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Studies on Acquisition and Loss of Freezing Tolerance in Cabbage
Hidekazu SAsAKI

Synopsis

Acquisition and loss of freezing tolerance in cabbage (Brassica oleracea L.) were investegated. Cabbage
seedlings acquired freezing tolerance during exposure to non-freezing low temperature (cold acclima-
tion) and the acquired freezing tolerance was lost by returning the plants to moderate temperature (deac-
climation). The period required for deacclimation was much shorter than that for cold acclimation in cab-
bage. The short-term deacclimation was shown in the cabbage grown in the field during winter and
the deacclimation by the rise of head leaf temperature could be transiently controlled by shading. Soluble
sugars, except myo-inositol, accumulated during cold acclimation in the leaves of cabbage seedlings. During
deacclimation, sucrose, glucose and fructose contents decreased rapidly to the same levels as before cold
acclimation. Activities of sucrose synthase (SS) and sucrose phosphate synthase (SPS), were sucrose
metabolizing enzymes in cabbage, increased during cold acclimation, but decreased to the levels of activity
before cold acclimation during deacclimation. These results suggest that SS and SPS, but not acid invertase,
are regulated by cold acclimation and deaclimation and sugar accumulation would play important roles in
acquisition of freezing tolerance in cabbage.

Key Words : Brassica oleracea L., cold acclimation, deacclimation, freezing tolerance, sucrose synthase,
sucrose phosphate synthase, sugar
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ADP : adenosine diphosphate

DMSO : dimethylsulfoxide

DW : dry weight

EDTA : ethylenediaminetetraacetic acid

FW : fresh weight

HEPES : N-2-hydroxyethylpiperazine-

N'-ethanesulfonic acid

HPLC : high performance liquid chromatogra-
phy

LT : lethal temperature for 50% of the material

MES: 2-(N-morpholino) ethanesulfonic acid

mRNA : messenger ribonucleic acid

Tris : tris (hydroxymethyl) aminomethane

UDP : uridine diphosphate
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Fig. 1 Early bolting cabbage.
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Fig. 2 Cabbage injured by freezing.

Fig. 3 Cropping of cabbages removed the leaves
injured by freezing.
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iR PE I DO THA Lok R, 5 CEA2fThi X
T, —6COHHITIA % E0TE MK
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oMK T, MELEZICAEFELTOTHER -6
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V&t 57z, 5CHERT BHTONIRX O 2 Bix, —4°C
TO RSO BB ERLERED 88. 2% TH - i
(F—D. THHSCLIM L X T, BREIRHFE
23.2% F T L7y, 20/ 15°CTRICERTRT—V &
15572 XTiX92.3%Th - 7.
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Fig.4 Fresh weight of cabbage seedling shoot
exposed to cold acclimation(5°C). Vertical
bars indicate standard errors (n=6).
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Fig.5 Freezing tolerance of cabbage seedlings
during exposure to low temperature (5°C).
Freezing tolerance is expressed as survival
ratio (%) determined by number of plants
surviving after the freezing test (—6°C,
2h).
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c FE3 EKHRICLBIKX L INMERICK
FHE
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Fig. 6 Leaf of cabbage seedling injured by
freezing.

S WM IR 2RI HIAIC H - 7o 08, B & o
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Konn 5 (1965) 12k » T, F+ XY NKRIEILT 5
ZEPMEINTED, 5COIBIKHEME AT - /2
AKEBROFER E—F Lic. vaA XFXHFiE, bTh12
IRpfi] D KR AL T P2 R > 2 E il sh T b
(GILMOUR 5, 1988). 5COKMEMIFIZ L » THF ¢ XY
DM EREAIEM U 7223, 20, 15°COAB#EE THEE R T —
DISHEA TSI TN EMESENT 2 2 &3 h - 72D
T, FEHFKRICS o &Nl Ik BIKENLTH B
EMHEMEL ST

A ARSI IR ik Eh 3 0T, DK R
b L R TE & MNP 3 3@ 2 A = X LADHEEL D
5LEZONTOS, KBRIZ, KAMLREHZ B L
Ik - ThE A BB GHEEPHNT 2 2 LG Sh T
% (KELLER &, 1993). fe#A ML RiE, £ a4 F
(TYLER®, 1981) ® 51 L ¥ (CLOUTIER S, 1982) @
M EmS g7z, Yo4 X FXFTHEKZ LRI
& BT BMARE S T B H (MANTYLA 5,
1995), 5 DK TIIKFRZIRETH S h 7kt
i, KELBIZX2b0LABETH . —K
CLOUTIER & (1984) ¥, TLF LS A LFTIILHER
ML RITK > TIRRIFL TR S 2858 LR L L NILD
MR PE & 78 5 7o s, WA NV ReHZlcA A L¥ e

Table 1 Freezing tolerance indicated with electrolyte leakage from leaves of
cabbage seedlings at 3-leaf stage, grown at a normal temperature
(20/15°C) for 3days (Nor) and at a low temperature (5°C) for 7

days (Low).
Initial® Nor Low
Electrolyte leakage
at—4%C test (%) 88.219.2 92.3£1.2 23.21E7.2

z: 2-leaf stage, immediately before the treatments.
y : Values are means = standard errors (4 replications).

Table 2 Effects of water stress on freezing tolerance of cabbage seedlings.

Electrolyte leakage (%)

Treatment Freezing test
—2C —4°C —6C —8C
c 43.5+3.1° 86.3£1.3 93.6£0.3 84.2+15.8
NW 23.0%x2.1 70.2£5.7 84.6£3.5 83.81+10.5

z: C, watered (more than 40 ml pot'day"); NW, not watered.

y : Values are means = standard errors (3 replications).

Freezing tolerance is expressed in terms of the percentage of electrolyte leakage from leaves
after freezing test at -2°C, at —4°C, at —6°C and at —8°C.
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TR 1 ERMkE L.

3 B R
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Fig. 7 Freezing tolerance of leaves of
cabbage seedlings during expo-
sure to low temperature (5°C).
Freezing tolerance is expressed
by percentage of electrolyte leak-
age from leaves after a freezing
test. WM, freezing at —4°C; @,
freezing at —6°C. Vertical bars
indicate standard errors (n=3).

SMETFICE N HE R 12512 Ui - TRAE I
BRI U, IRIREAE 10 Hi#212iE, —4CoOMS LR EL
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IR 7S T B E IS 3, ARIRME LI e h B
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Fig.8 Effect of cold acclimation and deaccli-
mation on freezing tolerance of cabbage
leaves. Freezing tolerance is expressed by
percentage of electrolyte leakage from
leaves after a freezing test at —5°C. C,
control; 1A, cold acclimation for 1 day;
3A, cold acclimation for 3 days; 5A, cold
acclimation for 5 day; 7A, cold acclimation
for 7 days; D, 1 day deacclimation after 7
days cold acclimation. Vertical bars indi-
cate standard errors (n=9).
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Table 3 Effects of light during cold acclimation and deacclimation treatments
on freezing tolerance of cabbage seedling.

Electrolyte leakage (%)

Freezing test at

—2C —4%C —6C —8C
c 10.3£1.9 85.7£17.1 97.2£2.8 99.9£2.6
L-A 7.2+1.7 274£7.1 48.018.1 90.1£5.6
D-A 32.0£3.3 98.3*t1.2 98.913.7 100.0£0.7
L-D 12.3£1.8 70.4+5.2 93.5£3.9 100.0%0.0
D-D 21.9*1.3 83.7t10.5 82.0£12.1 98.60.7

2 C, control; L-A, cold acclimation treatment (5°C) under 12h photoperiod; D-A, cold
acclimation treatment under 0 h photoperiod; L-D, cold acclimation under 12 h photoperiod
followed by deacclimation treatment (20/15°C) under 12h photoperiod; D-D, cold
acclimation under 12h photoperiod followed by deacclimation treatment under 0h

photoperiod.

y: Values are means * standard errors (3 replications).

Freezing tolerance is expressed in terms of the percentage of electrolyte leakage from leaves
after freezing test at —2°C, at—4°C, at —6°C, and at —8°C.

Ref HEZMT (L-D) TH 70.4% &2 ->TED, M
Mg UTlilifb s nte, ULicds-> T, REIE L &0 -
T3 U b ahE E LR EBH 6 E
-7z,

c EE 3. IKBIE{L - BEIE{LEF DK S HIRH

FHICRIZTEE

BMBEX O+ EE KRR, WX T 4,252 7%,
WA Xid 46.9+2.2%, WDW X3 51.2+0.7%, NA
XiZ 21.4%1.5%, RA XiE47.1%0.9%, NDN Xt
22.3%1.9%, NDW X3 47.3%0. 7% Tdh - 7. 1KiEIHE
LRI D F + NV i B i 2 Lok & &
13.21g H.O /g DW T - 7248, 4312k Ei7 078
M5 T HIREIEL I 7. 53¢ HO, g DW &8 1
Ufe (E—4). K TIREIL L 72X (NA) O Wik
ORGERE, THITHEAKLIZX (WA Kb bS5
VIsh ot NA XKOFEFERAMRS SN, HEKH R A
PHKIZKZ P L ZEEZTNBZEAERLTED, RO
EB I s, ARBEEFITKRZ ML 2EEZTNT
SHEKA B LA (RA) KA RS L7,
it BTk~ DR A K —5 1R T, (KR LALEE T T
2 IR 1d —4°C O kG RLEL T & TE MR IR AR A K &
otz BEK U SKEIEL L 72X (WA) TiE, 4
TO SN CREAERIEESGEX X o/ha <, K
TENEACAVER T BRPE DS Lc & AR LT, &5
2, RUSCORIRMUIEEIT > BE TS, —8COH
FEALEE T3 NA X0 BAFE R TR 39.93% TH - 72
m, WARXTIHTL3T%EREBMETHY, WA XIT
NT NA RKOFGMHAPES LML T, 2ok
WARIENE L D KRR IT & B7k X b L R, B

Table 4 Effects of water stress on water contents
of shoots of cabbage seedlings.

Treatment Water content
(g H:0/g Dry Weight)

C 13.21+0.11 a”
WA 7.53%0.07 ¢
NA 6.60+0.02d

RA 7.3610.09 cd
WDW 10.34%0.09 b
NDW 9.82+0.23 b
NDN 8.19+1.01¢

z: C, control of watering and before cold acclimation; WA,
watering cold acclimation; NA, non-watering cold
acclimation; RA, rewatered 1 day before the end of cold
acclimation; WDW, watering cold acclimation followed
by watering deacclimation; NDW, non-watering cold
acclimation followed by watering deacclimation; NDN,
non-watering cold acclimation followed by non-
watering deacclimation.

y: Values are means &+ standard errors (3 replications).
Means indicated by different letters are significantly
different (0.01 level) by LSD.

A iee Ute, —%, KEE K ERE S g
RA X TIKENMLM ORMEH 1 H D ADREK - 72
e hbod, MHEMKERI LKL 72 WA X
THON LIV EIZIFREE £ THA L.

M LALEIZ DWW T A B &, KR b T4k L
TR B O T BRI 2 & & TRGEGERDS S
SITHIM U7z, ARGEMEAL s MK RIFR U 7288 T, Bullift
BEIZHEK U7c NDW X &7k L7350 NDN Kid, £h <
1 9.82, 8.19g H.0 g DW &iify & &k midiim
U728, NDW KOKGFERD TN D Zir -7z,
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g5 EREK L7 WDW XD —4°C D ik MLERIC X % B 1%
i E R I U7z, #EKE 3Bl b L] L7z NDN
XTit, —4, —6CoOHEMETEZNZH 24,69, 27.61
9% EEIESLIFIZ#E K L7z NDW XIZHARTNS 2O % %
THY, BNEAIZ X B M PEO D DIl s hz.

d X8 4. EFSRINIE LIRS R IS RIZT T RHE

8 HH 5°C TIRBIALALER U - stz LT, B
EEZTO NS 12 R o Bl L 247 - 72, BellEfk
BHIGRTIZ, —4, —6, —8°COMFMELIC & 5 M
WHEEHE 20,8, 38.4, 39. 1% CTRESN BN EE - T
Wi, 2IM5 15, 20, 25°C 4T TRuE LALEE %
fiofcl A, RbLEBEDRL 25°CUE T 3 KEf,
JEDMKW 15 CEET & 6 BEfFEE TR E R HRED
Wmnaon, BRCAERESEOIZE, FEFHE 0L

HCHEAERHEESBMU, Mo s sh
7o (K—9). Z U ThM el 12 Rz, £2<o
JBMEA L AL B 7R B T — 8°C IS AL B % o PR s 11 R BE A
85% LU LEM 57z, INEDT Lo, MtEPEX T
B ORI & > THWDT 5 2 &, bR
BRI AT 5 2 LR Ehi,

4 E =B

F o XY REPNARTRIEA I & - TR HivE 2 3 U 7
7, FEHEHKED S AEEMRICH T & T, s
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et o fEfH & —FH LT3 (Guy 5, 1987 ;
MOHAPATRA 5, 1988).

IRAMAEIZBE U T, WSS T TIIRMRS KR TR L
ThF v+ XYY O MR ZESR S it - 7o, #ifE

Table 5 Effects of water stress on electrolyte leakage of cabbage leaves.
Freezing tolerance is expressed in terms percentage electrolyte
leakage from leaves after freezing test at —4°C, at —6°C, and at —8
°C. The treatments are the same as those in Table 4.

Electrolyte leakage (%)

Treatment Freezing test at
—4C —-6C —8C

C 87.87+0.88 a” 94.056%£0.89 a 92.76%=0.17 a

WA 34.33£3.96 ¢ 58.65%+9.45 b 71.37+3.60 b
NA 26.46*t1.81¢ 32.06%£5.18 ¢ 39.93t4.56 ¢
RA 26.241+6.67 ¢ 58.02+4.98b 85.11£1.07a
WDW 52.81+£2.47b 70.88+3.89 b 83.91t£2.28 a
NDW 44.90£2.45b 75.81£4.15 ab 90.21£2.62a
NDN 24.69%£2.60c¢ 27.61*£4.73 ¢ 61.49+758b

z: Values are means & standard errors (3 replications). Means indicated by different letters
within a column are significantly different at (0.01level) by LSD.
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Fig. 9 Effect of short-term deacclimation on freezing tolerance of cabbage leaves. Freezing tolerance test at

—4°C (A), —6°C (B) and —8°C (C). Vertical bars indicate standard errors (n=4).
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Fig.10 Scheme of funnelled cap for shading.
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Fig.11 Leaf and air temperatures during the day
(24 February 1997).
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Fig.12 Changes in freezing tolerance of the cabbage leaves, (A) outer wrapper leaf; (B) inner
wrapper leaf. Date points within each freezing tolerance test with different letters
show significant differences at the 5% level.

Table 6 Regression coefficients between average leaf temperature (9: 00 a.m.
—4: 00 p.m.) and electrolyte leakage after freezing test in cabbage

leaves.

date in 1998

Freezing at

1/26 9/2 9/5 2/10
—10°C r=0.46 r=0.50 r=0.57"" r=0.14
—14°C r=0.49 r=0.82"" r=0.48 r=0.38
—18°C r=0.21 r=0.75" r=0.79"" r=0.63"

(n=10) (n=10) (n=11) (n=11)

z: Significantly different at the 5% level (%), at the 1% level (**).
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Fig.13 Effect of shading treatment on leaf
temperatures.
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Fig.14 Effect of shading treatment on freezing
tolerance of cabbage leaves. Date points
within each freezing tolerance test with
different letters show significant differ-
ences at the 5% level.
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Fig.15 Effect of shading by cover material on leaf
temperature of cabbage.
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Fig.16 Effect of shading by cover material on
freezing tolerance of cabbage leaves.
Date points within each freezing toler-
ance test with different letters show
significant differences at the 5% level.
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Fig.17 Soluble sugar (A) and starch (B) con-
tents in cabbage leaves during exposure to
low temperature (5°C). O, sucrose; @,
glucose; A, fructose in (A). Vertical
bars indicate standard errors (n=3).
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Fig.18 Sugar content in cabbage leaves affected
by water stress. C, watered; NW, not
watered. Vertical bars indicate standard
errors (n=3).

Table 7 Soluble sugar contents in leaves of different positions at different

growth stage.

Leaf position

Concentration (mg/g fresh weight)

and growth stage Sucrose Glucose Fructose
I-17 1.58+0.67 0.91%=0.14 0.85%0.26
1-2 2.147+0.89 1.31+0.37 1.331+0.23
N-1 1.87£0.69 0.81%0.59 0.57%0.16
N-2 2.847+0.36 0.69+0.07 0.90%0.09
L-1 3.93+0.56 6.671.20 4.84+0.99
L-2 4.29+0.13 5.81+2.60 5.58+0.84

z:1-1, 1st leaves at initial stage; [-2, 2nd leaves at initial stage; N-1, 1st leaves grown at
normal temperature (20/15°C) for 3 days; N-2, 2nd leaves grown at normal temperature
for 3 days; L-1, 1st leaves exposed to low temperature (5°C) for 7 days; L-2, 2nd leaves

exposed to low temperature for 7 days.

y : Values are means = standard errors (3 replications).

Table 8 Soluble sugar and starch contents in cabbage leaves during cold

acclimation by exposure to a low temperature (5°C) and
deacclimation at a normal temperature (20/15°C).
Treatment Concentration (mg/g fresh weight)
Sucrose Glucose Fructose Starch
C 1.397%0.25 0.51%+0.10 0.75+0.23 0.77£0.15
Ta 6.54+0.46 5.74%+0.88 6.0710.55 9.47+2.30
Ta-1d 2.094+0.17 0.35+0.08 0.53+0.08 0.47+0.06
Ta-2d 1.99+0.27 0.92+0.35 0.88+0.30 0.77+0.24
z:C, control at normal temperature; 7a, T7days cold acclimation; 7a-1d, 1day

deacclimation after 7 days cold acclimation; 7a-2d, 2 days deacclimation after 7 days cold

acclimation.

y : Values are means = standard errors (3 replications).
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BEMEALALER 12 DT, ML AR OT R v & K U 72
WDW X (KB M LA I & - THIM U 72 B R 23K
ELHD U, WARKIZHART, ZVva—2BERH
173, 77 b—RBETH 172, A7 o—RREIC
BOTRE 110 LT &7 - 72, AREMEL I Rk % 6
BRU, BelEfLiEic#EiK L7z NDW X T&IZIZREED
WHOBYMNA NI, —, KR S elifk % T
WK EHBLTKkZ L 2&25Z 7 NDN XTiE, 27
O—20& 1L 4i@b L, Z7)Vva—zx&7sy h—
A AL TR AL BT i oD R 55 & HERF L 7z

d EE 4 REMOKIELLENEREICKIZTE

-

10 A M O EBIEILIT & - T EEDSBEM U 72 F » X
Y IRE, BESHE N T 20°CALEE G B & 3 S 6 IHERY
I Ttk D st (K—19). Z O¥bE
LA D BUNEALALER F I B 0 T SIS D Z LA A S,
IR ML & THII U 7o BB 13 20°C o Ak An 2
TWAY Ui, Z7va—z2E 707 b— 2R BuE L
BB IIT IR U, 27 o — B BE L LR 1
M SD A Shic,

4 E B

F XY YREDIIIEHFRIRICS S INE I ETHHTE
FEDINRIEERERG L, CORTRBIFEOEREMES Z &
BPSMNEL 5Tz 20/ 15CFTREBTBAT—INE Vit
ARELTHEKIR TOX I ITHIENERT 22 &1372<, 5
CHFNT L 2RI RHOBEE &R/ L7coid, KIIC &K
BHEDTHotc, A7a—R, 7I)va—Zx, 77 b—=24&
A OREREE R — 6°CTOHK AR TOM R IERE (G 0%,
K—7) CIEOHBESR r=0.7, P<0.02) n&oh,
R MEAY o D W] iR VRS R BE AT BRI B4 » T B 2 &M
REIN, KRB U 7o 3 v XY O T i &b
EAEERICR TR AR Ic X > TP L, 2hb
DFEREF, WO OHPHTOREEL-HLTLS
(KAURINS, 1981 ; PERRASS, 1984 ; Guvy o, 1992).
B3 H 2 S < F + XY YREIC B O TR IEICBE %
ERBENOVEHE-DbNS. KosTERS (1992) i,
T A LF OEMERTE KRN LI EE NS 2 A%, LTs
DIRARIRIEIET 2 K0 Rl Ic - Tl S &
EEWRE L, ZOREPMOTITE IV — 7T & B
F, FPEUA OEN SIS EEE RIT LTINS &
ERELTHS.

WL O ORI TIRKIRIZS 5 a3 h 5 ER[ETERE O
IREESHIIN G 578, ERET 5 0E O MUY O FEEIC
FoTHERL->TVE, FALFTEAIv—XETIV
7 b — RPREMEE T THM U (ANTIKAINEN 5, 1994),
KERIZS 53N 57 KXY =TI X7 0 — X BN
Aucsiml (KAURINGS, 1981, AU L YV TIER
su—2, 7iVa—=x, 77 b—25nHMNdT 5 (Guy
5, 1992) T EMEEEN TS, T LF (TOGNETTIS,
1989) & FEHAIME (PoLLOCK 5, 1983) TIHEKIRIZ & -
TINI Y OEEMBISRI SN E I EMREINT

Table 9 Effects of water stress on soluble sugar contents in cabbage leaves.
The treatments are the same as those in Table 4.

Concentration (mg/g fresh weight)

Treatment Sucrose Glucose Fructose
(0% 0.44=£0.10 ¢ 0.89+0.10d 2.53+1.42e
WA 5.70+0.49 a 9.95%£0.47 ab 12.7940.55 be
NA 6.691+0.64 a 10.91£0.57 a 16.57%1.65 ab
RA 3.17+0.25b 9.56%=0.15b 13.81%0.73 ab
WDW 0.51+0.08 ¢ 2.9710.30 ¢ 5.77+1.21d
NDW 0.68£0.10 ¢ 3.57£0.45¢ 9.16+0.77 cd
NDN 1.70%0.15 be 10.30%0.52 ab 16.87+0.45 a

z: Values are means & standard errors (3 replications).
v : Means indicated by different letters within a column are significantly different (0.01

level) by LSD.
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Fig.19

Effect of short-term deacclimation (20°C) on freezing tolerance (A) and
soluble sugar contents (B) of cabbage leaves. Vertical bars indicate standard

errors (A:n=4, B: n=6).

WB, RFEBRIIBITEF N VEYTIE, X7 Bv—X,
JNaA—x, 77 b—AREMURTTHEMLZ, L
MU, WY OIMHEEORENMER T CERMT 2E O
BITIKIFT 200 EI DIEFAHTH 5.

PEOF OBV EDIE, BERT VY v VOKT
Zol&RI4ETHS (ONEILL, 1983). BERT ~
Vb T AT K D b RO T K DRI R
WTdh 20, ETHBATX S ICTHBEHLA OB GERHS
N5, FFEICE, TOLSRRERT Vv v VERTFE
T5E0S, WEOREICBIRZ C BIVIREITIKE L
RV, wifs « BoKRsicilarh o ke s o8y
Bz s EERNT 2H&E2/R>EEZSNTED
(SAKATS 1968 ; SANTARIUS, 1973 ; STEPONKUS, 1984),
S oIS, HKZED & D ZMET 5 REE SRR E LT
% (MACKENZIE, 1977).

— N ANE IR T D 5 T v 7 IR SR D
FERIERKMED E L TORE A - TS, Fiil
OFER, F v XV GREY T, £ HIRENE LA 8
U, B eicsmd Uz (2—-8). Guy s (1992) (3,
KRt o+ry Loy vEETIoa I A MNIT VT
VISERT A0%, £ OB EBIR L THin
AR UK, W BT 5T VT s fENICD
WTRESBBPENLETH A 5.

IKIRIC & - TRIE R Z shicF v XY ki Ot itk
3, AEFE#EREICDT N I HB I ETEd L (K-8).
AL S D B S R AR LI 2 K 0 & 78 0 JL
{, WWHORDMBRY #H-7. ThosoiERIiE Guy
5 (1992) IT&B R LUy UOHREE—HLTED,
RIR T CHICEM T 2 H R P Colfifb TR

R#ESNTOBE I EERKL TV A, K ORI OB
LIZB T S, HEHRENED T 25 hsbhi.

F o XY G A HEKHIR U TR b LU REEZ 728
&, WORZO—R, ZTIVA—ZX, TI7 b— RE
MAKL7ZbDE b &8Nl ThikT ¥ aLF¥FTiH
SNIHERE—HKTE2EDTHB. KA MLV REEZ 2
75T, AR E R OERNHEAK LIS DI
NT2HM 652 L7 (TiMPaS, 1986). 7K b
VZABWL DO THIEZEB S E 50, 0¥
RO BKENIRD T 2 2 L1 &k - TABEREMN
kR UG TEZL, RPOZLMLLEBLTHS
(TiMpA 5, 1986 ; Vyass, 1985).

J2E 3 T3, NDNXTOD Z 7 0 — 2 DD 33
IK U2 D8 5 BRFALALER U 2o 858 & 0 &/hE &, i plije
HRIFEAEET LD >72DT, BIEILR O REKHIR
12K BIKZ N L 2Bk 5 B 0 b 2 1T 5
EMREn, Th SIRIRIAML « B L& U TpE
RE 0L, B OEDIER 3BT 5 Yl O M Hik
OEALE BT AMEMTH 72, TDOZ &, wETEbE
BT R TEEE A 12 B D CEE AR A YL LT Bl
ELFTE2HDTH 5.

5 E #

o R RN 31 B AR + BRI o i of
OEALERE 2T, FHOMI L HEE OBRIZOL
ThE BAIETRE L, TEHERHEC 551 2 I 0BG
EWSMILES & LL

F Y SRPIC 12 B T 5 CORIRLI £ T
B, WHIEDBHSNEEELIIAI D=, ZLI—X,



234 WAV TR 25

TIV7 b= ZOERMNB| SR &N, (KRECHIEAE <
BT LIS TRESEM Uz, F+ XY IA -4
)Y bbb D EDNRENSEENTO, RELAICXS
EBRADONEN-T. A7 u—X, FIaA—Z, T
b= ZIREE —6CTOMRAEAIRIIB T BT PMEDOFEE &
IEOMBME (r=0.7, P<0.02) 24 o5h, KL
D ] FE PR BN PRI B - T B & EdRm /e,
7, 20 15CTFCHE S, KB T & 6
BEOEBFTR T - VITE LR TREEOER TR 5
N, KR K > TEEMNGESR SN TS Z &M

SMEE -7z, —7, SCOMRBMLEIZ X - TER
Lizx7m—R, Z)va—=z, 77 b—REER, £
Bl ETRIE I & > casicEd L, T
7 VIR b R KR L TR L, B b T
WY ImsAH SN,

BT FTORKEIRIZE > TKR ML ZEBZ 2
BAILh, FeRYYRHYOEIIBNTA I/ a—2, 7
VaA—Z, TIV7 b= ZJBREHBNU .

R MEAL o BEMEALRE 12 HEAKRIRR IZ & - T F » XY Gkl
PNIKA NV ZAEBZBEX 70—, JI)Va—x, 7
W7 = ZRENDFENRAH SN, 5COKIRME AL
BT, BEKBIRICEZKZ ML 2EEZ 2 &, #EKL
e A TN T A O ERSRE S iz, —,
IR M LA A s K & B9 5 &, ARSI %208 U C
HOK UGG ERFE ORI Talucid Ui, #
AKHIBR U 72 % & CTHUEACAER U 7o 8541, Bl AL kg
WK U7 & DI T iEEHRE NSO EE TH -
7z, BEALALEEEE DK 2 b L R 3 ER U 0@ %
HHI L7z, choDl &b, F v XY OFEEREZHN
S5, HBVRGNELROFERED KD ZMZ 5720
i3, 8T 5 R A JEBEHKIE D o A E R & R
SRBNEEBITKRA MV ZEEZ B EITL->THR
ROHB ENREENTE.

V (KEIE{t - BRIR{EEFICEIFA R O0—
R DR

1 #&

CNETIT, F+ XY YRd) o i H RS 12 200 A
MELTHWEZ EERLTE 7, ot T & pEH M
MEZ ML 2O AEZT 5 L (PERRASS, 1984),
BEA PV RICHT ARG E L THENERT S &
(KAURIN &, 1981) AAIS T 5, (KRS 5 Kk
WCHRMEB L TERE I 20R A7 0—2EEZ 51T

[l

W3 (Guys, 1992). a4 F (PERRASS, 1984) %7k
v Lryw (Guy s, 1992), F 41 F I (KAURIN &,
198D) 72 & T, BEAROZEL EMHHTE & ICHBENA S
hTHh, FAFITRFICRAI7a—ZXFGRE LTaD
MIZEOHERE SN TS, FowLEr & (1981) 3%
3 L F O S TP O#E O 2R, Wt &R o
2 70— ZEEEDORIZ 0. 88 DMBBREMAE S
EERRELTVS, COXIICTRT m—RIE, AlEMERE
BohToHiMtE~OMEENEHEALNTNS.

27 8—=2RFHZDNTIE, 27 B — 2 ERu]FERIZ
FTNA—=RETIVI b= RITIIKGRT B A RV —
+ (E.C. 3.2.1.26), UDP-Z)Va—x&7)V7 h—Z-
6-V VEEM O A O —R-6-) VEEEAT B AT O0— Z-
) UERA KRR (E.C. 2.4.1.14), 8L UDP-7)ba—
ZETNVT N —=ZAWEEE L TR o— 2 %&HE T %0l
RIGAMEE 4 2278 —-x45KKEE E.C.
2.4.1.13) MEHEIZZ 7 0 — 2GR SR D - T
WBLDEEZOND, VVIRETHHEREOHITH
37, YELLES (1991 &, X7 o—X%&2RICEHET 3
JERBERO b MET VT =20 T IV =2 EHUT
LRI 2HHHED < b ETRY 0— ZERBERIEER
MRPEA OV Y — IR EBEERT L OBfRE R L, R
FOR 7 0 — ZERBBIEIEA NV y — L ORI X B
LDELTWS, 7, A0 OEASICRRAI0—24%
CEMTBMAEEZ S THROLmA LD HIRICLD, 70—
Z-) VISR RDIETEDE N DN X7 o — ZADEFH
2 EHE SN TS (HUBBARD S, 1989). &L
v (Guy s 1992) 3 L4 F (CALDERON S, 1985 ;
TOGNETTI S, 1989) TIHEME T TD R 7 1 — X A#HB
RGO Z LB S TL0 B0, BERIEEO AL
BHPMREIC L > TRE B ESN TS, KIRFEIZEES
A7 80— ZOERPRMEIPES P ED &3 A%
ZALIZOVWTEHBEHE N TE ST, KiRIFELTO F +
XY ORHRENZB D BRI DL TOBRL DL, £
CTARTE, MHMEICBRT 22U 5729
12 v XY YR OAKIRIUL « B LR IC B 1 2 X 7 | —
ZEKEER, A7 a—2-U VEEEKEBER, 1 NIV y —
BiEMEDZELIZ DN THRE L.

2 MESLUHE

F oy Xy fE B ERAR A RRRERE 3 MM, 20715°C
B/ Ora—2F v+ v N\—THTk. KEITIEA S
NS A KT U TRHNT, EER 230 pmolm *s 7,
2B AR E Urc., ¥ 22 H H O 2 SR &
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Yt % 5°C, 12 KR H &4 T 10 H MK L]
U7z, 10 H O KiR I LA 1 FF Of 20,715°C, 12 K¢
MHEFEAICS HRRE L, BELAEE E Uz, (KRIEML
AR E U, (KR LALEERE 3 & OB AL B g 12
AR DS 2 B IR IR SR T CHlks LIRSy » 7
E L7, 2TOFIEZREHOW O 2378 0RY ACLLFT
1T- 7. FFEOGHTIR, RIKER THAE L —80°CTHhE
U7cBER S 80% 8T ¥ 7 — L Thllii L, HIVETHE
NIFEITHE - 72,

a RUVO—XEMBRLXID—X-U VEBRERER

0% :F ]

Mt S ¥R T, Smmol /1 B-AINVAHT N1y ) —
Jb, 2mmol /1 EDTA, 2% (w./v) R E=Z LRI E
o) N %4&L 50mmol 1 HEPES-KOH # ik (pH
8.0) HTEERE L7z, BERE L 7230k % 150002 10 43 [
O #EL, 6mmol/1 B-ANAT by ) — L&
2mmol, 1 EDTA #% & % 20mmol /1 HEPES-KOH #%
ik (pHS8. 0) T Pk L7 NAP-10 # 5 A
(Pharmacia Biotech, Uppsala, Sweden) Zifi L Tt
H|Li.

b TAMA vNIVY —F LHfERERRA NIV —

g 4oLEES

BAESBER%20.1% (w /v) TAIIVE VEEE
10mmol /1 B-A IV A T v ¥ ) —)v%&&L 50mmol 1
U UEgF MY Y LREWR (pHT.8) T TEERE, 10000g
T 10 3 fElaab Do i U 7o, B2 (3 ARk o R R I L
T, HEEOSEEL.. CoREZ3MBROEL, £h
ThcHohkhifesdbbedcboi2EHI1I20.1%
(w/v) TZA2)VE VEEE 10mmol /1 B-A IV AT b T
% ) —)v%&&T 50mmol /1Y) VEEF Y U LRI
(pH 7.8) Tt L7 NAP-10 #7 5 L %@ L Tl L,
At NV — BIEEO JIE IS O e, HIRRERE A
BA Ry =X, BonEE A2k, 10mmol /1
B-AIWAT b F ) —vaEEL 10mmol 1V VEF b
U7 LFRMHE (pH 7. 8) 126 L C—Ma@Ehr L, JIEICH
RV

¢ BREHONE

A7 8 —ZFEHMD X7 v — ZGRERERZ, M
ORELL S (1985) DJjik%—#itht B LT, Ak L 7z UDP-
FNA—ZREEMEN TV v TETHEL K.
30mmol 1 MES-KOH #&fE#k (pH6.5), 200mmol 1
Z 7 1 —2Z & 2mmol, /1 UDP i BE KR N2 TRIG
W& L7z, 30°CT 45 IR IG S ¥ 728, 175 5%
@ 300mmol, 1 Tris-HCl #&fE# (pH 8. 0) %A Tk

ki 3 AN TG E S IE X7z, UDP-7 )V a—
Z O A RR I, 2. 3mmol /1 B-NAD (nicotinamide-
adenine dinucleotide) & 2. 3mmol 1 EDTA %= & &
0.37Tmol /1 7'V v »-KOH &Ml (pH8.7) % KIS
W2z, 0.085U,/ml UDP 7 )b a— Z /KK % X
I S BTt T O 340nm O WL O BN A H Lk
BESHTHIE L e,

Z 78— 248 J5E MoRIGUCHT & (1988) @ J5ik:
WZHE > TPRE L 7. 15mmol /1 7V 7 k — Z,
2mmol, /1 UDP-7)V 2 —Z, 5mmol 1fb< 7 % &
v L %43 15mmol /1 HEPES-KOH #%i# (pH 8. 5)
R EMA TRIGIK E L, 30°CT 45 ARG S
w7k, 1.5 58D 300mmol 1 Tris-HCI #& ik (pH
8.0) ZMA 34MEM LI, LR m—2F L
VIV ) —vik (Rog, 1934) THIE L7z,

Ry a—R-Y VAR TEER R 7 a— 2 &8 RO
27 8= 2FRBEREEONEHEITBNT, pHE. 50D
HEPES-KOH #&i# % pH 6. 5 ® MES-KOH #& i #Z 1<
ZH L, 15mmol, /1 7)V7 F—Z2DFH 0 iZ 15mmol 1
T h—=2-6-1 VEEAEFL, X512 1. 3mmol /17 vk
F MUY L&A B LUAHIRBRCHIRE Lz,

1NV y —EiEPEE, LEES (1997) @ FiEic—
EHAEMATEBYEA YRV s —BiHEMEEME L7,
100mmol /1 2 7 v — X %2 & > 60mmol /1 BEfE >+ + U
7 LR (pH 5. 0) ICHEFRMENZMA T 30°C T 45 4
MG E 7. 175 5= ® 300mmol, 1 Tris-HCI #%
% (pH8.0) ZMA THEH LRI EIE LS, AL
fe7va—2iF, YIVa—x2BFAMFy b (Wako
Pure Chemical Industries, Ltd, Osaka, Japan) % i
TV a— AL TRIE L7z,

3 # R

a (KBIE(t - BRIEEROEREDEL

F v XV YY) %2 5°C TIRIRIA(LLEE G 5 &, W3
HEHIZIRZRZa—Xx, Z)Va—=Z, 77 b—ZADEHK
e o, (KRNLINZHAN 3 25 4 50 F T
Lic. o, THHZTHmML, THH»S 10 HHIC
NI TRREBENE o7 (K—20). 10 HE O
R D%, B MR Z R L7z & 2 A, BEREE
3 HMTIHEA L, B AR 5 B HiZ 3 ARENE LB IG
BOLVNIVETHA Ui, UL, RIE(CUELZTTH T
KB LALEE 4 15 0 H & TEREE S $ 72854103, bk
FEDMEIRNEALRT DO L RIVIZR B Z &3 -1, 153,
FeRYETRIA- A/ Vb= bBEhin £
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D RE KRN « BN L 28 U TELD/ NS 5 7,
b IKBIE/L - BRIE{LEED XY O — X EHREREMHD
it
Z 7\ — ZERBEEENE O pH RIEME £ K —21A, B
WZRT. A7 v — RRH O RE#EEEE pH6. 5, X
7 u—ZE MO, pHE. 5 £ 9.0 T
Hote. ThoOFE# pH 3o TORAE & —Hd

5HDTH -7 (MORELL 5, 1985 ; MORIGUCHI 5,

-
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Fig.20 Soluble sugar contents of cabbage leaves
during cold acclimation (5°C) and
deacclimation (20/15°C). Sucrose (H—
W), glucose (@ — @), fructose (A—A)
and inositol (4 —4€) during cold accli-
mation; sucrose ((J--[]), glucose (O--O),
fructose (A--A), and inositol (<--<)
transferred to deacclimation after 10 days
cold acclimation (). Vertical bars indi-
cate standard errors (n=3).

1988). LML, ARFEERTR U pH TbHEIZ LMWK T
TEPEICE O A SN ABHIZ DWW TEAETH 5.
A7\ — ZG BRI T O ARIRNASL « el LB f
HEALIZ R 7 |1 — R & AR T T D T TR D U
THBETH -7 (B—22). Z7 0— XHRBERIEER
KRN AL s g L, AL 10 B H I I3 AL EL i o
3D L AJVIZEE Uiz, 10 O ] K75 ME AL ER B 12 JeIE
(LB AT S ETEYEDIEAD U, Bl LB 5 1 HITIK
M LALER AR S IZIER U LNV E T Lz, L
U, BfbEl 217h 9, KR %E IS HEHE T
BRI, IWHIZI0HHEEELD Z2W0IEHT
ZHEI U, B LILEE U7 o L 52z Lish -
7z, UED XS5z, 27 o— A GREEEENR, (KiRIE
b« BeMEALIZ IS U B « b U7z,

c IKBIE{L - BRIBILEED RV O0—X-U VEEEREER

EHEOZEIL

A7\ —Z-V YA REER O B pH SIS 6.0
5 6.5 TH -7 (F—23). Thid, DOEHLERT 5
(1983) oL D bMHMTH 72, X7 —2-) ~
T 45 B 5 T S AKIR AL AL B i s L, 10 HiE o
BTN LALER AL BRLART D 2 5D L Wiz L (K-
24). 10 H R O KRN LOLEL D 812 BelE L ALER U 72 54
1ZiE, BeE LALEE 3 B H & T3 Uked 7chs, €%
KB LB BARATT O L ROV & TABIZIY Uiz, il
ALAVER 2 47 o TR LA EE 2 15 H H % THbkE L 7235
AT, X7 vu— A0 VIRGERRERIETEE 10 HH &3
EE UL ARVICHER STz,
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Fig.21 Effect of pH on sucrose synthase activity, (A) sucrose cleavage direction; (B) sucrose

synthesis direction. Symbols (HD),

(@) and (A) indicate buffers MES-KOH,

HEPES-KOH and glycine-NaOH, respectively. The degree of activity was expressed as

a percentage of highest activity.
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d (EBIE/L « BIB{LEE OB A o NILy —EFEHD
e ld
Btk NV —BIERED K5y (98.3%) (&l ATk
Wz AED SN, HETEZEZAODTMTH -7
(R—25). 7z, HBERBETOA Ny —EDEE
pHIZ 5.0 TH Y, TIAVHEKOFEEII S bFMT
Hote (F—7HM). TNoORENS, F+ XV
DA RV —BIHEEDIF EA EDRLOREII BT B K
# (HUBER, 1989 ; SCHOLES S, 1996) &I[d U<, wfi
TOBIEA VRNV y —ETH B EMHSP L 5T,
Zz0td, VUOFERTRWIEEOmRE S v NV —€

w
o
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o....l....l.;..l

TEPED & &P 5E L 7e.

Btk A~ AoV 7 — BN, (KR LB B RR B2 1 R
M L, W10 B HIZIS LI BEET DK 50% D
LAOVE T LR (—26). KRIE(LLE % 10 H DI
bikkid A&, 16 HEHZ THBEEPL» TP L.
UL, (KIEECMEE A 10 0 H £ TTW, £ 0 #%BiE
{LALEE S 2 &R LALER 3 H Bic—ReiicigmL, o
BEECED U, BECAE 5 0 i KENE e 2
e LB EIZIER U LRIV & 5 7,

(B)
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Fig.22 Changes in sucrose synthase activity of cabbage leaves during cold acclimation (5°C)
and deacclimation (20/15°C). (A) :sucrose cleavage direction; (B) :sucrose synthesis
direction. @ — @ cold-acclimated; O--O deacclimated after 10 days cold acclimation
(¥). Vertical bars indicate standard errors (n=3).

100

Activity (%)

20

rH

Effect of pH on sucrose phosphate
synthase activity. Symbols (H), (@)
and (A) indicate buffers MES-KOH,
HEPES-KOH and glycine-NaOH, respec-
tively. The degree of activity was ex-
pressed as a percentage of highest
activity.
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Fig.24 Changes in sucrose phosphate synthase
activity of cabbage leaves during cold
acclimation (5°C) and deacclimation (20
/15°C). Il — M cold acclimated; [J--[]
deacclimated after 10 days cold acclima-
tion ({y). Vertical bars indicate standard
errors (n=3).
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4 E =
FeRNYVDEDR Y 0 — X GRRERE, X7 8-
RS « AT 71 & & ITARIRMAIL B U 7248, Al
WAEEFERICRT 2 &Ik - TR LT O G L X
VETHY L, 2O &R, 27 o— ARG
ORI KB O A RIZPES bo T T, Kl
Efbo—ER & LTHIERI ENACILEEZEKRLTHS
3A*®Z7D—Xéﬁ%%ﬁﬁdﬁMEmkioT%
ms 32 EMNRESN TS (CALDERON 5, 1985 ;
1989). L, L, wxo L rvw (Guys,
— A5
HBEZFS, TIVT 7T >

TOGNETTI ©,
1992) @A (SALERNO S, 1989) ® X7 o
FEIEERERICXLS

30

Activity (umole Glu/gFW/h)
- - ) N
o o o ]
T T T T

(8]
T

soluble cell wall bound

Fig.25 Activity of acid invertase in soluble and
cell wall bound fractions prepared from
leaves of cabbage seedings.
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Studies on Acquisition and Loss of Freezing Tolerance in Cabbage

Hidekazu SASAKI

Summary

Freezing tolerance is an important characteristic for overwintering plants, including cabbage
(Brassica oleracea L.), which is one of the most important vegetables, to survive the cold.
Acquisition and loss of freezing tolerance in cabbage were investigated.

The cabbage seedlings grew slowly under cold acclimation (5°C) and acquired freezing tolerance.
Freezing tolerance induced by exposure to non-freezing low temperature was not attributed to
ontogenetic changes, but to non-freezing low temperature. Water stress by withholding water
increased the freezing tolerance of cabbage seedlings to a certain extent. The induced freezing
tolerance during cold acclimation (5°C, 7d) was lost when the seedlings were exposed to only 1d of
deacclimation at normal growth temperatures. Cabbage seedlings exposed to non-freezing low
temperature under a 12 h photoperiod acquired freezing tolerance, while the plants exposed to
non-freezing low temperature in the dark did not acquire freezing tolerance. On the contrary, in the
case of reversal from cold acclimation, the freezing tolerance of the plants was reduced by exposure
to normal growth temperature regardless of light conditions. Water stress affected the freezing
tolerance of the seedlings during cold acclimation and deacclimation. The plants subjected to water
stress showed an increase in freezing tolerance during cold acclimation. However, the interruption
of water stress by rewatering decreased the freezing tolerance rapidly to the same level as for
continually watered plants. Also during deacclimation, water stress prevented the loss of freezing
tolerance of plants. The period required for deacclimation was much shorter than that for cold
acclimation in cabbage seedlings and the degree of deacclimation was temperature-dependent. The
short-term deacclimation was also shown in the cabbage grown in the field during winter. The head
leaves of cabbage grown in winter often attained to high temperatures on sunny days due to solar
radiation and the temperature rise in head leaves decreased the freezing tolerance of the leaf tissue.
Short-term deacclimation of cabbage induced by high leaf temperatures could be transiently
controlled by shading.

Sucrose, glucose, fructose and myo-inositol were detected as soluble sugars in cabbage leaves, and
the concentration of all soluble sugars, except for myo-inositol, and starch increased gradually
during cold acclimation such that their levels were positively correlated with the degree of freezing
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tolerance. On the other hand, the decrease of freezing tolerance induced by deacclimation was
associated with a large reduction in sugar concentration. Water stress affected sugar concentration
in leaves during cold acclimation and deacclimation. Water withholding promoted the accumulation
of sugars during cold acclimation and suppressed reduction of sugars during deacclimation. Activity
of sucrose synthase (E.C. 2.4.1.13) and sucrose phosphate synthase (E.C. 2.4.1.14) increased during
cold acclimation, but decreased to the level of activity before cold acclimation during deacclimation.
However, the activity of acid invertase (E.C. 3.2.1.26) decreased gradually during cold acclimation
and did not increase to the level of activity before cold acclimation during deacclimation. These
results suggest that sucrose synthase and sucrose phosphate synthase, but not acid invertase, are
regulated by cold acclimation and deacclimation and play important roles in sugar accumulation and

acquisition of freezing tolerance in the leaves of cabbage seedlings.



