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Studies on the Reactivation of the Cambium and Xylem Differentiation in Conifers
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DHIEREL L OAMZHEMICHAL TEL I L2MAZ 5, 2000403 (FREFFF 2002) 12k 2 &, bHET
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SHED SEA SN AR, HiEIMECZ T TR RBEEHELLEL TWE, 20k oMo L ClEE
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CEHFEwmLTwB, —F, MES (1987) &, A X (Cryptomeria japonica) & 7 75 < (Pinus densiflora)
OEEHNTIE, BREFCBT2MEEES -FIRIZIEE2TRHBL TS, X512, Brown (1912, 1915)
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H3E 5TV (Sundberg et al. 2000). X 512, FERBHMRIRREEIC H 2T L, "CTEE#&R L 72 SHEIAA
3y 2 — PN LSRN EREMICBE L (Little 1981 ; Savidge and Wareing 1982 ; Odani 1985), FEEHIC
BHERE L L OIAADHE L T % (Sundberg et al. 1991 ; Uggla et al. 1996 ; Funada et al. 2001, 2002)
CEPHEINTVE, INSOFERD 6, KRIRREEICH 2EER TIX, TAADRZ RN CHikasy#Hosis
ELTWw3 IR, TAADBHEIN 2 7-DICHIRSEPFBL TV Z LidEZIH, L7a23>T, [AAMSON
HHEFTERETES 2 HH L To s WSS 5,

HETER I NIOCAREYE, > afEn EOEERS L L CliERNE B8 L CERRERAE DAk
Fr7vELTEZS6NS (Zimmermann 1971 ; Blechschmidt-Schneider 1990), BFk7 > 7" &, #ilfad: g
WRHELZYHEZ 2L X —DHBEIETH Y (Kramer and Kozlowski 1960 ; Krabel 2000), #ifE - MR ERIC
B2 HEROMMEOFIHIZIAAL £ HISEL D> T35 Y af (Wetmore and Rier 1963 ; Warren Wilson
etal. 1994) ZHRBHICHBL TVBE I ENRINTWS (Zimmermann 1971 ; Blechschmidt-Schneider
1990), X 512, MREHMBOKIREY > 7RBEHRHIC»TT, Ty 7y iy aoMEROEBRMIET
(Krabel et al. 1994) Z &%, Y afERY —R L v 702 T 2 BETORBL2HMHTELZ Lo 5,
v aBREREFRREOSHERICB O TROERZRFTH S Z LWWRBREINTW S (Lachaud et al. 1999),



SHEIC 519 BTORIE 5 & CORIAHLO FIEHI BT 5 5T — 65—

TERRJEH IR 23R IRIR AR I & 2 R & TEE) & T 2 RIS 22 OB AR I B 281807 v 7'~ DIRTE
HEBE T LTS T, HARERELEET v 7oy » HIRET 5> a ik EOEER S DR EIRN % B8
THIENTEDLEEZRS, £, TV 7 vV LTcavHE-—Fr 7V RIBICE>TBRERSRINTE S (B
&5 1998) OT, EEHBEILL>TZOREMEZBRICHARD I EBTES, LELLEDS, Fry7yhkEn
B EICIER L, $HERNC O W TBIBNIC B T 2 TREFHIRO R - KRES Lo & WERT O R R R DL
EDOBREFREIZA 72 (Gordon and Larson 1968 ; Parkerson and Whitmore 1972 ; Savidge 1991 ;
Sundberg et al. 1993),
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BT RHEDFLRLLTICY 2 — FOREKR EDBERZASLICT S, X512, EREFEHRO SR & AR
DFBARHY - IEBPRDL E TR NI I N T w3 7 7V EDBRICOVLTHR S, 2T, BRE
WRIRINC SR B 22 IR ALTE 2 i U 7 BRI 3 U 2 TERER OEER L2 R 2, 7, ERBRIRICET 2
HEDH R L AEBHIORMIC & 2 MHRATIN § 2 RSB O KIGHEDE IS OV THHN S, E 61, M
BUZN§ TR & TRRBIREY O RIGH: L TEREHDHE I N Tw 2 7y 7 & oBfRIcOWTH
N5, BIETIE, HRBRIEHIINGAEZ M U 7 EZEHES L M I A F L T 2 ERSHERIcBL
T, BB R E R L2HIE L T 2L Ho»IcT 5, F4FETIE, FAERIEGIC RN A
HIEALEE % 5 U 72 F RS R OB OB DR IC B 2 P 7 > 77> D e L TERER I & W T llfa o 3
VBT A EOZEZERICBIZE L, RES LOHRT Y 7 EIWBER I BT 2 il RO & OBk
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F1E EREFHEROIR - KEMLOBRETRT YT

FB1H EREFHEROSR - KBMEOBHEKH & RERR
1.1 #
SHEENCOLTIE, BERNICE 1 3 IREHIHO A RIEREE L CENSN T E 0, —Ho RRE
BIzEo TRy, —7, DHEEPHEEHL B o IRE L EREREWOART DD, BEHRICE»TE
BT ABIc O W TS £ Hh AL N T2 (Savidge and Wareing 1981a), BlENIZ B W TR D
DHEBRBREVORBIMEOFEHZHIEH L CO M2 ICT 2 2OIE, WAL A KPR U ki
THEFREPHENRZ 2MSOBEEIC O DLW THEMLBELZE > T BEXH B,

AREITIE, REHEME LTH Ty EERHEB L LTAXZH VT, BRBAMEODRE L ORI L
OEBRHY - ISR OBRNIC B T 2 28 L TERBRIREICE T 2 E0FELA R Iy a— DR EDH
Y Ea A

i

1.2 MEBILUERRAE
1.2.1 #HK

RIS, IUBLRE BRI T M LI L D RA N D 3544 A 5 <Y (Larix kaempferi Carr.) 41 L
2654 2 ¥ (Cryptomeria japonica D.Don) #5756 BMED R THEOEMT 2 E 210K 2FEE L -
(Table 1-1). B 2 ICTEREH OMIRIARIRIREEICH 2 L BHN 519894 3 H 9 HH S IZIF10B M THEMEST
» o 1 AT OUHERZHERL 7.

Table 1 -1. Mensurational characteristics of the sample trees.

Larix kaempferi (n=10) Cryptomeria japonica (n=10)
Collection date Height(m) Crown ratio (%) Height(m) Crown ratio (%)
1989
March 9 18 28 16 44
March 19 18 30 14 35
March 28 20 35 18 46
April 7 19 30 15 36
April 18 20 23 17 38
April 28 19 29 15 37
May 9 17 37 14 37
May 18 18 39 15 23
May 27 20 25 16 45
June 15 19 33 15 30

1.2.2 HEHEDRELUHEESABOMER

KR L -k ofEs o, i EE0. 2mOIFi 2R E LT 2V L 2mEKETISEO M2 R 7. £M%
DR —FH LB T 2820 S TERBH & & T ORI E & AL & ARHE T & ERAAE X CEAROR X
PI0mmH K7y 7 EE Immdph7ay 728 B L7,

K7y Z7IZFAA (FLVA7LTFE R EEEE:70% X% /—)L=5:5:90) i< 3 HEEREL CHEZEEL 7-
%, —BRRAKTHREL 2, BEELAZ 7oy 71350, 70, 90, 100, 100% D% ) —)Ls ) — XX 3 HiE$
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BRELCHALLE, PxFri—F 29/ —VERKICIHEREL Z, tog oy 2Bdict+oaE
X DD, 0COEBRF TRy 72 IFNVI—FN-28 ) —VERBICNT 5IREDR, 4, 6, 8, 10%
DEuAY ) —XCBOEBD3IHMEREL., 7oy 72 ffloasfiic ANl P ry2EE, /n
DAL LFTROA PR BEYRES IS LI, kuf PVEBL 7oy 22 BRI i) 725, 0%
I¥ /) —=NMZ2HEREL 7z, AL 25825, THOMA - JUNGHEI: 7 b —A4 ((BR) KAEHE T, BE)
TIOumB RO A 24THI L 7=,

0umBoROYIFICE, 772y —7 7 A ) —VFCFERELZMEL. £7, V7=V 2RET5
72O UIF%#0.5% % 7 9= -50% L% /) — )VIRIRIC 4 RERBE L 72#%, 50, 70, 90%D¥ /) —iL> ) —XIC
MER 5 3T ORE L 72e RIZ, A0 —RAEOEEF 2 AT L0 %20.5% 7 7 A+ 7Y —VFCF - =
87— VIERICIGFRE L7z, ZEREELLAROVRE, 7 by Tlitof S UAEE2HL 7%, ¥ Lo
BELTPLOATIA FITIRCEETHF ISV Y LTEHAL 72

Mg oL 7=/h7ay 71k, BiEEE L TO. 1M Y EEEEAR TS BICHRLELZI AL T LT T
12K ENEZ L 728, 0. 1MV vERREARIC K 2 | Rfilodx MM L 72, Xic, BEERE LT
0. IMV) v EEBEAI T 2 %ICFIR L 72 DUBefb A 2 3 7 A IGHRTRIE L 72, M2 —EEE L 27 ay 713,
0. 1MV v EEEEIARK TLo7r, ARRKTIONWR L 728, BiKT 5791230, 50, 70, 80, 90, 95, 100, 100% D
T EF Y= RIERI0GTOREL 72, U EOMBIZ TR TACTE ko7, BiAKRBEZL 7-/h7 0y
JET7R by 7RELYAFY A FERKIZ20, 7oL ryAX44 N30y, 7aElL vyt x4 P
SpurrfffE (Spurr1969) #2:1, 1:1, 1:2, 1:3, 1 :4QHEATRALLES UV —XD I b2 1DREARICIZ
3047, % DIEHDOREWITIZNER 1 B3 0R2E L 728, SpurrliiEIC [2FEE L 72, U L OLHIZ§ N TR
TEI o7, BilF2RESE /A7 0y 7% SpurrBHiE A O S I A, Spurrliifis %724, 70°CIC 3R
L7 HRMOF T 8 KT THilE 2 E& 3¢ 7, Spurrlifig CAE L 238K 6, FIRFA 7EFoTI L
F3 327w b—24 (ULTRACUT N ; Reichert, Vienna, Austria) T1 umBEDOARKOEI A ZHIEIL 7=,

1 umBOROYRE% AT 4 B 7728, 10%7% 2@ TL, MALTUREZRATA FF T RAIEKD
372, YR EICHREEKEF Y 7 LA TpHI. QIR L 720.2% 7 AVB/KIERZM T L, MEL TYIR % §ufa
Lz 2974 F7 5 AOBMICTAZIFTUR 2L, H I 7%, Entellan(MERCK Ltd., Darmstadt,
Germany) THAL 7,

1.2.3 EABTMEROSHERSHOHE

MBSy HASTHE L 72 TEBUBH T3, B2 X o CTHIA L 72 2 DO RMIIO I HT 72 I BERBEDTEIR &
T, BEEFOREEZRHIROBEHREEIC LR TE LS ECDT, KEEMECOLARICHNT L 2 L3 TE
% (Fig.1-1b,d), %I T, N¥EBEBE T CHEOEREENZED S - WREFHIIBEIC R EBHL Tuit t
HE L, ZoOHEELS LIC, BRNOKTIICE T 2ROy ZEHFH L, BRI O]
B, Mg S ofMofE N T 2 EaE TR L (Fig.1-2),

1. 2.4 FREHMREEHFERTMIOHH
LW ORIBIAIC X, TEREH ZRIOREH DD D ICTERE N BBV S < HIEE DR B OB 12 6%



SHRIIC 5510 2 IR S X ORI LD HIRIIZBIT 2 0% 6o
BELTws (Fig.1-1a,¢)s LEdi>7T, HREHMIOSHSEE L ZBICER S NAMIEIE, TEREE LK
MIREBORICEREIN TV, 22T, BRERFHIROSHEUOIEERIZ M 5 72012, #EK» SFIRL
Te 70y 7120 CUBRER L MM REE 1B £ h -l & TR HRFRRIEIC 2 W T30 51 & 72 ) o SFEfifa sk
PEML 7,

Fig. 1-1. Transverse view of the cambial zone in samples collected from stem portions of Larix kaempferi
and Cryptomeria japonica, as viewed under a light microscope. a Dormant cambium in L.
kaempferi collected on March 28 1989. The cambial zone was located between a tier of thick-walled
xylem cells and phloem cells and was 4 to 5 cells wide during dormancy. b Re-initiation of cell
division in the cambial zone in L. kaempferi collected on April 7 1989. Newly formed cambial zone
cells with thin cell walls(e.g., arrow) were observed in the cambial zone. ¢ Dormant cambium in C.
Jjaponica collected on March 19 1989. The cambial zone was located between a tier of thick-walled
xylem cells and phloem cells and was 5 to 6 cells wide during dormancy. d Re-initiation of cell
division in the cambial zone in C. japonica collected on March 28 1989. Newly formed cambial zone
cells with thin cell walls (e.g., arrow) were observed in the cambial zone. cz, Cambial zone; ph,
phloem; xy, xylem. Bars = 30 um
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Sampling
portion

Fig. 1-2. Relative position of the sampling portion (Rp). Rp=D/HX100(%),
where D is the distance from the ground level to the sampling portion
and H is tree height.

1.2.5 AEMETHEOXS & EHE

PRI S 5 % B U 72 JEBUE R > & IRAE L - Ml 0 —3B1%, 3ERE % Ko CTIREE 1ML T 5. TBRIEIRE
VOREE ~D B IL, MEOBHEERICIRE D, ZXEERE & RME2 R CRBEIERL TETT 3 (5
#e 1976), # 2T, HMEREW ERDOREH DK D D ISR 3 N B REE 1Bt £ - M2 DU o 3%E 12
> TRy L7z, MUBEDBRRRION T 2 BB O DS, BOEEARASH L /-l o X OfE & b b K E Lz
BERRDOIERDR Z > TV B IR & L 7- (Uggla 1998, Fig.1-3b), “XEBEZE LT —23 27074 7 UL
B—EDHEICERLEFINT 202D OBRINTHLE0T, EEMED I F=ar Tl TR
2% (BHho 1976), 2 2T, fRCHMB CHE L2 L 212 LTV 2 MllaE S RERERMIE L7
(Fig.1-3a,b). #7 7=V iZ ko CHIlEBEFR DY 7= v 3R B b RIPE2NHEAK L T 2 Ml BBk E &
EL7 (Fig.1-3c¢), ML L3RS LI, BENOZIICE T 2 WREIREY ORI O BB %2 FH~
Teo 50T, REOLOEBIRDIE T 2 72012, KHRINE, ZXREEERMIIE & RARER 120\ T30k
5 H 70 OFgfiEEE Bl L, BNEZOMER, > S OBMOBMEICN T2 HSERTRL
(Fig.1-2),
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Fig. 1-3. Transverse view of the cambial zone, differentiating tracheids and matured tracheids in stem
portions of Cryptomeria japonica. a A zone of cambial zone cells(cz), radially enlarging xylem cells
(ex) and xylem cells with secondary walls (xs). Differentiating tracheids undergoing secondary
wall thickening (asterisk) were glowing, as observed by polarized light microscopy. b The same
region as in Fig. 1 -3a, as viewed under a light microscope. ¢ A zone of newly formed earlywood
tracheids (mt), as viewed under a light microscope. The right-hand side of each photograph
corresponds to the xylem side. ph, Phloem; xy, xylem. Bars = 60 um
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Fig. 1-4. Variations of cambial reactivation within stems of Larix kaempferi in
1989. Open and filled symbols indicate the dormant and reactivated
cambia, respectively. (circles : in the crown, squares : under the crown)

1.3 BRESIVEE
1.3.1 EEESCSTIMEIROBHREE

7= OBENICE T 3TERBTH O AZAOHMEEZFig. 1-410R8 Y, A7~y TRBIELZMMBL3
A9H»S 3 H28H £ T, BHEEHNDWTROEALIZE VT HTEBERHIICH 72 I TR X 117 i\ B BE 33
donizhot (Fig.l-la), L7357, 3 A28H F TRIRBHMIIIZIKIRREICH -7 LW L7, 3H
28H2510H# D 4 A 7 QiCizfEN0I2IFeET (Fig. 1-1b), X 5IC11HED 4 HISHICIEE FEET b K
JETERIRIZ BT 7 IR S L B B X N, USRIy R 2 P 2R, IR E BT &
TR ENAMO TN > 7, EBEITIE, 3 H28H25 4 B18H ORI TERE R M3 i L5 5
THEN EWRIHEEBIRL T TR S 5,

AX OBBNICE T 2 TREHFHIEO S HOHHRHN 2 Fig. 1 -5107 7, AX CIIEZLHBRLZ-3 A I
5 3 HI9H £ T, BENOWLTROEWLITE W THIERBEHMBICH 72 IR & (L7 O BHRBEILER Y & s
otz (Fig.1-1c¢). L7zd3-oT, 3 AI9H FclRETHIIRIRIREBICH -7 LML 72, 3 AI9HDS
9 H# 9 3 H28HIZIZTER IS EA, TO AERBR I i/ IR S - EieErslo s (Fig. 1-1d), &5
CI0H# D 4 A 7 Hi 33ROl EE o " 2B L Twik, AFXiIck»Tid, BREwEME
DODHEBDA T~ D X I BB EAH» S REMIZEZ 27 Dh, —FIICH 5 0IMBRWICRZ >0
RYWT S LIZEL v, LA LAYS, AXOEENICE T 2B HRO S RERSKENTH 2% 5
X, 4BTHORE TV BEELRENZR T EEZ S, MBS (1987) &, AFITO>WUEREEEOKE %L F
g CHEE L, WEREHMMEO S ZEERTIE, BEERETHE OMICKELENZVILEZRLTWS, L
7eho T, AXOBBMNICE T 2 TEREFMO 2 HERIREN E VI XD —FND 5 VIZERENICEZ > 7%
LHMT L7, AT EAXORBIEBNICE T 2 TREFMIO S HEFHZHS 2T 37201, 10HXD
bEOHERETHEL B %) BEND B,
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Fig. 1-5. Variations of cambial reactivation within stems of Cryptomeria japonica
in 1989. Open and filled symbols indicate the dormant and reactivated
cambia, respectively. (circles : in the crown, squares : under the crown)

1.3.2 HFORFKHE

AoV TIBELZHB L3I BICEFZEF L Tukhoks, 10050 3 AI9HICIZZFR X 2HER L
Too —H, AXTIHEELBOL3HIHPS4ATHETIEFEAF L Cokdrokd, 4 HISAICIZFER S
RHR L, LidioT, FoRFRIEZ, 472y CRIEREFROSEE L o THZEI N4 ATHE
DORC3HIH»S 3HIIHOMTH Y, XX TRFREHFMEOTHOEM I BBRSIR CHAINL4AT
HEbbEL4BT7THD»S 4 HISBHOMTH -7/ L& 2 %, Ladefoged (1952) &, W ({ Db OffEIZOWTH
DRAFR & Bl OMEEIC B T 2 RETHRO S REFRRHZ /A Tw 5, BEHESCO VWAL, hI
VERBUA Ty (Larix) BTIEIFELREICHRP [,., A X LIRS ERIC W TIE, T3 (Abies) BV
BTkl 7=VEERARICFEDORFENEIZEZ 205 FYE (Picea) BE PV Y F (Pseudotsuga) J& T3
BRI O ZERBRTT S EMEL T2, INsDE» S, FEHERCIERETIRISHEH
S 2 7- DICIEIFLF T 2 4083 b, FRkEHERC IO S REE L FoBF I 26T L HBIFR
Bt EZ 5,

BEFEOHEGCTIX, MRREZKOLY 2 — F OREE TRAICTUREFHESERE RGBT 8
BZmINTED, FPHEORE LR BFHEOSHBEHICIIHELRBEFE?H 2 L EZL 5N TE (Priestley
1930), X 512, JEEREHMIEO 2 AHRIIBEBOERIOE I TRUNCIHE D, DUBIEXTHE TR S Z &
(Priestley 1930), % LT, MFOMENMEZIE L 72 EMTIIBEROEXRESIIH I NS Z 55 (Savidge
and Wareing 1981a ; EEH' 1950a, b), TEJEHMMEO 7 HEHZFE T 2WEIIREL TV 52 2 — FRHET
ERINTEY, BBHNZREMCBE L TRREFANLBEIN TR I ENRRINTEL, RALT—F
YTHBIAAL, BERELTwE 2 —FTERING L, 72, BBRNICEBLWTERD TRENLBHETE
ZARTIE, oI, FEFCRELTEZMEL ZRICTAAZAERNICE 2 2 LIPREEMEO 23 & REBEEIEE)
DEEPEE 2 2 L o ERBEEEZHEHT 2R TO 1 2 LTHEBE N TV % (Sundberg et al. 2000), —75,
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FHETER I NINEREY D SIRAE L, BENZ RENICER L ZREFOEOBMHMAIC T 7 e LT
#Z 5013 (Zimmermann 1971; Blechschmidt-Schneider 1990) JE&BEY O RVAMER D b R EIEE I <
FboTWw3EEZSNTWS (Krabel 2000).

A 7=y ORI E T 2IREHE A SHERA L, Ladefoged (1952) 234 7 2 VEIZ DWW THE L
TV k)i a— tPEREREZFBL-BICH S, £, ZoHBFERE, RENLREQZRLZ. 47
2V Tk, BIEBNICE T 3BT O 9 ZE R o B ADEAREY O /AR T L IAAOBE R
ERIU CRENTH Y, BREFHEO T AEFREPIAADE D LERBETH L 2 —F LALEETH 2
BFHEEDOREHBRI L D OB TH S 2 L5, MEREYOEERT L IAADTERE R O 73 F 5 & 3 <
fRb-> TV 3 ARENED D 5.

LN REEDVEE L TR WIEEHER T, R IBE BT 2 AR ETAADERDE 2 kbt T
Va5 ATREMEIZE C, TERRETH ICBEE ST 2 B REY DO WIBHED EIAADRBR B Y D nwtEZ S, L
7o T, VRESHERITIE, FOHFL CRRERB LY 2 — 26 ZRZWIBRBEBH I IcGIn s
BREYDOTEMEE I EIAAIC & > T, BREHFMIED 7 REFRICHE R L NI EREY O AEER T &
TAADBDHE L 7- 3O 0 5 IR TR EH M T H 2 R 5.

A X DOEBNICE T TERETHRO T HEHIE, RENZERNZRST, va— P PHMRREZEHEFT 28
Mo BEIMHE -, AXTIE, BWEHNICE T 2 ERBH MO ZEFRRHICEREY O WIBHRT &
IAADR BRI L I3 R G 2HBIRRAZ R L, JMAOBOLRERBETH S 2 — F LALERE TH 2 EORE
BRI & D S RNICE Z 2 2 &5 5, ERETFHIED DHERIOGAREY DO TWBEER T EIAADE  fRb > T
V> % AMREE IR

BAEIEETOY 2 — P EAUCHBORRKEEZRET 2BE 2R > TR I LBRINTVD
(Savidge and Wareing 1981a ; B 1950a, b) . HHZEEBTH 2 A XTI, HKREEHTHRATEICE O TERX
NI MEREY O ONEER T L IAADTRE T~ E MBI N T 2[R H 5, L3> T, AFXTIE, IR
T O TRE™ ICHAE L T o 206G REYI O FIIEMEST L IAAD BIITEREH Oy AR & MR T 5 7 O o B
ZRLUNNVICEL T3 EEZ 5, IBRETMIESDHZ BT 2 72 O IC BB G EREY O MBS PIAA
EDWEBHE T2 D\ TR TR - SN TL 2 REWTIE, HI2IE, KD & ) IcBigedIicEiT 55
HERTFH5 & & o> TEBRBEFHRODHIHEHRT 2 L EZ 5,

1. 3.3 EREBFCEITDMERIEDFEING

A7 =Y ORENICE T 3 TERER N & AR OB Z Fig. 1-610R T, LHOKRIBIICIZA 7 <Y D
BRJEH I 3~ b oMl TR IN Tz, 4 7 HIZIZBEANEToAREFHIO 5 HER MR S N
3, FAEMBEOBIEAZ (, BEAICEWTE- &) LEEBEIERED S hd o7, KTETHIERER M
DRRVHER SN D HIBIZK 2 &, MBNICET 2EBETFHIRO 2RO EESRILICEE EVWIRD SN
o $bb, MREEREEOHRELD PP LW TRAEAD, Z2Ih5THETRABICEHA L,
DERIIRE OB E & HICEHEFIC R o7,
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Fig. 1-6. Variations of the number of cambial zone cells and cambial derivatives
within stems in Larix kaempferi. (O : March 28, $ : April 18, A : May 9,
> : May 27, ¥ : June 15) Filled and open symbols indicate the samples
collected from the portions located in the crown and under the crown,
respectively.

A ¥ OBENICE ) 2 RE M & FEMBOREE Fig. 1-7I10R T, ZHOKIRIICIZA X OBRERIE
I~THOMBETHK I N Twiz, XX T, BREFMHEROSREREOTFEEIIRMORE & & b I
WTREM A ESEEZ R L 7. SRS clilasR®SERINZ4BTHICE, EoE) & LEmizR sk
Dote, L LSS, FREVEEINL4HISHICZS EMESHEIETE L W EEBRETERTH -7,
DOMERNIIFERIORE & & Ik D BEEFEIC R o T, HRREES TS B Picea sitchensis (Denne 1979) & Pinus
‘ridiga (Brown 1912) Ti%, BIEMIZE T 2 FIERBHBOBREIC OV CRHELFH I SN T WS, WTNo
WETH, HREHMEOSHEE R TE L ) SEENT TR 22 BRI N T 5,

TR AR D5y FBERE 2 MERS T 2 72 O ICIZTAA L > a Blie EONABEV O SRR BB ETH 5 L EZ
5N T3 (Savidge and Wareing 1981a; Krabel 2000), & 7= T, BREHFHEOREE T X
D HIEENE TR 7 (Fig. 1-6), ZHDORIEIICIZSEENE S L TR WIEEHIERNCIE, FBBFT 2 L
MEREZEMAL:Y 2 — b EFR IR I N HENZ N ZTNIAA L KEBED OH /- L tREIC % 5, Lk
230 T, WHEHHROSEEM IS 2 — F EFEORR B L CRAREY O AR S L IAADORKEN 42 BEH)
BHELFECRDLTED, Y a— MOEVEENEE EMEORIZIERIcRD EEZ D, —F, AXTIE, HFK
Z ORISR CRRBHMIS SN ZBT 2 2 £ 5, KIEHICH REETHAR EIAADERDE Xk
b TE Y NHEBREY O EERS L IAAGBSREOMRBH ICEHEINTO 2 HRELH 5, L L5,
EMBFEF LT 2— FOREVHE 2 &, BIENECIBRETMEO YZEES2BICE 2D, BHTFHE
2R EREOMICE L WEPRD SN, Lo T, FBHFLE&IRZ, RELTw3 Y a— FIIAA
ERABREVOF 7= IR L2 D, T ORISR WERMLIC B W TERBEMEO Y ZIIE kb L £2 5,
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Fig. 1-7. Variations of the number of cambial zone cells and cambial derivatives
within stems of Cryptomeria japonica.(<] : March 19, O : April 7,  : April
18, A : May 9, > : May 27, V : June 15) Filled and open symbols indicate
the samples collected from the portions located in the crown and under the
crown, respectively.

1. 3.4 KRBMEOBFIREE EEERR

77 =Y OBENICE T 5 KE LB & BRI Fig. 1-81CR Y, A7y T34 H28HICIEL®
THRHHMBEBIE S N, IRAHHINE Z ORFHIC 3BLCBES 2B TR o DT, HRIBIREY D BRI
KOBEBIRFIC DWW TIBBRNICB T 280 IR TE L d o 7, Ao BIBENO EABTEL 22
AR SN, ZofEmE 4 H2Z8H»S11HEZED S H 9 HICiE X oI BHEF Ik > 7, ZREEEERHEDN L
OTEEINLZDIR, 5A9IHTH-7, ZORICIIZRENEFMEIIEENO LA ToAEEI N, &
THOTHBEEETH CRERIN Ao, BHFHTIE5HIH2S 9 A% D 5 AI8H Iz REEALEH M)
BEIND, ZOBIIBHTENEIC T o7, BRAREEIZ5 HISHICIZ U S THEL, #Eo Rl
TOABIE XN, 5 AIBHD S 9 HiED 5 H2THIZ I FH < MAREE HBIE I 703, 2 0RIIEEAN
WIZHRTE L Db o,
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Fig. 1-8. The appearance of radially enlarging cells (O), secondary wall thickening
cells (A\) and mature tracheids ((J) within stems of Larix kaempferi. Filled
and open symbols indicate the samples collected from the portions located
in the crown and under the crown, respectively.

A X ORPENICE T 5 RKELOFBHRH LGSR Z Fig. 1-910R7 ¢, A ¥ Tld 4 HI8H I IE KA
23, 4 H28H I3 —REEERMELS, 5 H 9 HICIIRAGGEE NI U O THERR S /e, XX THEENICE T
I ARHMINEE & O T XEBEIEE AN & RAGEE D HIBRIE, A7 =y LIRIFRAIUHAZ R L7 $4abb,
AR LA & BB 3R T E I AR TEIE N Ic B W TR CHIBIL, Zh s offifagiz Lo - 7,

YAIEGIBERC b 2 Larix laricina (Knudson 1913), ##&$ 32/ T & % Picea sitchensis (Denne 1979) & Pinus
contorta var. latifolia (Savidge and Wareing 1981a) Tid, SEMNICE T 2 KB {Liafigo BIREX1F/HX
ENTWV3, INSOBETIE, WIhOAREIMUFHEL BT L b RN T BT 2253 LT
BH, A7V ERAXOBRLE-BMLTVE, A7V EAXTIE, BRHMMEE X O REEIEE IR & R
ROEEIIFOHF L 72BICHBIL, BTEX D SEERNTE TR (BN, 251, WTNORETLDOBRS K
TSR ERENETIER TH o7z, Lcdi> T, keS8 & RS ER OB NIC B 1T 2 KoL
BAIRFHA L IEEHRDLIE, & 2 — FOHEOMR EFRRICBERLTE D, 06 OHE THER S THIERN 2 KA
KBHTIRERZR > AR FIC L > THIIZ T 3 L EZ 5, TERIBIREY D Ir{KIZIZIAA (Savidge and
Wareing 1981a ; Savidge 1983 ; Sundberg et al. 2000) & > 3§k E O HAREY O AAEMER 5 (Wetmore and
Rier 1963 ; Warren Wilson et al. 1994 ; Krabel 2000) 3% > T\ 5 2 EMNRBINT V5,
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Fig. 1-9. The appearance of radially enlarging cells (O) , secondary wall thickening
cells(A) and mature tracheids([J) within stems of Cryptomeria japonica.
Filled and open symbols indicate the samples collected from the portions
located in the crown and under the crown, respectively.

1.4 #& ®
EEHERE LTH Ty EERITES L L TAX 2RV, BRENHMIRO SR E X CORES Lo
- BRI OBENIC BT 288 ERBRIBIIC S T 2 EnFEL A RICy 2 — FORE L OBFREEH
7z,
(1) PEIESHERTCIITEE MDA BT 2 70 3FEDBIF T 2 L EHH b, HREHERCIITRREH
MO 2R & FOBF 4T L HBIR 2L 2 EavRE i,
() WHEH B THESH BRI 2EEDS Z20BREE LT, BEHEBTIHEREL T3
¥a— b CTHER S BN L RENICEE L OB I S0 2 NIRRT, FikerEsciisimadic
H3 2 508R o8 o i,
(3) HRRHERCIITENIHF L 2B, EREHFHEISHT 2 2D B ANHRF O~ RAEClE X
CBLICHRRERFDOY 2 — MKEL TV 3 2 EBRERI N,
(4) EEESHERTT O BRIERTH, BBNICET 2 RBLOBHR & EERIIE, > 2— P OBELIES
Fb-oTED, INSDORETERINBBNZ RENCBEH T 252 R 7-AFRTFIc k> THiE N T
VWEZEPRBI NI,
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F2f FEREFMOCEEIhTWSTY T
2.1 ¥ B

1 EE 1ETIE, SEMOBRNICE T BB SR L ERBIRED ORI L OB & 158
RELAHS, MRS HELARE MU HELYE (NEET) OBBRICET 2RRBRIEEZ KL TV 5 2 EMBRKRS
Nz, SHETERI N NERED, ¥ afhk EORBEERD & L TERNZ BE) L TEBUEH AT O e
BicF vy 7y LTEZ 5N % (Zimmermann 1971 ; Blechschmidt-Schneider 1990), Z#15 DT v 7 v
5iF, MIEEDIIAX—HLE L TAUREYETH YD, IAAL &b ICTHBEFMRRO 2 HPLTERBIREY O
FLICEL R TWwB EEZLNTWVEY aff (Wetmore and Rier 1963 ; Warren Wilson et al. 1994) 237
RIBHAICHEIR I N TV B 2 ENRB I LT % (Zimmermann 1971 ; Blechschmidt-Schneider 1990), L 7225
T, EEEHAHE O S 7 v 7 B E T OUSTEERER D >~ a BEOAHEDIT & 2 &> Tw
HAMREMEIE @V EFE X B,

Afiicid, WREHMEOSHE EWRBIREDORR LIS HELNERFO 1 2 EZ 5N 3 afEnftis
BTHIMHT v 7V IicERL, BEHERL L TH Iy, ERERE LTAF L Fey 2V, kiR
Wi BT 2 BRI O 57 H & RE ML O BBR S - EBRIL & EBREH RIS Tw B Ty 7 ED
BEHRIZ DD TR,

2.2 MRIBLURBAE
2.2.1 #EK

AR, BEROEFBTREMBEAEERNDISEEA 7wV hg EABFEAXKT LD 2 FET
2, WIS ATBIEAMAKEE 2 v & —JEEBF SN D044 + F <Y (Abies sachalinensis (Schmidt) Masters)
oy &k b ARG EEE L 7. B4 OBEEAARD KRR & 13 2 Table 1 -2/ L 7=,

2. 2.2 HRENELUBREAROER

R L 73ROt s: 5 1, #h ER0. 2mOMrz &R E LT 2 L 2 miEkTHBZERL 72, £M%D
[F— A HNCAZE T 2800 & TR L H T OME S L ORB2 &AM A L BERARE L C#HAROR X2
10mmoa 7' vy 7 %241 h H L 7,

7Ty 7i3E1E]. 2. 2 THOEFEIESTFAATEEL T, £Faa— L caE L, aL -3E»
520~30umBEDOROB XV E S HYIF ZYIHIL 72, BEKH>TH 7720 -7 7R 7Y —FCFTHL
ORI A R O THBBIE 28 kot T Y 7V 288 T 5200 R i3a v#E—a vt
A7 LARIBITHAA L, JFBEME E A TR L

2.2.3 MRS - KEHMEOEERT O
B1#EL.2.3, 1.2.4BX01. 2.5 THEL LS T, WEBEHMIOSH & RBILOEER
W% dHE L7z, Ao ERR, B s OEEoBEICHTAESR TR L (Fig. 1-2),
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Table 1-2. Mensurational characteristics of the sample trees.

Collection date Height(m) Crown ratio(%) Height(m) Crown ratio (%)
2001 Larix kaempferi (n=2) Cryptomeria japonica (n=2)
April 6 21 42 23 22

April 24 22 18 24 22

2001 Abies sachalinensis (n=4)

April 12 14 80

April 19 13 75

April 26 16 50

May 9 13 45

2.3 HRELUEER
2.3.1 EREBTHROSH - AEMEO B EZEIRR
ﬁ57Vmﬁ%WuﬁuéﬁmE%mﬁwﬁﬁkk%ﬁ%@%@%%%mghmuﬁfoﬁ?vVTuﬁﬁ
Ziao 74 A6 Hicld, WBADOOLTHOFMIZE L THHRBHMIICH 2 IR S h - &L Bb 2 @R
B3RO o o7z, L7dd->T, 4 H6 BHiCEREFMIERIRREICH >/ E MWL, 4 H24R 1213
HuBE 2 bR < BT EB & BHE NI CREMEF I O HHsHH L T\ i, ERERMIEE & CTEERIEH & B KEE
CHENAAEORIE, RTHE D LBBAE TS o7, NSO RIE, F1EFIHcBEINLIT2
Y ORI E T 3 TREFHIED 3 HOBRHE X CESRILE —KT 2, H 7Y ORBNIZEIT 2K
RO HOBHFFHIZRENTH Y, THOFEHRIIIETHEL D bEENTTHERTHL LEZX D,
AX OBBNIC BT 2TREFMRO S H L R LOFEESH RN ZFig. 1-111R3 T, AXTid, BT HO-
4 H 6 Biclx, B TECRIZERBHMICE IR I N8O EREE LR o o T TREH RIRIREIC H -
7o, BIENECIRERETHROZHBERL T/, B 1 EH | HioBEF{RLMES (1987) oREDL 6,
A X OBENICE T B TZREHRINE O 0 K FRAR SRR Tld v ST L 7228, 5 RI0#E I3 RE W 2410
EZRLTw3, 4248101, ETHTOREFHRROSRA»E/HRLTE Y, BENO THH IRk
23, EAECIE REEIEE R BIE S 0, TERERHITE R X ORISR & B OB (o Bk E - MR o 31
&, BEATIEREABIEES R2HAZR L, TNS5OBRE, FIEHIHOBEHERE -BLTEY
AX OBBERNICB T B REFEHRO S LRI CIEBSRNO T HE LD LA TERTH S LEZ S,
ey oBBNICE T 2R HREOSH LR LOESIRMZ Fig. 1-121I7R7, PV TIXEE
iR 4 HI2HI2IE, S cRERMIR BRI H 2T L <8 ), BENO LA TR R
PEE XN, BEBIREYO RS CIIREOREE L & HIGETL, BBRATIETAHEL D b EAT OB
BaEATH, 589 QI THTIRERBIREY ORI IEHIEO KA FEIMENT 2BETH 7203,
BN FAE T ZREBEREFHES B X L, TR S & O EH & B GEE 1o B - fila
D¥iE, 4HI2AD S 4 H26H £ TREIANTORENID % —EDEATHML Twiehs, 4H26H»55H
9 HicH TN T EAEIE ERMBIIAE S, 2 EICBENOBMETIRABICEML 72, b Fe YT,
B NIC B 2 EHHIIE O 2 L RBGIIBRNOTAHBE Y b LR TERTH L LEX B,
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Relative position of the sampling portion (%)

L 1

20 30 40

Number of cells

Fig. 1-10. Variations of the number of cambial zone cells and cambial derivatives
within stems of Larix kaempferi. O and <> indicate dormancy and cell
division, respectively. (solid line : 6 April 2001, broken line : 24 April 2001)
Filled and open symbols indicate the samples collected from the portions
located in the crown and under the crown, respectively.
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Fig. 1-11. Variations of the number of cambial zone cells and cambial derivatives
within stems in Cryptomeria japonica. O, , A and [ indicate
dormancy, cell division, radial enlargement and secondary wall
thickening, respectively. (solid line : 6 April 2001, broken line : 24 April
2001) Filled and open symbols indicate the samples collected from the
portions located in the crown and under the crown, respectively.
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2.3.2 EREBTHMECEBREIATWDSTY Ty

A 72V T, BEBEROWLTNOEMICE VT OB IRIRIREIC S -7 4 H 6 B2, BREWLZO
W AAR T & B BURRLER & A RMia, SERNETIET Y 7y Bl E L Twiot (Fig. 1-13a), B TETIE
T > 7V 3B sk o7 (Fig. 1-13¢), BENOWLTROEHMICE W THREHMIED 22355 L
TWie 4 H24H121%, TERERHAEE O R & MM T > 7 g S hi (Fig. 1-13¢c, d)e AF
T, RIEIRREIC S - 2B T OB ER DAL, BREHES & MR T v 7y PirlEntunk
(Fig. 1-14a), MM R AL L Q7280 T3, TREUEHAHE O BURHLE & BT R T
7B N (Fig. 1-14b, ¢, d) . HAER L v & —JLIREBEESENICHER I LTV 745644 b Fe Y okfE
MR A 5 3 A30B ICHHL L 7 Rt O EUEH AHE DR T % Fig. 1 -15alcR 3, JEREHRIIIC T 2 1Tl S h
T OBHREED GRS SN o DT, I ORI OB OB IS RRIREBICH o7 LW L7z, B F
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Fig. 1-12. Variations of the number of cambial zone cells and cambial derivatives
within stems in Abies sachalinensis. <, /A and O indicate cell division,
radial enlargement and secondary wall thickening, respectively. (solid
line : 12 April 2001, broken line : 19 April 2001, bold solid line : 26 April
2001, bold broken line : 9 May) Filled and open symbols indicate the
samples collected from the portions located in the crown and under the
crown, respectively.
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(Cell division, Apr 24, In the crown)

" i
f—

(Dormant, Apr 6, Under the crown) (Cell division, Apr 24, Under the crown)

Fig. 1-13. Localization of storage starch (arrows) around the cambial zone (between arrowheads) in Larix
kaempferi, as viewed transversally under a light microscope. a A sample obtained from stem
portion in the crown on April 6 2001, in which the cambium was dormant. b A sample obtained
from stem portion in the crown on April 24 2001, in which the cambium re-initiated cell division.
¢ A sample obtained from stem portion under the crown on April 6 2001, in which the cambium
was dormant. d A sample obtained from stem portion under the crown on April 24 2001, in which
the cambium re-initiated cell division. The bottom of each photograph corresponds to the xylem
side. pp, Phloem parenchyma; r, ray. Bars = 30 um
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(Secondary wall thickening, Apr 24, In the crown)

Localization of storage starch (arrows) around the cambial zone (between arrowheads) in
Cryptomeria japonica, as viewed transversally under a light microscope. a A sample obtained
from stem portion under the crown on April 6 2001, in which the cambium was dormant. b A
sample obtained from stem portion in the crown on April 6 2001, in which the cambium re-
initiated cell division. ¢ A sample obtained from stem portion in the crown on April 24 2001, in
which radially enlarging xylem cells (ex) were observed. d A sample obtained from stem portion
in the crown on April 24 2001, in which xylem cells with secondary walls (xs) were observed. The
bottom of each photograph corresponds to the xylem side. pp, Phloem parenchyma; r, ray. Bars =

30 pum
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< TIIARHRIREEIC & 5 TR B O A 12 13 U R & BRI 7> 77 v TR S T e, Ml RS AR
LR L T BTk, TEBER VL O ML & MR TR T v 7y g S (Fig. 1-156
b,c, d)o

MR ER O SR L BBH MR I N TV B 7V 7 GBI IZBR S 5., FHEBHAHE DR
BTy T BEBE N T LR WLERMZTIE (Fig. 1-13¢), BRER IZKIRREIZH -7, —K, ERERRD
4yZ43E®) (Fig. 1-13b, d, 14b, 15b) ®AEHI{L (Fig. 1-14c, d, 15¢, d) 25FHBFAL T T, HERBEHHE
DI 7 v 7 v EE I N, WRERHROSH EWBREIREYOARE T CHET % DI, B
BHMEOH MM Ty 7y B EN TR IREYNH B EEZ 5,

BENICB T, BRBHIRO S HBGRREIRENTH 2 H 72y Tk, BRERMECHEBRIN L3
Fr 7 OB GEVEET 24 LANCIEREN 2 BEKRZ R L7 (Fig. 1-13a, ), HEHERTHI AT~
VT, ZHORBIHICEHENEEL TORVLOTHERIMEIEL T2 7201, TEREH MO R BRI
G I N B EREY O RS ORIV D SR WAIREYNH 5, Licdi>T, A7 <Y ORBRERMTIC
FRINTwE Ty 7o, FHFLTRREFBL 2y 2 — 2 o Fi it I n 3 REREY O WE
BRI E > TRZICHEML, BBRNCBLTERO TRENZ Y —v2RTEE25, 4B6HBEIN.
MEBHNOEREFMITCEREINTwE Ty 7 oiid (Fig. 1-13a,¢), 7 7<= Y Tk, REHFHEO 22 E
B ST L TR T D&MD TREM I SN T CRIEZRL TV B L EZ 5,

46 HiZX, A7=yoRED LTETRZREFMEDIEMMIC 7Y 7 BB I N T\»ieds, HBRE
HIRERRETH 572 (Fig.1-13a), O T, HRBEHFEMNLICHBEIN TV 3 7y 7 v oI RER M
Faps3HW e HET 201+ LLICIBELTES T, X 5ICRAREYN O AR ORE1BETH
», BB, BEREFMHREIDHT 2-OOBREFEHLZINTEST, ILICRBRVPLEATIHENH S
AlREED B 5,

AR ERTH 22X L L Fev TR, RIRREBIZH 2EBHMEIC D, RENREBICH 2 TRBHMEICD
Fr 7y BRI N T (Fig. 1-14a, 15a), HREHEEE T, LHICORBAEICB L THERBB I kb T
BY, WEERHLO BB COREROBERI G I N TV EEZ 5, LdosT, KRIBHITYH
HRSHER OB AT I 3R B R R T 2 -0 I+ R BOF Y 7y BB ENT» 3
AREMEDSE VW, RX T4 H 6 Hic, b FeyTid 3 AR I FTHoERBHMTICFEI N THu Ty 7>
X, RERIRERIC & 2 Bk EER QBRI B v TR R BB RN 712 B8 T 2 SetE s BEic#i7- S h T
WBHIERINLTW A,

Bl SR TS S H 2 EHT 3 20K BBELRRERFIC O TREST TN TLRRETE, &
B X BRI e T 2 MBRA T8 & L ko> CTEREHMRO S HEESE . 2 H#E»H 2, AX
DEMNIC BT B S HFHENIL, £155 | fioBEERLMES (1987) o@iE» 5, k&
T LML 72208, SEOFBRIIRENLE@ZRL v, [R5 E€TH->TH, WREFORE
by B RIS ICEENE RS H UL, BREHIRO SR, Y 2— MBETHE 70, BEohRECTR
BRI o7, BAIK K> TE—FNIC, H2VIHIBRTHE2WEELH 2, LadioT, HikstESOH
BHTIR, BREFREOSHEI» S D ERICEIY, 20MWMEERCE->TRR23EE2 3,



: : — ‘ (Secondary wall thickening, May 9, In the crown)
(Radial enlargement, Apr 26, Under the crown)

Fig. 1-15. Localization of storage starch (arrows) around the cambial zone (between arrowheads) in Abies
sachalinensis, as viewed transversally under a light microscope. a A sample obtained from stem
portion at the breast height on March 30 2001, in which the cambium was dormant. b A sample
obtained from stem portion in the crown on April 12 2001, in which the cambium re-initiated cell
division. ¢ A sample obtained from stem portion under the crown on April 26 2001, in which
radially enlarging xylem cells (ex) were observed. d A sample obtained from stem portion in the
crown on May 9 2001, in which xylem cells with secondary walls (xs) were observed. The bottom
of each photograph corresponds to the xylem side. pp, Phloem parenchyma; r, ray. Bars = 30 um
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2.4 ¥ @

HEESHEB L LTh Iey, HREHERL L CAX L P FevEHLT, BBNICE T 3 EREFHRROSZ
& R OB < IBEMRI E BRI SN TV F v 7y L DBRICO W THHA T,

(1) RO SH L TRBIREV ORE T EET 2 -0 12ld, BRBHEIC T v 7y BIrBI T
WELMEDH B EBRINT,

(2) PEIERHIERCIITUBER IS R 2 T 2 72 0 IR E R WEE T 04013, TMRE Rl AR I
FenT o TN TREMICHE - SN T L 2 BRI N,

(3) HRRSHEERICIE, RIREAICIZBRICTEBUE IR S % BB 5 5 72 D IS B A NIRRT 12 D\ C D e i34
BT INT VLS Z BRI N,

£ ERE

HEMEM L LT oy LERHER L LA 2T, BREHHROSEEB X UARES Lo HHE
B - IEEPRULOBIEE IS B 2 28 L IERBRIBHIC BT 2HEOER L STy 2 — FORE L OBEFEZHFEAN
Too I0IT, HEHMEBRL L THTIY, ERHEBLE LTAX L FeY2AWT, BBNICE T 2RER
M D33 & ARE L O FBHRH - IEEPR YL & IR FANE IS T w5 7 v 7 v L OBRIC DO W THIR T,
BEBNICB T 2 TEREFHEO RO BRI, BRBRERICB I 2HEOHERICL > TR, WHE
WMl ZHERIZ, &7 =Y TIEFSHF L 7RISR O THRE D & BRI 1 TREMNICEB L, A X0
BNTRFEOHFEL D bR CBREMICEI o7, LT, BEHEMTRBEREL T3 2 — N TER
J NN Z RENICBE L TERBHICEE I NS S a il EONEREY O RBER S RIAAZ E O NEEKE
T3, ERESHERC ISR T 2 KRR EOMBR T, WEERICE ) 2 ilasH e Hi X ¢ 5 EE
DBIELETH B EEZ, —F, FORF LRI, HEERCHERIERCOMRIHIETHLD b
RN CERICR S 2 Lo, WREFMESTRT 3 -0ICnBE 2y afih £ ONEREY O AR
IAADHESGIZRAETH L BOIKHEEFD Y o — PIERFEL T3 E#E 2 k., BRBREY D KREB~D oL
X, FEPFHFLARIEZD, BBO EAHIIERIBED, BRTHoL, LEd->T, BRBRIERICE T
ZHEOHFERICH» D ST, BBRNICE T 2 KBS LOEHR & BERRIEY 2 — FORE LEL B2 TE
D, INoDHETERINBBEANZ RENICBE T 2RMEL2F S ZNTBERTFICI>CHIAIEN TR B LEZ
7zo WHBHAEIZ 7Y 7y Bl I NT ok OE T, BEREFIRIEREICS Y, BREFHROSZE
BRSO L C w23 Cl, MRBH T T Y 7y Bl I N Toniz, IhsoER» 5, BB
oA L ERBIREDORE T LHERT 272012, BREHMTICT v 7y BB I N Tw» 5 0ER
HD I ENRINT, FHESEBTIZ, BRNICE W UEREFIRO S HEIRRHASKENTH h, WREW
R I N TS FY 7Y b SABEMT 24 LA EREN 2 HBEERZ R L 7, —7, EaketiEscl,
HKRIRREBIZ H TR OMIEICS T 77V BRI N T, L7ad3-C, MREFHEIOH2EHHT 2~
DITHE e NESR T DSMIZ, & IERHEE < ISTERUE MG D 20 BB 12 5657 » TEIEEN CREMICH - 3 T
WE, HREHEERTCIE LRI BRI - ST w B L E X
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F£28 KEHICMELIBBRRICEIBERETRETBRT YTV

F1E IRLRBIC K DERETEOTES
1.1 #%

FHICEC 2BREFHREO 2HERI, BARCAEL T 2eE (BERT) CREER GHEHET)
Lo THEHEINTVSE EEZ 5N T3 (Savidge and Wareing 1981a), 25 1 ETid, FEMERIC OV TR
HEREL T3y 2 — b TERIUEBNZ RENICEE L TERBRICEGEI NS Y alik EOXERED
DHAER S RIAA L ¥ OWNER T2, FEREESIC OV TIB®RSEIER T 2 KRk E0/EHR TS, B
BB 2R EHIE 2 EEDS OB E L THEIT s,

Savidge and Wareing (1981a) %, ###HIERITH % Pinus contorta var. latifolialZ D> T, JEEBH OMKIR
REBIC & 2 IO 2 RBERRYICIRD 5 &, IR L 728001 B W OB R e B 5 LHEL T
3, D), KRIEHICEHEM R IMRAE 2 BBEHICET - L, BREBESOHEH LREORDLYITMAT,
R EH S TR 2 HRT 2 2O I RBELNHRTORRRIZ AN S DI b EHLTFRTH 5,

AEITIE, FBEHEBL L THI Y, ERHEBL L CAX LI PV AT, ERBIRIEHICREN 2
HNRALER % 2 BRI L 7SI B U 2TERBEHR OEBRZHN, 351, EERBERRBICE T 2HENFE
EAEBHORMBRIC & B HNRAEICN § 3 TRRIBTEE D RIGHE D&V 2 T,

1.2 MHBLURRAE
1.2.1 #EK
HEARE LTI, A7 =i 20 CUIIIREBE DA MG LILE O REMROTEENT D & 3 ik, %
WR DM ITBOE AFMIR AR TR O 19F LMo 5 3 ik, JLERFEBETIEEEMWALGEE
B M O2EAENRT D S 1A, ZAFITOWTRHRROFEFETAFHBERILEERICER I N TWL 144
AWM 6 3EE, PVl o TIINITBRIEAMARERE L v ¥ —ILFEE BN O4R2F4E |+ F < ViRER
KHR I TR - TFI255, 76 2E#%2EE L7 (Table 2-1),

1.2.2 RQE

52T, 19904E12H 2> 5 19914E 3 A £ TO IR & 19954E12H %> 519964 3 H ¥ co Bz 3 ET - &
199948 2 Hic 1 [E, A¥TiE, 19901282 519914 3 HE CcoO®IRIC 3@, F Fe i, 19984 3 A £1999
F£2HH»6 3 HECOMMEI 1 FY D, BRI EEMIamiiniEls s Lz 2 EEL 72 (Table 2-1), XKBED
M ATBGE AFRMR ST TREFEBRIIC B T h T < Y OISO ST I B A BB 2 /i L T v 38k
F#Fig. 2-110R Y, BBOMRT 28462 (Table 2-1) ICEXEHABRRME T —7 (Y arinN—b—¥—
s (B A—TLEe—¥—, HAHE) 2EE, ZOoLroR) FL VBRSO, BREBRTERERFEH T 5,
HHVEY—FRY vy RO UNREOBERIRENSHFIC20~30Cick 3 X Hic Lz, ZOMEEA et
BB O TREEOEEDR D BAIC R 2 BHORIRE HAEC L TREL 7,
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Table 2-1. Mensurational characteristics of the sample trees.

Height at heated portion (m)

Heating period Tree height(m) Crown height(m)
Upper Middle Lower
Larix kaempferi
Yamanashi, 90-91
Dec 12-Dec 26 18. 4 8.5 7.5 4.5 1.4
Jan 18-Feb 2 19. 7.8 8.2 5.3 2.2
Feb 26-Mar 12 17.9 7.7 7.8 4.7 2.1
Ibaraki, 95-96
Dec 27-Jan 10 13.8 3.7 4.4 nt 1.2
Jan 24-Feb 7 13.4 4.0 5.1 nt 1.3
Feb 27-Mar 12 13.2 4.4 5.0 nt 1.2
Hokkaido, 99
Feb 8-Feb 22 14.0 4.6 nt nt 1.3
Cryptomeria japonica
Tochigi, 90-91
Dec 14-Dec 27 13.8 7.2 8.2 5.1 1.9
Jan 18-Feb 3 13.0 7.3 7.4 4. 1.6
Feb 27-Mar 13 14.3 5.9 nm nm 1.2
Abies sachalinensis
Hokkaido, 98
Mar 10-Mar 25 13.0 lower than 2. 6 nt nt 1.3
Hokkaido, 99
Feb 22-Mar 8 13.0 lower than 2. 6 nt nt 1.3

nm, Not measured; nt, no sample were taken.

Fig. 2-1. Localized heating treatment on the main stem of Larix kaempferi in Ibaraki.
@, Pliable silicone-rubber electric heating tape, @), thermocouple, @),
electric cable, @, cable from thermostat, &), main stem. An alternating
current of 100V was passed through the tape to heat the surface of the stem.
The temperature between the outer bark and the heating tape was adjusted
to 20-30°C.
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1.2.3 HEHREEXUHESABOFER

BRI BB S IR 2 B X Z 28BN L 728, 72726 1R & s L L TINRERD 1 m A ICAE T
20 o TBREH L AT OMBE L ORF2EL 70y V2 WML, 7oy 73, BEENELEL 2%,
Faa— ) EERx BIETH % Araldite, Epon812, % 2\ 3SpurrflE T Lz, 2 F2a—nNick 3
EHEEIE]L. 2. 2 THOWEHRIE - TE I ko7,

IRFUBEBECUB L 2|2, #IRAFAT72HES>TYVEF 270 F— 24 (ULTRACUT J,
ULTRACUT N, ULTRACUT OmU3 ; Reichert, Vienna, Austria) TEZ lumD KO E /13 X HOBEY A
EUHIL 7z, T2 a— A CcaEE LR E» S, BI20~30umOAROERIEETIHOEWYF2UHEIL 72, 5 1
Hl.2. 2 THOWRAEIZKE-ST, BUIAICIR0.2% 7 ALVBKABKRT, BLWIHFIIBEY 7?7 5=v—77A 7
) — Y FCFCTREZ M L OLEBEMBTBIZE L 72,

o, RXFUEIECAE L 2B P S, ¥IRAFA 7ELIES A YEYFF A7 (DIATOME Normal
45°, DIATOME, Biel, Switzerland) 2ff->T7L 5 378 b —ATIOnNmEDRKOTHZTIHI L, HiL L N—
WEZ RS 87 v Ficilh 288 TR Sz, YRIZIE 2 BEEEY 7 = VKSR T 747/, 7= v #8sh
(Raynolds 1963) TbH /7t MB 2 i L 7z, —HERAE L Y 2 IEEES0kVIC B » TEGRIE 7 B
(JEM-100C; () HA®E T, Hul) THEL 7.

1. 2.4 Aralditeffg18

M7 ay ZIFRIEEKR E L C0. IMA 2 PV BBER T4 RICHFERLZIAIL T LT FEANLY Y 7L
I AN, BETCISAEMREL T7ay 7 FofBRICEERE K CRBEI 2, ATV E/hTay 77207
ZH L OCEERICOOTHIRE L 7248, 0.1MA 2P VEREER Tl L7, h7avy 72254 F 75X hick
L, ROLERBBELOKREZTE22IUVR-T, 2 (BEEAm) x 1 AR x 3 @A) mm'o 7
0y ZICEB L7z, RIC, BEIER E LT0. IMA 2 P )VBIREIR T 1 %ICARL 2 WEkA4 2 37 410 1 KR
L7, Mz ZEEE L7270y 7030, IMA 2 2 )VEREER T30, Z&RKT 5 oRdks L 7%, BKkT 2
7=&1225, 50, 70, 95, 100, 100, 100%D =% /7 =N ) —=ZDH 525, 50%I21330551H, 70% X EENT
—M, Z20EPORICIT I RETOREL 2, BKAEZEL 270y 722y /- 7Rt vyA 344 F
FRBICS O, TrEL A FRHA P00, 7rEL A XY A4 FEAraldite®3: 1, 1:1, 1:30%F&
TRAELZZVY—XDIH L3 1 ORARICE LR, 1: 1 ORAKICIZ 2R, 1:30RARICIZHEEICAN
7Tl = —NT—MRBEL 7z, BEENTE I o MBENA I TATERTBI ko7, Tuy 7%248C
IZERET L 7o HIRAR O CAralditell 500 IEE S ¥, ZOLBEE D ) —ERVEL 2K, AralditezBE X ¥
7-7ay 2% @HRIC AR, Araldite® 7E 0721, 48°CICHHAT L - ERASOH T4 HE2 I THlE2 BEA 3 ¥ 7,

1.2.5 Epon8l2ffigciig

AN7a sy ZIEETEER & L T0.06MY Y EEREER TO BISHR L 7V V7 AT FE ANy v 7z
AR, WHEFTIGEBEL 7y 7hoMBRICEERE X CBEI S, FikicEERY ANBEZ TN
uy 7 xz—BuREL 7%, 0. IMY) VEEEER CHRIE L. N7ay 22 RAT74 R 7R LI L, {RO%MEHE
JUKRMETELRIFYIDM ST, 2 (&) X 1 EEHRI5m) X3 @56 mm'o7ay 7 ICERL 7,
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Rz, HBEERE LT0.05MY Y EBEER T 1 %I AR L 72 MUER LA 2 37 412 6 FIRE L 7. iz —EE
ELZ7uy 7130 1MY BEER T304, ZAFEAKTIOZHEER L 728, BKT 5791230, 50, 70, 80,
90, 95, 100, 100, 100%D=xT ¥ /=N V—ADH H70%I2i1E—M, 100%i21% 1 Kefdl, Z DIZHDIRIZIZ30D
My->OBELL BKOEZEL 270y 7228 /=)L - QYIERERKIC5 4/, QY11c3047, QY1 &
Epon812%3:1, 1:1, 1 :30EATREA LYY —XICEX 4RETOREL 72, B#%IZEpon8l2ic 4 FiTR
L7, UEOUBIZITANTEIRTE IR -7, Epon8l22EE X ¥/ 70y 72 EHEIKICAN, Epon8l2%
HEWHE, 35°CL45°CT 1 HT D, 60°CT3 HE» I THIlEZEA I Y7,

1.2.6 SpurriigsE

B2E]. 2.5 THOREGEE>T, /A7y ZICBEE EBKLEZREL 72, BIAKAEZEL-70y 7%
Iy /=)L QY2EEKIC30M, QY2iz3045, QY2 ESpurrifigE®2:1, 1:1, 1:2, 1:3, 1:40E&
TRAELEZYV—ZXDH L2 1 ORARICIZITHE, ZDIZhOMICIZNER 1 IKH$T>BE L -, &#ICSpurr
BRI —BEE L 72, U ORI TRTERTB I o7, SpuriiE 2 BE X7/ 7 0y 7 % Spurrkiig
DOEEMIZ AN, SpurrfiiE & E V2, TOCICHE L 2 HRSR O ¢ 8 K1 T2 EA I ¢/,

1.2.7 ERETHEROSR - REBDEOTEENRI O
BIEL. 2.3, 1.2.48X01. 2. 5 THHL EEIH > TUERBEFTMEO DR & R LOTEEIR N
Z R L 72,

1.3 BREIUVER
1.3. 1 {RERHA D FZALE HHERS D MBS RIS

A5, AF, b FeVicB0nT, NREOMRES T3S LSRR EE I N2 o7 (Fig. 2-2, Tables
2-2,3), Lo, IMBNEL2EZ %o 8EICE, A7=Y, AF, b =i ICBRBEH IZRIRIREIC
Hot- EHWIL 7. RIRIRREIC & 2 TERERARNE T, BERREEDSHIRNE ¢, WA ik L Tw7: (Fig.2-2),
A¥, wVE (Itoh 1971), ¥+ ¥ (Salix) B (Murmanis 1971; Lisbeth 1986) THEEIN TIN5 D
L, RIRIIIRERIC & 2 TREUBH AR O R T & % (Tsuda 1975; Catesson 1994; Farrar and Evert 1997a, b).

1.3. 2 FEEBFHEICHITZMEEIROEFEIRT

A7 =Y T, MRABESRIRIRERIC S 2 PRI X781, SR ROMBHIC X > THEE - %
(Table 2-2), WWARDO2THFEAEMSGTIE, 12H, 1H, 2 A2 SHOFMRABI X > TR S5 7Bl Ow i
DAL B T HTERBHMIE O T HEFIIFE I N d o 7o, BB O 23FEAEMTICHER S 1L T AR T
b, 2 AICIRAABE 2 i L - B OTEBUET TRl R BRI A h o, —7, KBROIIEEMKST
i, INRAEIC X > TLIR L IIBRETHMIEO 2R M L 7 (Fig.2-3a), 12H27THA>5 1 A10H % TOMifi
WP & o> TiE, BEOTHECIRIEEERICE T 20RO\ FEI N Ao/, L L, e
D EAMTIIRBHEMO DHEHE L 72, 2 HE 3 BICIMRAAEZ iE L 7 o R <1k, filgas#
OEHBBEEZ X N, BRETHEE X THRIET L M REE IC B E o BBUC o VTR, IR
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Fig. 2-2. Transverse view of cambial zone in the untreated portion of Larix kaempfert and Cryptomeria
Jjaponica, as viewed under a TEM. Cambial zone cells have numerous small vacuoles (v) and thick
tangential cell walls (arrowheads). a Dormant cambium collected on February 3 1991 from an
untreated upper stem portion of L. kaempferi. The cambial zone (between arrows) was located
between a tier of thick-walled xylem cells and phloem cells and was 4 to 5 cells wide. b Dormant
cambium collected on March 12 1991 from an untreated middle stem portion of C. japonica. The
cambial zone (between arrows) was located between a tier of thick-walled xylem cells and phloem
cells and was 5 to 6 cells wide. cz, Cambial zone; xy, xylem. Bars = 10 um

Table 2-2. The extent of cambial activity in both untreated and 2-week-heated stem portions of
deciduous conifer stems.

Lower portion Middle portion Upper portion
Untreated Heated Untreated Heated Untreated Heated
Larix kaempferi  Number of cells Number of cells Number of cells Number of cells Number of cells Number of cells
Collection date Ca Ex Xs Ca Ex Xs Ca Ex Xs Ca Ex Xs Ca Ex Xs Ca Ex Xs

Yamanashi

December 26, 90 5.3 0 0 46 0 0 48 0 0 37 0 0 438 0 0 48 0 0
February 2, 91 5.2 0 0 4.1 0 0 50 0 0 39 0 0 43 0 0 54 0 0
March 12, 91 4.7 0 0 36 0 0 47 0 0 4.4 0 0 40 0 0 41 0 0
Ibaraki

January 10, 96 5.4 0 0 58 0 0 53 0 0 53 0 0
February 7, 96 4.7 0 0 46 0 0 5.4 0 0 43 0 0
March 12, 96 3.8 0 0 49 0 0 3.2 0 0 47 02 0

Hokkaido
February 22, 99 5.7 0 0 4.4 0 0

Ca, Cambial zone cell; Ex, radially enlarging xylem cell; Xs, xylem cell with secondary walls; nm, not measured; *, cambium
re-initiated cell division. Number of cells shown is the average of 10 radial files.

X o THIM D AEE L 72307 & ZONBEE & DEICKRELE R SNL o1,
AF TR, MBAEIC X > T LI L IZTERESEMO 0D EHE L 72 (Table 2-3), 12H14H2527THETD
IBAEIZ & > T, BB THE TR BT 2MESHOBERIIFEEINE - 7208, L7E & IR
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Table 2-3. The extent of cambial activity in both untreated and 2-week-heated stem portions of
evergreen conifer stems.

Lower portion Middle portion Upper portion
Untreated Heated Untreated Heated Untreated Heated
Number of cells Number of cells Number of cells Number of cells Number of cells Number of cells
Coillection date Ca Ex Xs Ca Ex Xs Ca Ex Xs Ca Ex Xs Ca Ex Xs Ca Ex Xs

Cryptomeria japonica

Tochigi

December 27, 90 7.1 0 0 6.4 0 0 47 0 0 61 0 0 50 0 0 63 0 0
February 3, 91 5.0 0 0 68 05 0 47 0 0 6.7 55 29 46 0 0 7.9 1.7 0
March 13, 91 4.5 0 0 8941 47 nm nm nm nm nNnM nNnmM nNM nNM nNM nNM nm nm
Abies sachalinensis

Hokkaido

March 25, 98 5.0 0 0 9.5 02 0

March 8, 99 5.6 0 0 9.8 0 0

Ca, Cambial zone cell; Ex, radially enlarging xylem cell; Xs, xylem cell with secondary walls; nm, not measured; », cambium
re-initiated cell division. Number of cells shown is the average of 10 radial files.

TIRERBH RO SR EEL 72, 1 HISH»S5 2H3HETE 2 H2TH» 5 3 HISH £ TOMBAHEIZ X -
T, o ThoRHicE»TOBREFHROTHBE I NI, WRERMIEE X CTRER & Bk
EE IR E N MBEOREIC OV TR, INRAAEIC X o CTHIRESEHER L 72386 & 2 O & oIt K E %4
ENRO SN, TOEZ, NMRAHEBFINES 2513 EREL o7,

FRwyCiE, 238 3 HICHEL ZMERAERIC X o TIRRJEHHIO 3 RA3ERI L 72 (Table 2-3, Fig.2-3b),
TR ERAIN S & R EH & A GEE IC Bk n eIl EUC o »TiE, INRARIC X o THIRES # s E
L 7 Efhr & 2 OXNERER & ORISR E AP ED ST,

TEREH HIRIRIR AR I & 2 I RRICIR S & - fBRZIcB W, A¥ &+ Fey T, LIFLISTRREHR
DT HAHEE L (Table 2-3), 77 <Y THRREWICE W THRORIBEINS 2 L23H o7 (Table
2-2), MR & > TBREFHRO S HAEMPFEEINS Z L1d, FkE3ER T H 2 Pinus contorta var.
latifolia CHER Z N Tv» 3% (Savidge and Wareing 1981a), T+ 6 DFERIZ, HREHERICM 2 THEEHER T
b, ZHICIHEIRIC X > UBREFHRO SRS SN TE D, BHICET 2RBD LAPEEOF &£ L
o THIRSHIEET2 I L2RLTw3, 61, BRI SHT 2 72 DI B NEIE T D&M,
BIEERIZB O TIRIRIIC S BEICHi > TO B ATREEDL D 5, L7dd> T, HBEHESOMRER BT 2l
Wb, EREHERO LS ICH Ly 2 — FOHEDOHKRRME & ITEBIRICEBL T3 EEZ 3,

IR IR ® & N EERIETT I 81T 2 Mo HoWGEMR G, B, RIRIHICE T 2 IHEDOHER, A FH,
HRALIE % 6 L 72 RIC X > GEVLARD Sz, 2o offRIZ, LHIOMERIAC b IR R # i
DIREMHL TV 2RTDH 5 L2TRRL TV 5,

WRERHAIC 81 2 IRAATE A 2 T E R MR RIS O@E 13, il S B 2 NERFoRER Ic B
JBFERIRILE KL TV B AMREED D 5. A XTI, INRAIEIC X - CHEE S N lifas R oS sk bl
E#EnZEo on, 1 e DREOLBE IR 2 150 2 RHIONE C 72 2 13 EHEMRLITIERIC R > 7, M
oo pBEaNERF & LTk, TAAL Y alEnZifons, Lo Lads, BEBEKRIREICH, "Coikl 7-
SHETAADSY 2 — + RN %2 REMICBEET % (Little 1981; Savidge and Wareing 1982; Odani 1985) Z & &,
R ER I 13 B L OV DTAADSN A L T2 3 (Sundberg et al. 1991; Uggla et al. 1996; Funada et al.
2001, 2002) Z EAWMEINTE D, LHNCOIAADTRBR IR I N T 2N H 2, X 512, TAAIZKIHE



Fig. 2-3. The extent of cambial growth in 2-week-heated portions of Larix kaempferi, Cryptomeria japonica
and Abies sachalinensis, as viewed transversally. a The upper stem portion of L. kaempferi
collected on January 10 1996, as viewed under a TEM. The newly formed cell wall (arrowhead)
is visible in cambial zone (between arrows). Bar = 10m. b The stem portion at breast height of
A. sachalinensis collected on March 25 1998, as viewed under a light microscope. Newly formed
cell walls (arrows) can be seen in the cambial zone (between arrowheads). However, a few radially
enlarging xylem cells (ex) are also visible, their radial diameters are markedly smaller than the
typical diameters of earlywood traheids of A. sachalinensis. Bar = 10um. ¢ The middle stem
portion of C. japonica collected on February 3 1991, as viewed under a light microscope. Radially
enlarging xylem cells and xylem cells with secondary walls (xs) can be seen.

Bar = 30 um. ¢z, Cambial zone; n, nucleus; ph, phloem; v, vacuole; xy, xylem
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TR EMESTER Z MR T2 2D IR AR AYE TH S 2 L BRIBI N T3 (Savidge and Wareing 1981a;
Savidge 1983 ; Sundberg et al. 2000) DT, KIRHOWBRBEEIZE W TIAADBRZL T3 LiFE LT v,

—7, #HECBLTL, KRTTOHREGREBI 2N TW 3D, KRURIKETICAR 2 LFRISEER% LR
% (Kramer and Kozlowski 1960),

L3> T, $H3ED & TERRIEH [HE O B Rk~ D Y& BEEY) O AREME R 77 O G 1 E RIR IR L TEF) L,
BRI LT w A AR S 2, 2 FXICowTiE, | HhAMBREAES ERET 2120 T (Fig.2-4)
IR % B L 7 EEH I O OERIC 2 2 2 220 6, RIS N T 2 FREH IO RS0 &y
&, MRS HBEARTRT, iy aBoBREFICE T 2 RERINERKBL T2 LEZ 5,

12A14H2 62TH £ TR L 72 A X OO T A L, MRAKIC X > TS H OB HER X 117 KRR
DIVVEEMWT DA T 2122w TiE, 12H2TH2 S 1 HI0H £ CINRAEZ i L 72880 T A<, HlRlEs
MO D EIZ 2RI 64 h ok, AX THlEOR 2 CBEINL2 -2 12H14H2627TH £ ToMREHRE O
Rk, fifaoHE FEI N 1 HOMRHEORIR L ) & o7 (Fig.2-4). 512, LI, $HEENE
EL TRV EDICHERVPE I b Thuiwh =Y Th, RIEOFHA L B ClImBAE IS T 3 ]G

DR D T Eh 5, Ml RIS HE R PRI SN & RIRENCTE R T I 0 2% 6] U T 2 1705
T5LEZLS,

35
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Fig. 2-4. Maximum, average and minimum air temperatures at Sano, 5 km from
Karasawa, during the experiments. The bar with dots (@ - @) indicates the
time during which the experiment was performed.

WHRHN IR ALER 12 0 2 R BRI EH & O SOSTEEB) L T 2 W EEH23H 5, Abies balsamea DI
BRIRICOWTIE, W, HE, RERHEYEZ EOMAROREICHEZ MUETRT 2 HREESI#E L 7 &F
B LAFRE LB TOITH IR VRestl &, SRR TIC & > TRBBIEEIH I Tw 5
Quiescencefi 3 H 0, BRIEH % —EHEERICBET 2 2 L, 4 b b, Chillingic X o TRestifi D 5
QuiescencelINITT 2 Z EBHISNT B (Mellerowicz et al. 1992), AX EH 5=V IcDWTh, RIEFIHA
DIZH 5 1 AFACis, sl 2 L < IEBEHMRO 7R 32 R I 5k wRestlSBd oz, 5
(2, PREREAICHE U 72 IIRALER 2§ 2 TR BB R IR O BSOS 1, IREROBFEZ KL Tw2 L& 2 5, Ry
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HEFR & HUT v 72 BRI T3 12 H DU O S 5B A5Chilling i %1 72 18 E  (Mellerowicz et al. 1992) 1< ¥ TET L
Twiz (Fig.2-4, 5), UiES {RIRITERE X N7 TEHRFCIZRIRIRBEDSResth> 5 Quiescence ~EATT % 12D,
CEICAXTHETH > LI 1T, MHRABIC T 2 RERREO BOGHEBRZ ISR %25 L E X 5,
A7y TIE, IR RIRIREE IC & 2 TRRE RIS BUX T 8 1L, MEROEBRIC X > TR - 7%
(Table 2-2) , MERAEIZ X3 2 T ERMIE O RS2, RIBOGELSES L TCO3HRELIH 5, L L
a6, AR EIIRBORBEMOSRIROMICIEH £ D EVII A2 o7 (Fig.2-5, 6). —7f, #7 <Y T,
EEF U RIS O 72 A X LR 2 EINRAIRIC X > CHEE X N 3 BB 3RO EEHR TR S TE
Dot, LEhoT, HEHERERTIX, HRERHEO MBI N 2 KISHIE L (€L, BREH oM
D AT 5 720 I BB IR ERS E L D DRV EE L 2,

35
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Fig. 2-5. Maximum, average and minimum air temperatures at Katsunuma, 10 km
from Konarayama, during the experiments. The bar with dots (@-@)
indicates the time during which the experiment was performed.

- | Chilling

Temperature (°C)

_15 .
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Fig. 2-6. Maximum, average and minimum air temperatures at Tsuchiura, 8 km from
Chiyoda, during the experiments. The bar with dots (@-@®) indicates the
time during which the experiment was performed.
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X 5z, REHHEE X O & M REE I -filBoRBuc>»w T, 2EBORAEIC
& o THIBISHDTER L 7230 & Z O L ORIC K ELEZENRD SN/ 2 L6, MHREOEREH
BAHEEZEA L ZERTH > AR D 5, TRREH OISR 2 B 5 7 I LB R 23 2
Higgchiug, 2:EMOIMBAETREEBHMROSHNFEEINIBE L INBOHABREINES, L
Do, A7y CRMBLAEREZ X o ER T, BRERHICE 2HlORHOEEREIER IR 5]
et D 5,

1.3.3 AREHMEDOEEIRR

RIRIRREIC & 2 BB AT IS IR ALBE 2 fli U 72 & FICFFE S 05 KEBr LD EEIIRDLISIREIC L > TRECH
727 (Tables 2-2, 3), A7V & F FoY Tk, MNRAUHIC X > THEBBIREVOREMUIZIZEA EHE
TN orz, KEMBOIIFEEMRFICHERIN T b Iy Tld, 2H2TH» 5 3 120 £ TG % fE L
78R D BT BRI RESIER L A REIREY DMEIcBlE I i, FFeyTH3HI0H2 5 3 A25
H  CHIRALEE % i U 7- i O BSiilic 3 TR DMK L - TBIREY DMEI ICBIE I N, L LAY
5, o DERBIREWIEMEGEE D X ) IBEENSKE CIRL Toukdh o7 (Fig.2-3b). AF¥ T,
IRALEEIC & > T LIS L IEARE AR L 72 (Table 2-3). 12H14H%527H & TONMRALIE % i L 72 5z
BERBIREM ORI LIFEEI Nk d o7, 1 HISH» S 2 H3 HE TCOMBAEIC X - T, HREIREY
DIBFRIERDEZ b, FEFETRIERBIREY O —XRERELFEE S 1z (Fig.2-3¢). 2 H27TA» 5 3 AI13
F £ CHRALEE 2 /i U 72k <id, TAMTH ZXEEVIEE L - RBIR BB I i,

RS EERICTH 2 AX T, HAREHIMRIRIREEIC S % R HAC b IRAIIC & > TERBIREY D BSERIEK
R TREENEAFEE S L 2 ENTES (Table 2-3), A ¥ &AL HKHIEM TH % Pinus contorta var. latifolia
T, WRIRBHCHNRAAEE % il L 7288 8 W OBRBIREY B REBA LML T 2 2 LRI LTV 3
(Savidge and Wareing 1981a), 25 OFEHIE, ERREHESTIE, FNTIHMERIRIC X > TR L IHE 2 T
Bh, BHCET2RRED EAVEROGERE Lo TABOESHEEINDL ZLR2RL TS, 51, K
BIRAY DOARE LIS S B NEEF ISV TE, RIS S B NIC B W TSRELBRICHT > T 3 TR &
%, LoL%Ho, AFXFTRIRAIIC X > THEE I NI WREIREYO RO IESHRN I BEEEHE D
bt ML % L 7o TAERIC OV TE, 1 ADa QLB TIEBEHEEDMER L TR W 72 1 03
BlEgI Ny, 2ATHOUMTII ZREEELHEZINTED (Table 2-3), AEBIBRIHINEL 221385
HXNDZARMALOBRBEI A TV, o DRERIE, KPFOEBEMUAC S ARBPICAKATE ML ZMFIL T» 3
HFMWHFET LI LERL TV 5,

ERH AR 2 RERAIC IR T 2 2 &I & » THE I N B TERBIREY O 5 LES DRV, RETICH
BERNFRFOBBREHICE T 2 RBRIAE KL T2 RN H 5, RBIREYO6ICIZIAA (Savidge
and Wareing 1981a ; Savidge 1983 ; Sundberg et al. 2000) & Y& B Y (Wetmore and Rier 1963 ; Warren
Wilson et al. 1994 ; Krabel 2000) 253 o T3 EEZ ST %, IAARFHEE UG R HIREOSTEIR % 4
HT3-0IcRaREETHY (Savidge and Wareing 1981a ; Savidge 1983 ; Sundberg et al. 2000), B
IR S TERBH I IR WL RV DIAADHNAE L Tw 3 2 EBRENT W3 (Sundberg et al. 1991;
Uggla et al. 1996 ; Funada et al. 2001, 2002), L 72285 C, KRIEEAOMIRAIRIC & - CTHIMIOH %2 FHE L 72K
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JEHH & R4 L - MR, RIBHIO IR O RFHIC B2 R T 2 2 L8 TELEEZL D, — /1, #HETE
B LT E AL DR BAS A E N 5 > a i L ONAREY O FNEER S OB IZKRIRICKE L TEH)
LTE Y, BEAHNTIZERMEIL L T\ B aJfEtEAsH 5 (Kramer and Kozlowski 1960), A ¥ OO T A EBIC
BT, BEHICH2 1 A18H®S 2 A7 HIZhFTE I &% -» 7= IR CIXTEREIREY O ZREEIEE &
FEXNLDo D, K[iEY LA L CHEWREIC R >7-2 A27TH2 5 3 AISHICH L 7RI X > Tid 2
RBEHSHERE L 72 REB SR & 1 7- (Fig. 2-4, Table 2-3) I &5, HMHBIREY O REEIE LGS REY
DUEERT OBHGRILE KL TR 2 LEZ 5N 5, I51C, #HED» o DMAREMOEERT DGR
PEIELTL AR D 2 LI H 2 1 AIBHD S 2 HTH (Fig. 2-4) IhNBAIE 2 HE L 7236 cd =
REEDSHERE L - RUBIR-E DB S 7z (Table 2-3) Z &7 5, BRBHMECHBINTVE T 7
ZREERE IR oTWwBE EEZ B,

BESERITH 2 H 7 <Y Tk, TERBERRIRIREEIC & 2 R RHEMRAE % M L 72 86ic B8 »Tid, 1K
IR L REIIREMIZIZ LA CBEINT, “REEREZ -/ 54057 (Table 2-2), 77
2V T, HENEEL TOARLEITIMERTIE R, BRBIREDD AR & HMLT 5 7 DB NEIE
FI &> TAREMEMH I ATV AHERDH 2, L L Ao, BEROEAKICHEE L TwE EEZSNT
W BIAADTERREH I BT 2 NERIITERERIRI T HERWE LV 2 L AVR S 41TV 5 (Funada et al. 2002) . 5
2% 1. 3.2 Tk, A7V OREHEMIESTREHET 5 - DI ERINRPRNIL, FEHREIERLD LR,
2HEMNI%TH D I LETFE L, Lo, HRAHERE 28 L 0 b S SR UL, BEHEIKE
CHERL - EBBREMDTER I A WS H 5, —H, H 72V Tk, $HESEEL TORLEHIIES
BYABI bt T 67, “REDEEICLELZNAMEY O BIEERSY Ot M 1L L Ty 2 ATREEIZ &RV,
L7ed3o> T, AREBHICHNRALE 2 6 L T O TEIRED I “REEHER I N LAl L & 5,

F Fey ik, BREHEMRIRRIEIC S 2 KR AMRAEE % JE L 723 00Ic 8 v T, BUERBRER L 721
BRIBIREYIZIZEA EBEINT, “XREREIE 7RI 54h o7 (Table 2-3), EikhR (Fig.2-7)
R E LTz b Fe iz, BUERSIES T HEBHNRE 2 (Fig. 2-4) BRI TOAAX L IR
b, LUAEEHERTHLI A IV LRALU L, SRR TR ZSERBIREYBIARE~ L HMLT 2720
CRHBEZNEBRTIC X > TRESLsIH ST 3 AL S 5,

FREeYThAh Ty EEARICBEEROIERIREZ 2 7201213 2B Lo RAESHETH 5 AT H
2, 2HESHICHBLEZE L FeyoimiEdBe 1 BI8A2 5 2 A3 HE Tl o/~ A X DMHD LA
WicowTiE, EREEHEE X OTERER & MM GEE IS E N EO B NIFE L v (Table2-3) &
25, WHREESHORIIKIZIEACTH S L EZ 5, 2 EMMBLEEZEL 2 A ¥ oEo LAETER, LIFL
ERMBGEE O & ) ICBEESE L IR L TEBEIREY (Fig. 2-3, Table 2-3) 5@ ® Sirz, AX LR
BESORIANZITHAL + Py OMREICoWTH, 2 BHEOMRARIIC X > TEREIREY O BEHRIE KA
FHIND EEZLD, BABRPEN IR ZBREREY I OhBEI N LT TH -7 (Fig.2-3,
Table 2-3), WHREREYDOBMEBRDOIEK E DR H HEH I N TV BIAA (Sundberg et al. 2000) DHHE
M BT B BRI, TBUBRIRGT b HBRE > (Sundberg et al. 1991; Uggla et al. 1996; Funada et al. 2001,
2002), L L&dts, ek (Fig.2-7) ICHERIN TV F Fovy Tld, LR 2R (Fig. 2-4)
KR EN TV B AFICHAS &, KIRIC K > TEHOBEIC BT 2IAADERPHBNICE T 3IAADBE)IZ
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Fig. 2-7. Maximum, average and minimum air temperatures at Nishi-nopporo, 14 km
from the Hokkaido Breeding Office, during the experiments in 1998 and

1999. The bar with dots (@-@) indicates the time during which the
experiment was performed.

D HIMH ST B ATREELRH B,

FFevicow Ty, EEZ 2EBE DB ISIHERT S 2 LICk > T, KIRIREICH 2 TEREHIC BT
BRIEIRED D IBER R Z IR T 2 7 DI LB L NERTFOFRRRILE RS Z EBTEZ LEZ D,
ZREEIEIE I e A PEEM O ARAMER ST (Krabel 2000) 122w Tid, #13Eh & RRIEHIAHE O L~
DEBIFRIBICEKFE L TEHLTEY, [IEWKETICLZ2 EFEIEL T2 A #EEMH %5 (Kramer and
Kozlowski 1960), ZEH Mg ICHREI N Tz b Fey T, MRMEZEL 72 2 A TED» 5 3 Bich T,
FERIRAVKE T TH 5 H23% < (Fig. 2-7), HEAREYO AREMER S OBHGIMEIE L T 3 7o, HiRas
L TORBIRAEYICIZ REEDHER L 2w £ X 3,

1.4 & &

RIESHERIE LTh I =y, WRHIEEE LTAX L P Fev 20T, MRBRIEEICSET 2Rz
2 NG L 2B B 2 TBRBEH OFER 2 AN, X5, BHRERRHICBI 28 E0ES LEERD
RIS K B IHRAEIC N 2 TERIE ISR O KIGIEDE W &2 3R,

(1) &k - HEHEBOBNICB VT, RIS DR T 2 - OIS B NEE T IcowT
EBEIC ST > T 208, KIRIC K » CHIRRSAEABIIFI S Tnu 27201, FHICRIRV LA T2 Z L2E
BB &R LR >T, Frchy 2 — P LHEOMEME & (EBRICHRS R HHT 2 2 LS IC R T,

(2) HRIEENCHII D Z L A2 HE L T2 RTIE, KHOERMIHCHHFEL, Ths ORTFIE, B,
RIRIIC B 2 IHEDHER, 4B, MRAEEZMEL 2L > TRER S ZEBRENT,

(3) HHk - EHEMUEBOWEBRIERICIE, BARAEICX > THRIRIRESHER XN TV BResti] &, BRERTIC
& o TR IBREHSHIH & 11T V> % QuiescencelliSHETET 5 2 L SR I NI,

4) A=yl FeyicouTid, KIBIICERE O Z0E8) L ERBIREY ORI L2 HI#E L <
ZRFEHAS ST -0 MEHEZ 2BHEL D LIS KERTALELH 2 Z LR &N,
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E2f HEBHHEDERT Y7V EDEE

2.1 ® §

H2EE 1 HTIE, RIREICREN R INRAHE 2 2 85 L 72 %% - EES EB OB I TR D
TEEIRDLE PANAER, IR BT 2 TEREFHIE DR & REIREM O R T LOTEENRDLIE, HER
HEICE T 5> a i EDONAREY O TIEERT OFRRRIE KBEL T 2 AJREES TR I 1l $HED St
& I N7 BEY O RNEER S SIS Ty 7 E LTEZ o N, IWET VY 705 I BBER A 3
BEBHEIN TV I EMNRENT VS (Zimmermann 1971; Blechschmidt-Schneider 1990), L7255,
BIBHADEDBMAMICHERIN TS Ty 7VoRZHRE I LICK->T, BREBHMEICE T3y afiky
DHAERED D FER T OFRRRNZ B TE 5 LE X 5,

AHITIE, 52 EE | #iTHRIRIFIC 2BROMMBABEEZ L 72 A F 2y, A¥, P FeviEHLT, R
l2xbg BB & FRBIREY O BOGHE: & BRI I N T w5 7 7' L oBfR 2N,

2.2 MHEBLURBAE

2. 2.1 #MEK HEHRREINRAE

2R 1 #iTH &% 2:EMEE 2 RIS ISR U 250K O IR & 3, s EER 2 et 7uy 7%
BHLL 7= (Table 2-1),

2.2.2 BESHOERERE

E2BEFEIMTHOANE T ey 700 XX B CEM L 23 B2 E-M L 7., = X3 BilEcl
HLUERE»S, FI9RAFA7%2FoTIN 53270 —LTEX umO KOG 2L 7, Mz
120. 2% 7 AVBAKIE T, BT v 7o Bgiid 2 v FE -3 7bh ) 7 LARKIER £ 72 IZPASKIGIC & - T %
FaL 7Y R %2 E AR T B L 7.,

2.2.3 FEHBHMEDEET Y 7YEDFH

REHEASEDRET > 7 B2 57 ic, TEBERE ORI & RS IR I w5 7
T D% JRETHML 72 BT v 732 RuEid — (Fig. 2-8a: MIFEMIE), 12 & A ERwESR
+ (Fig. 2-8b: Rl & BUNHR), RRICH 25613 + (Fig. 2-8a: BUHHHMK, c: FHEFFRMAE & ML)
&EL7,

2.3 HRELUEER

2.3.1 HKEHBOFETVIVE

R A AMARIRIRAEIC 5 2 T L, MBIV TUIEBRBH MO MBI nTwu s 7
T DEPEEMNICES LT, A7V T3 (Table 2-4), 12H & 1 BiCi3REHE DR EMEIC KB D
Ty 7y BIEEIN T, 2RI, BRERMEOMBEMEC Ty 7 iz ACRINTES T, dt
HEICER I N TR TR E-> 7 EEI AL, 3 IR, ERBHMEDOMBIMEICARDF
YT U T i, AXTIE (Table 2-5), 12H, 2 AB XU 3 AICIZWER T DT LM K&
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Fig. 2-8. Evaluation of the amount of storage starch in phloem parenchyma (arrowheads) and ray (arrows)
around the cambium. Sections of Larix kaempferi stained with PAS method, as viewed
transversely under a light microscope.

a Phloem parenchyma: no starch, —; ray: starch rich, +. b Phloem parenchyma: little starch, *;
ray: little starch, =. ¢ Phloem parenchyma: starch rich, +; ray: starch rich, +. The bottom of each
photograph corresponds to the xylem side. Bars = 30 um
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Table 2-4. Changes in amount of starch in storage tissues around the cambium in both untreated
and 2-week-heated stem portions of deciduous conifer stems.

Larix kaempferi Lower portion Middle portion Upper portion

Heat period Untreated Heated Untreated Heated Untreated Heated

Phloem parenchyma
Yamanashi, 90-91

Dec 12-Dec 26 + + + + + +
Jan 18-Feb 2 + + =+ + + +
Feb 26-Mar 12 + + + . + +
Ibaraki, 95-96
Dec 27-Jan 10 + + + +
Jan 24-Feb 7 + + + +
Feb 27-Mar 12 + + + +
Hokkaido, 99
Feb 8-Feb 22 - +

Ray
Yamanashi, 90-91
Dec 12-Dec 26 + + + + + +
Jan 18-Feb 2 + + + + + +
Feb 26-Mar 12 + + + - + +
Ibaraki, 95-96
Dec 27-Jan 10 + + + +
Jan 24-Feb 7 + + + +
Feb 27-Mar 12 + + + +
Hokkaido, 99
Feb 8-Feb 22 + +

—, No starch; %, little starch; +, starch rich; *, not measured.

DF v 7Ty BEBRI N T, WREFOEDOMBFMEICITRIN w37y 7yoRiE, 1256 2 HichH
JTRA U788, 3HICOTHEML %, b F=Y Tid (Table 2-5), 19984 3 H & 19994 2 B I3TEREH
ROMREMICKRED T 7V BBEI NI, FIBEMETORET v 7 BIZ19995E 2 B X ) $ 19984 3 A
DI 5 72,

B HEMEOBEHE IR I N TR B FY 7o 0iid, MEFEMEICERS ERESEF L b o7, B
7 =Y Tl (Table 2-4), INFEIZHER I LT HEAD 6 3 HICERELL 7235082 B L TR 8 o i
MBI KB T v 7 BB I N, RSB ORIET > 7 BIIEF L 7228, MEMEMigcRooni k)
BHEEREMIR I Ao, AX T (Table 2-5), HICTREHAHEDOBSHHMICIZRED 7V 7 20T
ENTEY, Fr7rvRBREIEH L kb ok, b FeYTid (Table 2-5), 19984 3 A &£ 19994 2 A I 3EUEH
R DB KB D 7 v 7 PBEI N, BEEBRT O T > 77 BIZ19994E 2 A X b $ 19984 3 HD
Fs%hot,

BEARDSHER I N TV BOKIERZ, 12256 2 AIZh I TETFLARIC3 it Tz ERLTED, ¥
BEHMHED MR FEMEAN DT > 7 B E A UHEEZ R L TEH L Tz (Fig.2-4,5,6,7), Ldo>T,
g HAHE DR FEMRRN O IR T > 7 v BITRIRICIE U THER L T 2 LS H 3, Eico>wTiE, £
HoOBRBAEFRFICEL T 27201, MREEEICERL CO3EHEOREN EATL LMo TYRS
(Wi 1982) . HEERHSRIGREOMEEICL > TREY, v acdEWIRSED SN TS (HH 1982),
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Table 2-5. Changes in amount of starch in storage tissues around the cambium in both untreated
and 2-week-heated stem portions of evergreen conifer stems.

Lower portion Middle portion Upper portion

Heat period
Untreated Heated Untreated Heated Untreated Heated

Phloem parenchyma

Cryptomeria japonica
Tochigi, 90-91
Dec 14-Dec 27 + + + * + +
Jan 18-Feb 3 + + + + + +
Feb 27-Mar 13 + +
Abies sachalinensis
Hokkaido, 98
Mar 10-Mar 25 + +
Hokkaido, 99
Feb 22-Mar 8 + +
Ray
Cryptomeria japonica
Tochigi, 90-91
Dec 14-Dec 27 + + + * + +
Jan 18-Feb 3 + + + + + +
Feb 27-Mar 13 + +
Abies sachalinensis
Hokkaido, 98
Mar 10-Mar 25 + +
Hokkaido, 99
Feb 22-Mar 8 + +

—, No starch; %, little starch; +, starch rich; *, not measured.

HRIRIREE I & 2 TERRBHMIIE Tk, XAREDOIEETH 27 7V iz@BH ohd (Larson 1994), MfEE
BEEPABEHABS VIR TH 2 (BHES 1976) T L5, MREEEICARL T2y aoRENE ko Tw
3 EDTAREING, TERERHEORMETEMAE & T REH M & O TIRBUEHERZ ML T aflik EXE
FREERD O AL 2 2SR B8 L T\ 5 (Zimmermann 1971), {RERIREEIC & 2 TEBLUEHHIAIZ, BHERZHM
fat DTy afioRIELZTHI LIk >T, HREEHOY a BREZRIRISC 72 LVICHE L T,
ZHOEELREBSZMFITHEIE L T0D EEZ S, LzdoT, ¥ afEofBIRTd b IrEik©d 2 MisREMiamn
DF 7 (Krabel 2000) OBIIXBEFRUCHEAZRL TEHT 5,

TR, B L MU K > a ik EOXRAREDOEERS 2T 28 ETh Y, MBI
BT ZY afEREOREICHESG L T3 AR H 5, L Liads, BRI T 7y 7
BoZ#HKERICE, MERMEAORET Y 7 BRRR EFACEAIZR sk o, Lkd>T, HHE
W B 2> a EREOREIL, B ICHBFRMERICHBRINTUEF Y 7y oBEHBTSZLIck>T
BIbhiTw3 tEZ 3, —77, BB, HREHE L METEME: ofowEORTEL 2HNT 5%
BEL R LT 5 (Sauter 2000), BURMHMIZERFEMEZME T 2EMAKTH Y, TV 7Vidy aloR
AR ERHEIG T—RINICTERINTH 5 EEZ 5,
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2.3.2 HRAHDFEHRALERTV7VEELORENE

IR Z ML 724 7 <Y OB T, BRBRMIOMBIRMICHIRENTLE 7 7 0B HHEE &
Rz & LI LIS L 7. INRABIC X - TIERUEHRIIE A3 3% F5E L 72300 Tld, TERJEH AHE O Al
MR KRBD 7 v 7 DR E 11Tz (Table 2-4), 245 OEFM TRIFREHMRO DS I3EHR TII L
D7z (Table 2-2), THEH DRIRIREED S Rest & HIWT X - ZBA 2 R < &, MEAIRIC X - CIEEEF MO
DEPFE I N, DHATERE L ERICHESEEI N TR AX TIE (Table 2-3), TEREUBHHHE D Al AT
WIEKREDRRT v 7" HBZE I Nz (Table 2-5), TWHREHHMEOSZEEHHEL, ZoBoMias#E b M
KHEFR TH o7 b Fey oM<y, BRERMEOMBRMdIcHEI N w27y 7y BIHHEE L b
b4, EIrTHo7 (Table 2-5),

ATV EAFIZOWTUE, REREAICHE L 72 BB X - TR MO 2R HE L 236 TiE, Zh
5 DN FEEOMIBFAMI IS N T F vy 7 0RICh 2D 6T, MRFEMII KEDHE T~ 7 330
SN 05, HHEHMESSEEZHT 3201013, FIREMEC Ty 7y BRI Tw 30 END
LEZ D, B2¥E2.3. 1T, FIBFHEICHERINTY 27 Y 7y OEFRIRICIE U T L T\ 5 afggt:
2R LT, MRIREIICIRO 72 EBAL T, MBS X - TREDE & % 2 o I HiF R R I hTtn s 7~
7Y DRBIBEANICIIEMT 2 EEZL D, —H, MMEMRICTRINOTw 27y 7y oBIicix, $#HE»S DN
B HPEY) D AIAMER 7 D BtfE E T RE TR O 2 ZIEEIC L 2> a BOHBENHEL T2 AHBENDH 2
(Fig.2-9),

Fig. 2-9. Factors affecting on the amount of storage starch in phloem parenchyma. @,
Translocation; @), the influx of soluble substances derived from storage starch
in phloem parenchyma; @), sucrose allocation between cambial zone cells and
phloem parenchyma; cz, cambial zone cells; pp, phloem parenchyma; r, ray;
s, storage starch.
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AX D & ) ICRIB A HUSICRR S T 2 FERSHERT T3, SO RIENIC b $H3ED & MR Rl ~ e AR
YOTHAER D MG XN T\ % (Savidge and Wareing 1982; Blechschmidt-Schneider 1990), 2 @R iN#RAL
B2 L 7< 2 X OB I, WERATEREHMEO 2 ZEE)I X - TSRO T v 7 h o s E
2y afENHBEINDDS, HED ST~ I NI HEREYOEER OB SV EEZ S, L
35T, MHRAAERIC X o TIEREHRIIO 2 HAHH L 22360 Tik, MBFMkcT v 7 v KBRS hT
WIAREMEDSH B, — 75, MHRALE % U 7 RS B R DsRest DIRBEIC b > - FBhr T ik, ARZMIRaN 7
YT UBNIEALED S0tz RestHlICIZBIARE HIC L > THRERIREEDHERF SN TB D, RRICHELRZ K
ETIRE, BHE, EEREYHEZ EORTE2HRBIESOEL 254l L 2EBRETICB LT L EREW
M2 D RTEE) 2 5 L 7\ RestDBRBE I H 2 TEREHMIIACIE, E@ESIcRo 2MilEEEch s afl
DIRE % EOWIA T3, MRE % EOBENT 0L & I3 BIHRICEM L T 2 IR S 2,

HESERITH B H 7Y TR, HENEEL TOARLERBICIE, KABRMBE I hbilhnidIc#Er S
BEMBE N DHEREY O TNEER T OMIBIIFIE L T b, L Lads, WIRGIC 2 BRINMBABE % i L 7
BHEECi, MEETHROSZEEHELr THESI NS Y aoRBPD v o, BRI KED T
VIV EN TR EEZ B, —f, H2F 1. 3. 21T \WT, FIEMHERTIE, EREEES L H
B9 5 - DI RE R IR SE R ER LD VR, A7 oY TR 2EMIIKBTHE Z LR2RBLZ, L
BT, 2HEMIMMRABEZREL 724 7 <Y OB E X o ICiRoke i, BRERRSOREZEDIRET L
b I RBMED IR T > 7 v 23§ 2 ATREME DS B,

FER L HIRICHR I N TUAERIEERTH L F FevicownTiE, 23], 3. 3280 T, MBS % i
L 7 &N IS REY O AAER S OB MERIC L > TEIEL T A AR RM® L 72, P Fev T, 2
ATHE 3 A, MBSO T Y 7y PARICIFEI LT w2s, 2 BRIINRAE % i L 7- 86T
BRIERT > 733 LA EHERL T, TNSORERY S, KIRBICET M KB s T 7
Y7o I NG L atie o, MR TRRETFME R EBRL-E2 5, £, BHHBOW
Bg R O 3 RSB AER T, ~ aBOBERVS VDI, BIFFRMRICIZIZ LA EKT v 7V h538
Shlshrofc b EZ D, 610, EBMBAHEEZRL 72 b Koy OBEE2 RO UL, MR b
ENTVE Ty 73R SN UBRETREO oR/ME L T 2 REE1H 5,

2.3.3 KRB MEOFEBRREETET V7 EEOREENK

AX T, THBEIREY OB BRIEA S T REEEE DB S A Tld (Table 2-3), HREHAT DM
FMfIC KRB DT v 7V DB E LT 7z (Table 2-5), F K= T3, MR % i L 7188 ORIE R
DEIRFMALIC G T 7RI EA LB ENTE 59 (Table 2-5), Kotz A RIS hho
(Table 2-3), 7/ 7% Ti&, MR %M U 72 58 O FEUEH AT O SR KRB O T > 77 238
LZIN7HY (Table 2-4), K LIZIFEA LRI 54057 (Table 2-2),

v a s EDONABREN O TREER T STRBIREVM O L LR fboTwB EEZ 5N T3 (Krabel
2000), 7, H2FE 1. 3. 3T, WRBHNLICHEIN TV 7y 7y B REREEICES L Tws L%
B L 7, TREEDHERE L - FRBIRE Y BIE S i A X OMiihz <, B EMiiRc KEDITE T 7 v

ROONTZ L6, MEBIREYDS ZREXHERET 27201203, MBEM Ty 7y RS nTwv 24
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BEPHDLEZ D,

PRERI I IRALEE 2 /6 L T O TERBIRE O “KEBEIEEAGED S nis v k Py LA F= T3, i
DIFRET > 7 &, W, ZERHEOFRIC > TRE -, 24 ) ER ISR S T o H R
BTH2 b FeviconTid, 2HTAHLE 3 BICMBAE LKL 72562 TIE, MEEMIRCTYy 7yl Al
I T wuhkd o, PFeYIZD0THE, HF2E2.3.28VT, 2ATEH»S 3 AI»IT THEIRIK
X o THERED O BRSO HMELL L T 3 Bic, MBI X - THE L 2R EH k05 358
DHEBIEHTHD, v afOHBRVS VI, MEFMEICIZIZEAL Ty 7V BIFBIhTuRn It
ERBL T3, 7Y 7y BIFRS TR LA FRMEY 5 13, TRRBIREY D REEZHERE T 2 72 O ICHE
By afin LOMHEISIHBETA I LM TETY, F Py TRIREEESRI S kb o7t EX 5, —7,
HESERCH B4 7 < TR RIS T v 7 s KRICBE I, B28E1.3.2Itk8WwT, A7
2V O EH MR 2 FHHRT 5 20103 2EMMROMBABEBLETH S 2 EWRENTVWS, L
5o, BRI AL 72 7 2 OBz & SICifof g iU, BEREIREY AR IR
HEIN TR Ty 7oy ofiifdns s aih EOWHEH > T RBEZHERE T 2 AIREMEDSH 5,

FRevEATevIcowTE, 2HEBX D bR INRAE LKL 88T B T 2 EREIREY O KRE L
DIEEIRI & ABFMICHEEIN T T 7V ORERFARS Z LTk > T, BRBIREMORBILICE T
27T vOBREEARKICTEDL EER B,

2.4 & W
HESERE LCh T oy, EREHEML LTAXL P FevicowT, INRAHEICN T 2 R ERI &

FBIRED O SEH: L BB H LT IS Tw 3 7 7 EDBfRE#HA T,

(1) %k - BIERHER T, MMEMBEOEET Y 7V B2HME ¥ 25 2 LIk > T, KIRIREEICH 2 BUEH
M, ZOMIEREOY a BHBEZKBICIGU 72 L OISR L TR HORA AT RMEICEG L Tw3
MR I NI,

(2) RE IR L BBIREY O ZREEIREHET 27201013, iR 7y 7y st E ac
WBRENH B I LRI NI,

(3) PRERIH I ANRALIE 2 1 L 72 S O T EH (R DS ZMMI T S N Tn 2 Fr 7 D&, B, [HE
DER, HEBEHE L CEBERICE T 2 Mo RBOESHRIIC X > TRE S 2 EHS IR T2,

(4) PRIRIC IR 7- HA O B EHAE ORI I N Tw 37 v 7Y R, MR X > TRE
DIE e B OICHARRIT IR T 253, D & DA RED O ANATER Sy DS & TR EH M0 2 RiE
Bick by afiolBICk > THERRZ T QL3 ARELR I N,

(5) AF=YEFFeYICo0TE, MiEMMZ 2EMEDDISIKERT S EICk>T, KIRHICHEL 720
RIS B TERUEH I & IR EIRED O RSt L BRBH TR I Tw s 7T 7 L oBR%E &
DEAREICTE 3 2 LR S NTe,

5B 2 BReHE
TEBJE R IR SR EB I 2 ANiRALEE 2 2 BRI L 7o Bigds & VRS BRI OBIERIC O\ T, REH OTFEIR
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BLERIBEIC B 2 HEOFELPLEFTHOREIC L 2 MRAEICN T 2RSSO KICHEDE V2N, &
512, MNRAEIZ N3 2 TERIEHMIE & TR IRED O RS L TWRBHMDE IR I N Tw 57 7 LDl
REFR I, KIRBICHINR U 22 R - S E EB OBER T BEH S IR 2T L7z, Lidi>T,
BRSO RT 2 7 DI HER NIRRT O, BN B TIARIRIIC b BICRi> Tw 328, &
HEIRIC & o THIBAEHSIFI SN TV 57401, BEICRIRS LR T2 LPEEDOS &S L R->T, Filkhk
v — P RHEOREME & IMEERIOYRBESSHEL Tw s EE L, —F, MR L >THFESN
RGO 32 - RIBILOTEEIRDIUC (X, B, KRIREICE Y 2 HEQHA, AEM, MRAMZET
BRI K >GROSR D 6N B 2 &6, KBRS & RIRIIIC il 2 & Rtz HE L Tw 2 /T
DIFEHET 5 Z LR S, RIRIHICIE, MRARICN T 2R EHFHEE SO RIGHESZEE L TEh, BAH
B2 & o TIRIRIRBED HERF X 41T V> B Restl] & BRIEEKIC X - TGS ] X 11TV % Quiescencelf]H’
BAEL 72, MR BHDEDOMBEMIC B INTH Ty 7y oild, AR FRUHEMZR L CES
T2ZE05, MBFMBEOMET 7 v BERMRIE S I LIkoT, KIRREICH 2 BRI, 20
MREEEO Y a BREZ RIRICE U 72 L OVICHET L TR OB REFT MG L Twd e &2, KIR
HIC b 3D S BT S R~ S BRPEM D REER A BMHE SN T 3 L EZ SN 2 IRE A HIBICHER I LT
LEARSIER (R X) T, IMBEHOEEMEICET Y Ty BARICEHE SN, BRBEMRO S ZIEE)INE
FTEMKEE ORI N, ZICESESEE L TRV EDICARATEY, DL S MR~
KA BRED DB T DEFGOMEIEL Tw 5 LB SN HEEHES (K7~ V) T3, RSO AREHH
MO ZNEH IR0 CHIRBEMEIC 7Y Ty B KB ICHR I T, RIBRICIEEIC X - TEHED S BT
FHRENDNA KEM O RVAER D OEIEHMELE U T 2 ATHEME D S 2 R A I R S TV 2 Rk SR
(b F=w) T, MRAEIC X > THR L 2B MO 2GS S HIIER CH b, MM i
INTVBTY T VIR EAE R oT, TN DR, S, WHBHMO 3H L REIREY O — REEIEE
DT 7200, BIRMRIC T Y T U BRI N TV RRERH L 2 LR E N, £, RIRHICES
7N DR BH AT DM EMRICFE I N T WS 7Y 77V DRI, MEMEIC & - TIRENE 25201
HAMITIZIEMT 255, $3ED 5 ONAKREY O TEMER S OMLG L N BT SEEIc X 2> a Dl
BICL > THELR T 01, BifE, BEOER, LEE L OHREHMRO 2R - Koo iEsikiic
LOTRELDZZENFREREINS, ATV EFFeYIi20TE, 2EHBLDIESMBOAEZBTZ LiIZLS
T, PREREHICHE U 7 IRALER I 00§ 2 IR wiRe & U IR B o SO H: & TRREHR TSR I N Tw 5 7
VIV EDBERE L DBABICTEIENTEL LELL,
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E3IE MRIVENSIVILHEITBERETEBHROHEEE

BIE MRYVICEITDEREZEERAOHEEE
1.1 #
2 BT, WRAIERTLEALIBICHRIN TV S F Fey i3, 2 BMOMIBABEICN S 3 FEHR
MR O BOGHE VL IRBE IR IR S N T3 AX LD HEL (KL, MifFMRCREIN w37y 7 oR
HAX EHRTHRO THRL I Eh S, AFICHAS LEEPH 4 b P ey ORI B 2 IBER O IEEHRDL
&, MMEMROET Y 7y ORIERL Tw3 &R, 5612, b F=Y T, INRAERMEZERETH
RS RO T >~ 7 HE LR SUERBHMRO S HME LT 2 W M2 L. b FeYicD
VT, 2B & D B E IR HE L 2SI B 2 BB A L BRI O AL OIE
BRI & CICHIS FMAICHTEI N TV T v 7y 0B E2#HRS Z LIt k- T, KMICEREFHilao R L
TRBIREM ORI 2R L CO2RTF2 L DAMICTZ 2 E23TE 5 EER 5,

KREFiTlE, b FEevicownT, LI 2 ~ 3 EMFEH 2 INRAATE % i U 7 SR8 L R B2 H Ay
Z% M L 7-ER IR L 7 B8i8Ic 8 1 2 TRREH AN O 02 L TERIBIREY O KL o B8R G % © i
BRI I N TS Fry 7 oRE#HN,

[l

1.2 MESIUERAE
1.2.1 #EAK

FFey & UTHYATBIEAMAEE v 7 —iEEESN 042484 F P~ Y RERICER I N TO R
yua—y UFIN25%) O 3EEZEERICH L7 (Table 3-1).

1.2.2 HIEEAE
19984E 3 H10H 46258 (1faH), 4 H208%:527H (218H) &19994 2 H22H8»5 3 AI5H (3[|[H) £
TOWMICESOMERICRDENRNRNAEZEL 72, MRAEIZE2E]. 2. 2 THO A HFECE->TE

73?’)7":0

1.2.3 HHERGSLUORTABOER

JRERAC IRALEE % HE L 22 @Ric DT, IR & IR E U TR o I m B A ICALE T 2 E A S TR
B L ETOMEE L UORTEZEL 70y 72N 7, 1BIHE 2EHOMBAECIZEH, 3 FBIHDIRL
HeR@ENRE» s 7ay 72U, 7uy 7k, EELHEEEL %, FIEBICEZETHWLS
B> T, 7 2a—VFEFRR3R¥ I EETH 2Epon8l2F 72 13Spurrifif TEIE L /-, 25 22— TH
WL S, EX20~30umD RO 3 EFSHOREWYRFZYMIL 72, =R F o BiffTa L 72ai8r s,
HIAFTA7%2F>TIN T I 70— TRI I umOAROFALEFIHOBEY R ZUHIL 72, BWilRIC
752y —77AF7Y—YFCFT, BYFICE7 AVBTHRE L TEEEMET CRBBSZEEB 4o
Too BEICERELL Z23BHC 2w T, 3o F -3 VLA ) 7 AKIBR TR L 72U R 2 B E T CBIZE L T
W7 v 7 v B2HANT,
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Table 3-1. Mensurational characteristics of the sample trees.

Height at heated portion(m)

Heating period Tree height(m) Crown height(m)
Upper Middle Lower

Abies sachalinensis

Hokkaido, 98

Mar 10-Mar 25* 13.0 lower than 2. 6 nt nt 1.3

Apr 20-Apr 27 13.0 lower than 2. 6 nt nt 1.3

Hokkaido, 99

Feb 22-Mar 15* 13.0 lower than 2. 6 nt nt 1.3
Larix kaempferi

Yamanashi, 91

Mar 28-Apr 13 15.6 6.7 7.8 4.7 1.8

Ibaraki, 96

Jan 24-Feb 21* 13.4 4.0 5.1 nt 1.3

Feb 27-Mar 26* 13.2 4.4 5.0 nt 1.2

Hokkaido, 99

Feb 8-Mar 8* 14.0 4.6 nt nt 1.3

nt, No sample were taken. Asterisks indicate sample trees used in the experiments in chapter 2.

1. 2. 4 ERBFICHITDHREE & FREREY D MEES O

LA DKIRIAIZ X, b Fe Y OFRBHIZFOREHOKD 0 ICTER S 7 SRV X < SHREEED R W Bt
REE & EICIER S U BN - BRI BEEE L T 3 (Fig. 3-1a), JTERUEF ICE W CHilaa R EHET 2 &,
PRI AT IS TERL S NI RGBT & BB ORI, BT ATERME A 8 L 7 ARG & TR i
WEoTw<{ (Fig.3-2a), %I T, WREFHEOSHE LWRBIREY D5 LOTESRGLZ i 5 7291,
B ICTERR E N7 B REE & B - BifiE & OficBigE I nsflllaz, B 1 BETHIAL BB > TXgL
7z 19984 3 H23HICHREX L 72 13 H MBI % i L 7 3REHC B ERBRITER S Tt wzoT, ZoiRkHzD
W CITEREH OTEEHRILZ b o 72,

1.2.5 WEREBEBMEOEETY7VEOFE
WREHAEDOE T v 7 OB Z2HRN2 7012, WHRERMEDMFERME & R I Tns 57
VIV ORE, FE2E2. 2. 3THHL AR - TEHME L 7,

1.3 WBREIUVEE

1. 3.1 FERETOMEIROFIEEE

1 [6] B o N % Badh L 72199848 3 H10H & 3 [MIE OMNRAEE % Bis L 7219994 2 A 22 H 2 SR> & $REX
Lz cififasdmizBE shkdr ok (Fig.3-1a) DT, 206 DRI IITERER IZRIRREICH -7 &
MW L7z, 2[RI HOMEAE % Bt L 7219984F 4 H20H i i8S A o BRER L 72 30B ¢, BB MR I3 B8R ic
HEEBELTED, HiLLMKESV L OLEZEI N (Fig. 3-2b) DT, I ORHHICIERERT ITREIREICH -
- EHW L, Lizdso, 1BHE 3EHOIBAIECIRIRREIZS 2 BB 2R, 2 [EE MBS
TRIEE R L ZEREH 2RO ik b,
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Fig. 3-1. Localization of storage starch (arrows) around the cambial zone in a series of non-heated and
heated samples of Abies sachalinensis, as viewed under a Nomarski differential interference
contrast microscope (a) and a light microscope (b, ¢, d). a A transverse section of a non-heated
sample collected on 22 February 1999. The previous year's sieve cells that had been crushed to
some extent (arrowheads) are visible. Bar = 30 um. b A transverse section of a 15-d-heated sample
collected on 25 March 1998. Bar = 30 um. ¢ A radial section of a non-heated sample collected on 20
April 1998. Bar = 100 um. d A radial section of a 7-d-heated sample collected on 27 April 1998. Bar
=100 pm. ex, Radially enlarging xylem cells; fc, fusiform cambial cells; pc, procumbent ray cambial
cells; pp, phloem parenchyma cells; r, ray cells; xy, xylem
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Fig. 3-2. The extent of cambial growth in a series of heated samples of Abies sachalinensis, as viewed
transversally under a light microscope. a A 7-d-heated sample collected on 27 April 1998. Phloem
cells with secondary walls (ps), radially enlarging phloem cells (ep), fusiform cambial cells (fc),
radially enlarging xylem cells (ex) and xylem cells with secondary walls (xs) can be seen. Bar =
60 .m. b A non-heated sample collected on 20 April 1998. Newly formed cell walls (arrowheads)can
be seen in the cambium. Bar = 30 um. ¢ A 21-d-heated sample collected on 15 March 1999. Some
fusiform cambial cells show signs of autolysis (arrowheads). Bar = 30 um. The bottom of each
photograph corresponds to the xylem side. Arrows indicate the previous year's sieve cells that had
been crushed to some extent. pp, Phloem parenchyma cells; r, ray cells
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Z N ZF N O MBALEIAR I SRAT L 72 3060 i 7 BiifERE & BT IR S WM RGEE & s E N - fifao
B#xFig.3-31cm L7, 1 EEOMBAE%EIMR L 72199848 3 HI0B IC#RE L 73K T3, Zh o Ml ARIRE
REEIZDH 2 5 HOMBERFMEY? SR I Tz, 1998F 3 AIIH» o I5SHOBICIRERL - 1 B 25 5 HE
IIRALEE 2 i L 7.5k, TRBH RO 2 RER 2 R I RBRIIBE I d» o7z, 19984 3 HI6HICHRELL
7- 6 HREIMRALE % i L 72 Bk c BB MO 2R EH L Toik,

BN AR & BT ICTER S - B OEE L sk g - fifao %0, 1 B E 0iniBAE 19984 3 H18H c
FRELL 7= 8 HREMBALE % /E L 7- 3B Cid 10 TH b, 2 B H DB T19984 4 H20H 12 W2 5 FREL L
AR LIETH o7 (Fig.3-3a,b), INSDERL S, Z o0 TRIEEFMRO D IEEIREERIZ
BIEFAUCCH-7 LML 7=, 22T, 1 BEHOINRLAE T8 HMH 5 15HRMES 7238t & 2 Bl H o g ¢
4 H20H%>5 4 H27H £ TIZERHLL 723 BHI D W OBRBEHFIC B ) 2 Ml HOESHREZ K T3 2 Lick -
T, 7 HEIOMRALEDS, ABKWICED S CilgsR2HEH L 2 BRER L BRCHEoRH2HE L - HR/E
BB 20BN RIS THELHOPIZTAILNTEZ LEX 7, 7THEMBL ZERERIZ, 19984 3
HI8H» % 3 A2 D/EIZIZ 48, 4 H20B2 5 4 A2THOMICXITEOME: £E L 72, INBAEIS R ER
BT AR ZICRIETRIRIE, ARNICED S THIlga 2B L 2 ERER L h b BRI R E2E
BL R EE CHETH >,

3 [E1 2 DABALEE % BASA U 7219994F 2 H22H I RHEESH & FRER L 2280 T, I - EhMiAE & aisEic B S h
7 RGEE & B E 7RIS ARIRIR AR I & 2 6 DB HAIIEY SR I Tz, 19943 A2 B2 5
15H DRI L 7= 8 HRED 521 HRNNIE L 2306, B - & i ICBR S M- B ol & 1ok
NMBEOEIZIZEA CEB L 2 o7 (Fig.3-3¢). 19994 3 H15H ICHREX L 721 HREAMNE L 2238k Tik, #
BREHICBTHESBEIBEINT, #MiarEC2@ T 2 kBENR o0 (Fig.3-2¢). LAd>7T, 3EHE
DIRAE DKL b Tl 3B EBCEELTBD, E5ic, MRBEZ2ERTLILTE
RVRBLIZH - T LHBET L 7=,

FRBH I B 20587~ 7> DRFE % Table 3-2127R L 72, WRERHIC I3 TERRSEHE A1 O BRE8 A0 R & fit
SHAGRIC Ty 7R E T (Fig.3-1a). | B H OB TIE, FHRBH IO & it
HEHICrBENTw 3 7Y 7y ORIBIMBHMABEL 23>0 TR L (Fig.3-1b), 3 [EH D iniBAE
T, TREH T L BEEBF I RN T Ty oI —EMmL -#%izEgsd L, 34
I5ECEREN L 7221 HiERR S 7= B ClRIR BRI T T v 7y BB X o o, 2 [B1E OiEE
BRI L 72§ RTORKE (Fig. 3-1c¢, d) T, REHHEORERME & BEHEESPN I 7> 7 v sk Ric
I NT i,

NEBIICiRS & CHERE Y %2 B U TR EH & BARICHIIES 22 BB L 2 ERER Tk, B2 iR
BOSHIRE r ROTEEPRILIC RIE S EII R o7, BRICHIRES 2% F5 L 7 JERJEH Tl fila o Hosikst L 7-
2% (Fig.3-3b), AZMICIR® o TR R 2 HH L 2 RBH 1, #ifaz v o»EE L 25T Ciciifay
HAzEE L% (Fig.3-2¢). INoDFERDS, METEIMET 2 720 LB ELREAEVEHRICHES R %2 HH
L7 TBERCld > T 525, ABIICIES 5 nTHIARHZHRA L 2B IcE TR I Tuizn
EEZ B,
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Fig. 3-3. The number of phloem cells(A\), cambial zone cells(O) and xylem cells ((1) between
the previous year's latewood tracheids and the crushed sieve cells, and the total
number of cells (@) in samples that were collected from stems of Abies
sachalinensis during the first (a), second (b) and third (c) experiments. Vertical
bars indicate the standard errors. A 13-d-heated sample that was collected on 23
March 1998 durig the first experiment was not examined because some damaged
tissues had been formed in the cambial region.
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Table 3-2. Changes in amount of starch in storage tissues around the cambium in both untreated
and heated stem portions of conifers.

Phloem parenchyma Ray
Collection date Treatment
Lower Middle Upper Lower Middle Upper
Abies sachalinensis
Hokkaido, 98
March 10 Untreated + +
March 17 7-d-heated + +
March 25 15-d-heated + +
Hokkaido, 98
April 20 Untreated +
April 27 7-d-heated +
Hokkaido, 99
February 22 Untreated + +
March 2 8-d-heated + +
March 8 14-d-heated * +
March 15 21-d-heated - -
Larix kaempferi
Yamanashi, 91
April 13 Untreated + + + +
14-d-heated * + + * + +
Ibaraki, 96
February 21 Untreated + + + +
28-d-heated + + + +
March 26 Untreated + + + +
28-d-heated + + + +
Hokkaido, 99
February 8 Untreated - +
February 15 7-d-heated + +
February 22 14-d-heated + +
March 2 22-d-heated + +
March 8 28-d-heated + +

—, No starch; %, little starch; +, starch rich; *, not measured.
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NEREDEIBED DI aBEt L THYPOY —RA -2 7N %E2BE L T3 (Shiroya et al. 1962 ;
Zimmermann 1971 ; Giaquinta 1980 ; Kozlowski and Pallardy 1997) , BB ~EHE I N TE > a D —RIZ
B R B I R L S ol EHBNICL Ty 7 L TEZ 50D (Zimmermann 1971 ; Blechschmidt-
Schneider 1990), —75, @RI aOEELZS V7D 1 D TH % (Krabel 2000), ZHHICIR®D 5 4172 Picea
abiesDIZIC B VT, “CTEHE L 7 A BREY KD WAL 73 b3t Bl 2> & B~ & U T 88§ 5 2
EDPRE I N TS (Blechschmidt-Schneider 1990), AZMICIRS 72 b Y OBIEEICOWTE, MNRAEE
I & o TARERHIRRD 3 ROSER L 72802 TlE, TBRER R DT EMIE, ST > 7 93EK$ 5 LMl
fasrZas ik U, BARCEREEHEOSHIIEHRE L o, BREBHMHEDOMBEMa 7 7 v b
ABICHBEINTE D, HHREHEREOHZHREL Tuk, o fEE» S, MbasR% B L B
MRREFT B0, ¥ aBOERIHMEL T2 I EBRETHL EER 5,

HETER I NTNERED D SIRE LT a Bk EORATER T 1E, BN ORHES 2 8 > TEEE o il
BicEX SN D, RELHBRICAR ST 2 ERSTERTIE, B2 EREICOHAEEIE I abhTw5
(Fry and Phillips 1977), X 512, Pinus contorta var. latifolia (Savidge and Wareing 1982) DEERRS &
17z Picea abiesD (Blechschmidt-Schneider 1990) Tif, &l HAEMNICE 2 'CTEBE /2> afi®
KB REY OB DRENCBH T2 I LPREINT S, INEDFERHLS, ERHEEBTIILEAK
& a s EONAMEY O PSR DRSS S LSO > TV 2 RS H 5. —77, KA T TIEME
BEPEONEKEBEZ2H 2 %5 (Kramer and Kozlowski 1960) = & 23%H %, FEELHBRICRER Z N T 5 54
ERHZ DL TR, KETO»RVEVREBICBINTVEL0I, EOXEGREEWREDZETH 3 A1 0¥
ERBIZIZEALE0ICHLL, LEICIETATRAICHRSEZELH S (Troeng and Linder 1982) . FH LA
BT b FeyTld, ZIRESRRIVKRTICZ 5iEHREMA (Fig.2-7) ITX > TR RIZAER
PEILLTED, HRE L TERBHAEDI BN D> a ik & ONEREY) O nfiEHR 7 OG5 H] X
NTOLAHHEEDD 5, LR 2 i L 7B Cld > a B £ ONEREY O WA 7 DGR 123
JEK & %> TTF v 7 v ST EHAEDRTEMB O STHE L - X B,

> aBEDIEPICOTERER ISR T A M0 HOEER DL E 2 FIE TR F213EET 2 alReEsH 5,
SRR G T AL DS % OB RN MU R 2 REF L, DRBEZHER T2 DICRIAADNRETH S EEZS
T % (Savidge and Wareing 1981a; Savidge 1983; Sundberg et al. 2000), TERLEKIRIATY, HHEmicE
Z oI CTERE NIIAAD Y 2 — P RSN Z KM ICHEE T 2 2 & (Little 1981; Savidge and Wareing
1982; Odani 1985) & HERIE V> L NV DIAADSTERREHICNAE L T35 2 & (Sundberg et al. 1991; Uggla et
al. 1996; Funada et al. 2001, 2002) 2 ESINTWV 5, o DRERIE, FHEERCIRTAADZIIC b REHR I
HEINTVBE I EEZRL TS, L2 LEYS, BAGHIICFRIN T b FeyTid, ZiicREnsg
RAATE % i L 7 TR IC BT, fifansu o»EEI N ERICHES R EILL, BOSBL -ERE
HHRSBE I N 2 L9 5, JAABRZ L TR AR H 5, LI ARIICED 5 Ol R %2 L
7o b K=y OERER TIE, MlaoREFICR S 0§ B OBl A a7 R % 55 L,
SRR R T 2201, BELHICHERINTUIEL DL L DIAABKRETH L LEZ2 3, —1, H
RicHilas H 2 B L 2 EBRER T, TAADEELMHGHETH 2MRBEEZAD Y 2 — b2 6 KEDIAAY
EINB DI, ERGHRIREMETLIENTELLEZS,
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1.3. 2 KREHCOHIEEE

1 BIHOMRAAHE T19984: 3 H11H A5 I5H ORICEIR L 72 | B & 5 HREMGR L 7-30Rcis, AT
SN WMHREE & EN A & ORICHIID BERESTAR L 72, ZREEDHERE L CHRB~ L kL T3
Ml SN ) L7eds, REMEHBHEREL 2 kBEIERBD s hzd o7 (Fig.3-3a), HIFE1. 3. 1ickw
T, 1 HHOMRABETIZ19984E 3 A16H ICERALL 7= 6 HEHE & 7= 3k T g O 7 2 EH MR X 1T
VW5, L7dio T, TEMBEHRIRIREEIC & 2 RIS IR % /E L 723067 Tl, RERMEO 2 RE XD
b ORI B L3R L T,

B B & BT IS S M BGEE & icPiE - ML, 1 BB o MR T19984E 3 H 18 H I HREL
L 72 8 HEIMBAATE 2 /i U 72308k, ZREEDHERS U /- BRI 1 M8, MUK L 7-FisaaE 1 18, R
JE AN 7 18 & B RDMEA L 7KL 1 22542 D, 2 [HIH OIRABET19984 4 F20 H 1< R BEES A & $REL
L 73RS, BOREDIER L 7 AR 2 18, TERUEHAIN 7 18 & BB AR U 7 RERHIAE 1 5> & Rk &
NTwiz, INSDFERDPS, ZODORBITIITERIEHRHIED 572 & TRIBIRAEY O 53 L OISR IELNIZIEF U
Th DLW L7 (Fig.3-3a,b). | MIHOMRAM ¢ 8 HiFL 5 15HERS 72256t & 2 BIHONRRE T4 H
20075 4 H2TH & TICERILL 723RHE D W TR IRAE D 0L DVEEIR DL 2 i § 5 Z & ic k> T, 7 HfE
DIRALEEDS, ANZHICIHRS & TR DI 7 2 % T L 7285007 & BRICERER oSl 242 T L 7-
LIS B T 2 TRBIRED O T LI RITTHEZROLICTE S LE X, | FIHDOMIRAMD19984E 3 H18H
225 3 H25H £ coWiE & 2 [ H OARALFE BN BRALL 72 RSO RECik, B - MM & fiECER SN
T MHREE & Bk E i R O RIS O 8L 3T —E L TwiAt (Fig. 3-3a, b), T REEDSHERE L 72
RER AL o> B3 AR AL BT IS PR 2 SN L 72, 1 EIH OAINRALEE T 8 HiE A & 15 H ik e 7= b T, Ukt
BOYR L 7= AREFFMBITIZ & A EBEXNT (Fig.3-1b, 3a), KL 2 AKHBHIEOBERIZ 8 ~15umTH b,
30~60umd Z1EH 7% b K=Y BMEGEE OBEHE (HARMILEM S 1989) LHRZ EFEL NS o7,
2 FIH ORIz BT, 19984 4 H2THIZERI L 72 7 HEIIRAA % i U 72308 C i 1 218 o AR EBHI R AR
Eh (Fig.3-3b), MUHEIRE CHAANL ZREEDHER L 7- A GEE b Bl I 1z (Fig. 3-2a),

SEHOMRAE TIE, B3& 1. 3. | TIRHRBHMROZHEHSHER I N T 5 8 HRENIRAR % 1 L 72
HALIC B O TR ERDHAA L - ALY 3 Bl s sz, 1HH, 2[RIHONNEAH & FEfkic, AEHEGIC
BN AR & BT IO N RGEE & IcB E - fifatr R o RO 3ET—E L Tl
(Fig.3-3¢), “XEBEDSHERE L 7 AERMIRL D BUIfR 2 1SN L 72, SRABIHRE I AREEA~ &b L T 2 TR
IREMIZBZE I Neh o7 (Fig.3-3¢).

EBIREDORFICAE LA ER I 5Tk o7 | BIHOMRAHEIHR R L =i o a6 T,
EHEHAHE DI RMBAIC 7> 7k E A b o7 (Fig.3-1b), 2 [A B O MR T RAHREE DK
SN TFRTIE, BRBEHANE DR & BEHB I 7> 7y AR IS Tw i (Fig. 3-1d).
TEHBIRE DO KER 3 LHSTHE S Lk h> o 72 3 [BIH DR E A B L 72 iR o ikbC ik, TRER
DA T v 7@ kb ol

R E T ORI 2 MR ZE L 7- b F =y oBEEcl, o CidBRER IR O Tlllds s
HeHET 2R E D, KREGIITEBEHRIRO ZHEM L D RIS o7, ZOfHEIE, SHEERCIE
WK E oL L h bR 5 £ T2HE (Wilson 1966; Alfieri and Evert 1968, 1973) & —2 L Tw 3,
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A7 =Y TiE, TR ORMEENAZE L T 2 ATEDRRIADK D D ISR & Ll 20 o ffsEfiass 4k
SLORETEEL L, BRETMEST R 2 BT 2T~ LT 2 EBRESN TV S
(Imagawa 1981), ZD &I LHEAHAEIZ F FoY LA LU € I JBDAbies balsamea (Kutscha et al. 1975; Riding
and Little 1984) Z&¥i3h 0k (Esau 1969; Alfieri and Evert 1968, 1973) THHHIN TV 5, LAt
T, SHERBC, BRI O S REH AR 3H ISR S NS BETH D, BRAHIED T
B icB T 2 filasR E RS LICERT L TREZ 2R EZFRICL TWw3 EEX S,

FEMHIBICHR I N TV 2 b F= Vit 20T, BRBHIHRIRIREIC S 2RI 382 JEMIicio b
ERBIREMORTIMEE2R I EE DI 8 TERD o7z, L LaYs, EEREWSEHRCH O H2HEHEL
T ERIC IR IS TR A IR AL 2 i 3 & SBOREEDS R & (AR L ZRBEDSHERE L 72 MIEE DT & 17z,
B2ETIE, MBEAHIRICHIR I N TV R AFIT o0 TR, B ORI IRAIE % i L 7 STl i
HEPRKE IR L ZREDHER L B EE OIWROBFEE I N, P P YRS o, 2
HTa»6 3 HTaZ TcoRiE, 4 ATHOAR (Fig.2-7) & A X2 & T - ik o L o Kk (Fig. 2
-4) KO b O Ko7, L7hio T, BRI DETRAY 2 MNRAL B AT RE IR 4 O R 43 b o i BRI
RIFTE, BEcL- "C’%%E@T‘% 575, MmAAEE %2 i U - R O &Rk S FE L T 5 AfREME 23S 2,

R IR ORI, BRERFMEO 3 & RERICHTRFIc k> ThIfl S v 2 affiEnd 2,
2F 1. 3. 3T, MERBHMECBINTOS 7Y 7y BEBBIREYO “RERFEICES L Twa I L,
Fe, HIFEL. 3. 1T, FERGHBICHRINTHS P Py T, ZHICEVLRRIC X > TR Eid
HERMMEILL TR Y, fERE U TRRETANE DR O Y& BREY O WA 7y O 4HE 2 IIfl X 4T v
5 ERRRL T, MRAHEZEL 72 F F=Y T, ERBIREYO REEREENFE I 112 o 7 RIRGHCm
B U OB AHEDO BRI X Ty 7oy BIR LA LS 202 IFREINTE 5, T REEDTE L
7= M BGEE DR S TR DI E ARSI 0 % 2 FBE L - & ISR L 72 B o R gH fhmic i35~ 7
YORRBIHE I T, KR 2 MEABZ L 72 b F~y OB, WML 2020580 L
5k &y afinaiE L LT v 3 EREHEE DB O T v 7 el sh s -oic,
BRI O _RERENRR 6 ol L HR B,

HiAE - AR R TIE, o 3 FEOTINREE MR s & REATERL & Ui LRSS £ 1% (Wetmore and Rier
1963; Warren Wilson et al. 1994), X 512, ¥ afitIAAIC DLW TRERBHDHIIcEWTHuwE— 7 2 o4
BT DHERR X TE D (Uggla et al. 1996; Tuominen et al. 1997; Uggla et al. 1998; Tuominen et al. 2000), &
DHBLITAADTERBIREYN A EERE T & UTHENT 3 2 L1 L - THIBSL L RSBl s hTves 2
EDRIB XN T3 (Sundberg et al. 2000), ZHUCHNRAEZR L 72 F ¥ vid, ERBEWERICHES A
ZEHLCERICIRAHEZEL 72 F Py 2o NCEICRABEZEL 72 2 ¥ &%, BRERED OO
BERNBR L > T Eh o, BRBHNEICET 2> a iPIAAD ARSI b B> T 2 A[REELH 2,

1.4 # &

FF=wizownT, &N 2~ 3 MR 2 IRALE £ i U 7- B & TR iR s B AR 2 B L
FLERICIR U 78I 8 1) 2 TERUEHRIIA D 0 & BB IR EY ORI DB DL & I TERUEH
FIHBENTW B F Yy Ty OB HENT,
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(1) MR HEIRESE T 2720 L RT3 7D I B2, BARICHES S 2HH L 2 ERERH Tk
fili> T35, ABKICHED & N CHIRDHDEE L BT ICE W TR SN TW»awn 2 E 3L I
ot

(2) MIMESHZ L REH» IR 2 #MET 57201013, WBHEEBRD T v 7 v h STERIEHE~> a fdt
BINBIT T ERERH 5 2 LRI,

() Z#HIIRD SNl b Fey OBBRE T, > aflik EONAMREY O REMHERS ORLGIE I & 6 L /- filg
SEIC K By aBEOWBENERN L 4o TVRBHEEOBMME, S 7 7ok L, ZofRELT, ¥
BRIBIREY O _REEEEME Z 5\ 2 LRl

BoH HSVVKHT 3 HREEHEE O

2.1 #& =

55 2 EECHRIRIIC R MR % 2B L 74 5~ v Tld, TRBAHIN O MIRALE = X 5 Bt &
2 M R S LT B RS TH B A X £ 0 b F L IS C, MBRAIIC 3 ARD 7 Y 7 pFR S
NT7, FEHERTI, $HENEE L TOLRLEIICIE, XEERMEEB IR kWil §HED & i M
NI O TP OB IE LTy B ATRENE AL B 505, 2 BIRTRD 75 5 < Y ORERITIE, K
B S BEBA PN Th - blc, BERIND S aBORID %, MBI ARDF Y 7o h
WS N T W LA, 1, h Ty OFRBRRRS S 24% TR T 5 72 o 1 8 75 NIRRT ¢ 2 JRTRTA
CHBIEETLE, S5, ATTY TR, MRAEEEEER T, WREEINO SEIE S 5 2o
TR b Y EHTERI L, RESLOIET B & & b ICMERARONET Y 7 2T B R R L2, <
B ORENS, HIeViconTi, 2EEE D bE MRAME L 7B S 3 RS0 %
L BB O AT LD EBIRIL 5 I MR RS N C LB 7y 7Y DREB<S 2 LI k-
<, AMICTHREHHIO S E L REIREO AR LA HIM L T3 ETE L VR T 22 LhTE S
25,

KBTI, AT 4ERE X TR RIS A I 7% TR L 7= BRI R R 2 IR & s L 72 5
Y ORIz WT, HRBEEIEOST & HRIBIRED O AKBHLOEBIRIS & Ul TR B R 1 J
SN L

2.2 MRBIUKRBRAE
2.2.1 #HEHK

A 7=y & LB BB AR BT /R L LB D2TAR AR MR IS RER S LT 7e TBIE,  RSZATBOR AR
HIERT T REREHL O 198 MR S 40T 7 2 BIE,  JLHER S B B R Ve B AR AL BRI i D 234F
AT IR I LT/ 1 EfEZ B L 72 (Table 3-1),

2.2.2 IURALIE
IERRIC B TIZ19914E 3 H28H2:5 4 HI3H, RMEICEWTIZ19964 1 H24H46 2 H21H & 2 A27HA %
5 3 H26H, Ab#pEIcB\TIZ19994E 2 A 8 HA5 3 H 8 H £ COMIR I it I /TR 2 iR QB 2 /i L 7= 1l
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ZUE-CHIRALE % i L 7B Tz 4 HISHOR T, JORRCORALEL 2 L 7@ Tix 3 H26H ORf I TREIC
FEREDRE > T7z, MRT 2WOIEEANICIIBOBIEIT L L2y, (WRR, RRETIIEEEH -0 H
MBI A Z L 72, MIBAEIEIE2FE 1. 2. 2 THYATEII>TE I o> 7

2.2.3 HEHEDRGLUHRESHOER

JRIER B IR AL & M L 72 I D T, AINREE & IR & U CTIREE D 1 m EJ5 I AZE § 2 310> & TR
@ L ETOMBE L UORTEE2EG 70y 7 2RI -, 199143 H28H»>5 4 HI13H £ T & 19964 1 H24H %
52HA21H¥ L 2H27THD S 3 H26H £ TOMRAEClimMEHIC, 199942 H8 HA 5 3 A 8 HE TOMNR
WP EBMRED S 7ay 22 MLz, MLz 70y 2251k, $HIFE]L. 2. 3 LR HETHRERR
L 72,

2. 2.4 WHEFCHTIMEEEELTEREREN DD LEE DM
851 ECHH L BRI - UBBRERIC K T Sl R & BUBIREY DAL D iEER DL % 37 L 7.

2.2.5 ERBBRMEIOFETYVYEOFE
ERBHMNEIO T v 7 DBZFARS - 012, HREBH I OMTRME & SR CITEINTHwsF
Vv oBR%E, E2E2. 2. 3 THIAL RIS TEHEL /-,

2.3 RBREIUEER
2. 3.1 FERETOMREIROHEHEE

LB CAMRAARE % #47 L 72 19914F 4 A3 RIS NIl S FRIR L 7230k CIs, B HIRIC B W T i’
B N7 EERBE DB I N7 DT (Table 3-3), MRABEZBHG T 2 HTdH 2 i3 ARALE AR I FERE i

Table 3-3. The extent of cambial activity in both untreated and heated stem portions of Larix

kaempferi.
Lower portion Middle portion Upper portion
Number of cells Number of cells Number of cells
Collection date Treatment Ca Ex Xs Ca Ex Xs Ca Ex Xs
Yamanashi, 91
March 13 Untreated nm nm nm 4.4 0 0 55 0.2 0
14-d-heated 9.7¢ 1.7 0 6.7 3.5 0 6.9 21 0
Ibaraki, 96
February 21 Untreated 4.3 0 0 4.8 0 0
28-d-heated 4.7 0 0 5 0.2 0
March 12 Untreated 3.8 0 0 3.2 0 0
March 26 Untreated KA 0 0 4.4 0 0
28-d-heated 6.3* 4.6 0 6.9 3.3 0
Hokkaido, 99
February 8 Untreated 57 0 0
February 15 7-d-heated 5.4 0 0
February 22 14-d-heated 4.4 0 0
March 2 22-d-heated 5.7* 0 0
March 8 28-d-heated 4.9 0 0

Ca, Cambial zone cell; Ex, radially enlarging xylem cell; Xs, xylem cell with secondary walls; nm, not
measured; *, cambium re-initiated cell division. Number of cells shown is the average of 10 radial files.
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DR EHBL T SHW L 72, KB TINRAEZ ME L 7o AR O MRS A 6 19964 2 H21H & 3 A12HIC
FHL 23T, SBLTOsMlBEINLd o705, 3 H26HICHRELL 72308 T I3 TR @ 2 BE 12
SR L T/ (Table 3-3), L723->T, HAEEHIZ19964F 1 H24H2:5 3 A12H ¥ TOMARBNIT I IRERIR
fEich b, 3AI2ALS 3 A260 ORISR Z R L Tuwfz LHW L 72, AL CINBALEE 2 B L 7219994 2
A 8 HIZ xR > & FI L -3 Tk, TREREH Ic B W TR/ BE X k) o 72 (Table 3-3) O THEEE
HISRIRIRRBIC H > 7 EHIMT L 72, ARBETE 2 & - L INRAE & KR C19964F 1| H24H2 5 2 A2IHETE
Z 7o T HRALEE CILIARIRIRER IC & B TERUERF I IR &2 i L, (WAL TR 2 4 - 72 IRAPE & K ¢1996
E2H2TAD 6 3 A26H £ TE 2 4> 7 RABE CIHIEENIREEIC H 2 TEREH IR Z L 7 2 LIk 5,

WRRTE 2 o7 2AROMIRAE L KBRTE 2 k-7 4 BEOIRAM T, LIhoEE < b B
[ O 2 HI B SNz (Table 3-3), dtiEETid, 1EME & O 2 ERMBALTEZ i L 72386 TIIERIE
WICk T AR B I Ngd o708 3BMEE & U 48ENMNRAB % i L 72 56 Tl B EE T a0 or 2
ZFH L Tz (Table 3-3),

TR B W S RIRIRBE 10 b 2 BRI IR AL % 16 U 7238672 T3, FERERIC B 2 Ml 2GS Tld i r -
Too FWIRTIX, 19964F 1 A24H725 2 A21H ¢ 4 BEBANGABE % i L 72 S0 CEI% S W TRIEHHINE & 1
HEIREY DKL (Table 3-3), NI (Table 3-3) B XU 2 TI9964 1 H24H2 S 2HTHET2:8
REIMIRALE % e L 7- 62 OMREEL (Table 2-2) LIZIFRAU TH o7z, IWHETE 2 2 - 7RO T, B
[R5 R HER I 17 3EME X O 4 EEMIRLEE % i U 72 3067 CEIEE X fU /- EHY IR & TR IR &
YoORENIZ, NEH oM & I1ZIEFRC TH o7 (Table 3-3), MIRMAMZ i L 7-3F 6 TIRE SO L 72T E
kB I N o T,

TR RS > S % FH5E L 732 IS IR 2 1 L 723541003, RSSO REH I 8 ) 2 il R isiss T
H ot WWAIE-C 2 EMMIRAAE % i L 72 8867 ¢, RS & TREIR Y ORI B OMEE o 8
L% 215 TH o7 (Table 3-3). FKIRELTIZ, 19964F 2 H27HA 5 3 A26 1 % T 4 BRIMIBALE % ffi L 7262 T
Bl% I N7 RIEFAINE & TERBIREY Ofe U, NIREOMEH L D $% < (Table 3-3), 2 &ET19964F 2
A27A» 5 3 B12A £ T 2 BERIMIBALEEZ i L 72 S oMK% (Table 2-2) OB L% 2 THh o7,

IRALERIART o B L 72 R O IEBUBH ADE ISR E T B 7 v 7 v B %k % Table 3-212R L 72, %
BUBHIDMRIRIR BB IC & 2 RIS IR ALER 2 4 L 723567 Uk, TRRRUEHF A IR DR i & A Ic 8 T, i
BENTwE7Fr 7 0BRNEOKAL LHICHML, KEOT v FrpBlgEIns, —7, BIRERE:
SREZBH L 2 BICIRAREZ M L 7235461003, TWREFEO BRI KEO T v 7 I nTs
D, FFRFHETOERT Y 7 BFIUEITIREM L 7205 TR L 2 h o 7z, BB IS Tn 3
T 7y BOEMICE—EDERIEED Sk b o T,

28 1. 3. 2Tk, TWE, IWARLIBEEIHERINTOIA 72 VI 20 THERBWHHIRIRIREEICH 2
IRF 31 1 TR % 20~25°C TR I 2 BEIR 7o fE R, TRET MO 2L, RMECIREmH L 7258, (LRI
LibETRFEIN o, SlEN, E2E 1. 3. 2 TMENE2E 2 %o - o b TR b R il
KHRENTWizAh FeicB8W» T, B 3BEMIMRAEZ S 2 &2 X - TR <R Mao o
HBEHRATE I ENTEL, INSDERDS, T~ TRIVREW O KRIRIH I EH % 20~25°C TRATIIC
Bo5e, WRBHEAMOSEPENT 2201032~ 38200, FFEARZEFTOKRICKEFEL TV
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LEEZD, H2E]. 3. 2T, MEMEZ 2BEME L Tk, HBTIREE 2 il T BE#HIC B W»
THIRE HoEE L, TR LS TEREFRO s HERIEFEE Ik o1,

AR T, ThETOREDLS, BREHICE T 2MlEoROESHRIUE, WEABND T 7V 5 5B
JBHAD Y a BEOBIEIIKE L T 5 2 E 2R L 1, EEHHRIRIRIEIC & 2 B RHEFH 2 INRALE % e
LA ey o<, WREFHGEOHBAGCAKBDO T Y 7V pBE S/ (Table3-2), L Lk
5, FRERICB O RIS HIEHH L %o ZEBHORIUIERH»TH H, MEREHMBOBE 28, 3
HEEE L ERIME L 28 TIIZIERL TH o7, IO OFERD S, KIEICBUEZRL-H 5 <Y
T, TRER RIS R B LRI, FBRERNO 7Y 7y 2R3 L OBRERHIRO 2 Rz ik § 2
7 DICBBREFHEVHI > TR WEEZ B,

HEHERTH 2 A T2y T, SHICEHEIEE L Tuh LD IKIAADBER S LT 5 AR K
B3, PRIEHIC b TEBUBH AT IC RIAADTFE L T3 2 EAVREN T3 (Funada et al. 2002), —75, {KERH]
IR ZHEL 724 7 =Y OBBE T, BN 7Y 70 2R L TR 2k T 2 o Ic Bk
ZHHI-> TRV I EERE L, TD& ) RRTIR, MEREHMROIRIEEIC X > TIAADE LR
N3 AR, TERBRIREIICIRD 7 F F= Y OB CHE I N IAADRZDIRRE & b 5 HisEHK
BEBHMROE ORISRV EEZ S,

2. 3.2 KREHMeOBIEBE

TR DSRIRIR BB & 2 BHIIC IRALEE 2 fE L 7 8062 T i3, TERBIREMO KRBz EAERI o %
Do te, ALHEETIE, HRBEHHREO MR SN 3BEMB & O 4OERMBAEZ fE L 7236k »Tidk
AL L T B ERBIREIIBE SN2 h 57 (Table 3-3), KRB TI964E 1 H24A 55 2 A2IH £ T
4 EFEMRAOIE % HE L 73O BV T, BUERBESIER L 2 RS & A Y BIE SN (Table 3-3), X5
I, BBINAARTMIZIEE LA 7 <V BMEGEE (AARARMMIEMHS 1989) LI~ 2 EBUHEMIF L
INE o Tz,

TR R A > 2% FIEH U 72 B0 I NRAL B 2 i L - 8581, IR IS 8 2 WBBIRED O RKE LD IF
iR, RIRREICH 2 TEEERICBAEEE L 7256 L 3B -7, INEURT 2 BREIMIBAE% L 738
{7 & R C19964 2 H27H A5 3 H26H £ ¢ 4 HRINBAE 2 M L 72361, 2~ 5 HoRBIREY K
WAEEL Twie (Table 3-3), Z05DAREWALFHL T BBRBEIREY O FIIIBHEIRE (KL
REbH o7, L Lahis, TREEDHER L -BEMKEFEREBINh o1,

B~ BEN LI & > T, BEEPEMBEED L ) ICKELBR L EREREYPBEEI N
WALTIE, TR ADEDI B T Y 7y BRBICHIR I T/ (Table 3-2), —77, WRBIREH D
KRB 5t 78T, WREFHEOHBHBICIARBO TV 7o BB I N/ (Table 3-2),

HEHEBTH DA 7 =V IC20 TS, TURBERHIIRIRIREEIC & 2 B IC 138 % REIciR o T REIRE
VORI AR ZRZ LR TER» o7, L LAY, FEWHF L CEBBHHHR ISR %2 HH
L7-t2icid, Bl R 2 miB s % i 4 & BMIGEE O £ ) B ESK E (IR L -ERBIRED O
B, F3E2. 3. 1ics0T, (KEHOA 7~ OBEBE CIMBAEIC X > THBRE BRI L 7%
Bl &t XN DT v 7 2RET 270 0FMB o Twh LI ER2FRE L, 20 &) RRET TR,
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TBIREM ORI CEZE I S EEZ 5, MELEZL 2~V BOKTIE, BRBIREVMOREE ~D
SO EIND Z Lo, FEEEBIREDPREE T 27 DI BHENBLETH D, KRB LICHELRY
'E (tracheid-differentiation factor: TDF) S#t D S JRAEL T3 2 EWRMB I 1T\ % (Savidge and
Wareing 1981b) . ARALHE % fiti L 788 ERIC 81T 2 REB LD TEEMRDLIZ, REHMRIRIREEIC & 2 Re i D3
EOHFEBICL>TRED EERXD,

2.4 ® &

I 458 X CERERFES BRI R 2 L A BERICREBN R INRAB L EL 725 7 < Y OB
2T, RO 7 ETBRBIREY O ARG IHMEOEBRILE & CICTEREF IR I N Tw 57
YTV DOREFNT,

(1) VE%EstEERcH, MRBIRIRIICHE 2 BENcRS 2 &, IR CBRBHE» sRE2EHT2 2L
BHL»ICE-T:, L LEDS, BREVNEIEHT 27:-00MEHEE, AFHORRICEI TERS L
BRI NI,

(2) MR HIMFE T B 7200 EREBILAE S B - b B gz, BRICHBESHZEH L 2EREH T’
fii>Twa2s, ABNICIED S TSR L 2 BRBH ICE Tl SN Tuiaw I EBHL I
Kot

(3) TR FEPRARIAIC INIRALER % i U 723862 Tk, BN O 7 7 v 2R3 L OBREH IR0 53R 2 fkk 3
% 7- DI B EMED M > Tz T EMRI NI,

FEIEME

HEHERCH DA 72y LERLRHIBICET L CO2ERHMEBRTH 2 F FevicownT, MRz 2 ~
4ERNCIER U TN 7 B EE & TERUE RIS H SR oy 32 TEBH L 22 1B IS IR L 7 Bk o v O
EHAIR O # & TWRBIREY O RE T LOEERILZ 5 BB NT I I Tw 3 7y 7 vy oi%
AR, P Fevicon T, WIRCIRAAE % i L7200k, MBS EZEML A ERERET CleaR
HEz kL, KREOLREZ ST, MRIBWAHEDME M S X BT v 7 vk L, —71, BRI
BRI O 5 Z DR U 7% IR L 723007 ©03, TURUE IR 4y 2 2 ke L, M {EE DR S 1,
R ERADE DRRBRMIICE 7y 7y BIRBICIFE I N T, Zhs DfERD S, MESHI T 5720
ERFRIACHHE Z B 72 D I B 5t id, BHRICHIIE SR 2 HH L 2 BEH Tldfi> Tw» 325, ARIICED
5N THIRESADE L 2 REHIC B LTI N TR 67, Mo E2EHM L 2RO % ki
B7oicid, WRHENO T 7 o IBBEH A~ a BB I BT T 0 EYNH B L X, 7, %
B BRIC A TE LTV 2 RREHEERCIE, ZINICIHMEIRIC X o THEED S Bl LM~ D e A REED D T TR
S OUIEDMEIL LT 2 ATREMED S B 7o i, RIRIIICIRO S0/ b ey OBEETIE, > aflik E XA
FEVO TR ORERRE L L FH L 2SR X 5 2 a BOEEDRR & 4 > CERBH BT O ik
BFVTUMHRT LI ENREINL, E5i, BHLAGEEHSLIES (F &y afoaEILL To
IREF R DR MBI I N TR Ty 7V BMEORE NS 7012, BRBIREY D — XEEILE i
IoRWVIENWRRING, AT 2VIco20TE, KIRBICB®R2EENICRD 2 &, FMEARREFOKR



SHIERIIC 510 BTURIEE & AR LOTHESIC BT 2 HH% 23—
k> TRAL S8, NHRECREREHMES IR 2EHRT 2 2 EBHS IR > 7, MR %Z 6 L 7R
@ D REE IR T, ABHMLIIZ LA LR 5, MRER LM EMIC LT v 7y KRRl
I, —7, BRICEREHMIEORHEE L 2 8ICIR L 28021, TRERIIE Rz
L, HEREVOBRNESKE CHRL, BREHTEDOMBEMBICII KRR T Y 7y BIFEI LT,
INS DR S, MSHIMEET 57:0 ERBIUIET 51 DIcHhBAFEME, ARICHRSRZHEHRL
T RIEH Cidlii> T 225, AZBIICIRS S W THIRSRHPHER L BB ICE Tk ShTuinl
EVHSIC o, 61T, RIEHNCHNR L 223062 T ik, TR BEOR AR 7 7 v 3K R ICIT
NTL3ICHhrb 6T, HiL ABOEREFMROEHRIINI LA EEDS RV Ehb, WRT Y 7
2R L THERBHHEO D H 2R T 2 - OICBBEREEIRi> ToRhWL I LR SN,
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FBA4E FHEBFHROSEBHAETY TV OBE

FH EREBHFCET3TY7Y0BELMEIHNOBRIES
1.1 #
E2EEEIETI, RIEHIC BN 2 MRAE % M U 7 E RS ER O BEBREIc oW T, BlEFIRO SR
ETERBIREY DR AL DTEEHRDL & TR EH ABE DI IR I N Tw L Ty 7V OB2#HN, 20
MR, MERETHRERED EAPEEOG 2L 2> THREBHAT I I LHS Ik, F, TDE
EREW AL, T EMRERNONET Y 7y o figEIn s a2 AL T023 2 E 2B L 7, RIRIH
I JRERIY 2 IR ALEE % B U 7 B AR S SER OB & F VT, TEBUE DR O BT N 2 O RUE R IR I B
T3 7y 7y OEE L EBROMEED S BRI LTV BTEREHICE W THIR S R EH T 2 (1 E O 28 % 15
PICBIZR T2 Lick>TC, IR, vaf, WETY 7y LB BT 2ESEOBHEE DFEH D ICOWV
TELIFHELCARD I LN TEDL LEZS,

AEITIE, FCMBAEZEL 72 b K=y OB LT, FBREHADED IR & BB I
BB T V7 OB LR ICE» THIRS R EH T 2 EOLE L OBRE T,

1.2 MHRBIURBAE

1.2.1 #&HEAK

552 BEC19984E 3 HI0H 2> 525H £ TOMIRICEEICREN S IMBAEZEL 2 F FwyEERs7o—> TR
125%; o 1 {Ek%EEEICf L7 (Table2-1),

1.2.2 hnBumE
19984E 3 HI0OH 2> 525 H £ ToOMAMIC B I B A MR 2 E L 72, RT3 I8 oM&ET & L,
MRAEIZFE2E 1. 2. 2 THO AR > TE I kot

1.2.3 FHEENESLOCBRBABOER

5 3 TET19984F 3 H10H 2> 5 16 HIZ 2 0 TR I & iR & 4 BRI L 223k S BRIl 2 F 2 a— )L %
7z (& SpurrBHis ELHE R 2 fEE L 72,

572 a—LVEEERE) S, BX20~30umDAROE 7212 E X HOE LYK ZYIHI L 72, Spurrfétfsa#sziels:
5, HIAFA7%FoTINE 7370 =L TR lumOAOE L3S HOMYIA 2L 72, #YIA I
FTALBT, BOWUREY 75 —7 7 A 7Y —UFCFTREAL, WEF Y 7V 2BET L -0DEYHIC
EavR—a A )T AKERTROZ ML OEFEBIET CBRE L. £, BRERICE T 2RO
X TERARD DI, REEBITICEZHADE WY 280 THEME CBREL 7.

EEKICHEINTVE Ty 7V 2B8T 5701, SpurrlHif @A »6 A YEY FFHA 7 2fioTY
N30 b—LTI0MmEDOAROEZIEEIHOBEBIFZUIEIL, SN LAN—VEZRS B Y v F
YR 28BS TS, UIRICISEEREY 7 =2V — 7 T VB —ER O ME L, MEEFSkVICEB L TY 2
BRUETHERE THEL .
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1.3 BRBIUEER
1.3.1 ~RYVOEBETZEKT Sl

IERALER 2 BHsA L 72 19984F 3 H10H I 3FBEHBMRIRRBICH > 7 2 L E 2 E TR I N TV %, PR
Y DRIRIREBI & 2 RIS, WU RBUE RN, ~FORTUT R IO A A & TR IR oD v b2 S
54 3 ES B RIE R U R R O 3 R OME S K S T/ (Fig.4-1a), AREREIFICIZEBUE I
4 ~ 5 ORI E R M &% b, A & BiFEICTER S B GEE & ik Tuie (Fig. 4-
1b),

1.3.2 EEFHROERICLZ2OHRBRARHOEWN

RFtH 2 iR % 1 ~ 4 HRME U 22 Bisicl, Mleo22meE L 2Rl sigsnir o, 5
HIERR S 72360 T i, EZREREH BB caRoMEo RN b, Zns OMENICIZETE (Fig.
4-2a), i, BYE X CRHOKBBIE I NS, —F, FREGEEH B M & ¥R e #id T
1%, MREDZELEE L 2JkEIEED s vk o,

6 HRTR D 723507 Tid, FIREFERER SR (Fig. 4-2b) & #isE R EHMIE (Fig. 4-2¢) 2%
fas@EEEL T, 20 DMl RERIZE R REH R AL D b 1 BEd o7, FREY
BB UM & A SR BUE IS C IR R D RO BEsBE I n .,

Fig. 4-1. Light micrographs of cambium in Abies sachalinensis sampled on March 10 1998. No dividing
cambial cells were observed in the sample, indicating that the cambium was dormant. a A radial
section. The cambium consisted of erect ray cambial cells (erc), fusiform cambial cells (fc) and
procumbent ray cambial cells (prc). b A transverse section. A zone of fusiform cambial cells
(between arrows) was located between a tier of thick-walled xylem cells and phloem cells and was
4 to 5 cells wide during dormancy. ph, Phloem; pp, phloem parenchyma cell; xy, xylem. Bars =
30 um
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Fig. 4-2. The re-initiation of cell division in the cambial zone of Abies sachalinensis. a Radial view of an
erect ray cambial cell (erc) with a prophase nucleus (arrow) in a 5-d-heated sample, as observed
by Nomarski differential interference contrast microscopy. The right side of the photograph
corresponds to the xylem side. b Radial view of procumbent ray cambial cells at anaphase with the
cell plate (between arrows) and newly formed daughter nuclei (dn) in a 6-d-heated sample, as
viewed by Nomarski differential interference contrast microscopy. The right side of the
photograph corresponds to the xylem side. ¢ Transverse view of an array of fusiform cambial cells
with newly formed cell walls (arrows) on the phloem side of the cambium in a 6-d-heated sample,
as viewed under a light microscope. ph, Phloem; pp, phloem parenchyma cells; prc, procumbent
ray cambial cells; r, ray cells; xy, xylem. Bars = 30 um
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[RIEBE 2 IR ALER %2 B L 7= BRI 3 T, AU IR O AT R A S R R I X D o 1 B R
CHfET 2 HR L 720 Lcds-> T, TERUE R BUH LM & 8 S iie & ORI IRAABE IS N $ 2
FIGHISE VDS 5 EE 2 5, TWREHBEBMIC X, $ RN & (38272 2 IR I3 558
R OGS & B L 7 RSB s S L 2 AT DS D 5,

1.3.3 #EEEAETHROBAFNINICE TS REFRFHOLE

Hi ST R H AN O 3 R SRANC AR S iz 6 HFMIRALEE 2 fE L 72 562 ¢, #1%2 L 7 #s aE il
K68 F D h-c625IC B\ THEfE T ROSHER S e, T s ORI D ) H43FI T3 TR L 7 fiflEas 1
i, &b D19%ICix 2 ~ AR I iz, Ml RPHER S N T X TOMAEBEHII T, BN fzE S 2/
BaThTHEPEI > TaDT, TG DRIERA T I IZHT 72 ISR X 072 OB EE DS IR I 8 72 - Tl
gZxnk (Fig.4-2c),

TERREORIRA I SRR Z2 IIRAABE 2 i U 72 & N =Y ORI, #iE R ER IR o 7y 285 TR g
DORFEBMICRFICE Z 57 (Fig. 4-2¢). Z ORI, SHEEM L IAZERITIX, BT R O FE 23 RERTZ R O F5 B
IDBDREBIZETIRED MWL ARBE L T3 (Larson 1994), +F F= v LR U € 3§D Abies
balsamealc >\ T3, SHSEHIHRIBHMIEO S RHEHICE L T 2 >0WM&EH S 5, Riding and Little (1984)
X, TERERIMIRE O DY ICREIER LB L Tw 3 EREL T 5%, —7, Kutscha et al. (1975) %, #il
WAREHIAZIZH L VAR L D & 1ERR(ERENS EHREL T3, L2 LE2S, 5 (Riding and
Little 1984; Kutscha et al. 1975) i, TEBUBH IC 8 W THIE G E RPN Z 2MBEICOWTIEE R L Twiw,
SEOFRRIE, RIRENDE 2 NRABE 2 6 L 7B <3, S8R0 2B R ICTERE
WOMMR TR 32 2 L 2HEIRL TV 5,

TR B ARIR A BRI 2 INRAABE 2 M L 72 b F =Y OB T3, $8ERE RO BRI B WV TR
SRR 2 MRS O E UBATICAIE L Tk, LadoT, 6 HED s ru-ilBlo RO (Fig.
4-2¢) TEIZIND L) IT, FiziCBREENTR S - MIRUIE PR ICGER > THEA TV, ZO/RERD S, Hi
BN LB S 2 I R A AN A2 S 2 M8 RE IR & D b INRALER I 5 RGAsF >
EEZ B, HRBRNCAIE T % 8RR BRI, DRI o3 2 s 2 BOG M & B L 7R e /L, 2
N5 ORBUTAREANFIIE T 2 T RE R & IR 2 > TL 3 TREMDL S 5,

1.3. 4 EEBFHRODHOBRIERET Y 7Y OEEE OREN

55 2 BC19984F 3 H10H DN HES TR MRIRIRBIC H - 7 2 L B HER I LT %, JGEBEMET T T,
REBHAIC 3BT > 7" 1%, PRETE RIS BRI & TERUEH IR bIE VTR e I s, #
ST BRI 13880 iz - 7 (Fig. 4-3a), EVEERUEHBERHHERAIRIC 2w Tid, w22 oMl
BTy T URIFBEL T, LALADS, IZ00OfIITIIE HE0IE LA LITRT v 7V idBE I Nnkd -
Too BTUEMEET T, HRETEEEH SIS RO 7 7o b2 &F L aBikhn- SAED N
(Fig.4-5a), ESAUERIEWBEHEMIRIC b KB 7> 7 v KL% SR E 3B S N/ (Fig. 4-5b). —4,
PR B T3, BEALDBEEERIF Y 7V 2R Tokdot, KiBdH 2 WIZEEHOEL Ich 2
Mgz, 7Ty 7y REFRL T2 BREBBEINLD, 7TV 7 VRORE I Eh7 ) /NS Do 72 (Fig. 4-4b),



— 128 — MAREML ¥ —FRRE F 22 5

Fig. 4-3. Localization of storage starch (arrows) around the cambium in a series of non-heated and heated
samples of Abies sachalinensis, as viewed radially under a light microscope. a A non-heated
sample collected on March 10 1998. b A 4-d-heated sample. ¢ A 6-d-heated sample. erc, Erect ray
cambial cells; fe, fusiform cambial cells; ph, phloem; pp, phloem parenchyma cell; pre, procambent
ray cambial cells; xy, xylem. Bars = 30 um
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1 ~ 6 HiFE® 7230BHc 2w T, MBHRDE 2 5120E-> T, BT v 77 v O B3R A8 B
AR & BRE MRS B W CidEA L7 ds, SRR B TidgmL - (Fig.4-3), —75, B
BRSSO T v 7 v BRICE B LIRS e d o1z, EFEMET TIX, BRETHROGERE
BERALTOET Y 7V RORE SICEBR SNz, MRHRDRE & 510> T, PARETEEIE & U LS
MfaciRaRHclRIN Ty 7y aER L (Fig.4-6a), #HEHERETRECIIRBEO 7Y 7%
EAFEEERBT SABEINS X)o7 (Fig.4-6¢), ERMRERBEHESEMIC >V, K&
DF VTR EEATBEEIES RO N LM (Fig. 4-6b) L @ERICT Uy FrvBE LA LRI TY
ZulilasBig s ni,

PREREAC b AR D 5 VIR < 12 & 2 i #EE BRI, EFEBE N CTHRETE 2RED» L D/
ERFrv T REERAL T EREPBEI N (Fig.4-4b). ANEICBHET 2 R B GRE
BLIELETF Y7 oz&BLTEY, s OMRIEARE~ L E#ETLT % 2 & DSAesculus hippocastanum
(Barnett 1992), Fraxinus excelsior & Acer pseudoplatanus (Catesson 1994) TH&G XN T %, KRIEHH I MG
MIEEMEL 72 b F ey ORRER T3S ZAEB T 5 5 AR < OMEEE~ L EESLL Tw 3
(Fig.3-3). L7ct8oC, HRIRHIIC 7Y 70 2B L T 2 iU REH M, MsREsERTs L%
(b d 2 AlREMED D 5,

Fig. 4-4. TEM micrographs of dormant fusiform cambial cells in Abies sachalinensis sampled on March 10
1998. a Radial view of fragmented vacuoles (v). Bar = 5 um. b Transverse view of plastids (p) with
a small starch grain (arrow). Bar = 1 um. Id, Lipid droplet
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Fig. 4-5. Dormant ray cambial cells in Abies sachalinensis sampled on March 10 1998, as viewed radially
under a TEM. a Procumbent ray cambial cells. b An erect ray cambial cell. Id, Lipid droplet; n,
nucleus; p, plastid with a starch grain (arrow) ; v, small vacuole. Bars = 5 um
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Fig. 4-6. TEM micrographs of cambial cells in a 5-d-heated sample (a) and in a 6-d-heated sample (b, c)
of Abies sachalinensis. a Radial view of procumbent ray cambial cells. b Radial view of an erect ray
cambial cell. ¢ Transverse view of a fusiform cambial cell. Plastids with big starch grains (arrows)
were observed in an erect ray cambial cell and a fusiform cambial cell. Id, Lipid droplet; n,
nucleus; p, plastid.; v, vacuole. Bars =5um
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FA4FL. 3. 3T, BISANCAZE S 3 #EEREHMAEIE, DHRALER IS N § 5 ol 72 SOGH: & BIE L 7k
BeRb, 05 ORBUIIKRIBIICIZIE Y 2 8 REHFMIE L 3R> Tw b EF 2, MRMIEY I 3R
MoRGE & &bz, PHRETEZERET A & BT IR T > 7 A L, BRREENICIZEARL
B, B REEITIE Ty 7y BB E T o (Figs.4-3, 6a, ¢). SHERICIE, (KIEHAD S iEEIHA
W CHBEORD, THREHBE SR CIREA 3 223, SRR MM 5 2 L2515
NTvs3 (Larson 1994), o DB, BT Y 7y oiRE Ly afids, o DOFREE%E 8 - TSR
KA TV B BB ERRICEG SN TOE 2 L 2R L T3, —HIZRMFMId o $SEI R G
RO T7 18 DRERE, 713 PRI TERR S S LRSI e 2> © % SR T B0 L~ D B AR 7 1] D KR C &
5, ZNSDODREEIES Ty a KPR FHENMUHE I NS 2 LIk > T, BMICBEE L 2§88
TR E RN &, PRI R B A & B L Qv 2 R RE I IE X DS D a
DHFEEI NG LEZ B, BRE LT, HEEPERETHEOBEHEIIICE T, RN AIE S 2 MiEssmaic
Mgy H % BT %,

BAEL. 3. 2 Ti3, BEEEBEH G AR, IR 1< g 2 TR 2 RO & B L 2R RE D,
TS ORBUIHSRIE TR BTG & B2 > T 2 WREEZ R U 7o IMIRIEART 1 1 BT AU BB T 1B ML
MR I N TV S 7Y 7y ORIIZEE L EMSRD STk, Ledi> T, EEITYREH BUR A%
ik & SR I R E R ORI B S 1 2 DR BB O&E BT T v 7Y L EEBRS W EEZ B,

1.4 # @

LR Z L 72 b B~y OBEHICO VT, BB DEOEEMASZ > MIcRERIcB 57

7 v OEEE ETERER IR W IR R AER T 2 EOEE & 0BG E A,

(1) TERJE 2 M3 2 MilaD T, TEBUBH B LI & B8R i & DRI IR AT IR ¢
2 RIGHICE OIS 5 2 LIRS N,

(2) Wi ER IO >R MBI, MEEW ORI TR 2 2 LS itk ok,

(3) PRERHIC IR % i L 7- BB <1, TERUBRDEQ BN O 7> 7y 2 5 IRE L 72> a B, B
AR & KSR BB R A~ D U 77 1 D 8 & AR BIT B O LA A 2> © B8R TE IR R e~
DEHG T DR % B - THRBH~HE S N3 D1z, BRI REHHROBEIICE »TE, X h%L
DY a BEHMHEE X N2 BB ANCAZE T 2 M R HE HE T 2 Z LR E T,

B2H FEREFTHROSEBRICETL TES SHEBBENEL
2.1 ® B

R ERIEENC BT 2 — M EE&IE, SEIELBEI S/ oNTAMRICE VTS (Catesson 1994;
Farrar and Evert 1997a), /B HIEH) L BRVBH 2 BHR2FHE L (AR 202X, il 21, Aesculus
hippocastanum (Barnett 1992) & Robinia pseudoacacia (Farrar and Evert 1997a, b) IZDOWTHREE Zixb
Nl AR R SN S K )i, REIHICO b GHETHEE 2 HEICRIL 2 ik o7, SRARHRH
EH N ELET 5,

Savidge and Wareing (1981a) & Barnett and Miller (1994) OWFFE L % 2 L 3 HOERH S, HikstE
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fBHcow T, THHEEHERIRIREEIC D 2RI REICIR S 72 B CId,  HBAA O IR T R BT ATIE O
SHUPERT L LB hIc ko, THIT, BAES ] HOMRL S, REKARNRALABEZ ME L 7 ikt E
BoBEgEmcy, BREREEHICRO 2BHKE2MET 2 - OICH TRELHEMEHKROEEE T LR E R ST
EtEDid %
AREITIE, TEREWOMIRIRIREEIC & 2 R EICRIBRICIR S 72 b R < OBEEIC oW T, ERER IR
Z W T 2 E TIOERER AL TR 2 2SO 223N, RETEO S RZERIC ) RR 2 %
T 57 0DRELEMEEREE TV E L TOEHIEZFHE L 72,

2.2 MEBLUERBAE

2.2.1 #EK
FRewELTHFevERIZ—Y IFI255) v, 52 & T19984 3 HI0H» 5 25H £ T

R I BT 2 IRABE % i L 728k (Table 2-1) 12MZ <, 1{A{k (Table4-1) % FEEZfHEL 72,

2.2.2 ILERALEE
19984 3 H10H 2> 525H £ 19994 3 H16H %> 523 H % ¢ I M8EE o Mg & 30 12 J 3wy 2 iR AL s % i L 7=,
BT IZE 2 ZETHW A FERE>TE I Ro7-,

2.2.3 HHERNELOHREBAROER

55 3 ¥ T19984E 3 A10H 2> 6 16 H I 2o F TR IRER & MIRET 2> & $RETL 7 5lkl 2 & 7R84 U 72 Spurriths GGk}
AL 7, SpurrBEEEREI» S A I AT A 72 E- TN I3 708 —LTEI T umOROTE B ES
Ho@EY R 285l U7, HEBZAOEY A 12137 RVBTHE L TEAEMEE P Tl L2, & 512, Spurrfi
fRaEMAR»P S ¥y A Y E LV FFA 7% o TV 7370 b —2TI0nmEDOROF I F I HOEET %
YIHIL, R LRN— LR RS 288 » NICYI R 288 Tia 387, URICIZRERR Y 5 =V — 7 = U fh
TEREE L, NEETS0KVIC TR 2 & BT E B cBl L 7,

2.2.4 WINEOEHR

R B OB/ NE OBIE21Z, 19994E 3 H16H 2523 H £ CoOHAMNIC X REE & INiRE» 5 ERE L 7= 3kHz o
WTB IR 277, BUNE IO R R R T L 72 (Abe et al. 1995; Funada et al. 1997; Furusawa et al.
1998).

Table 4-1. Mensurational characteristics of the sample tree.

Heating period Tree height(m)  Crown height(m)  Height at heated portion(m)
Abies sachalinensis

Hokkaido, 99

Mar 16-Mar 23 13.0 lower than 2. 6 nt nt 1.3

nt, No sample were taken.
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xf HEER & IR ER 2> & U B & T ORIEE K OKREZ &10 (B ) X 10 (BER 1) <10 (87 1E)
mm'® 71y 7 %Y HH L 7%, Dimethylsulfoxide% 10% & Nonidet P-40%0.1% &% L, EGTA & MgS0:% 8D
ED 5 mME L 72-50mMOPIPESERETR (pH7.0) T3.6%ICHFRLZZ T HLLTATE FEQ2%ICHERL
NI NTATE FORGRIC7 0y 7 2EiRT—BREE L CHEBZEE L 72, BFER7—Y (MA-101;
)Mz vz rr=2 2, M) O ETHESELT Ty 79> 5THOMA - JUNGEL S 7 1 b — 4 T50 um/E D
FXHWHZUHEIL 72, YR IZpHT. AL 2 vEBEH AT AIE /K (PBS: 137mM NaCl, 2. 7mM KCl,
1. 5mM KH,PO;, 8.0mM Na.HPO,) TH#HE, 0. 1%DZELF LV YA L Imgml' DY S MEFPL TS v 2 &H
T 5PBS (PBSB) TH0Of5ICAML7-=7 bV O a-tubulinlc T %<7 AD—KFifk (FPes v b xS
v, BE) T 7o, FURLEEL 72U IEPBSTHEHE, PBSBTIOFICHRL /2= 7 ADIgGI X ¥ 5 FITC
(fluorescein isothiocyanate-conjugated) ik L 7=t Y P OHE (P v b « Py o8y, HE) 2H»T30C
TO0 R L 7o RBHREZBL YR IEATA P77 208 THER L —F — B8 (LSM-310; Carl
Zeiss Co., Oberkochen, Germany) TEIZ L 72, 7L I A A v L —F —5 5 H 2488 nm DG EEETIZ X - T
FITCO 5 #¥ 5N BB N2 RA L 72, BoN7c—HOMENEL S | DOBEARL, ARBIE T INA T —
70 v ¥ —THIR L7 (UP-D8800; ¥ =—, Hxl).

2.3 BRELUEE
2.3. 1 WiMbEITNLIHEDOEL

RERIRAEBIC & 2 TIEH I 8 T3, MR Tl v opicpBlanTs b (Fig. 4-4a),
AREL & MDD E RIS R C B L T, TSRO RIS, DNEO/IEI W OpBE I N
(Fig. 4-7a), FRAVEEEH O MR & B2 A g R i A < &, MfaE & MEREPY /N B D3R
WA 8L TH DMk L 2k bEs @iz E /. (Fig.4-5a, b),

ARALEE 2 i U 72 AT 1< &\ T, ARERETC I b S o7l (Figs. 4-4a, 5) 13IMEHIR AL <
BBIC Lo TR L TREC oz (Fig. 4-6). 2 i, MitBMRETMIE T, 28 % EMT 2 EATC
BB AANDZRSE I ), DREBERICIIERBEIIC X > THIBE & MlA/NE DSHREB O < 1
LeosnTwiz (Fig.4-6¢). TN HEOFBEICIE, KIRBIO 2L o ABEICE S L/ i X b & KD /ME
D BB INT: (Fig.4-Tb). IS DRERD S, TN IROTENIIMBLEIC L > TERKICZ - 2 E L
7oo PREEHAZD & FHEBIREIC O 1 TR 2 2 RREH IO MEANMSEDZMMIE, B ICRFICETT53£8%
SHEEB L R 2 R E L THNONTE L, Fll 2RI L TREEIC K> TEVLSTED N ED, s
DD 5% 6 N7 BIERRICE D W OBRETEE O ZE A8 ) Ml NBE O LI T 2 BRI n
T3 (Catesson 1994; Lachaud et al. 1999), F b HAL < LT a2 MilaidE & L Ciki@iErsme T3,
TR E R D RIRDIQuiescence D EXFE T, WALIZM 2 L T3 (Catesson 1994; Lachaud et al. 1999; Tsuda
1975) . ZH ORI ICHIML T % 7z iz, TEBEHMRISEIEO AR Z M X 5 2 L2 & > CHERAE o @8 % J
S THMBAEEZWTWSE EEZ SN T3 (Wisniewski and Ashworth 1986; Sagisaka et al. 1990;
Kuroda and Sagisaka 1993),

BN RIRD 7 Ic BT 2 EARIRIREBIC & - 7 ERE e T, Mok L CociE@ss i vic@a L &-
TIDORELRBEZZRL, BEABNDERIELI % (Catesson 1994), HRALIE % HE L 7- R EHHHHRT T
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Fig. 4-7. Fusiform cambial cell in a non-heated sample (a) and in a 5-d-heated sample (b) of Abies
sachalinensis, as viewed transversally under a TEM. a Inactive Golgi bodies (g) with few small
vesicles. b Active Golgi bodies producing many large vesicles (arrow). Id, Lipid droplet. Bars =
1um

W&, WL L B A A ORI AT, EH#ICTEEI§ 2 2V 2 (Fig. 4-7b) 2589 S#7z. T o DBIER,
R o, KRR QuiescenceDERFE IC & 2 TUREHMINE T, BMBOEMADH I N5 L HIEE 2 M T %
7o DICHIRNEEDIEFICEL L T B EEZ B,

TS FEENC BT 2R 2 L ( FARB i, REREICHZ D EolEbE cEbb2 % ICRI L 2100
137 &7 h>> 72 (Barnett 1992; Farrar and Evert 1997a, b), —7#, A ¥ Tl&, HREKRIEDQuiescence? B
IZHZRTHIUD DT, BEEE MRS 2 2 Lic k> TERBERMEO s HEg 2 HAI ¢ 2 2 &
MWTES (Table 2-3), 517, AFX EEUERHERTH S+ FeviconTii, BWEREKIRSIQuiescence?
BRI H 2 IRk - BEfic BT, B X2 DHEFTRREFHROsHES 2 HES ¢ 5 2 &0
TZ (Fig.4-2), RERWID & FHEBIRHIICE 2 2 MIlAARE DR 2 BFANICBIE T3 2 L TEL, 20 k)
12, QuiescenceIZ B 2 MIRANIE % /e L 72 ik IESOMEEE2AHT 2 2 Lic k- T, BEEHEMED
HEBET 2 £ TItB I 3RERICE T 2L CHIEABIEOZ L Eo- HOBREZBE DKL THRS
ZEIITED,

2.3.2 WINEOREMEEHRKE

19994 3 H16H 2> & Bt L 72 IR AAFE T, 19984 I 2 HEL 72 B A L kB & 1 ~2 AR, 4HHEICKE
TEREH AR D E TR L 7z, 1999F 00T, 3 H20H ICHEL 72 4 HiER O 723kl o B HiaIc &
WTHNEIZ D LT EOE B X Lz, REWNEE, TREDERIGHBET ML, B RREH K
SHEMRATRE & AR R SR O IC Bl S e, RS R G AR MRS & (87 B B T U SRR A
Hcik, BADEPHEE ZA0CHEL, RO S 115 078 % RN T RTHRTMNVE R (Wick 1991)
EHBAMNERE LT 77 E 77 A MUNEDBIE I N (Fig. 4-8). Lo Lkdis, HEEBER T
FRTHARTUNE R IZERD S ik o 7z,
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Fig. 4-8. Images obtained by confocal laser scanning microscopy of sequential arrangements of
microtubules in procumbent ray cambial cells in a 4-d-heated sample of Abies sachalinensis
collected in March 1999. a Preprophase band of microtubules (arrow). b The same region as in a,
showing the nucleus, as viewed by Nomarski differential interference contrast microscopy. ¢
Spindle microtubules (arrow). d Phragmoplast microtubules (arrow). The right-hand side of each
photograph corresponds to the xylem side. Bar = 25 um
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b F ey OFRER B AR TS & TRV NVERIZ, FERMIBERASTER S N B (EDREIZE »
TEBELRHAZRLLTED (Wick 1991), JREFESTH % Ulmus americana (Evert and Deshpande 1970) ©
LbHERIN TS, LoLids, b Py oiluREHMRE T, IRNERIZED Shkd o,
Goosen-de Roo et al. (1980) (&, Fraxinus excelsior®&i$&IAIERRIREIC 8\ THUNE O MY /N X 75 S
ZHERL, o oBUNENETHIRIBNE R EBRYSH M Z R L Twb, L LE2s, Umnus
americana (Evert and Deshpande 1970) & Robinia pseudoacacia (Farrar and Evert 1997b) & 2o 72130 D
IREER 2 T, BTHARIBUINE OB E TR RO 2o TV, Farrar and Evert (1997b) X, #sE
TR R S A C X TR NVE RO BT 2 VEN R IEILII R I T v v LR Tw» 5., AFLOF
B & B (Schmit et al. 1983; Brown and Lemmon 1988) TEHZE XN T3 & 92, FHEHRIEH ARG
DFHTIFHTHRIBNERDBTR S N LD b Lk,

PRHRS L R 2 R 2 fE L 7= b R~y OB, EEERHIIC B W CRiAmM/NVE R, AR
INEET7 57T A MUNE (Fig.4-8) DEZEI Nz, 2O L), BNEDRERE EBBEE»BETE 2
ZEh, ZOERETNROFMTH S,

2.4 ®& W
TR B DR RIR BB 2 & 2 BRI R HIC iR 72 b F =Y OBEBEIc oW T, BB il X% HET 5

R & CTIERERAHE T 2 G0 2Lz H~, EEREHMHEO S HARICH I HRZMAT 27200

SELRMMAEERE TN E L TOH AL L 7.

(1) KIEH3Quiescence MEXBE IC H 2 TR T, REOFE - INS LR FH 2 HHAT 201,
W, T T EOMBBNEEEIERICZLL, BETENDERSEZ 5 2 LRI,

(2) TRLIEH LA & B8R B AR < 1k, #BRAUINE L 7 7 7€ 77 A MUNEDSBIZ S ke
3, HASHEI G E AANCIEL, PR DT X 41 5 02 2 IERE I 3R RTRUINE SIL, #HSRIZIZ AR
fErfilE T onkdr o7,

(3) Quiescencel I JRERAY 2 MITMALEE 2 i U 7- Wik et Ebd O BIRETI3, MIRBFEEIC RO 2 BRR2MET 57
DICH TR EMEHKOEBREFARE LTHOAHATE 2 2 LRI N,

5 4ERE

TR BT DR IRIR B 12 & 2 BEIIC RIRIIC iR 72 b K= OIEBIRIc oW, BRIBH L DR Mx 5 O
CIEHREBHIC BT 5 7Y 7 v OBIRE LB B O TS B HEHET 2 EOEE L OMFRE HAN, X6
o, TEREH I R % FE S 2 R & IO R AHE TR C 2 SIS 0 2L N, TEREHIO 5y
HEEICH ) HREMAET 270D HMEERT TN E L TOFHMELZIHGL 72, TEREHZHIT 2
fao ik, ESZETERER B MR R R BT R R B ML R & #h SR R A & D & B < #ilka
DREFRL 2, T2, HEERERRIEOBUR o h T, BN OET 2 Ml Ry R A2 TR L 7,
T v 7 ORI, MRS < 7 51208 > THRETE ARG O HLARMIRG & MR cimd L, sk
R E R TIZEM L 720 205 DFERD S, RIREMRICTEINTO L Ty 7Yy hoiREL 722 a s,
AR SR MR D> & #iSEFZ SRR B AR~ O U 75 1) D% B% & AR BUER B U FLE I R > o 45 ST 2 IR A i
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DR T I0 DFERE 2 3 > THEFIRICIA TV 2 HE BN UG SN Tw 2 2 LREnis. &5
i, HiSEERERHREOBEIICE VL TIE, INSDOOREEEEL Tk D% D a LR S 15 M
L7 E T 2 Ml Rl Ml RE T 3 L E 2 2, —7, MR BRI ARG RO RS A
FRINTOE Ty 7y ORICEBEELEMLBO SN b o7, Lcd> T, ERTEREH RS &
BRI ORIC R o N 2 PRERAKFH OB VI T v 7' L EEMGR R O EE 2, BRBRIR
D3Quiescence D BRI & 2 RHIIC INRALEL % #E L 7 TR @R OB <k, whiaft, FEICKRBO/NEE 7 T A
o7 TNV, AR & > THIRE & MIRRA/ANRE SRR OE < IS L 6 1 2 @8R 00 JEMERICE 2
LH AN DOEENBEI N, 20k H i, KIRIRED QuiescenceD B IC & 2 BB R MM T3, RED
G-I N D EHIEE 2T 2 7. DI HABEERICET 2 2 LR d s, TnsoBigi,
BOICRMICEE T 2 X § X & 255 ERTEND o7 o U BIEHRICHE D VTR S N RIRID & RS
RIS A T2 2 2 TEREH I OBERI I T 2 &R L 13IE—B L T, ¥ 5100, ARIRIICIRAATE 2
i U 7= THUBH Tl NE I W T—EHOEUBBE I N, INoDFERD S, WHBKRIED Quiescencellfic
SR 22 MIRALEE % 6 L 72 # s ER o Ic > v Tid, IR BE R0 2RSS EE L, #BUNVE
DRTENE & HBWE L &0 TRIEN 2 & FIESIRHHIC 2 1 TR Z 2 MlENEEO L2 BRNICHETE 32 &0
5, WHREORIESICHEOL2HKEZMET 272D ICH TRELEVEREROERE T LR E LTHFICAAT
& % L L 72

wm =

AT, SHEBHCOWT, KR & FIBEIREHIC 2 CERIHICRIE L v 2 IRE I 0 2> SRS &
ARELESOFMAZHEAL CO2BBEMAT LI L2ENE LT BFtoERKESETH LAY
(Cryptomeria japonica), WiRHHEDERMEEETH S b R~V (Abies sachalinensis) & REMBETH 2 A
7<% (Larix kaempferi) ZH\T, (1) WREHMROSH - KELOEEH & BT v 7>, (2) RIRIIC
MG U 72 B B TEBUEIEE) LT T v 7, (B) b Ry & T e IS BT AR TE S FH o il R
%, (1) WREHMEOSHERE 7Y 7 OB W TERE B I ko T,

NI B O UERERMRD 2 HOFHC 2 0B OKB IS L, B X > CREMNZBEBEXZ 7L
7eo ZDRAE U CTHEEMNE EEREDECDIZHIC, BRBHMEOIEMABHNICIHRIN TV 7Y 7V 1%E
BICBRLTwE I E2HLIC Lz, 510, KRIRIREICH 2B OEE 22§ 7 O Ickif % J5iiic 2.3
MR L, EEESHE (7<), EREORFEEE (X¥) LhiRHFEEE (F Fey) <), IR
T B RIGHES R 2EAEZ R T I 2RI L. Thbb, HRIEORFEGEE (X)) T, Mkick-
THREHHESER IR, BREBIREYIKRIEANL LT 20N L T, BREOHRFESE (FFe
V) T, MESRIZENER TS 505, BRRBIREVOREMEIZIZEAERI S b o, BENRE
(hI=v) Tik, MRIRIEZ 2500, ZOEEIEFL KL, REBMLZIZEALRI SRV L2
S L7, ZNEFHOBMEICOWT, KIRBICEREHNGEDOZMENICITBIN T2 7y 7 0%g%H
R7cEZH, BTV 7y ORBRBREPBET 2 WAL, LR EMMT2lmEZRL 72, £, KIEHD
MR & > TS RMBENOET Y 7V 0RIE, A2y EAXTIIHML, FFeyTlrBPTs2L
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PHEEL 7=, KIEHICFHRICER IR TR Fry 7y, [IRICECTEFHLTE D, MRT 5 & HARN
AT 2%, B L MRBIEEIC X 2 EE L CAREDDORIED NN Y AL > TEE > TS I LR
AN, 22T, RIRREICHZ2AH T2V E P FevoEEzREHICO > TRTEMICIIRL, Z0BRICET
DRGSO EL L IR T ~ 7V OBEEZEH L 7. ZDRER, AT = v Tk, FETY 7 2R@ L ToH
ZRSET D O DERMEDHIo TV LI LA, RIRIIC g R O 7y 5 & A LS B o M % HlH 5
Z2ERTH S EEZT. —), PF2YTE, £EHOLHOSRIVKE LD DR NELSHBE I LICE>TH
RIS N E Y EDOIHEICB T 2EELEBRNICBTI2BEIIFI ST Z LS, FEiEH%2GIHT 28
HTHdEHEL, 512, RFMBOFEHEEZAV2 I LICk-> T, HHBEEEEEHHEOBSEIINTIZRERY
IR CHIBE S HLTHT 2 2k, £/, ZOFMALHETY 7y o iR I N B OBENER IR L
Tw3Z&, LT, BREMEHICE> THNE, Thb SATIRIRMINER, HEEmINEL 77775 R
FRANVED, RRNICREAET 2 LRSI LT

fhgm e LT, $HEERITIE, ARIRENCIZTERETESE) I3 2 W 12 D TRBRIC&IEDN - ST v 5 25,
ZHADEIRIC & > TEEFDFI SN T 27010, EHCKIRD LA T2 &> a— P OHEORERRG & 138
RICTEREIEEBI DS TR 5. IRIRITC IRy 24 & RER Sl % WiH - 2 SE00E, M, YR 5EMtE & Rk, AEHbic
o THRLZ S,

Summary : The present study was designed to identify the factors or conditions that regulate the
reactivation of the cambium and xylem differentiation in conifers, namely Cryptomeria japonica, a
temperate evergreen conifer, Abies sachalinensis, a cool-temperate evergreen conifer, and Larix kaempferi, a
deciduous conifer. I (1) examined the pattern of cambial reactivation, re-initiation of xylem differentiation,
and localization of storage starch around the cambium within stems in spring, (2) applied heat to portions
of the stem during winter dormancy and examined the extent of cambial activity and the localization of
storage starch around the cambium of the heated region, (3) compared the regulation of cambial
reactivation between A. sachalinensis and L. kaempferi, and (4) examined the relationships between
cambial reactivation and translocation of nutrients, derived from storage starch.

The position in the stem where cambial reactivation and xylem differentiation first occur in the spring
varied among species. The specific pattern was related not only to the difference between evergreen and
deciduous habit but also to the amount of starch in phloem parenchyma around the cambium. When stem
portions were locally heated for 2 weeks during cambial dormancy, heating induced cambial reactivation.
However, there were some differences in cambial response to heat treatment among species. In an evergreen
conifer growing in the temperate zone, C. japonica, cell division continued in the cambium and earlywood
tracheids were formed. In contrast, in an evergreen conifer growing in the cool-temperate zone, A.
sachalinensis, a few cells were produced but no differentiating xylem cells were observed. In a deciduous
conifer, L. kaempferi, only a few cells were generated and no xylem differentiation occurred. During winter
dormancy, the amount of starch in phloem parenchyma appeared to depend on changes in air temperature.

However, in regions of the stem those were heated during cambial dormancy, the amount of starch in the
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parenchyma increased in L. kaempferi and C. japonica, but decreased in A. sachalinensis. Therefore, the
amount of starch in phloem parenchyma in heated regions of the stem seemed to depend on the supply of
assimilate and the uptake of sucrose into the reactivated cambium. In L. kaempferi, suppression of starch
metabolism may limit the reactivation of the cambium and xylem differentiation, whereas in A.
sachalinensis, short supply of assimilate due to low air temperatures in winter may be the limiting factor.
The microscopic observation of locally heated stems of the evergreen conifer A. sachalinensis during cambial
dormancy indicated that 1) re-initiation of cell division first occurs on the phloem side of the radial array of
fusiform cambial cells, 2) localization of starch around the cambium is related HOW to the above?, and 3)
localization and occurrence of microtubules, namely the preprophase band of microtubules, spindle
microtubules and phragmoplast microtubules in the cambial cells.

In conclusion, the quiescent stage of cambial dormancy is imposed by low air temperature in winter.
Therefore, the cambium of stems in the dormancy stage can reinitiate cell division independently of new
shoot growth and the development of buds in spring when the temperature rises. During the quiescence
period of cambial dormancy, the cambial growth potential varies with species, evergreen and deciduous

habit, and habitat of conifers.

A

WH9e7 & CICARLOMD L DICH 7D, KIREICBYI T DY) 4 THRE % [HV 72 U T RS
Bz AR LICHEEBL £, AMUREAREBL L TERRXOABTIC DLW THERELZIERZHC LD
IEXDILD £ DI TH TIRBHO T RARE AR L, T RARARER HEM A
@, WA T RYEYEMER MHEEEL, SRR TAEREMER FEEAG L2 6 CICH s B TR
RERBh B BRI RIS BB L 9, £, IPROZTICER L GHEYIZ ZBE2B D £ U2l a0R
TR¥GEBR ROBEREL & RRR T RA R BIR i — LI £, MTBIEAMAKE
fit vy —FHREME REIEFEL, RRINERE PHEMER, REHRE BIAEHL, suibsE s s A
AR WS, dEEESEERE FHERRK, HAFESE AERBESK, fEEERESEERE N
BR, BEESHERE RAERKL > o dtimE S LN EESOSMICECHLP L ETET. @
BRI BV TH KA B T2 TH G 7780 S KE RAE I 8RB Bz ORI A & i R RFBEE
AR AR F AL IO S BEHE L £7.

BRI, TIRIC L TEH K DITBE & Tz A AURE R AR AR AT RIBI EdR (BifE, RAEUR IR
FRATENEIR) MERELICLL DELHL EFET,
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