D THRRIRICEL,

1974 FFERBT LB 6Nz D1100m UL EOEEEHTO L OFE 313, Ficadb~7128 01974
EOSESHICE T B EIEDD X SHHEIRKRTEL, #-> THESS» -2 THS 5 I
ERELTWS LS icBbhs, zhit, BEREFAOERLEICY > TE, FEOHEILE
TEREREESNDOES % HUBL THLESH 5. HlAIL1973013, C OHIBROEES D
b EEE M E TEBRMNICETER OREEDORFZETH - 12,

I-3—-2. XNHOHLE

KIRHHEEED S b, 1 /O 2EEROESIRERCETER L LUER2RL, HE&ED
MR - THIRT 5o 4 KROS5 EERICE A CEASHNTN S, ZORDESIIRSS
EEk (I, 1, I~VI, ILLE) O TeRBRENIics, aEEHEE v 1 FRBFVOD
T, B-2I0RINIETEOHEG ZOE EEEZ NI EFEOERZHOLTVA DT
s, BREICBWT RINAE ) SEEHIE 1000624 h OEI/N S L S 2 HEAB RS
3,

LT AT, MAROBEDHEOHEEEESETOE S L BELEELRT C LI UL UILRESR
INBETHD, LTNELROHEELERIT, BcEREERICHGET 2B TOEIDOERLN
BLUTORIZTERODDE LNV, b bAA, BFEOEENERM epharmonic /£ D
TIRECHEENER (7542) ThHAEEEH D, COBEITINIGH L b EHMICT 55,
WFIIZL T b BEEROLERERICHE S FICEIEMNSERICKS O E» 2B LT
Bicid, HERE S 3 VIHEBERRE EOTREPBETHS 5, 12, & « (BESEE
ROERY 0 — L 2E—BRE T TR U gy 6 § FEEMNICHIZ LB TE B,

KRR TIE, ThoZHICONTZhZNEB KR EBR 21T 12, #RO 5 bHEBEICS
NI ITERICRE L R~ BN B DS, D= Ic>NTIRE & TRl ANTH L (LFhb
SHILERPERL TR THET I TETHS),

REEBARTIE, EES#E LTV (530m, LT Cotims & 0z DRMEEF 2530 TRY) &
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§' %] s 0:1973 Sources at low altitude Sources at high altitude
E 40 O o (530m) (1100~1200m )
Qo
= o
§g ° Tree No. Height (cm) Tree No. Height (cm)
@ | s e e— ]
»§ 20 . o ° o 1 2 3 o I 2 3
] ¢ 0
£ . .
3 o L ) Py
B, .
L4 o . s
£ 2010 o ]
=4 o o o
£o ® ° .
olu
[
g .
3 €0
@
(2]
[ ]
40
F=d .
s
S 20
3 .
H 8 8 [ o ° o °

[}
Altitude 230 340 530 750 940 1100 1200 i230™

I v Vv T W W X

Seed sources

011 : self
X—3. 1973, TAMEEREFOFRFLL 4 &3 * open
EEH%O)@F%B; U‘ﬁ%x 3 : pollinated by the same source

W : pollinated by the other source
Fig. 3. Germinationpercentage of the seed

lots obtained in 1973 and '74 and K—4. KBt OBESHAOZHRAED

height and mortality of seedlings EE —1EEHOEE—

at the age of 4 years Fig. 4. Growth of the offsprings produced by
intercrossing between two sources at
high and low altitudes
—Height of 1-year-old seedlings—

rEEE s L CVI~VI (1100~1200m, 1100T/RY) O 2{HAFT 5 AT >ORXEAA % ES,
1979 EFEZNZICETE, B (BR) 528, 530EBEK 3 @Ik DR ATENIC X 5 ZH) KR TF1100
ITREA 3 AKDEETER (12120 5 b 2 BERIZ1978ERE DI IcX 2%, D4BHD
REILE 21T - 12, '
19804FE&Ic, LOHITHE 6 NIt T 2 B KHKERICD & V1916 (0.4~42)g T2 ET
RN ORICIZRE L 12 (BB H60g/m?). Z U CHERIC 1 EAEERRY H 5927 (3~
30) KOWEPHAB LI, ZOEER R — 412, THAEIVELE— 8IURT, WS b
RECAEICS % 12131 % D/KEOFEEVED shts,

530 KIDIRIRFERTIE, IFELAERUMBODA—I7TO b D %%, 530X1100H5530X530k b
LERICHEETE->TWVWA, —, 1100X530131100X1100& h & AT\ Bh, sl & ¢ EE
BTh5, 530K ILI00RHEHDRHF 1 FKR_M 2N ZhOHMS DITBER & ORZHFR R E 13RS
AHEERZRT VS RO L 5 2kRIZ, 2h o KB BORESL»S bR @oT VS
CERRTEDTH A, (€T, RIMITAIZL 5 HEEICHE S RRELEOEBEEDER D,
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x—8. 1FEEES BT 5080

Table 8. Analysis of variance of seedling height at the
end of the first growth season

(1) Alt. 530m
= HHE | EES | F
Source (df) (MS)
ECARE 4 0.17 3.40*
Seed tree
AEACALTERE 3 0.30 6.00**
Crossing
OE 12 0.05
Error

(2) Alt. 1100~1200m

ZEAR 4 0.21 | 10.50**
Seed tree

SACALEERY 3 0.11 5.50*
Crossing

HOE 12 0.02

Error

(3) Both

A 1 2.70 | 38.57**
Altitude

A ACALERRY 3 0.26 3.71*
Crossing

B X R 3 0.15 2.14

Altitude X Crossing

HOE 32 0.07

Error

R LB %BL O %KETEE,
* and ** ! Significant at 5% and 1% level.

BrEOEDAICL AR TII L, BEBHOBNICESC DO THAAREES /NS {50,

(72 B SBRDOBIRIFEFONELH 5 ,)

BARY v — @l $530, 1100Mit A OBEKICOWTITbhzhs, 5EBOVEHER
%AH%E, 530BESL. Temiorf LT 11005E35. 0em& , BEDEREM S - T b, E->T, TTTH
MHELERBRICE T 5 LA, ESE > EROBERTHE CEMHLpIcaN S,

EMEHFOEEED S b, KFRRIEIC 2 HERICES & &V HEB %2R L, 1100m il
b6 EHD b OBKEICRWER 2R T, TSR 4 FERT O AEEE & O
%KL, 1100mil h P ETEFRL 8-> T3, L LTAFRAREGETIX, 2FEER2ZER
R TES E OB HEERL, IR EOHAL O ETEES T - T500~900mi h
BREICUTIZ E R TRENKE D,

728, VI (1100m) UEDOSESEORRADE X, 2fICE»D TEROBOEERZEL, L



124

b TRERIESL 8 DOBDRCHEHEETALSHLTNEDT, NEMICHHIREXJIan 3,
HRERE UTHESLL 226 ATEED L 5 IKBbh 2 D TBE 2T T\ 5, 55 F TILREN
RABEMSAORREOEESRYT (BHILI~16), 12, b FeVHOEMIIOEITHEY
AEFOZTNEETH 50, HEEESHERcZzOHBRHENEERINS,

I—3-3. $&

Plbi~tzE 2B 66k S i, KREILEICHITS b K2y OBAEKRERIX, 20
BRE, BTRORRERE (1 ~594) 0% OE (41EEHH25) OEBits TEE s
BOWHEBEZTRT(R—2, 6), 1277, ZOHEEBUHT L EESBEEICEOY THERENZSE DT
12754, L AK500/50 L 700m & TF1100m 255 & 3 5 => ({KEIEEL % 20031%300m T I -
FIiTsry 5 & xi3080) OEEEOMTEL L § REENSEE2RTEDOTH 5. MIHICH
WATzHS, UEHBKICET S N Ky OEAPHRIZ IS BB H 5 DIZMEDZE D
Hix, ch63 (Kidd) EFSFOBEEELICE—HL TV, 2055, 200751 L300m
> 550078 L 700m F TOEELHERER (HEIL) BEEMAMD ~ M=y =7 v FHEHT,
PRIYDOEEIBREZVELAETH B, EHEEKT700~1100mIXF U EERIMET 26 b K=
YDEEWLIRL iz ey =F oo FIBEORITEELATH S, Hitl200m L I
EEIEE S, PR Id s D BRI E bULUMEL TV B, RAEILEOEELEFHOA
e 2RI EEESER D 5 5HHZ700m D_ET 7z b i3 (LR O R M 25 i 2
RN T 5 £ AT, ZMUGU TAR, B, Bz &OKRREHRICH ARICHEE AR
HEHESRONB L LB TH A, H->T, EEEOMCE OB RIEOLRIE T T HY
ROKGEHROEIMET L, 2L TS5 IIHRMBEOEMAMALBHTL IHIGL T
rrEidd. LEESHICIE, ZOBRULOVRRICGEHIGL T, ERPBZ(AEFTLO»AES
BETREBTE LS 0EEbN S,

—75, B FERD200~300m LA FIZAEHLBAMHEICY b, RROMAEMLAD S 5 T R
ZOHEEBICBT 5, HILIIRIBLAEDIEATZNI WV EEZEDO DL H{EDDHETRT, %
OHHE LT, CoMESE IFHRSBRZLB L, ZOMOIBATERMEHET 20
@6 > DBIEHIBELRZVUBELZZITVATHAHHI T L, ILICBRLLCOEFGEN =Y
HEBEEHOT (F) BRICEVATICY b AR (EFIC~RT) 5 THE52 L, REMVEL
Eh 5,

1. BEBHEICE 3 BESERXKERORIG

F 1T, ZDOREEEGEESOLHEATTOA I FEEERRERICOVWTOER
PRFERDSIL 6Nz, UL, ThTIREUEMEILBRERMAICN L THEY 2 G D—
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B SOd— BB A 22 Z > TO AR DSH 5, COREIICNT 2HBFRE LT, &
M TIIFIC, 2F THOPRICHO S MR RB 2 HEOEEICIT b 5 & 5 e HEFEL,
ZNOMFEETEDLIIKAEERL, REIGELS 202F 1, BohIERIZN K2y
BB EX O ESERER 2 EAT A 12D ICLELEBIERPE AT NS D
Fanz,

ABRTIE, Ch5DEDIIT6EKBERLIE 4 FEFDEBIRER BRIERICONTRNE,

II— 1. #@E#, HRRUFE

II—1—1. ko

fERH | ~ 6 ONE ZRIEBR— 1ichbERLIL, ChoDESIZ, Z2hzh | 1230, 2
1410, 3 1530, 4 1730, 5 :930/%C*6 :1100m Thb, ZDI b IZRAKADZEHC, 213
KEARD/NEEERBHA I, £723 ~ 613, V~VIDORIEHAICITET 5 Bl LS B
S ((3020) ~ (3023) ", EREAL. Sha, 19504EEE) WIcZNZhBT M. Wh
DORERM & R 11X AR 8> - 12, 7235, AILE TIX1972~750 3 EMIGEEDORR BRI
PIFONTVE,L VWE, 205 b ORERE & BESEN E Bbh 3 ETE5E & HEED
H2&R— 9 ICHEIBT 5,

T E-9. Egllogxgs -4

Table 9. Temperatures and snow depths at various altitudes

#® W B & | EvusKaE H 5 ¥
Plot Altitude |Annual mean Depth of snow(em)
temperature 1974 1975
(m) (C) Feb.1 Apr.18 Feb.21 Apr.21

TR 230 6.3 42 0 54 0
Yamabe

i b 330 5.6 44 0 60 0
Rokugo

BTIL—EX  (3020) 530 5.9 112 93 140 100
Maeyama ]

» ZX (3021) 730 4.4 123 130 160 130
Maeyama I

» =X (3022) 930 0.1 248 155 200 215
Maeyama [l

» WX (3023) 1100 —0.2 280 200 210 250
Maeyama IV

I 1) E) e
2) FPHEE (m/sec) I :0.7, I :3.2
N.B. 1) After the literature 7).
" 2) Annual mean of wind velocity I :0.7, I : 3.2 m/sec.
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EhiOFRE X, 0.1ha (50mX10m =0.05ha 2 ), MR AL I2400AK(40FKR, KR
Hl2H 5EKTH 2 REDIOK) TH5,

M—1—2. #&EELAEGE

a) HEEOKE S

BRI 973EEE T & IIEER B TER I IZ O T, 13EHIFEHDI6ELAH
26HICTFHY 7 4 —Fy b (10emX 8em#LBY) ICHEHL TH 6, HE I H 3 ~24HIC 3 FEA
BELUTEMINT, 74—y PEOBKIEIX, BIF1975410816H1IC 2 HEAEFH IOV TH
Al e CAERICHBNEELRRRUIZOT(E—15), FiEHIcB T ChB2HEBLI R
BFDA & I 2R—I0CRUTZ, 536, BRILOBMITE - T | TIX1978F 4 A24RICFA U BHR
BOHSAEBHHEIN TS,

#—10. HEMBAME 3EEEHOKRE S

Table 10. Sizes of seedlings used for reciprocal
planting test at the age of 3 years

(Measured Aug. 16, 1976)

RAEA#HA Hi [=] | o &

Seed source Height Diameter

(em) (mm)
I 14.2 2.6
I 15.4 2.7
I 14.5 3.1
v 13.6 2.5
\ 12.8 2.9
Vi 12.9 2.8
VI 9.5 2.2
Vit 9.0 2.4

) R H20AK, BHEEHN 5 KRT>OEL,
N.B.Means of 20 seedlings from each family and
5 families from each source.

b) WEHE

A, HEEEEERR L L, EYSHFNEEE LREOEILIZEE I HH» 5105 0/
i1,

BRZFHA, XFEHRHI/R CEBN | CTHEBEOITEED SHHEOHE LR U THILL - T
BTz, BIEHIZ5 H30HL 0 TH4AET, KFRMIE7T 4B L) 8 A2A%T, %
hzh7 HEBE TEBREEL, ME L 4 H308 (04) XhBELILEARTELIZ, £FH
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R BAZEAD 5 RFRME TORK 2L - TRANTZ,

AT D 1980FEKICE OTEAERMZES LRAF2EL TV E»EL 2T, B, o
BLDIFITIXIT E A ERIBEDBR G ish - 12,

HEOARMU & : BBEITHAOMOFRIC & > T, HERKAERICED 20> - 1@k
(1ETEHITVS S DIRL) 3Pl lsh > TcDT, 1977, T8M4EIT 2 DIRTL 2 12,
Ih5DHITIE, MBS T TN TWE 8D b1, £12, 20X LI T HORZEDM K
PZUSRTFREOI LYtk > TEBICE - TV 3,

WRE AL, 19785 6 H27H &’ 795 6 A30H LTV, REDOHEIXLHE KE BB S
BRI L 12, F—HEEE i 2 U FORESRE S IBE813, Wihie § BRfEEk s L
TECERL 12,

99, WL | MIESHEHAIEBL TWA LY, EELVR - N 2EL TV 5 O 2H5E
A& L, FAERBLICHSL DITHNTNS § DDAMIEL LT,

i HEITNEO» EHFICL 5 ARHSEER ERFER2RIENER L SR,

AEHSFIOMEIE, ZhZ0 5 KROVBETH B, $12, LIABEOBEEERIIEBEAR
K3 2E0ER2LU->TEDLUT,

n—2. & 8

I—2—1. EYEHENHEEY

M—5 1z, HEED 4 FEROBFIAR CXFRAL & 4 K005 FAEROTEZFAR U £ Bk
KPS Z L TZOR TR C L ICBE UTRUTZ, $12, R—11ICEYZHFENEE
AR OTEFARB U x BT 2 0BT OMR 2R 12,

F—1UTk 3 &, BIFH, RKRFRYLOCEBHRICIE E bIicHE SR oA T 1
%IERROBEENVBD b, FCHBHEATZEOA»EETH %,

—F, M—5ic& 5 &, BIZF L AR R RIS T 2R(LD Y 7 713, HEML
BTIZEAEENEL, VHITH B, -7, SHEBHTIILERVBELSHROET (ED
BAIZ3 TOIXVED 6 B) BEFELXFEMEITIN, »OEMMOESFEZ5ico0
TII—RBIGEL 8 5,

FEHSC LI 6 HEBRHOE 2 YL TA S L, BFHOR S FOOMVIN45.2, FHEVD
DI D47.7, ZHERBD ZNHBVIDI1.3E 1 193.8, FHAEFHMOZABVIDL4.6L11
D47 .8iTis h, WITN b ZDXEIIE» 2, 3HTHS, COLI/PIVERZ, REFD
D BBV D DICY 2 HEEHAOHES IR 205, Hlll4 FEOR LS50,

WICHERH C L I RKRDOV R L B L, FFHTEIRE RO | R 2D32.6/%032.8
(6 H2H), BBV DHA6 D60.8 (6 H30H) L/sbh, XFRRMT A UMBMHEEE T
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dave. Bud tormation
Bud opening
| -/ / / / / / / /
E
00000
2tTs8Rae
g — e e e e o
%[ Planting sites
Percentage of seedlings with terminal buds not opened
40
L o Syr, 1978)
® 4yr. (1977) ’
20t
ol ;Jh\/ N W
D — A e ey e
PlLsite] 2 3 4 5 6
Alfitude 230 340 420 530 750 940 1100 1200™
1 il I w v w w i

Seed sources

M—5. AEMSBIRAEOMIN, FFEAHG L CEFAML s AEROEMMIC L 5KR

Fig. 5. Times of bud opening and terminal bud formation and the percentage of seedlings with
terminal buds not opened, of every seed source at every planting site
) Bk R FRRIAI 4 A0 G HA AR TRINS,
N. B. The times of bud opening and terminal bud formation are represented by the
numbers of days counted from Apr.30 till the opening of buds in the spring
and the formation of new terminal buds in the autumn, respectively.

279.9 (7 H198, 11381.5) %6 110.1 (8 H18H) &7~ T, MEHEL §1T700~900
m OEEZEICH LTI PAEVE X 2RUN. COX 5 B & XERBHDOH 2 5 7 43513
IFEITLTWAZ &6 s ¥A L Hic, BFROAFHRMIZ & OB T & RMEEE %2R L
(%< 1345~50), G (MID5 L VD3I TD41R) ¢ KRE (D | TD52H) OEIZH10H
Thb,

PLEET 31, HEREFKRIIZOBEALEHOESTSE > THEFBMSFEC 25 3BHEDWT
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£—11. EYFHENEEB X CHEFAHAL & AEEOITEIT

Table 11. Analysis of variance of various characters in phenology and

growth

C:3 HEE £ 5 f0 N5S055] F

Source (df) (s8) MS)
B 2 1
Bud opening (4-year-old)
IBEE i Seed source 7 13.97 2.00 6.45%*
it # #& Planting site 5 2981.32 596.26 1923.42 **
ES # E 35 11.01 0.31
RIFAHA
Bud formation (4-year-old)
A S  Seed source 7 19.45 2.78 6.32%*
¥ %% #t Planting site 5 2691.35 538.27 1223 .34 **
B % E 35 15.53 0.44
HEER
Duration of growth(4-year-old)
FEHS Seed source 7 29.11 4.16 6.02%*
}E #% #t Planting site 5 106.81 21.36 30.96**
B # E 35 23.98 0.69
THZFEREAE
Percentage of seedlings forming Lammas shoots ( 7 -year-old)
FEHS  Seed source 7 187.10 26.73 4.21%*
HE #: #t Planting site 5 237.90 47.58 7.49%*
B % E 35 222.31 6.35
TEZEARBAC x MR
Percentage of seedlings with terminal buds not opened ( 5 -year-old)
FEHS Seed source 7 232.92 33.27 0.97
fi %k #i Planting site 5 5548.67 1109.73 32.47%*
ELH =z E 35 1196.33 34.18

Y I5 %LU BKETHS.

*and** ! Significant at 5% and 1 % level.

NIZDONT IR EA ARG ZRT VA5,

E—12ic FhEEtic 17 2 RS T L O TAFRREFR 2R U, SHIHOBR (&
—11) £ &3 &, COFHEICIITEM SRR BRI 1 4 OBREBETHEEESED LN
%,

TAFRREER & EEHES & OBIRIIH F H A TIZ SV, YEEORLEV6 TIX
IUNOFBEMEORRIINTN  LRFSEETH D, EEMBIOFLHTRIDELTRT. 3
Tk, TNTORBEMAOFRICZOEESED Sh, HEHMTELREERL TV 5. FiC
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K—12. HAEMS - EHHIE T P RREERO)DOZE) (7 HF4EH)

Table 12. Variation of the percentage of 7-year-old seedlings forming
Lammas shoots

HOE # S

O Seed source
Plantig site I I m v \'s Vi Vi VI Sf/]iéj(A)
ean
| 2.0 6.0 2.0 4.0 6.0 0 0 0 2.5
2 6.0 0 2.6 2.6 2.0 2.0 0 0 1.9
3 11.0 6.0 2.0 16.0 6.0 8.0 6.6 4.6 7.5
4 10.6 2.0 0 6.0 0 2.6 0 0 2.7
5 10.0 8.0 6.0 2.6 4.0 0 4.0 0 4.3
6 4.0 0 0 0 0 0 0 0 0.5
SE15(B) 7.3 3.7 2.1 5.2 3.0 2.1 1.8 0.8 3.3

Mean

Lt 3R ToEEBM T LAFOER 245, L L, FAEHSBTIE, BLTESESO D
DECEEGEERZRL, COL) SEHAGERICESNTE Ront,

Lo Hic, TRAFEROEDIZEMEAERICE > TR 20, RNHOEBHHOBRESR
Hicl-Tt HB2ZIAL5TH A,

I—2—2. HEFREL £@EEK

EHHEARU s BRI, SEEOE 2508 THEEE (1977) IQ{ED» 4.6 % TH- 12
B3, 1978 ITIZZNH515. 8% iTHEINL TV 5,

1978 FEDOTEFAB U & MIEROIHIT (F—11) KX 5 &, HEHRMAICIE 1 %DFERET
HEEVDH 505, REHSRITIIENSED his,

M—5ick 5 &, 197741V, VIEORROAVEESEEICE N TR SEORBEL L@
HEEZRTOBENL > TVB, DWVWTIIT8EIRIZ, £TEHSES |, 3 R4 OEEMICE
WTEWEGEZRL T3, AEOEFAL £ BEROMETI S 2RD 3 &, REL
505.6 %I THREMPIDIL.8% L5, ZOMILK0%DEVALNS, £,
5, 6DMEGEEIX, 3, 4nzhdbh $EV, COLX ) SHEBHHOEL MEERDOEIH E
DR LB, DUABBEEORE - BECL->-THEU D LEbNh 3, B, HF
FBAL x RHIAICRRBEDORAE L T VD & C AiICERLTHRDA TV 5,

—7, AEMSHETIILALHEEVSRYD 6N VDIIRESE L B2 BRO » 5 BFEALS,
ARD & 5 KBS TE» S ABOELUPREIRNCEPLEALTE YROEETH S,
rotl, fEE 3 it T, USRS EWERZRLTWAES, T OFROBFS2BITENT
EDEDLRBLHEL TV B LAV,

bR & Hic, HFERBU 2 13 Z0KFEIHHFLD, F& U THFNMBED, BETICLISE
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DEHEEIN Y, BB D O OFERMIC N T b, THF DB 2 VMEEA5.6~7.0%
BEEDONh S, #-T, ZRLUNORKHOE - BEH 5 IdbDFRIC X 5 BFHEFIC OV
THENBLEND 5,

II—2—3. 3RFOWKRMEGEEK

EREFD TOBE KR Iz EBHIM 2R I217TERKOBEICE 5 &, KEOEED
HEBEREBRINENICIBD TRELETH-12, 2L T, HEOREORHEEZET 2EE 2R
bhigh -1z, UL, 2EBREOIVEIIZR Y v e 7Y 2SR 2D & T 5 S@RE
DORREEPHCEEZDS & 6 ItV TEHBE s M1,

COHEETIE, b K VHREEROEEREFED S b, WTFhrDEMIcI W TRED R
entzavw?UXﬁmﬁ(ﬁ@%:SdummnsMymwmﬁ,bvvvwhbar
(Trichoscyphella calycina) R OBEEEER (Rhacodium therryanum) % Z DXF & LI,

A CBS (Melampsorella caryophyllacearum) b BE 3 tzhs, LI 3 ERROEEBMIC N THE
D11 % DBREERLULBED bz -1z, £, ThE TOBKREETIE, T3 &E/R
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Fig. 6. Percentage of seedlings attacked by three
important diseases in every seed source
at planting sites of high altitude

A:z71v o7y 25K  Scleroderris dieback

B: FFeUdBAL K Trichoscyphella canker

C

4

1L
-t [
=3 TL,

3
AN

I BEEBSER Rhacodium snow blight

, 5, 6 ! HEEHIES®730, 930, 1100m.
Planting sites at the altitude of 730,
930 and 1100m, respectively.
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DHEBH TN S LROBRARMGIZEAERHINTORVWDT, L3 E8if2ESMIcHE~
126

B— 61z, 1978," 79MIFE DI AT - HEAHBIO 3 RBRMAEE LR, T 1-E—13i,
179 DORDBAIFOKRER U1, Chick 32 &, 3REHICHEBHET1 %RREOGS
ERRUTII, FABEHSAHCIEEENBAD S hzd 11,

#£—13. 6 FEHOD IREBREOS T

Table 13. Analysis of variance in the incidence rate of 6-year-old seedlings

G4 BHE ¥ 5@ EHEs F
Source (df) (S8) (MS)
BRRERE
Scleroderris dieback
FEHA Seed source 7 545.17 77.88 1.82
f #% #i Planting site 2 2071.00 1035.50 16.15**
B % E 14 598.33 42.74
MBAL o RREIRE
Trichoscyphella canker
FEHE  Seed source 7 213.16 30.45 1.14
f8 #% #1 Planting site 2 526.33 263.17 6.60**
L # E 14 372.34 26.60
REESHREREK
Rhacodium snow blight
FEHS Seed source 7 246.50 35.21 1.60
# % # Planting site 2 261.33 130.67 5.94%*
EL2 # E 14 308.00 22.00

AR S P % KBETEHE,
*and** ! Significant at 5 % and 1 % level.

1979 DIRBRERD & A OV E 2 RD 5 &, HRRRIZ 4 T2 0.3 % & EEITEO DS,
ZTNLH EWTIABIBL T6 TId22.5%IC bFT 3, HAL oKL BEEBEKIZE 1253 T
A9 3 % LRV, BBV THE & b ICRIL THI0%IC/E 5, BT 312, 3KEE L
T0m L EOEEE THVEREGELLRT & VWS HALEANED 5h 3,

CHUCH U TREBSERI O FA, 3720 bREMST L OHETIR, BRICIX T ~VIED,
TIDALWIKILE T ~VEDRRY, ZNZNEHOZIICHNTE S B OEREREK 25
LT3, BEEERICE, S EFOVI~IERZOBREEESE, SESHED b O
LR ETERICTOENIE, 1980EFEDHM TITEEET» 518 6N 1 24EETHICONT b
BEshTW3,

COLSIT, 3RE b, EHEI0m LU EDB L WEHE T OB CREDESHE D, 2
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DEHE T $700~900m 28ie LTZDETIRAAET 5 B ORAFROM TRR A EICH S
TENERT, ChLDRFICHTA2FELZHEAEFRE LT, IS XHRIESHOEEZV
UEEESTERIN A2, RLBIcENTE, R—IIOURLIZL S ILKR, BEERS EOKR
BRI OEBEO LT Thrig h BBICELL TRERA & ORICHZE ZIG 2R U TV 3,

I HILZ DFEDIWBOFEITIE, 6ILENTHRIFILHONIIEHEL IREBIZILALR OGN
IBlsot, TOLSICREREOE L VWEBESOEBMICESNTE, Fitk > TREDORE
HRILYIS ) OKEINA LGNS DT, FHEMSEC L OBREOEMICOVWTIX, &5I5HD
REPRE A THRHT ADENHS 5,

58, KRETIIBRBOLICZNZHORBRMBERZRD 12, L UEBRITE, 3 TR~
e i, 2EBUEICEARBRL TV AREESRICE TEHBE s, ZONREA 5L,
BRI AR 159 (5 LIRIRSTA, REEEER2E, BALWRIE, TALSIR2ZE) O
5L, MR EBAL oROESRIRARL2E, KR EBEEEROZAMN8ER, ZOMoD
MAEMBS5ED D, ERIRAKRD23.9% %2 5D TV 5,

I—2—4. 5§ - KX

X—7 0 FBuc, AEHMSBIRREC L ORERMIcET 55 (EHK2HEE), 7T FEROK

4 7yr. (1980 ) Unheoithy

#

- o u £ Mortality
§‘° ® Syr. (1978) 4 ? ? 4 é
s
sr
?
£ 20}
} «/ﬁii «Nhé[ EﬁVV; : f:z§¢¥f
3
¢l W M M
23 45
sol Ty
‘ov/\ M
§ -
on Syr. /\“/\‘\\ /\\,‘\/'0%/\
200 N\’M
(238888
Pl.mnzsauolzaascﬁ345;|234ac;a‘3453;234537{3453213450‘
Altitude 230 340 420 530 750 940 1100 1200 m
1 I g N v w AL wm

Seed sources
N—7. &RAEMAEXRNEOHERMICE 288, fRB L OFFFROEL

Fig. 7. Height at the age of 5 and 7 years and the percentages of dead and unhealthy
seedlings of every seed source at every planting site
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FER & THEARROEFEGE L, RTRICS, 7TEAROEEZRLIS

WEHRBEDOLITEKOMIEER L, OO 4 BEUTIKFL, | DANM13.3% BT >T
BWEZRUIZ, | IZBOTHIERSE» - 201K, FAEOHERITTFHL ZWE EIFKOER
WhotzlzdEBbhd, 20 TTOEERMIIITIC, B1978F 4 B 21T - 120, HlEl &
LA & OMICHE D EEDESZ VDT, Z0HRDEECT — 2 I TIIHE » X5l
FILHF| - T B,

2 AR B D1978FERIC 31T B iR & & DREFERIE, B/\p35 D2.8%, A6 D6.0%
Tholio UL, 3EEEREDIVIERKICIES E, 6 DRFERSTUCHE AL TI2.5%1T7/5 -
TW3,

X— 7 1TR S N 721980 FK DFGIK & MFER 2 BT 5L, | 15.0, 6.3%, 2
0.8, 6.3%, 3:0.5 6.3%, 4:0.8, 7.0%, 5:0.8, 4.0%, 2L T6 :16.8, 16.3%
Ergh, MEE BIC6ILBOTRICE L E>TWV 5,

A U £ 1980 DFFFE K OREFERIC DOV T BT 217 5 & (R—14), THE L bIChEH
BTl %EREOHEZESED 5N 505, FABEMSK TIIELED Shisty,

F—14. 7EEFHDERE OO

Table 14. Analysis of variance in various characters of 7-year-old

seedlings

# K® A ¥ 5 f1 EEEH F

Source (df) (SS) (MS)
[ =
Height
FEAEHS Seed source 7 5621.61 803.09 28.38**
f %% #i Planting site 5 2415.01 483.00 17.07**
ESS #*# E 35 990.38 28.30
Wi 56 &
Mortality
MHEHLS Seed source 7 298.67 42.67 2.21
#& # #i Planting site 5 748.67 149.73 7.76%*
E # E 35 675.33 19.30
=8 %
Percentage of unhealthy seedlings
B  Seed source 7 74.34 10.62 0.68
f8 # # Planting site 5 1659.67 331.93 21.29**
= O EE 35 545.66 15.59

B %BION %KETHE.
*and** : Significant at 5 % and 1 % level.
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UL, BT amEDY 77 (M—17) &, HEMSEHICI > TZOEBRE-T
Wh, I ~VIFEHITIE 6 TRIERDZLEAESAON S, —JF, VIEVIEDE XV T OREEH
KEWTZ0EE L HE HBIRZ L PPEVERZRLTWVWA, 12, 11d3 L LoOEEHIC
BOTHOHED b O X b FEFEEIE

6 THHZHES « RIFERDE 5> TV A DI, RIDREORE & BEcBRd 2 ETHR L
Bbhz, UhbL, 197MFEICHYERDOE & U THRHRBRMEGELEY 51125 TI9804E DR
FERHSHEAHE N DIF, HFF - LB S FRE L TREZOMOKFERICE 2HH § B
5L, MEEHICET 3 Z2ho0EsEE LTERbRIZEDTHS 5, '

N—2—5. HgEE

M—7ick 5 s, EEMOESICL 2EA—AEMEARROBEEERDOER S EEL L 7THEE
AREBICHEEICIE 5 TL Ao 121, | TOHEEIZEALDOHA 2R3 iU TRV DI, E
ROBERE (B EITKOEBECZOHOBEELGEHEE) KL30LBbh s, 1, VWD
POFEBEHEEF R 3 LBV THICE BEERRTOR, I—2—2 TRENL S 2
BEOEICLI8DTHS ), TEEAHBOSTHAER (R—14) Kihid, FAEHSRH,
TR & 3121 ¥ DOERETHEEVSED 6N 5B,

WE, 7HEERTEED, AREMSIROERBIEERE AL, ZAZRIRE | S LIHIT,
69.1, 72.2, 69.7, 59.0, 60.2, 60.9, 44.3 K& (X40.9&, 57.0, 69.6, 62.1, 62.9, 59.5 &
f46.3(em) & 72 %,

BEOEHIIESMEE (FioEE) BHE L oG e, FRAEOZNAEHSAREELE
EOXERRTEDEEZEAOGNSY, | 2BROFLALOEBMTESVE /L3 LHEER
HEL e AEASIER YN S, —F, FEEMAETIE, I ~(70cm), V~VI(#60cm), VI
~VI (#940cm) & ZODEEMICL > T YRBENCEE 2B TVA, CLTRONSESR
BED S b, TH - HRHESEOEABORTEIRE - BT 0B L3ETRE-T
W3, bbb, HECEVTIRZAZANN EVORILHEDILHL, T TRZEAMIE
NOETED 6N 5,

X5, SEEMAEEOEBHES CNT AESEERG2 A% &, 1000m Ll OV, VI
EOLDIXI TE6THHEHREEERLRIZVD, [ ~VEIRCTRAEHSEIES
EEREE TAMICEBEMEL 25 T3, BETHIE, BESERRIE, FROEFHMODZ
MTEVEBERG T TIREVET 2R THEEROR LU WEHT CREBICKE L TEE»E
b, —F, BEGEOFRIIVTHhOER O T HEERPR B

I—3. # =
M—3—1. $&» — JFEHFERRFRICR LN 2 FBEEDEENE —
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HIMTHLLIINIRE - B TSOBEOESEE I > 2R, FHEERM(P IR
DEDTH-T, ZOBIRIEICOVTRELZME¥ - TRV, B UAREEZ EE { ORE
DEFIZZ 73 ICHEREH) epharmonic TH 3 L BbN 355, COMWEOELIL, HEMZEINT:
KRFR (F.) OBRREE> THD TGO 615, —F, ThbRRFREKOBEHG
Ko 5 = DEEENE, R, A5 F 3B 2 £ B BEISHS0BREEICE L
THEIPOFLVHIRN»E 6N 5,

1) EHFHEOE b Ky OB L RFRRINL, AT & 04513 CBERM
DEEDH EXMIEL, Quercus rubra L. OB E Rz - T, FHEEFEH 6 OH®, > b
ZOEEEED» O ORERLIILALRITVEL, Z0OE (RFEERIMICHL TR L5,
ZORRELT), EHHMH b REM SR CERBOEHIRY 2 IS —ETH 5, Eibic
THFEROBNCL T, ZhDBVEESERROEEMHOS DB 2L 5 Ths, T
NIXFAED Abies concolor Gorn.” %0 A.qlba MILL L Bt 25 TdH 3,

—7, MEEOHENERIC OV THENSHER R 2 AV THL LTV 3, FA—ER
HTORRBIEVEO 1 EMEE (4AKRC8H) THAY,

CNOTIHED > BHFNSEE LTRER L > THRESNAC 2id, b Kv b l0% 0
BMELALTHE, UL, LROBFHR, BFELELGTARERETIE, b K>y OHMIET
- EERIEM D 2V IIEMMICIZE AL (BIERNR) EHZVCT ERRLTNE, BIicBED
OREIX, BEERR L OBET, P Py ERKORE2ELETAIEELAREEZELLA TN A
b, SREMR - EHAMICREOELZRD AL L3S T VEFETEH LD ENEL, LA
REMICBT B b K2V HEH - BOBFHICHE - HERBIBR O ICZ OB 2 RENETH S 5,
EFEBEMIC BT & EEHR - REMICHR & LB OZESRBEIh TSN E N3P,

2) WRE HER6E (1979F) L TOBEIRNIE, FALN 3BEOTEREOREHSR
6N B DIk, EFET700XI3800m 283 MEFHICB NN TOATH S, 3EDS b, KKK EH
AU IRIC L TIX, IS D ICEEEERROS SEESEIC R TIERESE N E VA S,
—7, BESERIKNL TR LU AHEOSOBRESE . COL 5 LBRED X 24D
BRAE U TIE, TIREEOSTHZOUAERBBOE, RO THRBIKIC L 2 EME OE
TikOZESET oML S, FE, EROBRUOEBE ICHST 35 - (EMESHOERIZ 700 m
Hzh (REILL->TEPLDOLETIRD A0 KRHSH, ThidBRORE - BREREOL
RicB0 248 - (KRR OBER & —BL, FindAKLBicki 3 b Fey =72 ¥ Bih
XY =F U HFHHEMOBERL § —HT I, COMBEONHHB L Ky RIEZ S
VICRABE RS A AREEONE ORI > TEESNA LN B 537,

—75, BEE930m OVI (RT5) Dt DFH & RPUCI975ERICHEE S h2F L RRE R
DX 5 [lf 7 FEROETRES N5 & (£-15), BROL RO HAROEE, EEIZED
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F—15. EEEH (930m) OB - MR TORREHSESE OEFHE

Table 15. Grewth of 7-year-old seedlings on open place and under forest
at the altitude of 930m

# Hh ¥ A
WA MR Open site Under forest
Seed source #i %€ % #HoOW MR  #H R
Mortality (%) Height (cm) Mortality (%) Height (cm)
1 6.3 48.3 0.0 32.7
v 0.0 51.6 0.0 29.9
A 12.5 64.3 0.0 34.0
Vi 25.0 61.2 6.3 33.5
VI 12.5 45.2 0.0 28.4
vi 6.3 38.0 0.0 24.7
BB 10.4 51.4 1.1 30.5
Mean

EO1) EREAD D1975910A16H, MR AEMAN 16K (255RX 8F) D 2EAH,
2) EEE B2 1EHDI76FE 8 HOFBETIHIZL A LT TOEMIEE L TV,
RIU, VISBRHITIA%, VIZERHISS, PN94% DIEEEERL I,
3) KSPEER, BiE B 5 [EH#D19804 8 HHEA.
N.B. 1) 16 two-year-old seedlings from each seed source (8 seedlings from each of 2
families) were planted on Oct. 16, 1975.
2) In August 1976, almost all seedlings were alive, except 6% of V on the open site,
and 12% and 6% of IV on the open site and under forest, respectively.
3) Mortality and seedling height were measured in August 1980,

b, FEREOBKREIIECRONT, #o THEXRLEHRTEN 1.1 % ThH- 12, Thicx
THEHMTOEBTRRIEZ, EROZNIGENEDTH-12, DL H IR U EERDEEHIC
BOTH, EROFET 2HA LRI N T8 E TIIREOH Y 12 PRIERICEHE s
BhHh, MEHOBELAUEEBOLELEL IS, tboA, BESHEIEMIE, BHEH
INE FEEDSHIR TN O 12D ORIREN S BH RSV EZ A SN 5, - TRFHEIHIC
DNTIE, BESBROHE 2R oEZ 5680,

3) HE Wl T ELET COMBERICE > T, KRFERO () EIREL=>0H
EBRIcEEHOoNG, 205 b EMESEOZRRIL, SOfHPL->Th, A THESRKE
FRODIZ EAETRTOREEHICH U TERBRIES V. HIREER D b 01, (ERERERS
TTFHEZRD $ DICEERZERZDOIT LN T VWS, COL S ZEERCEDRRRRDERD
13, BEICH > TEBT SBEAN T COMKE L LEISRET, B () ML
HERICESL B DEELLND, bAA, 5, THELOEM TIZEIIESEE L MEEOE
WEFEOREBLHN A LS, TEEEDYS Y (K—7) »56, ERRFRERZZAZHO
EHOES—t LA 2h BT AETE—HLLEER, Zh EAUEEZNLZNI
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FOEBHITIIRT LB TEBY, 2L EESOERMICE 213 EEEMETT 3,
EHARNZNT E I, UL, 5EEM»S TEECELYS TOBEFOE N, FI
DEVBLIIPHETEOEBHDAILL S bDTIRLNT L2 HITB LTV,

—77, EEHHEGIZEACRALTH 225, EEBICIDL KX ZBIX 240 203,
bRy OMBAERERE GESEE & EBETINRER, 5256 EE (BYREER) ik
STEEINBIHTHEEEZLLNS,

38, BEEEFRBVITNOBBH TS HIMORRL ) BORERERL TV, 7%
5L i, FMBRALEORESH TRBEBEGEL (KL, ULb bt BE25EECHD
HIELZS & DB UWBRRMFIC & » TERENZBRERBIC SIS 12, HIESE->TV 355
THAHS. BRINLDEROBEDOL LIZEENSEIREBHETH 3, 1217, NEVID 7 EE
RINEORRZHNRSE &, TRETIIRDEIS VD, BEOMBESEL TLENE>Th s,
CORUZ, IHEEROINHRMAFICT T A2EEOBREL U TELZ D EHEEINS,

M—3—2. FHEIBIZET 3 + F < v BEEMOEMFEIINL O R RER EE 0

Lt~ ohtc e ¢ 21D % LEFRILBICE T 5 b k< v BERER OB & b2y
EOUBRMHERRBEENRM SBT3 L, UTO@Y Th b,

1) 230m %> 51200m % TO1000m DEEZDOMICEET S F koD 5 b, 42l & 44
HEROR G EBTH 2 XK R 2ET 2 £, EEHK00~400m D DTHB, chlb
T D230m IZET 5 $ DIERSRSH D, KIUBTIE b K> v EBEG TR 2 M0 5081
HHTLERHEIRES,

2) EEEER300~400m > 5 DR R, EE200~50012700m OREEHHIC I TIZIRIAEE 55
FADORFER G ED > TERDED S RN, T ORMIEEH & S €0 § O
BbHRITH2, BEETIC, A— LB TIBIEET I N EEHRABH ® Tk Ko
DEBRBIZOWTRADBEMEE 2 R—161CT U2, & TITAWT b K2y FREES Pt
J117 R E300 ~400mild b DRHED 51851 & DTH B b5, HEET700~900mD [ % Hic 1
DOHBH TOEFRIZEL, BHORIAADIZN,

3) 1000m Ll EOEEEE D 6 ORRK R, Hilh 7 EOBRBST TOREICL ARy, AE
DHICHNTEULS LY MR LBV DT, ~REHRICET 2 I3 REY M TH 5, 1
U, BEEHICKT Bkt 20 VERICHT 25582 £ T, —BORZICT B EHiH:
DEIILL>TIEINLAREN S & 5,

4) B, FICHOERO Rty 5 ThE, KEE (300~400m) FEORER %2 Zh & b SiE
EOBEENERMICBOTHAT S C LITEALBEID/SV, B ESEESERR 2 TS
MR A C L IZBE 6 DICRFITH 5,

5) BEk (I—3—3) ki, BEEMOEFKEL S, S00mAlEOESOER (N )i,
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F—16. EAEDIEEARIICIIT 3 F Fe Y DEBER

Table 16, Growth of Abies sachalinensis in the experimental plantations on
the same mountain slope

S SHBRHOES
After planting Altitude of fields (m)

530 730 930 1100
i} =1

Height (m) 10 yrs* 3.4 3.0 2.6 1.6

5 yrs¥ 87 84 74 68

Pertisntaﬁe f s wval 10 yrs¥ 84 79 47 56

ur

& A 19 yrs* 75 73 10 8
HEEREE

Growth-healthiness 19 yrs** a a b c

1) MR 19594, 5 R OMOEH ( * H) OF — 2 ABERERER P ick 3,
2) ** 19777 H18AAE,
EHREEORR
a | RETERNIIHBLEE,
b EFEEFVEIN LIS DIBRENENS S,
c :Eﬁxao
N.B.1) Planted in 1959, The data in the lines with single asterisks are cited from the published
data % 29,
2) ** ! Observed on July 18, 1977.
The growth-healthiness is expressed in three classes as follows,
a ! Showing good health and ordinary or vigorous growth.
b :Decreasing growth and healthiness recently.
¢ : Showing poor or unhealthy growth.

THESHERICRET 3 D EESA TV, UL, KREZEROEREIR LThiE, Thik
ISR OER (V, V) BVt asahns, #EThE, VidLEMK#~ &R
HEitRE e LT, FHERREM (11, 1) KHh, ARBEL TR, MLbhikv,
ICEVIBTERIAES], & A VIEIRMNME2E T 0L BTSN S, VEFICKT 25RE, &
FHEOBE  RFEROESER L OO D & 5 SEAOE VL, RO XD s#mzH T
ThHbHS, Tibb, FiEIEERCE S BEEROZ I 5 BEEROEEN 2 RGO/
BThr, —HEEE, NRIMEN~VIEBZhZNRLAHED 5 OIXLE 2 508
R e 2 BIHEOERICE T 2 AlEM: 2R3, FICEEMNICE A1, FI&E THREEH300~
400m FE & U7z b 013 P I (DIEBEER) 2528 TH 5, THITHL T 500~
900m DAEEEGHRE & Utz & DI AES) (AR LA E O a2 59 2 HIOKMTH 5 &5
Abhb, chdh EHOEEEICHHT 2 EEIEE—ILE L2 5 FMBRAKEU L2 59,
R Y BIEMICHRESRER S X RS 2EMICE Y ODOH B E VA D,

6) BIAICBIT AIERHICE 25T, b Ky BROBREEOES IS ERIE, LHEE
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Mmﬁ®ﬁﬁﬁigﬁﬁﬁﬁmi<ﬂmbfﬁﬂéo%be@Zﬁdﬁﬁ%%@@@Eﬁ@
BAEBHBIL CIGL TV A, T, HRMBEEXSD &5 032 OEFHIT, EHhHRER
OEM () TREEXS 2R IIEEL L TOREZHL S 5,

II—3—3. EENEGHMXEXS

bR ORI IDIXBEEN SR OMBAEICE S BRI oW TR, tEENOBER
(REAFBE CUTAE OB S HERTIC L - TRE» S VLIS h, hREEh 15 (F
) LIROFER & BREE THEICGEVNO HZEE A SN TV A, e & O/R § 4 H
R OEBIEEICOWTIIRBRBEIN TR UnL, EEICRELUERL 28
PHEOEGICEME L i— ORI, AFEL2UTIOIRETETHS I,

EHAEEOHMBXEX 3, ML > TR, TTREIKBEEE 1IIBHEKEIE
U, &5z THEY  HIBRNSXEXS 2175 O ETH 5, E_RABMEHASE
TEMBREOHBNERICET 2HRSBAIITOATV 20I13P, ZOHEBINER2BAY
KO THB, I6ICVLOrOETIX, COMBHREXSORICEEDFICHEIEREDRE
B|EMANGNTLE ™, & Iz K 4 v MARIE Tk ¢ OHEOHISE S b6 ZhE s 1,
2 DR LR EOEB & L TR T &1

b RTYIZ20TIE, ZhE TRERS & 5 VIZERBEHER Y ORIt SV TES ik
FRAXBXD" 135 555, EHBEERD 2 VCIZEBTBESES W UEREIREOKRICE S
2Dk, FUTEERMICHES Ch s OUBOERLZE L THELA DI, &
RBRT R EWIEG b 72 h - 12,

EMRAESIC OV TOMBRERS 2175 HIE, B Z20H0RSIEBL S 3, B
CZDEBLVERRE > TRVAEEMR2RU S 3, @2 IRA2HETICELHAD,
ZD5 5T, BHEHOER I RREROEE LW LUABTESHOERICOVTIY, B—D
BBl L U TABD LR ORER — MEBRAOEL VI ETRELEEIZOA TV — 28
BELRZBTHE ). ZOX I BEAD»S, BIEF (II—3—2) 1T~ 7o P97 % RESRE IS S
THEFHEE S OBRTE LY TRLILDBER—17TH %,

FITCENINIEEL, K vy ORBHRORES 2 CidfERthOREICY > T, T
INTIEY BBV ZALL R, EEOMESARLEL R OCLEZRLT VS, Lbb,
AN T a7z & 5 i, MYEMHFEREOESEE N L TRIRIEH» S, b Fvv OB
DS, BUGEERFEN S 3 WISHEMARFENZREL U TLEI N30 Tids L, ZoBEDE
B — BRLEREDO LEAOE#ED FICOABAL 5 3 BRRFISEICIIET 5
Thd — bHOEEBATHRIRIZRETHALEVERINS,
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K17, REEF MR CEHHOERS ¢ RREROEBRIG

Table 17. Relationship between the altitudes of seed sources and planting
sites, and the growth-response of progenies

BER A R T O R T HFEEI0% LI T D
=i AR AHEERG HE R e A
Altitude ranges Growth in the Growth response Altitude ranges of
of seed sources early stage to the altitude planting sites
(m) at the original gradient of showing mortality
altitude planting sites less than 10% (m)
1230 LR R R 200~400
Somewhat fast Somewhat sensitive
340~420 i L 200~900
¢ Fast Sensitive )
530~940 A AiE 200~900
Medium Medium
1100~1200 b2 BT ERITHETEES L
Slow Insensitive High mortality
everywhere
s =

by OBFREXY SO LEEBEEX 2 6 MICBRIZTFREREMEER it - T,
ZOEENZRICETAERIDBDERSCEDTERNEDTH 5, AifFE, tEERICE
WTHZDL S BERDOBOLNIEDISNT 4 =V FO—DTh 5 BT A E T,
K Z ORBIIEREAEICENT, COLI BRI SITORIZEDTHH, HEHRIL: B
THTH 5. AW, 205 BRHTI973~' 80F D 8 FFERIC, PSHLRA MM (ER200~
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Variation of morphological characters and growth response of
Saghalien fir (4bies sachalinensis) in different altitudes

Summary

Saghalien fir (Abies sachalinensis (FR. SCHM.) MASTERS), distributed in Hokkaido, the
South Kuriles and Saghalien as a dominant tree species of the Pan-mixed forests (in TATEWAKTI's
sense) and of the subboreal coniferous forests, covers a wide altitude range from the sea level up
to about 1650m over the forest and tree limits in Hokkaido, But researches on the variation of
its characters along the altitudinal gradient were very rare so far in contrast to those on the
geographical and regional variations. Thus a series of studies on the altitudinal variation have
been carried on by the present authors and colleagues in the Tokyo University Forest in
Hokkaido since 1973, ' '

Ten sample plots numbered I ~ X were set as seed sources in natural stands at representative
altitudes respectively in the University Forest area (cf. Fig. 1 and Table 1). Five large- or
medium-sized trees chosen as the representatives of each plot supplied with cones, but two and
one for IX and X respectively. Twenty cones per tree were used for study. These cones, the
seed grains extracted from them and the offspring seedlings raised from these seeds in the
nursery at lower altitude were examined about their morphological and/or phenological
characters.

Among these offsprings, a certain number of seedlings from each seed source, which had
been grown in JIFFY’s pots from the beginning (April) of the third growth season, were planted
out in the end (September) of the same season at six sites of different altitudes, that is, 1:230
m,2 :410m, 3 : 530 m, 4: 730m, 5 : 930 m and 6: 1100 m. Since then they have been ex-
amined upon their phenological and silvicultural response to the environmental conditions of
the sites varying with the altitudinal gradient.

The main parts of the results obtained hitherto are summarized as follows.

1. Variation of the characters of the sample trees and their offspring seedlings along the
altitudinal gradient
(i) Within the area of study, the sample trees in the natural populations of Saghalien fir express
high correlation, mostly negative, with the altitudinal gradient in many of the characters
(twenty five among forty one) of the cones, seeds and offspring seedlings in the nursery (cf.
Tables 2 and 6).
(ii) Among the characters of cones and seeds, the number of cones per tree, the length of
cones, the weight of 1000 seed grains, and the germination percentage vary more or less with
years of crop. The cone crop shows different yearly variation between two seed source groups,
at higher and lower altitudes, divided by the belt of altitude about S00 ~ 700 m. And the
yearly variation itself is generally wide among the lower group while narrow among the higher
group.
(iii) The height growth of the offspring seedlings decreases with the rise of seed source alti-
tudes, as shown in the length of cones and the weight of seed grains. The results of reciprocal.
crossings between the sample trees chosen from one seed source of the lower group (530 m)
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and another of the higher group (1100 ~ 1200 m) suggest that the variation of height growth of
the offspring seedlings along the altitudinal gradient is not epharmonic (determined through the
variation of seed weight) but rather genetical.

(iv) The variation of the above-mentioned characters is not simply or continuously correlated
with the altitudinal gradient, but is somewhat stepped at two altitude lines or belts, about
500~700m and 1100m. These altitude lines or belts coincide nearly with the changing point of
the topography or slope of the main mountain, those of some climatic factors on it, e.g.,
constant occurrence of temperature inversion at 500~700m, and probably as the result of these
the boundaries of different types of plant communities, viz., from the lowest, forests of Pan-
mixed forest zone — [ca. 300m] — Saghalien fir-dominant communities (Dryopteridieto-
Abietum sachalinensis)* — [500~700m] — Yezo spruce-dominant communities (Saseto-Picee-
tum jezoensis)* — [ca, 1100~1200m (forest limit)] — Alpine zone (the tree limit at 1350m).
(Among these communities those astefisked are classified into the boreal forests.)

2. Silvicultural response of the offspring seedlings to planting sites at different altitudes

(v) In each of the planting sites, the seedlings from every seed source show good simultaneity
with very small disparities of four or five days at most in both phenological phenomena, bud
opening in spring and formation of terminal buds in late summer. Moreover, the time lags of
each of these phenomena from any planting site to the next above represent nearly the same
number of days, 4~11 days, for all the seed sources at the same altitude belts. The total lags
from the earliest sites to the latest show more remarkable convergence to about 30 days. As
easily understood from these two facts, the offspring seedlings of all seed sources are nearly
equal in the length of growth period at every planting site (cf. Fig. 5).

(vi) In spite of such a remarkable uniformity of growth period, the height growth in early
stage of the offspring seedlings varys much with combinations of seed sources and planting
sites (cf. Fig. 7 and Table 17).

The offspring seedlings from the seed sources at lower altitudes, II and III but exclusive of I,
manifest as good height growth as expected when planted within the same altitude range, but
decrease in it as the altitudes of the planting sites are elevated. On the other hand, the height
growth of those from two sources at highest altitudes, i.e., VII and VIII, does not vary so much
with the planting sites and is inferior to the worst of the former group in every case. Those
from the middle, IV ~ VI, are intermediate between the above two groups. The offspring
seedlings with good height growth also generally express high resistance to various fungal
diseases and tolerance to severe climatic conditions, and consequently are characterized by low
mortality. Thus, on the basis of the variation of the height growth and the resistance or toler-
ance along the altitudinal gradient, the seed sources in the area of study are grouped into three
in accordance with the three altitude zones divided by two altitude lines or belts of 500 ~
700m and 1100m, which are pointed out above with concern to the morphological characters
of cones, seeds and seedlings.

(vii) These facts suggest that these altitude lines or belts may be utilized as a measure for
zoning seed sources of Saghalien fir in other mountain areas. Actually the fittest sources for
its afforestation should be looked out in the zone, from about 300m to 500 or 700m, occupied
by Saghalien fir-dominant communities at least in the central region of Hokkaido. On the
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contrary, the populations from high altitudes should neither be used as seed sources for af-
forestation at lower altitudes nor at the same altitudes, only by taking advantage of easiness of

seed collecting.
In short, the altitudinal gradient bears a very important part in the silviculture or improve-
ment of Saghalien fir as a criterion for selecting seed sources and determining planting sites of

their offspring seedlings.
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A view of the vegetation above the forest limit of Mt. Dairoku, where VII,IX and X are set,
seen from VI (1100m). (Jun. 2, 1980)
1011 (AFH) BLOFHK, BRISKEILRCHBILRESE.

M (in the lower left). Mt. Dairoku and other_ peaks of Mts. Tokachi seen in the distance.
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Difference in injury upon 3-year-old seedlings by Rhacodium snow blight at the nursery
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