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Abstract: [ Objective ] Pod rot caused by Fusarium spp. is a major soil-borne peanut disease in Guangdong, which
affects the yield and quality of peanut seriously. In order to provide a theoretical basis for green prevention and control of

pod rot, a biocontrol bacterium was screened and its identification, physiological biochemistry characteristics and control
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efficiency in fields were evaluated. [ Method ] Strains with wide amitbacterial spectrum activity the pathogens of peanut pod rot
were screened from biocontrol Bacillus strains preserved in laboratory by plate antagoinsm method, and identified by sequence
amplification and phylogenetic analysis of 16S rDNA, gyr4, and gyrB sequences. Then, their physiological and biochemical
characteristics, carbon source utilization capacity of Biolog—GN plate, biofilm formation in MSgg, BGM1, and BGDM media
were determined. Meanwhile, the control effects of these strains on peanut pod rot were conducted by field plot tests. [ Result ]
A Bacillus strain ZKYO01 with wide antibacterial spectrum activity was selected, and its plate inhibition rates on Fusarium
sp. G15, F. oxysporum RS and F. solani R4.2 were 72.23 (+3.36)%, 54.14 (£ 10.33)% and 69.37 (+2.17)%, respectively.
According to the phylogenetic analysis, the strain ZKYO1 was identified as Bacillus velezensis. ZKYO1 could grow normally in
3% to 10% NaCl solution, and temperature suitable for its growth ranged from 10 °C to 50 °C. Tt could use 50 kinds of carbon
sources and form robust pellicles on MSgg, BGM1 and BGDM liquid media. Field control test results showed that ZKYO1
wettable powder drenching at seedling stage had a control effect of 95.14% against Fusarium—caused peanut pod rot.
[ Conclusion ] Bacillus velezensis ZKYO01 has great application potential in the biological control of peanut pod rot caused by

Fusarium spp.

Key words: Bacillus velezensis; physiological and hiochemical characteristics; biofilm; peanut; pod rot; biocontrol
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Table 1 Primer sequences for ZKYO01 strain identification

HH F1¥IFES (5'-3")
Gene Premier sequence (5'-3')
16S rDNA F- AGAGTTTGATCCTGGCTCAG

R- AAGTCGTAACAAGGTAGCCGT
gyrd F- CAGTCAGGAAATGCGTACGTCCTT
R- AGCAATGCCTGGAGCATTACCTTG

gyrB F- GAAGTCATCATGACCGTTCTG
R- CTCGCACATCCGTACCCTGCT
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YE R A RE, R grB 18 5 & B W B L E. coli
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WELIFHA IRIE 5%
1.2.7 HA#k ZKYO1 B ] By 2 34E 2019 4EFKAE
Fi DG Tl Y DR T R RO T JRE ZKYO1 ATk
BT B 45 A A SR 0 FH R, R 2 RD
FEKFE, KRGS, SR B/ ied: (R P
HEM, Mgk o kAR 1I0d)E, H
1 000 5 F B ZKYO1 A JE A4 351 X6 48 A Folr 1 5%
W, BERE 50 mL ZE47 o DASWEK b3 vl {44 5
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Fig. 1 Antagonistic effect of ZKYO01 strain against three
strains of pathogenic fungi
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Fig. 2 Plate inhibition rate of ZKY01 strain against the
pathogens of peanut pod rot
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557718 sonorensis BCRC17532(D0993679) B. subtilis BSn5(CP002468)
s ,j‘c’,;'g;ff';‘;,;E%%%ﬁ;ggﬁ{ﬁ;@g})g) Klebsiella pneumoniae SB3432(F0203501)
95! B. licheniformis BCRC11702(EF433410) 020
Alicyclobacillus acidocaldarius DSM446
’W‘ (AJ496806. 1)
Bacillus velezensis AS43(CP041145)
B. velezensis BIM B-439D (CP032144)
B. velezensis Atl (CP041145)
ZKYO01
B. vel is QST7139(CP025079)
B. velezensis SYBCH47(CP017747)
B. velezensis BCRC17467(DQ903176)
B. velezensis BIM B-454D (CP082262)
B. velezensis FZB42(CP000560)
B. velezensis AP183(CP029296)
B. amyloliquefaciens ATCC21770(DQ309311)
B. amyloliquefaciens BCRC11601(DQ309294)
B. amyloliquefaciens BCRC17038(DQ309305)
B. amyloliquefaciens BCRC11266(DQ309307)
B. amyloliquefaciens ATCC2156(DQ309308)
B. amyloliquefaciens ATCC15841(DQ309310)
B. mojavensis BCRC17124(DQ309297)
B. mojavensis BCRC1753(DQ309303)
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Fig. 3 Phylogenetic tree constructed based on 16S rDNA (A), gyr4 (B) and gyrB (C) sequences of ZKY01 strain
R 2 EHRZKYO01 £ A HHE
Table 2 Physiological and biochemical characteristics of ZKY01 strain
=2 A 45 s jae sl 45 75 e el 45
No. Tested item Result No. Tested item Result No. Tested item Result
1 REAK - 11 I AR (50°CAK) - 21 TSR T i R +
2 pH5.7 £ K + 12 AR KIRE (10CAK) - 22 AR BRI e -
3 3%NaCl A% + 13 IR + 23 JE -
4 5%NaCl /K + 14 Bl - 24 PR +
5 7%NaCl /K + 15 Abk + 25 7R RN -
6 10%NaCl 7L + 16 H 8z + 26 [ERRNI +
7 0.001% W IAHIER + 17 FLBE + 27 P WK fift -
8 ity - 18 VERD KA + 28 PRE G +
9 AL + 19 FrEEIRER A + 29 I 80 K i -
10 V.P. K - 20 INRERA -
E: =7 FORBME, 47 FORME.
Note: “~” means negative, “+” means positive.

2.5 EHk ZKY01 X312 4E RS % A B B

HH (] Bl vA B0 45 S s, X IR IX A A i SR8
W RIRE R 2779 ( £5.19) %, ALFRIX LA 55
BRI A 135 (£0.51) %, WHLRDE,
ZKYO1 ]y 700 v HA M 1 U0 SR8 s B 4544

R 05.14% ., X FEFIAL P X 44 5R 4K 30 ¥RAEA:, 1€
He SR B R AR AN R 5 BT, X R DX R A6 A SR
JE e A e, AbER X AR A R D . X RRIX
PFARR R IETE 69.00(+£6.37) g, AbFHX PARRE I
Gt 73.86 ( £3.99) g, MHEZEFARE, AL
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&3 Biolog £TE RGRAMEK ZKY01 GHHE
Table 3 Metabolic capacity of ZKYO01 strain provided by Biolog identification system

oyt ﬁiﬂﬂf&:”@ ﬁiﬂfﬁ‘é@ [ ﬁiﬂﬁf&i”@ ﬁiﬁJﬁEJ.J B ﬁiﬁﬂfﬁ% ﬁiﬁiﬁﬁ' e ﬁiﬁﬂ%% ﬁiﬁiﬁﬁ.
No. Metabolic Metabolic Metabolic Metabolic Metaholic Metabolic Metabolic Metaholic
substrate capacity substrate capacity substrate capacity substrate capacity
1 o— BRaBIRS + 24 L BTA/ 47 o -D- FLBE - 70 B - W - AT +
2 B - R + 25 D- BuRifrpRmE 48 LA - 71 o- W - HEHET -
3 MRS + 26 FRAHY 49 KZppl + 72 WA +
4 HER - 27 D- S4E Kk 50 A= + 73 D- B ERE +
5 Kkl + 28 D- i 51 D- TR - 74 D-ARFhE +
6 HiERHE + 20 Ll 52 D- Hish + 75 L- RAhE -
7 Wk 40 + 30 D->EFLpE 53 D-Ah=HE - 76 D- b +
8 ki 80 + 31 D- EILEmER 54 D- % HE - 71 Kbt +
9 N- LA -D- HATHlE + 32 JeflTpk 55 - W -D-EFUHRT - 78 FEREMRNE -
10 N- ZBtHE - B -D- HEshe  + 33 D- HAIbER 56 - Wk -D- 2T - 79 D- ILALEE +
1 + 34 a-D-HiHghE 57 3- W - HAHE + 80 /KI5 putE -
12 D- Bk hl - 35 m-JUUE 58 o— FIgE - AT 81 HERE
13 D- ik + 36 FLMthE 59 L- A - 82 JRH +
14 AAHE + 37 D-FLERMILRAR 60 D- N - 83 2- AU +
15 D- Py H g - 38 L- 7L 61 L- NAMR - 84 JLH +
16 D- Al + 39 D-SERER 62 L- NaBE - HZEm + 85 Mafg e +
17 2R - 40 L- YRR 63 L— KAMME + 86 IRAZH +
18 o-BHTH - AL MBS 64 L- 1&R + 87 MY -5 SR +
19 B-FITM - 42 BREAMRER LR 65 HAEMIE - BEIR - 88 JANREENE -5'— FABERR +
20 y-BETE - 43 AR 66 |- fFEAT A + 89 JRIZH -5'- Rk -
21 p- JBhk - K2R - 44 MR 67 L- 225 + 90 D-6 WA +
22 a—Ketovaleric acid - 45 BRIHMRAM 68 T ik - 91 1- R - -D-HAIHE  +
23 N- P2 -L A Em - 46 D-L-a- [IIBERNER 69 il +
7 FonEACETHE = FORAEAHIRE T
Note: “+” means the strain has metabolic capacity, “~” means the strain does not have metabolic capacity
TARREFRIE

Fluid medium

[ A S Ak

Solid medium

MSgg

B4 Btk ZKY0l EAREEFE LR EMRER BB
Fig. 4 Biofilm formed on the different media of ZKY01 strain
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Fig. 5 Control effect of ZKY01 sprayed on peanut pod rot
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A ZORAN R, WA (Surfactins ) |
PSR ZR (Turins ) FIZFIFER (Fengycins ) (22
s DT AT I ZKYOL Xof AN ] o5 i B
BN D A E o IR OB Y -0 B = Wl o O ) W o
VIt —205E, LB HPa B iR e A S R
FIBILTH
4 it

AHIGE IR BER] 1 X A8 AR S HLA P
PRI 97 2 MUAF B ZKYO1, 45 16S tDNA . eyrA .
gyrB BE[H P A & B 40 AT 4 e H ok DL SIERT 2 AT A
ZKYO1 fiE7E MSgg. BGM1, BGDM iR B 75 48 I
TE N R, FE MSge [B 1R 15 57 5L Bl 22 75 FH 45 1)
BT, 1E BGM1 [EIRER IR 5L AP BLor ST T
{HAE BGDM [E AR 37 3L |20 I RIIE ()6
V%, R ZKYO01 HAT AR A A= Yrp Y il g
WA T T TR & . ZKYOL Be % H 50 Ff
e, HARMABLEN M. FIH ZKY01 fyn]
TR R FE K X A A SR AT B s, LB
iKE] 95.14%. V13 2F MU FT B ZKYO01 XF fE A4 R
R RAF B SR, ol A A8
EWBEEE, (ERENLHEA A FTFRAMGT
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