HOKKAIDO UNIVERSITY

Title Y DR REIC & DR EREEE
Author (s) JEF, BR; SAKAL, Akira
Citation BRI, &£, 28, 73-78
Issue Date 1971-01-25
Doc URL https://hdl. handle.net/2115/17772
Type departmental bulletin paper
File Information 28 p73-78. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Akira SAKAT 1970 Temperature Range Producing Injury due to Extracellular Freezing
in Plants. Low Temperature Science, Ser. B, 28. (With English Summary p. 78)

o MBARET X 2 HERESHE

B i
(& E B2 W% R
(A 45 4 8 %)

I. #& El

%= MEAERRETP > S VAR LSS, BT 5RERELMD 2 Lixddo
REPBERTOEFDO LA LW HLNCT 5 LTEETHL, L LEZOMBNED, &
SLWRIIEEAE TebhTuicn, FoEMEL —70°C LUEDEE TS TELYRT 5
T DEPFEF Ll bk, —T0°C DUER —120°C 2 ToORE ks W T Hbh A2 #ED
BELHENT LI LPEECH oL BbN5, BE4FHOFHER ClBECHE, B
FOMER IR T 58 150 lEORDOTHEEAH STl b, EEOERECH b B L #
ATERYITE S 2 LA RRICIs - 72,

KRB RN L CHG S NMOEERITEE B CHEBEER L 24,

IL. ##&EHFE

FERPPRHEALREEP B X OVL RS NI E R PR O b D& A L, EBdE & LT
DE OEfEE I,

7 R Sorbus alnifolia K. Koch, 3 X % Cornus controversa Hemsl.,, I X+ F
Quercus mongolica var. grosseserrata Rehd. et Wils., + v 7 ¥ Kalopanax septemlobus
Koidz.,, X 3 Malus Sieboldii Rehd., % ~ % Phellodendron amurense Rupr., = v ¥ F
Acanthopanax senticosus Harms, v 5 # & Frazinus mandshurica var. japonica Maxim.,
% = 7' 3 Juglans Sieboldiana Maxim., #+ / =¥+ F Salixz sachalinensis Fr. Schm., ¥
< > ¥ Salix Sieboldiana Seemen, VIR Eo VA2 bEBRILY XY THEDY
¥ Salix Dasyclados Wimm., Salix Daphnoides Vill.,, Salix Triandora, Linn.,, 7 2 Y
HHh T =Y Larix laricina K. Koch.,

SFERICE T OFCMR Lo oL 2 FH L, FEMCITH 5 cm ORIy -7
Beb~7T KM L, Bk —5°C CEEE, 2HHBI5°C 3 2 & W ERBCIRCEL,
—30°CiiE L e Db 2 DR 16 Bl o, £ 0#Hy —120°C ¥ THHIR] fE /e KR &
B L, 2KHEC 1°C FOREY T CHTERE E THA L, B 0°C 71 10°C ©
BT o7z, —120°C PUE —150°C # 7oik —180°C BT 58541, —120°C 2 bk
ERTHL Sl —150°C & 7ok —180°C 0BEPIB L THA L e, T 0% O FISRHEE

* LA ERBE TR % 119 5
ERRE EWE £BE BRSE



74 wooFk U

VIR 1~2°C THh - 7o,

BoORMBOWERE IEIMBE2 » ANSETKIBEL D, FoMRIRE, Ho& Mk
DWEETRRTHE L, HOMOWERERZOBEE,LLHEL, 0, 1, 2, 3, 4054
BB L I, ZOBERFORMIBEESREOWMER T, —RIOEBICH I 4~T K
DO ELE T 05345 TEbH L, nii—RINOERFER L cBoRE, b 3REELR
Fo FhA = F OB ORIREIC I B AR OMER 2 A BIOK R R LR ¢
UCHHOLERETED L.

IL. % 2

Alast st © —26°C MEOFRE T THH S Wk X o RO O W ERERII LS 1R
T, WEYZTAEEIBES IOHEBC L - TR 52, Aokt dn e
—T0°C ¥ TRATVA, XOKROEDEAE, —BcBEERS L - & LINEENEL,
B OMBBAMEED - & bR, D7D, Bk & U o B 3 b #LEL o i B = 320
I,

~T°C ETOHBC L o TEEZIT D ofoVFFLT 2B H 5~y OF% —T70°C L
& —120°C ¥ TOZRECHH Lic, —120°C FTHHZI N2 b 0% & bz —150°C Fizid
—180°C DA AN THHEL, T I 28k v, 2R T Lo, v FoMEK
BLO7 AU hHh 5~y &I —70°C YUK —100~ —120°C o BRI & CHRER T Dh
TERNEM L, LA L —120°C DUME, —150°C F7oid —180°C ¥ THRAL THEDOHEINLIE
LAERD BRI o, —120°0C ¥ TAHI oY 7 F OO KGR EEE CRE
BaHEL, BELTHN, MRBEEIR T, ik, —70°CUEDRETERY T 5

FlER  HOAHMOBERE

i) i BN (°C) woE Nk
TR —25~-30 W
A —25~—30 B
N —30~—40 , 3
v v F —30~—40 #F
x : —30~—40 e
7 R ¥ 30~ 40 B, AR
A —40~—50 B
o= ¥ =40~ 50 #
¥ T Hx —40~—50 )

F = —50~—60 #
o/ =% % (11A208) —50~—60 #
TAV A AT (12826H) —55~-—70 3
Yo oA e —60~ 70 2
* /=% s% (12A208) —60~—170 #

REMAER LT LoiwFhi 12 A TFTaACRE



MRS X 5% 75

F2k —TCUEOCZBEICHHIL LY FFOKOMN
BLOH T =Y ORFEORERE

o W OE (O

H i —70 —9 —100 -—120 —150 —180
A/ =X F (3H19H) 0x 4 5 10 11 —
Y o F (Frs3FAR)(U1LALISE) 1 3 6 — 6 —
A/ =% ¥ (3 A23H) 2 10 13 16 — 16
Ye¥r& (375H) 7 3 — 12 12 —
Y > F (X7 ,4FA)(11J15H) — 6 12 - 11 e
TAVAAT =Y (12H26H) 80%* 50 15 — 10 —

YFEFOREOMC BT B HBEEIWEELO0, 1, 2, 3, 405 BEFCHHL, Th
0—d
%ﬁ%bt@ﬁ%ﬁ{%ﬁ}f%bbt.nm—%ﬂ@%%mmmn&@m&

b I
7 =y OFOWEEGMHM L KOFORBICH T AMEL L FOESRTR
bl

B3% —ICCHMEOHBEE - CHHMINLA /= v FF
O OWERE (38 31 H)

WO W E O

—70 —85 —100 —120 —180
Boo B o R oE g 4 13 18 1 17
o E & (mg (100) §§3> (§§> <§8> <?2)
B o E & (ngr (?85> ?33) §§§> §§§> §§§>

* g IKBHR
OEkRE 2 » AMERTKEL, HOBBEARN 0L, WEHHORRYNE
Lice 7y 2 NOBFIE —70°C THELKORS LOHBOERCHT 5T
HEEFT
VIELH T <Y ORI —120°C DHED RS T L BA R0 7 it b, & bicMilast
BRI L > TE IR AREEES M5 fowic, —70°C DUE —180°C ¥ TOZRE A H X i
A=Y FFOREY 22 AMKEL, ThoOMBEMOBEE LR, FOBETR O
BHTWAREFHOBEEZXWE L, F3FCRT I 1T, —70°C LMEA < &4 —100°C
FTCRMOBEE LML T, BEETCONTRISIOCFHOBERIFS T 2EANED D
e
HEA AT AEERE AR ST/ DT, FOREEHML LRHE BB sEs 2 &
X o THFEYBMEE S5 EnTFREND, O L2MHND D Icnic, —30~—50°C
FTOBBIC LAY+, o 3 h SO EHAST, WALASDELETEHRI IO
EREA AT, HARIC—ELTRT I 51T, —30°C ¥ TTBEER —150°C oZerfhic B L
THHL, 20T 10°C DZERTIR LB A I ESE,, BEIBRB S, Ll —30°C
TN L7\ < 2 v NG R — R THA L TLHEF BRI e - 1,



76 wWoHF H

iR Bhonf&HcHBERI CAHIALKONERY

B0 owm %
wOH R ~ h v A XFE(LVTYET) FFE (KT IAFA)
(128 25 B) (11 A 11 /) (11 A 11 8)
—30 o 0 0
—40 o~ 0 0
—50 N 0 0
—70 A 5 7
~100 ~ 6 12
—30LN ~ — 5
—30——150% A 2 2
—20LN a ‘
—15LN ° 16 16
— 15> —150% — 16 16

Ry 10°C o B cfiie - 1

—15LN, —20LN, —30LN: —15, —20% XU —30°C 0 &5 T T ok %k
WHERCLANRLZ L xRT

¥ —15 8 X U0 —30°C THiFE —150°C ORI AR THH

= H Vv ADKOBEIO (FH¥), o (E), @ JB) THbL, YrF¥olEofckys
BEILWEETELLL (B 1R2R), #RETLREHBEL

Iv. % b

Aia - E R RE T BRI —70°C LMK —120°C % C% I3 5 B, —70°C LUE —100~
—120°C OBEHHAZ <, BEOK T2 THEA#ENT S, LaL, —120°C BHE —150°C
Fr —180°C F THHAL CHLEEIL I N Iz & A KX eh -7, Krasavtsev®® [I{rz%
BJEEETCHALHOROEHE AL —10°C 25 —60°C ¥ TOREHBE CHMBEADHEY 5 %
KOBEZFMCHEL T 5, LIEEARE L B R CHEORKREIRET 2 BE O
AR b FEMCIE L T %, oS Iy, BY 55 KOBEIROBEICL - Thie
DEIDH, Pl td —60°C FTREOCE T ONTHNT 5, HoMBLALHNEEET
X —60°C LEmDRETLAMETE 2\ 25 BXTh DUEORE T i X » T iifas
HAEC L BDIRKA DB T B DEEL T %, EEYOERTI, FavevITay <y,
A bow—7 Y OB RECEENCSETAE AT L d —120°C ¥ TD
WSz 523, Favevagaw <o —40°CLUE, A+ r—F<=vit —50°C P& CHi
BEW, WASRPCARLEERE IR, —50°C 2 —60°C THhFR T HEREEKEES
FIANRBHIXEGH Tl ol COKRBROEE, Th b oBREFEEZECARTAL
—30°C o EFHE L+ 2R THBL0COERTP S VB I hi, Thbo
BRI I LOHER XL ORIT —50~—60°C ¥ THBE I T A MIBaPNCE Y 5 B A
BOETHNEBRFLTNBIEERLTWB LD EEZ bhD, BIEDE O A, MlasERE
T —100°C 7otk —120°C £ TAHEINLREOMC W TE S ORI ERE S LTEI ol
B B2 Tleu,



E Il BT o I e 77

—40~—50°C ¥ TOWMFIT Loz bhicwiig, —50°CH bRy —120°C £ TORESR
ARE R R BR X THEY BB T 2B 81RO 3 o0& T L SEET
BIENMBETHD, L BEbCHEAEEC L AROKET L2 &, 20 WHIAICESE
WicdilaNmEE A B o X v 2 &, 3 BHEHIFC IR Bk R EU TL ERNEE L e B
BECERT AR IeBHEY Sz o2 &,

v IFHhA, YFFEOMBEDL - & LEWEDOETE —20°C LHEDRE THilE L T v
HL0% 30CoRPCANRTEEMBET S EPEND, 0B, WEREOHNLOELES
HER B AT E 2 BERE KL A HANRD bR D, Tk 2, v 753k —18°C, +
/=Y FFEH —15°C ThH B, HOEBHREYIA L —10~—15°C % T FHmks L T o
IR BREERRC AR, DWW T30°C OiRAKFTEAEMBT T EF I XD I ENTE
539, L LT IOFREEATE R, RICiliic 3 004w T EmE, Mgk
3 —30°C ¥ TR —150°C o Edc AR TEHIL (1~2°C/f), 2\ T 10°C DT
IR U~2°C/f) TH5Z & THB, ZDFHET —40~—50°C DFFEC Lotz icn v F»F0
R 5 ORE ERE R < —150°C LMEDRE I CHHCTE L, Ll —30°C T Tom
I Ui 2 o EiE,  —80°C & TTEifE# —150°C 0%k THAT 3 &, BRI
NHETHERELEFIND,

L7cso T2 OFE I FREE SO mAPIC MR 25 o Lo R —30°C &
& DEAEICT Uit & 7 O T B O LR B CI BT E WL S TH D, SO LD
WTIRE BIZE OB CHRET L Chizuy,

V. & E

AP BEEIRRE TWHE & e RO OB EIRIE T —70°C LUE —100~ —120°C D E &
FicE TR IATWS, Ll —120°C LHE X Bz —150°C s L8 —180°C ¥ THH I hTh
WEIEFRU FEER VL 5 TH B,

X [

1) Parker, J. 1960 Survival of woody plants at extremely low temperatures. Nature, 187,
1133-1134.

2) Tymanos, M. M. u Kpacasues, O. A. 1959 3akanuBaHHe CEBEPHLIX JEPEBECHBIX PACTEHHI
OTpHLIaTes bHBIMH TeMneparypamH. Pu3uos. Pacmenuil, 6, 654-667.

3) Krasavtsev, O. A. 1967 Frost hardening of woody plants at temperatures below zero. In
Cellular Injury and Resistance in Freezing Organisms. (E. Asahina, ed), Inst. Low Temp.
Sci., Sapporo, 131-141.

4) I W 1967 BERC BT 2 MYHRO LT V. Mok E 2 LR T HMEGERE & 0K 2.
BB, EWR, 25, 1-7.

5) Sakai, A, Otsuka, K. and Yoshida, S. 1968 Mechanism of survival in plant cells at super-
low températures by rapid cooling and rewarming. Cryobiology, 4, 165-173.

6) Sakai, A. 1965 Survival of plant tissue at super-low temperatures III. Relation between
effective prefreezing temperatures and degree of frost hardiness. Plant Physiol., 40,
882-887.



78 WO i

Summary

This paper deals with the lowest range of temperature causing injury to plant cells
by extracellular freezing. Some winter twigs which can survive freezing down to —70°C
were further cooled down to —120°C at 10°C steps at one hour intervals. It was found
that freezing injury in the xylem increased with the decreasing temperatures down to
a temperature range of —100° to —120°C. The total weight of roots which developed
from these frozen twigs planted in water for 60 days after thawing decreased with the
decreasing temperatures. However, when some of these twigs were further transferred
to air maintained at —150°C or —180°C from —120°C, little or no additional increase
in freezing injury was observed in the twigs. From these facts it seems apparent that
the temperature in which twigs are injured by extracellular freezing ranges all the way
from a few degrees below the freezing point to —120°C or thereabouts.



