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B OE: U5 2,6 - “HEGEHIR (INAD XK JS B LS P (1175 4 F A LU R Bvs PR A0
YU SR TE S FE R A B8 k. 45 SRR A RI4 0.5 ¢ - L INA 4bF 5 0 34 64 12, 24 h
FERBUR A, 9 8 d 5, INA AbFH SRS (199 B EL AL LU R ST A ks INA 2R FER 5L 1) H,0,
P A NADPH 4L BG4 20 04E 6 h F1 3 ~ 12 h WL s T3 i i b AUl (CAT) WS W AR T
W, PURMRALESE (APX) TEPERSIE T X, CAT A1 APX JE[A ik b2 B — s dmibl; WL T R
(CHD ¥&PEZE 04 3. 6. 12 h @ xR, 4 CHIJEVETE 24 h WS N, Xt IRAHEA4E, CHIL
A1 CHI2 JER R IEAERT 6 h W T M. 28 BTid, INA 5 5% 5 7 88 T SePum PE 5 i 55 2L RS 4
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Early Changes of Reactive Oxygen Species in 2,6-dichloroisonicotianic
Acid Inducing Tolerance in Postharvest Banana Fruits
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Abstract: 2,6-dichloroisonicotinic acid (INA) induces plant tolerance to a wide spectrum of diseases.
But whether the compound induced the deseases-tolerance in postharvest fruits and vegetables remains to
be clarified. We investigated the effects of INA on diseases-tolerance in harvested banana (Musa AAA
Group ‘Brazil’) and the possible mechanism. The results showed that INA treatment effectively reduced
the disease spot sizes on the peel of banana fruit when inoculated with spore suspension of
Collectotrichum musae during 24 h after INA treatment and cultured for 8 d. H,O,, a type of reactive
oxygen species (ROS), and the involved enzymes were analysed and it was found that the content of H,0,

and activity of NADPH oxidase, an enzyme catalyze the production of ROS, were stimulated at 3 h, 6 h
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and 12 h after INA treatment, respectively. In addition, INA treatment decreased CAT and APX activities
obviously, and suppressed the both genes expression to a certain extent. We also analysed the defence
enzyme of chitinase (CHI) and found that activity of intro-CHI and extro-CHI were enhanced at 0 - 12 h
and 0 - 24 h after INA treatment, espectively, and the expression of CHI1 and CHI2 genes were enhanced
lightly at 3 - 6 h and 0 - 3 h after INA treatment, respectively. These results strongly suggest that elevated
H,0; levels, resulting from enhanced NADPH oxidase activity and suppressed CAT and APX activities,
and the enhanced CHI activity are involved in the INA-induced disease tolerance.

Key words: banana; fruit; 2,6-dichloroisonicotinic acid; Collectotrichum musae; reactive oxygen

species; defense-related enzyme

AR F B EO IAR AN H, H AT B KSR R R AR B, HRCR A, H G s
VRS B A I (P25 e X RJA SRR — 28 B . A A b B s, w3 AR P U Tt

& Joyce, 2004; TEHME 5F, 2006). WKW, KR (Salicylic acid, SA). RFHHNE (Methyl
jasmonate, MI) FIZEIFBE M (BTH) SFALBE A5 3 R G RS PUWTE, IXLHE FHUm b AT
SIEMEE IR R (Liu et al,, 2005; Zeng etal., 2006; Cao etal., 2008; JEER#E 2%, 2010). K
DL, S5 PR A2 A0 A A R, SR AR A SR I, & P A S ] R 4 A
AR PR ) A 4> (Neill etal., 2002; Laloietal., 2004; Kwak etal., 2006).

2,6 - SR (2,6-dichloroisonicotinic acid, INA) Jf&—FF N T &K 45/IAITIRES SA 2%
BURAAE ) WEFTRW], INA REBUS TP R GIRAFPEDUE SV (SARD, $&45) 3% (510 1 (Hijwegen
& Verhaar, 1994; Basson & Dubery, 2007), {HHFIX INA 35 500 90 3 L4 rh AE A B I
R Ja R E R SPURMENTFTRIER D> CE AR, 2005 B ELI7 M5, 2009),

AHHFTH I SE INA XK G T RS2 HA B SRR, INA P57 2K N A GE 3
HPURPE, XFhE T RCR TYE R 2 I R 5 ), SR A INA SO0 RS B R S T BE B, A
TR 0 A FEPR T T INA 53R 5 A A R S0 huia 1 1 20K S L 5 R Sm MUK L A OGS 1
MIERFRIE AR R, ARG 1 AEDIB 6 E 5T LR R B R ORI B S B A 4

QY ViR SRS DARE

1.1 w8

g (BEJURED EPEEE (Musa AAA Group ‘Brazil’) 12007 & 2008 4K A M 4 3
X, SEFER/NGAT T HUE UG RSE, FH 0.1% I SRR UE 5 min,  FSRK MR, i
T4

IRIELI B EE A B AV R TR U IR BE T AR 2 B A R R P2 it PRI oE L0 S A 4 Bl B IR B
5 (PDA) Kid% 7d, HCWI/KIMGE e afr, Bt Bk 8o SR %5, HGEK
PR E 2% 1004 -mL .

INA 4 Sigma 2]/, HyOn WG4 B m A TRERE ST A =

1.2 A&
1.2.1 INA#FF42
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L INA WS TRAR KA E INA BB SUURAFEKRZE N 05g- L' KR E T 05¢- L7
INA VWP TGS (0.8 MPa) ¥83iB 40 5 min, VKA W 5 4k 5 min, DLIE/KEEAT [R) R b
RS AR, BOHBE TS T 04 34 64 12 A1 24 h BUFE, — 020 B S H T3 Mh R i 1 1
MO SR S DRI ) v, BT - 80 CHiH
1.2.2 A&

PTG (20060 B J72000 INA ALBRFIR; AR S 20 AN EMORIANI B, 35T 4 A9
BHER I 0.03 mm B LM HE, BT 20 CFEFE, 8d IHIE RS Rl 1200 BEA /N b
Witd . DURBEY R E A 7 R S (mm) TR BE R/

123 Hy0, & Z 80 E

i H,0, WFI AT e, RS HyO, i SAHIRAE A —Fh e 54, (ED% K 405 nm &
ARG, THEH H0, i B 1.0 g SR AW, HAZE/KEZR S 3 mL, 13 600 x g 2.0 15 min,
W 1 mL F3R 50 S AR 0 B AT SO N R 52, A4 HaOn btk 26 V15 U i H 0, e
FEFERIE 2 K, 3 IREH .

12.4 CAT. APX #= CHI 7 M 49m)5%2

CAT W& Z MR 24 2455 (20100 KL B, B 1.0 g BB EIEE, M5 ODyyo {HAE 3 min
WIIAEAL, DAAEZ 4T ODagg /b 0.001 2o 1 AMEERE J3 56 (U , FERIBEIGIELL U - g 'FW o8,

APX JE S R AA (1999) Kbk, B 1.0 g HAERY, WERAE, WE ODa fHAE 3 min
WIRAE L, DABEST T ODagg 32D 0.001 o 1 ANEES B0 (U , BESRIIEEETELL U - ¢ FW 0K,

SMUIUT BRI AN 1L T RS 2 18 Boller 25 (1983) (17774, B 1.0 g BN 4 mL pH 4.8
17 0.2 mol - L™ Na,HPO, - 0.1 mol - L™ #74£ R 22 i, 7820 FBE, T4 °C 18 000 x g 5.0 15 min, |-
TEBO KL I 1% K (DMAB) %W, 753K 585 nm LAl N — £ W 25 b i
B, DVREBEAN 0.01 A6 5 B T B — AN s (UD, U - g FW.

RAERE S IE 2 IR, 3 IRER.

12.5 @Rl & 423 F= NADPH ALEE7E P40 52

Z: [ Morré 25 (2000) 7 VAR HUAN ARSI e . U Y 12 g, JH 60 mL $2HG# [25 mmol - L
Tris-Mes, pH 7.8, %: 0.25mol - L ##%, 3 mmol - L'EDTA, 0.9% PVP, 5 mmol-L'DTT ( i
SRR, 1 mmol - L PMSF (8 FRELREEERD 14037, 4 )220 A1 9 . & T 7 500 x g 5.0 15 min,
35V 36 000 x g B0 1h, {REAYINE. YHEH 3 mL &I (5 mmol - L Tris-Mes, pH 7.8, &: 0.25
mol - L BEHE, 5 mmol - L' KCI, 1 mmol-L"' DTT, 1 mmol-L" PMSF) Fke, 75340 i JI s 3
FHEH

NADPH A6 B 00 52 4% Sagi A1 Fluhr (2001) 5 EHEAT, SR _Edk 40 S0P S A S0
ik NADPH AL~ A r3s e AL XTT[2,3-Bis (2-methoxy-4-nitro-5-sulfophenyl) -2H-
Tetrazolium-5-carboxanilide inner salt] KL R ZHHEME. RNAAR 1 mL 55 50 mmol - L ™
Tris-HC1 2239 (pH 7.4), 0.5 mmol - L' XTT, 100 pmol - L™ NADPH H1 20 pL f#)40 o st i g2,
I NADPH Jii#h W, XTT y/bsnlidid 470 nm &5, ASE(H (background production) HJ7E %
ARG 50 U SOD GEBSAALEALEG) J75 . B itk el it XTT L 250 2.16 x 10* M- cm™
B BAE T  ERE R, BA 05 pmol - min” - g FW
12.6 &ZEEZ CAT. APX. CHI AR & Ao £ A 541

Z M Wan Fl Wilkins (1994) [J#ABIRRVESE ISR A SR LIS RNA, ENBAFIH Takara
PrimeScript Reverse Transcriptase 77 )% cDNA & —%%, R4l NCBI &k £ )& CAT (ABV55108.1).
CHIL (AY525367.1) Ml CHI2 (AJ277279.1) JE[R BP0 RE 55 5 |4 v L 3R i DR ) 1 B
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FIFFLARA R APX JE DR E 115 40 IO <1 X 30 F 1) 55 [ 5o e APX JEERIIR B, AR AR i e it
BRI B R4 ¥t B35 19, K% Takara 3'-Full RACE Core Set WA &4 3 3 K, AR¥E [k FE A
(1) 37K P41, 4% Yang 58 (2009) JiEATHRER (LS FRid . RNA F BRI Northern 2448 737
HIEDR M AR iC AR IC 51 3 A - CAT _E3jf: 5-GTGCCCGGCATCTACTACTC-3', CATR Fijif:
5TGGAATGGGGAATCTCTCTG-3'; APX _jjif: 5-“ACACACACTGGGAAGGTGCC-3', APX Fiif:
5-TATTGGTGAGATGTTTCCGA-3'; CHI1 _Ljif: 5“-TGGCAACGCACTCAGAACAG-3', CHIl Fiif:
5'-GACCACATATAGTACAAGCG-3'; CHI2 [-jif: 5-ACGGCTCTGTGGTTCTGGAT-3', CHI2 Fif:
5-CTTCCTCCGCAACTTCTACA-3',

2 HiIR50H

2.1 INA IR & E R LIEMIRIER R FRHEEEAS N

BERERLLINA (05g- L) 4B, FABIE 0. 3. 6. 12 F1 24 h 3R R BT, ££ 20
T RREEFE 8 d Ja MEOR RS 1 BTk, INA ARBE ) 5 S5 BE B AR A0 S5 AN 1) i 38 S 3 /N 10)
MRS, HoA DL INA AFE S 6 h R BN . 45 KW INA A FEsgHE )G (0 h) Bl S &4
RS R TE, R HE D 24 h WERFETUR M.

[ o XfHE Control
12+ = INA a
b
E g 10} c
B g
Soogt d d c
Nl f
e et h
= 3
B 47
2 L
0 ‘ ‘ ‘ ‘
3 6 12 24
INAAL PR JS4R A B 1) /h

Inoculated time after INA treatment

1 INA KB 24 h HEFRERE 8 d HERRLNFHER
AFRIFRERIRE Duncan’s 2 B LT AR B3, P < 0.05.
Fig. 1 Disease spot sizes on the peel of banana fruit that inoculated with Collectotrichum musae
within 24 h after INA treatment and cultured for 8 d

A different letter showed significant difference at P < 0.05 by Dumcan’s multiple range tests.
2.2 INA SEFHEFRERE & ERE H0, & 5 NADPH S LESE AT NE

FHERE INA BIBFLG T 24 h WHERIRIE, R HO, B s AR 5 0 L
AFHL, {H INA AFEJS 6 h #R RS Ho0, B B m TXT I, 20 12.5%, e i b s A8
= (K 2),

NADPH 484k B P 55 3% P 48016 7= 4= 25 U0 M1 % (Sagi & Fluhr, 2001; Neil et al., 2002; Laloi et al.,
2004) . ALFEADGS R S NADPH 28 A0 S VAR A A — 3, INA PSS 3 ~ 12 h R K
JEE B, NADPH S AL BE AT BORSE =y, LU RS 14% ~ 22%, 24 h JG R RI75 2 0 h R0 17K
s XIS NADPH SEAGBEEPEAE 3 ~ 12 h iR TEA TRARAKCE, 24 h A BT m (B 2).
iR, A INA S FE AR B M 1) R I 2] H,O, % i (6 h) R NADPH AULEHEME (3 ~
12h) $#5E.
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gpil —
2750 . " *fH8 Control E .
g u INA = 2
= 2500 ks 2
: <8
= 2250 ¢ % ?:;
g 2000 | E’{ é
) T &
C, 1750 = %
==t % 5
1500 z |
0 3 6 12 24 o 5 p 5 .
INALLER fSHEF I 1] /h INALLER SR R ] /h
Inoculated time after INA treatment Inoculated time after INA treatment

2 INAREIF 24 h AEMREREEERK H,0, 27 NADPH SHAEHEMENTYL
Fig. 2 Changes of the content of H,O, and activety of NADPH oxidase in the peel of banana fruit during 24 h after INA treatment

2.3 INA L IBIHEMIRIER B & & R CAT #1 APX B R EERERIEH I

INA Lb BRI B 5 L SETE 24 h N CAT 15 1E) RO B0 TR (a3, {H INA AR SE ) CAT
W —EAR TR, 7E 6 h ISR 80% 2547 s INA AbFE X S s APX 3% 2kt HAT — 52 i3l 1
F, INA ZCFERSCH APX JEPERR 12 h 48, SR T, X IRT 69% ~ 90% (& 3).

MIERF LR (B 4) KA, 12 hii) CAT Fl APX JERZRIATR T 12 h 5. INA AR 7
CAT ﬁtlaﬁﬂ%ﬁifﬁaﬂﬁﬂ mARLEX R (CKO MK, 1X 5 CAT MG PRI R IR E AL APX SE A
FISANAE 3 h BT, e i) A E 2R A K. X5 Fid APX B 22 500 %150 e i A
ERAFEA 4 — 3

B L, INA AFRE S A A AU R, KR CAT R APX J5PE S CAT Al APX JE[A]
(2 IE 524N .
700 . O XH& Control
650 | ® INA 550 [
500
o 550 + £
o S0 ¢ 400 |
B T 350 ¢
z 450 ¢ S |
o 400 % 200
350 ol
300 ) -
24 o 5 ; S
INAL@F%%‘FE‘JHTIQ /h INA&D T 54300 G B ) /h
Inoculated time after INA treatment Inoculated time after INA treatment

B 3 INAKERE 24 h REMREREEERK CAT # APX FHEMER
Fig. 3 Changes of the activeties of CAT and APX the peel of banana fruit during 24 h after INA treatment

Oh 3h 6h 12h 24 h
CK INA  CK INA CK INA  CK INA CK INA

(T D S———— —— . —

A el T —

o _

4 INA RS 24 h BEMREREEERE CAT #1 APX BEEREHEL
Fig. 4 Changes of CAT and APX genes expression in the peel of banana fruit during 24 h after INA treatment
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2.4 INA LEMEMKERES ERKE CHI EHEAERERIENF T

Fi#%) CHI (Chitinase, EC3.2.1.14) j&—Ff 585 T N AT IR DK Al o) B S S 20 2 4]
CHI 35 PELE 24 h WIEARYEREAAS, 28 INA ACEE (PR YEZ A0 T 5, E 12 h Al 24 h [ EESEPE Lot
HEI N 15%H1 18%; % e 5L J2 9 47) CHI 3G AE 24 h INASAL AN K, {H 12 h 217 INA AL BEI5 L ) B 4
B, 6 h T PESE R s, AU LR R I 1% (5D,

M CHI FE R R IA B (B 6) nf L, CHIL Rk 6 h Jof A, CHI2 RikEAMLAK. INA
ARFEHLSE CHIL Al CHI2 RiX &35 3h 5 6 hy 0h 5 3 h H A, HeemE 55 (CK A%
AR 2R,

SR E, INA GRS A A AR PO R, R 214 D) CHI A Y] CHI W& My, rE—
EREE FAERE CHIL FI CHI2 JERIfHRIA .

450 1 O *HE Control 540 ¢
2 | EINA E sl
23 400 B
"en %0 500 -
SE 350¢ SE 40|
g3 £ 3 460
= %300 = = I
5 5 é& 440
420 +
_LE 250 '-E
= 400 |
200 . : . : 380 . . . .
0 3 6 12 24 0 3 6 12 24
INAKL R JEHEFR B 1] /h INAKL R JEHEFR B 1] /h
Inoculated time after INA treatment Inoculated time after INA treatment

5 INAAER 24 h AEMXKEFEEERE TN CHI F MR
Fig.5 Changes of the activeties of CHI1 and CHI2 in the peel of banana fruit during 24 h after INA treatment

Oh 3h 6h 12h 24h
CK INA CK INA CK INA CK INA CK INA

CHIT ——— N W W— — —
ClI2 - — . N —— —

o —

6 FERTLEZINAKER 24h PEREHE CHI RAREHER
Fig. 6 Changes of the expression of CHI1 and CHI2 genes in the peel of banana fruit during 24 h after INA treatment

3 e

INA & SA FIZ5HRTHRESRA) . WEFTRI, INA GES SR PO T, B R GRS B
PE (SAR) St V; HI INA ACFAGPIRERR . iy sliih 145 2 WA RS A BUR B B S N, R4 VR4 S5z
R RE A B R R A SR 142 # (Hijwegen & Verhaar, 1994; Basson & Dubery, 2007). #XT,
INA AbFEXS bel 257 5K 5 35 DU ME IR e W B A 8 b . B BRI 22008t (20050 R4 EILDT FI 24l
P (2009) AHL INA RHEAE W] § i W AUNAT R NPT RE ST . AWFFTHRA] INA ¥R B AL B
B, IFEZ A1 24 h WERD B R RIEIR R AR, 45 S WAL B S A [R] I (] B on) R i 7 R SR 5K
BIRAFHFYORER, DRI 6 h ISR PR R 4F, FEAE 24 h WABOREE— @ mdomte. ¥
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A R LS AT INA VBB A H 5 REWOR — R4 1A A 38 3 DA g LT 1

AR K EBIFRM, TS S ED A N2 5 i Bs,  ani ik WoR 7 . #4. o
Jo AN SRR A AR AR E BT A R E A S e AEA A2 B AN L 2 B e B T
D7 (10355 5 O RE JE I 1) 9 77 2 KB e PR 4R Coxidative burst) , — 51 EE IS G 4204k, 40 e AR
Fitk, FEUR R RALINGE, 55— 5Tk a1 56 A5 AR G5 S NG, A4 T4 4k
I R ) e S R0 . A B B RIS, 5 S AP ) Y. (Neill et al., 2002; Laloi
et al., 2004; Kwak et al., 2006) . BFFUAIL, SOk 175 5K G RERPURTEPE & 1 R A4
B TR S =GN, W1 SA ARFRAE AT SRR A I SR S (Zeng etal., 2006) , BTH
AL FR R TR G MR SRS (Liuetal., 2005) o BFFURIL, 1F INA 435 6 h, BRI
WE HyO, & & 21N A 56 HyO, % D) FH 611 NADPH AL E75PE (Foreman et al., 2003) 14
I, 105 1 BRI AR DG CAT A APX 3 M52 BUAS R RE (14036, CAT Fll APX [f1314 52 21 AH R4
ffilo Chan F1 Tian (2006) KILK G SA AbBAE ARk AL S HT0E PR 1) [R5t 2Z 905k 7 CAT 351,
R JG MI AL BEAR AT el AR RS2 R R 1R A PR S e 2R R B A%, ELYE O L MU AR AR
T CAT M APX 3&E, 1 HyO, S84 (Cao et al., 2008) o Ak, INA AbHIE S F&AE G
H,0, & & W3 5 5 NADPH LB IS PERI N, CAT FI APX [F3% 1t 5240 J Bk PR e i 16 T B LA %547
KR

RS F U A BAL SR TR G R 1 — e L BRI R IA RS, W1 SA AbFRAEHE TR
Bk CHI Fl o - 1,3 - S SRBE R )05 Pk S LRI IE, Wos T PraAbBi i = Y. (Xu & Tian, 2008) ;
SA Kb G T FIPEREAS R B Bt 7 ANPra b 8 R 3 AN JRAH SR I B, IR B R
OB R REOE T PURAHOCE B WEYE, MRS T PiiEE ) (Chanetal., 2008) . F3C4H%% (2008)
RISt BTH RE5 53 A4 P 5 B TS N A DG IR 2 T S R A 2 g CHIL K B - 1,3 — il SR B IR s 7
VEZ IR IR, INA ACBEAS R FEAEE T S dum & UIAH G 4] CHI A Y] CHI 3 1E, CHIL
FICHI2 (PRI RIATG B — e FEE MG (3 fE3 ~6 h F10 ~ 3 h) o Kk, INA AL R
CHI J& P SRR A 5 & B Ui R s % V) G &

g BPR, INA ALFE RIS S A S L S hUR e, 78 INA ARFRS I 24 h N, STEREEE L
A K1 NADPH AL B S PR 0, 10 5 5 PEAUE BR 1) E 2R CAT, APX JE PE/D B s 4,
SEOR A B A 2 A A R 1R R BE A, TS 1 — R A B TR N CHI 3 N4,
DFFEIE R

References

Basson A E, Dubery I A. 2007. Identification of a cytochrome P450 cDNA (CYP98A5) from Phaseolus vulgaris, inducible by 3,5-dichlorosalicylic
acid and 2,6-dichloroisonicotinic acid. Journal of Plant Physiology, 164 (4): 421 - 428.

Boller T, Gehria A, Mauch F, Vogeli U. 1983. Chitinase in bean leaves: Induction by ethylene, purification properties, and possible function. Planta,
(157): 22 -31.

Chan Z L, Tian S P. 2006. Induction of HO,—metabolizing enzymes and total protein synthesis by antagonistic yeast and salicylic acid in harvested
sweet cherry fruit. Postharvest Biology and Technology, (39): 314 - 320.

Chan ZL, Wang Q, Xu X B, Meng X H, Qin G Z, Li B Q, Tian S P. 2008. Functions of defense-related proteins and dehydrogenases in resistance
response induced by salicylic acid in sweet cherry fruits at different maturity stages. Proteomics, 8: 4791 - 4807.

Cao Jian-kang, Jiang Wei-bo. 2005. Control of black mould disease in ‘Yali” pear fruit by the treatment with ASM induction after harvest. Acta
Horticulturae Sinica, 32 (5): 783 - 787. (in Chinese)
WAERE, UK. 2005, KJE ASM 175 A FIG RS AL S AR . T & AER, 32 (5): 783 - 787.

Cao SF, Zheng YH, YangZF, TangS S, JinP, Wang KT, Wang X M. 2008. Effect of methyl jasmonate on the inhibition of Colletotrichum



272 P S 38 %

acutatum infection in loquat fruit and the possible mechanisms. Postharvest Biology and Technology, (49): 301 - 307.

Fan Lan-lan, Jiang Zi-de, Xiang Mei-mei. 2010. Effect of vulculic acid on the activities of defense enzymes of Alternanthera philoxeroides. Journal
of South China Agricultural University, 31 (3): 28 - 31. (in Chinese)

JUEZE, LT, A, 2010, 37 HORRKE HEA AR EON A 0o T AR IS SN IS PE R, AL RS 2R, 31 (3): 28 - 31,

Foreman J, Demidchik V, Bothwell ] HF, Mylona P, Miedema H, Torresk M A, Linstead P, Costa S, Bronlee C, Jonesk J D G, Davies ] M,
Dolan L. 2003. Reactive oxygen species produced by NADPH oxidase regulate plant cell growth. Nature, 422: 442 - 446.

Hijwegen T, Verhaar M A. 1994. Effects of cucumber fenotype on the induction of resistance to powdery mildew, Sphaerotheca fuliginea, by
2,6-dichloroisonicotinic acid. Plant Pathology, 44: 756 - 762.

Huang Xue-mei, Liu Ming-jin, Zhang Zhao-qi, Ji Zuo-liang. 2006. Preliminary study on induced resistance to postharvest disease of banana (Musa
AAA) fruits. Food Science, 27 (3): 224 - 227. (in Chinese)

VA, XUWIEE, GKAREL, FAERE. 2006, FHSRE VS SYURMEMVLEEITL. &iREE, 27 (3): 224 - 227.

Kwak J M, Nguyen V, Schroeder JI. 2006. The role of reactive oxygen species in hormonal responses. Plant Physiology, 141: 323 - 329.

Laloi C, Apel K, Danon A. 2004. Reactive oxygen signaling: The latest news. Current Opinion in Plant Biology, 7: 323 - 328.

LiuH X, Jiang W B, BiY, Luo Y B. 2005. Postharvest BTH treatment induces resistance of peach (Prunus persica L. cv. Jiubao) fruit to infection
by Penicillium expansum and enhances activity of fruit defense mechanisms. Postharvest Biology and Technology, 35: 263 - 269.

Morré D J, Morré D M. 2000. Application of aqueous two-phase partition to isolation of membranes from plants: A periodic NADH oxidaseactivety
as a marker for side-out plasma membrane vesicles. Journal of chromatography B: Biomedical Sciences and Applications, 743 (1-2): 369 - 376.

Neill S, Desikan R, Hancock J. 2002. Hydrogen peroxide signaling. Current Opinion in Plant Biology, 5: 388 - 395.

Sagi M, Fluhr R. 2001. Superoxide production by plant homologues of the gp91™* NADPH oxidase. Modulation of activity by calcium and by
Tobacco mosaic virus infection. Plant Physiology, 126: 1281 - 1290.

Terry L A, Joyce D C. 2004. Eliciters of induced disease resistance in postharvest horticultural crops: A brief review. Postharvest Biology and
Technology, 32: 1-13.

Wan CY, Wilkins T A. 1994. A modified hot borate method significantly enhances the yield of high-quality RNA from cotton (Gossypium hirsutum
L.) . Analytical Biochemistry, 223: 7 -12.

Wang Wen-juan, Wei Chao-jun, Zhao Jian-zhong, Feng Qiang, Lu Ping. 2008. The study of BTH-induced resistance to Alternaira alternata f.sp. mali
in apple. Chinese Agricultural Science Bulletin, 24 (5): 213 - 218. (in Chinese)

TOCHS, BRI, ML, D SR, B YE.2008. JRIFMEME (BTH) FSNRPBLATEREIIIT. PIEASEHR, 24 (5): 213 - 218,

Wang Yue-hua, Xu Lan-ying, Pang Xue-qun, Huang Xue-mei, Zhang Zhao-qi. 2010. Postharvest BTH treatment induces resistance of Mandrin

(Citrus reticulata Blanedo ‘Shiyueju’) fruit to Penicillium digitatam. Acta Horticulturae Sinica, 37 (12): 1901 - 1908. (in Chinese)
VEBRAE, PR228%, PEiFRt, MTHE, SRIEIC 2010, FRJFUE M PR S R R OB FRIRTT # BTk, [RIZ24R, 37 (12): 1901 - 1908.

Xu X B, Tian S P. 2008. Salicylic acid alleviated pathogen-induced oxidative stress in harvested sweet chery fruit. Postharvest Biology and
Technology, (49): 379 - 385.

Yang X T, Pang X Q, XuLY, Fang R Q, Huang XM, Guan PJ, Lu W, Zhang Z Q. 2009. Accumulation of soluble sugars in peel at high
temperature leads to stay-green ripe banana fruit. Journal of Experimental Botany, 60 (14): 4051 - 4062.

Zeng K F, CaoJ K, Jiang W B. 2006. Enhancing disease resistance in harvested mango (Mangifera indica L. cv. ‘Matisu’ ) fruit by salicylic acid.
Journal of the Science of Food and Agriculture, 86: 694 - 698.

Zeng Kai-fang, Jiang Wei-bo. 2009. Effects of 2,6-dichloroisonicotinic acid treatments on postharvest quality of mango fruits. Transactions of the
CSAE, 25(3): 267 - 271. (in Chinese)

BT, EhK. 2009. 2,6 - UMM AL BN T R ISR G SR . AR TRESAAIR, 25 (3): 267 - 271.

Zhao Hui-jie. 1999. Determine of ascorbic acid contents and ascorbate-peroxidase activities // Insititute of Plant Physiology & Ecology, Chinese
Academy of Sciences, The Shanghai Society for Plant Physiology. Guide of experimental techniques of modern plant physiology. Beijing:
Science Press: 315 - 315. (in Chinese)

BN, 1999, IR MR & 5 K HUIN MR S A B is k(K g /7 b I Rb 2 e B R AR BRSO T, BT R s 2 AR R
BYCHRTE. Jbat: Rlepmifrat: 315-315.



