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Identification of Marine Bacterium BA-3 and Its Control Fusarium oxysporum of
Cymbidium ensifolium Stem Rot
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Abstract: In order to screen the bacterium with good antibacterial effect against Fusarium oxysporum of
Cymbidium ensifolium stem rot. The antibacterial activity of the isolated strains was determined to screen the strains
with the highest inhibition rate from marine fish. Base on that the screened strains were classified and identified, and
the inhibition spectrum and control efficiency were evaluated. The results showed that among isolated the 43 marine
bacteria, 10 strains showed significant inhibitory effects on F. oxysporum, with their inhibition zone diameter
ranging from 0.60 to 1.60 cm. The strain BA-3 had the strongest inhibition effects: 8§7.69% in the culture medium.
Based on morphological characteristics, biochemical characteristics, and molecular biological, BA-3 was identified
as Bacillus amyloliquefaciens, which it can inhibit a broad spectrum of phytopathogenic bacteria. Treatment of F.
oxysporum of Cymbidium ensifolium Stem rot and BA-3 fermentation solution resulted in 79.05% control efficacy
in the lab, and the efficacy of BA-3 fermentation solution against F. oxysporum of Cymbidium ensifolium Stem rot
was 74.71%—77.09% in the field, that it is good application.
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) ZWY-240 B e sCRE IR IR G 45 9% 2 s WUR KR, T~ (12£1) "C. 8000 r/min [¥) KDC-140HR 7
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AEFAEACRFIE S e . R S N . VAP W (LBEFR SRR o iR tE (7% NaCl A KAR%)
DRAAME AR SRR IR . WIS YERK MR 2R3 KR AR SR RO (BT qf TRl . 22200
HIATPE . RERE . ACKE . FUBE . LB AR BRI BRI FIFHEE ). o TAEY)2E % e T TaKaRa MiniBEST
Bacterial Genomic DNA Extraction Kit Ver. 2.0 5% (H A~ TaKaRa A w)) SIS DNA, JF4
WK 16S rDNA R385 [#)(27F: 5'-AGAGTTTGATCCTGGCTCAG-3'F1 1492R: 5-TACGGCTACCTTG
TTACGACTT-3") Hl gyrB 3L I1514) (UP-1: 5-GAAGTCATCATGACCGTTCTG CAYGCNGGNGGNA
ARTTYGA-3'H1 UP-2r: 5'-AGCAGGGTACGGATGTGCGAGCCRTCNACRTCNGCRT CNGTCAT-3', 3t Y
=C/T, R=A/G, N=A/G/C/T) #47T PCR ¥ M. ¥4 W/ W) LA T 54 GelRed Gre} iy B Iahi gt e v ek
i, H OMEGA 2wl RSO A Sof 3G = i H i By, 2828 TARY TR C R Rt BR 2wl il
J¥s KWl E 2 PR 4106 5% NCBI AT Blast 4341, 1M GenBank 4 43845 4H G4 5 H1 16S rDNA Al
gyrB JEF P, 7E MEGA 5 #{Ff I Neighbor-joining 73 HTik it R4k B LM .
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BA-3 KM 10 mL, 55 3 ZHME 80% % B R v WMk 771 800 f%3% 10 mL; 10 1 20 d Ji5 75 Ab BH 35 7 H 52 i
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Table 1 Primary screening of marine bacteria against stem rot on Cymbidium ensifolium

W #K Strains M H % Inhibition zone width (cm) Ak Strains I 9% Inhibition zone width (cm)
BP-2 0.601+0.36 BA-17 1.4340.08
BP-6 1.28£0.10 BA-31 1.23£0.03
BP-9 0.70£0.17 BS-5 1.40£0.10
BA-3 1.60£0.05 BS-10 1.32£0.08
BA-11 1.47£0.06 BS-28 1.39£0.09

x2 BEZERREMEFARER

Table 2 Secondary screening of marine bacteria against stem rot on Cymbidium ensifolium

Ttk Strains HITE#. Inhibition rate (%) BBk Strains FWE % Inhibition rate (%)
BP-2 26.15+11.09 ¢ BA-17 82.57+235b
BP-6 77.95+321¢ BA-31 45.641+0.88 d
BP-9 29.23+533 ¢ BS-5 81.54+1.54b
BA-3 87.69+3.08 a BS-10 78.97+235¢
BA-11 83.59+1.78 b BS-28 81.51+2.67b

T BT EE £ hsUER, AR TRERIR 0.05 KRR R, T,
Note: Data were presented as mean & SD, data with different lowercase letters indicated significant difference at 0.05 level. The same below.
2.2 AEREEFME BA-3 HFIERETE
TEAFFE: WFEA0R BA-3 76 NA JiFRH-PAR AR RAF, Wvg LAt WS B AMNSGE: wks
WL RBHME AR, K 1.5~2.4 um, % 0.6~0.8 um, HHiE; ZEMPAERERE (KD .

o

15kV X 6000 2 g NS

Bl 1 E¥EME BA-3 BEEHFE (A) REMARAMBEEFE (B)
Fig. 1 Colony morphology (A) and scanning electronic micromorphology of strain BA-3 (B)
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AP AEARRRIE : WA B BA-3 DA e R AN R, B S N AN VAP ROV BEBHE, BEFETY 7% NaCl )
B E e AR, BOERAHIR SR WAL B IFIK e B I RE D), ARTCK MR LT3, R M AT IR SR A
ME—TOBIR, RE R BT RIS . 22 2ERE. AR, RERE. ORRE. FURE. AR TRERUH RN, ISR
FFLBE (R 3) o GETEARHE, WP EK BA-3 AT 2 M B8 Bacillus.

16S tDNA FI gyrB FE[M 7 HIRFAE: AR K BA-3 [0 DNA 21T 16S rDNA Fl gyrB 14, 433k 45K
FE2h 1427 F1 1152 bp HIKZER 41, #2485 NCBI/GenBank, 73 7l3KH )% 555 4 MF465780 Fil MH480381 .
¥ 137515 NCBUBLAST AR S @ BT RIVETE L A B, 565 ) MF465780 ) 16S rDNA J¥51 5
B35 KU551169.KU363819.FJ441059. KU359247.KP314031 F1 NR116022 [RIf# €N 2 AT B Bacillus
amyloliquefaciens ¥ 9 FIFIVELE 99% LA E, HAE RS KB W LI A—#% (B 2 A) ; 55 ) MH480381
() gyrB FPA1 555565 IN120860. KJ717949, JN412504. KF194281. KF194280 Hil KF194279 (¥ sk
2EMOFF BRI IAAELE 99%LL b, JFERG K EWM LRI (2 B) « 458N ARL,
S 208 B IR BA-3 K 2F IOFT B 8 (0 A v B 2 BT R

R3 EEME BA-3 MR LS

Table 3 Physiological and biochemical characteristics of the marine bacterium strain BA-3

WEITH Characteristic 44l Result WEITH Characteristic® 254 Result
il S W Catalase test + FTHi{fHE Arabinose +
V-P X W V-P reaction + 5 H Maltose +
fif #h44E 7%NaCl + HIZHE Glucose +
JREME Anaerobic - TEPE Sucrose +
TE% I8 IR Nitrate reduction + AHE Xylose +
I #BAL Gelatin Liquefaction + FLBE Lactose +
A4 Z/KfE Cellulose hydrolysis — B Galactose
VERKA#E Starch hydrolysis + i T-H Raffinose +
Frigm i FIH Citrate utilization + H # % Mannitol +

e < ORI E A RABAE: <= FRaRllE g5 38 Bt .
Note: “+” indicates presence or positive; “— indicates absence or negative.

2.3 EFME BA-3 BEIENE
AN BA-3 X 10 PR it 1 FL AT AN [RIRE JSE AR Y XS =2 2 8 7 TR <5 B 25 J 0 B FO 410
AR ek, IR S0 SIE 1.67 A1 1.65 em, W KX SLAh 8 PR R ials X R . A AR
FHZITA DY JRIRIEIA AT A5 0 B BRTR AR SR T O £ P AR i, FERTAHT 9 0.52~1.22 em X
TLAts 3 A0 B oA (AR P ELIR AR 455, (HANIR B3 KT 0.30 em (R 4) o WL, Wi 4l1A BA-3
B
R4 BEME BA-3 X 10 FUEYIRF R ERIHEE

Table 4 Diameter of the inhibitory zone after inoculating the marine bacterium strain BA—3 against 10 phytopathogens

TEA19% )5 Phytopathogens B % Inhibition zone width (cm) THA19%5 )5 Phytopathogens I 9% Inhibition zone width (cm)
2L F. oxysporum 1.6710.16 a VEJRIRIETR K C. orbiculare 0.53+0.10 ¢
SERSEZE G F. oxysporum 1.651+0.10 a VaW BB T A. alternata 0.83+0.06d
FHER N F. oxysporum 1.0240.08 ¢ T FPERR A A. solani 0.31£0.05f
F KGR F. gramincarum 0.38+0.08 ef IKFEERE R. solani 0.52+0.08 ¢
HERIANAR C. gloeosporioides 1.2240.13 b W JNIK BB B. cinerea 0.3540.05 ef

24 BFMAE BA-3 WE=ZZEHFNEAGEMR

NP E R, SRR AR, R, R FIA 80%, FE4NEE BA-3 I 80%
Z W R PR 1) 800 AL BEIIAERE, BIWEEE, K I 20%; MBTVE R ol LUE v 40 B
BA-3 RIFEMRALFERT 05 79.05%, W& T 80% % I & il W0 71 800 i, H LW ZER (K5 .
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%610 WS, BRIPEAI BA-3 (0% 5k MOURS A 0ol ) 2 (0 i
A Bacillus malacitensis DQ993673
Bacillus mojavensis KY085993
81 Bacillus mojavensis KY 131800
65 Bacillus mojavensis AB021191
Bacillus subtilis AJ276351
Bacillus subtilis JQ396173
Bacillus amyloliquefaciens NR116022
Bacillus amyloliquefaciens KP314031
Bacillus amyloliquefaciens KU359247
39 Bacillus amyloliquefaciens F1441059
9 | 60[1BA-3
Bacillus amyloliquefaciens KU551169
Bacillus amyloliquefaciens KU363819
100 [ Bacillus atrophaeus AY 881241
Bacillus atrophaeus DQ993677
Bacillus atrophaeus AB021181
Bacillus sonorensis EF433411
100 | Bacillus sonorensis AF302118
Bacillus sonorensis KU551174
Amphibacillus xylanus AJ496807
—_
0.01
B [ BA-3
g5 Bacillus amyloliquefaciens KJ717949
Bacillus amyloliquefaciens IN120860
100 [ Bacillus amyloliquefaciens IN412504
99 | Bacillus amyloliquefaciens KF194279
Bacillus amyloliquefaciens KF194280
97 ¢ Bacillus amyloliquefaciens KF194281
83 971 Bacillus amyloliquefaciens KF194282
67 Bacillus mojavensis KF194271
100 1 Bacillus mojavensis KF194272
Bacillus mojavensis KF194273
94 100 . Bacillus subtilis KY315727
Bacillus_subtilis KY315728
100 |— Bacillus_subtilis KF194266
8 871 Bacillus_subtilis KF194267
100 Bacillus_atrophaeus KF194288

Bacillus_atrophaeus KF194289
55 Bacillus_atrophaeus KF194290

Bacillus pumilus KF194257
Bacillus pumilus KF194258

100

96 L Bacillus pumilus KF194259
Amphibacillus sediminis AB243407

—_
0.05

EME BA-3 T 16S DNA (A) M gyrB (B) EEFFIHMEMAZ R B R

2
Fig. 2 Phylogenetic relationships between strains BA-3 based on the 16S rDNA (A) and gyrB (B)

x5 BEMAE BA-3 WE=ZEHEMNENFEBR

Table S Inhibitory effects of strain BA-3 on F. oxysporum of C. ensifolium in laboratory test
AL Treatment T KX CK BA-3 80%% 14 R carbendazim WP
K3 # Incidence (%) 80.00 16.77 20.00
53 Control efficacy (%) - 79.05 a 7771 a
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2.5 EFME BA-3 WE=ERHEIRMFTARR
AN[R] IR R A0 BRI 240 5 2 W5 5 KO0 AL BRI RE PR, s - T ik 24.33~32.33%; TMHETAH1E BA-3
KRR 100 150 80%25 11 R AR PR 51 800 A5 BIAL BEAUREAR, A W, AR B 8.305 A
Bt R nT LA Y, BA-3 KR 100 FHRTIE 74.71%~77.09%, 750 =T 80% 2% 14 2 nl K3 71 800
L HZERAERE, HEANPIBINES R GR6) .
%6 HiFMAE BA-3 WEZZEBHRAOAMEAMR
Table 6 Inhibitory effects of strain BA-3 on F. oxysporum of C. ensifolium in field testing

Ab B March 2018 May 2018 July 2018 September 2018 November 2018
Treatment 555 Bi%k Rk sk Rk sk K sk R ik
Incidence Control Incidence Control Incidence Control Incidence Control Incidence Control
(%) efficacy (%) (%) efficacy (%) (%) efficacy (%) (%) efficacy (%) (%) efficacy (%)
7K I CK 24.33 — 27.66 — 32.33 — 28.33 - 26.67 -
BA-3 557 77.09+197a 6.41 76.81+236a 7.84 75.74+2.53 a 7.16 74714247 a 6.36 76.15+2.28 a
80%% I R 591  75.72+%4422a 6.86 75.184+435a 8.30 74.32+4.67 a 7.79 72.47+398a 7.16 73.17%£3.65a

carbendazim WP

3 itig

VBT Rh A AR FRAREEEFE T, i 4 R A A A B U A2 B R o
W9 A i 1 T R R [ AT e Bk 2 U S AT 0 S Bl b (0 A A AR R, A T
o (R 20 v AT AR A RN ) BE R R R ARVE A 74, A7 AL 22 Fon A T BLAT B L4 B BT 0 R R i
AR H AT 2 R A A S A P R s R B i i dRaE R Y, TR e
R B D>, ANRILRER 1% AR R R A TN 2,
PERTBE AT CEH S BT ET s AHIF ST IR A0 SRE b P 40 B RAT 43 MRASVEANE, 19T 10 KRt 24 2508
s S PR O R ) R B A I SR AR R, TR 2k 23.26%, BE— Bk S T S A OR SR FE R
HIEPUER a0 A BEE BA-3 BHMHIE R, HOJo B K RIS 40 1R 26 1A 87.69%, Ut W 1R Ak
R AE ARG PR AR I P BT, IR AZ BRI RR (R 3E— 20 7 2R e A TR 15 ST 2800 5 F A 4t

TRPH S 5 S A B0 BRI P A AHIFST MRS . AR B AR AR AN DR 470 45 5 T PRV RR AL, B A 52 BT
018 (RN TR BA-3 O 24 AT B (XA 2 A B o PRy 2 I W A A 20 BT 1 Je () F S B A
R AT) iz, WA T, BHAT WS PURTE R, PR, B R B0y s RRE LT,
P AR 204, FEA 96 5 T AT AR GF I S A2 Ao, COMIRERE P 20 B g Y — 2 e 2k
B R T4 2 B V) B K 5% 85 181 Phytophthora sojae FMU 5% 18 P. capsici~ i Mi 87 /R I # Ralstonia
solanacearum 55 J7 5 1S ) 5 |2 10 22 R A5 2427200 0 ACHIF 9 v ol 65 2 DA AR b 2 IROAT TR 100 40
BA-3, RG22 2R IR B AR T S A B RCN 79.05%,  KMIBI R 74.71~77.09%, ALY
80% %5 I 7 Al A 71 800 5 Uit FH A AT Y, 345 AR Bk <50 VR HY 4 /N 2E MUAF I B. pumilus 223 B Va4 2%
KR R A IR B R L 2 AT B B, subrilis OBS-2 BiVATF B2 M . 25 E 5P R) F g e A 2 2 i
FFIE 3512A Biia IR 200 . 7k b 2070 F e eve b 2R MUFF 18 AL3 BlvA B RS RGZ500 . MRIu R 45/
SEREEEPO 0 SR PR AR A 28 AT B SH-27 179 K 5 803 RN BIABUZE 95 O ORI, #4114 BA-3
A5 AT R F, WESCE RS T f 22 A5 R 25 J0 06 I B AR A Bl ) B AR B R R, S T
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