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FREM SEAATE OMRI1-7 BRI ERE
ZREYERRIERBVR

Ak, FOH, B O, Bl FEA, KER, RHEET
(BRI ARBTG5 B 650500)

WE: [ BHY ] ABEIER ZEF B (Bacillus amyloliquefaciens) STHIAEALIE (Echeveria) 22 RIRIY) 218 i IR
W —2RTE T B (Fusarium oxysporum) BIAEBFRCR . [ ik ] WINBLEFAEFE (Oryza minuta) ARER43 B AL E
T 1Bk N AR R E Y ZE AT T OMRI-7 B AR, I s Hxt 48047 34 46 22 ARy b R It € 2 23 K L T R 1 F
oxysporum KMEARM-2 TH bR 0 BIEIRE F. oxysporum KMIY6 AR RS PIRCE . P ks m L WEaE )y
SEFERE I LI GRERAL, [ 455 ] OMRI1-7 FMRNT 2 i SRR TR B 223 I A3 B R 57.15% 1 74.29%, FRAARHD
Tl 51 84.82% F1 86.15%, 2K W 5 A 2 Flt SEJRE WG TR (AR YL S5 A RTIE 7 feL el o i TR R R A
AHXT iR 80.98%, HABGRMPITRETHRRES), HREW ™ AW, M5 %ERHFRERAR . 25, it
NERE E S, TRBH RIS R ARIEAE . OMRI1-7 FEREX iM% 25 WOR R SR B A AR B AR, iR
FEBFESTAN 80.08% Fil 78.89%. [ Z5it ]| WRFRAS AMG I TEAE B 2 R AE W) PRI 1 A W) B R AR AL A
GRRNGEIR, AR OCAE B 1A 70 SR R B 5%
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Biocontrol Efficiency of Bacillus amyloliquefaciens OMR1-7
against Echeveria Black Rot Disease

LIU Shuang, TANG Rui, TAN Dan, XUE Zhifeng, LI Mengjie,
ZHANG Tingping, QIN Shiwen

(College of Agriculture/Institute of Resource Plants, Yunnan University, Kunming 650500, China)

Abstract: [ Purpose] To clarify the biocontrol effects of Bacillus amyloliquefaciens OMR1-7 aga-
inst Fusarium oxysporum causing black rot disease in Echeveria succulent plants. [ Methods ] The
endophytic bacterial strain OMR1-7 isolated from the root tissues of Oryza minuta was identified as
B. amyloliquefaciens in this study. The antagonistic effects of B. amyloliquefaciens OMR1-7 against
F. oxysporum KMEARM-2 on E. agavoides cv. ‘Romeo’ and F. oxysporum KMJY6 on E. derenber-
gii cv. ‘Purpus’, the pathogens causing black rot disease in succulent plants of the genus Echeveria,

was evaluated. Furthermore, its ability to produce iron carriers and biofilms, colonization capacity,
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and greenhouse efficacy were also determined. [ Results ] The hyphal growth suppressive rates and
colony inhibition rates of this antagonistic bacterium against these two pathogens were determined to
be 57.15%-74.29% and 84.82%-86.15%, respectively. Due to the antagonistic effect of B. amylolique-
faciens OMR1-7, these two pathogens produced abnormal hyphae and decreased sporulation. B. am-
yloliquefaciens OMR1-7 produced siderophores with a relative yield of 80.98%, indicating the strong
competition for iron. This strain formed biofilms to colonize in the root, stem and leaf tissues of
plants, which could prevent the invasion and spread of F. oxysporum. Furthermore, the biocontrol ef-
ficiency of B. amyloliquefaciens OMR1-7 against pathogens of E. agavoides cv. ‘Romeo’ and E. der-
enbergii cv. ‘Purpus’ black rot disease in the greenhouse was determined to be 80.08% and 78.89%,
respectively. [ Conclusion] The results will provide the biocontrol microbial resource, which can
develop the microbial fungicide, for preventing black rot disease in Echeveria succulent plants.

Keywords: Echeveria; black rot disease of succulent plant; Fusarium oxysporum; Bacillus amyloli-

quefaciens; biological control
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FEHELE 3000 714, 5K A} (Crassulaceae) #/
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R K S ALY WAL EE, &
B Rt B WK BORAS BT 7%, 2500 S R
SER, A FEERAZTY, IR
A1 S5 B PR B 0 TR A AR AL T TR (Fusarium
oxysporum), RERSIEFINEL BRK (E. agavoides cv.
‘Romeo’ )", ¥#X (E. derenbergiicv. ‘Purpus’)”, %
W (Echeveriacv. ‘Rainbow’ )", 7Rz (E. agavoides)™
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s, A A 25 R R RO B iR T BTG
P HARBRY S 22 AR SRJE s 1 By ¥ 32 2R UL
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HALZ= 2R s A B e ok . AR iR 2 ]
APIFEETUR (T . BESE), i PIEIARTE A
BBy AL 27 AR B BRSNS A B TR E A
g IR AR 2SR, RN EZN

Y RIERBATFB . SR, Z2RERERAEY)
BGIESE B AT AL 725 H o AN/ INRLET A
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1.1 AR

PR SR VR ARE, B AR AR AR
ZAEAE R A2 SR AR S S St
A1V JE 22 TR R A I €2 2 RICRT R 0 1 2 e S
—Z2 PR 1 M R

P B I8 S R SR T TR F. oxys-
porum KMEARM-2PHI# % & i I 18] F. oxyspor-
um KMIY 6"¥5) R 25 i R R 2 B A ) B2 A 5
FUE AL

PR . GFP bric fff V€ 8 2F 7 FF 7 OMR
1-7 BERE T FH st % e b 3k ik pGFP4412 v E 4k
KA T IR
1.2 AP

SRZV o BE", IARER /IR A A5 1By
HURERZHZ, TCTR K phde T4 R 115 505 FH ISR
W T-ZRM7K 5o HRFRAZIZE 75% kG2 5 min .,
TCRKIEEGE 1R, 2.5% WCATRENIZ L 3 min, TG
PRKIEDE 3 U5, PTG IEAR TR 1K 5. 1%
HREBLL LU ATC R BER T, I AGE R TCEAK, B
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VE Jo RIS TR A TR BE AR R, IR 2K 100 pL
WA T LB B ARG FRIEM L [RIA R 3 i
PEWE 100 pL ¥R A0 T LB [EARIG IR, 5 T0am
KRWIRIRRI OIS HL L PRE T 37 C
REEEEFE 13 d EREAWBEK L, SBUEEAH
(14240 PR TR 7 R T 2L DR

1.3 AEPEkRI S

1.3.1 JESREEE

¥ OMRI1-7 WHRIZIEFET LB #5550, 37 C
K% 24 h J WL TS IR, Bl AT 24 IR
Pea I PEH FRTE SR
1.3.2 BT FARHIES &

FIH TIANGEN i 5E 41 DNA $2 505 &
PLHL OMR1-7 B kLN DNA; FIH 16S tDNA B4
27F (5-AGAGTTTGATCCTGGCTCAG-3") F1 1492-
R (5-GGTTACCTTGTTACGACTT-3') UL J gyrd %
N5 14 gyrAF (5-CAGTCAGGAAATGCGTACGTC-
CTT-3") Fl gyrdR (5'-CAAGGTAATGCTCCAGGC-
ATTGCT-3") #1417 PCR ¥ 3 ; 434 v Be&e ikl
FFASIN S, 78 NCBI #4i 3E #E17 Blastn HXf 43
B, IEEE B E K EWEE 0 Genbase £ 4
(https://ngdc.cncb.ac.cn/genbase); #]H MEGA11.0
BRAELLABRE A 16S rDNA Hl gyrd RS AT
¥, Bootstrap {E154 1000,

1.4 FEPUSCER MM 2
1.4.1 B 22300 22 1) 2

K OIS, 5 5 mm® PR JE R B KMJ-
Y6 Fil KMEARM-2 [ He 4351 4% ) T PDA “F Az ™
e oK OMRI-7 EARRIZERE 72 T LB [BAR: 77
2, 37 CHiFE 2405, PREUARETEZME LB
WAK G S5, 28 °C . 180 r/min #E % 15 3% 12 h,
il B 1x10° CFU/mL B B2 . K OMR1-7 T &
WA TR I B B H ) 2.5 em Ab, 1 3 1K
FRIRE . DAEER e R W1 PDA AR N
XFAE K PDA FAE T 28 C fH IR B FR A TP RS
F*6d, FPXIRARZKW G, AR
OMR 1-7 B A X 58 8 o AT 1Y) T 22 3 il %2 . 4ol
R=[OF MRV HAS - AL PRV AR )N TR 74
1£1x100%.,

1.4.2  TE AR 2 R0

¥ OMR1-7 A SRk, BHIZEZ 40 C 1Y
PDA B3R BEHARFR LI 12 10 B4, HIl OMRI1-7
B, 5 mm’ BJEHEE KMIY6 Fl KMEARM-

2 WU AR PG, W3 REEIRE., U PDA
SERCRRT IR, KRR PDA SEHRE T 28 °C HIE
Ri gt 5~7d, SRJG I OMRI-7 BBk 2 6 055 1
BB A AR, AR 1.4.1 75,
1.5 APi Bk S A e e
1.5.1 PR E P

FKHUEAC T %, B4 B AR IR T CAS 85
FRHEM L, 28 C HIE LGSR 2~3 d F MR G A IE
BHRE, DL LB K5 Xt iR, oF 0 R RN T 75 B L
1 LA RIS TRTRR kAR i
1.5.2 PR e &0

Bl OMRI1-7 2 100 uL 4%F8F 1 mL CAS
REFEM, 28°C. 180 r/min YR 155F 48 h, .05
B35 300 uL BT 96 fLAR T, AFM4bHE 3 A
2, HE#FRY (Molecular Devices SpectraMax” i3,
D) AN 630 nm Ab B IO EEAE (As); 73 HU LB
IR CAS $5 3R SF AR S), DI 630 nm
A E IR SEEEAE (A E IS e, 4R AN SU =
1-As/Ar TR MR BRI AR & & (SU).
1.6 AR B R = T AR PR RE 7 N
1.6.1 FEIAWIIE E A AT

F OMRI1-7 WHREEFN T LB 558345557 24 h,
BLOJEFE 1, MSgg B i ER IR, 7E 24
FLANREEESRAR R LI MSgg H55R3E 2 mL,
SRIGHIA OMRI-7 B 5 pL, WHE 3 NEE, T
37 C B ERFE 72 he DL MSgg B3R5 A LB
Rige sk 5 uL AXTHE, WEZE OMRI-7 Ak A9 B AR
T
1.6.2 A € & A

¥ OMRI-7 R T LB Higi ik, 28 C,
180 r/min }5 5% 48 h By, A4l 3 MEE, IR
BUR S B 4 mL =R §F R85 9% 24 h, FP853%
W e 2B FoKiEVE, FH 1% 4554444 2 min,
FEAE R, KVE . T JE 1% 25 i 55 4
o, W ZaRahimEE, MZERKEDS, FRTE
TP B ZE v ", PR35 10~15 min J5 5 B 10
¥, FHERAM R T (B UV2600, HZR) il
FE 570 nm A0 I RE
1.7 GFP #ric OMRI-7 B Rk II#) E

¥ OMRI1-7 B EREEFT 30 mL GM AR, 57
FEOTdr - 28 °C . 180 r/min 5537 16 h il sifP T
R ¥ 1 mL 3R T 100 mL GM ¥ 4 3% 55 4t
1, 28 °C. 180 r/min 553% & 600 nm Ak i WG B
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fH4 0.7, BLGM Ki7#% | mL = KE K 1.5 mL
B0, YK 10 min, 4 °C. 8000 r/min 2.0
10 min, 7 S UIGEH 200 puL B2 19 ETM!
R 2K, H N OMRI-7 T8 b2 25 40 i . B
pGFPA412 JEkL 1 pg i 100 uL Bz 540,
RAR A S TR EMm; & Gene-
Pulser Xcell Hi, 7Y (Bio-Rad, ZE[) #tf7H & (FH
JE 1.8 kV, HLFH 200 Q), BéJE A RM K770
I mL, JFHBERER 1.5 mL B.08, 28 C.
200 r/min ¥55% 4 h; B 100 pL 3§45 T LB [ {455
FrEE (7% 100 pg/uL FidR), 28 C FIEK;FE 24 h,
Fr b7 E, PRI AL T R Ve 24T PCR K
W, K5 R gfp-F (5'-GCCTCTAGAATGAG-
TAAAGGAGAAGAACTTTTC-3') i gfp-R (5-GC-
CAAGCTTTTATTTGTATAGTTCATCCATGCC-
3",

1.8 OMRI-7 FHRAE 2 I P4 N 5 JE 1 5%

KIUFEMFERNE:, ¥ GFP FRiCH) OMRI1-7 1
PRELTR 75 AP 2 LB W ARE 575 28 °C. 180 r/min
Pew g, HMR 1x10° CFU/mL 1 OMR1-7-GFP
PARRR ;B 25 mL A3 0420 T 1l 6825 4% RRCRITR
FERE, 5 d 5 HERR R T BRI 40 mL.
AREPREE 10 BRAERE, R 3K, 28dFIE
R R . 2R eI R, BT RoEt
RAE RS (Olympus FV3000, HAY) gL, #
KWK BN 488 nm, L FHEIEK A 510 nm,
1.9 Z PRI = B 0

W4 BB IR AT T Bilai’s HEFREL ) 28 °C.,
180 r/min ¥R % 15 % 5 d; H 4 R A i U A
27, AR R 1x10° mL ™ F T BRI .
OMRI-7 R R T LB AR IR 5L, 28 C.
180 r/min #EWFHEFE 12 h, HI45H 1x10° CFU/mL 1
OMRI-7 [FH=E -

43 N B/ N— S g R 22 PR A i 68, 20 2%
RRFERA, RAVEMRZERE, WE T 344
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2.1 OMRI-7 HHRIIL &

OMRI-7 HHRTE LB AR FRIEEIE 1 d J5
WK, RE, PEMH, s, Kk
TEARFRe, i HA Z PR (& 1), $22%
Yoy e I R AR 24 [P R (18] 1b). 43
TIEH) %5 L. OMRI-7 B bk 16S rDNA
(GenBase No.: C_AA009084.1) 5 M Ak 5% e & #b
%W 30 "h B8 Bacillus amyloliquefaciens 1.x-11
FiME (GenBank No.: HQ179100.1) AR5, >
99.93%; OMRI-7 [ ¥ gyrd 3& P (GenBase No.:
C_AA016452.1) 5\FARPR 585320 B. am-
yloliquefaciens RNB-92 T##f (GenBank No.: LCO09-
6069.1) HHUPER =, A 100.00%. # i # 16S
tDNA Fil gyrd FEHR RS L ER (Kl 1c Fl 1d) L.
OMRI-7 B ¥k Y5 B. amyloliquefaciens % 1 [f]— 43
o BHEERFENGFIFHNEELERTTH: OM-
R1-7 RS MR TE R ZFHUAT TR (B. amylolique-
faciens).
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KMEARM-2 fl KMJY6 BRI B 22 A= K i R 45
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2.3 OMRI-7 Wtk =8k E Ak fE

OMRI-7 7 CAS ¥zt b H 7 FH P T
A RE (& 3), H OMRI-7 B~k ik
FAy 375 HH PRI 2R 7 P ELAR Y LU AR 4.43+0.17, dE
FE N E , OMRI-7 BRI BR ™ Az Bk A A AE 6 5 1
7 80.98%, LA 12 S U B2 R AR EL A AR )
KT UARE DT, BERS SRR R A SE RO R
T ) Do
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Bacillus amyloliquefaciens strain OMR1-7 (C_AA009084.1)
Bacillus amyloliquefaciens strain Lx-11 (HQ179100.1)
Bacillus amyloliquefaciens strain GMU239 (OP364987.1)
Bacillus amyloliquefaciens strain QT-162 (MT081100.1)
Bacillus amyloliquefaciens strain JE7T (MWO82822.1)
Bacillus licheniformis strain J-41 (OQ135133.1)

Bacillus pumilus strain ES4 (FJ032017.1)

Bacillus altitudinis strain KA15 (MK874318.1)
Bacillus aerius strain S28 (OP782620.1)

Bacillus coagulans JC14 (LC337958.1)

100

100

Bacillus ium strain TA-4 (MT007280.1)

Clostridium sporogenes strain NIBE-V1 (MH229531.1)

Bacillus amyloliquefaciens strain OMR1-7 (CAA016452.1)
100] Bacittus amyloliquefaciens strain T144 JQ746589.1)
99| Bacillus amyloliquefaciens strain SZMC 6161J (JX683905.1)
100| | Bacillus amyloliquefaciens strain RNB-92 (LC0O96069.1)
Bacillus vallismortis strain HSB-2 (MT703800.1)
Bacillus siamensis strain WM13-1 (MW647174.1)

Bacillus subtilis strain 9407 (KRO71875.1)
—10()E Bacillus rugosus strain SPB7 (MK473855.1)
Bacillus spizizenii NRRL B-2304 (LC657556.1)

41
Bacillus licheniformis strain MY75 (EUO73420.1)

©)
100
90
0.05
d)
80
_

0.05

E: a) LB IiFREE LIETRILS; b) E2 R EL

Pectobacterium zantedeschiae strain 9M (MH367224.1)

; ©) 16S IDNA JEHRGERKEM; d) grd SHRELEW .

Note: a) colony of B. amyloliquefaciens OMR1-7 on LB medium; b) cells of B. amyloliquefaciens OMR1-7 based on Gram staining; c¢) phylogenetic tree

from 16S rDNA sequences; d) phylogenetic tree from gyr4 genes.
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Fig. 1
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ZRAEPIARAR | 2SR RS, AR IR T R
B IR AT 1
2.6 OMRI-7 B #0043 16 J 22 05 0 1 A= 1
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16.67% H1 33.33% (¥l 6¢); OMRI1-7 T bk X Ifi. £
T 5 BRI P 95 1 Z AR BT 3L o0 Sl 6 31 80.08%
1 78.89% (141 6d). Ut HH A VE #3 ZF F 4T # OMR1-

Morphological characteristic and molecular sequence phylogenetic tree of Bacillus amyloliquefaciens OMR1-7 strain

7 TR RO 5 B 22 AT R e A i AR
BICR
3 e

i VE R 2T TR H HT R S ) A B
Mz —, EA) 50 AR i h i e
71, REREIEIE 2RI A R TE A 2 AEAT IR
XA T (F. oxysporum). KA %) (Botryt-
is cinerea). FIILIR H (Magnaporthe oryzae). JK
L% & (Penicillium glaucum). " 2595 B (Clado-
sporium fulvum) SE AR R B HA B2 09I
RORPPY, BEGERW UM 2R AT i ] 7= A 4
WA GRIETEIER . RN H, 2
. FER. HARVE T PRI RS LUK
2 JLT rg A ), A4 I FR 9 AR
K2 RS R R TE R ZF AT R OMRI1-7
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TE: a) OMRI-7 B RR X PR JE T B KMEARM-2 FI KMUIY 6 B A 14 B 22 A 4400 1 800 A B T M A R MR 5 b) OMIR1-7 T Bkl 1l 8 8 s 1
KMEARM-2 Hl KMIY6 WtEHEZIERIIE ; c)~e) " FIRZER B (P<0.05), “* FR2EFWBIE (P<0.01), FF,

Note: a) hyphal and colony growth of Fusarium oxysporum KMEARM-2 and KMJY6 were inhibited by B. amyloliquefaciens OMR1-7; b) F. oxysporum
KMEARM-2 and KMJY6 produced abnormal hyphae due to the antagonistic effect of B. amyloliquefaciens OMR1-7; c¢)-e) “*” indicates a significant differ-
ences (P<0.05), “**” indicates an extremely significant differences (P<0.01), the same as below.

E2 FEEMIFETE OMRI-7 B HIAER 2 AEYEREREIIHER
Fig. 2 Antagonistic effects of B. amyloliquefaciens OMR1-7 against Fusarium oxysporum
causing black rot on Echeveria succulent plants

E: a) LB HiFRAHEAITE MSgg WASHIFRAE 72 h JFRYOL; b) OMRI-
7 HARIETE MSeg AT FREE 72 h SR B IR I O .

Note: a) LB medium was inoculated in Msgg liquid medium after 72 h; b)

1: CK. LB }5F#4E; 1~4. OMRI1-7 IH - B. amyloliquefaciens OMR1-7 produced biofilms in Msgg liquid medium
Note: CK. LB medium; 1-4. OMR1-7 strains. after 72 h.
E 3 FEEMIFMTE OMRI1-7 EHRE El 4 MREMFAITE OMRI-T EHKE
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