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Abstract The purpose of our study was to select candidate microbial strains as functional additives for
fertilizer-based cropping systems by demonstrating their potential to both enhance plant growth and mitigate
disease through microbial antagonism. We assessed the major pathogen-antagonistic and plant growth-promoting
characteristics of seven isolates in tomato, pepper, and rice plants. In tomato wilt, the largest inhibition zone
was associated with strain H2 grown on 1/5 Potato Dextrose Peptone (PDK) medium, whereas maximum
inhibition was observed with strain H1 on 1/5 Tryptic Soy Agar (TSA) medium. In tomato anthracnose, we
observed consistently strong inhibition with H2 and R5 in both media. In pepper, only H1 on 1/5 TSA suppressed
Phytophthora blight. Strains H2, H4, RS exhibited stable growth in their antagonism against pepper and rice
pathogens, indicating comparatively stable activity. Regarding growth-promoting features, all the strains produced
indole-3-acetic acid (IAA), with H3 producing the highest level. Other than H3, all the strains produced
siderophore. The largest halo zones were recorded for H4 and RS5. Although nitrogen fixation was not
statistically significant, several strains showed notable enzymatic and colonization traits. R7 displayed high
protease activity and strong biofilm formation, while H2 exhibited the highest cellulase activity and robust
biofilm formation. Our combined results suggest that H2, H4, and RS (and, in part, R7) are promising
candidates to develop as fertilizer-compatible microbial additives that can both improve crop vigor and reduce
disease pressure through multiple mechanisms (antibiosis, iron competition, extracellular enzymes, and rhizosphere
colonization). Our research provides the groundwork to design integrated microbial fertilizer products to

support enhanced sustainable crop production.

Key words: Antifungal activity, Colonization, Plant growth-promoting

*Corresponding author
E-mail: kwak@gnu.ac.kr

19

SHAIE SRkt 53] AlH|l= 2‘1‘% &S 7“713 ERCI s
THEY W] fES SEHoE WEAE )\'3}”4,
Q3] HlE At dREE ‘ﬁﬁ}ﬂ <A nAE 2y
WY oRde wetste] “AS X3 Ha) dErE Tl
B2 735 2E Al @] ago] AgE Uk
olg|gh W7o, o= v ¥ 7]—°ﬂ TrQ“UVg <]
A B2} (biostimulation) 2 A & 1%

et «nAER 5 A Ado] FERAL vt HIE A}


https://crossmark.crossref.org/dialog/?doi=10.7585/kjps.2026.30.1.19&domain=https://kspsjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

FH AN

Y AH] Al °J’*r olg8 & P
3 A7t ?@‘J/Pﬂ B 2L A drh(Calvo et
al., 2014; du Jardin, 2015; Backer et al, 2018). T3t
PGPR(plant growth-promoting rhizobacteria)?} 73-2 -8V
Az 71 AAle A&7 Y FUAEA A8t g
B3 QLo AE A P A% AR et
o8] YA FAZ Fol 9lth(Santos et al., 2019; Fadiji et
al., 2024).

FerAEe] 2= AeS Xk 712k AA| i
7]*—14 el 712e® HiEEn R VAR
AETEE(ET] 1AA) A, FE 7S B 5 &4, H
= §(51derophore Aok Fol kA o™ (Vessey, 2003;
Bhattacharyya and Jha, 2012; Spaepen and Vanderleyden,
2011), HaloAl 712 = A -3 =2 A
walEa ALY, lﬁ' A7, a8]al =43 (induced
resistance) f-2hS HAd JAI7F E &= o Compant
et al., 2005; Haas and Defago, 2005; Ongena and Jacques,
2008). o=, IAAE M| HAel 2R wehe 215 0]
FE T S 71Nk S ¢ 1o (Patten and Glick,
2002; Spaepen and Vanderleyden, 2011), siderophore= 2
Xﬂf& Z71004 Wlste] A4 95 Ao wn ¥ o

Al 71498 4= Slth(Haas and Defago, 2005). ©]2{ st t}7]
e MAERIE 53R AAAN T8 277 "

H| 87} Algdhes Rt 719 oA frgrAEe] 2

01r 2

2}

SlA

AEERE “5‘}37—, Al Wt 27 A
Asfsle Weko s Assthd, sshg Y 58
=oldA Wl s W e B #grt rhsExit
(Glick, 2012; Backer et al., 2018).
v EAE 7R AlE] @ ke AF
getdolt @ LS AFREo R F78] o
Hoh B, 22, 714 5] 24l wE s, < BEA,
B mAEse] A4 AL, 28 AP BxAld] o)
a50] IA ZEtA7] wEo]th(Malusa et al., 2012; Santos
et al, 2019; Fadiji et al,, 2024). 53] F-2nAE2] ¥H F2
2 A= (biofilm) FAJ-& ZHNAM Q] A &4 A2} 7)F
W (G &, B A, AsEA ) 2s] A
(Ramey et al., 2004; Bogino et al., 2013), A& FHol|x=

~

O z
=

m[o ot ozi _IlN
r

ImZ
i

7]

>,
2 o

|\

A 5 A& AN 22(FF, pH, T)elA e A4
o] AE F29 84 g7 FthMalusa et al., 2012;

Fadiji et al,, 2024). WA WAIEME 25 Aute 9
A= (1) thdeh Wl g A 2 ER (i) SR
Z4 A (IAA, siderophore %), (iii) 24 A ¥ (biofilm
), (iv) ¥ 270 Wslol| gk 3 A7 EZsl=
i 77 QFE T Compant et al., 2005; Backer et
al., 2018).

B ATe FFH oz vRd &Y e 5 A 7ksE ¢
MAEHE A $H 455 =E8] 938 71 ARS
Algstaal FP=HAT. o5 sl ME e 4 20S
Zte Ao et A WHAdS e R ]ff:}%“é:%
H7kslaL, sA9 IAA A4, siderophore A4, <1
AhyA BE 9k Tld W Agg s l"i—oH—‘g—, amylase

4, biofilm B 5 AAEA 2 A% B 2L A

o7 ZALSItH(Vessey, 2003; Spaepen and Vanderleyden,
2011; Malusé et al., 2012). |23 HZ2 “Ws A7
HAEA] e “ASEY A E EEste] Tideke
WA @ WA Yobrl, sfehge] 482 5oE uet
9 FFARA P2 Y oA 75E FA0] FHE
Ue HFA AAY FH 2AE FHsk= d 540] A
tH(du Jardin, 2015; Backer et al., 2018; Fadiji et al., 2024).
Uo7}, & Aellx] AAEkE 5 715 RIAE AW Hake
nAE E9A 0 AlEst Yol a7EHE B AR ¥
g Hog groj 7]ofd Z1 o7 7|thEth(Santos et al.,
2019).

RO

I

ot h& oj¥E 7Fo B3
B AN HrtE d5e F 7 /RE BF A9 dF
1 1 SYA 750l ERIEY AXAARe] FEEY e
FEoIth. 71+ Hl%‘%ﬂ 1°k°ﬂ o8 4 dFHES
*7HOW grom, B AjoM= 7zt 45HS HI, H2, H3,

H4, R5, R6, R72= 0%6}0:1 gé}oﬂu} 5o 2HL
16S tRNA 47 47148 BAS E3lo] £(Genus)Fae

oA 2Tt

Y ASHATZ Chst in vitro EF &M HI}
ERLEAESY (Fusarium oxysporum f. sp. lycopersici,
KACC 40037), EFFEEEAY (Colletotrichum coccodes, KACC
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Table 1. List and identification of bacterial strains in this study.
Identification based on 16S rRNA gene

Strain sequences
H1 Sterptomyces sp.
H2 Bacillus sp.
H3 Bacillus aryabhattai
H4 Bacillus sp.
RS Bacillus velezensis
R6 Bacillus sp.
R7 Bacillus velezensis
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Fig. 1. Antifungal activity of candidate microbes against tomato pathogens: (A) Fusarium oxysporum f. sp. lycopersici and (B)
Colletotrichum coccodes. Microbial suspensions (1 x 108 CFU mL™"; 20 pL) were applied to paper discs and incubated at 28°C. A 3-
mm pathogen agar plug was placed 30 mm from the disc (» = 4), and inhibition length was measured at full growth of the control.

Data were analyzed by the Kruskal-Wallis test.
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gloeosporioides. Microbial suspensions (1 x 10° CFU mL™"; 20 uL) were applied to paper discs and incubated at 28°C. A 3-mm
pathogen agar plug was placed 30 mm from the disc (# = 4), and inhibition length was measured when the control fully colonized the
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after 14 d at 28°C. (D) Nitrogen fixation was tested in NFB broth (7 d at 28°C) based on color change of the medium.
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Fig. 5. Assays for extracellular enzyme activities and biofilm formation of candidate microbes. (A) Protease activity was evaluated
on skim milk agar by measuring clear-zone formation after 3 d at 28°C. (B) Cellulase activity was assessed on cellulose agar; plates were
incubated for 5 d at 28°C, stained with 0.1% Congo red, washed with 1 M NaCl, and clear zones were recorded after 24 h at 4°C. (C)
Amylase activity was determined on Bennett agar supplemented with 0.2% soluble starch; after 3 d at 28°C, plates were stained with
Lugol’s solution and clear zones were measured. (D) Biofilm formation was assessed using MM medium under incubation at 28°C.
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