2 % #2010, 37 (12): 1901 - 1908
Acta Horticulturae Sinica

AAE_WAIBRERSKEVERBNIEREER
BT

. 1,2 v 1 - A e 3 1 1,*
IR, R, BEEES, HEM, KR
RN E R REREE R, M 510642; 2 Bh L BHE B g, 4l 528231, gl k%4
mEFEERE, TN 510642)

H

W E. Iy BERG (Citrus reticulata Blancdo ‘Shiyueju’) HSZHEAT K FEME — 14 (S-methyl benzo
thiadiazole-7-carbothioate, BTH) BiEANM G EM TR H WA T, 12 h J5RITT B85 5 0 A husAe ¢
11 CR-CT1 Fl CR-BG3 ik K F3A FAE Il 30 1) 4k R i /K1 ANIF) IR J3 BTH A3 5L S5 (1) 5 93 26 R B
RS L A, LR L 0.025 g - L BTH ACFEFIZC R e hs BTH ACBEEE s T R JL T i (CT) B- 1,
3 - RN (GUND. RNZARMZEEE (PAL). ZB% Ll (PPO). 45 (POD) &AM H0,
i, R BTH S R VD RS F e hum vk 5 35 CR-CTL 1 CR-BG3 M i iA5%, CT. GUN. PAL.
PPO Fll POD S5 AH KT A HyO, 75 8§ i 8 DIAH K
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Postharvest BTH Treatment Induces Resistance of Mandrin ( Citrus
reticulata Blancdo ‘Shiyueju’) Fruit to Penicillium digitatum
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Abstract: Induction of disease resistance is one of the important strategies of biological control on
fruit postharvest decay. The mandarin (Citrus reticulata Blancdo ‘Shiyueju’) fruit were inoculated with
Penicillium digitatum after vacuum infiltration of Benzothiadiazole (BTH) . Results showed that the
expression of CR-CT1 and CR-BG3 substantially increased 12 h after BTH treatment. The morbidity and
lesion area of green mold in mandarins, and the in vivo disease incidences of the fruit were signicantly
reduced by different concentrations of BTH. BTH treatment induced the activities of CT, GUN, PAL,
PPO, POD, and evoked the increase of H,O, content. The results suggested that strong expression of
CR-CT1 and CR-BG3, enhanced activities of several defense enzymes and H,O, content are all involved in

the induction of disease resistance by BTH treatment in mandarin fruit.
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YD BERE (Citrus reticulata Blancdo ‘Shiyueju’) ¥1ZMHH, MEMitb i, KRBEE, HbT 52,
TERMCFIIE 32 v 5 52 A UBK A S5 R0 B B A2 Gt S 30U e, stUiiR A . Hrh k5% (Penicillium
digitatum) 20 B 115 1 R 1) 2r 0 2 B BERE R G B 2 E RN 22—

FIFHFED) B G001 A2 A P86 B HEAS N 25, T SR 5 15 S U I J7 T R 8T 10 4F kA
THAEPGEE, 2 T KR I s ORI ST AU e fi 2 — (Tian & Chan, 2004; JE“#Hf 55, 2000).

LD 0L 905 I A1 432 35 AT R B R R G ¥ (R P RE J) (Chester, 1933). ITAFERIIWFFUARIL,
RIFHE— M (BTHY HAT WS IUETE, v S 2 My 4 e . B 8555 77 £ itk (Baysal
etal., 2003; Qiuetal., 2004; Liuetal., 2005; 2= L4 %%, 2006; Zhu & Ma, 2007; F(75 %, 2010).
W9UE K Y], BTH B2 PURE S DB LR R A%V 0K Qung et al,, 2004). HEH
K BTH 554 S5 K SR G008 1t J7 T A 5T 32 B4 rp AR R R A B K R I AR (Qiu et al., 2004).
Bk (Liuetal., 2005), ## (Zhuetal., 2007). %! (Cao & Jiang, 2006) It/ (Wang et al., 2008)
&, MAEARBRAR R KR BRI ST IE  (Terry & Joyce, 2000).

ARV T BTH  ARBE JERFIR ER AR 7R 70 Bl A SR SR 5 R 5 11 R i F A G A PG
fith, A BTH 7= vb Wi A SR SR J5 7 S 2 )L B FH AR A B8 4R

1 MEETHA

11 #RlRAbTE

7PBERG (Citrus reticulata Blancdo ‘Shiyueju’) 52T 2009 4F 10 H T MH LHu R, SRl
Je RIS ] AR A R R T S

ERETCHURS . oW . KN RI G E — B RS, T 0.1%38 FOM DR, T,

— IS BEIRA 0.14 0.05. 0.025. 0.0125 A1 0 G D g - L BTH K (G 7 /KB & 0.05%
Tween 80), 7EMCIRA T (0.08 MPa) BiEALFE 3 min, %K PSR 3 min, BUHEIT, 12 h
JERRHRIRE EER T, T3 d 6 d IS5 R R B A

ARy RS2 0.025 ¢ - L BTH #Wide ik 5 asiB b B, 23051+ 04 3. 64 12, 24, 36h
HOREREAT HE N T 20 M, AR 1) (LIVBB AL B S TR 12 h R SR SZRER o 0 d) BENLEL 5 4
s, WRUIRRS, BT - 80°CIAAE, T A B bR L N R IE T

12 wmEESSE

95 IR IR T 22 (Penicillium digitatum), AR5 VBRSSO s Fad oy s 4k, o
578 7d 5, MEMIRRIBGE ER T, #EF5 0.05% Tween 80 TG A FE /K b, L BR Tk
W, I I AR P R KRR B, BERCRE .

1.3 RGEMATEREFRE. RRERANE
BTH b 12 h Ji5, FKBEBETE R ST FE AR AT AL G 3 mm, EHA 2 mm), &
FLAIA 10 pL 2.3 x 10° CFU - mL™ #0IR T 2510 TR B, & THRIMEN, 7820 C. RH 85% ~ 95%
FAF I, e WIEORE, TR R SRR L, MR AR, RRACEEIT B 60 A, HA 3 K.
RIZE (%) = R MEER S % 100, JHBEIA (mm?) =3.14 x GERER2) .
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1.4 CT #1 GUN E R #y5e fERiE 5 XBE N E

BURNA FIFEUT ¥ A P2 . 4% I GenBank H1 8 5% 1) ©.%0 CT 1 GUN HEPX G LR AR T 541,
Wt 3R U T . DAVDHIAG S 5 RNA OB, RO & it cDNA. B 10 pg & RNA,
105 R 1.2%5 IERH B IR LT AR P B HL vk, SAMSIRIG AT 4 CUKHI#5 o X3 TR DNA
HEATHAL B, K H] PCR DIG probe synthesis kit (Roche Applied Science, Mannheim, Germany) )&
17 DIG #ric i) DNA EF . X0 HERG LT BRI B - 1, 3 - fi AL A 3" At cDNA J7 4111 e
B, 4y 9lan4 4 CR-CT1 fil CR-BG3.

K H Northern 258197772, W57 BTH 42 )5 (1) CR-CT1 fl CR-BG3 #KiA1f#l. Northern 2258 £
S RFE S0 : BGPF 51414 5'-CGAATGTCGATAATGCAAGG-3', BGPR 5144 5'-ATGC
AAGGTGATGATGCAAA-3'; CTPF 5|4y 5'-ATCGACGAATGGAAACCATC-3', CTPR 5|44 5'-GA
AGACTCATTGATCCATGT-3' (Heetal., 2009).

JUT Rl (CT) 3&PENE 230k CEERI, 1997 M#8if T4, 1997) #47; p-1, 3-
RPN (GUND 752 2% Mauch 55 (1984) [H1751%,

RN IR AN (PAL) Z By L H (PPO) Flid S AL M (POD) i 4 i 225 g 24 B 55 (2008)
(7715

H,0, & &I5E 5% Zhou % (2006) (K71,

2 HIR 50

2.1 BTH&IBEAREEPHEZBRE CT #1 GUN B8R RFE /Y FRIE

JUT il (CT) FIB-1, 3 - b (GUN) JERIMAA N 515 S Hum P28 DA O i w5 Ao i
AMKE A AT THE BTH ACEEJS 2 K IR n I B9 R R B 08, el 1T vD B SR B 1
CR-CT1 fll GR-BG3 LK J£-#E4T T Northern 2¥48, i Fl i & 5 #F Quantity One AbHE,

i (B 1) KB, BTHAH)S 12h N, F ) CR-CT1 Hl GR-BG3 B[ [ R aA 7K -2 i 3 o8,
BE G2 T %, %0 BTH ALHLfEM 5 S CR-CT1 A1 GR-BG3 KL [1#iA, JLLAMALHS 12 h 2 &
Uf. PRk, BTH ALHLL 12 h JG FFREA T #i0 Eepp A 2 4 £

JE SR (INT * mm)
366 527 382 2123 121 102

435 40.6 103 137 45.5 43

CR- BG3

h _
AT B 3h 6h 12h 24 h 36h
Control

1 BTH ERTE A E I HEHE CR-CT1 1 CR-BG3 BEERIRIE
Fig.1 Effect of BTH treatment on expression of CR-CT1 and CR-BG3 genes in mandarin fruit after postharvest prophase



1904 P S "3 37 %

T TR BTH A2 05 1R v A SR S5 e 5 4E RF 5 1) CR-CTL Fl GR-BG3 JE [l (1R IA /K
Sy RPN [Nk A ) SR B R R DR IR AT T 0o A 2 T %0, ARZE BTH AL R 0] iR S,
760 ~ 10 d B 5EH AU GR-BG3 JE A 9938k, 1 BTH 4 12 h J5 (0 d) RKIA R EHH,
FHAE 1R 3 d R FF I B TE, 7 ~ 10 d Rk 59 AR S CR-CTL JENAE 0 ~ 7 d 47— & Kk,
BTH 425 12 h (0 d) B#FiFF TR ERL, BARMEMEN 1~3d K&K, HET7dHM 10d
CR-CT1 JERIM 4 RF A — i (M R IR R

2 I (INT * mm)

41.7 173 329 51.5 248 127 276 47 103 81.9
CR-CT1

0 152 198 146 565 186 985 953 87 0

CR-BG3

rRNA

0d 1d 3d 74 10d 0d 1d 3d 74 10d

fHE Control BTH

B 2 BTH #1 BABA b MR Ik #i048#% CR-CT1 #0 CR-BG3 EHERiX A1
Fig. 2 Effect of BTH treatments on expression of CR-CT1 and CR-BG3 genes in mandarin fruit after postharvest phase

2.2 AREIRE BTH B30 HEHE R K A& % R FE T E R A9 20

RSERIFIEDLANR 1 FToR o YORRG FSEEANFIREE BTH ALEE, 12 h Je i fa ik i &, 12
20 ‘C. RH 85% ~ 95%%cfF P73k 3 d 16 d, A[FEIWRAE BTH AbHEGE S Sk 9 2 #A — 1M 2%
R, RSHEBOHABAEE (P<0.05) MNFXEES:, Hrb0.025 - L'BTH 31V G S 2505 K&
IR R s 6 d I, 0.025 g- L BTH AP SR SR %A 82.3%, FRBEMAR N 403.12 mm’;
TR A SRS [ AR R 26 94.03%, R BEIA A 919.28 mm?®, WJEHT 0.025 g - L~ I A GEX Vb b
T RS S, 098 B T AR ) R0 T B
# 1 BTH EMPERREETRGEMEREBEAFREMREMRAIN

Table 1 Effect of BTH treatment on the disease incidence and lesion area in mandarin
fruit inoculated with Penicillium digitatum

3d 6d
BTH/
1 RIFR % BT BY mm® RIGHE % 93 PETAI R/ mm?
(g-L7) . . . . o .
Disease incidence Lesion area Disease incidence Lesion area
0.1 72.63 b 1391 ¢ 91.20 be 437.06 ¢
0.05 87.97 a 22.36b 92.53 ab 701.97 b
0.025 60.33d 12.95¢ 82.30d 403.12 ¢
0.0125 65.03 ¢ 13.58 ¢ 89.20 ¢ 41992 ¢
X H# Control 90.60 a 29.29 a 94.03 a 919.28 a

2.3 BTH 4IEXF;0HERF RS CT 1 GUN BE R TERI R MG

M 3 A5, SRS Il FE v R SRS CT A GUN S MR TR T, 5 RS bt T F
B, 0.025 g - L "BTH AP ) 52 PR BEG PE — 1w TR S, 6 d It RS2 CT MG 476
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U-g'FW, ifii BTH 4B 520 662.67 U - g 'FW; XF IR 52 GUN B#E R 17.49 U - g 'FW, 1fif BTH
LEFRIG N 5476 U - g 'FW, UiH] BTH ALBEATEE CT A1 GUN 3&E PR3 5

- 70 —
8001 o pH
700 - %} HE Control 60
600
—~ < 50
& =
E 500 £
- %y 40
‘o ;
5 400 =)
£ 300 z
QL
O 20+
200 4
100 104
0 :7 I L L I 0 L L L I}
0 3 6 9 12 0 3 6 9 12
I K% /d Days of storage I K% /d Days of storage

3 R[5 BTH SEIHEHRE CT # GUN FiERIRIE
Fig. 3 Effect of BTH treatment on the activity of CT and GUN in mandarin fruit after harvest

2.4 BTH AIBx 0 #ERE RS PAL #0 PPO BB ARSI

MIE 4 TTLLEH, oL Re g, voBERE BLsL PAL 1 PPO RIS A B8 T ffia#, {H PAL
BEGPELE 9 d IR R w0 5 FFUR T % BTH AbEE SL5E (1) PAL A PPO 1P — B i 6 AR S, Wi B BTH
AL HE 0 B S VR S PAL AT PPO S5 .

—e—BTH
—=— X%} HE Control

500
450 |
400
350 t
300 f
250 |
200 t
150 t
100
50 T

PAL /(U-g' FW)

0 3 6 9 12 0 3 6 9 12
I K% /d Days of storage I K% /d Days of storage

B4 RfE BTH AR SERRIE PAL F1 PPO IR
Fig. 4 Effect of BTH treatment on PAL and PPO activity
of mandarin fruit after harvest

25 BTH &IEx D #EBRSE POD E§E 4R H,0, & 2RI MH

eI fE b, G SRSz POD IS PELE 6 d LLBFaE, 6d GiidiThE, BTH AL T,
X RS HyO, S s AE a3 LT, SR, JFH BTH ACPEAE 3. 6. 9d WREEHm X, i
M BTH AbPEAE 525 32 =y iR S S2 /) POD v PHEF! H,O, & (K 5).
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—e— BTH 1400
5F —=— X%} HE Control 1200 -
-~ £ 1000

g 3

= 2800
on [}

2 £ 600r
3 =

8 Q, 400
ol

200 -

E
0 3 6 9 12 0 3 6 9 12
I K% /d Days of storage I K% /d Days of storage

5 RJF BTH B3 PIEFRS POD #1 H,0, EEHIFME

Fig. 5 Effect of BTH treatment on activities of POD and content of H,O, in mandarin fruit after harvest

3 e

BTHALH 5 TR Ja /K R pPum bk O — kil (H R BE R Fo #lin, BTH
AEFRE T T A AN SEPR UL R S5 N JL T JBeiiSE sl (CPBI3FICPBI 13) HRZIRE, T
HHOWE (Qiuetal., 2004). 200 mg - L™ BTHALH A% W 5472 i 5% o WE SR 920 75 25 B IO ok, A 3
395 BRE T B A B K903 2R BAARG, 42 55 FEPAL . PPORITPOD G 1 A2 ik 22 By FTH, 0, 25 %% (Liu et al., 2005)
EFFE (Zhuetal., 2007) . %L (Cao & Jiang, 2006) . FlfJl (Wangetal., 2008) % [-tf5 1 R
o FEARRPIRERAR R RS b, HETOC T BTHIEG SR G Pui PE R IE IR 7 .. TerryFlJoyce (2000)
J110.25 ~ 2.00 mg - mL™ FBTH I AL BE S AL REMR, R IR G FSAES C N KB I & eSS T2
d, W77 i T 15% ~ 20%. VOHARG A SR R RPIR R AR R LS, AR R, 18 9K BTH
Ak A i k2 AV A SR S I A R R BE T AR . BTHAE F (iR BE BT S AR I 5, IR — e
50~200mg- L' (Liuetal., 2005; Wangetal., 2008) .

VMR, JLT M (CT) RIB-1, 3 - MM (GUN) MGt SHYIPUmR A %P5
2 OCHERWT, 1997; M#BIURITH, 1997) « B-1, 3 - MHEWEEEAL T BRI K i, mf LA
BRI R LR A A0, 5 TR BB PE (Klarzynski et al., 20005 Latunde-Dada & Lucas, 2001;
Smith-Becker et al., 2003) . AF7TEE FKY, BTH AH )5 12 h #iAEi% S CR-CTL Il CR-BG3 F:[A
PRRFLFRIE s BTH ALF AR GE 4k Frvb Wi 70t 0 (5] CR-CT1 Al CR-BG3 HIKIA/K Y-, X5 Qiu %%

(2004) AAERPRERAR R K EAG 2125 L — 3. AWFFUERIL, BTH AbBEEVDREARG R SLE CT
Al GUN JEMERAL T /K, IX 5 Inbar 25 (1998) WFST4E F240L. Al WL, BTH AbFE S vbHH
T B SEHURE A 5 HAB S CR-CT1 F CR-BG3 2 A i 22 14 R4 mr v B B 52 CT AT GUN 35 1% A

RN RN (PAL) SR 0I0; T N R fosw % DIAH ¢, BTH Reli oAt PAL 3% AN
SRR AARH (Stadnik & Bughenauer, 2000) o PPO %2 5y 254 5t 484k A 1 LA S A J5t 25 i 44 1 2%
HS1EH, SHYPURTEEEA SRR, 4 BTH 4H 3K (Cools & Ishii, 2002) . i (Soylu
et al., 2003) Z5[) POD G AR R F T, 25 T RLHIPUE RV, H0, IR R 5 Skt
PEZRYIAH IS, PR IR 52 HyO, S = (Torres et al., 2003) . AHWFFKIL, BTH A-FE4R 5
TVPBERG S PAL. PPO Ml POD &Mk, f21F T35 HO, R &, K H] BTH AbFE 5 VMG R St
9o P (1 o g 4 v R ST 2 o 1 A M AR AR I T BE A D) G &R
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25 LATIR, BTH AbFEAE & 2 00 AR W SR AR 7Y /K SRy K o S B0 1K A, BRI T Vb R
SERI AR IR AR BEI AN BTH AbEE i Sy S se o P 3 i 5 SR 52 CR-CT1 f1 CR-BG3 &A1)
FKiE5E, CT. GUN. PAL. PPO Fll POD “5AHCEE VG P $E i, LA HoO, 7 i I3 45 88 Ay
FEYIK R
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