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Abstract Bacillus amyloliquefaciens PPL was evaluated the effectiveness of formulations with plant
extracts for the biological control of tomato Fusarium wilt. The formulated mixture of plant (4zadirachta
indica and Derris elliptica) and antagonistic strain PPL strongly inhibited the growth of Fusarium oxysporum
f. sp. Iycopersici. The control efficiency for the tomato Fusarium wilt was more effective the NR formulation
in the field test. When the 250-folds diluted formulation was applied 3 times or more at 7 day intervals, it
showed the control value of 60% or more compared to the control. Strain PPL in the formulation showed
control efficiency at a ratio of 15% or more of the total content. B. amyloliquefaciens PPL produces several
cyclic lipopeptides (CLPs) including iturin A, fengycin, and surfactin. Fengycin lipopeptides were the main
active ingredient against sporulation suppression and tomato Fusarium wilt. Therefore, the formulation with B.
amyloliquefaciens PPL was found to improve the control for Fusarium wilt as well as the suppression of
fungal pathogens. These results of this study indicate that the formulations could be used as an available
biocontrol agent for controlling Fusarium wilt disease.
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M B2 (Huang et al., 2016). o] =] HEE A=A = 7
SP715H FE |74 %‘ fo] X%
Fusarium oxysporum f. sp. lycopersici (FOL)A <]3l & 2 o] gHET|E AT AAH T HPH I HFo=
A== BEvlE AJE2H (Fusarium wiltye A AlA|H o2 & g Eo] AlEg FAbo] Yeht} A JAH ®tk(Jones
"} (Solanum lycopersicum) AEjA|o| A 713 dbgo] A&} et al., 2014). T=FF9] ZHZTAJL EF—FJ NAFH AlZtE =
w o MEE uAFo7 dhisE Hajo|th(Gale et al., Fusarium wilt?] A&l Zoln], AR dujojA = Ay
2003; Huang et al., 2016). FOL 9ol 23 7Hdw o ato] Hor HE doqitt. ErtE F7]9 9% FOL
FEE oAU P3lE 7 B3] Sl FElsitt < 2AEA PR F71F AupEo] AAATIH, FAHG,
BN 2 ZHE fE 52 B9 AFEH(Jones et al.,
*Corresponding author 2014; Huang et al., 2016).
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2AtH(Huang et al., 2016). ©]&]
A thekel WPH o 2 FOLY] U
s3] 918 OJ%Ol °o]-§-5 3L %%Hl, MG, B

FOLS AAsH| $1gh <2291 “JE'SQE% -9~ A gk o]
TH(Chellemi et al., 1997; Jones et al., 2014). W@ H Zu}o]
=g AV EY F5AIE0] EVE Al W&
S g3¥og ATl EAa7F AA THYucel et al.,
2007), A& Z7]°| EA5h= FOLY A 58 B9 U
o olsAx] oAl AFAste] A=Al WA & th(Katan
et al., 1997). E3t 3}tEd S o] &3t B 52 WA
go] Eom, Aks]A gl Al A= Qlsf Wil
=TH(Gamliel et al., 2000). H2ol& FE0AE 5
o A= AR BERlE AS3HS sk W E0]
ATE T YA THLarkin and Fravel, 1998; Larena et al.,
2002; Son et al., 2009; Kang, 2011), Th3-&2 AWWA4 3} 5
TAA el =8H(De Cal et al., 1995; Son et al., 2009; Kang
et al,, 2019) =of 7] W& F7H w7FA% 7k A
T7F Z83tch FOL #E s thAl A2k 5 AEZ A
el A&7ksstal A = de AFE BHA7)7] 28
T W=ds 2 FRAE 42 FOLA thEk oA 7]
T2 AAsta, W iAol tigk e A=kl JIS Wrtet
ATE A FAAZ & Jth(Medeot et al., 2017).
WA WEolA AERAES MR 58 o8¢ Enf
E A2l tigk AEF] WASe] Bavt Atk 53,
Bacilluse 7383t 1244 At gEo] 87 ~Ed
2 Foll tigh AgAgo] 2 deA A7 wiEel a2l A
24 A FHOR o] 853 Tk (Nagorska et al., 2007,
Ongena and Jacques, 2008). 29l Bacillus <5 ]3|
kel s kel 125 ZHE lipopeptideS©] 2] &Hlo] 2] 2,
A, 8], 8%, A% T W3 4IEdEN 95
Skl 9o (Zihalirwa Kulimushi et al, 2017; Yénez-
Mendizébal and Falconi, 2018), =L %= iturin A, fengycin,
surfactin 5 cyclic lipopeptides (CLPs)7} 2+ &4 St}
U O Z Tturin AIE-S TR} o] Fol tigh 74
g HFEHS YR e whHe, fengycin AlE
APEER & =golo g thHA o= tEdS ‘/PE}
WA 2EA APS Frste 2= 434 A
(Vanittanakom et al., 1986; Moyne et al., 2001; Yu et al.,
2002). Surfactin A8 2 AEH AHULAAZ biofilm
S st AEAC AS fEste AR 2 dEA
2ATHOngena and Jacques, 2008).
spebsokat mAES A ARES B9
T BARHE Q717 AH7] W2l AEFEE e 7S
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o] ApAS} nAEES A ARES AU HaET
(Kang et al, 2019). 232 E25E doj7 AAELS
14:”:4 AY, Ze= AY, 9 AL vdE @id Ads
8 FAFF FEAEH FLAY s 7}5"
A&l L= A. B (4zadirachta indica) AN &

Y, ¥ (Nicotiana tabaccum, N. rustica) 2] UE,
2 &(Derris elliptica) BelX FE3 BH= 52 T2
SRELE 5] AR e A, HESA,
=4 2 79A §A40E & dEA dem, = Bt
(Bacillus thuringiensis) @-<F T3sto] AREEAA Kot
(Dayan et al, 2009; Kim and Kim, 2009; Han et al.,
2015). 4FES Hallg WAl S| o, i
Fz7dol o) "@’&E]t EH/\}E@«] Folut sxof o3t 4
S dtsdoel ik A7t o]Foix SITHLI et
al., 2016).

AR 712 FOL AAE 9138 Bacillus 52 23+= F2
ujFel o P E A& ARE-stod F7HE R S k(Kang, 2011),
A7dolA Bacillus w7 719 A¥-& ARt € A=
79l Tk 3 A=A trkeEd 2 FRAEE E4
ot HA A= A AR otk o HIA] fengycin,
iturin A%} surfactin 59 CLPsE Atsl= AEH WUAF

—1)4

o & oo rlo

o

21 B. amyloliquefaciens PPL-S EU]-E ANESHAT, L
T SR, B s Aol tisiA =2
Z45 YePdth(Kang et al., 2019). 3 2 Ao} 7o
WHOR #5 PPLY AEFEES £33 AL sz
A EHARNAN HEFZES] T8 4RO =& WAR
= YEPATHKang et al,, 2019). wEhA] B dAro] 2z)e
CLPsE A4tsl= B. amyloliquefaciens PPLF 2 &5%
AEEE T AP Aol g WAl ad A8 2
FEAE 5 At AFolA HEst AHHY 52
AR sk Aolth
e % g

B. amyloliquefaciens PPLZ} M EFEE29 28N M= %

stZetM HA

215 WA 2 AMS-S AP E-S B amyloliquefaciens
PPL W5 A=5F FAAES o83t Alxs
TH(Kang et al, 2019). MBP HJ=|(5% peptone, 5%
casamino acid, 1% mung bean extract, 0.1% yeast extract,

0.3% vegetable oil, 0.1% NaCl, 0.1% egg yolk, w/v)°lA|
28°C, 120 rpme.2 54 & wist B. amyloliquefaciens
PPL (1 x 107 cf/mly2 0.2 um membrane filter (Millipore
Filter Corp., Bedford, MA, USA)Z o33t #& A|As}
I AT A EFEE-S Y (azadirachtin 0.75%) 24,
2] 2 (rotenone 0.05%), BH] ¥ FZE(nicotine 2.2%)<]
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S FAEHEALS, 344, 771 ARt mld=E 4
S ddEls EFENR) E= g9l o FF =
(TB) 2% ol&std A= Al AR 2 AlF &<
= s ArsEe vAE 4 10~-30% (viv)E 71
BAFFeR ARGSHaA F3t Hlgll 2% (vivis ST
NR#} &) & FZE(nicotine) 2% (viv)E &3+ TBE 7t
P&t AlRS 7 s R A ste] Aasisith,

7t EAEEe FadE 4] fsiM Potato
Dextrose Agar (PDA, Becton Dickinson GmbH, Heidelberg,
Germany; Potato, Infusion from (solids) 4 g, Dextrose 20 g,
Agar 15 g per liter)oll 4] 547F vl ke FA] A2 FA
Aol 27 5 mme] #AF 22HS wojulo] 7t Al
W 2AE PDA &3 HlA] Sl A 39 F dAF S
HEs. 4 Aele FHAoR 33 FEela, 3wk
o7 Ayeoitt. £ ATl AME ERtE AW F
oxysporum f. sp. Ilycopersici KACC 40043 (FOL43)7} E
oxysporum f. sp. lycopersici KACC 40046 (FOL46)> 5&
374 4Pt YA BATE] (Korean Agri-
cultural Culture Collection (KACC), National Agrobiodiversity
Center, Jeon-ju, Korea)ol|A] £ wo}l AL&-314 T},
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7t EFAFEol et EVE AlEa dete] APl
A AR 91 AR B4 w5l FOLS PDA HjA|
o] FEstod 25°Cell A 797k vt F 20 ml BHTE ¥l
FAE sl B cheese clothsES ©]&-3lo] EAsE
AS 3|319th. A= hemacytometer (Paul Marienfield
GmbH & Co., Lauda-Konigshofen, Germany)ol|A] 22} &
gl sx=E 2Aste] ARSIt Aol sy AR
12 well plate (SPL Life Sciences, Pocheon, Korea)ell 2 &%
A&EE 1%9} PDB (Becton Dickinson GmbH, Heidelberg,
Germany) 10%E S93kal 200 ple] EAFEEA(1 x 10
spores/ml)y2 A 23] 25°ColA 20417F E<F 120 rpmo 2
HjFshas] EapdolelAl &S ARSI 38k n] 7 sl
A o] o7t 3} 37 ] 1/2 o] AL wolg A
o2 Aikste] zF W 10070] EApel] gt ol {5
HFsom ke 7 AT e EdE 10%
PDB HiA| S AR&-t3iTt.

FEARS 71 EFADES 200812 348t 497] B
ULE (Solanum lycopersicum L. cv. TenTen) S50l 3 7+
Aoz 28] 20mPY #FR F 3 Foll WdAS HEE
e 9 e4(25+3°C, 16L: 8D, RH 50~60%)04
A BT e HES ErE fR AAFlA 1 em
10171 JellA] 45°% 2 em Zlo]¢] Helof FAE F3L FOL
EA} ekl (1 x 10° conidia/ml)ye #F3H § 45 Fo] Hx
ARS BIleH, A2 574 it et EvLE A
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© 7} AT (200 x 40 cm)ol]l 4] F 30¢3}
AEs|eEE AL, 72t A Te 10574
Hog AT AlEs HAHHETS ST ES
23}7] 59 Aol o] E(FOL 2.1 x 10° conidia/g of soil)=
A|A 5 em Zolol 100 g HEATE A2l s A
£ 79 7HH22 100, 250, 500, 750, 10008) = 8]4] 5t
53] AelstiaL, Ax3jeE A= 2500 A9 7 £
APES 74 7HHo= 1, 3, 53] AP & B &S =
ARl B A RARE AlY EFE HE A 304 ol
WY s 7R WS (X (AT x J7HE A=
)/ F AET % 5) x 100y ZAFATE & A4 A
BE WATH %)= EHAgol o FA ] oiH] 2y

TF ol FEME BN & &Y

A EC &3¢ PPL #7F A4S F2 FadE
S B43517] 98l n-butanolS o835 7180 T8 He
SHth FEkgo o) FEH f7]8v £35S 1TEE

AR S FFole] MEEE 520 F 0.2 pm syringe
filter (Whatman, PTFE, Florham Park, NJ, USA)Z oJ}gt
% gkont FgnlE T8 u(TLC, 27.0 cm x 26.5 cm x 7.0 cm,
Sigma-Aldrich) ¥ LC-MS/MS (API-3200, AB SCIEX,
Framingham, MA, USA) 415 918 AR89 T MBP )
AefA 28°C, 5 wi e AFdoM FE FF0L TLC
plate (silica gel 60, Merck, Germany)el 7jA]Z1 %
(mobile phase; chloroform — methanol — H,O = 65:25 : 4,
viviv) B2 AAIA Yepd 7F RS EFEEC] R
HwaE A E 53599 tH(Kang et al., 2019). 358 7t 53L9]
(T1~T5) F-EFEFZE(10 ug/mlye FOL43 (1% 10° conidia/
ml) ¥AAgdo] E3E PDA wiA| $2] paper discoll
10 s "olmdd & QKA S Seoit. gt
FOLl tigt #AMSAl 2 AR Ak 99 Als
gLollA Awd o R Fsidint. 74 FeEFEE
o] LC-MSMS EAd] ARE" Y-S Capeell Core Cig
(2.1 mm LD x 150 mm, 2.7 um)°]™, &2]-&l= A (0.1%
formic acid in distilled water)?} B (0.1% formic acid in
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Table 1. The MRM transition parameters of the analytes in LC-MS/MS

Compound  Precursor ion (Da) Production (Da) ~ DP" (volts) EP? (volts) CEY (volts)  Ionization mode
7029 86.0 12.0 125.0 iti
Tturin A 1043.1 Positive
184.2 86.0 12.0 93.0 ESI
86.1% 86.0 11.0 121.0 iti
Surfactin 10363 Positive
685.1 86.0 11.0 39.0 ESI
7029 56.0 8.5 127.0 Positive
Fengycin 731.9
& 84.2 56.0 8.5 95.0 ESI
JQuantitation ion, “Declustering potential, “Entrance potential, “Collision energy “Electrospray ionization.
methanol)E ARE-3I3ATEH BE 3}9HE-2 ESI (electro spray WARE, Ao 8o AAFH o7 G o). TB A
ionization) 3 positive modecllA] ©]23} L MRM T GF E@Folr WG] UERFHA ool
(Multiple Reaction Monitoring) modeZ +-2]3}3tH(Table Fstade] yebstth. 28U AEFEs dEA M=
). 7t #7998 FEEE 34t LC-MSMS=E 4% = AgFEHERT)S} o] sl A A=A F3tE
T doixl AZmEIHYE] peak WAL AFA vlws} o] AlIEAL HAlE o] UETH EvtE FEHA 2
o Aslirt. 248 fg 7} £3589 fengycin (CAS ol ME AEFEELS Yo A EA =35 39 AA

Number 102577-03-7), surfactin (CAS Number 24730-31-
2), iturin A (CAS Number 52229-90-0)= Sigma-Aldrich
(Steinheim, Germany)ellA T+ 3Hth:

EAHEY
2 A2 Wl Aol 3 foly AR FARAE

SPSS 23.0 software (IBM Corporation, Somers, New York,
USA)E ARg-sto] dmA] #£4HE41S & 5 Duncan®] o
7% (Duncan's multiple range test) o2 -FGE
0.059014 A Fo4ds A48

dn 3 nF
B. amyloliquefaciens PPLZt M E2FEFS0| Z&HE E&H|

ggo| g2EY Uy
AR B ErhE A58
FApgol oA S L 2AR

“

Aol tigh FAKS ¢

= A3}, PDB HjA| tz7-<} v]
AE 2 AEFZE 95 Aut JAZR7 =Adch(Fig.
1A, 1B). £3], NR 22| TB A2 i} Ha2] o}
£ 273% Y YAIEINeH, nAE(PPLY 4EFEE(To,
Ro:Ne) @5 A2t} 33~77.1% =94th ©= A4 7}
AEFEEES FOLY EApdollAle] Ja mxA] &
g om, #5 PPLE t2THTE 122 0= 39.6% T Al
Stk A E] EntE FHOA AlEH tg W
AgAs A4 A3, 9T TAATEH S FARE A
o] A= YePithFig. 1C, 1D). ¥ EFAFE =% PPL
+7 A2 E AL F7 ztel7F Ao, NR 7|4
B Y AEFEE OE AYPE FAHCE folait
2008 FEE 39 7HA, 23] A2l SFAEE F NR A
2] BrlE fFEE B3 95 ZdWss dde] YEl

o

oA Z & A KA. B. amyloliquefaciense T3
2] TSBOA] el FeHAM E oxysporum, R. solani<}
C. gloeosporioides Wgt st/ o] 75.3~89.7%= F<
IAsE S el Zleg By HAck(Kang et al., 2019).
@571 Ak biosurfactantE 3} A EFEE9] A
A2 e Ae-S el 235 7o, ErtE A
S50 tisllA TBEU= NR SEAIZ =AM 1 A5
o] o ottt EFAF =9 Fs2rEo] sl that
A S AN E 52.6~21.5% B 3 71E A3t Al
(Kang et al., 2019). 840 frAket SAID =7 elA
Uephd AEW A sl tdk dsade] zole 9,
2H=d 3" 5 AEFEE 482 T2 g gg
A Al g9 oA, HE 54 9 719AE 2 4 &
AE0]7] o] BAlEAHANA AEHEAHFETE sfFel
A &7 ¥ =k(Dayan et al., 2009; Kim and Kim,
2009). &gk 9 FE=9] ¢ Btet 8 A4 s
frzol tisk AFgo] 50~37% oI’ SV Haw AESF
S5 ol e FHA Aol 5HoE FsaAE

> N2 oX

ERthHan et al., 2015). =3+ A EFEES )35 oA
54 A AFel o3 SA4EIT EARE fEAdo] vot

AY T AZE AS 7 Al AFEHTE WA 7] Wi
o o2 3 nA=F £8ato] AT 739 a3t
7} FuiglsE ASZ e TH(Han et al, 2015). 53], 7]
AE Bt SATNELS 25 A F8A = 2 Al
Hoste] AFaAE FusAT)7] die] Bt #5754 F
2 EZ318te] ARSI tHMoar and Trumble, 1987; Singh et
al,, 2007). v A=At g A EFEEY Bt =
n ATk E8AE g Bl Havt glom, o wiA
FAE A 2 A ke EA] gty B At
ANNE FAFSE AEFS e on, Weste] tigh g4

=
e
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Fig. 1. Effects of the TB (B. amyloliquefaciens PPL 30% + Nicotine 2%) and NR (B. amyloliquefaciens PPL 30% + Azadirachtin &
Rotenone 2%) formulations on the growth of Fusarium oxysporum f. sp. lycopersici (FOL) and on the control of tomato Fusarium
wilt on tomato plants (A-D). (A). Suppression of spores against F. oxysporum f. sp. lycopersici KACC 40043, (B). Inhibition of
fungal mycelia growth, (C). Disease control efficacy of against tomato Fusarium wilt. (D). Photo taken 4 weeks post inoculation. To,
Tobacco leaf extract (Nicotine 2.2%); Ro:Ne, Mixtures of neem and rotenone 0.75% + 0.05%); PPL, Cell free supernatant of B.
amyloliquefaciens PPL; TB, B. amyloliquefaciens PPL 30% + Nicotine 2%; NR, B. amyloliquefaciens PPL 30% + Azadirachtin &
Rotenone 2%. Data are means + SD with three replicates. The values followed by a different letter in a column were significantly

different at P < 0.05 by Duncan’s multiple range test.

A= AEFEEY AR AES] AR
ogk g7 ERIsh= AFE AUTh
LC/MSO| 2|5t SSME CLPsS ZE U EOIE A|ES

g g 4%

A Aol A Eﬂxﬂ SEo] AEH Yl et e
< Y= 8§24 B. amyloliquefaciens PPL7}
AJ2Fsl= biosurfactant’t & EAUS IS tH(Kang
et al.,, 2019). 5 PPLo] AAtsh= &34 B2 iturin
A, surfactin, fengycin 5°] o0, o] E& Fof ErlE A|
Sl gk a3t sl 54 surfactants: FAFSH]
Sl Ztzke] E8¥ CLPse] a=ted 45 T8t
(Fig. 2). Heke gufjo) 93] FZ% CLPs:= TLCO| 27
T 2 FY=5 Utk TLCR] 2ed +92 52
o R, w3t mlaste] F 5 FE(TISTS)S AL,
CLPs %% Hﬁ-&— LC-MSMSell &3l A6kt #2l€
T1I~T5 2259 FOLY gt IS 2A8H 43
T1 Eg=ollX Za A5 #ARES AAlleke 2l 29

3IATHFig. 2A). LC-MS/MS 41014 J—fr%’é] DIE L)
3 T BEEe] aunEad v=EE T vw BA
g A3} fa4H fengycin CLPs7} 81.1 mg/LQE 71
A AEE AL, iturin A (0.1 mg/L), surfactin (W|AZ) =2
2 AEHAKFig. 2B). T3 T5= 22t iturin A (62.5

it

7}

Nl

I
rur_

¢

l-I

mg/L)3} surfactin (306.6 mg/L)O.2 7P =4 HAEEJL
™, T2¢} T4o1A CLPs S Ul 33 &A% AEEHA
Ur AZHA FUth 599719 Enfe FEEE: ") 7+
FEE(60 mg/ml)z FOL43 EAF B (1 x 10° conidia/
ml)—"— HET T 14 Fol] WA ol o3l ERtE A S5
W WA g S A TtHFig. 2C, 2D). Fengycin o]
7P =9 T AYTe 139 SAEE g2 oy
68.8%2] WA G} 9o, T2 X+ 2.89] WHAF
£ Yepith 1 8 AHelate ti2T oiE] A7 16.6% ©]
&to] WAl @72 Yeldt). Fig. 2BS] 7+ £33 CLPs &%
FAAAE ZAZ fengycin TFo] ESTF BRLE Al
+Hel gk WAl EFIE =okon, 53] T1 Ag+= FOL
ZA 9 AR A A E EVE fFRAME AR
7t =T Tl £ E 222 fengycin o] =2 T2
(0.6 mg/Ly= XA} F#AMIS SAloA A4 a3
u]u]a‘}Oix]u} EntE $5744 A5 g2 Y] 31.3%Y
WA 35 JERATE Fengycin tl-$- ¥ 4 uM H Yol
A 54 3ol tek HadAl e FHEEE YER
th(Zihalirwa Kulimushi et al., 2017). Fengycin®] %

A O
w2 Qn A% A4 weal o R e
ST olol) thE B4 jAUZE oby WA WA
DA o o] Sl we gt ¢ Qlnk 5 A

of, fengycine ¥A] B} FalAo] o3 wolE oAb,
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Fig. 2. Effect of butanolic extracts of cell-free culture filtrates of B. amyloliquefaciens PPL on tomato Fusarium wilt. (A). Inhibition
of sporulation and mycelia growth of butanolic extracts, (B). Lipopeptides quantification (mg/L) obtained from butanolic extracts.
(C). Disease control efficacy of butanolic extracts (60 mg/ml) on tomato Fusarium wilt. (D). Photo taken 4 weeks post inoculation.
The butanolic extract of MBP culture was separated by preparative TLC (Prep TLC; 20 x 20 cm, 0.5 mm, Merck) and 5 regions (T1,
T2, T3, T4 and T5) were scraped from the prep TLC and then fractioned with methanol. Data are means = SD with three replicates.
The values followed by a different letter in a column were significantly different at P < 0.05 by Duncan’s multiple range test.

HE FLollA DNA S AAlste] #AF Al S
AIANA dAEe AR dHA ATHWise et al,, 2014).

Fengycin} iturin AS A4k d-ollA] it 4=k &
et G0l AFEHUOH, ol o] niel I3t}
(Cho et al., 2003; Hu et al., 2007, Romero et al., 2007,
Medeot et al., 2017; Yanez-Mendizabal and Falconi, 2018).
I8y surfactine A|E XH AFAo] B =3 surface
tension®] &4Jo] o} biofilm FAJd| 83 AS 3y
(Aleti et al., 2016; Al-Ali et al., 2018; Liu et al., 2019), &
5 gnAdE 248 YeEpiAY, dEoR e S
b2 CLPsol Hlal] oFst Holt}, gk 2ol surfactin
iturin A (Souto et al., 2004; Joshi et al, 2008) =
fengycin (Koumoutsi et al., 2004; Ongena et al., 2007;
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Fig. 3. Effect of the mixing ratio of B. amyloliquefaciens PPL on the NR (B. amyloliquefaciens PPL 30% + Azadirachtin & Rotenone
2%) formulations. (A). Spores germination suppression of £ oxysporum f. sp. lycopersici KACC 40043, (B). Disease control efficacy
on tomato Fusarium wilt. (C). Photo taken 4 weeks post inoculation. The microbial equivalent extract contained in the NR mixture
was mixed at a ratio of 10 to 30%. 30%, B. amyloliquefaciens PPL 30% + Ro:Ne (Azadirachtin & Rotenone 2%); 15%, B
amyloliquefaciens PPL 15% + Ro:Ne; 10%, B. amyloliquefaciens PPL 10% + Ro:Ne; CON, water treatment. Data are means + SD
with three replicates. The values followed by a different letter in a column were significantly different at P < 0.05 by Duncan’s
multiple range test.
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Fig. 4. Effect of the TB (B. amyloliquefaciens PPL 30% + Nicotine 2%) and NR (B. amyloliquefaciens PPL 30% + Azadirachtin &
Rotenone 2%) formulations at application methods under the greenhouse. (A). Disease control efficacy at the different folds on
tomato Fusarium wilt. The formulation was applied five times with seven-day interval in the plastic house, where tomato plants were
cultivated. (B). Disease control efficacy at the different application times on tomato Fusarium wilt. The formulation was applied 250-
folds dilution with seven-day interval. (C). Photo taken 4 weeks post inoculation. Data are means + SD with three replicates. The
values followed by a different letter in a column were significantly different at P < 0.05 by Duncan’s multiple range test.
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