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 E: [H5] 8REERAHROBRIEE BNEIE (Fusarium oxysporum f. sp. niveum) | #2449 £ 4%
AE, RHRNRASENREZ—. ARAERRENITHRERAEH, BRALFRE, LRABERN
A& Z R IARBRG R AL, (B8] fridkst BRAEE AR R A LA RZERAERN AR, TRALTEH
R, ARBGIEEMNMEEREAEG TR, [7%] ABRORE LT 55058, RICFART A
BEAMNG T ERAAGE, BIABESFE grB KB K| BRESVT A ARTER; RAL
AR EME AT R AORRE T EREE. Zafs. LT RBe. B-1,3-% RAE8); N A HAH
ot BME R R AT HARRA L ARG A T 3R A TN ZE R 6 BMEZ R ey 2, [4
R THi3] T —ARat BRAE E R BA g BUR BB IEA M SFI, ZA T ZAMRA RN FIATA
(Bacillus amyloliquefaciens). iZ BT VA ik & BaAntt Y F B, L 20%89 & B & JU-F fe 2 A 37 4
BN ZRE A LW AR, T HLAITREA 95%, BRI ELRRSHTEL 78%. (4] AH
SFI11 *F 08 Ab 3 Ja AT 45R 09 AL T BOR A A 04 2 A AL

(iR BAHER, ABH, BRHFRFEA, BREAT, U554

Identification and field control effect of an antagonistic bacterium
against watermelon Fusarium wilt
WANG Yajiao LI Qiusheng JILijing XIAO Ying KONG Lingxiao"
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Abstract: [Background] Watermelon Fusarium wilt is a soil-borne disease caused by Fusarium
oxysporum f. sp. niveum, and one of the most serious diseases in watermelon production. Identification of
antagonistic microorganisms is necessary to develop biocontrol agents. [Objective] To isolate and identify
effective biocontrol strains against watermelon Fusarium wilt, and investigate the inhibitory effect,
ultimately provide candidates for developing biocontrol agents. [Methods] We isolated bacteria from the
rhizosphere soil of watermelon. Antagonistic bacteria were screened by plate confrontation and greenhouse
bioassay method. Morphological observation and gyrB gene sequence homology analysis were performed
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to characterize the strains isolated. The antagonistic factors (cellulase, protease, chitinase, B-1,3-glucanase)
of antagonistic bacteria were determined by differential medium, and the effects of antagonistic bacteria
fermentation liquid on the spore germination and hypha growth of Fusarium oxysporum f. sp. niveum were
determined. Finally, the control effect of antagonistic bacteria on watermelon Fusarium wilt was
determined in the field. [Results] An antagonistic strain SFJ11 against watermelon wilt was selected by
means of plate confrontation and greenhouse assay. The strain was identified as Bacillus amylolyticus by
morphological identification and homology analysis of gy»B gene sequence which could secrete protease
and cellulase. The 20% fermentation broth of antagonistic bacterium SFJ11 could almost completely
inhibit the growth of mycelia, and inhibit the germination of 95.44% of spores of Fusarium oxysporum f.
sp. niveum. The control effect of SFJ11 on watermelon Fusarium wilt was 78% in field experiment.
[Conclusion] Strain SFJ11 had a notably biological control effect on watermelon Fusarium wilt, and it
would be a potential biocontrol agent.

Keywords: watermelon Fusarium wilt, antagonistic bacteria, Bacillus amyloliquefaciens, antagonistic

factor, biological control

PH AL 2594 (Watermelon Fusarium wilt)/2: P JI
1% e S 0 3 22—, O IR Ry A S £ 7 I % Ak
W (Fusarium oxysporum f. sp. niveum), ZH B
W TR A, TE4EE ) S N BRI B, R
RN, SE 2 A K o iz iy, 32
FERRZE RS, X7 A 7 1 ™ i 2, & B BRI
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1R O G HEAS TR N IRIR & i S PR
XEREZER AT 25 PHE e T 2 MR TE RS 2
FFE TR2 H1 CE, BN TR /K548 s 254 T X 04 JTA
S LE BRI R R A ATk 60% 1 63.6%!
K T 24 56 07 356 3] T — kel 7 IR 2599 B LA 04
TERRIAREE R, HANGERATE 83.29%, Hy™ A
PRI RN AR 2 2 A 5 0 X0 D AT 1 400 7 40 1)
S 59.83%F1 90.60%! . AR H T £ vE ) T —
S P TR 205 114 A= 7 T L ok 26 A 875 T 7 FH (1] 1Y)
B/, i LB AR e e 2, TR A S
TR B RCE A AR E A BT RR, S vE AL 2=
AR iR 4T B

A5 A0 oA X IRE R 25 A 00 SI2 56 WA P JTC HH
(VAR A b e B AR B, Il RS2 S+
YT B TS E, RIS, Dy
PO TALZ20 B LE WIS iR SR AL BN S IR AN AR
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1.1 ks

VY I Al 22 93 5 D TR 2 A 4k A PG K & Ak R
Fusarium oxysporum f. sp. niveum F0-7 FHANSZHG %
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PRAF . R R AW, WRS . A fRESH
(IPE N “Z7F R, PE IR R ke, $)
PR B KB F G BRI AR LY 28 A%
B4, UK BB msLEE, 4 °C fR7E. TURF TR
FR TS, SRR T,

WL, NA B335, PDA Bigedt, LB ik
Sk BRI W22 SCRR[10].

LR 2] DNA #2507 & . 2xTag PCR Master
Mix BAH, RRAEMRHEAL)BERAF; 80%
Z R ANRER, (LRI R =R A1 TA BRA
A, PCR Y, Applied Biosystems 23 #]; HiyKIX .
BERC AR 240, Bio-Rad 23] ; fRIEGFA, Ll
HRAYA RN BAEE, BARERTAFE,

1.2 & PE A FiE
121 4RI B

SRAEITIL L I RG L Ll AR RN AR A5 b HH [B] PG A
SRR R 39, BRI 10 ¢ H4ERE 5 100 mL 6
WKIRG, BT L, &% 24 h, #ik
15 min, 1R 107" 1 H8EEF W, 3L 107, 107
107 B B3I ARG 100 pL FiEW IR
F NA B3P b, 28 °CHIREESE 1-2.d, PRI
R IANE SRk alifh, —20 °C VKA IRAT
1.2.2 ENMHAREMNERTFIE

PLARA AL TG TN AL RIVE 5 /R B bR, R FHAF
BRI, Xof 4l Ak PRAF 3 B8 TR AR B A5 P RE 0 54 50
SE o BT ARSI PG IR 2295595 SR B T 6 mm B F
BT PDA BigRsLpyrh g, 7ESH8/R VG 4 cm
(14 [5R] J&] I S5EIE  a5 4 4 RSP, 3 IKE R, 25 °C
THFR, 5 d R R Y TR
123 ARAHERNZFHMAR

W o B B A B TR 43 A LB B R Sk T
HAEA 10° CFU/ML BB, TS 2807

B % B 50 I T IR 6 A MR 27 e A 4 R B F
FERTIRE P T, REEHIFE 28-35 °C, AL
B B PE AN T 75% A0 RE £ T M # 5 min, G
PRKIEDE 3 WA Rh B F A P8 - 1 — k48

BIARFR R 110 /AR, 5 70 IR 2200 TR B 1B 0%
W Sx10° M T/g WP EH L 45 gbf, RZE T
35 g/#F), S EUMR, ABiRAVERALHEE, FAREE
A 30 mL #8105 A B R, BEAAbEE S AR
52, FELLTE K AL BEA F BE A X HE 2595 i 18 A 7 IS
HR R SO, A B B A BT TR RO
B 763 850 (Yo )= () E g A 38— Ab P A 538 )/ 5% BEUi
PR X100,
1.3 £MEEE
1.3.1 EEFLEE

W 2B B R TS AL 5 2 BT F NA BHAT . NA
M K NB 555500, T 28 °C P35 3 d Jo Mg
FrpAR 7] B A1) FH A 22 P Y Gy 0 o 12 AT 11 A4 i
et
132 FFETE

KL G CTAB 48 BCA: B B 19 356 R 41
DNA, FIM gyrB 71519 gyrB F (5'-GAAG

TCATCATGACCGTTCTGCATGCCGGTGGAAAG
TTCG-3")#1 gyrB R (5-GCAGGGTACGGATGTGC

GAGCCATCTACGTCAGCGTCAGTCAT-3") # 17
PCR ¥"3  PCR JZ W& £ (50 pL): 4y DNA 2 uL,
b RS0 pmol/L)4% 2 uL, 2xPCR Master
Mix 25 pL, JCH/K 19 pL, PCR W 544 94 °C
3 min; 94°C30s, 58°C30s, 72°C45s, 354
¥R ; 72 °C 10 min'?, PCR P=¥)2 1.5%55 5 Wit
JE HL RGN, 2% A T A TR (3 03 A BR A ]
PEATIN T o B AR 7 51 HE NCBI P b B4 7 [ A4
g, B 5 22 AR i T8, R
ClustalW #17 ZHEICFEHRS 4347, FFH: UPGMA
Ff (Unweighted Pair-Group Method with Arithmetic
Means) s i fb &R o
1.4 XM EEREFRINKEEETE HNE
e SHEEPERMSER 4 Flo K A il —
JUT ™, e g 2w, B-1,3- 40 SR AN A 1
ST G 1 . B 10° CFU/mL 44 7 1 T
2 pL HERNT 4 Pkt R A, 28 °C fH IR EE
72 5d, Ko pfL AR 1
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1.5 HBAE & EEE R B I 20 & A9 &I E

] 50 °C 22451 PDA ¥535 3L hom A4 By I 1
R, B IR Bl 20% . 10%F1 5%[1)
PDA “F-Hi, DIAHNABEEH (0%)1) PDA X g,
W EAHR 6 mm PG JIRGZE00 J5L 1 1A D 3 2l
T kil # 19 PDA ~FARIEH g, 25 °C i fH
i 5d, MEILRHRTE EEMEZIEE,
1.6 HBAE X A INH ZE % B9 B B BAA R

Vo 07 2 19 A= 1 TR 400 FH LB B R SR T4 2K
S B g 10° CFU/mL BLE B3] . A= 5 14 1
] BFAR I T 2019 4 3—7 A e b4 i s
B ELVE IR 2590 5 e b Bl KT A6 48 R bR} 27 e fi
Py ORAF RIS BT 4 36 FE H A T o e 1 R R AR S
55 110 7 T Wt A= B B A R, DAY K AR B SR 28 6
B, LA 80%Z5 TR R W25 (2 000x)Ab B Ay Ak 27 24 751 X6}
(ISP I A i 1 300 5 22 TR R TR R B R 1
Xk BB R 05 i I8 285 A 22 095 0o R B 2, TR A B
PRIB IR AR

VG RV AR 2206 0 bt - 0 SN ZEIN LS
WIEH, ANTICRER 5 1 FRZENGEE R 25%LUF
Aty s 3 PO ZE NS R 25%—50% 8 (45 5 P 2k
WA 51%75% 65 7 BNZENLEE R 75%
DA EARE, SRR 9 GO R AL
9o 185 16 B =225 G MR B0<2008 A )/ (] A 5 bk
Bt B 2 H)> 100
X 17 2850 (Yo)=(xeF HE 2HL 95 155 4 50— 4k 38 441 95 155 4
FoO/xt B £« 100,

2 BR545h
2.1 XBEBIFIE
2.1.1 HFEBIYIE

Xof SR B - SRR S R A A TR R 40 s Analifle
AT E] 196 PRAEDUANTA . % NP RS DT SL I 45 2R i
TN, XHER E RIS AR FO-7 HAA— 2 il /e
PR HRIEA 120 BF . A I ZE 1-2 mm (9 TR BR
h 2 Bk, BN 2-4 mm B 58 Bk, M
WA 46 mm PITEMEILE 49 Bk, PR A 6-8 mm

I RRIL 8 &, IEEHT N 8—10 mm MU HRIL 3 #k.
212 BREEYFNEETH

VEBUME KT 4 mm (1 60 MEPLE I TR
B AARBIG R . 8 LR T R AT
SRR R RO P A Z2 e A R E R R B
L 10 ARANET . 10 BRZH TR AL PR BE(H PG IR
PRI EEE | AERRA R AEOH:, [RIE SCREAE A R
PO E I kA . g Rk 1, Hrp, §
Pk SFI11 ERGFRM Iy, HMEFEREN 8 mm;
HHRA 95%, HUXTHEIE N 18.75%; “F-¥kkm N
9.17 cm, FLXTHEMEHN 8.33%; Xof Vit INALZE% A By
BRCERHK 67.86%. [RIBFANE 1 ATLLEH, ABhE
F14) 57 3 S5 SR AT B 2 A% S AN B L A S
22 EMEHIEE
221 EEFLETE

PRIMR SFIT1 2855 >4 [C Yy 6,55 Uk by BHAM: TR o 2896
JESMER AR, AL FRIAPER(AE 1A), NA FARES
IR, WIBREIEAL G, RERTE, hZAFTE,
RN, AR, HIEE N, Mk 5
HIR A, INGNTTHE, RN, A KRS 1B),

R 1 HREKRNOEER. BRERMBERMREEK
1ER

Table 1 Inhibition and control effect of antagonistic
strain and the promoting effect on the growth of
watermelon

L7 S 116 e P HHES SEEI Rk
Strains Inhibition  Control Emergence Height (cm)
zone (mm) effect (%) (%)
SFJ11  8.00£0.01  67.86a 95.0ab 9.17¢
SFJ17 5.00+0.01  50.00b 93.7ab 8.43¢g
SFJ16 4.00+0.01  48.57c 95.0ab 12.00a
SFJ12 5.00£0.01  45.87¢ 90.0ab 10.40b
SFJ13  4.00£0.01  35.72d 95.0ab 10.25¢
SFJ18 8.00£0.01  29.29¢ 100.0b 8.70f
SFJ1 6.00+£0.01  27.78e 95.0ab 9.25e
SFI3 8.00+£0.01  27.78e 95.0ab 8.67f
SFJ15 4.00+0.01  25.57f 90.0ab 9.68d
SFJ30 7.00+£0.01  22.86g 95.0ab 9.20e
CK 80.0a 8.45¢g

e [ESBRE AR R NG PR OR 22 5 B3 (P<0.05). T 1]
Note: The different letter means significant difference (P<0.05).
The same below
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B 1 ABFE SFI WS

Figure 1 Morphology of biocontrol agent SFJ11
W A HERY; B: HETE

Note: A: Gram stain; B: Single colony

222 HDTFEMFELTE

FEMUE P BE SFIT iYFEF 4] DNA, £ gyrB
RS rES P AR BCH 1Y By, v SR s
GenBank, 3R15% 5750 MW199838, 7£ NCBI ¥
i F BLAST HEA7[RIEATIN , & B0 HoR 406 R A
TR A DE R 28 AT R o NP SFI11 A% 18
W RS KT (K 2) L4rHr, WrlLIAEH SFITL Al
il VE A ZF MUAT RTAR L — > 20 3. BRI, £ GBS
oy F A2 S e a5, vl LI R Ak SFI1L hyfif
TERD ZF AT TR

98

99

2.3 ABAETEIE FRSMNGIK BRE 1%

T 3 k2R 5 3R FEAG I T A= B A M A e A T
P, BRSNS V5 R 3R 3 L A A W RN IE
. Kemgh R g R (& 3), ABiR SFI FEE
il F2T 4k 28 B B PR G SR 5 AR AE 7 AR R M %
fiFE (I8 3A, 3B), TE B-1,3-H R BG L IR A |
PRI SR IE (8] 3C), FEJL T Bk R R R
HE FNEAEE ™A g el (8 3D), 136 SFI11 g™
A A VR ) A P AN AT 4 R, 7 A TR AR Y
B-1,3-HI MM, ABE~A LT o .
2.4 SRR A& BRI 7 IR 250 I AR KR4
HI1ERA

SEEEE (R 2) B R SFILL (KB 3ot
VG TR 25295 AT B4 0 T PR i, i L 2 e B 1 344
FAM A P2 AR5 5 B Ry 5% 1 10%H ]
RIYHIH 62.61%F1 88.15%, W g 20%H fty 171 il
RALIRE] 90%LA [ o IR, 78 4005 & flss T
AT FIERS LA m R (& 4):
SFIN1 by A5 AN B T B RE 1l 1 22 & A 725 il A
B . RIS R, AR A TR 7R

SFJ11 (MW199838)

98
87|' Bacillus amyloliquefaciens DM09 (JX014631.1)
99 Bacillus amyloliquefaciens SH-B74 (CP030097.1)

— Bacillus amyloliquefaciens HUA8 (KC439669.1)
—— Bacillus amyloliquefaciens BGP14 (JQ734539.1)
Bacillus mojavensis BCRC 17531 (DQ309303.1)

Bacillus llicheniformis BCRC 15413 (DQ309325.1)

0.05

2 BE¥k SFI B gyrB BE R G A B
Figure 2 Phylogenetic tree of strain SFJ11 gyrB gene

Bacillus megaterium ATCC 14581 (JN575335.1)

T 55 NEECT ) GenBank #3555 BEAL T S M EUEFIR Bootstrap {i;  HLHIRN 5%KH ¥ 51 22 5+

Note: Number in parenthesis represented GenBank accession number; Number at notes present bootstrap percentages (based on 1 000

sampling); Bar 0.05 represents sequence divergence
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3 AFAE SFI1 #HiE Fau4a )

Figure 3 Detection of antagonistic factors of strain
SFJ11
W A: BEARG; B: F4EEM; C. B-1,3-FRM; D: JL
T

Note: A: Protease; B: Cellulase; C: -1,3-glucanase; D: Chitinase

A B
— —
— - \\4

B 4 AFHE SFI A BEERX E 224 Key i FI{E R

T 2 KEBFE SFJI11 JERT 7 IS 2= 07 | A a9 3 )

1EH
Table 2 Inhibitory effect of SFJ11 fermentation filtrate
on the growth of Fusarium oxysporum

SFI11 JER M & W& ER eS| il

Concentration of SFJ11 ~ Colony diameter Growth inhibition

filtrate (%) (cm) ratio (%)
0 (CK) 5.48+0.41a

5 2.05+0.13b 62.61c
10 0.65+0.06¢ 88.15b
20 0.25+0.06d 95.44a

I 5% B T 0 B 22 A P AR T R A KBS, IR
R 10%H i i A K B G  A o, WR A
20%I LTS il 22 A K
2.5 ARFE AT/ ERE B E AR
K23 B B A 5 1 SFI11 A2 H Ja) %6 7 1A
FIGHIBTAIER, 455G 3)FRMIEPi# SFITL X}
PORAG 22907 B PR YE R, WERGAS 25 KAfBi
BN 77.51%, b2 X BRZG 5] 80% 2 B R B 1A AL

Figure 4 Inhibitory effect of SFJ11 fermentation filtrate on the growth of mycelia

W A XTHE; B: JEVRIRIE 5%; C. JEVRMREE 10%

Note: A: Control; B: 5% filtrate concentration; C: 10% filtrate concentration

£ 3 HFE SFJ11 3P HEE 5% B9 HE BIFG A 1ER

Table 3 Biocontrol effect of SFJ11 on watermelon Fusarium wilt in the field

Ab 2 25d 45d
Treatment T 84X Disease index  Bjj%X Control effect (%) % T 4L Disease index [5%% Control effect (%)
SFJ11 10.62+1.41b 77.51b 15.95+5.41b 55.45b

Z 1 R Carbendazim 13.19+2.11b 72.07b 23.93+3.75b 41.00b

SFI1+£Z R Oc 100a 4.37+1.67¢ 91.70a
SEJ11+Carbendazim

CK 47.22+4.65a 52.65+6.55a
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RN 72.07%, WH IO EMEEF B 45 Rt
B AR R 55.45% , (AATS SR 155 F 2 T R I BT AL
WA SFI11 5 2 0 RIS 25 RMBERCh
100%, 55 45 REIBTRCH 91.7%, 3% & T ARG
K ZERAFN IR, 0 HBR R .
3 WikE4R

i % PN A= B R 0 22 30 Ak UL ) SF- Al
FEPU LIS RAE R AL 0 e A | RPEE R % )
A B A TR P ) TR PR FH T 32— 26 1 T = 2 2
FE L AR e S X RO IR LS
P, SNTEZ S b O g A TR 0 KN 5 bR
(B 6 B8 1 S8 R] , AR FE U/ F A4S ot B — A
FE R RSP RAR 6 R A o 2 IR AR A, DA
1117 240 T A= 7 T - Ji 1R - B SR AR =3 22 ) 1
WIS A EAERR . Hedn, A B 5 2 EA Y e
AR S ER G, s R YRR
USRS I U8 S 3R 2 A T R S
PRI Ay S 2] R =35 A AH B AR FH DA T B I A
K B 5B B I FEHURE T o A SO 38 2 A 7 A= AN )
FEBUIE 1) TR R LR 25 A P20 5 S50 v i HE P
PVBR AR AR = 3 A6 PR , IESE T _FiRZsie, AP
FEBL T 1P B DL BE 1 A R a7 5 5 W) T B 1 A
BiRE T, T Tk 2 A 2 0 S5 v Y 22 R B RE AR 3
FEPU DA R IE 23 27 A 0 02 A= 5 E AR TR IR
TRUXT 9 D B 7 A AR A a4

i VE B ZEAOFF B2 R R B 0
B ARG, AN BRSSO AR R ACRBE
RO Ih S IR A B TR A T A 2SR
S A DR AR P R 2 BEE L e +
e pHAESFSN A R R sz, KB A RCR N -
WNFESE By ZFE AT B CE X PG JIURS 22355 114 7 54 bt 5 o
] SE A TR WK, 265 3. 7. 15 RGP
K 63.6%. 17.7%F 20%. A5 0 5k i A 5 7
SFIL1 Jiti FHROEE 25 K% VG I A 2590 19 B 38R
77.51%, Bzl TABIE CE, HARES 45 K
ROTRER 55.45%, (EATIMG & T 24550 2 16 R 1)

Bizk, WRIBTFRATFTR R, MAEN TS 2 W 2 R
I X PG T 25 ELAT B v A AR R B TR RICR
LA X B — A B TR B AN o () i, AT AR FH 22
Az B R R it = A= 97 TR H 24 SRR it ) A
By 5 M e e o

E A BRI, A B R A e R LT TR AT LA
BAAE L3 AHPIARPR | RFREAR DY, @R A
HEREEMEY) A B2 RGP, SRR R
IR G a3 (AL A5, 53 MATT b 40 Jo 400 s ot e 1) A=
KAy, M i 2 g2, AHF 5T i vk
A= B TR SFI11 RERE AL 1 PG IR H 1 28 bk, 2
B H g PR AT e Ry it FH 2 I s 1 RS A
AESIAE, TR TV A KR, BUXHTE
ZoHA R EARK R SRR REREY
JRU, AT RIS & BRAE B SFI REMFRE 22 %
AR AR Y | AR T A B AN RN R K, X AT fE
OYWE NG, AAERBERULT RS A
BE 10% 19 4 BB R 88 1 B OB A A, 2R
AL AE 1 T A0 M RE A P L R AR 2
WA ZE R . BRI, MR IR
495 wg/mL B R LT AN RE R L T 22 8T Y
B-1,3/1,6- i SRMH & EL IR 20 ML B 19 B LA R 7, g
Wewe B-1,3 IR WA T REAR , IS 22 R
K, o1 2 R S BUE B R A SR
W97 LT 4 ZWEAE LT Trichoderma viride 1)
il Pythium aphanidermatum T8 22 K E
PRI,

gi b, BIFSE R Wi T B 2 F TR ) P A 25
WHEA PR WPARCR, BA—E4&Piee. &
AT — 20 X BRI RR I R B SR AR A T AR I 2 g
SENGIEYE Yy, [ E A Ak iy R0 A, B
o B Ve S GRS, S VG A 220 1) Bl 1A B8 — E
BT L
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