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~—QOccurrence and Anatomy—
By
Hitoshi IMAGAWA®, Kaichiro SASA**
and Jun OHTANI"

L -

YFIVEERRIBEL COARBOERBLEEL &R, W23% OBBOREIZHA
FRERELTHED, ThIBRAME,»S55m EAE TOMICHRL Twik, ¥, HaekmLic
BHBRLTOELTY, ZOBMBNEICIINBHERIZBELTVIREDHEZL LS LIS
2o LEDBERER» 5, FRORBEBELELBE, NHBENIIHSRRE LICBHEL &,
WhWARBOEBIT LEEIN-DT, REXMHEL IR T/EHBLFY, ZhSlE
ORBEFEBLT AL IBELEL SN, 72, SHIERIL - RGPS A RE
LTWwiEBE, 20ENEREHLKTHEZENTVE, Z2OER, 20 nEORIZERIC
BEL 223 DTN, E32IZHAL TV, Z0OXKOHFRBIIGEHOTIAHFTI A% L TH
LRAHERTWSE, £/, FIxWhAMPRFELIELIERD S K, §InH %2XEE SEM T
HEE IR L 2GR, ho2 3BT 3 3 oM MRMBMHHE B> 28D
Tholo 2SN, MIAEEIBEHEIZS B EROENLEL4RBDH S h, A
DREGBOBADO Lh S L FHICETIARBTCI s LHEE SN,

¥—7—FK: XF5%, FH, k, KB SEM,

19874 8 H 31 H2® Received August 31, 1987.
* JCHERE A E MR A T AR
Laboratory of Wood Physics, Dept. of Forest Products, Faculty of Agriculture,
Hokkaido University.
el R E MRS R
College Experiment Forest, Faculty of Agriculture, Hokkaido University.



600 ALEE A EREBHGHITERE B45% 28

8 x

[ G 5 YO P g T 600
E2 ¥ 7 80 10T, - A R R USRS OROPORTRt 601
T JE 5 JE ceeresescesatanmmmninniiiimmeneiisiieeninsimnteesinesisesiaresesissssessronsiesssarsssssnesnsasasenes 601
1. GHZ D EIE oovrerinrnnniiciiiiiiiireiee ettt s b s et senensaseers 601
2 BHERPNEBDARIB  coeeeeertremmmntninnniinntiessiiestisssiesesssasessesssnenss seesnonesarsennnevans 602
3. PUEBEZUDBEL  cccrerrerimiimiiiiitrr st sss s e s e s teenesesansenssansaeas 602
FER B L UEE  coovrereitiiiiiir et e sses s b e st s en e e s eenannnnes 602
1. THZE D ERBR vttt re s s s es et se s rasea s erenesrnasees 602
2. BHERPNEBOIRIB  ocoertrstantmermnnnriiniieetetinesssiissntearetestesesessennsrensaeessnssnnnnes 606
R E- 37 £-¥7)Y - - S TR 609
3.1 BINHEHBOIK  cveeercrcmmmmtiiiiiiiiii ettt eeen st ee e s ee s s sae 609

3.2 GINHIBOKEEBIE - coeveiiiiiic st et rse e e e sae 611
3.3 SN EEEDOSEMEREE  coocrrerrniemiiiiiiiiiieicitictre st e e saesn 613

B I & T/ B T SO 616
## BE  cecerrrtii i st e s e e b ee b e s see seannaseennnnen. 617
34 R oererettmiminti ettt et s s s s e ase s e s ee s nrane s sesesannn 617
SUIMIMATY  +vvorereessesssennttteteesiirorssnnsmmneersosiesiossunrsseressestessrssssueanserstassenesssmsassasenss 618
Explanation of photographs «-eteseeesstterrrriimiiiimniiinnniieniiittnns e crenneses s 620

2 U & I

EREO P F=Y CHRHEF P L2 VOEECRET A2 LB LML ATV S, Z0ERS
PREOBEIIOVTR, AHICL 3 —EOWRIZL > THYSICHS PI2E o TV EB~-9, ¥
7, FMIZBWTYH, AFIHEFRETAZEABESINTH YLD, BROBFETE, X
AHBDOAXOEBIDZVERETH S EMRERTVBRBED

o, LEEOEEMCLFEBEIRETIZ LR LIZLERESATVWS, AH (1952)
ENE, BELZ 198ED ) 50 1IEEIEERE T b 3 PBEBORESAD 5 hTwid,
F, T (1965) dJ/BARFIEvw vz, #HE (1984) L HFEEL - 26 SR 23
BREICHEROBELHRL T3, $5121%, Ferous (1956) 13 Quercus @, Boyck (1961)
13 Oak, hybrid black poplar ®, Jovic (1974) i3 Poplus @, HART & DENNIS (1978) ik
Norway maple DHHEEZE|EL TV 5B, /-, WhW 2HKEMMETIZ % 4, SiMons (1970)
BYYTH (RI—-F 27T FrFY Y v R) CHBEBOREZR TV,

ZOEINCRTLBL, BB - EEMEZMD T, BAR—MRIEL 3TEEMO » 2 1S
LHEILNEHBAD LRLAFAHO—EDHELUSMIZHHZLDOIIELALLC,
FICBEDHRFNLER DL v, FRORE L 2®ENE, AHECRAL2ME b3 2L
BHATHY, MsL-rOMEIEEhE ), 20012, T FHEBOEROEE, 5530k
REBBOME L EFBRINREL ST, PhoORBERXEL-LETRASPORBENF R
HEhspneeah sz,
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PDEDE) 2BELE, 2T, RBESRTOWAFWE DG, »i 0 EEEE TR
PREL TV Y FFEERKRIZOVT, 2DHRBOEBLBBNIORBIZOVTHE, B
REED-DTEZORBRE®RET 3, 2, BiZ, CORBEO—PIIFENIRL TH A0,

REMHBOBRE

ABEL 20, LEERFRIMAEREHROEBORIZ, 192325 1926 Fi2h 3 TH
BRENXF I EERMTH S (Fig. 1)o HBINALDRIWZIET, vorl AWMETER
L724DT, 18.51ha DEEIZ 50,700 & (N7 ¥ — 4D 2,740 %) WzRATh/=, TR
B2 EORBEZRIHIEIVTL2LATIC, RBShARBIECHEW0, KA 60
FIELZBETRIAEEOBVERMIZZ > T W3, 20/, BRSIZH L TH®EILMH
{, BEFRBARLRERLZEhBDE E Y,

BHEODRIE, FHKERK 500 ha, BETHEEN 4D/ pRRTH 5, Y F 5 EEHAIE,
ZDFRDBFEE A 5 TR 2T TORKHER B3
IZHEEREhTWw3, ZOHEMIE S50 m~80m
BThY, FZEURIL0.8% 2L THB, ZD&
) B BOROHETH 5 720, FKHITETL,
BEDOHBEDIC LI BRBOBEBLEEGHE
LTw3, #ABIILHAA, FBOMERICLHE
WL IBRE QMBI 2 Lizd@A L, LIZLIE
HEDO2ERIEARTE2Z b3, LILENED
RZENS, ZOBHKHIZERAZO» L D FHN
XEThasLHEEENS,

W& H &

1. XBROXRE

ER U 2ERORY F 5 E5EHED 2 H 1213,
0.15ha #* 5 0.5ha ¥ THOMEET, #65FOER
BERFBESA TV S, ZOEMKIE 1980E L,
1983 £ 5 1985 4 & 12 21 T,2 BIORME AT %
bh, FEEZZh5 OREOHE KRS DHB %
HBIRE T 3 =0 O RK (BWERK) HEX
hTtw3, LEX-T, BEHESEKO—IZZ D Fig. 1. Yachidamo planting forest of Ari-
5 RHBREE LEML, =2 CHEBIRZ O e Forest, Hoteutts Urrent
¥ ¥ OBFCRBOBEASTETH 5, sity, Hokkaido, Japan.

planting area

Q 1km
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HBORKIZOVTIE, TDX) EXNBEAOERAHEEIR0.5ha (50m X 100m) ZHL
IZLT, 1985 2HIRD &I 2AERT 2ok YF V¥ EERMTIES 3, LEOK
SIZIRBERDPARA T THho 1272012, YFYVELHNOBBLEAL T, 200D, —
ORTEBR 2 T2 372, BBROSNEL SHIT L ZFRBEREARY, HRILVOFHOHK,
FBEBEDOBA L LIIOVTEHERE L2, 515, HRELSIOMMBIZE T, 1984 12H i
MR 21T 2 - 2B, BREKRZFIZOVWTTIRH 3, 2RO HEL, Z0ME L
BEROEN, +4bbNBERFIRBEL TRELEIPIZOVTHRAEL
2. MRASORE

MfxtRAL shizb0D I 605, HBMICEETRFERSN 3402 I84EEL,
1985 E 12 A A5 1986 6 12 Hic A3 T, # 9, f#E24&IBHKL 2o ZHIIBBADE
KEZHEOBHIELETRIENTIT 25280 ThH 3, 7 OB, Bt i fstRoE N
FRELTWALDIZDWTIE, HWFES LY, SINSRO5WE 223 TOMIIHZ-T,
5~ 10 cmE DR & AN FREXL 720 FHRO LARE 2 BH S >~ + THHEEY, 20k
BRLETIAFyI7Y—b (A =N—Ay FFOV 75 —F74NVAL) 24T, REROE
NEBELR ke ZOLIICL THLEMN —AMEHEBT 3221285 T, BEBNTOREIR
DENDOZHRBEAS ML L) & LA,

¥, EHNLEKESFH/IIOVTIE, HOMKSIZEREL 20,

3. ABAROMR

1985 £F 3 HICMRIR L - EARIZIE, BRI BRICIHHNE2BO I 2L M TE Lo IZE A
b5T, ZOROMEICIIBEROENIEEL THY, Z20EAEPIZIkIBOHS NI,
ZOBBOHBFEL» 54 10ecnFEOMAKRZRIML, FHhBDPOKOFERBLBEL -, 2 &,
HM2EEICE, KB/ u0BHRRE (3w VF 74 ) EHOE,

IXKDBEER, Bh2E&t/h7ay 7 2L, EHIC FAABTREEL -2, BERH0O—
A 5 I3RS MR D 20 P RO, REE ZER L, BEEV Y 77 =~ TRE
U, kRATFVURF— b e L7, 72, BBVOBBIIOVWTIE, £EREFSAMSE (SEM) 12 &
->T, #INEBORAEZFMIBEL 2, ChEOBEIZL- T, SNDRBEMBRFAICHS
PizL&rIE L,

BREIUER

1. AROXM

YF Y EHEBRASEE L TOLKBORBERT 2012, BEBNTOMEHER 2T
(Table 1) ¥ F ¥ EMRBEAKRITI63%% 5D, ZhAHDEDIE, YFFERRANT%, N
ZUA15%, ¥NTH12% THY, ZOMITERMIIBAEL TV, Z0&) 12, BT
H312L2hrbs T, BEIBEL WS Z LR, MBL AL LREEEI T+ TH-
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Teble 1. Tree species at the sample plot (100m X 50 m)
in Ariganosawa

Species Number %

Yachidamo planted 144 63.4
Fraxinus mandshurica natural 15 6.6
var. japonica

Nire natural 33 14.5
Ulmus spp.

Kihada natural 28 12.3
Phellodendron amurense

Others natural 7 3.1

Total 227

2 EERTLDTH S ), YF V¥ EHEBAOHBIEFE23.5m T, HEKRKIT30m, BHXT7
mThY, BMEERIIPFE25:mT, HKRiTZ46m, B/MNI8emThorz, —FH, RERRDHE
P T28.5m, BAIERZm, BN 2UmTHY, WEERIIFEY T 36cem, HAIL 54cm,
B/ME36emT, BERLDLE2ZDEL, KV, LAF>T, YFFERRKRIZLFISE I HE
BENARBITTIEELTVALDEZ0TERLALDTHEEELILNS, 2ORAPS
BT, CORMAYFFEDEFBILHICKRIILL, CLARMTHZLLEZSN S,

ZDEI, YFVRIZES>TROULAMMEEZSNZIZEA2bST, YF 5 EM%
ITHEAREL TV, 20REFEELRLEDOD Table 2 ThH 3, M4 EBKDHEBEARD I LD
23% 12h 73 BEOBBIZERAFIREL T, /-, RRKTI, 154506 XD S
hico SREDEBARDE ML, ZOBMKE LicE#EIzE->AFNEH»RDS50530D (Photo
D, 30T TIRAHEBHITER S, FIh3EUTE ST, 8K LI ITHROBEH 21T HR
HBoNB3EDFbo7, LAL, MEEXANT 2L 4L, BRARLLTHLL, 25, D
BREOBEINE, ATBEANOBAFEIDLZBESZ 2L, AHROENHTIIEVI AR5,
ZZTIRYEb B E & L,

FH1952) Y, YFYERRRORBEEEL TOEY, 37FDIZ1 FH- 21088 % <,
Fhicl~3 e, ZORBTORMBERIIHYIIHE VLTS, £/, YFFELEKICEH
FeV2BEL, 5%DORERTH - ERRNTVS, LAEW-T, PFIVIZHERTY, »
ZODOEEETRELTVWS, LALENS, =Ek5(1986) iz khif, FALHABDZFIziZ 30
%L DEETHEEFBREL TR AP D 5, ZDAFHKMIZHNNE, oKX 75

Table 2. Number (%) of trees injured by frost cracks (FC) in the sample plot

Species No. surveyed No. with FC %
Yachidamo planted 144 33 22.9
natural 15 6 40.0
Others natural 68 3* 4.4

% Each one of Betula, Acer and Ulmus, respectively
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FRRBILEHORERLITI 20N, RLTRBTZL0TEZVEELE X &),

L A)1(1986) 12 k1T, BBAROFAMBL, Z0OHE L ICIXRIREVEFZEIH S5 L
Vo Thbb, #EME 0ED/MTay MIEFL, E7Ty MATORBREEEEZRDTH
2o Zhickdd, BEROFGV 7y MNIREDPIOTHEDIME L 2, LIBIO/WIOFE RN
ZEDLPARFHFENELEZ SN BMAIIFICT 5 LA FROATRIS SRR hi, 2O
MFEERROBEFER2E L3 Ly o b, EEICEHEA Y, BEIZLTFROBRKETHY,
LSBOIVEELREIPFEINZLZATH 3, ZOER, FEME & HEORE & 2%
DHBHZEHHERshNE, YFyELHEERT IR E 28T 52 LA TRICZD, HKE
LB ICER B EE LS LIZEA D,

FHHIMBIZLZFALLIBELZVWEEI 22 IE R, BHORELRIZZBLIFLIE
b3, YFSEOMBL) ORMBRBEBEZHAEL 28R £ Table 3127 T, HEEADOBEIZE,
17T LAIARBELTVEZVEDON2TE, 2TVFFOLDASER, 35YFOLOI1ETH-
oo RAKDIZLALIZLTAIOBETH -2, ZOERETILPERZ L, YF/EOHBIL
BRYUYIFMETEELSY, BB TAL I ICEEHIN TR ATFFIIRELTVWEHDY
-7 (Photo 3), LEN->T, BHIE- TR - LBELRBETEIZEFDZEELILN
=

YFYEDHE, 2L{OMBTRLIMOBETH -2, £/, BH(A952) 12 khE, b
K=Y Tid, 367APT, 17ETTRELTVWALDIEZD T4% 125 7-3 210K THY
T B LMY 1LATFROREETH 72, &512, AFOBETLY 1 7RULTRE
LTWw3LDED e Dok ThEDRABEREREEZGDE S L, REOERN L FER 2 5%
WETOXOERIEINEY ThHsLT3455, RO 1 yFRBBEFET L, ZONE
DIFEALIBHENTLEI LHETEIZLHFTEL I,

BEFREL TOIHBEOSMICIZZ OBLAIFELZA TR 34D, THEEIC LT,
ZOBERMTIIRERN 2 HRENIBD SR EL-72DT, ZZTRENDEDORABEI T2 b Y
oo MY T, ANOBBIIBWLEZSATEYIY, XFTI, ARLLDIZELLAHK
HOBBHAMICREFRT 2 L MESNTVRBES, LT, ZOYF 5 EEKIIT BT
HTH-720T, 2OBEFAIEI—EOHmIIRE Eh L7280 EEEENSE, 271,

Table 3. Number of frost cracks occurred on each stem

Number of trees

No. of frost crackes in one stem

planted natural
27 5
5 1

Total 33 6
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FHES5) I12kBE, WBRTI LYY FOBRBBEFEIEIIEL, 2hFh#50
%, 31% THY, ZORLALPEBROFBAmMICEEL Tk, ZhidsZ2 5 HHEHFKREL
BEBLTWw3LEbh3, LeLad6ZHhs5OMEOMEOIMEEITLBAELS, —HYF
FTEDFNRILEVECOT, YFVENBERIAFITIIBBEIARK IV DEELSN S,

YFIVEDRBODELWX L rAORETHIZLHREIND, K2, 2 DHBOREL
UPESIZIOVWTHEL &R % Table 4 127 T, HEHRATIE, WEEL»5 EHF~N1m F TiF
LTWw3LDH58%, ZhiD L&, LA NS mETOMIZEL TVRB3HDH 42% THY,

Table 4. Length of frost cracks on the stems

Length* Number %
1m and less 23 57.5
Planted
5m and less 17 42.0
Natural 1m and less 1 —_—
5m and less 6 —

% Frost cracks usually began at the base of the stems.

ENLED Do 72, RAKTY, 5mUAIIRE->TVE, WTFhOBEIZY,
FHEIWBOBTHEICREL TVWEZEFbh 3, FF2YTRY , HRRIMETEL»
SWEMETCOMIZEET 3, LfmitEh T 38AICHY, IniBOEEDE
DHEBLEV, £, AXTR, ZhiDBIEL, 2nfliROLOFEL£<?, FEH
BT IcEp L TREEL TP, Norway maple D5 &4, FZUIBBOEE IcEPL,
1~¥Hm EHANBL TS LDOHFEH 7% BEIFIBETINIREOBRKO LORERT
HEZELEIHDTEITTEEV, LALENS, MBROTHEA IV EDRMIERIZES &
h, LHEIIHTVEREETIAZVEREZIZC W, BEZXIV 0L AWBNHROLENH
5V IZYRERBOMEIC L DV R FRTMEIZERTI02 N5\, AsHWoRTH S (1985)
PGk, YFVEMBROMLEENREEL2EBMBEL THZILLBETH
329, £/, MBRATOERICHDOSFHEDEA» S5 ORFETTARTH 326 L hin®,
WRUEOREL TR AHBILE, FHOERLEHMOBAOBELICE->T, Wb 37
NOBRELLDOHFE o7, ELOBEIZE, HBREEG,S I0miliBL B Lo -BIFhd
R5h’z, Photo 213 20—fT, WBREMOMKTHY, ELHEAETHIZ2 DOFEh Ol
mABRDENE, &2F, ChEDHEBRITTITHAL:TL, BEREEICRRARES LT,
BELEZZOEBFBOSNEEIITH 3, 2DLD 2BEITIE, BROBEAIELIZOA,
RIINHMORBIZLZEWIZHMN A2 EYD, D2VIZIREY ENEIBDsNEL{ 23 THA55,
¥/, BERETHS 2L LI, MPicly, BIThifd 3 WIZRB OB L 28l h 2,
FhLSHZ b EBOBBROENFBOSN 3, 20X ) ZHMPOEINE, WO TLESTY
FAZT32¢13%<L, BhAEEThs, LT, SHENICERIRBEhZVIBET
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b, TOBMBRBICIIZOL I 2ENAIBEL TVWEZ LI FHRENS,

ZDEIIZ, HBREICRbONT, NECRESAAEAERICERT 388121, 2
NIZNERM L TN 34810, ZONEENOREEE L FEL 248 Table 5 T 3,
WEFRHBOFE I IHBARZBRRL 2 TAEL 5, 2085 2BABEHKICBSATL Y,
20D, NEENOREFE AT L RERIZhECRESh TV EVERDRS, LA
FoT, MRARLEIHBAFHZIZLTH, AMECORERRIIIEEICBRELRLNEE L 5,

Table 5. Number of frost cracks (FC) and internal frost cracks IFC)
of thinning-trees

No. surveyed No. with FC (A) |No. with IFC (B) A+B
Number 184 16 7 23
% 8.7 3.8 12. 5

A : Number of trees in which frost cracks can be recognized on the surface of the stems.
B : Number of trees in which frost cracks can not be recognized on the surface of the stems, but
only internal frost cracks occur in the basal disks of the felling trees.

AEIZ 198 FE 12 AIRREN2YF FEREEK B4 FIZOVTITE - 20 ZOMKRIZAE
—HWHTHIBHICH->THY, BEOMRTIABRARNERSFEhRE Z->TVADT, #
BREOICHRIBDONEZLDREIRIBEINVRLANEBORIE VI 2 LI2E 3,

Z OFEANFE 2 REHRIZEIN TV 3 NESRE AR 5 /- DI3, MRARDH 13 %ich -
32FKTho7e COWBEDILD 16 ADHMBRERIZCIEBIBDSNL, LEN5T,
NEBERZFHFBDOSN26 DI TETHY, WABDEBRTH-7-, ZORAETLZITIR+S
EREZ VY, BREMCIERIBHS ML TH, HBRAIBICIIABHBAREL T
BMEDHIZ LI ol NBERATIFARD S DI, WBREFICHENHIR
DoN-bDOEBDOKIA0% \2H720, RLTERTELVEIATH S, DLz, Bk
HIZRONZHR, S5IRBRALSIZDOFARERDEIILOTEL h o NEHBNRE
ZEREZDL, COYFVEERBTORBIZ L 2HFRIHELKICRALRRAIZH S L2 3
SR, ZOXIGBEVEETHEIBEL TVWEELEESARToERLREYS, ZOXYFS
EEMAZFELTWL ZEFBETHIEELILNS,

2. HRASORMR

AR L2k, ERESHERNSE-012, YFVELEMNIRRL A, 20, %
OTLAKEICEHEROEN SRS B LD Oh b o7 CHIZAIRBEELSNZD
T, ZOBENFRIIBRT 32L L, ZITREFNOBBASBER T, COEhORE
B, T2bb3hOBCHREFRORSIEMBIILoTELLEL 2, LALEYS, i
THICHEEICHBEL, EHITCIIOhRECEBRL T vy EBH 2 Emic s - 2,
L, KRR L 2D TR E D720 T, Z20OFNERIZHES, EFRELIZ<wAUL
HoZX, MRORMEIE ETEZ L TZOBANIFFIITRETH > 70 LT TR, BKERD
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FnHARBOENZLDDOF RS, ZOMBREICHEIREL COARBOADSA-LD L,
Fo0/KBDOSNLELo2bDE, 2ODPEERTILIIT 3. &H, HEIMBALHEL
TVWEEIBBFRAFTE LR o7,

Fig. 2132 O LIz, BHEOBHHI 4 7READ Shi-HEr» 5 D@HEMHAKEO b L — X
MThs, ZRERVEHIIH3Imb EHFNELTVAE, &F, BEI245mn, WEERIR
VemTho7o &M —ARDOE LOBFIIHIRE» 5 B 2 2R OER %, 74 Ci3lgo
LB 2R ERAIERL 2R TIEH 34", K1~ 413 30 emfif&IZ, Z2hLl ki 10em
FIFRIZEREXL 223 DT, EARDOEEZ L —AL 2D TH 3, FHIZHWT, Bi-IzH
BOWE (M) &, RIMEBEHELOERE, BNKRIDLOERERLTWS, 221,
BMEOERIE—EEREL T3, 72, ARL, 3, 10, 16 122V TIZ 2N FhEE % Photo
2, 3, 4, 5IZRL7%,

FU=ZARP 6522 & 512, BEROEFNIIMBORTEICHEHRL, BV
DHEEV, —F, LHIFIZ20, ShoRBEIIHEEL TWw3, LB LY 3D
Sh, WEFRREZEAEL ), 2 HBHE LTV 3EnsBYH S5, SHAKLHELT

Fig. 2. Internal frost cracks in serial disks from the stem with the traces of frost
cracks on the bark. Each outline represents respectively the bark, xylem and
heartwood inwardly. Number indicates the order from the base of the stem.
Wedge shows the north side of the stem.
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AL, HEEE (AKR1) Eh B MLCHERLTWAIRTIEE L, 60em EHDOMAMRS 12
BLEROENAFEEL TW3, FR3 2, HBOEY (Photo 3 MXEN) DM ME»* 4 7y FF
oo, ERILIMEIRLEPL TEDIABMNTHIZLFbhL 3, Th5DRHIL
12, FhFhiziB L 2BEHROE AP B 5 h 38, 2hsidvwing, $TIIAZLT
LEoTwad, £/, BHIIHSL2VERLEZHBOSNSEY, ZhsiB3nThEL T
W3LNEDHEV, 2F, DHEBIIRS N AFELAROBEGHFIIEIHREL-LDEEZ
bh3,

BOMARTE, BRIZHELAEAR, LE2VWEOX»RHS5N S, ZhbiilE THE
LTW3ED, 29 TEVED, H30WE1EDENE LTEUTWE 0D, BP»S5EHE
25 TVWEHDRENRHD, ShOBBRRBIIERTH S, 202D, BENEHLIIOL
T, W 5 LHONEE CEANZEL THEICEHTAZLIZHETH- 2. LEHFo
T, SINOBMBASHELERIIRT IR TE L o220, M —AM2» 54T, SNIZET
HTEL, EHIFII2hB4 1@, 25, TE2HEROFHEERLTCVRB3LDLERZS
N3, & ¥, AR OFHBOEHFIILEAL, MEIZRFHBVTLES> TS,

Fig. 3IIMBETMFERORELRET L DOTE L2500 ERHAKD F L — X
MTh 2, 1986 4£ 5 AMHDRRT, WE 20.4m, WEERE 20mTh > 72, FIRITHERE »
51m EAFET, SemBIERL THREL 720

Fig. 2 D3BA IS, BEROENDOKIZ» 2P h v, HIPEVWLEOD, FERRIZHER

M0cm

10

> »
o S =
N ~ b
K:::::::> |||III. llili:
. L .u
Q‘ .

Fig. 3. Internal frost cracks in serial disks from the stem without any frost cracks
on the bark. Outlines, number and wedges are the same of Fig. 2.
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ORTAEIER L, EF AT ONEBT 35 »Th 5, %7, By, Mz
THRLTVELD, LTW2WVED, E51CE3RPLSHBIIL>TVELDLEPBDS
h, Elhhd Fig. 2 L BAMIZIIFALTH 3,

DEDRREZEEBL TASZL, ROZEAIFSEELRATHI3ZLFbh3, 11z, MRk
EIZHEIFBDSNELTYH, HPIREAIBEL TVEIZLFH S, FE2iT, FHRIIHD
LASINDIAM L S MOEINPFEET 3, HEIZHEL 2L OLSOEhIZNESEN L E L5
h30T, LED2555, BRIBZEL TITKEBERDEIIZEZSZLATRTHS»
bENEZ V. T4b5, LMOERIZLY, WRNENC D 2 HIHROEN BRI &
h, SIhEEAKES 23, LA L, ZOBRE (NHEH) T3, SnIsnRE: TIRRaE
LTHEST, MPIREEh TS, LAY ->T, HBREL» S ZFEROBELNEZLIET
X2V, COBRBEIESICETL, RABR, L& 2ITKkOBRICLIBEE ZhiZHT 34
BOBHA L OHEVOBERAEMR 3L, HPIRESATOANERRNS 5 & DI HH
FEICEET 3. ZOBRRKE T, BRI THBRREICADIZLHFTE 3, 2 &, AH(1963)
bR YORBOEET ZHBIZOVT, ERORFERL Tw b,

ZDEIIELRE, REIBMBERELICHLATRZ E TOHEBI,LZ VAL IZE S
REBZARPBLAZV, LALENS, ZOMBALEL -BEROEN (NEBHR) »'%
£ AMEIITHLZE I TH S, WHOWIFEHROREFRRII>VWTREARLU LN, BAbE
NTWEA0D F EHEFESNTEVEVEIIZEbNE, LAY->T, 22 THENHES
NTVEVHHBERNOBEFRRIZ OV TORBALBETH A ), /2, ZOBRITIE, HEBNE
LHEETAERCHOE»SDRBLLEL LS99,

$/, MBEEICHELNIE TORBOBERBY EBO LI I2EZ 5L, NEHERIIH
BEMCEDIZBEBOERTLETILLWEETH S, 20X IEZ L, EROFHL
BHREFAICRbAAZLDEE VLY, BhOLOERSERLBY L LTRbh TREZE
ZI3CRtHLREi2vEBbhs, FAEICENE, MHIERL-RRLELISH, H
BEAEICEbhEHEIPOZERLLAZVEIIZEDIRE, LAY ST, BEIXEDLALY
@&%ﬂﬁ%,ﬁ¢@%@éﬁ%ﬁ§&@0,ﬁ%@%%%ﬁﬁk?é@ﬁﬁ%&%i%héo
512, SMBEBRAELEBALTLEY, MR LI ZOEBL P BN ZVEDER
FHREWANE, BFAEEYIEL T 3SMERBBALOBRBBKE L XFI+ 3 2L A TEHEH
BwrEZIS5h3,

3. ASBAROBMK
3.1 WhHHBPDOK

Photo 6 1%, & (1986 £ 3 B#1%) 2RI L - HRAKROHERE A 5 XL 2RO KRE
BEHETHY, PhotoTRZh2BELAZLDTH 3, HEBEAOMBRER IIIIMNBEARIITADH S
hihol80THY, MBI 24m, WEERII M aTh -/, RITILEEIESIZH 3 72
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B, ZOBMTYL E ZHEY (3 A LRoTHTREIZ—10T §1) THY, MiIZiE 2 m AT
DREFHD, BRIZ2IIHFERETH - 2. FRIIMRRMEROLOTHY, FEL -
FETh3, 28, HREOPWELRZ20mBEDHEDTH 3,

Az F = v —T#EMah -2 3T, 20XEIITETFSATRE2VWOT, EEORE
BHEVMBATREVAY, 3EOKVHSHRDENIZIESRZ 3, ZholdwTFhigizEy,
BRABEY ERLEAFS, AREISAEYI TR, LALESS, Z2h50EINITHEEE
IREEL TV, LAN> THHIRBIIREL TuT, ZOMBRIIRNBHRBOBRICE L%
> TWw3,

Zh5DKVEINBIZIIKADE-THED, 2Ok EREL TV, AHRIZEZ 3,
%72, 2083 Photo2~5 D DIZHANTIE 3 2 IZIEV, KOERIZKZHEIZE- T, $lh
BAMALZZDTHD, 208121 ~2mTh 3, 2+, AH(1950)1F, EEROFEHOE
BHEBEIDLAES, BREVYF SV ENRLARELS, BRI ZDEA 2amiZb BT 52 L4
BEBNTVE, ZOXRVENOMIZY, MVERIBE>»S-o40, FELEIZBRRSAZ Y,

Photo8 & 913 Photo6 & 7 IR L MO RE BB Y v+ T ET, ZhicBELTW
ERVEINEZISIIEE, AL2ZLOTHE, BED-HORBAIZL-> T, MRER@OHES
ISR, BhRBIZE > T3, MRIZRS W 38O ORITEHEEORIE CH 3,
FhBPIIKIIL-o THRLIZADOLESNTVEAY, Z0OXKIEEAL2D, EEEIZOF
FEBREZRTILEERICELY, LiL, kPRI os@rginBopRiizsiz 2 L
THALRDSNTVAZ L A5, AFBRENTWAZ LA HENICOY S, HROFINES
ik BkPRENLFILHE D 20, FE1963) X~ Fvy0Flh B icFE#OER 2Kk %E
BWEL T3, ¥/, Parker(1963) Ik ICRIBIFET S22 L 2L TWw3, B, Photo 8
DEMEETICLRBRED) B 5N 3, BH, BA(1960)i1X7H ¥ — OB TKRFEE
ShABE 2 ERMITRL, BYNICHIRRE COKkROBRALE D, R THRARESE S
LB RTWAB, F7-, ANDREWS & PROEBSTING & GROSE(1986) |t Prunus D 0.5cm D K & D
BRIOKAEREN BRI, No2FIUTO—BFE0L0D%EL3ZL8bBEELTY
5, LALEWNS, ChoDRERFBELIIYF IV EDRAIESTEI0LE I AHRLIIL
BV, YFFEMPTCOROEREB/EMWELAIZTEIL Y, F2OHEBURB|LOBAICIEET
b3,

Photo 8 IZRE N TV AENDIRE, ZOMBIIERLENTHY, FIhBOHhIZRSN 3
DITIFEALXETTH B, —F, Photo I DIFAIL, MEFIIFIHAL L) ZHREBERL T
5. BIN-MREH,SIZZO—EAHELSL, wWbWE “HH L7 Rick D, kA
NTLE->TWVE, ZDKIIZ, RUNBERTY, HEBOSINEZLZ2VRE>TWVS, &
D& LZRVIENOMBENERIZBERT S EI5NEDT, 20/ >VTIRERT 3,

Photo 10, 11, 12i%, FIUCAHRO—E 2L, ZDREBE 2K, BELLLOTH S,
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EhBRIIERL KRS TEHY, 20HIZIZRBIIRIEHIED 543, Photo 10 12 Photo

8 LIRRZEIRE LAEINTHY, Photo1lid Photo9 ERIL T, FIBN Lk S ZRMBOEI L

THbo Photo 1213 2KRDENEFBL TVRELADEIICRZ B, LALZAFS, ZoFEhi

F—DbDTHY, ZORPFIHEBO—HOFIBNITRENEER AL REELHL

nkwn,
3. 2. MhEBOXEBRE

Photo 6 ~ 12137 & N - NEFRB O —E8» 5 HERMBD T 218D, Z 0B LER¥
B2 B L 72, % 1 Photo 13~18(AH) & Photo 19 ~ 23 (M EH ) T, MMOBIENIREE
PRENTW S,

MPZENASIBEL TVAHE, 20EKAFILE2O054 7HFHok, 1D1F, M8
AL T 3R MIFERI B HE i~ T, I TWwABATH 5 (Photo 13, 14), & 5 —2id
AR E A AL TN TWAHETH S (Photo 15,16), BWEMIIHE VB VLIREZL
ZwA, MR HEIZR> TERTVWARADOFALIELIEBEShA, 4, EFMIZE
> TWAE NP B Z 2 - 72 A7 (Photo 13~16), BRIZIZEBMIZE > TW/E hhhgd T
hi->Tw33 08 R 507 (Photo 17,18),

Photo 13 3B ZENTH Y, KEHBEEL L TEHATWAHTHZ, BFHPRE
AEHEIZE->T WS, BHFBOMEF2BRIZEZ> TW3LOPBEEMTH 5. ZOHE
MO BBz 2R8I, EIhARNTIEBEHIBICEL TR A D TH S, Zh5DBEHE
B AT Z AROBIRAZIZIEREL, ZO0MBRBOBBIIILALZVOT, Zh
SOMBBMETCHBEL 2b0rEL 505, BL, XEED LD, HISME T OBET
H30»EIPRIAATHY, ZHhICIBHE(TEM)ICL3BEIVETHILEL NS, &
&, BEOMMIZIZMEAROBEICHRT 3ENIRL 3, 20k, MisMEIZH-
ENDFAIIE, BREHBOBFEIKESRBRRL TV B3 Z &8 Lo/,

Photo 14 3Elh DML RT. BREICRSNA3FEDOKE %, BOE OHIFIBMEE
Th3, 2NENZ, BEEM»SETLTRZEDTHY, ZOBMObTAFRITHK-T
13, Photo 13 L[EREIZ, RBHEOKMNEEBMEIZIB> THAN E-> T3, 2070, &
RIS L) ICEhTHY, FMICRS L, oML 2 RBOERBIZZ>TW 3,
SREL RSB BRI, BEAETOEL50MMBAS LML TLE->TVR3HD
FEH SIS (EM), 2hid, oMb 3 “y4 717 Rizk-T, 20—
HPESEEL, BOOESHFELEESLEREBOLOT, 2058 28ookmsrZbhik
BDTHBEELILNE, & H, ZOREE, ZOEHNWBEOERDOKRRELEREET 32008 %
WER, 72 AL ERITE-> TRV, LAEF-T, ZZILRS N 3ENDERE SR
FTOENEEDEERLTVBEBMIETELZVY, ZRIEVLDEELZ OGNS, 25,
ZOHIZOWTIE SEM THHEL =,
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Photo 15 I3 RERAEADBE#EIC & 5> THE U 2SN E 2R T, A OKEIE A TR 8
EIE L ES N THL T3, RERESSHERBGETD & 5 1I2BRE LAERFI2 2L T
VDT, KBEOHBIZL 38N L2 VAL TVRE30X b3, 5l &R PN RBHED
Fizit, FRAABEL TOWAZ 2RISR IHIRY, FlxBh MBI B s5hind
DHEH B (RN, Zhid, BITHRERPIIRELZD2, b3FEIRARIZZ Oz
AN RBHE OB, YL 2L, EhBRICINIL T T, FERICOAERDIZXR
FELALOPDELLRPTHS ),

Photo 16 I3 RAHEBEMBE S h ¢, SIhAEITL 2D TH 3, BEPRIZERSN S, 2D
DEE (BHAEI) »EBEHECTIEEA-ANTWE, LAL, 2 20EEI L T 3HaRs
B2 EBDLHBANDT, FOMIERAKIFIEHINTIEES T, 2HIIEERL T 34M
DEEDOKRAFBHECHBEL T3, 72, EAOEEDORESLERRICBEL 2D LEZ
5Nh3, td, ZOBEORBIZOVWTIE SEM THHEL 20T, #MII >V TIIRE T 5,
ZHEI EEAKROBEL I, ZhOEAIET TR 3EhD£E CIEE & FIRICRBHE
BEROBEIZE->TWE LI TH 3,

CRETCIDRLTEZ LD, E»0MFEb 500, ERMICR 3 LIZIFERMIC
HATVWEHDIIDOVTTHE, 20L& 2EEMNZEHNEIRLY, HhORPTEOSE
LML ELITCLESRLDEH o7, 21 Photo 17 ¢, 2 D3 A A Photo 18 TH 3., &
HEAEMIZBEOKRE ZREMEESIRO N, Z2hOESICERAFH Y, EAICIEDIE B
HEEF D3, £/, ZOERFOFEIZRIFELTLEY, BREICIEREShE WY,

BEAEMCREEL 2N, FRADET, #oMOTRIS/ERIMIIME2ERT,
FDH#ITIIEEF>TVwE, —F, BHAMOEHNIERAD2ERNIEAZR, 20mEE %
ERIZEZ, BRIz EESY, ZOETEIETLTWS, 20k 2IRBIZE 31213, #
BAECHE VBTV VST, 220 hAREL, BETHRBPTHL) 2L 4%
BrEzioh3, —DOENPEUTHFLRPT, ZOLIZRBIZZZLIZEZ I\,

EHA» S0 ITEL L TR ISR - TEITL T Y, MBHBMHETOSEEIZ X -
TWwd, 207=H, 20OENIIERE URETH S, fthlli-> 2R THLERT, MaBEkD
B LALBD LV, £/, AROEHADREAE, FHETIRAIATIIVEY, £
DIBEDOKEFIZIE & A Y h TO T, MBEMBMHETHOSBOERTH 3, &2k, 0
N OKEMETIE, B3 DIcHEL Tw3E (R, 2k ) ok, EBRLAKS %
2ONENFHE -7 DIEL DL, 3 VIIREHMEREBOLDOA L) MIFRLIZL B

Photo 19~23 RENEOHBE TH 35, WTFhDBE L, Shid > —FH oMK G
FELTWV3, ZZERENTVRAFNDITE A LIIHMMEEICE-> THEL 2EROLD
ThH %, Photo 19 IZHEIMIZR S B3 L)1z, Slho#ARADEAFIZTHW 3 i Hih
B> TWBZEHER,- 7, 2O, BEHLROFINIZH T 3 8HIIFH 3, ElhoiE
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ARG Z S E L 72 Y (Photo 19), HEHEEE L 7 nICBERE L T v - AR & ORI ORERER
RBfHE %A 7Y (Photo 20), HEHER: % MW+ 5 B e oMaR B R 1 shiTL & 2*
5 A Y (Photo 21), X5 I1ZIZBHTMIEE 253 3L 9 1Z#AZ D (Photo 22)L TW 3,
e, RBEFFREL PS> TWRBEH08 LIZLIER S 7= (Photo 19, 20 DRED),

—%, MREEIEBEL 2BE TV ERoNE o2, ABHEOKMRERFT * WA
7239 (Photo 20, 21 D _ERED) L @BH 5N /=, BRITIE, MM OEAT LEoTw
3384 b -7 (Photo 23),. Z#id, Photo 17 D PACROM D2 h e FHT, EF 245
TRELENPHE - THEEELZSN S,

INECRTRAZEIE, YFVERBRBOBRREL 250E, 202 IIERME
MBEIZB 2D Tholz, £/, BEMRARIBEREFAS 3V IZHA@IZS I $BAT
BRELEBROLDE S/ BB L2 X512, BBIZKZ3ENORE IOV TIEITAL S
£<, ZOREREIHF SN TRILRIEVEY, ZossE2 5L, TEICHETS
REZ2OBTHZ2LHTES, 120, S’ RMEELEEL TV 3HBEI01E, BHER
BEAERAENCT 2 BN, TRICBHET I REMEL RRICHBIEL THD, EE,SBR B
D h AR HE CoMET 312 H - 7= (Photo 16), & 5 1013, 3lh O A5 3
PR IS > ToBEL 28R TH Y (Photo 13), £ 7=, Z2DOXRWMHLERETH - -~
(Photo 14),

DEDREI2EZAEEL, BRIZE> THEAFINTTCEBERDE ) IHET S
ZENTEESA L Lh BV, 2L, HhoSInBSOMEOMIBIRBL BRI L &R T 0%
SVWTHY), ELIEIBNLEA»SDRETHY, EREHD 22 ERL B2 HRSTE-
2KBVTHB3, LaNF>T, REHBOENERTORELXHS T 3137 +0eEL
5h3H, TDROO—DODRBEEEZZDIZL23hELREV, Thbb, BIDOKXDOKE
B REHEEOABICESR L, 20 BWEFEMEFEROEN ) 28 1 268, FHHE
FIIBBUTBEL, Zh &[RRI L FRtICHET 3, COBBEICED, Z20BEIR—
BB Eh3800, S5125[2RKOERIZED, Z20EMISSITREBL T <,
LAL, Zhid@er2BEOMINTHY, ZoENIIH L CRMBMEMETOIETTS
ML TITT 3, 2R, MRAMBMHEDLENER ICE3EVHLrZshTHE, 20
FBIESIIBER L DL LD ), ZOHEBENIFITEDREFRELTRE0A2LLAT,
LRI ZOEAS 5 DBR, &5IZIKOEREBIZIDOVTOE FINEERRS 2 U028 ¢ @)
Zz26h53,

3.3 MhEH0O SEM A%

RBUZ &> THIBHOMEMOIRBER L TRLH, #EsBI+2TIREL, #
ZIZHIEB CORBEL &) AHRE LT, ZOMELEL TRE, 20L& BAORRYE,
FENhBHOREE = RITAHIZHEIET 3 /2012 SEMBRE%#1T 5 >/, %%, Photo 24~29 i3
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AOMEIZDWTOD, Photo 30~37 13 E ¢ LT BBV TOEINOREERL T3, #R
BLEBEBDIREA LI EEMSEIR 2ERLALDOLFELCLDOTH 5,

Photo 24 I3 ROHE TR-BEDEIN (NEHR) O—FITH 5, BEEPRIIZIZ, EOK
B BRMEESEBBEL, WHhWAILERZEES> TV, EHENORMEENHFEL 20
BAaPRHEBTHY), ZOBFLIBLOBIERRATH S, ZZITRENTVIEHARIRE
BEROITH 3, #MICR3L, FRAMEL, LARNL O 2 rARicEhOMTEFH 5 (7
HE), £, RHEESBRI M S BAERONEL S5, &b, BEALOBIZR
Sh3ATIEE, REMERPICECHBTHY, FROENEOBFIEE 2B, 2D
HNOBERDO—E% X 512HAL 2D 5 Photo 25 ThH 3, ZZILRSh B3N DIT L A LI
TR & AMRHE & O BEL 2R TH B Y, ZORREBO—ER (7 H ) Z I ARBEEHEED
BT TWw3, ShBOREIZIEARBEOAEAR S h 35, Z20MaBIIBEBsh TV T,
FhAEROEREIZIFHIEL TV I, 2070, ZOENIIBBMBHEIZIR-> = 2BOBE
THorEZ5N 3%, Photo 24 IZR 5 h - BHHEEOBIBIRE % & 5 IZHMIZR T D 5" Photo
26 Th3, 5%, Photo 16 ITRENLE DX, ZORKMLSTEIL 2D THD, 22K
ShABHEELRECLOTHY, HEDOBFERBII X HIET 5, BEHMRICEL TVl
AOEERIIZEICHEL THD, 220X EL OFREILLPRD 5N, FRRCRSRME
K Eh5 etk 2 LTOWABBIFRSh S, ZOMBIL2HMIR S, BILBIKR-T
WBLD, FNPHBENTLIVHEARELTOBRERTOLENHSZ, 2DEIIC
BLOHMRBIZHZLE)Z X, MEROHMDOLH IRBMIZILOREZLELZN
5T, BR—FEORBHTHES 2 VIFTEFELTHNRI3LEIEIEVEITH B, ZOA
IZOWTIR TEMBELRAZVBBERHBE0ND, ThFTRNTKREL IS, MO HBES
Z AR ARRRRI AR R > TRET AL EXTHL ZLIZT 3, Photo 27 iX Photo 24 @
BRI R S h:, SFhOMFBEHEAL 2D TH 3, LHOEINIZ, BUHLE & AMHE L
DHBEDFERTH 35, HIFE CIRRGHBRIZOM S hTw 3, RERMEBEO L 21218, 20
KIRERES (RED) CHBEL T30 8 524, 2L ROMES hTwa, &7, BIFE R
DELIIKIBIHETCHBEL TV A, Z2ICEFIERINTVREILDERSN S,

Photo 28 3% H DEMES 27+, BEEEMD 5 0FINE, BEERRORPE[TIEEHST
W3 (7%, 2k, RSN ZENIABREEOTBROERTH S, ZOEKHE S
5 1z4Ek U7 0% Photo 29 Tb 3, MIMSMBHIEIZ->THBLTVB 2 e AL bbb, —
RUZEZATIE, BEEEMIZA L OB TERFEE>TVREADEIICEDNRS, LA
Ui A5, #feC, D, F oMfaiefim Liz iRy 7)) 7 28FEEL, —H#RA, B
DENIIZR SV, REHIREE, BEHICFAARTEEL TH 0, IR T VT H
BELZLIEZONT, RBRRLIETASHFEAEL TWELEZSh S, BBRRNBOENE
NIZFITHEUELIEHET I LR ELHMSNTED, Ldo>T, N7FYTOHREETS
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FIrMBPTEN TV TH S L #ESN S, Zhik, KA, BEos#iiswmdg
RELELDOTHY, FROFNIIMIEC, E, FEFTHEL WAL EZLNS, & b,
BN EIZE N7 7 ) THERBDESNEY, ZOHRIZOVTRIFATHY, kgD
MBI E\C L FET 372 OBRITOVTHREBRIZHRE L 2w,

Photo 30 RENKXEDO—FTH 3, EEEFICIIAROR, 20T HIZiz sHEIFR
5h, SEMOBRANFHE (BEAREFK) PE{REhTwE, AORLEOEAIZIZKRED
BMEBEFEMHY, BB E2EMEY, 20EMIFRAZRATHEMEY S 2, T SHET
HhEEINDRMIZIE, PHEECAREBREL COBEFRSNh %, £/, 20L& 2B oM
Bz LTARTFIZE > TR 3D PRSI TH 5, SIhoRE AP HBAPEHELBIIZNRS
OMFaN MR BT IB-> THBEL 28R TH Y, ZhLS 0TI - 2 RBOS5 M
PHEIERIPNZY, OMERTLES AL TH 3, RHERIL, BEEESFZ - DHMEL
2H0R, BELEVLT, ZOBBRBIIR, Th5, ZOENE IS S5 (74
E)o ZNEIERL 24 D7 Photo 31 Th 3, EHENCEI N - HITEEDBEIZIE, 5l %k
NRBOARBMECTNT & W - BEHIBA RSN 3, &b, SNEBEICRHTERO—L572 13
PEELTVWBA(74E), Zhid Photo 22 DFRIZRS W B E AEL LN TH 5,

Photo 32~35 3 EINDRED—EH 2K L =4 DTH 3, Photo 32 13EI NIz, WK
MIBRAHRICFI EHALNAZLDTHY, ZOXRBHOMPLITMT N0, FlgikrhlD L
TWwaH, ZhlSoRROBIEESISMERBTE COZBDORERETHY, ZOREILFIET
b3, G, ZOWRKREIE, ZOREEHL5HT Photo 9 11 ICR S hzkihiz #E > T
2 “HH LT ST A0 LE X 5N 5, Photo 33 I3 AMMEAKINERA B AHE » S5 SHEL,
FIEEAPNTLE S REAHBEDLIIZRZ 3WTH 3, £/2, 20— »MdH» 55|
XRAN-2LDEADSLEN B, ZD &) ZIRRBIX Photo 4 DREPTRLALDLRAKALZ LD
ThodEEIONS, &F, FIERINARBES DN TR IDIRBBLEBROGZRDOER
Thd, BEPRMIELICIE, REFMIEN 1EZIREL TWEH(74E), ZOMIRETE
FABIBIRI TOEVE I Th3, ABESBIES N ZBEI1T1, #WhHmI R S xR
N, ZOREIHAEL L TWS 0 (Photo 34), MifasiZ T EACYIMIhTW3IL0
(Photo 35) %Z YDRBOLDH LIELIZAD SN, LALENS, 20L& 5 2HBERED
HB% 75 THERIZABETSH 5, Koran (1967) iz —190C » 5 250°C ¥ TOR @ 8 MMM
BET T, Picea mariana D/h7 0y 7 #5iRVHE s ¥, ZOBEEHE % SEM & TEM T#
Bl 2O8ERIZKBE, —190, —60, 0C DEETIX, 2 OBHAEIZ SE O L DIz~
—MREICHS, FRIE1IREHIVIZ2RESIBTHEEL TWE 2D THELELTVE,
F, RETCREEEODM L LIELIEREL 2 EBNTWE, AETIRVHIERRDE
wm T COBERE A FRIC SEMBREL 2RTH 35, ILEMD -2 DBRMEORBEI %<,
FRHRIIBREINTVRE2E, S5 TEM 2HWEL 52282 8T, ok Z#E#MEM
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REBIZRIES Lol SBITET, P FovOFEBMIZOWT, SEM, TEM 28 L
MR EED, HOERLEE, MBLTAZZLIFEETHILEbNRS,

Photo 2 3DAMEEIZR SN 3 L 12, YFFVEDRNIBEREMPITIE, BIHIHRKRL
TW3EEZSNAFRLAROEZEGEALITLIEAD S, XEE, SEMBZEL ~HMH#ftiz>
VT HRERDOEBHAFRD Sh, WAL LOETHHES N2, ZNERT DA Photo 36 &
7T TH B, AIEITITABMENIZRD SN -EAL (R, BRBIIEEREICRH sh 8
RONIFYVTHRERTVE, ZOFD/S7 7Y 7Id Photo 29 iz K&, PFwY O
KECHOBERIEAEZZSNTWEY, Z2OHO—DIZNIFY 7HIFHDD, HPIZHE
FTER7FYTALELEREShTEVE, LALEHFS, ZhAKAEVHOERRTS S
DAPEIPIEHAL TV LZVWEITH S, PHROAETICLS L, #RL Y F ¥V ERLMEK
RHFEDHMOZNREY LB, 2BLOBEAELTVE, SORBIX I FeyokBOHIZAET
2ryEZLN, YFYEMRILANZTFYTHFRBENE, LENFST, N7 UTHEE
LDHOBET, 20XBOMIRRLVERTEELZZLLTRETIEH 3, L L, FIFERE
BEGT, 20LIBEREBTILRIERLBRTHELELSN, ZORIIDOVTIESR
DFRIZHIFL 720,

EbVIC

AR &I, Y FFE (RAKR) CHHRBEIRETIH, 2058220 EVY
DTHBEFTbNTRE, LALEHS, RHFRIZENE, ZORERIHLHELOTH-
2o DL, AEINEMRFPIHEBRENALBDOTH Y, EEDLEMERADT ) 8% R 503,
ZDE) LEBEEOREIEEICEALMBELLTES 2hIEE52 W, LMo T, Z20R
ADFERDEHE, ZHICEIBHILEORMRBIBANAIEL S5 2w, BFEIL T ZfIzon:
2V THY, ZTOFRREBASLIZTEIILEL LD oD, ZOLDOE~HLLT, Zh
FTIIHIZ "B LLTHYBRbIF L TH- BB %, NEEN LI HEN IR TE
ZABNETHEILERLI, T4bb, RIIZZTEINMBFEFIIBVBLIFESNS
B b o2, FRRICEAE, ULSABRBOFIEFRT & THELELL I,

¥, ZONBEROBREC AMFOENEXIE, X512 SEM THEL, #hE
DRBEMBEMICHS 22 L 2, ZOBRIZENE, B0 IML2BRT 38 oM
DMRSREASEIZIR 5 726D TH Y, BICIIHEARIFI2H/AIANTVWELDE -7, T,
BREOBEY, BhoREZBLEELABICIFAL 2T NEL s 2w EHBES ALY, +5
ZREmERTIZRES 2 h ok, LA T, SHRLEBRENLER L &5 IZBIA L, M
EDIVEFDILEZLNRS,

Z¥F, FHETIE, SMERBOBELBIZEATEL o220, FRhIZDOVTOMMR
FMEMREIT 2 b ol ZORRIEHRIZESTHRLNBORIEZATHEH, 4
BROMEIPFL 20,
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Summary

Frost cracks of Yachidamo, Fraxinus mandshurica var. japonica, were investigated
macroscopically and microscopically. In Yachidamo planting forest (about 60-year old) at
Ariganosawa in Nakagawa Experiment Forest of Hokkaido University, Hokkaido, frost
cracks occurred on about 23 % of 144 stems surveyed. Among 33 stems with frost cra-
cks, 27 stems were injured by only one frost crack,5 stems by two, only one by three.
Most of the frost cracks were extended 5 m and less from the base of the stems. The
occurring directions of the frost cracks on the stems varied considerably.

Observing the bottom ends of the felled stems or the serial disks from them,it was
realized that internal frost cracks occurred often within the stems, even though there
were not at all so-called frost cracks which can be recognized only on the outer sur-
face (bark) of the stems. And naturally, there also found many frost cracks within the
stems on which so-called frost cracks occurred. Internal frost cracks were extended
radially as well as so-called frost cracks, but the former occurred more abundantly than
the latter. In one stem, usually, both cracks occurred more severely near the base of
the stems, and reduced gradually toward the upper portion.

Judging from the occurring states of both cracks as mentioned above, internal frost
cracks seemed to be qualitatively similar to so-called frost cracks, however, in the
stage of their development the former appeared to be different from the latter. That
is, it is considered that the latter is one which some of the formers develop more ra-
dially to reach the outher surface the stems. Therefore, it was proposed that so-called
frost cracks should be called “external” frost cracks corresponding to “internal” frost
cracks. And it was also concluded that frost cracks should be used to include either
internal and external frost cracks. Considering the developmental process of the frost
cracks, consequently, external ones may be proceeded by internal ones. Firstly, internal
frost cracks occur within the stem by low temperatures in winter, and then are extend
ed furthermore outwardly by increasing ice-formation, and finally bark is suddenly
split and longitudinal crack occurs ranging some distance on the stem. At this time,
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firstly, external frost crack becomes to be enable recognized with naked eye.

In winter, internal frost cracks were fully embedded with transparent ice. In the
ice, numerous air bubbles were located in row and fine pieces of xylem which were par-
tially teared were often found. By the formation of the ice, the widths to the cracks
were more enlarged tangentially than ones in summer. Their widths ranged 2-3 mm.

The states of the xylem at the internal frost cracks were observed by usual light
and scanning electron microscopy. Specimens were fixed in FAA and prepared usually
for their microscopes. Most of the internal frost cracks occurred along near the inter-
cellular layers of various cells. And infrequently, cells themselves were tangentially
or longitudinally teared apart to form the cracks. Especially, it is interested that
earlywood vessels and the adjacent cells are tangentially teared apart. Consequently, it
may be possible to suppose as follows. That is, at first the formation of the ice in the
earlywood vessels is advanced rapidly, because the large lumina of the earlywood vessels
are suitable to form the ice. And then, when the increasing pressures derived from the
formation of the ice in the lumina exceed the resistance of the vessel walls, such vessels
are suddenly teared apart to occur the crack. After the occurrence of such initial crack,
perhaps, it develops gradually along near the intercellular layers of the cells depending on
the speed of the expansion of the ice formed.

Although the internal frost cracks ran in a more or less curved line macroscopically,
they bent often during their course microscopically. It is assumed that such turnings
correspond to the portions at which to cracks were encounted to connect each another.

Many hyphae or bacteria were located in the lumina or the cell walls. However, it is
not clear why they were observed in the xylem, though it is said that they may be important
to form the wetwood.

Unfortunately, the xylem of the external frost cracks could not observed microscop-
ically, because the stems with them could not obtained. Therefore, further studies on
the external frost cracks seem to be necessary to clarify fully the microscopical features
of the frost cracks in sense of the definition of this study.



620

Photo
Photo

Photo

Photo

Photo

Photo

Photo

Photo
Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Photo

Phoeto

Photo

Photo

1.
2.

6.

10.
12.
13.
14.
15.

186.

17.
18.

19.

20.
21.
22.
23.
24.
25.
26.

217.

JLHSERERFBRERAERE $458 B2S

Explanation of Photographs

Frost crack on the stem of Yachidamo. Opening of the cracks is seen in winter.
Internal frost cracks in the disks at each height of the stems with four frost
cracks. Photo 2 corresponds to disk 1, Photo 3 to disk 3, Photo 4 to disk 10
and Photo 5 to disk 16 in Fig. 7, respectively.

Internal frost cracks with ice in the disk of the stem without frost crack.
Enlargement of Photo6. Ice in the frost cracks appears white narrow bands
because of reflection of light.

Ice in the frost crack. Numerous air bubbles in a row are seen at the center
part of the ice.

Ice in the frost crack. Air bubbles and fine pieces of xylem teared apart are
embedded in the ice.

Internal frost cracks in tangential view. Ice with air bubblés and fine pieces of
xylem are shown.

Transverse section of internal frost crack. Split occurs along the ray.
Transverse section of internal frost crack. Split occurs along near the intercel-
lular layers of fibers. Arrows show the cells separated from the adjacent cells.
Transverse section of internal frost crack. Most of fibers are teared apart to
form the crack. Arrows show the casts of the fibers pulled out.

Transverse section of internal frost crack. Earlywood vessels and the adjacent
fibers are, teared apart. Fibers far from the vessels are separated each other
along near the intercellular layers.

Transverse section of the portion in which two internal frost cracks are nearly
located. Another one of the separated xylems is lost.

Enlargement of Photo 17. Split occurs along near the intercellular layers of
various cells. Branched ends of the split are seen.

Tangential section of internal frost crack. Another one of the separated xylems
is lost. Since split occurs along near the intercellular layers, the surface of
this split is relatively smooth.

Tangential section of internal frost crack. Arrow shows the partially separated
fiber. Double arrow shows the piece of the cell wall which was teared apart.
Tengential section of internal frost crack. Some of the ray parenchyma cells
are separated.

Tangential section of internal frost crack.  About a half of the ray parenchyma
cells are separated from the ray.

Tangential section of the portion in which two internal frost cracks are nearly
located. At a part of the split, fibers are teared apart.

SEM observation of internal frost crack. Wedges show the two turnings of this
split.

Enlargement of Photo 24. Split occurs along the part except for the central
(wedge).

Enlargement of Photo 24. Earlywood vessels are severely teared apart. These
vessels correspond to the ones in Photo 16.

Enlargement of Photo 24. At the turning of the split, most of the ray parenchyma
cells are teared apart and one is separated along the end wall (arrow).
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SEM observation near the end of internal frost crack. Wedge shows the end of
the split.

Enlargement of the crack in Photo 28. Since bacteria are seen on the side cell
walls of cell B, C, D and F, the split between cell A and ray seems to occur
during the treatments of this specimen.

SEM observation of the radial surface of internal frost crack. Wedge shows the
turning of the split.

Enlargement of the turning in Photo 30. In tangential surface of the turning,
teared ray parenchyma cells are seen. In radial surface, leaved ray parenchyma
cells are located (wedge).

SEM observation of the surface of internal frost crack. A piece of plate-like cells
is partially separated. k
SEM observation of the radial surface of internal frost crack. Many casts of fibers
pulled off are seen. Wedge shows the leaved ray parenchyma cell.

SEM observation of the radial surface of internal frost crack. Most of the fibers are
longitudinally teared apart.

SEM observation of the radial surface of internal frost crack. Most of the fibers are
transversely cut. v

SEM observation of the radial surface of internal frost crack. Hyphae are abundan-
tly seen in the lumina of fibers (arrows).

SEM observation of the radial surface of internal frost crack. Many bacteria are
located on the pits and the wall of the vessel.
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