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Abstract There is a growing need to reduce the reliance on chemical pesticides by developing microbial
products that can be widely applied with reproducible efficacy to treat multiple plant diseases. The objective
of our study was to screen candidate microbial antagonists for different plant diseases and identify widely
effective candidates to develop a broad-spectrum biocontrol formulation. We assessed seven candidate strains
against five representative pathosystems: tomato Fusarium wilt, pepper damping-off, pepper Phytophthora
seedling blight, pepper anthracnose, and rice sheath blight. In tomato Fusarium wilt, strain H1 displayed the
strongest suppression with the disease index (DI) < 1. H2 and R7 provided moderate control (DI 1.2 and 3,
respectively), while H3, H4, RS, and R6 were ineffective against tomato Fusarium wilt. In pepper damping-
off, treatment effects in early infection stages were highly variable as H1, RS, and R6 exhibited low mean DI
(<1) that did not achieve statistical significance. Treatment effects varied widely in pepper seedling blight,
with RS showing reduced disease tendency. H1, H2, and R7 completely prevented the symptoms of pepper
anthracnose, while H1, RS, and R7 markedly reduced rice sheath blight severity. Overall, H1 emerged as the
most promising broad-spectrum candidate. Further research should focus on application optimization,
mechanistic validation (rhizosphere colonization and induced resistance), and robustness verification across

diverse pathogen isolates and growth conditions.

Key words: Antagonistic microbial strains, Biological control, Broad-spectrum efficacy, Microbial biopesticide
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ojFol= B, HF Y AT X S AHoE 54
st 9JS|E oF71gtt). P capsicie TH¥SH 715 HHE 2

o
:
r
u

EF Y =58 iR HYo] golsi, 3V =
I Hdete] Yxel uhel Wy HxpF E HAARE Hiso]
WA 3 #2]7F 53] o] AtH(Granke et al., 2012).
A 13 RS Colletotrichum 22 232 % (species
complex) 733} HWEA 37t theste], o F /A5l
W AE0] A Atol7h WA Aol AR JES
u] &4 QltK(Than et al., 2008; Mongkolporn and Taylor,
2018). Rhizoctonia solani®l 2J3] WAYsH= v AHF=|n}
5% (Sheath blighty> A AAHSZ FAa3t v Wl &
PR, A F59 At o oA W 540

el A&7 BA 71w A7 =4 87 EH 9
THSingh et al, 2019). ©]¢} 2> W= F5HC=E () ES
= Ao e A& dEHo] =a1, (i) BEA]
T2 gy e AeE 7ol M, (i) AR £
z27000 wet W7 JA geAe 54S 2t mebA
slekEet Ao WAAAE oAl A A, R, 3

9)
Y &8k WA (biological control)ol] thdk Q7-7}
3 Q)THHansel et al., 2024). 22} =
359 "ot FY A7
nAE 4, A& ASEA, A
) Foll G5l Al &80l 27
, o] AlX9 frEAe] ZnkE |
&R AAEA v ARIZEFEA 0 R B EITHYu
53 HEAAE Ex2 T 4 5
3 Ao thek Ho SR ke Aok 2710049
P Ha md @] A 7Ee R o FaslI
(Yu et al, 2017). 0|24 g+ W ol X, X 2 th2 WA A (ESF
G, Aohd Weet, Wi, A WHEl, 925 Ha)E
ke Bal 2ds s 89 v AFedS HE
n A E-2] Aol frE] gt o] 2 4 Sk
AN E HAE AAC] FA] A = ohs)
7Fs3E Silshes A7t HaEoe] it} &
Bacillus subtilis 7|9 757} 315 93} ©AHS A
A+ vke A3t AA=EASL(Lee et al, 2011), B.
amyloliquefaciens®t X EF2E E3 AlPo] BEVLE A
W, 5 BAW, W T eEY 5 o Walel oig
A 7] FA WA 7S Bargk vl Qlth(Kang et
al, 2019). o83t M) A+E2 T = HalE o,
S7F @lA EAlel A= W
n A= AA A ek B3RS
2 AT EnE A, I3 REEY
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2 AFolM Tt A= JAEE Fe dFe T T
TR A Aellx w70 T8-S HIAESHE SHA
A2 A Re] FrEle] Q= #FEoltt. 7193 HEAA]
Aokl olsf A #FEE IS 4oH HI, H2, H3,
H4, RS, R6, R7O.2Z WiEste] Fasigic. 2 279 ¥5
542 Hl(Streptomyces sp.), H2(Bacillus sp.), H3(Bacillus
aryabhattai), H4(Bacillus sp.), RS5(Bacillus velezensis),
R6(Bacillus sp.), R7(Bacillus velezensis)°]™, 1/5 PDK(Potato
Dextrose Petone: 2 g potato dextrose broth, 2 g peptone,
20 g agar per L) B== 1/5 TSA(Tryptic Soy Agar: 6 g tryptic
soy broth, 20 g agar per L)°lA w35t

EOIE NSS40 st 24X AlE

EnfE(FS: dats, wfukel2) Aoks doA84ER
B2, eyl o & 290l 4] HAS o SR mA
55 widste] 1 x 10° cfu/ml F=2 79 M40 =7 339

ol A2IsIaTt. ¥t (Fusarium oxysporum f. sp. lycopersici)
= A WA v E A 3Y § B AE 1 x 10° cfwml
SEE Attt 72t Al T AEAE ARSI
o} 28] 3% % ¥hg(disease index, DI) %H(Fig. 1A) wke}

DIE SA43}L, 2ALSHe] v}l

i

B7] fste A3 FAE ol & FE
AREBIGATE T PAES i Fal] 1% 10° cfwml §%== 2
ol sMste] A2lstal 247 § 315 WH(Phytophthora
capsici) FFAE 1 x 10° zoospores/ml =2 *2]g &
ARl BRI, 7 AT 160 AEAE
NBHITE 7 F T S 18] #71 H2js 29
F 29| ol Bl S-S AL TH(Fig. 2A).
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Fig. 1. Experimental scheme for evaluating candidate microorganisms against tomato Fusarium wilt in tomato cv. “The Hard’.
Candidate strains (1 x 10° cfiymL) were soil-drenched three times at 7-day intervals. Three days after the first microbial application,

Fusarium oxysporum f. sp. lycopersici (1 x 10° cf/mL) was inoculated. Disease index (DI) was assessed 3 weeks after pathogen
inoculation (n = 7 plants per treatment). A: Disease index value, B: representative disease symptoms, C: Evaluation of disease.
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Kruskal-Wallis test; p = 0.03273
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Fig. 2. Experimental scheme for assessing suppression of damping-off disease at the germination stage in pepper cv. ‘Wangjo’.
Candidate strains (1 x 10° cfu/mL) were applied to seeds/soil, and Phytophthora capsici (KACC 40481) zoospores (1 x 10°
zoospores/mL) were inoculated 2 h later. A second microbial application was performed 7 days after inoculation, and germination
and early seedling growth were evaluated 2 days later. A: disease index, B: Evaluation of disease index.
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AEC] I3 gl tig WAl gHE oty 9l
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9 cm E229 potll A
B2 g 5 1 x 10° cfu/ml T2 Gl 8451
A AR 33] Eg] AFsr. A (P capsici)
< V8(200 mL V8 juice, 2 g CaCO;, 20 g agar per L) Hll
Joll Al & & 27°C 2710 797 B § 1539
o] 24k petri disholl 5 2o 20°C, 24417 9 =
702 HAAg 3Fe7]o] 397F Bk, A7 el
FrAbdel 849 As Felstal Wt Aol 4°Cel
BE A s Bol fabdeld s &
AlA 1 % 10° zoospores/ml F=2 2] 3} tH(Huitema et
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=)
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=R S
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al, 2011). Z} A4 o] AEAE ARSIt 2=
(disease index, D= 0: HAGS, 1: 25% & 33}, 3: 75%

3

sl 2 g2 4 A4 o F3t 2 AE, 5 E7 v 2
A 71208 ARSI HYd Ay 3F F aes
ZAFste] ¥l s th(Fig. 3A).
& BN chst N AE

Fat) ol 1253 EmlE 70% EHESE e & Ax

Stal EaE FAF vhss ol8at] AAE Widdth wikE
TR UYES [ x 10° cyml FE2 B4l 84151 10 ul
dotting & F Ftth WollA Axsith FlE $1 v
Eo] AxH T eEAAF(Colletotrichum gloeosporioides)
FAFE 1 x 10° spores/ml F=Z 10 pl FF39H %
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a Kruskal-Wallis test; p = 9.797e-09
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Fig. 3. Experimental scheme for evaluating candidate microorganisms against Phytophthora blight in pepper seedlings (two true-leaf stage).
Candidate strains (1 x 10° cfu/mL) were soil-drenched three times at 7-day intervals. P. capsici (KACC 40481) zoospores were prepared
and inoculated at 1 x 10°zoospores/mL. Disease index (DI) was recorded 3 weeks after pathogen inoculation. A: Disease index value,
B: representative disease symptoms, C: Evaluation of disease occurrence.
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FEAHE AL ME AE 15em
potol] FEE FEE Hol &7 A& F APS APt
SH HAES W F 1 x 10° cfuml FEZ Hitol 3
Aato] 7d A0 R 33 Asiith. WA FH ST
(Rhizoctonia solaniye 1/5 PDA #lA|o] At 3 &
27°C 2710l 347 B & 22 2pow F) dEad
A HE & HEL S Axst Aol AREsIT
7t Azl 7R AEAE ARSI
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i

mg
411 o

A A3} 2k Kruskal-Wallis Rank Sum
33;}"30@ 2|7k Aol & Bl
3}7] 18] Conover Test £44-2 3l xg]77ke] 28t 2}
°|E o2 HAISIATE R program(version 4.0.3)<]
ggplot2 packages AHE-3te] 4 9 A|Z18HE Faaksdth,
ZEE Y
EOE AIE3E0 the v

TH uAES] EntE AS3H BA a9E SRlg A3
H1 Agela S e, Wiiztert 7P WA <l o

EUPE N2ee) WAEIE= HI @57t 71 e Zlow
o) =0T} M ©GEX]A] DI 3] 62 A3 o}%{_o)]_’

‘%}%&Jr 7ro] HIgF7} Ag)® ErfEo|HE DI 3ol 1
olslZ e AESH T 94 aAE HAt. H29
R79] 7% EvlE AlESH DI go] zH2 1. 29} 302 %
Aol AlESHo] 2AE WAl &3S Jepheh. whd
H3, H4, RS, R6 w7 A tollX e B &= A9t
TUe WErE FRIFe] WAl asyt A=A kgt
(Fig. 1B and 1C). W+ ©= AgoA DI/} 65 43]%
HFA HI 54 224 D7} 1 ol8l2 Z4adt Ads, EY
A Aol WAl mAEe] 24 B2 34, A4,
FEAGGISR) Tol aAHoz A5IS 7FeAS AlAL
St} (Fravel et al., 2003; Larkin and Fravel, 1998).

A2y e] DI e 71FOZ(Fig. 2A), FH UAE
CHAlel] mAE Al ads

ZAFeE Az HI, RS, R6 w5 ] 2]ellA] DI ﬁﬂ%ﬂ 1 —6‘};
A ER1IE o TAV frelnlgt A a3E o
SIATH(Fig. 2B). o} 7] @A9A HI, RS, R6 7@174‘?4
DI +to] 1 ©]3l2 Stol = frojdo] GHEA] & 21,
Phytophthora capsici 71%r BZEH] 7} 2%, ¥,
ol &ieof - wiztste] AF WEge] Ad F A=
7@% AJAFEHCKSang et al., 2008). TEbA 4+ A=) (&R AIA 2k
FAERA T AT A B AP AHS HAssta,
}_7] _jliqb] D})tﬂoﬂ/ﬁb \_—|_I" ];HQ]_ | AlE wg
A A Aeks A8ske o] BAA AAY grd
3

HS YERATH(Sang et al., 2008; Segarra et al., 2013).

TH UAES] 13 fR tig oW WA SIS DRES
7102 (Fig. 3A), H71st A3 RS 5 Aol 3@y
S7b A ERIFEATE RSAFFE] 45 2F {57 G5l
gt DIZF FAE Tl AR (D> 1) YER ST
I FE7] 99 BAe] gk a3ks R uAE AEE
- theksl @92 BIth(Fig. 3B and 3C). §-57] Ald

oA 227 g3y TA 9 HE, P capsici WAOA
f‘z} mAEe a3t 43 Adoeded 29 13t
430l o3l H9-En Y ol 2o wet U

0_1.4

off e rH rEL i)
_&

7 AR 5 22 AAFRITK(Segarra et al., 2013). =3
o AES Wt A ot A= oAt wel
Woldhg ol AFEe o] Uehd & Jou=
R5HH AT Bl TR Hade pojiks AR E
FZ3kek 712 7|9k 7 ®Welske Zlo] Al ANEeE
=Y 4 2Uth(Santos et al., 2023).
nF BN ik M
33 dujox] TR vAEe] B WA a3E Yok
A3} Hl, H2, R7 @5 AHETolN =& WA 3= gl
399, H3, RS, R6 5 A FoAME TAH R /]
n)gk WA 235 218 Th(Fig. 4A and 4B). HI, H2,
Z8]3L R79] 75 ©@AH S W (DI>0.2)0] A=A ik
WHH H4® W Aot 22 7] e o] A

l'.:L

3193, H39} RS 5 A2 rolMe 20%-50%(B 5 7
Z)_i ek o] dhg st Hi, H2, R79A Wute] A4
=R ke Adks, dF AT Aol A8k cyclic
lipopeptide(iturin/fengycin/surfactin &)t 72 73&eh -zt
ARE ] Colletotrichum spp. S E3H o2 JA| S 4 )
T A3 A9F AX]SHtH(Kim et al., 2010; Ashwini and
Srividya, 2014). ©iF 313 BAW- 2] Colletotrichum
“Z‘(Eaiﬂ ol ofsl frdEo] Wit F/AE wt Al

o] G F glemZ HI, H2, R79] “Fhg” A=
‘jroohf} A 5= oA W8 oR AAEE=A FUT
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Fig. 4. Experimental scheme for evaluating biocontrol efficacy against pepper anthracnose on fruits. Fruits were surface-disinfested
with 70% ethanol, air-dried, and wound-inoculated. Candidate strains (1 x 10° cfu/mL; 10 pL) were spot-applied to wounds and dried
under aseptic conditions, followed by inoculation with Colletotrichum gloeosporioides (KACC 40690) conidia (1 x 10° spores/mL; 10
pL). Inoculated fruits were incubated at 25°C under high humidity and lesion development was evaluated. A: representative disease

symptoms, B: Evaluation of disease occurrence.

74 o] &2 3ltH(Mongkolporn and Taylor, 2018). T3t
SWANME Bacillus subtilis 718 457} 1% 97} &4
Hol| sl =2 WAES B Al Harxo], 2 Ao
& FHHI-H2-R7 5)= AAEF 184 Hrlz
S 287 7k7} Ak(Lee et al., 2011).

B AFTE|OMSHO Cht BIt

el FEA TH pAEe] JHFHuEY A a39E
Yol A3} HI, RS, R7 ¥ A2]olA 2 WA a3&
15T BT GEAE A THETE OF 40%=
AR, HI, RS, R7T AgTelMe= 22} oF 19%, 12%,

13%2 AT SPIEAE H2ek H3 A2l e
o8le GATARERe] Wiel FME Aoz A
ATHFig. SA and 5B). B &5 ti¥] HI, RS, R7 A2
oA WHE7} FolslAl wobdl Ak, Akl
A7 v=e] ARG, AEY el e, SR 4
ol ¥ Al 71e4g 5= Slrke Barsst dA|Tk(Singh
et al,, 2019; Yu et al., 2017; Nagarajkumar et al., 2004). R 2
H2, H3 Aol o] S7iet A4e $H mdEe] ¢t
44 WAlFo] Y HAHA ffon, A% 28-S flsiMe
QP92 (stability TS S A 7)o R Aolok FHe
A|AFSHE(Yu et al., 2017).
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Fig. 5. Experimental scheme for evaluating candidate microorganisms against rice sheath blight in rice cv. ‘Ilpum’. Candidate
strains (1 x 10° cfu/mL) were applied three times at 7-day intervals. Rhizoctonia solani (KACC 40101) inoculum was prepared by
culturing the pathogen on 1/5-strength PDA, cutting mycelial plugs, and colonizing sterilized seeds. Disease development was
assessed after pathogen inoculation and compared among treatments. A: plant phylotypes, B: Evaluation of disease occurrence.
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