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Location of frost ribs on the surface of stems
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Table 2. B&EH/:H OFEEHK Opposite
The number of frost cracks in each stem b‘(k_-fﬂlll
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Number No. FC stems | Percentage
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3 v 15 . b
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Total 9538 100. 0 teas"C. No.) £45°
L4s (K) R45°
L 40
#% Double

Fig. 1 22FiBEDBEONERRER
Relative location of two frost cracks on FC stem
FC stem : Stem with frost crack, R © right, L | left
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Direction of the frost cracks on the FC stems
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Compass direction of sloped stands surveyed
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Various splits in the successive disks from a typical FC stem
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Various splits in the successive disks from a stem with severe frost cracks
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Distribution of moisture content in a typical

FC stem
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Changes in opening width of frost crack following change in air and stem temperature
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Yearly occurrence of new frost cracks in Plot 3. Figuers indicate the number of NFC stems
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FHIZKL, Photo IQICROENE L5112, LHMFOHNEOHTIIRERLL TS (ZEEED)
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TARGHFELTBEVREL, TTHORBEFEOENRSHBEL, ZOHVEASSLICBELTH
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ERILICINZOMBIIEARPERIB - BN EOBHAL I EHENEVDREILEH S
(B, 1983) o BEHLHWIIHEAL LI L AHEOHMAY L BEVRVFEREEOBFETHELHIIT AT
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Distribution of the moisture content in NFC stem
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W, BELLTHEOEENBOOLNLEDTHA S, L, IOERELKRSREREZINIED LS
LEBICL TSNPV ELEHL AT 2,
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IRETIE, AFFERAROBMBINE, HHENE, BERGK, BEOKER, FREAL CHERRE
DLDIZDOWTHLMILTES, UTTHE, #0459 R AFHBEANEIRICBVTIRERICED
LINEHRL T BDH%RT,

HASEIZ BT B USHKT TOREE R 2 Table 4127 T, BE L 2RREII25 093K T, £DHDI58
EHFRATHY, SUROEBEBUIY TH 72, ERILOBEKRDIEEI 2NV R2LDT, RO
HEELHEMICIIRBETE VY, SEITICRETLOHBERELERD TR, £RIZESE, TEHE
12%, EFBS51%, BER42%, UFEL8%, FHRRLIZTHY), BHRISATROIBL o7 &
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Table 4 . HALHF BT 2 HEAD HAE

Results obtained in this survey

® IR F T D H = H
EWREL | BEKE B NHE W F ] 7
(%) (%) | ) () |em m | (m)

AZFFIE  Aomori Pref.
K 2 g7 EW 39 i 55 43 | 106 2473 | 40 21! 280 F
% H B/NEIL 111 vl 83 0 0 219 | 31 24130 ~»
2 v 162 w1 81 0 0 208 | 42 25| 715~
| el AT 126 132 58 0 0 220 | 50 30| 70 &
» = 35 121 83 0.5 1 219 | 26 231100 <E
/IR B 7 5 56 0 0 211 | 34 26 80 ~
i B #hil 110 116 70 0.5 1 217 | 30 25| 75 fA
4 4214 150 2 76 0 0 211 | 38 27| 40 F
£ K RIHEFE I 145 % 80 0.4 1 235 | 36 25| 370 @
& iR x&Il 45 23 54 0 0 264 | 29 22( 270 -
7 A 52 i1 52 09 2 225 | 36 271|110 ~#
” KEFI 23wl 53 0 0 225 | 32 23| 170~
g AsALL 77 26 66 0 0 158 | 34 22| 50 2
7 & 91 31 55 0.5 1 210 | 35 224200
» “ 127~ 72 0.9 2 225 | 29 221 220
tr o Ry &% 90 50 0.9 2 228 | 32 24| 40 F
» HHER 152 w1 51 2.1 5 241 | 27 20| 100 1@
” Al 36 # 69 1.9 4 210 | 41 30| 250 ~»
K A Eig ¥ 185 % 53 0 0 226 | 22 24| 30 -
v E&IL 172 ¢ 79 1.7 4 240 | 41 25| 40 ~
» REL 75 12 57 0.4 1 224 | 35 26 110
X M AFEL 47 12} 58 0 0 219 | 32 24| 150 f&
” TR 28 131 60 0 0 210 | 32 23| 70 ~
5 EFiR VR 7 3% 261 ! 55 0.5 1 200 | 29 23| 90 #&
” y's 248 ~1 54 0 0 210 { 36 27| 70 &
” AW 201 1z 51 0 0 240 | 36 27| 100
v 63 22 6 267 | 46 34 200 fA
5 71 H1BR 90 43 9 210 | 34 18 20 F

ESFIB  |wate Pref.
%= f el 460 A 73 | 28.0 21 75 | 28 19| 550 fd
B IR 63 b 72 5.0 13 260 | 39 33| 500 &
w H EE 116 it 53 34 7 208 | 39 27| 650 fH
T HiEE AR 73 0 0 151 | 45 28| 230 7~
EFRFEREZHK 89 7.7 21 272 | 41 27| 200 ~
REFTH 0T 70 9.0 22 245 | 38 25| 470 7
4 BT 60 0.8 1 125 | 29 23| 400 ~
UiFiZs=F= 75 7.1 16 224 | 31 25|300 ~
AREHTIRET 90 38 2 53 | 41 30| 350 ~
Bhii R 72 1.9 2 108 | 34 28| 110 7
HzsgE 75 23 5 221 | 38 30| 80 F
e 0 7 B T AT 60 1.2 3 256 | 39 25| 150 &
e 80 45 7 156 | 39 28| 150 M
[ 150 1.6 1 62 | 59 40| 150 #&
RANHES 70 | 26.6 78 293 | 32 25| 270 F
v milE 60 6.7 14 208 | 29 24350 »
CEMAYR 80 0.8 2 250 | 35 29| 100
~EhR LN 65 53 23 433 | 26 20| 230 ~
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Table 4. (29 %) (Continued)

# |wm | F T |D H| & #

EHRESL | BEHKE PRI NEE i b [ Z

(%) (%) | (%) () lem m | (m)
— BT Bk ERT M BBl 90 2.4 4 166 | 36 24| 230 F
Z HH 52 1.2 3 252 | 30 20| 250 %8

EHEMIREE 45 1.3 2 1s0 | 38 231|250 ~
7R 42 1.2 ] 84 | 32 25| 250 ~
o=l 48 0 0 116 | 36 20200 &

FRET—1 65 14.4 52 361 27 21| 350
voo=2 52 13.7 22 161 | 25 20| 350 ~
=3 45 2.6 4 151 18 19| 350 »

BB Akita Pref.

+#1H iR 25 X 75 22.6 21 108 | 33 23] 550 f@&
” v ” ” 75 26.1 31 119 | 30 22| 500

& JIHELL 22 ! 94 i8.1 13 72 | 48 35| 160 7
” Z » h1 094 | 300 21 70 | 49 36| 160 7

 H iR ” ) 76 17.1 55 322 | 37 21250 ~»
” BRI 89 i3 82 3.1 6 192 | 35 28| 150 ~
» ” » ” 82 1.0 2 200 | 33 28| t50 ~

F N TKIRSL 6 40 i 68 0.9 2 214 |} 31 25100 ~
” sl 1 Pl 81 0.9 2 216 | 34 25) 150 14

K YR 204 bH 49 0 0 238 | 31 20500 F
2 HNawR 173 7 63 0 0 233 | 36 20| 400 #£%
” B 150 It 77 7.8 20 258 | 36 23| 500 f&
” E 3], 189 & 85 45 9 200 | 36 26| 200 ~

B A WIS 9 17 133 56 5.5 11 200 | 32 21| 600 -

B H IR 102 v 82 0.5 1 200 | 40 27| 400 ~

B O BIMR 87 Iz 65 8.1 16 197 | 34 25} 300 ~

" & BFIR 20 A 78 9.9 20 202 | 42 28300 ~

E/ANBEZ | ANRE 156 ©» 60 49 10 205 | 34 25| 200 ~

& N SRR 72 Y 68 7.5 15 200 | 42 32| 200 4B

e R MR 125 ) 82 2.7 5 185 | 52 31f200 ~

L HE KEER 62 W 83 5.9 12 203 | 50 32| 300 &

& WiRES 145 v 64 9.5 19 200 | 46 26| 400 ~

IR EIR 180 29.4 50 170 | 69 46| 555  ~

BN 85 26.0 13 50 155 -j100 ~

ZigIR  Miyagi Pref.

H & BHE 13 i 77 1.4 3 215 | 29 25| 620 M@
» Tk 33 X 59 1.4 3 211 | 27 20| 650 #
” HE 1L 118 2 53 0 0 213 | 26 18| 650 ~
# L 202 A2 51 0 0 174 | 39 251370 ~
v FEH 206 % 55 0.6 1 170 | 32 24| s00 ~

R (iR 17I=F S 77 1£3 48 2.8 4 145 } 22 23| 30 F
v KEH 31 51 51 0 0 223 | 34 27| 100 f

FHTH Bl 81 h3 50 26 6 227 | 31 27| 300 #%

&I FELLAF AR 53 ) 51 0 0 211 | 37 30( 270 f#
” EELEH 5 51 48 0 0 222 | 34 17| 300 #&

" % 7 37 A 79 0 0 148 | 38 32350 f@

BB R EARR 70 8.7 11 127 | 51 30| 750 ~

» ot [0 69 24 3 125 | 53 30| 700 ~
% EHE 63 5.2 7 135 | 44 25) 600 F




F | #B K%, No. FC stems

T : AEAREK, No.stems surveyed

* B FE (meshed letter)

. BE M (private forest)

T SfEiRHb, Flat stand

FALM AT BT B A FBHEOBEERE (S 1) - 27 —
Table 4. (22%&) (Continued)
% ivEs] F T D H =z #
ENRER | BEKE ARHE /NBE o 2 b= %
(%F) (%) | (&) (F) |em m | (m)
W8 Yamagata Pref.
#H | KAAES 49 i1 46 0.4 1 250 | 26 20| 200 @
B H FANE 56 b 54 0.5 | 206 | 34 15| 570 £
G b AL 91 12 52 0.5 1 211 | 39 22250 1@
* R BiR 72 i3 57 3.8 8 209 | 39 25| 450 F
¥ KiRs142 245 ! 55 0.9 2 230 | 30 23| 650 {H
7 EITiR 67 i 56 0.9 2 219 | 37 20( 430 F
oy T KF&RIL 52 A 71 4.2 9 213 | 48 31| 420 4B
HENINAKFEM 77 3.4 7 203 | 32 22| 170 F
32 B8  Fukushima Pref.
* 7 IR 62~ 48 2.5 5 198 | 37 21| 660 &
” iR 70 ¥4 52 1.7 4 229 | 33 24| 820 B
i O Gk Nl 25 » 50 1.8 4 226 | 26 22| 840 fH
” 7 25 b 50 23 5 221 30 23| 850 #%
” AL 1 L 61 3.1 7 226 | 28 17| 600 #
» Z 3 0» 56 0.9 2 228 | 34 18] 570 »
” Bkl 6 ® 51 1.8 4 228 | 30 19 (1000 fA
® T AN 48 % 63 04 1 240 | 26 15| 600 ¢
2w ZFTE 27 5 74 6.8 14 207 | 44 27| 530 &
I iR 108 & 52 4.4 10 228 | 24 221|520 “F
7k LBl 1 5 93 34 8 238 | 58 42| 400 #
E H B 231 3 60 1.6 24 207 | 35 24| 400 fH
B OL 47 253 ik 45 7.4 16 215 | 22 21| 650 B
(R 65 6.7 8 120 | 43 27{310 ~»
mA ARl 55 16.0 19 119 | 27 24} 220 F
S E  District Forest Office D WM& EF, DBH
[E % #k © National Forest H ! #%, Tree Height
& Bt Compartment & : Elevation
/N HE . Subcompartment H#17¥ : Topography of stand
# W% . Stand Age(years) &, B, Steep slope
HWHEE . F/T X100% %% SBEH, Gentle slope
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B, AEKS P CREOREES - L0 KHED
ENERBEEND30.0%Th o mh%, HEKRIIR
bEROON LD oK T NS, FHRETE
13%k57, BB Tidorsr, AR L EFRTEH
FIHERARIEL OO NEho T, IR LES
BCIRFAEL 72T X COMPIEEARDPHBL T
RE, HEBLKE, HE2VIHARLESLD
BN 2 BEs RV T I L@ TELho 7,
Table 4i22-0 %, HILORII BITHHBAD LI
KL Fig 1813, HEEESERIIST, BENE
WIIEAHOBEEIIRX 2B LIIILTH D,
%mmymmmms R HEETIZ, HBEFIZEZOFRE L THT)

, 2\ S REIA <, THEESES < 12D RS IR &
Jﬁﬁ Ve e §§§ﬁ% %o 7o, BHE, BF, EREUUFOUEICRA
L& 2 - i, e QRS C, B 1 R B
‘ T Bl bamb, 72751, HLTIRE S I BT

LI ebod, FHREIERHICK, HIiIZE

Fig.18 SILITTIZ BT 5 RO FEIRKHR BETIEEGE G, £/, KEBOLEBIZLEE

Distribution of FC stems in the Tohoku district

% :No. of FC stems <+ No. of stems surveyed X 100 DEBCHESAFRIZEPLTEY, EFRL LM

ok ) REMAPTRINLT VS,

BB, AFOFHIMBOBIIBOTIRELTWE, THETIZEESHEIE ISR THI0E, HikE
(A%, 1993) , XW®E (BA, 1977) , BEE (TRE - #4, 1977, 1978 ; &LL3A, 1973) , &H
B (FAHIED, 1985) , ZER (BEHIIA, 1988 BH - &5, 1988) , &£RE (FH - £H, 1984,
1985 © =M - & /H, 1986 FIO, 1988 ; T4, 1991) FIRIE (%M, 1988) BEE (GoHf,
1986) , KR8 (B0 - #EIL, 1987) D9ETH 5,

LA L, H6ETORELERL»SHEMTIE, TASOEMENIIRELDVEVIRTIEEL,
HEDLZVETRFATIN T RVEVIFTTEI R EZLNSE, AEENLNTIZLALEDET
ZAXOHEMIFLCHEINETH B, E->T, AFOFBIIEL THEMNIZEFRLZLOTIRE{, ©L
LAFRERUILLBETIHEEEILRETHHI.

BEDXIs, ERAEKRSIIBVTHREMKROBEFI» L) OEEYFH 72, L2 L, F0LH%
B#HEH-7-E LThH, IRFRTRASEICE, ERAPRGATHRIICEPLTHEALTVS &

IRPUTIFEAER O D o7, 20—FlL LT, HFERAN TOREERLFig. 19127 T, 70%
HEOTFHMIZH ZREKRT, 203RKPOBRICEBIBELTE), AXELLKRSHTEIHLLZ )&V
BE (266%) Tholi, MIZRMFPOTRTORER (B SHEKR (BAR) OMENFTINT
Wi, B, YRABEEIEOSRMLEEICE - MEMTORA TV TH S, ILLHO2R L) I,
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FEARIHRTERIZIIEFITHLTEY, B EPLTHEL T2,

3E A EORFIEE 2 HBEmE RS L h o 7245, Fig20 CHRAMIRTBERBEIIEREEND
KR TH - 22, FORSIIEMEEHE & FNIE GERMPIEROSS L PS> Tz, iR
SNTHEVTEOERE 20, KRHATEEII2F &N HS (60F4, FHDBH : 35cm, FHH .
24m) THhb, AL L EREUI207R T, HEKIZUER, 2F0BBRRIN6%THo7 L2L, &

. HRAHEK 8K
¢ e No. FC stems
. L —=266%
TN . HEAL 293 K
L No. stems surveyed
O Sound stem R *
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Fig.19 HEAROWBRMLE (BFRRHN)

Positions of the FC stems in a forest stand at Sawauchi in Iwate Prefecture

14.0% (19 / t36) 7.0% (s /70

HOE

Forest Road

R IRFR bR
Floodplain

Stream

Fig20 #HEADOLBE (BBREHNEKEETN)

Position of FC stems in a forest stand located in a floodplain (Haramachi in Fukushima Prefecture)
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RUBFEH TIX 36K FDIOK, T42bL40%PFERRTHH, —F, BHEFHTIRTIRGD O HS
K, 1.0%TL2Erorz. Tabb, RKGEBTIIESEMBIZL2EL OHBERTH - 72, HOF
BEZRBE®ICEVTE, RRMERICERRYS CHRT M LT LIRS, RIRIEH,

(1986) , %% - P (1978) RUBIIEA (1973) & S HBEKRIIHRHOER D 2 VIEBEHICE KB
FTHEEELTYS, —h, BA AW (1987) iCLhil, HFETHLY EHIZEL, S5IITH
(1986) 12k niE, M - kEHMTICECRET D, Z0L512, AFRELOBBEFLFHKRELT
WRWOT, SRELIISOPEVLETH L ), £/, TEFGOH» LHEBERELBERLZ-LO
bdhoh (RN, 1988a; EEHIZA, 1987) , HERICHEEL TREAVEFTLTVWIEELHD,
LA ERTBTICEE>TRWVWE I THE (BNIEA, 1991) .

EELOMEE, FTHRUMFERIBIT 2 ATXHUORERKAOBELILET A L4 EHE LT
EDHONT, ZOME, TEDZRTELORGTERETHILICER T B0, BrO®RSO%
FRELIOWTOREITTEEE R ot 4143, HRFOPREL L LI, FORTOLFRE
WKOWTHENFMLAAELROL EHLETH D, ZLORGTHEETREIHL 22 L, HR
DREBBEHONIZTH-ODOEELRFRIBOLNLIODEHFIN D,

3.7 BTEHRBHOREERR

LREBHICIZ2EOATEML? SETAEOLN, FHSNCEHAPHEE SN B BREE48
B, FEBRIE24MEDHEL L Tz, ZONDI06RICEENREAEL, BHRARILI% THo 1. &
B, BROBENIRE L TV AHRIIR W h ol

HERBHORERIITR LA, O AFTOFEHBELR S LvbwAHE (EHIZA, 1982) (05
D&, FR OOREER D278 S ER (HAEE 20EH) CHTHIENTES (RINIA,
1993) . BEBECHTLIETHLERZERT LG, Wbhwdro— i3 e LB FEDS
VEZIEBHLPTH S, LrL, 2HOGRE L TR LBEYZRABERIT T L, ERIEE
LEGDLMERIZIEL T v, 20728, BFERKBHL V) LR+ F2abdb 555, LD
HRTE - BERWUEVIEILHEOBELRIF L TAT,

HEIE, EMRLLGIIBEL TV, SEMELAHEOR - FRIZL - T, RERISTORIAREK
B~ 1F (FH53ER) Thh, CNFTOREBRBIDE2 L0 5w, T, HBEEREZ L
EFTERMULHIZENIES SLWCIEMENSH L LB b0 T, HEERITLOEMBEEL R, £4
BB L 7o, ENAFig21Th Y, FARTIE2ER (74%) 12, ERTIIUER (55%) ICHHESE
ELTWwW RETEEBVHBEOEMAEh o720, EROLDIBHAFRORVERDHEHE
HEREROBVERRDZWEEIISH o7, %8, BRFE(CEELTV2RVLDOLISEMS - 724%, &
EROEBFIZO~170%DEE AR L7, &, ERIEELTRSLE, RATIL 166K DE8EN
FEARTHY, HIBRIISE%, ERTIZI08KRFOBRIFERIFREELTEY, HEFI29%TH -
oo ThbL, RREHBOFH2EHLEVHAETH o7, TOBRIINE, RAOXF % LR
DE) R LVWERAROSRBEEETICETSEL L, FRBEOTREIRE(CE2EELZ)Th b,

20, 10%UEOBWHERIIE, BERARESICAELNL, RATHEEE, T, =&, #HEMXN
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I £ 7 (200 1)
Japan Sea Side (20 sources)
[ &% (27#H)

Pasific Ocean Side (27 sources)

H
No. of Seed Sources

~5 ~10 ~15 ~20
OB E (%)

Percentage

Fig2l BUREARD ARG EBE

Number of seed sources by rate of occurrence of FC stems

O, ERTIIHE, TEENO—HOEMNFGCHEAFEELRLL, LaL, ALTFERATH->TYH,
SEMOBBERIIO-143%BERELEHL T, T2, ERTHHL 09D T, BHEDOSE#HS
DAEHIITHHIELREL T A Dok, TOL) HMEANS L0, &, EREWIBHELS
HZITERTFLEEA LW, BRBEICHT L ECHLAI»SORFOLES Y TET L EEL
BEVFBEONLDEEZLNS,

LB, AFOHFRHFBEIIOWT, RENZHPOKRHLMA T30V IPEEIA TV S,
T (1986) (2 & 4L, 40FEL EO Y F ANV ZAFITFEBRSBRE LBV, 7, BA - B
(1987) (2 d, AFBEFTEIOLOIIL 2, RATHREHE L T I28ELHF LD
TEHn, BHMGHEOFEOTREE Y REL T2, B0 - @R (1988) LBEICER L, #EIH
WLDIZEL BETHEREL T2,

3.8 REMBOER

INETIE, AFBHBEROBBPNOEYDS D VIZHRICEICBITAEBORERNZ L1220 Tk
NTE, UWFTR, DEORAEERFEIZ T, AFXORBUREBBIIOVWTETOEEYHA S,
Fig.22i2 % OB ¥ B HIZR T,

BE, BERDLHERFIGLH AL VKV, —F, EBERAROLH BTG EFEES
BV E L LI EKREFMER L, £/, FRFBELLZEDYOBBIZIBVTY, 0L
BRBIRFIIE P07, FO/0, BRBELRED S LM T TICHEKRRETH - LET SN
Bo FOLH)BRASIREIIBNT, LHOBRFTBIZSOENTEE, FOREKTOEET L, 127F
L. BBHAOFROEL DY HiIELHLTH D, LHPOKRGVEET S TICRBHLET S (4
134, 1989b; BT A, 1988b) o FIOT (1988) AWML TWA X H i, #HEARET BIZIZ0CUT
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Environment
RiE
R
pe—— LH AR DBE ]
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Fig.22 BAFEAEHEOENK

Model for the mechanism of frost crack formation

ERBEIBRBEIRIFGLIENLETHLLEL LN D, Bovee (1961) RPeace (1962) O X I 1iZ,
SWMERBETIRRETBE LD LREZIZ Vv,

ZOEHNTLTOLH ETRIEFEELZHEID, MPICHIZIZER YO X 5 2R aErHE, £
DR TKIHVFEREL, BEFELD, BEPEFOEDIHLEN L ko7 212, BRPBETLL
HHFTDHILHNTED, ABELEZFITTEHRESIATE Y, BRI LT 4 EoBRANOE L
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Frost Cracks of Sugi (Cryptomeria japonica) in the Tohoku District

Imacawa, Hitoshi"’, Owawa, Nobuo'®, lrova, Yoshihiko™

Ora, Takayuki® and Swimopa, Naoyoshi®™

Summary

Frost cracks of Sugi were investigated in 115 forest stands in Aomori, Iwate, Miyagi, Akita, Yamagata and
Fukushima Prefectures. Frost cracks, as separations in the radial-longitudinal plane of the stems, were usually
found 2 to 3m off the base. Generally, one frost crack occurred in each cracked stem surveyed, 2 to 4 frost cracks
were occasionally found on a stem. Frost cracks were more frequently found at the south sides of the stems.
However, in the stands on the steep slopes, the majority of frost cracks occurred on the lower sides of the stems.
No close relationships were found between the stem diameters and the occurrence of trost cracks. Inside the stems
with frost cracks (hereafter called FC stems), not only the splits of the trost cracks, but also various internal
defects, such as radial splits or ring shakes, were found. It was notable that the moisture content of the heartwood
in the FC stems was always abnormally high.

Because the temperature is slowly conducted into the inside of a stem, it was not presumed that frost cracks
occur as the result of a sudden drop in temperature in winter. The occurrence of frost cracks began in stands aged
in the mid-40s, with a few new frost cracks developing almost every winter thereafter. It was assumed that freezing
of the water existing in the internal defects triggers the development of frost cracks, which therefore might be
caused by the abnormal accumulation of water into the heartwood.

In the Tohoku district, FC stems were frequently observed in forest stands near the Oou Mountains, but less
frequently near the seacoast. A great number of frost cracks occurred in the northern part of Akita Prefecture. As
a whole, the number of FC stems. compared to the total stems surveyed in each forest stand, widely ranged from
010 30 %. It was not assumed that the enviromental conditions of forest stands were directly related to the occur-
rence of frost cracks, although the stems grown from seeds which were collected in areas along the Pacific side of
Japan tended to crack more frequently than those from areas along the Sea of Japan. Although the mechanism of
frost crack formation is discussed in this paper, the reason why abnormal amounts of water accumulate into the

heartwood is still clear.

Received February 23, 1995
(1) Hokkaido Research Center
{(2)3)(4)(5) Tohoku Research Center
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Photo 1. B AR DHIE:
Typical surface of a stem

(hereafter, FC stem)

Photo 2. RELDH
Opening of the frost crack in winter

& FE37lFH

]

with frost crack

Photo 3. SREERHS D HEds
Vertical stripes on the bark of frost rib
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Photo 4. HEADEEMNE (H E90cm) Photo 5. Photo 4D K
Disk from typical FC stem (90cm above the ground) Enlargement of Photo 4

Photo 6. HHEADOEIFFMEL (M L 140cm) Photo 7. Photo 6D A
Disk from typical FC stem (140cm above the ground) Enlargement of Photo 6



Photo 9. Photo 8O DIEK (X 260)
Enlargement of Photo 8 (X260)

Photo 8. BBEROIEMIEEHE (KOIHH, X40)

Microscopic cross section showing a frost crack (X40)

Photo 11. Photo lODHEPN DA (X 130)
Enlargement of Photo 10 (X 130)
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Photo 10. # i D&M EBOFERIEE H CKH, X50)
Microscopic cross section showing the separation
of tracheids (X 50)
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. \ Photo 13. HTERARDEEERMOE L (KED
Surface of a newly-cracked FC stem (hereafter

Photo 12. #f OO FAMIRGT E CORLIE, X 130) called NFC stem)

Microscopic cross section showing the separation

of tracheids and ray (X 130}

Photo 15. HE] sk (&HI)

Ice in the ring shake in the NFC stem

Photo 14. FAKDOTHKEME OROIH)
Submicroscopic surface near the cambium in a
disk from a NFC stem
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Photo 16. FEAADHEMES (M 190cm) Photo 17. FTEREARDEEAE (2 L45cm)
Disk tfrom the NFC stem (90cm above the ground) Disk from the NFC stem (45cm above the ground)
Sl D AR O SMB D SED - Fra o E L
Outer arrow © Split resulting from NFC Outer arrow _ Split resulting from NFC
MO T D B ¢ M o%EN : BlE Y
Inner arrow . Ring shake [nner arrow . Ring shake

Photo 18. Photo 16D 4K Photo 19. Photo 17D LK

Enlargement of Photo 16 Enlargement of Photo 17
RED: BED TEERH EGLER
Arrow | Ring shake Double arrow . Colored split

KEED | B
Large arrow . Split resulting from NFC
ANEET D HETY

Small arrow . Ring shake



