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Fig. 1. Freezing events in plant cells
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(Larcher, 1999 : {£if, 1999}, AU 7 I v 37
S/BREOLDEHEOEHORILKET, N
R L, BRBRORENL, ¥y HEE
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iRALE O D IZABAREZ L » TEEBmREL
EEY LI LD, a4 X+ X FRbromgrass
{(Fxre¥) THLITWS (Tanino b, 1990;
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BREBoGE) B EoBE (Price, 19973,
b : Ishikawa®s, 1997, 2000) L& E2fTbhTE
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FIIBWTHAEEBLIFREOM EOBENT, i
EECFIHEND LA E-TETHEN, B4
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BHXNTwh (Fujisawad, 1997). Yy AE
CEEORBIZY Y AEABASEFEMT AL
bAXvF—=, HF, £F, SR EBRECH
HHNTWD (Wang-Buta, 1994 ; Gemma &,
1998 ; /M&, 1998 ; B, 1998), ZO LAY
Y AECVEBPABAFNLTERA ML AICHL
B5 LTwaEEsra b, REHEESORE
WZHBIET LD E A S, FCTARSE
BVy AR /NEI L ZBBEERPIETH
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LEHL, KL 5 F 20T TOBIREE R
VOBREREL (FHh-F=r7) ELTwa,
EMDE L, —RICKGEENKEL, MR
DREREIBH VI ERERETSD D (B,
1982 ; Larcher, 1999), Mgt EEoELHHE
WOREHRB L CRERECEEEES525
EEZLNTWE (B, 1982 ; Larcher, 1999).
FITIDETE, RpoFIIPFToFY
F¥ oK IIB AREREOELERE L.
5, EFOKTEE, &, TI/MEEOE
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NVETEHBABA (Guyb, 1992 Langh,
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B hRWEREEE OREE BRI L 7.
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— K22 s 53 EEBMEOETIL
221 MEBBLUFE
=ZFR ¥ty EK OEKRERAVT, £h5HF
I CRBEMEOEILE Ko &R EOMBRY R
L7z SRR Y > ¥ — D205 4
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DIZIZ2AB T ICHRERERNLA. TEFZY
D728, BIET2RE lemRIZYH ZAZ,
BArfticamp®L, ¥V rEs (bark) &HH
(wood) iZ4rBEL 7 (FE2ED.
HHEETNLIERL LTAA,

5C, 0CT#h

0s IS

Flower __
bud

Br FL

Fig. 2. Diagram of stem (upper) ; bark and wood
tissues, and flower bud component organs
(lower) ; outer scale (OS), inner scale (IS),
floret {(FL) and bract (Br) of ‘Kousui’
Japanese pear.
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Fig. 3. Change in air temperature during the
experiment in 1699
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Fig. 4. Change in cold tolerance of flower bud of
“Kousur’ Japanese pear during dehardening
as expressed by ion leakage 1n 1999,
Vertical bars represent standard error
(SE, n=6)
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Fig.5 Change in cold tolerance during
dehardening of bark (A} and wood (B) in a
stem of ‘Kousui’ Japanese pear as
expressed by ion leakage in 1999. Vertical
bars represent S.E. (n=6)
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Fig. 6. Change in water contents in flower bud,
bark and wood of ‘Kousui® Japanese pear
i 1999, Vertical bars represent SE (n=3)
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Change 1n cold tolerance during dehardening
of flower bud of ‘Kousui’ Japanese pear as
expressed by ion leakage in 2000-2001.
Vertical bars represent SE. (n=5)
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Change in fresh and dry weight {A) and
water content (%) (B) of flower bud of
‘Kousui’ Japanese pear during hardening
and dehardening. Vertical hars represent
SE (n=5)
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Fig. 10. Change in free amino acid contents of
flower bud of ‘Kousui’ Japanese pear
during dehardening in 1999.Vertical bars
represent S.E. (n=3)
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Fig 11. Change in free amino acids contents of
flower bud of "Kousur’ Japanese pear
during hardening and dehardening in 2000-
2001.Vertical bars represent SE. (n=5)

JEEEOTILBRTHD, BVRETERTLZ
EEHT v RE, 1981, oI kMR
WT7 I BEEN7 4 — F23y ZHEICE Dk
LELAEsNTEBY, LELETLHERZITEE
L, BHELLOAFHFEEEZERLEZEIICL
TWhHI EERLTVA, HJ) (1996} T=F>
F¥ EK OAFIIBITLET I/ BEERA
BIKREREIIAMIIER L, FoBRITLE
H L Cwhb, SHOERTS, "—F=r 7k
DREEIIBOTREVETH - 7295, KoL
RlzonTH+oEsHma&, FIEFEET2
ERIII 2SR R L, ZHILEF OB,
MiEE s, —HoRRARTESCEL, ¥
NREIEOERL L ELENRLT I/ BROE
ENREE o, WEOLEWERIIEET
IIBEEMNELL RocbDLEZ LN,

RS oBRETORBEY L LTE,
Sagisaka (1974) X o THENLT I /BOE
FEEMEINRTEY, EEMIZIHLIEHTII L
¥ 32 UBOENIFEEICE VY, £BIITLFS
YHENT AL ENTWA, AMETHALL
EAR OOEFIIBVTL, N—F=FBET
WFEFZHETINY I FBRICERESEINTS
D, EHOEEMEOR. £, TAFZE
FN— Ky ZHRaERIL, —HF7VE 3
W7 ANG X VEBEORNBMLTEY, #FiC
BOWTTUEFZ UV ERPLINY I VBEEANE
ERPRI-TwaEEILN, PHh—Faryy
BRETREMRTI VBEORENLEEF L
L Hdr ot oS IIBRETO T I S
LT, PAEFZOMII70) y2ER/TLLO
bHshTwA (B, 1982). L& Lomaf
ETRoFryFY K OFFCEN-F=
YFBREILBWTE, Jd{bThLIFELTY
B, FA—=FoyFEELIBWTH, o7 3
BN, FAEEAIICESEIC LR L, KRR
5z 5@E3bhnwbolEinn,

BE=E
FEI2HIFA— Ry Fdnofrd v SR
EFIIBIT LB EROBRFNELLEZR L. 21



DWHD VT NORES WA E T, FREERO
1AL E TR LT/ TEFIIBIT LT
VIEF-AHE L, BREMEFEV 2 ARG
B EESBOS%E b,

TEFFOEMMIIB0 2B EEORIFNELE
ISR L7, T EiiAa L E, EFESET
FEL-EX LA, VWY P—UEEELET
Hot, MNEZBWTIN—F2 &7 53I1200T

20

—&— Fructose
—— Glucose
—{i— Sorbstol
—%— Sucrose

15+

104

51

Sugar content {mgfg fresh wt)

T i
2/1 2/15% 31 4/15

3/15 471

Fig. 12. Change in sugar contents of flower bud of
‘Kousul' Japanese pear during dehardening
in 1999.Vertical bars represent S.E. (n=5)
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Fig. 13. Change in sugar contents in different parts
of flower bud of ‘Kousul’' Japanese pear
during hardening and dehardening in 2001-
2002.Vertical bars represent SE, (n=5)
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Fig 14 Change 1n abscisic acid contents in flower
bud of ‘Keusur® Japanese pear in 1999.
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Fig. 17. Occurrence of freezing injury on Japanese
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A=slight, D= severe injured. Arrow shows
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Fig. 18. Time-course changes in injury index and ion
leakage (%) of florets of ‘Kousui® Japanese
pear exposed to -5C for 1 h in 1999. Freezing
injury was rated on a scale of 0 to 3 where
O=no injury, l=ovule and pistil were
damaged, 2=damage spread to receptacle
and/or peduncle, 3=flower damaged
completely. Vertical bars represent SE. (n=56)
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FEOERETE, idFs LI UYREFOERERR
4 O RIRRHE 2 M L2720, ESBLU9E
HWOTEHCR, Bk, TE, B2 OB EB
BRMEOESR, EROTTOEESZITLHRE
FHALEZ LIZTELd ol FDDH2000F 121
T ORBEERE O & ORI & e IS AT
ol BREEREBEL, FFEEBIUEMNCSE
WTHARTAMEIRPHZETE, ZO®RETVICE
WTH -5THSHA L (B20H). TEDOEHEE
FEIIBWTEH, EMERUSRLBEORE»S
HE L EE ORI, B (r=083""), fE
# (r=0.75"), FEH =072, BT (o=
0.71*) THEWIEOHE ®H 72, HETw (r
=-019) TRAPPEBREIEDLNE o7 (B
190D .
REMECE 7 oo 7 4 VEE (Fv/Fm) *
AfEfag M 7ol FEIVIYAST
% A4 ¥ (triphenyltetrazolium chloride) ®Bmik
HIGHS R, EBERBHERIZILIHEELYLE
EDWERTIEL AT ETEHLHS (Boorse

~(r~Petal
70] —*—Stamen
— i Pistit
— Receptacle
1 —@—Peduncle

o
Q
L

lon leakage(%)

W
o
i

4 -6
Temperature (°C)

0 2
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Injury index

-3°C -5°C -7°C

Fig 21, Comparison of cold tolerance among flower
compenents in, petal, stamen, pistil,
receptacle, and peduncle of ‘Kousui’Japanese
pear flower at the balloon stage in 2000. Low
temperature injury was rated on a scale of 0
to 3 where 0=no mjury, 1 =water soaked
and shight browning, 2=moderate browning,
3=the organ was completely damaged.
Vertical bars represent SE (n=60)
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Glucose
Fructose
Sorbitol
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M=) |

Sugar content (mg/g fresh wt)
P T T T T T

Petal Stamen Pistil Sepal Receplacle Peduncle

Fig. 22, Comparison of sugar contents among
flower components 1n; petal, stamen, pistil,
receptacle, and peduncle of ‘Kousur’
Japanese pear flower in 2001 Vertical bars
represent S.E. (n=24)
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(Sakai - Yoshida, 1963 ; ¥H, 1999 2 Li
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FAE —KF ‘=K OIEEFE,
FRORBER

4-1 #S

YOS  OFFIEKTHEREINTEY, F
¥BYas, BRLIIEH~90%, ¥k bar
FU 7% ETE0%DREFAT VD, FREDL
HIZEZVDUERE (85~95%) %, M (70~
95) % TH Y, RAIZHL LS TIRI0~15%D
AGLPEET LWL DLHD. TOLIITKIEE
RSO KT 2 L, £EOBELZRD,
RETHER T, L TEELRI TR LTHE,
EWAAGLT TEAT AL, KEOTRIIH
FAHIEFTERVHERTH S LRI, RiEH
LEORRRES L LT, TAEEFNEOEEHRHEIC
BYWTHEELFAL Y+ TH S (Rodrigo, 2000).
FREEOERHNE LT, FEMEMEARE O
12, MRS RS RO (ice nucleation)
L BKGAPLAETONRS, KBDOEK &
KAERIIBERPEL, —HIZKFEEIEL,
OB EES SV L RIER 50 2 & 253,
HEINTw3 GBI, 1982). 254, #laho
BHEOELS, SERECEELEZLEELD
hTw5 (Sasakit, 1998 ; HFH, 1999). Fo
7=, i, #k BELAVIIBTBEHR
KEBDER L E2 ELREMRTHLCL, M
WT 5 LBTENE, WYICBT SR
BEBHIIKE(ES TR EEbNRS.

EERHOLERIIBIABEIREZOLOL
D, KEOERFPERTHLEZZLRTHEY
(Rodrigo, 2000), F&EONILIEKEZEDHIE
HEETHSL (Wisniewskin, 1997).

FAHRF—E 757 11, EPHREFHETS
B OFHROMB T ZRTOBIRE U THERICHE
BCED, HWICBITLZREDERSRE DR
frRET LA THERHTHY, £, ) O,
A4 F TR rF R —, FRTHFAT}Z
B THEBROBREIHEHIRLTW S
(Ceccardi®, 1995 : Wisniewski®n, 1997 ;
Fuller - Wisniewski, 1998 ; Workmaster b,
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1999). Lo, =k yF v OfEgHEiiBuToR
s, ShiRAEY—E77 741255
e DHEROE LT 7.

FEHORAIKEIIRES 5 BIIIHRILET
Hh, KEEHDEE ZFOHM L LTHIHHE
ThreELLNTWS (FEH, 1998). K%k
HEFOMEICHT A2 REOERIIRL, MBI
b kEFEETF S
(Vonnegut, 1947) &, ATHEHRO 0K
ELTHWOLHRTWA, FEIIKEEENRE
b Tnd Z EBHLMIRs -0, iR
REDZETHS (Schnell - Vali, 1972). Z®
% Pseudomonas syringaeKEHMIETHD 2 &
HHER (Makibn, 1974) &h, KEMAEHSREE
CRE( DTV I EFHLMIESATER
(Ashworth, 1992 ; H, 1998). EHITHB T
KEEEET 2ENO—DRNEFENECH D
A, —H, REIZ L > TEETDOH (Ashworth,
1985a ; GrossH, 1988), v Y YO8
(Ishikawa ®, 1992 ; Ishikawa®, 2000), %22
¥ (Brushs, 1004) OHIFLEE LMK
BB S L RESINL. Larl, M
ARG B A kEEM (INA, ice nucleation
activity) 12id, REHEOBIFE L, FETE
MBI 2 KBEOBEERMNBL TR EEZS
NBAMIENE CREOEK L2 3) T2 TH
EL7.

Db Xz, REG=FF 3 K L
B L EERECEL T, MR- 77
A X HBERERIIBIT ZRFIEE O E 2T
Vv, FoOHisERER (freezing pattern) 854
WKETAZEEHBE LA

42 FUABH-—FETFT 7LD R F Y
‘=K TEROFEBFEOHE

4-2-1 MHEBLUHE

R REERER Y ¥ —ICBVWTHER L,
mrFY A ©2FEE% 1998FE10H20H
ZHMEEVANIvZA (FHFDFR) ORE
+ 6:4) #ELELAEZEScmDF Y MIFK
BiFL, BRERTTEE S, ERIIRITE
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7oK
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Shal .
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VOBTHEy MEBICEELY L2V E L7cH—E7 T 7 4 D HALEEO & EBAL D HURS HH AR

FUERR L, Bmurds BN 5iERE) &8k

EHB LR ICBT ARRORBEZR AT & () "REL L.

X, T —75 714 53 H A5 (model

TVS-2000MK, NIPPON AVIONICS) #fiH L 422 HREVTEE

TEEL, BligE 709 ¥—F 1 A7 12&L Ay Mz -6 CoORRICEZESEEG,
7o, FOER L 7 BRI AR B (R AT 7 b AER R DIREEIR 103 BLNIC B HUZ —6~—4TCIC

Fig. 23.

-2.0°C

-3.5°C

-5.0°C

Ice nucleation and propagation in potted Japanese pear ‘Kousui’ tree at balloon and flowering stage as
seen with IR video thermography during freezing test. Colors of the temperature range from violet
(colder,—5C) to white (warmer,—2T). 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~ —6T (B, arrow) and then propagated
out along the peduncle (Pe) within 100s after ice nucleation (C, D). With opening 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 when

Hage/Organg freezing began A
o
Balloon
Petal —hBg = (3 12
Receptacle =52 £ 04 8
Peduncle =58+ 02 8
Open flower
Petal —52 = 03 20
Receptacle =52 =01 70
Peduncle —60 £ 02 40

Values are means =SE,

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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FOERIOVTOREITENE, EBRIIBVT
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A

dissected sample

The tubes were equilibrated at 0.3°C in a refrigeration
bath containing 40% polyethylene glycol in water before
being cooled in a stepwise manner by an 1.0°C decre-
ments to -20°C.

autociaved distilled water l
!
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LS 208 AT ol E L7z, 0.37C THRLEEEHT
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P

Percent of frozen tubes

Fig. 25.

.5' 7
Temperature(°C)

Tce nucleation assay. The tubes were equilibrated at 0.3C in a refrigeration bath

containing 40% polyethylene glycol in water before being cooled in a stepwise manner by
an 1.0T decrements to —20C (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) was caleulated as the temperature at which 50% of tubes

were frozen(C).



24

RVETH -7z (FE26[). 8 OKBIFHHEIZK
PHFICLTT-4~-6COBTIZIZ—ENET
Hodz, FRZFL, DE, AETEN—FZY
FHTHLI0AERDPS 2 Bl T, #hfhn-
126TH 5 60T, —104TH 6 -56T & BRI
WM LR L7z, 20009 0 IZIZRBEOBM TH o
7o AVNE, AR BT 2KEEE O _ LR ORI,
HELNIRE->TW, TOERDEVIE, £
BEEORBOEVWIZLLLEDHEEE L BN,
37, REF LA UEREHEIBRITE57H—F
=¥ NS, BE L7z oo T b Bk
ZH L BIIRBREORVHKEEEZ R - T/
ML 2BERAT LD, A—F2L -

Non-Autoclaved

THOKEFEELHEL 2L 25, HiZBVTH
EMMEh b FAIET LA (F26). 72, /)
ETHEERG L RFCBNTE, -7 L
— THOKEEEIISTET LA, n=F
SV FRBIBEOEN 1 TCTIHET o Tz, &R,
BEIBNTHLPLETIEALBN T2,
ooz bhs, ZRrFrOiRFIZBNTHK
HIEHAE I L 2 EE ST TR, MY oEE
LT, TOHEECLEND LI LIRBE SN,
F— & L—7%, BB THREEEET L
725, ZHRIRBEEOKRE SPMUOIMIZLKE
Motrlw, F—F2 L —7ICL DB HEES
NBCRAZLaES SR L, REKkT—H

-
—

Autoclaved

—4- 1989
L2000

Twig

oS

11
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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 (08), inner scales (IS}, florets (FL) and bracts (BR)
dissected from winter buds of Japanese pear ‘Kousur’ 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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Dry weight (mg)

Nov. Dec. Jan. Feb. Mar. Apr.

Fig. 27. Seascnal changes in dry weight 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.

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.

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

Tnitial ice nucleation temperature{C) Ice nucleation activity(C)
Non-Autoclaved Autoclaved Non-Autoclaved Autoclaved
Petal —~73 =034 —98 +0.7 ab —101 £04b =127 = 0.3 ah
Stamen =113 £09b —115 £08 be —141 £09 ¢ =7 =10h
Pistil —108 =04 b =130 =07 c -139 £12¢c —-154 =14 b
Sepal 68 £00 a —83 £05a —84 £02 ab —102 £06 a
Receptacle —-68 £00a —93 £05ab —69 =01 a =102 =03 a
Peduncle —73 206a —-78 £04a —82 £04 ab =108"E07 8

Means indicated by different letters within a column are significantly 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 =061 207 £011 873 £02
Stamen 111 £005 020 £0.01 817 +07
Pistil 053 £0.03 0.02 =0.00 966 0.7
Sepal 1024 =073 151 =010 352 £0.3
Receptacle 47.10 =559 691 090 854 =04
Peduncle 55.75 +319 6.84 +061 878 £06

Values are means of six replications + SE.
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i MR L3, TOOERICED
BEEXZIRTV. =K FLOEHBLFH—F
=¥ TANEAR, BT { 2N TG HED
Mz oIz, MBAOEBEE (FICH 258
BT HIZL b %o T, KRIHESERSLTIFL S
EHFEL2EBWIRERTWS, T/, =k F
YOEGFICBWTIE, ERFICHBT B AEMERE R
DOAFAEIME T3 2 22 THRIRIFEAE T 3
LiiHEszhTn3 (Liaok, 1997).
FEOHBRLERIIEEEEIIBI2EELRR
HTHY, i coREEEEL, #EICEY
(2 B D B 7 & ORI R ATE H
Lffbh &/ FLFEREOFHRE L LICE
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biiTwa, LiL, BMEOREIARERTH
L1012, FEIHEC I L REERE SRS V.
MY RREEEIC L A2 EOERE HWE Lz
EbITbITwaEY, FEMELRR2HEGT
EDHETITRRESTRY (FE, 1985).
CHNETAPMLACHET A LVES L
TT77Y VB (ABA) I AIFEEhTED,
MAR R ABAMLEE > TRIBHIEZ RS T 3
ZEding 2FXF (Mantylab, 1995), %
BED—HTHBHF ¥ (Ishikawab, 1990 ;
Tanino %, 1990 ; Ishikawa®, 1995) % & THIS
NTwa, LL, ABARELYO X ) L#HIck
o TERFEZRS LT a2 20wTiddb T
giro Tnizwv, —%, HYRERSWEO—>
ThHhobrIVy AEVBIZ, ABALM-4HEH%

RL, THBERMPA L AOY 7+ MEED
HeLToEEbiy (Seob, 1999) 2hTH
D, FREREENAFLY v AE CBRLETR
fl (Wang - Buta, 1994 ; Gonzalez-Aguilar 5,
2000 : Ding &, 2001, 2002) ShTHH, =Fv
T OEBRCBITHERA P LAICHLTHHEE
Wil < WEEEASE 2 b, F2TC, AETEY
¥ AE AL (PD], npropyl dihydrojasmonate))
2 & BMEFREREA T RETH B0 E I HIc2nT
g L 7.
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D, et T 2GR % 19994 4 H18H ({EFEHD) ,
4 H21H (wBAfl), 4 A30H (Sh5E) (2RI
L, EBRMAL LA (5E30). EARBILE 2
BELEHKICIT o, TRbLERIL B85 %E
2RYIIFLyOLIZAN, 5C, 0CTERF
h30FToFH L%, 5 C/hogHEET-
5CEFTHLE. —5CIKEL-HATT CICH

Pink Balioon

 Full bloom Young fruit

Fig. 30. Growth stages of ‘Kousui’ Japanese pear;
pink, balloon, full bloom and young fruit.
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L7, BEOERERZ L3I TOLER (0-
BESEL, 1-Kk HTWIEBE, 2- 1681,
WX TEE, 3-2628%) ThoblLi.
2ADEADHERL7EF ) 3 F N FHLREK
ez, EEIDS 3~ 4 B HET, BERER
HE, BEOERELLIZ6ETRZETIT- 72,

$72, 20004F1Zi3 4 A16F (AEE®) (CPD[E
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BRETLIEELTRLL, BERABLTT-7 &
WL-HEREEIEE) TR B LI AHTL,
WA RSOy ard 4 Lk
L, kDR LF L yORICANIZ, FO
BT I—AANRCRBELAEOOREBE T
ANz, #0O#ST, 0 CTEREFRIGTTOF
WLz, 2C/howHEET-3, —5 -7C
FOHHL. REREIELLBET, £hE
FUKHRC 1M, @< EMML, 5CT—E
MbBuwi-#, fEftfed, Ede, B3, BT
M, BT ED), EHICBEL, BidLR
¥, EREHRHEISLBX L3 7L,
BEORBIII0H ¥ 7 T ollE 2Ty, KRR
MARFHmL 2.

WA IO W TR E Ao » #
M7, B NEABAILOWTEFREFNY
L7 AEHERE2EIWMTRREBYT
Hh.

EERIZHWPDIISHESAENTY v AE L
FHOEREN LD, (LENIILETHE1:D
B ToRBIIELTBY, FLTEL0ESE
ABAX D L EBMETIVRVWHREZRT L EL
ShTwid (P, 1997 ; Gemma, 2000).
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[ Cont. B 4/15PDJ 5ppm

{7 4/9PD} 5ppm
A 4/9 PDJ 50 ppm

4/15 PD4 50 ppm

Fig. 31. Injury index and ion leakage (%) of PT}]-
treated florets of ‘Kousui’ exposed to —
5T for 1 h in 1999, Freezing injury was
rated on a scale of 0 to 3 where O=no
injury, 1=ovule and pistil were damaged,
2=damage spread to receptacle and/or
peduncle, 3=flower damaged compietely
Vertical bars represent S.E. (n=6)

E731% 2 HAT8% 2 /2. T bbb, PDIL
AR OIEFIC BT ARSI 2T E
HAEmABES bR, L L, PDIMERES
MEHOMIZ, —E0fEnE BT ECiizes
ho i EEH (4 HISH) oRBIZBW T,
4 H 9 HOPD] Sppmitfi LB THEFHR 6h
THED, HROBVI AL £/, HHEY
(4 A21H) BT, 4 H158 ®PD] 50ppm
BALHEREPRLRENS -7 b, HRY
(4 A30H) BV TIENERX, LEXDOMICH
BLEIRDOSh o7, ThPEEFAT -V
DENZLELORON), FhL L 3 PD]OMLER
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HicXab0hohid, SOLZAAHTHS.
W0MEDFERER, THbLRAESICBY AT

(A) Balioon stage at -7°C
[ Cont,
@ FDJ 5 ppm

0- }“
{B) Fuil bloom at -5°C

Petal Stamen Pisti Receptacle Owule Peduncie

n
L

Injury index

—y

Injury index

Fig. 32. Effects of PD]-treatment on injury index of
flower component organs; petals, stamens,
pistils, receptacles (including sepals), ovule
and peduncle of ‘Kousui’ in 2000. Florets at
balloon stage were exposed to —7C (A)
and in full bleom to —5C (B). Freezing
injury was rated on a scale of 0 to 3 where
O=no injury, 1=water soaked and slight
browning, 2=moderate browning, 3=the
organ was completely damaged. Vertical
bars represent SE. (n=10)

EH, WAMOEROBRRBE L OBRHEREN
HEEARIORLE. FICHFEMHOPDJREL /-
HEEERIZBNT, -5CoRBABRE,
526%7%5223%, 400%7H 5196%~&, BHE
RHEFRD L Twiz, FRICBEIIPVWTS,
AEEM B S RN & L ICPDIRAEIZ ST
FRPZ ZEMTH -7 (BR2E). WETHS
229, BEERARICBVWT, FTHREORED
TIRHBTER2REEEBID, RESPETY
LBV THEEOEENALNL, REOETEED
IR S A B EF N Twholz, =k
¥ FEK OEROSERSEIL, FTNENEN
T 5 REMNELRL L EZ DRSS, PDJML
I EAMICERORERRE L 5D, KREEL
ERL 7.

HEDEHZ, =k FEK OERCE
T AEROEER, PDIREICL > TRANESNS
& o 7.

TR I /B BEE

=k rFy FERK OEBOERET I/ BEE
PESRICRLA, B2E2MITRLALICI
BO7 B>V THRE, EETEL. PDIR
BIITE QER, HETW, #ETV, KR, fEEE
SLEMERYBEVZLO) B LUTIERICBVT,
ooy a) yEREENSE. BIZECS
WTRNERE 484 u M/gFWTH o 7-DIZH L,
PDJMLBR X2 BT IE8.82 u M/gFW 2 9 2 £51Z
MLz KRICTANS KB, YV 3 VR,
Tz VTS5 v, PDIABICE b ED L7

Table 4. Comparison of cold tolerance among different parts of ‘Kousur’ Japanese pear flower as expressed

by ion leakage (%).

Ion leakage (%)

Treatment Petal Stamen Pistil Receptacle Peduncle
Balloon stage Cont. 3B7 17 317 = 40 623 = 149 871 = 119 802 = 33
at -7C PD] 5ppm 151 = 39 188 = 21 438 + 75 745 £ 14.0 765 = 99
* “ NS NS
Full bloom Cont. 224 £ 37 408 = 31 319 = 34 526 = 104 400 = 6.1
at-5C PDJ 5ppm 211 = 1.7 282 = 6.1 268 £ 59 223 £ 68 196 £ 32
NS NS * *

NS, *. **. Nonsignificant or significant at P<0.05, 001 by Student' s t-test. Petals, stamens, pistils, receptacles,
and peduncle dissected from blooming flowers. Values are means of three replications * SE.
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BEaEt), v, EHNicEeT, Hshice
BEEVFLEALL. B408KTAHSE, PDIAL
HIlEsTAZ -2 - TBHT, Sz
—ARERIIBTHLRICEM L. EfiIZE
WTIEE7ZNT P—ARLERL, VY F—LidH
T, {ERIZBWTHEMLE $I3IBTRLEL
FIERRARCBIIZBETRIRT o0l
v, B (FEEEd) TREgEsE, e d
=, Zh 3= RAERMMuOEAIHAE S o
%, PDJIALEEIIHES v, EETEREELHOS
RS FICERICBVWTE, Fra—x
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Table 5. Effect of PDJ treatment on free amino acid
content of ‘Kousui’ Japanese pear flower at

balloon stage.

Free amino acid content (4 M/g fresh wt}

Flower

Peduncle

Cont. PD] 5 ppm

Cont. PDJ 5 ppm

Asparatic acid 322 233
Glutamic acid 494 368
Proline 434 832
Glycine 028 026
Alanine 0.36 127
Valine 0.81 0.65
Isoleucine 1.09 094
Phenylalanine 051 0.39
Histidine 0.63 043
Lysine 0.16 0.11
Argmine 0.75 1.27
Total 1808 20,15

* 269 318 NS
* 269 275 NS
* 016 023 »

NS 099 029 *
NS 164 077 *
NS 072 046 NS
NS 057 027 NS
* 054 022 NS
NS 043 015 NS
NS 014 004 NS
NS 024 014 NS

NS 1126 851 NS

NS, = **. Nonsignificant or significant at P<005, 301 by Student' s
t-test. Values are means of four replications.

Table 6. Effects of PD] treatment on sugar content of *Kousui’ Japanese pear

Suger content (mg/g fresh wt)

Treatment Fructose Glucose Sorbitol Sucrose Total
Flower Cont. 020 £ 006 028 £ 005 079 = 014 399 = 0.76 527 £ 098
PDJ 5 ppm 108 = 0.28 249 £ 051 6.81 * 017 2056 £ 399 3093 = 459
Peduncle Cont. 022 = 004 037 = 007 264 = 0.36 569 = 1.74 816 = 234
PD] 5 ppm 049 + 013 186 = 041 454 = 1.32 1108 = 356 1797 = 432

NS NS NS NS

NS, * *, ***. Nonsignificant or significant at P<0.05, 0.01, 0.001 by Student' s t-test.

Values are means of four replications % SE.
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Table 7. Effects of PD] treatment on sugar content of ‘Kousui’ Japanese pear flower in 2001,

Suger content (mg/g fresh wt)

Treatment  Raffinose Sucrose Glucose Fructose Sorbitol Total
Petal Cont, 184 = 048 187 £ 035 1034 = 056 2125 = 041 1030 £ 043 4529 £ 1,19
PD]Sppm 095 + (.24 507 £ 194 1628 + 351 2450 = 1.37 1068 + 092 57.00 £ 6.60

NS NS NS * NS NS
Stamen Cont. 172 £ 038 6.65 = 0.56 893 = 121 751 = 049 298 * 0.39 2751 = 112
PD]Sppm 164 = 047 536 £ 1.00 1318 = 347 1041 = 157 440 = 028 3472 £ 610

NS NS NS NS * NS
Pistil Cont. 156 = 016 932 = 1.09 685 £ 1.01 334 = 053 2107 = 241
PD] 5 ppm 322 = 097 364 = 045 1268 = 1.66 846 = 103 396 £ 074 3142 = 322

" NS NS NS *
Sepal Cont. 060 £ 0.08 245 = 069 1209 + 074 1164 £ 060 1203 = 046 3871 = 183
PDJ5ppm 224 = 076 289 = (42 1521 = 1.96 1145 + 0.60 1103 = 076 4234 = 314

NS NS NS NS NS NS
Receptacle Cont. 069 = 021 331 £ 042 7.10 = 043 6.37 £ 0.78 521 £ 0.34 2246 = 123
PD] 5ppm 081 + Q15 484 + 075 1420 = 165 849 = 101 6.27 = 0.28 33504 = 237

NS NS h NS * -
Peduncle Cont 100 = 018 129 = 0.33 580 « 0.44 388 = (.32 1793 = 126 2957 = 1.35
PDJ5ppm 259 = 094 251 £ (11 954 = 176 481 + 047 1749 £ 104 3650 = 221

NS * NS NS NS *

NS, * *. Nonsignificant or significant at P<0.05, 0.01by Student’ s t-test. Values are means of six replications * SE.
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(Kozukue &, 1984 ; Szalai®, 1997). =%HY
WWBITAT I/ BROERY, AMLARIRROH
BAATH LY, CoOBEORRREEL AN
LTwaEEZLNTYS (Bohnertf, 1995).
B rEYOEPIIBNTHRBUEORM, 7oy ¥
HRIEERL (Kushad - Yelenovsky, 1987),
FAEEMEL VROV TRENT I E
ERFEMLU TS (Szalaid, 1997). 7,
7)) IEKIZFETBETT L, SVBHHEA
ERAH-sTwhz AL TW S
(Withers - King, 1979).

w7 IR KERECAESESLT
WAHZEBHLENTVE, EohTErNa—2
PRLFZHEDRIEL, YVEr—L, 57
1/ —AbHFVHFRTR Y (BHF, 1982). 4H
DEBRIZBNTH, KERABRIIL > THEELRT
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EREFE LB ERNEATH 2. —F, B8R
BuTRYMVE =N, ¥ 2—RAHPDJULEIC
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BATEEELHANTLBE0H o HEHEE (b

Sasaki® (1998) 2 & WIFEBWHEDZEILIZHES
KA L AHERENE, EN b oEE'oEL
FEEBELTVREE NS,

R OIFIVKE T OERICEALES, 168
EBERHTAECLETCERFETEILENETES
(Carter®, 1999), —¥ R MBL-TEEFiT
HFuOIVEF—ABITA7O— 25BN
mL, oK, BEAREIfrsBRE IR
(Durner - Gianfagna, 1991). FHFEIIBITL=
RYFIOEFIIBWTE SO, YNVE F—
VB L UCEESESPDIEIC L VML, K
BEOTT) RV LE P LR EOBESBED
£RIIHBEOREEE L ET S¢, #oRs
HT AN EERSRIDT, oF L ERIC
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mgEh. T, EERLERICE) BAORIC
b, BEIREBESY N7 ENRALOBEICLD
{13 (Sakai - Yoshida, 1968 ; FH, 1959) XHh
b LhZy, PDIMBIEM OISR
MERLR, 27 BEBZFRITIEELL 2D
o7z, L7283 CPDJALEC ¥ 2 {EiRBEOHEN
i, TI/BEINIEoOEREIMERLEER
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4 XFAFIEREREITEL L5, Langd
(1994) k- THEIR T A, KRLEDR
b, HEMNRABAREIZI - Th, a4
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B, 1995). RO RIE, KEO—HETHEF
¥ ¥ (Ishikawa®, 1990 ; Tanino&, 1990 ;
Ishikawa®, 1995) % & THLNTWD.
KiRABREOEE > HH T & ~-PDJLEE D
ABAFEIX, HHEEIZHALENESVERIR
Shi Fiz, BMTHRETLEFR—BERL
DHETIE, HEVPLLRWKIZIEABAEERYS
Moi. ABAGRMEL 28T, b
NEEORFFRONLdh o720, TEWHIZHR

D Cont. *
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g
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o
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< 100+
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R .
Petal Sepal Receptacle Peduncle
Fig 33. Effects of PD]-treatment on ABA contents

of flower component organ ; petals, sepal,
receptacles, and peduncle of ‘Kousui’ in
2000NS. *. Nonsignificant or significant at
P<00h by Student' s t-test. Vertical bars
represent S.D. (n=3~5)

Table 8. Effects of PDJ treatment on ABA content in ‘Kousui’ Japanese pear
flower at different stages, Flower (petals, stamens, pistils, sepals and
receptacie), fruit and peduncle were dissecied from flower clusters.

ABA content (ng/gF.W.)

Balioon (1999 4.18)

Full bloem (1999, 4 23) Young fruit (1999. 4 30}

Treatment Flower Peduncle Flower Peduncle Flower Peduncle
Cont. - 144.1 - 5203 10925 628.0
4/9 PD] 5ppm - 4792 - 2004 2081.2 6658
4/¢ PDJ 50ppm - 12527 - 11415 7844 4262
4/15 PDJ 5ppm - 770.8 - 904.3 12531 2849
4/15 PDJ 50ppm - 5291 - 3965 14441 3284
Signuficance
day - NS - NS NS *
concentration - NS - * * NS
day X concentration - - - - - NS

NS, *.* Nonsignificant or significant at P<0053, 0.01 by ANOVA
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Fig. 34. Model of changes in low temperature
tolerance, abscisic acid, sugar, and ice
nucleation activity in floret of
‘Kousuil® Japanese pear during
hardening and dehardening.
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Fig. 35 Hypothetical principles of low

temperature tolerance and frost
injury in flower bud or flower of
‘Kousui’ Japanese pear,
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Fig. 36. A possible pathway of PDJ application
in ‘Kousui’ Japanese pear.
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Summary

Most deciduous fruit trees require winter
chilling temperatures to break dormancy of
wintering flower buds. The buds sprout and
bloom as the weather warms in the spring.
These buds and/or flowers are prone to spring
frost injury while they suffer no frost damage in
mid winter. In fruit trees including the Japanese
pear, frost injury can be particularly harmful.
Fruit production is severely damaged during
the periods of blooming and young fruit stage
by spring frost.

The objective of this study was to examine
the mechanism of freezing and spring frost
injury and seasonal changes in the cold
resistance of the Japanese pear, in addition, to
determine if n-propy! dihydrojasmonate (PDJ]), a
synthetic Jasmonic acid (JA) derivative can be
applicable for preventing spring frost damage to
the Japanese pear.

1. Cold hardiness of flower buds changed in
correspondence with changed carbohydrate
levels in Japanese pear ‘Kousui’. During cold
acclimation, cold hardiness of flower buds
increased as endogenous ABA levels were
increasing from autumn to winter. Tt is
suggested that intracellular freezing can be
avoided by supercooling of flower bud or the
solutions miight protect the plasma membranes
and proteins from freezing and dehydration in

the Japanese pear.

2. Seasonal changes in the ice nucleation activity
of various tissues of Japanese pear ‘Kousui’
were investigated with the aim of studying the
manner of freezing, which is an important
mechanism for cold hardiness. The ice
nucleating temperatures of outer scales and
inner scales were maintained at between + 7C
and~ 5T throughout the winter months, while
those of florets and bracts markedly increased
from~126C to—6.0C and from—-104T to—
5.6C, respectively from late October to
February. In winter flower buds exposed to
subfreezing temperatures showed ice crystals
located in the space between florets and bracts
and within scales where ice nucleation activity
was fairly high This relationship implies that
cold hardiness may be controlled by the balance
of supercooling and ice nucleation in various
tissues. The perennial tree has hoth easy
freezing and supercooling tissues where they
are localized in the right place according to
circumstances to protect tissues against cold
stress.

3. Ice formation and propagation in the flower
and young fruit of Japanese pear were
infrared (IR}
thermography imaging system. The changes of

investigated with video

thermal response (exotherm} in freezing events
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could be
thermography camera with exotherm rise

detected using the infrared

accompanied by a marked color change in the
With first bloom flowers, the
temperature of peduncles decreased faster than

tissues.

that of the receptacle; the initial ice nucleation
occurred primarily in petals, sepals and/or
receptacle. Subsequently, ice was propagated
along the peduncle. The temperature of
receptacles was above that of peduncles during
the freezing test at full bloom; the sepals and/or
receptacle were initially frozen, then ice
nucleation was extended to the petals along the
peduncle. After blooming, high ice nucleation
temperatures were observed in the petal,
receptacle, sepal and pedicel while those of both
the stamen and pistil remained very low. The
more sensitive tissues to spring frosts were
different from the sites where ice nucleation
activity is high. These results suggest that the
sepals and/or receptacle where the initial
nucleation occurred may he an intrinsic or
extrinsic source of high ice nucleation activity in
flowers of the Japanese pear.

4. Effects of n-propyl dihydrojasmonate (PD]}
treatment on flowers of Japanese pear during
spring frost were investigated to study

mechanisms for avoiding spring frost injury.
PD] applied during the flowering period
resulted in a lower injury index for the ovules
and pistils after freezing tests. Average ion
leakage in control flowers was 37.9% during the
balloon stage at - 5T, while the flowers treated
with PD] displayed a 16.6% ion leakage.
Similarly, at the full bloom stage, PD]J treatment
reduced ion leakage at —5C from 73.1% to
478% in the control The organs of the flower
more sensitive to low temperature stress were
the ovule, pistil and ovary, but stamens were
more resistant. Sugar content in the flower at
the balloon stage was increased by PDJ] when
treated at the pink stage. Moreover, free amino
acids, especially proline, and ABA increased
similarly with PD] treatment. It is suggested
that increasing endogenous ABA levels
accompany sugar accumulation and controls
osmotic pressure in cells stimulated by PD]
treatment to the flower of Japanese pear. These
results show that PD] affects supercooling
capacity of a flower by changing solute content
and protects organs from freezing.

From a practical viewpoint, the present
results may be useful for designing frost
protection programs for horticultural crops.



