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)55 95 D v A I AR AR 5 3 ) i 1l o 7
AR T — FR G B AR 2R L BE A8 A R ) 5 D T X
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3318 10,20,30,40,50 mg/mL B EE , 43 51 W B
1T mLEHRE A S 99 mL #5161 PDA 855 56 72
SR AT B 28 AR B AL i BTH 78 PDA iy
2B W 43 51 S 100,200,300,400,500 pg/ml,
LA A [F 8 DMSO B PDA 4R a5 H X I, LU
25 % Z2 TR R A B Ry B 6 BE L 5 vk B A iR R
1.2.5.8.10 pg/mL. 7E & 245 F%F BRF i o e 432 A
AR5 mm B AR ZERE (R 7 DE 2z,
25 CRHFR 7 d R W% A2, I B I R K
T3 P AT S A A TR A A BIL AR S DA B X
AEE v Y N N RIS (N LY i (A ET R S
SR HH R I 5 R A O B (EC0)
1.3 FFHIKR

TAEZ(EOER 12 cm, 255 15 cm) PR B3
BB 3 bR S . BRI — B HE
Hi (25 2 A i) #4708, F BTH ALK 50,100,200
peg/ml = R SR (45 0. 05 Yo kiR —20)
A3 HEAT W 55 A0 B, 0 R OE R TR 34 S 5 A T R
H. UKFEKBIE/ESTE FOHER 3 K. BEE
10 88 . B FABE 3 d T 2P (10° /1
T/mL) FEARTERN 3L R 28 d J5 ARG . W%
M 0~4 &, 5 FekiifE S B Brake™ Mg IH % 1Y
J5 5 IS 1 48 B O gD R VA ROCR (B R0 .
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X 1 4 — b P 5
Xt HE O fi

14 HHLPERERRE
AR A R AR 3 bR 5 B0 5 [
— LV R AT L 2 1 A S IS T R B
100 pg/mL 1 BTH ¥ Wi 5 b3, 754k, LUK
TR 5 25 Ab FRAE X BR . 4300 T AL BRAT 1 d A3 R L
K AD TR JS A R RARE 1 IR SR T d, AL BRREHL
KA 3R K /IN B A AR R 0 A A2 R A
ALK G R A E R, 8T —20 CIRAE. i e
FRE R AR 58 5 T VR I SR B,
1.5 ERRENRE MR NE
DN EM (PAL) . FREL0.5 g FAN
BZERES AR P, m A 1.5 mL % 5 mmol/L
Hik 2 B 0. 05 mol/L W IR 2% vh i (pH 8. 8),
0.1 g2 £ I Mk 1% o TR A1 /> By D, K Vs BIF S e 2
K. BAKEEA 2 mL B 7E 4 °CTF 10 000
r/min#5 0> 20 min, b5 W R H B 57 B T T

By 5% = X 100%

PE BRI A2

FE 35 S R R 1 mL B, 1 mL 0. 02
mol/L B L-ZK TN & R. 2 mL ZEB K. Bk
4 mL, DL Gz o g AR i i R X BRSO VR EE T 40 °C
AKIE AR 1 h RJE A 0.2 mL 6 mol/L HCI &
1SR, R A0 43 6 6 BE T AE 290 nm 3 1 4b I 2
W AR, LA AR /NI B SRR i OD fEAE 4R 0. 01 Fi 1Y
it £ Ry 1 ABEIS AL (U

2) i E AW (POD) . HLO.5 ¢ HAW LR
S BEER T, A 1.5 mL A Y W R 28 b T
(pH 7.8).0. 1 g % &M M1 o P i 20 it 47 Db, vk
BB A1, B AR 2 mL B0 14 °C
R 10 000 r/min &L 20 min, & BB N B, 5
T A

it 3% I E S AR R 2 2.9 mL 0. 05 mol/L #B§#g
ZEvh (pH 5. 8),1 mL 0. 05 mol/L 16 A 1.
1 mL 2% H,0,,0. 1 mL . LAZE b i A0 8 Al )
JyXF B, 37 COAKI AR 15 min, SR 5 G A VK i
HLIEIMA 2 mL 20% =R LR (CTA) 2 1k b7 98
J5 5 000 r/min B> 10 min, & 4 E)5. 1E 470
nm AR ST WO AR L LA 4 B A e RE & OD (.
A4k 0. 01 T W 1 AN EEIE SR (UL)
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T, 0. 1 mL B LS O AR R R O X IEL
37 CKGARIR 15 min, 2R 5 M A vKE L I8
A 0.5 mL 6 mol/L HCI £ 1k 52 , #F 525 nm K
A0 7E W AR, DA A B e AR L OD {22 4k 0. 01
Jv i S 1A B A (U

) E ALY I AL (SOD) . SOD () 48 By 2%
5 POD WyAHIE , BEE DU5E S AR & 2 1.5 mL 0. 05
mol/L B2 2% h & (pH 7. 8),0. 3 mL 130 mmol/L
Met ##,0. 3 mL 750 pmol/L. NBT % #,0. 3 mL
100 pmol/L EDTA-Na i 0. 3 mL 20 pmol/L #%
2,0, 05 mL B, 0. 25 mL Z€IR /K, B A&
3.0 mL, H 2 X AS LZE b AR B i . TR
JEH 1 SO B B TR AL HA A4S E T 4 000 1x H
JEXT R R 30 min, 458 2 G IE L — B, [ 45 R
J& s AN BTG I X B 25 0 2, 43 il ) 7 H At &%
EAE 560 nm Ab A BE A, LA 3 B g SRR S 0 o
50% NBT YGfbid B i it 1 /B & B0 (UL

SYJLT BifE. 2 M Boller MY 1% 77 32 3F- w%
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etk . PRI 0.5 g AL IR ZEFEM L AN 1.5 mL 0. 1
mol/L i Z B 2% vh 8 (pH 5. 0) vk BF B, 10 000
r/ming 0> 15 min, FE W FE 10 000 r/min F BB
> 10 min, b V& W R A L 7 BT T I I E

it 3% 0 5 B I AK 2R B 0. 4 mL W A 40
pL 100882 B, 37 “COK¥E I 30 min 5. ATA 0. 2
mL A&, A K% 7 min, ¥ H E A
2 mLVK B BR A 1 mL 1% XF — 43 6 P
(DMAB),37 ‘CA#£ 15 min, &5 W & I AR & 7E
585 nm AL MIMOEEE (D) . LK 10 min 15
F1%) TV o o X6 B, SR WO R 25 MH (R VIR D 1
Wk 25 AR HE X R D (B L X BB N- 2 Ik 2 55 4 2 4 (N-a-
cetyl-D-(+)-glucosamine, NAG) ¥y i il & 25 i 7=
A NAG &, TH A B TS A, DB e e 7E b
WM T B84 1 pg NAG i a1 4
it 3% B (U5

N- 2 ok 220 356 ) 2 A A T 2 10 22 1« oA 1 .
0.1 mg/mL B NAG %W, B 6 X T35 4
(0~5), % 3 1 A3l 50 JF 76 ¥ K ¥ h = B 15
min, WA G FE 420 nm I S N ) WO B (E.
DL S BE R AR B L NAG 555 0 B A bR 22 il A i
HE

&1 NAGHREMZRIEEZR

Table 1 The reaction system of NAG standard curve

A 2 5

Tube number 0 ! 2 3 4 8

NAG Jii st ¥ B / (pg/mL)
NAG concentration

NAG & /mL
NAG volume

P R 49 2% 1 IR/ m L 5
HAc NoAe buffer .o 0.9 0.8 0.7 0.6 0.5

BAAL A/ m L

Potassium ferricyanide

0.0 10.0 20.0 30.0 40.0 50.0

0.0 0.1 0.2 0.3 0.4 0.5

.o 1.0 1.o 1.0 1.0 1.0

6)B-1.3-% RMHMEE ., B-1. 3% 5 WH A (1 48 By
ESERBULT R, B E R KR TE
WA P A 100 L 1 mg/mL i B A5 £ 8 % A

100 pL B, 37 “C AR 30 min J5 32 BIMA 1 mL

DNS ¥ W 2 1k i, R & Tk s W6
5 min, KRB EE G, T 540 nm H A0 2 W
FSEREME . LAWK 10 min 2% 3 0 il 9 R b v X B8
SR HR WO B 2 (R R it WO B L D80 25 A ME X RGO
JEEAE) o % RECR 2 0 A o ot 2k A o A R R Y A
THRBEE AL, DU ve AR S TE 37 °C T A b
HEAC AT Z 0™ A 1 g 0 %0 W B B 5200 1 BRI

AU

HIRIHEAS fE M 2 2] MERRECH] 1 mg/mL
R PR B 6 LT iR i (0~5) 41k 2
AR F G F b K 2 A 5 min, &5 A
2 mLZEWE KAE 540 nm T M 8 I W V& B9 W O BE {H .
DI A R D\ A s, 1 45 0 5 it R B A AR 2 i bR
YE 2%

%2 BEABEGERSRNEKR
Table 2 The reaction system of glucose standard curve

W
Tube number
] g o vk R/
([Ag/mL) 0.0
GLU concentration

AR/ mL

GLU volume

0 1 2 3 4 5

100.0 200.0 300.0 400.0 500.0

KK/ mL

Sterile water

DNS/mL .o 1.0 1.0 1.0 1.0 1.0

2 ER55MH
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TNEE I DEME IR FRYIGR 3) . BTH X F&#
A2 0 TR AR AR s, H ECs 929, 9
pe/mL, 53R HEH £ W R (EC,, =4. 74 pg/mlL) H
Fb . PO 3 25 S W 0 2, PR IR o DA TR 20051 R AR 25 0
BTH #-A & BAE A # HLAR 0
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Table 3 The results of BTH toxicity to Foc 4 in vitro
e - Z
i) ST BC,,  MRARD
.. egression Correlation
Fungicide . (pg/mL) .
equation coefficient
7RI e e _ .-
BTH y=0.06x—3.56 929.9 A 0.97
=0 B ;
2NZHR y=11.03x—2.33 4.74 B 0. 89

25% Carbendazim

1) 3 T [ B0 B 5 A TR) 7 B 2 7% AR B A) Duncan's 37 & W 22
GyHT2E SR B3 (P<<0. 01) .
the same column are significantly different (P <C0. 01) by

Data with different letter in

. , .
using Duncan's multiple range test.

22 BTHMEERERWEHHH

RIS ZE R YRR 50 pg/mL i, &
9 e X BRRRAIG 24, 3 %6, B3k 66. 6 %605 4 i i ik
JE4 100 pg/mL B, BiALA 55. 6% MR E R
200 pg/mL B, B AT 33. 2%,

F 2 4 AT, B 2 R A3 I 9 R R
RIA BT T B A sk W R AR X AT RE O
BTH 7 B i Bt tk 52 089, BTH 1F h — Fh i 1115 5



%3 B A5

I 2 A G A %

PO A FEARR BE T BB POROCR B M7E B R R
ST B A B HURCR .

x4 BITHMNEBEHERMIEHBH"

Table 4 The control effect of BTH on banana fusarium
wilt in greenhouse
BTH
ke i e )
oo B P e {Vih @‘ixﬁ'l/ﬁ
(pg/mL) . Disease Control
Incidence . .
BTH index efficacy
concentration
0 67.60 = 1.61a 38.20 £ 1.76 a —
50 43.30 £ 1.07d 13.30 £ 0.55d 66. 6
100 48.50 = 1.38 ¢ 17.40 + 0.39 ¢ 55.6
200 53.30 £ 1.22 b 25.80 + 0.98 b 33.2

1) 2% b ) 50 B0 J5 H A R ) 5 £ 3% 75 4b 4 8] Duncan’s 7 &
W42 5 8 3% (P<C0. 05), Data with different letter in
the same column are significantly different (P <C0. 05) by

using Duncan's multiple range test.
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1) ZRTN &R i & B (PAL) O35 PE . PAL B G
PERYI E S5 R E 1 iR . S50 R b A AT IR
WY PAL BTG ME7E BTH AP S 2 d s 3 m, Jf
K B K AP 3 d VS ) E R K. 2 R —
HAERTEIEH KF LR ¥sh, X &P BTH b B Xt
PAL TG MR AR K,
350
300
250
2200
:« 1504
100
50

—+CK
-+ b P Treatment

P AL G PE/U,
PAL activity

0 1 2 3 4 5 6 71
I A]/d Time

1 PALEGEMMTK
Fig.1 Changes of PAL activity

2) i E ALY (POD) W 1E ¥ . POD i 15 o Y
MELE R E 2 ron, BTH AR EHT 4 d HFAE
KN POD B IS PERFZE T A5 4 d 35 3 65 s K
L5 d A AR .6 d 5 IR AR X B T B K
X R BTH A3 x; POD B 16 PRI 5w T 4 IR,

3) Z By E AL (PPO) 3% M. PPO W 16 % 1Y
W E LS BANE 3 fras, BTH &35 PPO B MY
B KP R KR T X IR fE AL B S 3 d 3k B — A~ 0
fH.4 d.5 d JEHFTREAL, 6 d J5IF b A2 1T %)
K,

—-+-CK

600 -# b Treatment

500
T 400
=300
200
100
0

POD % /U,
POD activity

2 3 4 5 6 71
IS E)/d Time
2 PODEgEMEREL
Fig.2 Changes of POD activity

25; —-+CK
- b H Treatment

I 2 3 4 5 6 7
BE]/d Time

B3 PPOEEMEMEML
Fig.3 Changes of PPO activity

4) #HE AL Y AL B (SOD)Y RY TG, IR 4 FpaT
1, BTH AP 5 & 2 8 AR N Y SOD il 17 1 3 T
LS 2 d IR B DI 3 d.4 d 5 Il B OE
WKV, 5 d JE ik B AN E(E , 2 )5 SO BT REAR,
B —EHAERR KT

60r CK

50} = AbFH Treatment
= 40
T 30

0 1 2 3 4 5 6 7
i/ Time

B4 SODEEMEMEL
Fig.4 Changes of SOD activity

5)JLT Bui oy v . JLT 5T i T P A I 2
mME 5 Frac. BTH b3S & A8 R 8 JL T 5l 0%
PEFreE T B S 3 d iR B K .4 d R TR R
7.5 d SR IEH K. 6 d 5 P UG T OF 4E 55
R IKE,

6)B-1, 3-# RWEMIMIGE. WK 6 Rl L E
L BTH A3 5 A5 A W AR 0y B-1, 37 2% Wl i 1%
PEZERT 3 d FR2e A& (A B A ;4 d.5 d A
JrREAR .6 d IR XA Tt s . BTH b3S 81,
3~ SR Tt 110 TG T R T R
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S K (SAR) #2380 43 il 1) 4 16 8 5 >k 52 3009 5 B 760 il

P 428 Treatment TE PR TR R SAR A B ALK 2~ A

%“ 0 it BTH J& 7 A2 1 AR N 9 45 Bl B 260 6 0

% = XA T e, U PODLPPO.JL T R A1 B-1,

52 ST MAG P 4R P00 U X BTH

) B 95 AL 3L T 2 3 Ao 4R R A A A P I B AR O A

I T B V5 S A A7 SAR Sk 52 BLRY L I8 T BTH 76

Es5 JLTREEMEHEWL T B AL 225 1 B I L EL A BT N A S

Fig.5 Changes of chitinase activity HYIEN K PAL.POD F1 PPO 26769 541

S 600 o WiE A R R EAE U . PAL B ARE.

=2 5000 A Treatmen I K% 2 B B A AR 2 19 45 R PPO 1 2K 9 I

i ;‘22 AR G, AR A WA Y RE 65 U B 25 ) 5 A Ak

%2 00 BRI 2 5 K 5 R 194 . 1 POD 46 W40 9% 1)

22 100 F o A0 WA A Y DGRl . LT TR B-

ca OS5 ¢ 3 L, -F R SHEY MRt A E BN LR,

IHRI/ Time JUT BRAGEAN 1. 37 5 0 I 1 D 2 W i s JB 2

Ho PLIMERSELOZL TR A0S 6 9 120 L 6 2 M S T
Fig.6 Changes of B-1,3-glucanase activity
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P DA 3 v B LA B T DA S i e U A
Jo HE VR R O B A A SR B L 3 Ah . K it Y
W5 7 Ak i Mk B T BB AP A — 25 5, IR
e i 1Y 0 45 LA B R 5 E R T ol P 46 m] X A o
— 5,

BTH Xt 7 45 A 25055 1 10 = 0 8 S 45 R B,
BTH £V 1%k B #2295 TR 00 10 4 A A 8 1k
55, H ECy, 5 20 AR 3 50 7 it 1 0% ok B AR HL 2R NS
Z UL BTH XF 45 2 4 25 9% 19 B 2001 38 2% 7 5
IR AER . DAER BT 25 R WA UER] 7 BTH £ &
PR T X R Z B0 W I o LT o s
AR 45 R BTH X 7 2 HG 250 (0 B 35 H R
PR 56 2R R KL ATt S 4 T X 458

T AR R Y F 98 2% B, A W 09 R B 3K A5 B

24 M0 BE B B R LT ORI B-1, 3-SR R
X2 RHEGAR T REZ 5 TR W X D LB R B TR
L BRI, i] LAHE T BTH feil i i 5 A A 4 P 4%
ol 17 0 T 005 4 4 0, O i o S 2 SR AL 2K TR
A A AR PR A 7 0 T S PR AR ARG TR L R
SAR M X 7 R A 250 1 Bl 36 16 2 AR AR AT

e A L 375 S5 B 00N Jee ) B 2R B 5 50 2 H AT
1425 Bl A 27175 T 0 AATTHE B 58 HAR 5 A% B L] /Y
Al TE B T LA 2275 00 38 AR 350 9 AT RE A
BIF 5 o LA e R 10 FH AR 245 45 3 B3 M £ ot o Y T
e JUHRAG Iz B R AR 7 AR SRy
SR

2 % X #t
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Induced resistance of benzothiadiazole to banana fusarium wilt

HUANG Yong-hui'? YANG Mei* QUAN Yong-bing® ZHOU Er-xun®
1. The Technology Center of Zhuhai Entry-Exit Inspection and Quarantine Bureau ,
Zhuhai 519015,China;

2.College of Natural Resources and Environment ,South China Agricultural University ,
Guangzhou 510642 ,China

Abstract  Induced resistance of benzothiadiazole (BTH), a new inducer of plant disease resistance,
to banana fusarium wilt caused by Fusarium oxysporum {. sp. cubense race 4 (Foc 4), was investigated.
Firstly, in vitro toxicity of BTH to Foc 4 was tested with the growth rate method. The results showed
that the EC;, of BTH was 929.9 pg/mL, showing a very weak antifungal effect compared to carbenda-
zim, a routine fungicide. Secondly, the sensitivity of banana fusarium to BTH in three different concen-
trations was studied in vivo, and the results indicated that 50 pg/mL of BTH had the greatest effect of
induced resistance with the disease control efficiency of 66. 6%, and its control efficiency was descending
gradually along with the increase of BTH concentration. Finally, the changes in activities of six defen-
sive enzymes in banana plantlets treated with BTH were determined, and the results demonstrated that
BTH could increase the banana resistance to banana fusarium wilt by improving the activities of several
defense-related enzymes. Taken together,BTH is a promising plant disease resistance inducer by activa-
ting the defense response of banana plantlets. Therefore, BTH has a potential application prospect in
the control of banana fusarium wilt disease.
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