AR ARV 'Rk TEF. TEROFEHER

41 #E

RO % { OWTEARTHRINTE D, VT2 L, FIBEIE85~90%, &
BEPLI Fary P 7HETRE0O%DAEEATY S, SKEPRICEOOIZRE
(85~96%) . BR(7T0~96)%TH D, BB L LfEF Tiz10~15% D KT L »
FERVLDLHL, TOXHIRKBEEHERRISORBIE LD Ao
R BB HR T4 LeEHBLREIZRZ L T3 AWK T CEET B
i, KEDTBRIZET 2 LB TERVEFTH 3 L FARFIC, HUIBREETE O
WL U, ¥ SRS OB B W TEE R R4 v ¢ B (Rodrigo.
2000), MAEEEOEN L LT, BIEWRRABE oM, RGN OX &
JBH(ice nucleation)iz X /K3 A + L ADET S35  KEEDTBRK & Ao &mixiy
B L R AT ERBME RO BEE W O & ARRAHEDR N 2 & PH
HEINTHBMWH, 1982), X o i Ml OB E DAL, ERIHEICEE L 5 2
BrELLNTWS (Sasakit, 1098 ; &, 1999), Zdkc®, MM, HER, #
B LAV BT 3G HPKGOBEL E2EtiiRlzHo»ic L, fil#ldT3
Z EPTENIE, B 2 ERFE SRR - 0FSTEL L Db,

HHRBMOIERCB Y ARBRERZODO LD b, KEOHEAPEETHE L

# 2z 5 NTH Y (Rodrigo, 2000), BEDOHILIIKRBROHENEE TH 5
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(Wisniewski®s, 1997),

RIRT —€ 7 7 4 &, HPRBER T 2 IR OWBBOBREEOELE LT
RENICHERCE 570, BB 2KEDWRL 2 OEMEHE TS5 A CH
HThHh, £, Vvd, 2207 R I3 0vRY— Zu7HdR 7B T
HERROBZIHT I N T 5 (Ceccardi 5. 1995; Wisniewski &, 1997; Full-
er + Wisniewski, 1998 ;Workmasters, 1999), L L. =&+ DIERICE
W TOBE I SERABRT —€ 75 7 412 X BIEROBERRO B2
T2,

WA DR DOR B T 2 B IR R T H D | KRB EE L W Z DghR
ELTCHETHD LEASNTWAFRH, 1998), KE&HEE 2R >WEIZHT
HWMEDOEEIEC, 0122 VRWKRBENELEZ K> 2 &2 & (Vonnegut,
1947) &, ATRER D7D ORZE L TRV ST 288, T I ARG B
D> Twasl EBHebIcE>7z0i., HIEWRIED Z L TdH %5 (Schnell -
Vali, 1972), # ®#Psudomonas syringaedS KR C©H 5 2 & MR (Maki
5, 1974 X0, KEMBERFECRE( EHLoTWAE I ERHGPIIINTER
(Ashworth, 1992 ; FiHl, 1998). fE¥IICEB V> OKEZ TR T 5 BK D—2 iK%
YEMIRCH 208, —F., BT Lo TEEDH(Ashworth, 1985a ; Grossb
1988). vV U O#iH (Ishikawa s, 1992; Ishikawa s, 2000) , £2 L ¥ 0%

(Brush &, 1994) DIt AlEpPN KGR E R H 5 Z LG I Nk, Lo
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L. BRI BV 5 KEIEME(NA, ice nucleation activity)icid, RIBEHOMS
W% <, AETEERIK BT KO ZHE L Tvr 3 L3E X 535 KEEHEOK
OTER LR T ENT DWW THEL -,

BED&dic, BRE=&vF > Sk BRI BT 2 BEHHMICEL <. F4
B — €77 7 410 & BEEPWRICE T 2 KBIELOWE 21T, 2 D HifiEk

(freezing pattern)ZHHSIZTHZ L2 HWE L,
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BT, LORERETRRLE, 3740 Ry MEMEBEL, t0TrombHR
R R % BA T, Ee, BRLEY —E Y5 7 4 » o EROAHLOREHIRE

PERR L. MBS mGEYHI AN 5 TR EE) 2 WS (B IRNB L & L 7z,
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42-2 BRRUER

By MR 2 -6°CO MBI HRE X8 g E . MERMMROREIL 10 BRI S
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(F159),

PHAEIER OB\ TH, FEIEICHAIEWNCAT LTSS T2 - T &,
0.5~2°C{liro?, 2D, -6 1I°CETHRML %, EFFHLH - DY
2, F23RE~HTHZ WETRINTWD &I KK Lo, Z0%0 NI
Z DU ACFR P ER L Tvofe, BTEM OB B 1T 2 - O BURTRIE R,
AT 1E-5.320.3°C(n=20), TEFEH3-5.23:0.2°C(n=70), TEH2:-6.0+£0.2°C (n=
AN TH - (B1ER), WA, €29 3L (B 2R, Mr oMk
TRBIRPHRE L I,

RIS BOTREE L D SIEH LTI L RAHE T 2358 Lo 2z, EEINE L O

BHACI D fEdr L3RR D | -6°CIAIIFHIRB X7 a8, dlifiic & 2RED 5
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MRTE hdol, L LHEHRERRE, REDREIZEZ S ORADEEORETH
REZC & 7 (B24).

BEokdic=h v P EBRoBERBOBEZIIE, Ry —€ 757 0 00%
Bcdh B2 EWRENE, SROERICBWTEEL, BIEHOTERII BV Tk
By A TEFERA» M E - TR D, ZOBIEBRSFITIRN o T T & AR
iz, BIROBMHERTR S &) K BRI B THERZZT I, &Y
fEFEcHEi S, 2%, L VRRICRET 2 1o ORER. BTV, 6
IS > T fe, LdioT, HRRRBOBEORN BT LAY —€ 7
774D 6HONAMEROLEDN S, KR ETUCH - WHORB B, £
ZOHE TSR I, 0%, IREREREH L THETWRERIEHRL Tw IR
HH & Dzl o7z,

MR OB, TR A TR B TaOEME U TORROBER MK
T & 2o fohd, REORMIHEORTFLEBETE L, £H 52001 HRA
Y F I OBAE L DS, BT A EMAMETVRBEEERRITA I L EWEL
Twd, =Ry yoPhRIZEWTH, FRRBERMIE - REICBWTRIDZAS
Dipd L,

MO 2B BWT, BRHTEZRARRZOROBPARIC O EL S
NAER->TWE PRI, LaL, TRRZBYAKEHE L ZDERIZOWLT
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HERRDSHIEL TV 2 ETORBELEOBRF DT @il 52 (Wisniewski s |
1997)Z EBTRINTED, KSR I ST L bl ¥ 2 81 H3&
uak&i?ﬁi%?‘xbao Lo L, SEOHEBRICE TR, B2RHALTORDHEIS D
KADEMIIFER T E o, TR T ORIk L EBRD, B#ER
DWRAEFTH Y, KEOBHRIEFOEWICI DAL I LWEL 6N,
Carter 5 (2001)1k, 7 v 73 A7) D/ANERICB T 2 MFEOFERZ L T b ThT
Hby, BRINLEET CRBHT A LHHE LTS, SEHOERICBVTL, B
MONZRKEOWIRERBL T LESI LBEIL NS,

£, SROEBRTIIEMI LRy MEE 2R oD, HEHOESEEL
T 2EEDY H % HV 72 Wisniewski 5 (1997)DfE R L Bz - 2 LdhEZ SN
%, Rhus laurina®¥) h o 73 By CHAS B, T CRBURFEEHER S
N, EEORYEOELE TRV FEEIH 5 hinv(Boorse b, 1898)C &
Ho, Fv MREEHIE D IR, KREOBAVBEHLWEEZONS, KT ¥

‘K IWBWTH, 2 HB X2 9 QR TEE LRI L BT RIED
BELEZELS, FEO{HHE(Quammes, 1995)® 7 u 78 R 7Y 4R
(Carter, 1990)DHFERBED Y — VBB T 5 & TR T3, KEDEHE
CHEEED =R v F Y CHOHET 2SRRI N, 7R 7FAT VTR, BWHL
PR & BB Lo A ANERSS, EGH LB - R ORER I T B(Carter 6,

2001),
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b9 —OOBER B ORHMETH 5, SEOEBICETTE L ke -6°C
DIEEBIC B S 705, $I1020[8¢-6~-4°CE T L. Wisniewski 5 (1997)D
R { S RBEWAEIEETH o 7, Kakusd (19800 Y ¥ P OLHIIBW 5/ 6%
JHVS 7 BAESRERIC B\ T ISEEEANE - & B X 0 b RIGIE ) D3, BRI O FER
O°CHEL DEBVEETEZ 2 LIS L Tw3, Ashworth (1992)% M4 & 25 ¥yHM
BEi, EBH AR X BBARFET 2 RNDH D LHIEL T 5, BOICKDIE
BRILEREZ Db OIS 5 LEEINGOT, WHEUEIL 2 NE BTk
EWIERS HA(Lindows, 1982; Hirano s, 1985), MZ C{EHBIEL T Tk st
B —€ 7T 7 410X o TS N RAREL G, BB TOMEHE L b %y
MEETRT EOWMELH B(ET - KB, 1999),

SRy K OSBRI B T, TR TFERBEEZNLD oL ke
RIRTWIMLTH BEER S, 1003; i, 1985)h%, SIHID 5 & IRFIK
DIBR T BRI - TEACTH D, =k >+ DPENID R 57— S aifite
ot T, BEICT AP MEC o T U - ARIT, 195538, B i
Lk BEEOHRBHGBRER, AT —PWESTHZENIEFEE DS, D&
NKEDWEL T3 ERBEWRBBEOKRE X L oMIcRF Ml shzd-o
Foo TOZEEZFRrFY 'HK OEMIZBOTIE, 2RPhoMEL RS
EEREHE OB AR BRI W LR RBRT 25D ThH B,

SR DOERD 6, AL TKRBIBRINE Z EBHEEI NN, kvt
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Sk DEEI Dok, BHEOREOTICEEEROI LBEhol, 77
v R —TREOREET MRS NroKEBEILE W THRRIBAL, RER
M. TOHBOEROBH»SBAL T, EPLREOHR G E 5 (Workmaster
5. 1999), =R F3CRKETERMEBED LD, Z2OTHOP AT
Lo tedd, E2EORLE XS, SRRBIC X DB L AR IEY O IRERIZ B
b, ZOBMTVILERE>TWL ZEbdbE s L, KEBEILRAITHTE

BE, BHREALTHET W ECEBL T IR X 6l
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-2.0 °C

Ice nucleation *

A 4

Ice nucleation

-5.0 °C

Fig. 23. Ice nucleation and propagation in potted Japanese pear ‘Kousui’ tree at bal-
loon and flowering stage as seen with IR video thermography during freezing test. Col-
ors of the temperature range from violet (colder, -5°C) to white (warmer, -2°C). With
balloon flowers (A, B, C, D), the IR images in each of B through D are shown in time
order. Ice nucleation initially occurred in petals (P), sepals and/or receptacle (R) after
the temperature of their tissues decreased at about -5~-6°C (B, arrow) and then propa-
gated out along the peduncle (Pe) within 100s after ice nucleation (C, D). With open-
ing flowers (E, F, G, H), the IR images in each of F through H are shown in time order.
The sepals and/or receptacle (R) were initially frozen as indicated by the bright region
(F, arrow), and then the ice nucleation propagated to the petals (P) and along the
peduncle (Pe) within about 90s after the freezing event began (G, H).
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Table 1. The mean ice nucleation
temperature of each organ during freezing
test in potted Japanese pear tree.

Temperature
Stage/Organs  when freezing n
began
°C
Balloon
Petal -5.6 £ 0.3 12
Receptacle -52+04 8
Peduncle -5.8 0.2 8
Open flower
Petal -5.2+0.3 20
Receptacle -5.2 + 0.1 70
Peduncle -6.0£ 0.2 40

Values are means = SE.
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Fig. 24. Freezing injury of Japanese pear ‘Kousui’ 2 days, after
the freezing test. The damaged tissues spread from flower to

peduncle (A). The visible spotty stain appeared on the skin of
young fruit (B).
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A

autoclaved distilled water \

\
%
/2

dissected sample

7:.
- /
e . B

bath containing 40% polyethylene glycol in water before
being cooled in a stepwise manner by an 1.0°C decre-

ments to -20°C.

100

5 6

'.‘Q_ "-;'. siee

Temperature(°C)

Fig. 25. Ice nucleation assay. The tubes were equilibrated at 0.3°C in a refrigera-
tion bath containing 40% polyethylene glycol in water before being cooled in a
stepwise manner by an 1.0°C decrements to -20°C(A). The tubes were allowed to
equilibrate at each designated temperature for 25 min. and the number of tubes
frozen was determined(B). Ice nucleation activity(INA) were calculated as the
temperature at which 50% of tubes was frozen(C).
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Fig. 26. Seasonal changes in ice nucleation activity (INA) before and after autoclaved
of one-year-old twig or a winter bud component tissue; outer scales (OS), inner scales
(IS), florets (FL) and bracts (BR) dissected from winter buds of Japanese pear
‘Kousui’ in 1999-2001. INA was measured using the tube nucleation assay with a total
of 40 samples. The INA were calculated as the temperature at which 50% of tubes
were frozen. Autoclaved; supposed to be eliminated the affect of bacteria.
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Fig. 27. Seasonal changes in dry weght of a winter bud component
tissue; outer scales (OS), inner scales (IS), florets (FL) and bracts
(BR) dissected from winter buds of Japanese pear ‘Kousui’ in 1999
~2000.
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Fig. 28. A winter flower bud exposed to subfreezing temperature.
Ice crystals were located in the space between florets and bracts and
within scales where INA was fairly high.
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Fig. 29. Comparison of ice nucleation activity as expressed by frozen tube
numbers before and after autoclaving assay of petals, stamens, and pistils,
receptacles (including ovules), sepals and peduncles dissected from flowers
of Japanese pear ‘Kousui’. A total of 80 tissue samples were used each
experiment.

76

Non-
Auto-
ciaved

Auto-
claved



Table 2 . Ice nucleation temperature of petals, stamens, pistils, receptacles, sepais
and peduncles dissected from flowers of Japanese pear ‘Kousui’ . :

Initial ice nucleation

Ice nucleation activity( °C)

Non-Autoclaved Autoclaved

temperature{C)

Non-Autoclaved  Autociaved

Petal -7.310.3 a -9.8+0.7
Stamen -11.3x09 b -11.5+0.9
Pistil -10.8+04 b -13.04+0.7
Sepal -6.8+00 a -83+05
Receptacle -6.8+0.0 a -9.310.5
Peduncle -7.3+06 a -7.8+0.4

ab
bc
c
a
ab
a

-10.1+£04 b -12.7+0.3
-14.1+£0.9 ¢ -14.7+1.0
-13.9+1.2 ¢ -15.41+1.4
-8.41+02 ab -10.21+0.6
-6.9+0.1 a -10.2+0.3
-8.24+04 ab -10.340.7

Means indicated by different letters within a column ate significantty different by
Tukey-Kramer test (p=0,05).Values are means of four replications + SE.
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Table 3 .Comparison of fesh and dry weight among flower components in;

petal, stamen, pistil, receptacle, and peduncle of ‘Kousui’ Japanese pear
flower.

Fresh weight(mg) Dry weight{mg)  Water content (%)

Petal 16.32% 0.91 2.07% 0.11 87.3+0.2
Stamen 1.11+ 0.05 0.20£ 0.01 81.7x0.7
Pistil 0.53% 0.03 0.02% 0.00 96.6%0.7
Sepal 10.24+ 0.73 1.51% 0.10 85.2+0.3
Receptacle 47.10% 5.59 6.91+ 0.90 85.4+0.4
Peduncle 55.75% 3.19 6.84+ 0.61 87.8+0.6

Values are means of six replications £SE.
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