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B E: [8 %] KFEIAH (Fusarium oxysporum) 2 — 5| RAMAE Z RO LA RREA, &
LEMMAERK, RURASGELGEHNAY T EZRTHGETo4E. [FiE] IR 5B EADHR
MR F G5 ik 3T R IORIQE A IR 098 F FJeATE, JHE it A 32 A L4y AR 16S rRNA A&
Bl A 91 o AT 334 5 J0AT B HAT S . RIGHR L4 @ Y AT R IekIGH 09I £ Y 5 06 7E A
VERAE . [ R] IWOHAR EIE T i b —MRt R FodkTFod B B ERERG FTRFEH K3, &
T A ijﬂi%% M A= 16S rRNA Ik B 5 7)) o547 % 2 3% B Ak A4 M & 27 5F J8A4F & (Bacillus velezensis). #
KIS AAMREA T ERBHEN, e FAEYAKX, ZVWRETHRAZTAORS K
£, BHRIFMHFE T M, AR IokIeE 69 5% )3 B K E (minimal inhibitory concentration, MIC) %
1l mg/mL, #% I EFHLTHEL, TIRHREBOELGARNGCHRR . MBRAEG IR, £ 3x
MIC RE T A RFoskICEH LT 10 h 5, JoTF LRI FH 49.85%. LA KIokIeH B £
o T R R, eI EAE A K, A =B (malondialdehyde, MDA)4-& 3§ /n, J& A A A bdh st
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Antagonistic characteristics and mechanism of Bacillus velezensis
K3 against Fusarium oxysporum

LIANG Jingxian, LIU Huanming , DENG Chujin’, ZHOU Chunxia, HONG Pengzhi

Guangdong Provincial Key Laboratory of Aquatic Product Processing and Safety, Guangdong Modern Agricultural
Science and Technology Innovation Center, College of Food Science and Technology, Guangdong Ocean University,

Zhanjiang, Guangdong, China

Abstract: [Objective] Fusarium oxysporum is a fungal pathogen that causes plant wilt, severely
affecting plant growth. Therefore, it is necessary to use appropriate and environmentally friendly
biological methods for control of this pathogen. [Methods] We employed the point inoculation
method to isolate a marine Bacillus strain antagonistic to Fusarium oxysporum from mangrove soil.
The Bacillus strain was identified based on physiological and biochemical characteristics and 16S
rRNA gene sequence. The antifungal substance was extracted from the fermentation supernatant,
and the inhibitory activity and mechanism of the substance against Fusarium oxysporum were
evaluated in vitro. [Results] A Bacillus strain with strong antagonistic activity against Fusarium
oxysporum was isolated from mangrove soil and identified as Bacillus velezensis. The antifungal
substance secreted by strain K3 exhibited broad-spectrum antimicrobial properties, being effective
against both bacteria and fungi. This substance was likely a protein or peptide and had good
thermal stability. It showed the minimum inhibitory concentration (MIC) of 1 mg/mL against
Fusarium oxysporum, significantly inhibiting spore germination and causing leakage of
electrolytes, nucleic acids, and proteins. The treatment with 3xMIC of the antifungal substance for
10 h showed the inhibition rate of 49.85% on the germination of Fusarium oxysporum spores.
Moreover, the treated Fusarium oxysporum hyphal cells showed compromised cell integrity,
disrupted membrane homeostasis, increased malondialdehyde content, and enhanced activities of
superoxide dismutase, peroxidase, and catalase in the membrane. [Conclusion] The antifungal
substance produced by B. velezensis K3 isolated from mangrove soil of marine origin exhibits a
broad antimicrobial spectrum and strong inhibitory activity against Fusarium oxysporum, with
potential commercial application value.

Keywords: antifungal; Bacillus; mechanism; antimicrobial activity; Fusarium oxysporum
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WA 26, T IX el 5 WAL AL B A T 1Y 7Y
RIS FERUE R D, AR
sy, HUOEER, A ILEM AT R
P IR A R AT e, 2 IR AR AN
RAEP IR, e A TR ) By TR B
FHEBZHENE, XA G Y BA TR R
I A

A FE 5 A LA AR A e A e B AR o3
5 IO 1 ) — PR B BT 0 B £ B 7 1Y 2 A
Fremibr, PRHAE AR iz o0 fi R AT
HEZ R T R B BE T o SR A LI 2R
BOEAR 2L BCRLEE D), JF 3 HAM AL U AT
T WL RIRAL . XA TR T [
TEPE IR LT A ) SR, 3 D T R B A
IR WRrS e R T IES 2 NS

1 M5

1.1 Ek

PN 7B T AN I s R G TR B I (DX
fr . whd . BihdE . UEEE . SREE,
JA MR H T AR A AE Y R R G
1.2 FERFFLEE

5. LB A% . PDA. PDB, AL
AR AR AR HEA. BEA
fith . AJNEE B, W H LT T A B I
WHERAT; LB, LFROHR, WA PR
AR A BR A F] s AAIKE, WA A kA
BB A A PR 22 7] 5 N [ (malondialdehyde,
MDA) % = & W3 7 & . ) AL
(superoxide dismutase, SOD)if PER AR & . i
AL A ( catalase, CAT)TE PRI &, W H
&4 TR ARAE ;. HBI ZREAT A
e %, W A B B T bl Vi 1A M 4
ARA R,
1.3 HEMEKRNTFEFEE
13.1 EHNDE

PREHRT RABITHHREE . EIKX,

P4 actamicro@im.ac.cn, 7% 010-64807516

JRREE DX LA R PO 1 96 DO T AR R X 41
BR8P AT I YA SRR S, B AR A
B 10 g #4445 90 mL JCEE/K & 10 min J5, 1R
SIH, B EH RO R R RE 107, B
10°-107" (R BRI A T8 3R BU5 L, 37°CF
IR 24 he WERBEARAE RN 0L, PRICEE R
ZEMOFT T AR S A R, alifb s, IF
FHEFEBERHE A 25% H i Bk
1.3.2 EHRBIHITE

SR FH A BRE D028 i 1 R e AR A0 i A0 B 10 P
PR, DAARKTET Hh 42 2 1 e 760 1R 2] ) 4 2B A b
T, 28 °CHi3e 3 dJE, FHEH | mL B
Sk FE SR 00 iR 960 TR PR VR D T HL . G A 4
P G Bz A 2E SR B AR g, BlE T
28 °CH55% 36 h J5, FRHUEH Mk 5 2 7 R 28 A 7R
EEENS 1 em B9FH b, F 28 °CH: 3%
48 h, I I B AE D AR Y Bk
1.3.3 HHRHETE

FH A= HEAR IR B0 DA TR P % 1 38 T ) 97 TR AR
o BEEEITAE ELAR KT 10 mm BYFS T EAREE
A 50 mL LB £ 3, 37 °C, 180 r/min K537
12 h 1380 7, BRI 3% LA
100 mL LB %, 37 °C. 180 r/min 535 72 h
BREER, B KEFR 4 °C. 12 000 r/min &L
10 min, HOH VW, F 0.22 pm KA 3E R U8
BB, B 100 pL 1x10° CFU/mL 4R it 7
BV SR EE AR, R
PRI A 200 uL B9 & B L, 7E 28 °CHE #
24 h, P HADEERE RN
1.3.4 BEHHELERE

AR 1 e A B TR R A 7 R Bl rh Ak
ARV, WLER TR VR TR A9 A HBI ZEAFF i A= 1k
WM . SR REN Ik G
K2 PRECA TR VR HEA TRV PCR 973 o LA TR 8
51 ¥ 27F (5'-AGAGTTTGATCCTGGCTCAG-
3")Fl 1492R (5'-GGTTACCTTGTTACGACTT-3")
9 PCR #3454, PCR WK Z (30 pL): 2x
MightyAmp Buffer 15 pL, MightyAmp DNA
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Polymerase (1.25 U/uL) 0.75 uL, . TSI
(10 pmol/L) 4% 0.75 uL, ddH,O 12.75 uL. PCR
FVAER: 94 °C 4 min; 94°C30s, 55°C20s,
72 °C 1.5 min, 30 MEFF; 72 °C 10 min, 4 °C{F-
7o ¥ PCR Y 3 P~k 28 TAEY TR (L)
ety A BRI, KI5 (4751 5 NCBI %
PEPEERTHE, R0 MEGA 5.0 gt RS L HH .
14 FHERNERYREE S
1.4.1 AEHREGEREME S

I A BILIE 700 A% B RN R U U 325 0 45 2 B
TSR I BT WY BT, 0 S RS T
FLR YRR T . AVUERIZEBOL W kB L
BRSO OBEHFERBIESG, BT 36 °C.
180 r/min FEIRZEHL 6 h, I J2A WUARE e 7%
KALTF 40 °)C T, TIEKMES RIS
BRIRA, SWER 3 W, HEETFKIER
B4 sy, T 0.22 pm BERELLVE, 2R
CERAE BRI LB WARKE IR 30 R S ny =5
FIXTHR . PRUTTERE : AKBE FIEWP I AMRERTR
P pH 2 2.0, 4°Cid&, 4°C. 5000 r/min &L
20 min J5 2R BV, /D w PR HTIE, 9
%7 pH % 7.0, 10 000 r/min 2> 15 min Ji5 152
IE R R S PR B BRI, SRS HTE
EEZR AN EE, IFH LB KW 5% B vk
AERAr, F0.22 pm JEREGTE, MR T 4 °C
B4 . 1x10° CFU/mL A4 F 86l 14 4 1
BRI A TE PDA R0k b, HRIAE 7 4
RILWH LB ARSI s IR IR, 2R
FRERIIA 200 pL A [H] 5 12 B4 4 BBOHR I 2 e T 37
PE, T 28 °CHig 2d, WMEEE K/, #E
PEBGE PERHTE WY T i ek

142 REMEBBETERYREE MR
A0

W 140 T Fe Dy R B BT LR ) SO A
o, BRI B B E R, 0E T 25,
45, 75, 100, 121 °CH¥% 30 min, i J5Hf &0
BIHAVK FFEIRZE 4 °C, AR EAR s 2 1

PLECE TG M, LA 4 °CAR 2 hinF b B i 2 i/
SRR AR B S I T SRR R 0 pH A
# Ok AR EGE pH, 2R )5 4 B AR N B
fitg . PR ARG, HEAMOHEEE, EiFR
W AR JE Jy 10 mg/mL, 50 °CHHIRE/KIS 4 h )5,
JE I FOR PR pH o FH AR AR I e HEpT LR
PR, DI F G R AE N 2 o R
1.43 NEIENE

I 20 AR 5 I 5 B0 B B ) XS S [) 4 R
B R A R TG e
1.4.4 S/MIERERNE

D 7 L4 YR X R 780 S8 7 TR 1Y e /DN U0 TR R
(minimal inhibitory concentration, MIC), ERi
2 6 S8 7L TRT 6 - BX I W0 KT A i A R [ 7
PDA B3 3krp, i LWl 1x10° CFU/mL,
RASEH A A TR . [REEE 2R T
Je WO 3 VR JC R K 43 B RIAR 2k BE R 00 1,
2. 4. 8, 16, 32 il 64 mg/mL AW, JFHL
100 pL 435 AR EA o B PR T 4 °C
O ERE SRS e HL 4 h, BEEE
AR 2 37 CCRYBEFRAR R 48 h, JFLLTC
PRZKAE R AT B, UL S 2 i e 160 T A= K S il 2%
o A TR P 1) A G BT A R R VR ) e
ARV 2 B Sy 2 REL B YK 4 760 i 0 BT T 22 4 K 1
e/ MR
1.5 mEEIRIERE

1.5.1 XREFEEEREFHAEmAiRE

Ti1] 2 0 0 AT B 77 TR A KL B Y o
B R 1xMIC F1 3xMIC, PATEH K IZEH
YRR, 7E 30 °C. 200 r/min £c7F T 555, &0
30 min B 1 XAE, 7F 10 000 t/min B> 15 min,
BV, FH 0.22 pm JCE BE I8 S i SR
(Il R RS R A

S22 FORFENR s a6 ik, Mt
FERE T3 591 0 1 56 2H B ) R 4 0 7 R S R R
W AE 260 nm 1 280 nm &k IO EEE , MK
P A ROMQ)TTE, AL 2P0 E Y O AR
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Ab 5 2 A S 7 T 76 40 A TR N B FH 5 Y A
X

MR MR BE=AOD,0 (Hi)~AODsso (J5) (1)

R E=AOD,s0 (Hi)-AODsso (J5)  (2)
1.5.2 XMR\BEFEEERETFIEA5M

KBRS HL 10 pL 1x10° CFU/mL 8 72 7% )
AR 1xMIC 1 3xMIC ¥ 5 5T LR ROR
A), BIEEETREMBE R b g, M35 AT
RS A CE R L, 30 CCIHIRE FF . 23 9IHE
2. 4. 6. 8. 10 h BIFEG2% WU T LS i+
RGO, BRI FRAERAS S T AL A 100 4>
fil -, FIAXTHE A R R METI A
i, PL10 pL fBFEIR | 5554 PDB 1R
HAERXTIR, BEAAbH 3 IREE

s e TUTHIREL 0o
@%wﬁ$«§£%%71m@ 3)
FFH =

H%ﬁ@?ﬁﬁ%ﬁﬁﬁ@?ﬁﬁﬁﬂm%@)

Xof REZH A A%

1.53 XSRSk EEZ2TTE MRS

B 1 mL A0 5 B 10 1 BOIF WA KA
5 mL PDB §; 55509 50 mL 204, 1£ 30 °C,
180 r/min ¥55% 2. d J&, 43I AR B 37T
LY JE Ry 1xMIC Fl 3xMIC, 4RZEN555% 24 h 5
FELER TR 228 25 . BURRRT bR ir R 3%, IR
PBS Z& M i vk 3 i J5 25 H o

VR 28T 1.5 mLEP B, S
0.01 g/L AL TN BE (propidium iodide, P1)¥ i 7E
30 °C R ROGYL(D, 20 min, SRJ5FH PBS 28 M
WERIE, 5 A LItiEREA R, DMl
R RTAT G D -
1.54 XREIRMEEZZMEIETRIF

S XN E ik, BULPE 1.5.3 35
THUEIE FITH 22 REA R 3] 1.5 mL EP &N,
0.04% B W W R W AE 30 °C N #EAT 3 min AYYL (0
AbHE, B S H PBS 2 MR T ok B 2 o AR
x5, BEHRLERSEARR, RETERM

B PULEE
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1.55 STRAEAR EMAEHEN

S M LI ik A B 2, B
153 WHIEUEE ISR 24 . B 2.5%
(4 8 T 1 W R AR, 4 °CRElE 12 h,
0.2 mol/L pH 7.4 i PBS & i W 15 1k &1 5 Jim 1Y
W22 3 IR, PIEVEIE B TR 22 IKIREE 30% . 50% .
70%. 85%. 90% [W ZEEML/K 1 ¥k, HAEK 5 min,
100% SEEK 3 U, BRK 5 min, 7K 5 A 22
BT 48 h JG i Tt b BE TG BT s
1.6 MNRMBEHEEEZEREEISLCH
=AU

BoaE & M m g, RiEw
(malondialdehyde, MDA )l 2 il 2% & 156 BH 45 B ]
W, SHBAERBINM G, R =R
CE 10 min, 5 AR A 3 000 I 532
450 F1 600 nm AL IR IERE
1.7 MRE\EFEEEEIEEMEN
A

BGE =4 o 22 51 BORaR A, RIS
WEREGHATAN ], BB TRk 200 W,
IFMRI A 3 s, [EIBETIEISY 10s, HA& 30 KUe,
4°C. 8000 r/min &5.[> 10 min, #7154 G52 H
W, H T SR AR ) L 4K T (superoxide
dismutase, SOD). i %A fk & i} (catalase, CAT).
T LWl (peroxidase, POD)TE 1 .
1.7.1 = SOD EMNE

R 8 2 AL 57 Ak i (SOD) il 5 1771 6 1 A
PRI, FEERAEL R A SRR, IRA
JEEZEIR T RCE 10 min, {4068 B T 2
WA 550 nm AAYROGAE
1.7.2 CAT FZMENE

WA 3 AR Ak S (C AT I 30 6 B 5
T3, FRPBE L RIS AR SRR, A A Ml
FHATYE T 52 U 4 405 nm AR AR GAE
1.7.3 POD SEMMNE

SR AR A B b 35 0 5 R ok 48 A b ) i
(POD) Y& . ¥f 80 uL ML 5 280 L it
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W R 0.3% BIABIARBA R FT/MRAS, 30°C
fE IR P F 10 min. 78 8§ A5 A AL 5 FIN 30 pL
0.1 mol/L H,O, JA sl e Wi ik &, BlJS A 270 uL
T IR G, S B EEPR AR 470 nm K
REBEAT BN . 5 30 s ] PR SR A 10 4
ST 7] 15, B R O B i RV G S min),  DLZEIR /K
VERZS FIGT R S5 510 DLy B ] Py I
FEARAE 0.01 PN E S 1 ANEPERRAL(U), T
BAKG) R,
Pmmﬁ#g):odfgf?xt ®)

e Adyz R NS E] DN B IR O B AR ARAE s A
Sk $R UKL BER A9 B AR B (mL) s v R OB AR &R
MBS AR T (mL); F,, RS R (g); ¢ W
B} 7] (min)
1.8 HESIT o

JIT A S 50 B 35 28 3k 7 A Ak B S 43T
S B Y 38 1ok Origin 8.0 A #EAT4E K, F)H
IBM SPSS Statistics v26.0 %24 X 52 56 B 45 217
WU R 200 IR RIS, IrE
SCEGRIHAT T 3 IRMAr A KIS . SCER AR L
SEREFREE LR

2 BRE5AHM

2.1 MEREFFHEFETGE

M%ﬂ\ﬁﬁéﬂ%%%ﬁmﬁﬁ%iﬁ
R it H A o A R A R R R A A L
MR B R 21 Bk, Hod s MR (GRS
K3, K5, J22. N1. N3)XFZ o4 £ (1 70 2 el
HAAKKTF 10 mm, Z5H415 1 i,

R A FERTE X B B E 42 K F 10 mm [
PR R W IS W AT SR, AR 2 R
PRRR K3 19 2 T L T 0 1 3 e R T At PR AR
DR FH R iR K3 HEAT IS 4255
22 EHKEE

R K3 A B AL S e a5 R an e 3 o,
W R K3 78 - AR . L-FIHi A6 . p-H #BE

Rl REEH
Table 1

oxysporum spore-forming Bacillus

S AT E R R R4 R

The initial screening results of Fusarium

Strain The diameter of  Screening site

the bacteriostasis
circle (mm)

A2 5.09+1.48
z2 3.32+2.09
Z3 3.52+0.73
C2 6.02+1.20
B4 6.54+0.87
Y3 2.06£1.96
J11 1.62+0.53
J12 4.76+0.88
122 14.2+0.34
124 9.47+2 .81
X2 5.48+0.45
X3 9.22+1.83
M2 6.14+0.44
M4 7.83+2.47
M5 4.48+1.06
N1 13.36+1.72
N3 15.94+1.67
K1 6.68+0.95
K3 18.24+1.69
K5 12.1241.33
K7 8.64+1.28

Qinnan District, Qinzhou City
Qinnan District, Qinzhou City
Qinnan District, Qinzhou City
Qinnan District, Qinzhou City
Qinnan District, Qinzhou City
Qinnan District, Qinzhou City
Mazhang District, Zhanjiang City
Mazhang District, Zhanjiang City
Mazhang District, Zhanjiang City
Mazhang District, Zhanjiang City
Xuwen County, Zhanjiang City
Xuwen County, Zhanjiang City
Xuwen County, Zhanjiang City
Xuwen County, Zhanjiang City
Xuwen County, Zhanjiang City
Xuwen County, Zhanjiang City
Xuwen County, Zhanjiang City
Xuwen County, Zhanjiang City
Xuwen County, Zhanjiang City
Xuwen County, Zhanjiang City
Xuwen County, Zhanjiang City

T2 MRBRAEFATERKRERLSR
Table 2 The re-screening results of Bacillus against

Fusarium oxysporum spores

Strain The diameter of the bacteriostasis circle (mm)
J22 12.40+0.42
N1 10.29+0.26
N3 11.98+0.17
K3 13.38+0.29
K5 9.66+0.35

7% NaCl A= 1 . pH 5.7 A=K . & ¥ /K fif# (starch
hydrolysis). A #fk(gelatin liquefaction), AR
£h 38 5 (nitrate reduction) Fll K 48 A= < 3056 A 45 S
YIRBAYE; V-P ik . AR ER (citrate) FTTN iR ER

http://journals.im.ac.cn/actamicrocn
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23 K3WEIBENELER

Table 3 Physiological and biochemical characteristics of strain K3

Determination item Determination result Determination item Determination result

V-P test -
Citrate test -

Gelatin liquefaction test
Growth on 7% NaCl
Growth on pH 5.7

Nitrate reduction test

Propionate salt test -
D-xylose

L-arabinose Starch hydrolysis test

+ o+ o+ o+ o+ o+

D-mannitol Anaerobic growth

+: Positive reaction; —: Negative reaction.

(propionate salt)4f A 34 A BV . AR I i 245

W25 8 8 R K3 i 2R AT R 8 o TR PR K3 4
PCR ¥"34H1 16S rRNA RHMF G, ik
1 428 bp ¥ 16S rRNA FE[H 751 (GenBank % 5%
4 PRINA1243869), % NCBI GenBank %% iz J4
BLAST WX MR, %7505 U 3T ZE A fT
R F R (B. velezensis) CR-502T (AY603658)
R B AR (99.71%) it J S8 PN 5 T L
ARFRMM ) K] MEGA 11.0 BT RSk E
3T, A Z A HRIR R 5 AR K3 Y 16S
rRNA AL =95% B HEMRFES, BlJG 5T
IEEWERGEKEW, WEN RS R EH N

velezensis) R N—37, MHEELGRAZRUT, R
TR B T P A IR AR I ] 452 T PR K3 9 D
ST FAT IR
2.3  IEEVRAEHREG EREME LR
3 )R A ML 50 A O R R LI 125 9 20
FEICK3 BBTE YT, JF I HAwE .
K4 PR, 2 FhITE ] N K3 Bk EE IR
FEMBTEE YT, Horb, AL R A BOE 4
T L ) o B e A G M, LA R
HARAH] 22.27 mm, E & TRRUTTEESR BN
PUE YT, DA LY R A Ok SR U B B

K1 Brs . Witk K3 5 D3RI AT W (B, WREZ . Wik, JELescik il IR Y

Bacillus piscis 16MFT21T (KX753358)
100 _|: Bacillus aerius 24K" (AJ831843)
80 Bacillus licheniformis ATCC 14580 (AE017333)
K3 (PRINA1243869)
£ Bacillus velezensis CR-5027 (AY603658)
99— Bacillus spizizenii NRRL B-23049" (CP002905)
Bacillus xiamenensis HYC-10" (AMSH01000114)

Bacillus capparidis EGI 6500252 (KY003162)
Bacillus acidicola 105-2" (AF547209)

100 { Bacillus haikouensis C-89" (KJ868191)
92 Bacillus salacetis JCM 300517 (MN536904)

65

67

0.005

1 EHK3ET16S rRNAREFFIMENRELERN
Figure 1 Phylogenetic tree of strain K3 constructed based on 16S rRNA gene sequences. Numerical values at
the nodes represent bootstrap support values; The scale bar indicates a branch length of 0.005 substitutions per

site; The numbers in parentheses are GenBank accession numbers.

>4 actamicro@im.ac.cn, 7 010-64807516
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F4 AERERGZENMEEY RS RBEEELD BV RIS R A X R, JLF R I

HEEME
Table 4

substances extracted by different methods against

The inhibitory activity of antifungal

Fusarium oxysporum

The diameter of the
bacteriostasis circle (mm)

Extraction procedure

Organic solvent extraction method 22.27+0.43
7.51+0.15
0.00+0.00

Acid precipitation method

Control

H A LIS R 2 U 4
2.4 IEEYIRIVAIEE A B
B s

A [a) i 2 Ak B Bt L BR ) o 4 R E PR VA
LEIRANE 2A FFR . 7E 25 °CHI 45 °C4&M4F, Hit

4t

>
N
oy

\]
[e=)
o

15+ f
10 +

The diameter of the
bacteriostasis circle (mm)

Control 25 45 60 80 100 121
T/°C

os]

C

diameter (mm)

—_
(e}
T T T T T T T T T T

Antibacterial circle

Control ~ Papain  Trypsin Pesin

Protease

E2 REAM)MELBGBNRNERYRIEEERN
Ejurﬁ‘l

=
Figure 2 The influence of temperature (A) and
protease (B) on the stability of antifungal substances.
The different letters in the figure indicate significant

differences (P<0.05). The same as below.

SR, IR THR & 60-121 °CHY, HLEFEY
J AR P e, R o BT — E B B
FaEE. B 2B s 1T ORI FI B . BRAE 1
1 A AL R PR I 2R e I L il
A B REL B VR A B0 B TS R 3G BT R R, SR
L) BN ik Se R R, X S g IR )bk
W, HLEEY) AR AT e 2 A e 2k
H o
2.5 AEEN DS
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Table 5

antifungal substance

The antifungal spectrum of the K3

The diameter of the
bacteriostasis circle (mm)

Strain

Fusarium oxysporum 33.96+0.34
Aspergillus flavus 21.84+0.57
Aspergillus niger 27.86+0.74
Mucor racemosus 16.94+0.17
Aspergillus oryzae 25.06+0.69
Penicillium chrysogenum 29.86+0.61
Staphylococcus aureus 15.84+0.17
Escherichia coli 14.70+0.13
Vibrio parahaemolyticus 15.11+£0.24
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Figure 3  Determination results of the minimum

inhibitory concentration (MIC) of the crude extract.
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Figure 4 The analysis results of cellular damage in Fusarium oxysporum. A: Electrical conductivity; B:Nucleic

acid leakage degree; C: Protein leakage degree. Different uppercase letters indicate significant differences among

crude extract concentrations at the same time point, while different lowercase letters represent significant

differences across time points at the same concentration (n=3, P<0.05). The same as below.
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Figure 5  The measurement results of spore

germination of Fusarium oxysporum under various

treatment durations.
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Figure 6 The measurement results of hyphal

integrity of Fusarium oxysporum.
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Figure 7 The measurement results of the viability

and death of Fusarium oxysporum hyphal cells.
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Figure 8 The measurement results of the

microscopic structure of Fusarium oxysporum.
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Figure 9 MDA contents in Fusarium oxysporum

hyphae.
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Figure 10 The determination results of antioxidant enzyme activity in Fusarium oxysporum. A: SOD activity;

B: CAT activity; C: POD activity.
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