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Biocontrol of Leaf Mustard Powdery Mildew Caused
by Erysiphe cruciferarm using Bacillus velezensis YP2
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Abstract Bacillus velezensis YP2 inhibited the mycelial growth of several plant pathogens including
Cercespora spp., Septoria sp., Phoma sp., Botrytis cinerea and Sclerotinia scleotiorum occurring in leafy
vegetables. Control efficacy for powdery mildew caused by Erysiphe cruciferarm on red leaf mustard and
cheong mustard by treatment of spraying with 10-fold diluted Luria-Bertani (LB) broth of B. velezensis YP2
was 91.8% and 80.9%, respectively. When B. velezensis YP2 was treated four times with five-day interval,
three times at seven-day interval and two times at ten day interval in the greenhouse test, the control effect of
red leaf mustard powdery mildew was 70.6%, 65.0% and 40.9%, respectively. Also B. velezensis YP2 could
promote the seed germination and plant growth of led leaf mustard. The results showed that the culture broth
of B. velezensis YP2 was very effective to control the powdery mildew of leaf mustard.

Key words Antifungal activity, Bacillus velezensis, biological control, Erysiphe cruciferarm, powdery mildew,

leaf mustard
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A= E AL EZ ARSI &3 Brassica juncea

olm], FAA} AANZ TR A x| UE A= F
o shtE A= ik SjutellA Az o WA 8=
A7FEHE 2011 5ol 71% sl vk A
ke FARG R AL BISAHKim et al, 2013).
Syl X= Erysiphe cruciferarmell 23 37FFHS
Hi 3, Thegol, o 71, o717t et oA BE o
AtH(The Korean Society of Plant Pathology, 2009). &
37k Afole 2 24 U9 Al Al Al g7t 2
o, 2hd7to 2 dEste] 1P de] =, &4 W] 1=
st z7dstoll A AlstA Bk durAog A Aju) 27
oM wao] mj$- =2tk 39 th(Jeong 2000). AR

THE

*Corresponding author
E-mail: I1sy2014@korea.kr

369

RIS RS
A7 AR 9 ke
2 P A% 559 39
B w1873 A
Feol e 45 247 A2

AT

=2

18 o o ot
fr o 2 Jo 2

=
rE rr
:‘0 mlo

1o, %2
o
it

B 149%0] 555 Halls
Rom, A7EHE HEE AYEF
WA SO F  Bacillus subtilis QST 713 (Rhapsody®,
Serenade®)#} Bacillus pumilus QST 2808 (Sonata *)o] 7%
Hoj fEjvets e oy yetellA 1SAIAR A
453 JtH(Copping, 2004; Helene et al., 2011). %212}
e SV WA rdE TgoREE 90 55
Jom FZ vy vt 8FEC] FRE 0] AREEIL Sl
2124 WA 9} F>H ol Bacillus w5-2] o|AFjARHE
cyclic lipopeptides (bacillomycin D, fengycin, iturin, surfactin),
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siderophore (bacillibactin), polyketides (bacillaene, difficidin,
and macrolactin), dipeptide (basilysin), acetoin, 2,3-butandiol
5°] 9o (Lee et al., 2012; Soumitra et al., 2015), <
Alstolut Fgolete] HAF Adelut E2} ol o), A
P = B uoledE I T ABUIHeR AE W
of thgk X1&A 4 WA= F7kellA AREE AL SlTt,

web B apelrs avdrt A71eEe A8g 0w
WASHL SIS WS 4 g ARAE G HAstel
WSt Bacillus velezensis YP2d57F AR S7ksw
A oA 3t AL AN ST,

ME o

M ojdE 22

Bacillus velezensis YP2 #5= ¢3¢ ErfE oS vl
sked 80°CollA 107 AElgt & 1/10 trypticase soy agar
(TSA, Bacto Tryptone 15 g, Bacto Soytone 5 g, NaCl 5 g,
Agar 15 g/L) viA]ol] L=dsto] 25°Cellx] 2907 vt the,
welsto]l TSA iAol ©A] FAdujdfsie] AEelet £,
TSA ¥Rl A 28°CollA] 297 vt & A& B st 2
ZAE 20%Ae] WAL -20°Cel] BASHA A v st
ARSI, FHERFSA 71Esle] KACCI2130P
FEHSE Wt}

O 4E oy et

Bacillus velezensis YP2 ++5-& Luria-Bertani 2|l
(LB, tryptone 10 g, yeast extract 5 g, NaCl 10 g}& A&
ated mlE] Wi #FE 2% (V)R FESIA 28°C,
180 rpm .= 23 X Bl F7]ollA 48A17F v Fste] At
sk

B. velezensis YP2 T52| Ux{olM 22[gt AlSHAZ0
cHet eeed 43

A& Ut Cercospora sp. 1~3, Septoria sp., Colletotrichum
sp., Sclerotinia sclerotiorum, Phoma sp., Botrytis cinereas
potato dextrose agar (PDA, Potato 200 g, Dextrose 20 g,
Agar 15 g/L) BjA]o]| ©]2] & Cercospora sp. 1~3, Septoria
sp., Colletotrichum sp., Phoma sp. T+ 25°COIA Sclerotinia
sclerotiorum, Botrytis cinerea 4= 20°ClX Z¥z} 725
A7k wjFate] A7 Smm ZEARHE o] &alo] HAT]
#&-S PDA WiA7} 8 438 FEHT4S] Fdol
ettt YP2 #FE TSA %Al wjste] Fx
o] g3lo] & wojjo] PDA WiX|7} EFE U3¢ ¥
2|t)F] 372 A gstel HeddEE 25°Ce 20°C #7]
oM 7~2097F v 5 AX L2 HAEE 2ASHA.

2

fm

e dEoE AREHE
16S tRNA F321e] 971 ES AH8-381993L, 712 Bacillus
spp.2l EHoll F-83 oz d#Z DNA gyrasetZHAt
(grB A7)0 A7IMEE olgate] Addtol /3
AAZ Bt Wang et al., 2007). YP2 @5 TSB
(Difco, Detroit, MI, USA)IA] ol 3t 30°CollA] 244]
7k ol vl 5 dAlweste] #AE AsIATE Genomic
DNAT Genomic Plus DNA Prep kit (Inclone, Yongin,
Korea)s o|-&3t F=330th. 16S rRNA 17k S35
el We Zatolmel 27FS} 1492RS AL, girB -
Axpe] SE& Sl W& Zeto]mel UP-13F UP-2re AR
stod PCReF & 712} 14210 534S A tH(Yamamoto
et al, 1955; Song et al, 2004). 37H¢] Zz}o]m(518F;
CCAGCAGCCGCGGTAATACG, 800R; TACCAGGGTAT
CTAATCC, 984F; ACGCGARGAACCTTAC)Z ©|-&3}o]
16S rRNA 378 A71Mge AAsIAL, grB A4
= 7 M F7IME A48 ZafolH(UP-1S; GAA GIC
ATC ATG ACC GTT CTG CA, UP-2Sr; AGC AGG GTA
CGG ATG TGC GAG CC)E ©]8-3te] Al=H](GenoTech,
Daejeon, Korea)oll #4] 2Fa}ith. doidl @7 MLEe
SeqMan (DNASTAR, Madison, WI, USA)S o]-&3lo] 23
OFE HAAst st 7} ke Bl 3l
A 16S rRNA kel A7I4dE B #5774
EzTaxon (http://www.ezbiocloud.net/eztaxon)S &3
Om(Kim et al, 2012), grB F31A] 9714 €2 GenBank
(www.ncbi.nlm.nih/genbank)E &3t AUt AlT=e 2
45 93l MEGA 5.0 Z271319] Clustal W Z2130 2
7ML S AEstaL A7IMYE Aols Stk AsEE
2H4317] 18] neighbor-joining YT FS AHE3190H,
A= S FHsk7] 98] 1,0003] HHE- bootstrapping
< 435I tH(Tamura et al., 2011).
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B. velezensis YP2 ZF2| Xt &7tFHoj cist LS
oAy

AR CHIRER) A4 SAHYEE(H
B AGE R 2] Q)5 Holr] Tgste] 20U7 AL
AAA ] g7re] AA WA v, YP2 #55 LB ¥
Aol A 28°Cell A 200 rpm 2 48417+ R wjFalo] wjF
AL 100 B|Aste] P 1074 3WHECR 7
33] &7 APt HE A 7Y F HWHEAE (%) St
o7 gyt

B. velezensis YP2 @32 X2[ZtH ¥ S0 ME MA
A EIRY 4N g AN

AAZ oS R) Azl A7FFo] A BT 2



Bacillus velezensis YP29| 74X &l7f2H{o| M= iy 3n

716l LB iAo jpet YP2 7] vjegele 109 1%
slof 75 1574 3E02 52U 714 43], 72 714 3]s}
102 744 28] 1% Hslel A% Ae) 102 F gurad
FO0)E SUAOT GREAST thETE A2 vIAEA
£ 5007 31445101 79 24 381 A sk,

B. velezensis YP2 T32| Z X[ 2| &t
g M=X 511 4N

H AR} FApole] @3
LBYA] wj=]e] 25°C, 200 rpmow 48717F
ARglsle] #4158 34 & hemacytometer (Bright-Line,
USA)E AlFate] 1x10° cel/mlE 2H3le] HAR FAS
AZF A $ 10094 sy o2 HE TS ]Xdste
25°CE 27Ul A 397 Bt o Aol (%)5
ZAFSAT

AAZ BEEZ 83= YP2 #5E ol
25°C, 200rpmollA] 48A17F ZIBhjgs & aldelste] +
AE 33k] 1.0x10° cellmlz TEE

HAX Aot

re 2AR) Slete] YP2 7
Agu 2

(A)

A 45 BM-6 AEo 351, WFAE HE 79 744

o2 50ml A 43 AFXP I 1008A sHHEo = A
gepiom, AF A 8d Fol wtad 2054 24, 2%

I A TS 2 2ARIIT

gt 0

B. velezensis YP2 ©F2| Ri{0lM 22[8 A SHAZ

cHst gZed

AAFAA gt AEWUF Cercospora sp. 13,
Septoria sp., Colletotrichum sp., Phoma sp., Botrytis cinerea,
Sclerotinia sclerotiorum®| W&+ B. velezensis YP2 d<]
TAE A aHE ZARSE AFX Cercospora sp. 1~3
o thsled 8.3~8.8mm, Septoria sp.ol W3st 4.4 mm,
Colletotrichum sp.© W3t 5.8 mm, Phoma sp.ll ths}e]
8.5mm, Botrytis cinerea®| T3] 6.1 mm, Sclerotinia
sclerotiorum®] T3t 59 mme] FAMISS AASIAT
(Table 1). Bacillus ¥5= cyclic lipopeptides (bacillomycin

61 | Bacillus velezensis BCRC 174677 (EF433407)

74 | Strain YP2

39

Bacillus siamensis PD-A10T (GQ281299)
Bacillus amyloliguefaciens ATCC 233507 (X60605)

66 — Bacillus vallismortis DSM 110317 (AB021198)

Bacillus subtilis NCDO 67697 (X60646)
41 |
~

Bacillus mojavensis IFO157187 (AB021191)
Bacillus atrophaeus JCM 90707 (AB021181)
r Bacillus licheniformis DSM 137 (X68416)
10— Bacillus sonorensis NRRL B-231547 (AF302118)

0.01

(B)

Bacillus pumilus NCDO 17667 (X60637)

1008 amyloliguefaciens subsp. plantarum FZB42T (CPO00560)

1
9 F‘.'P:
100 B, velezensis BCRC 174677 (DQ903176)

EB amyloliguefaciens BCRC 116017 (DQ309294)
B. siamensis KCTC 136137
B. mojavensis BCRC 171247 (DQ309297)

13[}4%3 vallismortisBCRC 171837 (DQ309298)
100 . & ilis subtilis 255 3

B. subtilis spizizeniiBCRC 173667 (DQ309299)

(KC608573)

B subtilis subtilis BCRC 102557 (DQ309293)

B. atroph BCRC 171237 (DQ309296)

0.02

Fig. 1. Phylogenetic dendrogram based on partial 16S rRNA (A) and gyrB (B) gene sequences (1,416 bp and 1,065 bp, respectively)
of Bacillus strains. Numbers above branches indicate bootstrap values (>50%) from 1,000 replicates. Strain or culture collection and
accession numbers are indicated next to species name. T means type strain.
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Table 1. Antifungal activity of B. velezensis YP2 on fungal
pathogens of leafy vegetables on PDA agar

Inhibition zone of mycelial growth

Plant pathogen (mm) = SD
Cercospora sp. | 8.7+04?
Cercospora sp. 2 8.8+£0.2
Cercospora sp. 3 83104
Septoria sp. 44+0.1
Collectotrichum sp. 58+03
Phoma sp. 85+04
Botrytis cinerea 6.1£0.0
Sclerotinia sclerotiorum 59+0.2

* average of three replicates.

D, fengycin, iturin, surfactin), siderophore (bacillibactin),
polyketides (bacillaene, difficidin, macrolactin), dipeptide
(basilysin), acetoin, 2,3-butandiol 5-¢] °JxthAFEES A
Abele Ao R HIEY O (Lee et al., 2012; Soumitra et
al,, 2015), ol}@ oltAlEASo] 4% Wel Azol F
Folol By TAYLE oA L APY fE FOE
B AL Pssie B Aol AuE FRE AR
ire] A A%eIAS B §A4E AUT Yoky 3
A},

ol o >

rx

& 7FFe 4
16S rRNAS} gyrB F-AAS vl o & MEGAS T2
o] g&ato] EAMFHEAl ATEs AMdstaL, A+
E73H A5 I3 tHFig. 2). 16S rRNA 712}
oz A ABxAM YP2 % Bacillus
velezensis BCRC 17467(T) 4t 2 524 (100%)
HATHFig. 1A). B. siamensis dF= ATEe AL
1 3}17] 913 bootstrap #= 81%=E H|wE & S
Ak YP2 #5E= grB FAAE vigoR 2 A
ollX B. amyloliquefaciens subsp. plantarum w50 3
I (100%)S 2921, 99%2] Bootstrap 72 H.0]
2 AeEe] 2E48E EAthFig. 1B). A< AleH4
AeS ZAZ 3 Bacillus spp.ol ERATE ZIF

Bacillus &, < B. amyloliquefaciens subsp. plantarum, B.

e 1o o

H ol
H o K R

¢

methylotrophicus, B. oryzicola, 2 B. velezensise =5 B.
velezensisZ % ojoF k. B Enl Jth(Dunlap et

Fig. 2. Morphology of cells of B. velezensis YP2 by microscopy
(Leica DM2500).

al,, 2016). & A7-9] A% #5721 YP2 ¥+ 16S rRNA
o} grB FHAE o]&-ste] 418k A% Dunlap 5] B
o w2} B. velezensisZ S ENCH, YP2ATE vl g3t
Au] 7 dol| A Aol ThFig. 2).

B. velezensis YP2 @] 7{Xt] 720l cfist

2047 A5 AR H7pEHEo] wAS 2
#75 LBUjA A wjeet wiFdS 108] 3]Mate] 74
Ao R 33 &F AHed A, YP2 w5 AR A
g5t S7FFH o] 5.3% BNPEA &S YERo] 91.8% W
A 235 BoH, AR taljr= FAA talA
£ 7 HRbE A So] 142%E 80.9%2] H& WAl &

& YERH A TH Table 2).

B. velezensis YP2 @39 X2|Z2t4 I Sl=0f }HE X
WL L=l =

AL B7MEo] wAIg 27]o] LB wi|oA] ul%
YP2 #2] v 108] 8]Xsted 5U 7HA 43], 7Y
24 3319} 104 7H4 28] B At Adgolx] 5¢ 7+
3] A2)47t A7 2 o] 24.6%= 70.6% 7P =
A BIE, 79 7+ 33] AETE 29.3%%] A7 W
3to] 65.0% WAl @32 ®ol whdo] 10Y 744 23] Ay
T 7 A o] 49.5% TAEIY] 40.9%2] S WA
3= YehiAtk(Table 3, Fig. 3). 102 744 23] A2+
o] Yo WA g3 VR BAEAL AEA ] F

T

o

P

=]

O

o
T
=]

1+
=

oz

Table 2. Control effect of powdery mildew on leaf mustard variety by cultured broth of B. velezensis YP2

Treatment Red-Kyeoja Cheong-Kyeoja
Lesion area (%) Control efficacy (%) Lesion area (%) Control efficacy (%)
YP2 53a” 142 2% 80.9
Untreated check 63.8Db 744 b -

91n a column, means followed by a common letter are not significantly different at the 5% level by DMRT (Duncan's multiple range test).
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Table 3. Control effect of powdery mildew by treatment of cultured broth of B. velezensis YP2 at interval and frequency of treatment
on red leaf mustard

Treatment Application interval (day) Application frequency Lesion area (%) Control efficacy (%)
5 4 times 24.6 a¥ 70.6
YP2 7 3 times 29.3 ab 65.0
10 2 times 495¢ 409
Microbial agent 7 3 times 65.7d 21.6
Untreated check - - 83.8f -

9n a column, means followed by a common letter are not significantly different at the 5% level by DMRT.

Fig. 3. Control effect of red leaf mustard powdery mildew by the cultured broth of B. velezensis YP2 at interval and frequency of
application. A; 5 days interval 4 times treatment, B; 7 days interval 3 times treatment, C; 10 days interval 2 times treatment, D;
untreated check.

Table 4. Growth promoting activity and seed germination of red leaf mustard by treatment of B. velezensis YP2

Treatment Seed germination rate (%) Height (cm) Root length (cm) Fresh weight (g)
YP2 81.4 a" 10.8 a 285a 2.1a
Untreated check 75.6 b 85b 30.1 ab 1.1b

9n a column, means followed by a common letter are not significantly different at the 5% level by DMRT.

Zste] woly]o] 5U~gLolH 3 A7} Aaste] ThA] B B. velezensis YP2 #F9| EX|0f o8t MHX ZSXHo}

AEATL YEo TS WE S *LZM]EH—E— LRI RTE S

shEA B AT Fol(Endo, 1989) MEL TAFH  AAAG] FApuol] e 9T 2AKE Az
# AL MO B WSt ABASE 2 Adel YR 35 A2)7} BApokgo] 814% FAY 75.6%mrh
e Aoz Az, 5.8% B4 Wotgol Z7Ho0, AR 4REANL =

Bacillus pumilus®} Bacillus subtilis T-F7t 21&% A AR Aol E 242 10.8 cmd AA|To] 2.1g02 F
o] 7} AAE o] nFe] ofTBHREALA 7} Aol Blate] Z47h 127.1%, 190.9% ZH2F S7HESdT
S WAAR sl Mg, 2ol 2uehs A (Table 4). vhde]2 #7=9] 2 EA ] AKFZo] Host=

=5 AFLR TF, vl=, 5Y, 295, #1F, Ay UANAFE R A 2,3-butandiol TAA A FHA7F 714
o} olglgle} T FollA AMEES lti(Helene et al., I UThL B (Lee et al, 2012; Soumitra et al.,
2011). =fHelX= B. amyloliquefaciens M27 (Lee et al., 2015), YP2 #F% o|f1 fAAE 7R3 tia FA =

2013), B. subtilis B29, B. subtilis M10Z} Streptomyces sp. ool Ao M} 72l B. velezensis YP2 dF+ AR}

CC19 #57F Qo] 7ol a3l #7324 At A A7l WAEHT} e, TR dols AT
v} 9l o m(Lee et al., 2010), L& 3L Bacillus sp. BS061 A ASE FHeke 54 7RI o] 1A o ARE-
9] 208 A gk v NS Qo] ATFFHE 62.4% WA g g de s At AlE T

siglom, @787 S 80.3% WAEAE YRR

(Kim et al., 2013). &3 B. subtilis’} A/33+ 52 o] Al 2

F3 Ho7|le] Qo] A7VEHd(Podosphaera fusca)dll T

3l Ao & F2 9shS B V3 v} UTH(Romero et al., B ATe w205 A9 eI 9 E A

2007). HIALRY (AL : PI010049)2] Aol <J3)] 4= =] 5Tt
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Bacillus velezensis YP2 @5 2ol ¥2|3t Cercospora sp. 1~3, Septoria sp., Colletotrichum sp.,

Sclerotinia sclerotiorum, Phoma sp., Botrytis cinerea® t8lod FFAMYS-S AANSIATY. B. velezensis YP2 52| LBH|
NS 108 sjA M A AR} A AR BAYS= Erysiphe cruciferarm®l] 218+ 37178 91.8%9} 80.9% Al a3}
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