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Studies on the Characteristics of Crude Toxin Produced by Fusarium
oxysporum f. sp. cubense Race 4

YANG Mei, HUANG Yong-hui’, SHU Can-wei, LI Yu-ting, and ZHOU Er-xun’’

(College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China)

Abstract: Banana fusarium wilt was caused by Fusarium oxysporum f. sp. cubense race 4 (Foc 4) .
The changes of pathogenic activity of Foc 4 crude toxin after the treatments of autoclave, different pH
values, ultraviolet irradiation and methanol precipitation were determined so as to understand the basic
physicochemical properties of the toxin. The results showed that the toxin had a strong thermal stability,
and still had a strong pathogenic activity after autoclave for 20 min; The pathogenic activity of the toxin
would be reduced under both acidic (pH 3 - 6) and alkaline (pH 8 - 10) conditions; The supernatant rather
than precipitation had the pathogenic activity after methanol precipitation treatment; The ultraviolet
radiation could reduce the toxicity of the toxin. The above mentioned findings suggested that the toxin
belongs to a small molecule, non-protein compound with higher polarity. Furthermore, effects of the toxin
on seed germination and plantule growth of different plant species were determined so as to understand the
host specificity of the toxin, and the results indicated that the toxin had different inhibitions on the seed
germination and plantule growth of different plant species, indicating that the toxin was a non-host specific
toxin.
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PR FR B ) B BV 4L 2Y (Fusarium oxysporum f. sp. cubense) 5|7 (1K) 7 B Ak 200 42 — Rt A
Rl AR ISR PEG 5 (Jones, 1999 IR 2%, 2011).,

ZAER, A RPN Z W AIE E L % S O BAESE T HAE T — 24k ¢ (Bhagwat & Duncan,
1998; Matsumoto et al., 1995; BFiEIE 2%, 2006a, 2006b), {HiZIp ALK B2 7 AL X 1) & A= A
o WA B RS AR 2%, 2011).

JUIBRESE (2004) XA MR 15/ MR 4 5N R R EAT THIE0E9T, UE W Bk
DRI B FEAL 0T AR B 2 T I R B B I, B T SRS, MR R A e
BORI . MEEAE O REMA B BRI - 540 (UK 4, 2011 JEAl b, JFRAEERE
B 4 5 AR E NP RE R IR R U 35 2 AR PRI ST, 5 R A A 0 B BUR L A S AN
ISR B B RS AR A o

QY VR SRS DARES

11 ke

AR B AR A B FE A 25995 1 [ Fusarium oxysporum f. sp. cubense (E. F. Smith) Snyder et Hansen] 4
SAEBUNFIRERR, 432 H A& (Musa AAA Cavendish) RIRFEAE, 1 HE R AR MY K27 BT WP 3015 LB
WF9 48 58 E FORATE o« AT T 2008—2009 HE7EHE g A b K7 Rty MV Rty 0 B T 9 48 1) S 6 = At =
WEAT

I )R8 AR E BEAE IR ST R A 1 LT RS 5 v (WDIR D AR N AR A D) o

AR @ ER AR AR R T LRI % 7 4EF} (Brassicaceae): K
3% (Brassica pekinensis). % b (Raphanus sativus); 7ifif} (Solanaceae): B (Capsicum frutescens)
At (Lycopersicon esculentum). #fi ¥ (Solanum melongena); &£} (Leguminosae): K. (Glycine
max); #i/5F} (Cucurbitaceae): #%/I (Cucumis sativus); ARAF}L (Gramineae): LK (Zea mays)-.
JKHE (Oryza sativa). P30 B ZRA RMEE BEAEDIT T .

12 BEHERFBREFRRNSE

Z WA FERG B B A B A (B 2%, 2011) 59 : LAWILH pH 8 (1) Richard 4
B gRaE, AF 300 mL B IR 5 BB 2B, FEIRE 28 'C. FREEIE. Y 140 r - min FRIK L3R
PR IR 12 do BEIRA UG T 4 2 K 2D KOO DEARIL YRR TR, MBI 2R 8 000 1 min™ 240 15 min,
W R DA R TRIEM, SR ITC G & H o DAIANEZR K K B Richard 5577 56 H1 K B K A X o
1.3 BHERERFREFIERBUREMERNNE
1.3.1 FRAER (FEH) =ARE

S RAURM (1992) Kk % (1995) W77, K 40 mL AR UEEFRIEWRINA 50 mL 2
DN, FEENEEN 3/, MRS 3K (B, BWEAEEI KR Richard 15 IR BURTIK H K
PIRXT IR, BT 28 CHHIRART R, BHMEE., IR HFEMMEESRI. BERES N 0~4 9 (F
Hilg, 2009), tHERERE.

WIETRE = ¥ (BB ERE < SHE0 / A BRI x BP0 x 100,
132 BARet kAR 3EAT

SEHE SR (1993) M5k, EEMNFLE—ERE KEKNDAhE, Il L Tsmss,
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HCA 51 R — AL i, P TR AN I3 b O35 801D, e BERE g £ Skl p ot i R R %,
AR o U BEAG 29090 B B TR U8R 10 uL Behp T4H ) i b, BRI 5~ 6 AN, REALEE 3
Jrit, DUANEZTRP) KB Richard B FRMATUK R K X, BT ERCIEFRAT 28 CLRIERTFE, 3 d
e IS R It o
14 BHEMHEFRFHEMESZORBRBFEMENE

P £ T BEAG S0 B B TR UG T 50 Clef 25k, WA R JZARI 1/10, IANFAAR L1
LT wim- i e P, §HE 10 min, 2 IS AIA WA, AR AR OB E R A
HY 2 ke ZKAHS A HLAHZ AL 50 °C R leke 28 R Br 22 ML 7 oK 53, 43 20 s ek B ot 73l
We LB ErE, BASUREMEE OV R. MR, KR 2 KK R 2 55 72 i 1 JsL A4
FR (300 mL).

15 BHEMERFEASENERBLMERNE
151 ZERZHEAE

PR RLER RS (121 °C, 0.103 MPa) 4bBE 20 min, IR MESHTEMIE . BERL IR
e s A B PR R 75 25 k) B
1.52 pH/AA%

BT = KBTI ANE] pH E 22 M8y 518 pH {5 % 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 Al 10.0
Ji > PR ARIEIEAT AE A 52 o AN pH AR (PR 55 28 /K IR AN IS DA 55 25 1A 1R] pHL A 28 vk X L
1.53 BINEKRBH

2402k (Philips TUV G8 T5 8W AMT 4 2 37, 40 mL 8 R TREEAE HAR 12 om [P RS
FRMLPY, WEIRIEZ 0.4 cm, YRI5 G5 R A BRI B 40 cm, “EAMESRE ) 36 uW - em™) A1H

BRI B AT 51 104 154 204 25 F1 30 min J&, FIRARVEIHAT AN &, DAL INEH R
EDIbARIE

154 TEAHEMEZRAZFIERITLIELIE

) JE SR T I 2 AR R, T 20 °C, 10 000 - min™ 2.0 20 min, 3FPTEERSS S L
THHRAY s WGDUIETR o FHZZ KM R R 5 TR R AR, HIEH T 45 CR IR 28 % LRI, 1A
LRI R R IR UM AR, 43 ) PR AR B B A it e YR A X 8 20 IR B0 v 1k o 1R 1
BEFRFHEHNK PR IK Ry %) B

T LIRS ALBE 48, 96 Fil 144 h 5 i 2 5 Fa 4L
16 BHEREFRFRASENTEETHMENE

UK/ i — S AR B A T, H 3% Hy0, 323 20 min, ACFE S FKE KL 2 ~ 3
U ARG R K B K 2 R R0 SR B R P 3 ~ 6 h KPP Rh 2 i 2 ), HORL 3 259 5 mL,
I NERA AZ IR AR K R IR L, AR PR 4R8O TR g4l b, BRI S ~ 15 RiASE (fkM+
K/NITED

DA AH [F) A4 BR 1 281 7K A A by o) JRL, 00 8 38 00 P 7 09 R B R 2 AR Ky g R 2R
o b KA ) 2 T A A, I AR ZF 5 1 1 e A B 2F A i 1) K R IR
FRED.

R AN EIR (%)

ARANHIER (%)

ORI AR - ARBRT AR /XTI R % 1005
O FEIE 2R A - AR BRI 2R ) /R IR ZF G % 100
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21 BENMERFEEAZTRMEE

BORTETEIE R, MATHUZRAT 10 S R AR JOnt 7 80 BAT R BOwE 1, MKARY) A R
FBORIETE . DRI O AT HLAR SR ) 5 CRb A 4 o o #2532

100 - ©121°C 0.103 MPa

22 BEMEFRERERNERDUMR | mais cono .
221 i FHiE &R A ool Yo
WL R (1D RY, HERE M ﬁ;mf )
Jis A0 B 08 i RE 40 25 I 1) B AR 175 418 B P4 &7 ol =
(RO . ri
FERCPEAR AR T 144 h 5, s IS A BE R 48 96 144
HIM IR EOE R 79.33, XY 68.21. ALFBI ]/ b Treatment time
SRR, MERNEBURENS, &5 1 BREELENERBREMNEN
=S %Eﬁ}i E(Jﬁ%(ﬁlﬁzi/ﬁ\zgﬁ ﬂ[ﬁ . Fig. 1 Effect of autoclave treatment on the pathogenic

activity of the toxin
P =0.05.

RTUAHEWT, 8 5% (10 E00m G ) A AR
H (1) v v s R A BN ) P L AR

222 AFERARAG A

RIGEE R (B 2) KW, MBERKEB pH EXDH R R A — 25 Mi. 76 pH {H 7 I O
WD) B R BURTE A m, AEHL 48, 96 F1 144 h W B AT (090 15 i BOY AL AE m i va . miR (pH
3~6) Bl (pH 8 ~10) fE— L AR o AR 2 B0 & 1 -

O048h mM96h N144h

100

80

60

40 +

AR
Disease index

20

2 FF pH EXERBFFIEHORE
ARV BIR R A RF PR LR EREE (P=0.05),
Fig. 2 Effects of different pH values on the pathogenic activity of the toxin

Data with different letters in the same series are significantly different (P =0.05) .

223 SPEINK G EE

RIS &5 R (& 3) KW, AN R R 75 2= I 3G 1 H AT ORI o ZEAMZE IR 5,10 A1 15 min
I fa 8 2 B S A U W B ZE e AN W 2% . S 20 min 5, FHRE R DU B0W TG SURIRES . RN
TR 2R R %, RS 20, 25 F1 30 min B TS TR ECEA BH 221k
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Fig. 3 Effects of different ultraviolet irradiation times on the pathogenic activity of the toxin

P=0.05.

224 WEAMAELERERGBEREM®
FERETRRER R R, HREABE R FRROUIE R FEARG R, LIS R EF
TRHRWAFEME, BUREES SRR 2= (- 4. B et RlFERgE R (K05 K,

B4 BFERLER (2 RME (b) BEINBRGHEN

a. WZEAER P AR, TR /KA L 3 AN b WA A (R IRk . ToR/KRIGTER 3 M EAL.
Fig. 4 The toxicity of the supernatant (a) and precipitation (b) of culture filtrate on banana plantlets

a. From left to right, the treatments are blank medium, sterile water and the three replications of supernatant;

b. From left to right, the treatments are blank medium, sterile water and the three replications of precipitation.

LAl Tt KK B

Supernatant Precipitation  Sterile water control

5 EFEBLBARTEBSWNEEEH FEH

Fig. 5 The toxicity of the supernatant and precipitation of culture filtrate on leaves of banana plantlet
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FEPp R A B VS o TR s ] PR S e KB B, I RIS, Bk B
il IR BE ISR, 55 B ) L PRy ok kA ) o 150 0H 55 25 T RE AT K R 445 R b AT 46 55 Bephlie
B R BE, PR S AR A, KR K IR 25 .
23 BFEHERFEESENTELTLMNE

Fr BN 2000 TR 5 256 O BhARDT SR M I8 A B PHIVER, X anRMEDRR-F 1t 5
TR B, HEIE A A B 71.11%, Tl 68.26%, HiT 63.03%; MK FEM TR0 HI4E F B2 /N
o 15.87% (K 1o SFHMEMZBNHFMBE RIS, SFEDRF IR 24 KL 2 2306, MEE %R
ST SRV 24 ff) A K AR P e B S, IR IA 2] 67.89%, HRIET A 67.53%, S KFEIE 2E A K11
THIE R BN, A 1116 % (R 1),

R 1 BEREERREASRENTEIEH FRATES S KRR

Table 1 Effects of the toxin on seed germination and plantule growth among different crops

{E# Crop Wi R AWHI#R/ %  Germination inhibition rate  “EKAWHI®R/ %  Growth inhibition rate
% N Radish 3529+589¢ 36.60+7.42¢

KF% Cabbage 54.85 +5.00 be 57.08 +1.20 be

W1 Eggplant 63.03 +5.60 ab 60.19+2.87b

B Pepper 71.11+7.70 a 67.89+1.85a

A Tomato 68.26+2.75a 67.53+2.08a

JKF& Rice 1587 +3.61f 11.16 £4.26 f

K Maize 67.86+9.45a 52.63 +5.40 cd

# )\ Cucumber 39.46 + 6.83 de 59.54+£2.69b

K& Soybean 48.15+6.42 cd 49.27+0.77d

e FEER A AR R R R EREE (P=0.05),

Note: Data with different letters in the same column are significantly different (P =0.05) .

3 e

FELAD98 S B TR 7 A IR B 3 — 2RO 27 A A B AR AR 2, e R B 5 3 B
VER I EZEON K. B R AR RIA 2 BRI R I S ZeRidk . SRS Y, IR Ar
TR EVE]  AZFRACI . B B A5 AR B A AR S 3 ™ EE SR, T P 037 2 AR B O
MMIFET A B AR ZE S AP0 (Rl 45, 2008). DKL, Dt 7 A5 A 2500 1 7 2 B MR R T
F I B 2% 75 25 VR AL LA S o AL il s e . RS DA AR Ah ek U A5 AL R R
X B A 205 ROR B 2R SO0 TR Ik RS AT T RS, B T IX SR A DR NN R 2R O TR I s,
MG SEREICH R T3l . ABIFZTH A AL B R AT SR IR RS H (WS T U0 K PR, 4
REPPH B W TR TP S 2 R M BURTE TS, v LA 3 2 I BURTE ) 2 E R4
T 28 LR, HEMBHRETRET —REr TRWIAEEOEY, X455 E R
(2003) WFHHEAR K 603 B 25 3 RR PR IAE DG S 45 R — B WP Gs Rk — P UE S T %5 2 00 s
PE T AT RE R O A R A4 JJHR (Matsumoto et al., 1995; JUIBNE %%, 2004). BRIt 4b, &
TR GH LN TYIR, GRS . AU B B 20 B 0 R EL PR R i, %
A (s RN, FEH T ERZER BTG 2E T HEa.

XF 25 LA B 145 R B X Z RN R RS A E R 7 000 e S B AR K — e
WHEIER, Ui F R N R R e PR E LR R . VPSOSE (2004) A AL 2540 e
AN R A B/ IN RS 22995 99 BAREL 253 3% 1099 B S AR B0 IR 52 17 A B A 2503 993 DR B 20 A S A PR
WREREtE . (2 i T AT E R EE D, AR DL X5 2 N BUSEYa [, R s
TR 03 A A — S RANIR T 6
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