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Influences of Warm Temperature Treatment to the Dehardening
and Osmotic Pressure of Cortical Cells of Birch
Twigs (Betula Mazximowicziana REGEL)

By

Isamu TakaToOI

IBETRERADERICLI A HENBO TERO B ERBIS L OB S Hel EMH
Thd, WV " FIIEBETIHHEEOBOBELEAOSNTESY, 3—oy HHTH
JAHNEL H. (1959), DIMPFLMEIER von R. (1957) % it X h i T EXBMBEDIBRBEOBED
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XFMO/ENEFOWBEHILRZTEBIC OV THR LD TREARGRELZRXDHD
BLLBRETEIRETH 5,
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B iR ER-+20°C fIBBERICBOTR Yy MTKFET 2

TR A S RED THIES0X50cm E XK 80cm D bOFEMLTHAOL, #
EAthi® [ O3, HIZBNOREMSRIFOBICETEDREX DI ok, HERHRMH
ORABER DR RICET KROS5 REOTEEES 2 LRED LS LU o1,

Sl FOMRERIZI DV TROBEETE -7,

VI I -

SATE, BIRAEHRIZODVWTENENT A, 14 A%, 21 BRICHEEOREZT
ot BEBRMEIZ —5°C, —16°C, —15°C, —20°C, —25°C-& L 1 BRBEICER 3 54K
.%u%smttm,ﬁ&d*ﬁbt&—m@ﬂﬁmﬁﬁ@%ﬁu—wwmlﬁﬁﬂﬂ
LT T A1 - 7218, TiE OB IC 24 BERIAREE Ly BB LT +5°C T 1 K5
JUEE L TR LD TEERE (B 25°C) IKAKBE L1,

A H I E C%lt. B %Varmﬁtemp%ature )
| ) ol treatm_ent
Month day | V& | Mo - Max
W 26--31 105 ~18 208
N 1-5 ! 120 | —25 217
6—10 ‘ 151 | 00 227
11—15 42 14 . 206
16—20 . 138 15 T 215
2126 ‘ 168 | 50 22

HEOHBEEACKE L R RERER 2 D BRICRE LTAF DA, EOEEER
BLTRDY, COBRAREEXFOAETRISL —HL, ZRYUTRSBRELULDAHFD
BEALNIDT, EXOHERES TH -1,

il) Togxk=x S

ZOTHEMEORE & FB BRI B RIZ DV TH 2 KERE L, £F2HKRELL
HEZ 9om (ZHH L 100°C DfE R B THR L TAKEERD L, AKBBEMFHCH
TEREAE-TED L, '

iii) MR ghom .

SO Tt st RSE & BRI R B IS AL FRAE S D % 2 K IC DT —10°C DIRIREA T AL
B OMEE TR 51, ‘ '

UEDHBEICE> TEBLEERIROL D IZHE -1,
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BELNIE LTH20RRBREDOSHICHS », RORBERICEZREQET, Wbk
B Stage L kB HOHESRL B30T, LEPEHLFORERBICOVTHEEET
Bot, MABBZOLIF 4 HHREARBELOE(RZS SN o, 21R
BCRELABOKOAFRAEAUL, BRABOKRLFBHAL, MIFEANOLE
Lok, -7 LT 31 ARICRBAERARRE HENELHSHONT, BROAEHESD
KA EAICHIEE L7, o o

HIRAEYN, SEAMEOT7H, 148, 218, 3IAKKALBEEOHH» o FERERIC
5AFOLVELT, MEMAB N HRRRORICTS 7,

JLEHT (OH) :

Mg —15°C DL T 2K HELT QBT Lcs, —20°C T3 4 ABREFL
IARESXFOMF U, —265°C TRABEVAFRHIEL, XHESRELIY
Mt iso THZE LT,

|

MRS FIEEREME —15°C DLETRE, @<#HERL, —20°C TRl 2ABFERD
EHBBFEL, —25°C THARRMMI L,

BWE LT —15°C PETE RESEA T L, —20°C PUF TRARSEHIRFE
L7z,

14H 4 ® ’

MRS —15°C DL LTI 2 WA THEF L, —20°C TiE4ARBAT L ANL
HRUZIICHE L, —25°C TRAKEMIE L7, ‘

EEABRKSE —10°C TiZ &BEMEAT, BT L, —15°C DT TRAMENLHF
EHICRTE Lo, ‘

21H W #

WIMERSE . C OBADABEKES AP 2 K% RHICRE LAE L ngEoH
EVUBRBELE LD, SRELCBBOUBHERE XL L, BRAEOBA R
BTHE, —15°C BLETRARANNET LALTED, —20°C AT TRAMEDLHF,
EIITHIE L 1=,

IR LIRS .

—5°C THRERES S AR 1 ARLHHMFL, EbBETH>on, 2RELFR
HELZRBLTHo7, —10°C DIT CTRAFEIITHILL 2,

31 o B ‘

WNEIE  —5°C THABRDSRAIHF Ui, —10°C TRAKOXHFNMETL,
S BATH 7, BLAKOPICAE L ERRELEbORB -7, 1 KREFREE
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B, MM LR, —15°C TRAKENKLE, ZHICHI L,
EEMEEE —5°C DT OBE TRAKENHE, EHICHIELE,
PDEORREERT S & Figl &3, Bb, 2HERNLICHAESS BREORBS
HBETHHRTRENIL, 4B TREC, 21IBH T 15°C T’é‘%&%ﬁ&ﬂ@ﬁiﬁ%( - T
VB, ERA%THLHABSREORAES3ETEKTSC, 14 % T10°C, 21 B
TI5°C BRABOSBE L BoT05, HBEEMLMET B TY TIc dehardening X1
TEY, PHEBE IR >TEDOENAEL L>TIN S, '

; Worm temp,
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Fig. 1. Effects of warm temperature on frost hardiness
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Fig. 2. Effects of warm temperature on water contents
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iil) BE&EOSKEOEIL
RFEBROVIEOEKEBOENICODVTA 2 LMUBKE TR E O E RKICE
DML T BERAEKEE TR MADERCERERLTN S,

RIEALEORDLUVBERANDS Fig. 11tk 3 100% 4:1F L1525 BRERERA
EFig2itBd38KEEOMELES S L BABKROBOG TR BREREMA-15°C 3
0—21 HRITH 315, ZDRIDAKEIL 465~479% TH O, DRABOELTH BER
R —15°C 3 0—THRITHKE 465~482% TH D, UL LN BEEMERAI—10°C
~=5C 1o DAKBRRUMBRTII 487% &30, BB L $7/-487%
EN->TWVWE, T —5CudMRIONNELL-70H BERAIOC 2R THIZER
MBHEZICOARbONIYK, COBEOZKFEILL18% VULTHD, oA WHED LT
RAFHWA L THFORRER LTS, EIBELOT & A5 HEHIETE 20°C AL
KESTRIETLTOCERIALLTEEH, 2OMEBOBETIZM->TEAHKRIN
ARLTWKZELHENTH B,

BHOWMEH - RBEERE LTCORELRBEEVBEROS 2L RELOHGICE-
THRIEBHONTEY, TORBOEROBEYOBRICI-TREZELITHD, —#iC
BEOEY TS 2 EEAEA T3 hardening % dehardening #1159, #OWHLLF
@iﬁﬁ@Tf“li hardening 29, % = £ OEWHE EOIIE DT Tld dehardening i
BLEALNS, |

dehardening (224 T3 GOPPERT (1930) iz 2 BV BT 2 & MBS BET
5 El, PISEK (1950) 3 ¥ASHIO MR TR S & = > T3, %7 EDGERTON (1954)
BRIERLEY and LANDON (1952, 1954) % 438K dehardening & B OB{RIZ DT
LT 3 Hs BRIERLEY (1954) {3 raspberry %% 38~40°F 5 ARJ 4L FE T % L { dehardening
Eh3cE2HELTVS, L LU LEVITT (1956) A4 I R TREE EO
TRELOBFRICOVTR, TABMORRERLOMEENICEI>TERT 2L 50T
W3, LARCHER (1954) IZssh ¥ b O HGEBIZ D TIIZEE L, TH S % resistance stable
& resistance labile ICAIL, BIE X2 OBMEELEEI X > T EBE > FHE RE
KE-THELZ I IBYULO2HIEBANVED, ALY FYREERIC K » Tt
OB LENEOEFEIHE LTV, WK (1956) Ik LT £ 75 O3 L FRI 0°C Ll
FoRET5 04tz dehardening 342 » £ D &K HZ 0°C T3 dehardening #3482 5 §° +5~
+10°C it 10 H#&iz, +15°C Ti3 5 A14iC dehardening M3 3 & & A 4 & 1172, hard-
ening IZ DN\ TIZE L DWE N H B 23, LEVITT (1956) 13— HIICid £ W Zh O O ik
BEIOERESVEBERIC1~2 A& T2 C & hardening D HED—#TH D, harden
ing DESHWNRROBEIZEE5~10°C TH S L35,
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ZDHEBTR 954 433 +20°C © 7 RBRIZE O —#iC dehardening RRMBHH
h, MAKCRZAAELLL->TVS, O EREROEHRZDMOHRICTE
TE2HDOTREVD, COMRTIR, REEKBLAR{THIL->THHDOT, REHL
RIBMEDEED S 4 H v 3% debardening L DHEBICL > THOARKHESEML
ZHICE > TAKEORH)'HS dehardening 2R LA b DHRBAYIM TH 5, —RICKE
MAEORE THWITH 2 HMERK LTV A THRABE T TCOREMSHIES EMEL
BRHTHAD,

ili) AR EBR

ERARICE > THEBMETT 2 #BOHT, BRI SHIIN R D S BEAE
FEDBRDPTORBICEM LT T EBEERINDIDT, ¥~ I R4 —% L FARKH
ALT —10°C THERKXLHAEL, ZhodRHAA, 0°CroMpHAicETSETO
BRIR U KSR D1,

W1X AN ALAXAERE OB K

Table 1. Relation between undercooling point, time from 0°C to
undercooling point, rebound point and warm temp.

' ® o B Cont. | ® & & B Warm temp.

I AN ESEAE R X m
Undercooling ! %Timeﬂﬂ ! Rebound Undércooling ﬁ’l‘im em Rebound
Days | point i i point point point
! °C) | (min.) (sec.) 1°C) rCy (min.) (sec.) (°C)
0 - 49 1815 | — 25
- 57 29.00 - 21 :
7 — 58 11.15 — 25 — 6.6 12.00 - 29
— 6.8 13.00 - 30 6.3 11.00 — 23
14 — 58 28.45 - 19 6.6 30.00 2.0
- 59 28.30 — 26 6.3 30.00 2.2
'21 — 6.2 14.30 I — .26 5.8 13.10 1.7
- 6.4 15.30 — 37 — 6.2 12.40 25
a1 - — 58 26.15 ~ 33 — 58 26.00 — 192
— 4.1 13.00 — 20 i — 6.2 . 26.30 — 22
| | ]

LOERKDOTH2 LHEBAR, K, BHLICHEABICE > THD LIEELNS
gnm@otochud&qum@%émcnawﬁﬁ,wBﬁ%&ﬁwﬁmwéén
BOCEARLTOEEDERS, | |

I, BERUKALESHAEDRR

RORBICEVTEE (20°C) URAH T RMT IS4 A /3D D dehardening %
REEEL LD, TOBARHRLBHEERD dehardening 2RI O», H21
RABIZE > THOSAEEMML, €D#RE LT dehardening 2k -7 OB S »»
KT pTEMcatdot, COREVLPITBLHIMRIGEI A 6 BICKEHA
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CHBEI N AEEY A H Yy " HEROKERRL, ROBEETE> I,
: A +0C %k @
B - +0°C = #&
Cc +20°C K - @&
D +20C ® & p
BELBIEREZFEAL, KBEIEFE—ERESHN20cm & LT, #7 2MICH
LTEBHHICKE U, RERLBIBSREKER L BERSE i, £)z2FL o
BICANTHRZRICKE L, CORICABLABICOWVTI0 BEOAKE, i
DEALR UK ERBIROBBEEDEIC OV THRE L,
UEDEI K LTHELLBRERICHODTLROEI KT,
B2H HERUKEEAKE, BEEOBK

Ta}bk 2. Relations between water contents, Osmotic pressure and
‘ warm temperature, water culture. '

B |8 %|oCrh | 0C Kk "# | 20CE # ( 20°C K &
© Items Days 0°C dry 0°C water culture 20°C dry 20°C water culture -
% 0 1.2 mol " 12mol 1.2 mol * 1.2 mol
- Eg® 6 0.8 ,
2
O R 23 09 0.7 ¥ 3 0.3
2 -

[ G‘ﬁ . .

28k 10 31.1% 52.7% 21.7% 56.1%

g g# B ,

7e2 LBEER NaCl:CaCl,=9:1 0BT, KB M D # 509 PLF 5 plasmo-
Clysis R UK BAORBEBETHODO L, XEKRIFIDBOERLAKEERICNT S
ﬁ“ﬂ(§®§5}$fﬂ—< l./fCo ’

B3 X RMERCAR S EEEOBE

Table 3. Relation between frost hardiness and warm temperature, water culture.

ﬁrempf{i ° &C%dryﬁ OQCC wateﬂi cultﬁe ' 2%}0:0 ﬁdr}%ﬁ 2‘(2)?chalte7{< cultfe
PrAEr (%) o) ‘ (%)
. Cont. 100 100 death 100
- 5°C 100 100 ” : 100
~10°C 100 100 o 100
~15°C 100 , 100 " :
f2_0°C_ 100° 100 ” 0

A UREEE 10 BRICAERED DEERE L, ZhEROERICS KT D 245
HRBELTEATKRLERTVLFOEF LTV IBORBES KICHT 2 EFETH O
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bli, FRCXOMEHOZELEDONIL P,

COBALEEMRMCALFORTICOVTBE L, 0°CMABETIIIE, At
23 DR OARTBAIRIIZA SN - 7288, 20°C KRBT, 6 AREEEML
75<, 10 A EDIA LB ORBEE S 5b L, 23 ARG LICHELL, R20°C
IR TIZ, FOBANLSNIEP - MEEOLHE TR 10em BEJHERELTND LT
& MR ITHE L7z, '

AKEOE(ICHNTHS L, HHLEAOAKKEAE LD 0 THS M
A4 3M1748% Thot b Ahb 46~48% ORficH--bDEEZ LN B, 10 B
MPLORETROR S B L > TELLRBZ L0 B, 0°C RETHAFICI>TE
KEMNELL B Lo, THRERUBRIAIBED L, KBRLBIASMEML
CEF N, 20°0C REOBALRBOC EMVA B, 20°C LRABTRIHELRHE
OREHFEL TS T EMHB L, RABTOHERAFRO G BEKRRIBE-1,

BRBIOLEAEDEHIFOBAIAIBEERI R LEZEALE LAKDLS
BEABRLUTHRI EEUHETS BROAKKOE/CO>WTHE L 20, LB
48% 0> & O3 0°C 8 48 L T8 13 43%, 0°C /K # MLFRIT 49%, 20°C RtRALEIS 39%, 20°C
KIEALTBIE 49% L1257 D T LROMBRBEETHLLEED,

fitditt iz DT A B &, °CRBTIEEER, KiFikic —20°C i 100% HABHDT,
CZOEFWHHT, 20°C BT BRHSEX LT chbERe KBICk 2 HERD
EARUTCEMNTEILDd o7, L L OCARE 20°0CKRBMOMBEDHICIIFL <=
DH5HTELBROEBERE—HT B,

KIZBBEDOBILILOVWTAH B E CCMETRERLVABEONBBEEDETHHK
3wﬁ*ﬁ@%émﬁﬁm;5§@E@ﬁT@ﬁwu5mmkgwc&wﬂéo

BEARIBICERIEM—MKADLSBERLUBICOVWT EERLAEETE-TS
O%OBEFOEI DV THAE LALER], 1.1mol ® b @ 75 0°C K # T 08mol 13
Y, 20°C &5, 20°C KiFE#iz 0.6 mol & 78 -7, ~ o

CORBENL OIS BEBHORMOEAICEBEEOETICH LTAFEIVER
O PEBRRENCT ENHEEEND, '

B OB L BEIE OBFIc DT E KRNI DNT Y, TLTZOEE
T DRRIC > TBBE LM T 2 EX2EDTVEH, COMEBENETIRE
L& 5, LEVITT (1956) 12 KDV TBAREDOMADSHITE > T MEHOHAREZHNA
TZLERTERVERARTI TS, HREBREEME O EYIBETOBVEH KD
KEOWHEMOFNEABMONT VS, L LIEHEKRZ 7O TR OERICHE
STHEAETOMET 2L A2EBLTE b, PISEK (1952) i& Pinus cembra i DT,
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LEVﬁ_‘T (1936) 13 Liriodendron, Catalpa %z DT OBGEEED T B,

COUFA N Y NOERIEENTHEROWKICELTHELAFO LS5 NEHED
ERTH20E, 4ROMRCE->THODKTALE RS 3 25, BREABIC X > T
déhardening SN 3 E X HLATH>T, THICk-TREELREFT 2 L8
BTEB! |

CEhBEREOEBETICHUTEREROEESELVEZEZ NS, .

UL EEEERRROBIREOMN

 ROEBRIC - THZA 20°C OERICMET 3 £ & 10k - dehardening 45 & 3t
K EBTAROBEREAE TS5 &AM o2 0T, KR &R UEAORRERNT
4+5°C, +10°C, +15°C, +20°C D4 BORENBEBECRIZTESBC> O TERL
fin o . ,
 BARHESH0em E LT, #IAMICAELTENENOBEOEEROHRICE &
—EHEBCERESIC 1 ROBEERE L, BBFEONEET B 7%, BEEONEIC
REDEBRE F U NaCl: CaCly=9: 100WW% M\ 72, WD BE R 01 mol BBEE L, &
| SBERBD 50% Bl L7 plasmolysis U7 B4 OBIZHE % plasmolysis L7z & B2 L, 50%
YIF © Z4Fa A plasmolysis LA X 134 < plasmolysis LIZEADESBELRE
BEE L, 1ADHICOV TR 5 MEBEL, T— FEf> 2 BEREESb-T 1
AOKOBEBELE Ui, NBBREZETHODbTHAR, mol HTRTC &L,

, Wi4E: HEIHEVROBEREOBK
Table 4. Relations between warm temperature treatment and
‘ Osmotic pressure of cortical parenchyma.

. | _m#E Cont, +5C F10°C +15°C +20°C
A % "OP | Dl | OP, | Dii | OP, | Dl | OF, | Difi | OP, :
- Lags (mol) | (mol) (mol) (mol) (mol) | (mol) (mol) (mol) {mol) (mol}
0 13 13| 13 13
21 1.3 00 13 0.0 13 00 1.0 0.3
0 1.3 13 13 _ 13 | 13
13 0.0 L2 0.1 1 0.2. | 03 06 07
; 13 13 13 13 13
7 12 0.1 12 0.1 12 0.1 — —
01 0.1 0.1 05 0.6
14 1.2 12 1.2 0.8 - 07
12 12 12
7 1.2 0.0 0.7 0.5 0.6 0.6

' #: O.P.=Cell sap concentration BEME
Diff. = Difference W4 &
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WEH3&EHEZOB#b3T$2H14E§C@ﬁm75ﬁ,MB&1HE&KE
FORETHEEFNE >, WERRIROLBDTH S,
- COERICIEAEE LEAOHRREOKRSEE L,
FoRicIhZ7E%, 14B%, 21 EROBIELADTREORIER, +?Q
RE DB AT 0.0~0.1mol, +10°C DHAITIE 0.0~02 THRPESIITHED TAL N
'+wT®%éKMQ&w5de@mbz(ﬁb,+mfﬂﬂ®%éKﬁQQm]mﬂ
TELLEETE, CHERAT S E +5C KU +10°C REOBA HBERED
IEF I HD T AL +15°C R U +20°C MEDHAICIE 2 DOMIBMN ELLE D
c bz, MERBEREICHT 2HROLEE 1~2 A OAHM TR +5°C, zws+'19°.c,
RAPIEL, +15°C R +20°C @# LkE 0 eELbNE,

e o OEBIFELET BRICH b 2 BUBEBEENS ma&$<$bbn5
Bssohd, ,

m%am%%msz %K7E@ME&K§E%E%%%LL%AK-HWCMT
TMEbtﬁﬁWﬁbﬁ%f&otﬁ-HFC&O+%%L%ELL&@E%E@@@
@ﬁ#b%nm<<wiﬂﬁﬁf%ctoC@C&ﬂmﬁﬁﬁﬁ&&%ﬁ?é%é@&ﬂ
bT ﬁ%E®¢EMﬁEC§ﬁ %m%otémtmbné

IV # -3 : , o : .

) 9S4 h Y ROGRERNT, ABHORHMERD KoK EAROBEREK
BT EROBEBICOVTEBLY, o = h

2) A5REQH T2 CHBEERD, XKBLELYLA LV ROPRICDOT, EL
BAU 20°C BRAEYHARERCZORKEORMICRIZTHELFANIHRE, Fig.1
Fig.20sk0Th5, MILMENII 20°CAET, 7ERICEERSODN, UK
% L < dehardening bﬁ_o ZLT2l BRICREZ L ORIE —5°C ki ohis ] fioﬁ.z‘»
-cm%ﬁ%#dﬂ%%%mm%ﬁbfmko3la&mﬁéﬁ§u—§Cmngnm<
ol B OMBAFIBEL T,

3) i (20°C) MBIC X > THEEMET I 21T, $®Am$u%kb &~
EHRBEOBERERETT 3, : o

4) BREABICEL->TBRHA, KA, EROBRSBEMLLEN,

5) WIRMEIC X > T dehardening M2 3 DR ERSEELET 300, HBORE
RICE>T, ZOBKENEED ZOMRL LT, dehardening Hi2- 7o H 3B S b ics
B EmTERDI, ‘ S

| 6) iR (20°0) MBIC K-> TEOKBERMBROBERENET T 5 2, COHE
EUTARRELVEROEBOH NS VEANS SN,
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7) XOEBHEEOBREREOEIZKRIZTHE (+5°C, +10°C, +15°C, +20°C)
ODEBIIOVTRE LI s T p, I~20XHTIE, +5°C KU +10°C 3B P,
+15°C RU +20°C HE L K20 EZEZONh3, XCOBER 70RO,

£ E X ®
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Résumé

The studies were made on the effects of warm temperature treatment to dehar-
dening of birch twigs (Betula Maximowicziana REGEL) in winter. The results are as
follows

1) Experiments were made on the progress of dehardening and decrease of water
contents in birch twigs that were water cultured and kept in green house and in
thermostat (20°C constant). Dehardening effects of warm temperature (20°C; began after
7 days and became severely after 14 days.

After 21 days, most of the twigs and buds were not tolerable to —5°C, but at that
time the buds already developed. After 31 days all the twigs and buds became intol-
erable to —5°C and at that time the buds already unfolded.

2) According to dehardening progress of the twigs by warm temperature treat-

ment, water contents of the twigs increased and osmotic pressure of cortical layers
decreased, but undercooling point, rebound point, and speed of freezing were not

altered. .

3) It was not distinct that the dehardening of the twigs owed to warm tempera-
ture directly or to increase of water contents resulted after warm temperature treat-
merit.

4) On the relation between the decrease of osmotic pressures and the warm tem-
perature (+5°C, +10°C, +15°C, +20°C) in January and February, effects of 5°C, and
10°C were slight but that of 15°C and 20°C were very severe.



