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Identification of marine bacillus isolate Y 3F suppressing
fusarium wilt of cucumber
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Abstract: [Objective] An antagonistic bacterium Y3F is isolated from marine algae in Lianyungang,
its biocontrol effect on cucumber fusarium wilt is studied. [Methods] Y3F is identified as Bacillus
cereus through the morphological, physiological and biochemical characteristics and phylogenetic
analysis based on 16S rRNA gene sequence. The antimicrobial activity of broth and sterile filtrate of
Y3F is checked by plate confrontation method, and its biocontrol activity to fusarium wilt of cucumber
is checked by pot experiments. [Results] Y3F is identified as a member of Bacillus cereus. The sterile
culture filtrate of Y3F in 2216E medium strongly inhibit the growth of Fusarium oxysporum strain cfcc
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82185, implying that Y3F might secrete some kinds antifungal substances. The results of pot
experiments indicated that soaking seeds and irrigating roots treatment (JG) could significantly increase
the production of cucumber biomass, lower the incidence rate of fusarium wilt disease up to 50.46%
after planting 30 days, and increase the total number of bacteria and actinomycetes, and decrease the
number of fungi and Fusarium oxysporum strain cfcc 82185 in rhizosphere soil. [Conclusion] Strain
Y3F can effectively control fusarium wilt of cucumber and improve microbial community structure in
rhizosphere, and it has potential development and application prospect.

Keywords: Strain Y3F, Cucumber fusarium wilt, Antagonism, Biocontrol
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Y3F

1 MEETE
11w
111 ik Ek:
Y3F ( )
cfcc 82185 (Fusarium oxysporum f. sp. cucumerinum)

112 it tigE:

23.42 glkg
103.6 mg/kg
13.1mg/kg 126.6 mg/kg pH 7.09
113 #ik{EY: “

1.56 g/kg

35F1”
1.1.4 $%537%. 2216E marine agar Sun
) PDA
[20]
Komada 21]
1.1.5 EZEiLFFLEE: Bacterial DNA Kit (50)
OMEGA
PCR TaKaRa XSP-6C
Bio-Rad
PCR UVmini-1240
Eppendorf 5424R
12 Fi&

121 E#k Y3F B9 SHiEE:

4 °C
10 100 pL  2216E marine agar
28 °C 24-72h

2216E
4 °C
(22 PDA
25 cm
5 mm 25 pL 24 h
Y3F 2216E
3 28 °C 7d
122 BEMYFRILE: (1)
2216E 28 °C 24 h
(2)
[23]
3 16S rRNA
Bacterial DNA Kit(50) Y3F
DNA 16S
rRNA (27F 5-AGAGTTTGATCCTG

GCTCAG-3' 1492R 5-TACGGCTACCTTGTTAC
GACTT-3) PCR PCR (50 pL)
10xPCR 0.5puL 20 mmol/L dNTPs 2.5 pL
25 mmol/L MgCl, 4 pL 20 pmol/L

1uL DNA 0.5puL 175 U/uL Tag DNA
0.5 puL ddH,O 40 pL PCR 94 °C
4min 94°C1min 55°C1min 72°C 1.5 min
30 72 °C 5 min PCR
NCBI
BLASTn
MEGA 5.0 (Neighbor-
Joining)
1.23 &k Y3F XwIRE RV E RE NN E :
Y3F Y3F
Y3F 1-2
Y3F 30 mL 2216E 150 mL
28 °C 180 r/min 24 h
300 pL 30 mL 2216E
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150 mL 28 °C 180 r/min MgSO, 0.537 Ca(H,P0O4),-H,0 0.589 KNO50.915
24 h 4 °C Y3F CaP,H,04 0.337] 4 10
Y3F 4 °C 8 000 r/min 2-3d
30 min 0.22 pm 24-28 °C
4 °C Y3F 12-13 °C 8h
200 uL  PDA
125 RFBPE: 15 30
2216E
3 28 °C 72 h 0
[24] 1
124 BE¥ YIF M ERNGEEHRENZ I 1/4 2
i Y3F 1/4-1/2
10® CFU/mL 3 1/2
4 [2]
cfcc 82185 50 mL PDA 126 EREHFEREMENE: 1
250 mL 28 °C 180 r/min
10
108 CFU/mL
5 105 °C 30 min
B 127 EREHPRIR DR YRR
CK i 1
30 min 5
4 °C
108 CFU/mL
20 mL ( ) (
) ( ) (
)
20 mL 20 mL SPSS 16.0
30 min
2 HR5508
2.1 Etk Y3F BI4 BFTEIL
20 mL 20 mL
2
20 mL 70% yw2
800 g 50mL  Y3F Y3F 71.45%
[ (9/L)  (NH4),S04 0.190 ( 1) Y3F
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1 B YIF MTEARINE SR R E RS HHE
Figure 1 The antimicrobial effect and morphological characteristics of strain Y3F
A B Y3F Y3F cC D Y3F  2216E (1 000x)

Note: A—B: The growth of Fusarium oxysporum cfcc 82185 without inoculation of strain Y3F and inoculation of strain Y3F; C-D The
morphology of strain Y3F in 2216E plate and under oil immersion lens (1 000x).

2.2 Bk Y3F B TSASLE F 1 EHk Y3F RS AFED T
Table 1 Physiological and biochemical characteristics of
Y3F  2216E (1 ’ ’ strain Y3F
5 mm—8 mm Y3F
1 Y3E Test items Strain Y3F Bacillus cereus
Glucose acid production + +
Arabinose acid production = =
Xylose acid production = =
2.3 E#k Y3F B9 T4 {LAFME Glucose gas production = =
Y3F Amylohydrolysis + +
Citrate utilization = +
Gelatin hydrolysis + +
Hydrogen sulfide = =
pH 9.0 Nitrate reduction + +
10% NaCl 55 °C Y3E Indole production + +
( 1 Phenylalanine ammonia lyase = =
Phospholipase + +
2.4 TEHE Y3F B9 16S rRNA EEFIIAMIRE  camlase N N
E*ﬂﬂ’q@ pH for growth
Y3F GenBank 5.7 + +
KX682281 BLASTN 68 ¥ ¥
Y3F 165 RNA NCBI %0 - -
NaCl concentration for growth
3%
99% 100% 5%
( 2 Y3F  Bacillus cereus %
10% = =

KSCI Bacillus cereus Fck-1-16 Bacillus cereus
Temperature for growth

HG10 Bacillus cereus Fck-1-17 10°C
Bootstrap 1000 30°C
16S rRNA SHE
55 °C = =
Y3F
+ - .
(Bacillus cereus) Note: +: Positive; —: Negative.
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63 - Baciflus amvioliguefaciens DSM 7 (FN597644)
60 |* Bacitius siamensis KCTC 13613 (AIVEFO1000043)
70 Bacillus amvioliquefaciens FZB42 (CPO00560)

65 Bucilfus methyvlotrophicus KACC 131035 (ITKJ02000012)
100 L Baciftus subtilis NCIB 36 10 (ABQLO1000001)
41 Bacillus subtilis KCTC 13429 (AMXNO1000021)
Baciitus cibi DSM 16189 (JNVC02000003)
21 Bacillus selenatarsenaris SF-1 (BASFO1000038)

Bacillus cereus KSC1 (KU I196778)
‘ Bacillus cereus strain Y3F (KX682281)
Baciltus cereus Fek=1-16 (KX350004)
Bacilius cerens HG10 (KX430857)
Bacillus cereus Fck-1-17 (KX350005)

Bacillus enclensis SGD-1123 (KQ758482)

100

—

0.005

B2 EHk Y3F B9 16S rRNA ERFII R G4 G
Figure 2 Phylogenetic tree based on analysis of 16S rRNA gene sequences of strain Y3F and some related strains
GenBank Bootstrap 0.005

Note: The numbers in parentheses represent the sequence accession numbers in GenBank. The numbers in each branch point indicate the
rate of support by bootstrap. The scale bar shows the 0.005 substitution value on each nucleotide site.

25 BE#k YIF WFEERE B EHRINERR ( 3
Y3F
5d
70%  ( 3) Y3F
5d
Y3F 70% Y3F
Y3F
2.6 E¥ YIF WEINMHAERAEMRLGA1ER 2.8 HEFk Y3IF 3 EFE IR PR L RE Y EEE
=:0pA !
( 2 4)
4
15 d )
éggg : 0 Fermentation broth of strain Y3F
E 70:00 | m Sterile filtrate of strain Y3F ER
64.10% 3 60.00 -
S 50.00
£ 40.00
E 3000+
£ 20.00F
T 10.00F
30 d 0.00 3 a4 5
50.46% "
e L, 3 H# Y3F MAERIM T EIERINES
27 Bk Y3F MEIERMRE MR B3 BHR YSF A0S REAAN TSRO B R E

Figure 3 Fermentation broth and sterile filtrate of strain
Y3F inhibite pathogenic fungi
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2 TR & ZE R RIBA SR

Table 2 Effect of different treatments on fusarium wilt of cucumber

15 days 30 days
Treatment Inr_:idenc_e of Disease index _C_ontrol In(_:idenc? of Disease index _C_ontrol
fusarium wilt (%) efficiency (%)  fusarium wilt (%) efficiency (%)
J 42.39+2.07d 38.06+0.37d 55.40+0.56b 55.36+3.02¢c 54.64+1.51d 39.85+1.67b
G 51.06+2.04c 43.33+1.67c 49.21+2.00c 58.62+2.81c 60.51+0.42c 33.38+0.46¢
JG 31.28+1.05e 30.63+0.15e 64.10+0.22a 36.61+1.66d 45.00+1.44e 50.46+1.58a
B 98.33+1.67a 83.50+1.75a = 98.89+1.11a 90.83+3.19a =
CK 85.33+1.48b 50.83+2.31b = 90.69+2.16b 68.76+0.65b
J G JG B CK . a b c P<0.05

Note: J: Soaking seeds treatment; G: Irrigating roots treatment; JG: Soaking seeds and irrigating roots treatment; B: Spore suspension of
the pathogen treatment; CK: Water treatment. The letters a, b, c, etc in the table indicate significant difference at the P<0.05 level.

B4 AELEARTEHK YIF W ETEERFHFEARR
Figure 4 The control effect of strain Y3F on cucumber fusarium wilt under different treatments
A G) B 9 C (JG) D (CK) E (B).
Note: A: Irrigating roots treatment (G); B: Soaking seeds treatment (J); C: Soaking seeds and irrigating roots treatment (JG); D: Water
treatment (CK); E: Spore suspension of the pathogen treatment (B).

3 RGN ETHERE KRR

Table 3 Effect of different treatments on growth of cucumber

Treatment Plant height Root length Fresh weight of Fresh weight of Dry weight of Dry weight of
(cm) (cm) aboveground (g) underground (g) aboveground (g) underground (g)
JG 22.07+0.43a 6.29+0.34ab 52.36+0.09a 7.35+0.28a 15.25+0.38a 4.47+0.19a
G 20.48+0.46b 6.00+0.35ab 50.33+0.21b 7.29+0.36a 14.24+0.78ab 4.42+0.03ab
J 17.75x0.42c 6.37+0.46a 49.51+0.08b 7.02+0.22ab 13.17+0.21b 4.39+0.11ab
CK 17.75£0.50c  5.28+0.22b 35.18+0.86¢ 6.35+0.13b 10.34+0.14c 4.04+0.13b
JG G J CK . a b c P<0.05

Note: JG: Soaking seeds and irrigating roots treatment; G: Irrigating roots treatment; J: Soaking seeds treatment; CK: Water treatment.
The letters a, b, c, etc in the table indicate significant difference at the P<0.05 level.
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Table 4 Effect of different treatments on the density of microorganisms in rhizosphere

Number of bacteria

Number of actinomycetes

Number of fungi Number of F. oxysporum

Treatment (107 CFU/g) (x10° CFU/g) (x10* CFU/g) (x10° CFU/g)
J 7.08+0.96b 3.3620.71b 3.06+1.56¢ 15.55+2.13c
G 12.83+1.12a 12.92+1.70a 2.72+0.89c 4.08+0.58d
JG 13.05£0.58a 13.640.42a 2.75+0.72¢ 4.42+0.89d
B 5.78+1.22bc 3.90+1.48b 12.5+1.20a 64.28+4.71a
CK 2.78+0.75¢ 4.67+1.10b 7.48+1.22b 26.01+1.17b
J G G B CK : a bc P<0.05

Note: J: Soaking seeds treatment; G: Irrigating roots treatment; JG: Soaking seeds and irrigating roots treatment; B: Spore suspension of
the pathogen treatment; CK: Water treatment. The letters a, b, c, etc in the table indicate significant difference at the P<0.05 level.

78.70% 65.76%

78.33% 63.85%

63.23% 83.01%

3 i
(Bacillus cereus)

(Bacillus cereus)

BC98-1
1 Xiao
X5
(Meloidogyne
sp.)?®! Niu Bacillus cereus AR156
[27]

Milner
Bacillus cereus UW85

[28]
Y3F
Y3F
[29]
Y3F  16SrRNA
Y3F
130] Y3F
Y3F
[25]
80.23%
[31]
Y3F 30d
50.46%
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