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Abstract Strawberry is a crucial cash crop worldwide and is mainly growing in Spain, China, the United
States, Mexico, and Korea. The economic value of strawberries is nearly $ 667 million annually in Korea.
Powdery mildew (Sphaerotheca aphanis) and blossom blight (Cladosporium cladosporioides) are the most
problematic diseases in the strawberry anthosphere and phyllosphere. Currently, effective control treatments
for powdery mildew and blossom blight diseases are rare, and the pesticides have only minimal effects.
Therefore, the development of disease control methods with novel antifungal compounds or other bio-
compounds is demanded commercially. Streptomyces globisporus SP6C4 was reported as a powerful antifungal
microbial agent and has gotten attention to developing for commercial proposes for sustainable strawberry
production. Therefore, we evaluated formulated S. globisporus SP6C4 against powdery mildew and blossom
blight diseases. The microbial formulations of the S. globisporus SP6C4 strain were performed into types A
(liquid) and type B (powder). The powder type showed effectively suppressed both powdery mildew and
blossom blight diseases in commercial strawberry fields. Our result demonstrated that the range of use of
SP6C4 manufactured as a biopesticide can be extended to commercial levels.
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3| 2A= &Y (Collectotrichum gloesporioides), 317+
W (Sphaerotheca aphanis), L2301 (Botrytis cinerea),
EFFoVY (Cladosporium  cladosporioides) (Kim et al.,
2015; Kahramanoglu et al., 2022; Jacobs et al., 2019; Nam
et al,, 2015a) F°] Jom, A|3Hte] FQ W ZA= Phyio-
phthora fragariae®] 13|~ BAS= 9, Fusarium oxys-
porum f. sp. fragariae®l &3 TS AlEwHEISH)
ol 7] Ak & FalE 71X]3L JTh(Kim et al., 2015;
Kwon et al., 2020).

7] EagoE v A EYolA] A HIEUS
™ (Gubler et al., 1999), 3=rollAE 20153 a7t =Y
TkNam et al., 2015b). 3o We| gito] wha} wb
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o7} WA 7hdo] Ask AL & AX7F AA nlEd

A WA Eth(Santos et al., 2020). ZFFo|HEE WA
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Q3 Ao F2 WH3TKShin et al., 2020). 3ol
© ZH| Bk o]& e #FS I, viGTaA T
‘ﬁ SIS o FEo] e FHoM = S-S AT 3
R&Fo] HlEolA] FE7E AA S A 87 TH(Pertot
et al., 2008). 27| A7HEHE T2 sekseko® HA|staL
AATE ool gk WA e] E3oR HWIOH ol
S 73 3lck(Shin et al., 2020). 3+ WAl o] 735 Auj
73l met oFsf 7t WA ah, %QF G A= e
SIS 218wt ASErt FTbebHA <l
EXo] Gy AF EA7F Ae AEEoke] st o F
3L 31tH(Sharma and Singhvi, 2017). o213+ A4S 3
Asp7] 2 AdA] EAste vdES o83 rlAEAl
Al A g A7} o] FJ A I QI TH(Park et al., 2018).
& WS AEY AR FX, FETY 2 WeEs
A 53} 76 R B0 o] AlwEL glew,
QRN A8 & Y=S 483} 714 o] WAE T
Ak(Naik et al., 2020). PIYEAAE SRE= F2 45
= & (Bacillus spp.), =& (Pseudomonas spp.), "4
T(Streptomyces spp.) 5°] o™, HZ TS 23} ARt
28 el Aoz deiA db wadel $9H B8
A7t &S| o] Foix| 3L ) th(Ramakrishnan et al., 2011;
Zamoum et al., 2017). WA+ vt gt =2,
HE 3] 5Hd79 A% 94 @ A4 28-S ey 7)
o] Wajol gk HeiE AATIe Teel dEA Sl
(Horinouchi and Beppu, 1992).
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FHFE-S 7= S. globisporus SP6C4(K1m et al., 2021)
o) AP ol W) BEGol WAFHS thgon B
7] A AgelAle] WA T3S Bk Slsh =T,

oty
N
i
o
lo
M
o=
o
B
b
X
Lz

_*EJ{N'P

o5

off

R

S. globisporus SP6C42| &1
R AR (714

ESZ

el | BiRwn 2IToIMe YHE ¥

151

ol

o =

vl Z7ell A wlE Streptomyces globisporus SP6CAE ©]
|3t @79 F8 HAFE 45 (B. cinerea, C. gloeos-
porioides, F. oxysporum, P. cactorum)l| W8+ 3o 4 7
A4S 72510 ARn et al., 2009). 72E0] AAE WA =
gl wiFe SPeC4 5 Hdaat thA] S st
AT} ]2 PDK (Potato Dextrose Broth 10 g, Peptone
10 g, Agar, 20 g per L)E AR oM, w7 SYO=T
E 3cm €7 X J] WESZ paper disc (8-mm,
Advantech, Taipei City, Taiwan)< 57]4 gk & 105 cf/mL=Z
8N E mAE AAE 20 uL 5 F 28°C Ao 5U7F
HjFstith. vl Wako g 57 mjdE A= AlAG] F4
K820l B. cinerea, C. gloeosporioides, F. oxysporum, P.
cactorum dA7Y A374E 04 cm 2719 5 HESH
et A o2+ FAPL paper discell B2 w7
28°Col|A] wieFste] A3AdE A A At (growth inhibition
clear zone)?] Ao|E 53l 7153 tH(Yilmaz et al., 2016;
Lee et al., 2008; Perumal et al., 2016; Redda et al., 2018).
T 72 T8 WA AN HFA R AdE wjAE AR
3lod S globisporus SP6CHTE Hlgsld o, wlgs
SP6CAE= SIAH(AS), ‘ﬂm(SM) AFoz YA, A
(AS)Z+ BZ(SM)°] AP F27d 7&52 flel st
TUsA APt txTEe A4S 20yl 5T
paper disc (8 mm, Advantech, Taipei City, Taiwan)% AR
skt

DME MEe 2= A Hal AL
BFAS)H TH(SM) M= APe] Bt 250 e
#70 BE A S 2AE shaat skl A ®ist
A7)z mEh QF8/43S W 7Feklth. Conical tube (50
mL)o HFAE 25 mL, EEAE 25 ¢S 77t Hof Zi%
(0 £2°C), AL(24 £2°C), IL-2(54£2°C)ell ztzt B &
VA0 2 E 45 <t PDK wjA] 4"4-%]{%‘?3 < 01*9“0}
04 A5 SABI AdT 4 5, vA= AA Al
Y geo} 2x9] FoA BHo= Welch’s t-tests X183}
o B4o] gs¥ A3 -2 R program (version 4.0.3)9]
ggplot2 packageE AME-sto] 41 9 AJZ}8lE S=3) 33l

2 0|8 &2 el AlE

e APl A 28-S flsl B2 Aol thste] of
3 MRS Bl AY AE F7HE T8 & Al
= AT 50 SPeC4 AAE At A2E 150
Aol g der P on, A WHeRE .
globisporus SP6C49] B AL 10°cfmLOE 3435t
HE o BRI olg3lel Aol At B8 Yz
)\Eljj_—é], ];} OS AE & = 74 7].7:] o= 01/] =] 0)\]1 u}z%
A2 9 A% Adlo] e ol A% 2ALE 23] 19
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index, DI)E& ZA}3} Z3199t}h. ol BhlEls 871
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25% 4 o] WHEE 2 2604 50% <L AL 3, 51%4]
75% 4 W 4, 76% ©1dd WE 52 A8 H(Tapia et al.,
2022).

FEgole] WHE%) 3 7159 AA £ F e

FaoA 3A Fgolrt At A2 AAY 7189 A
S Yehte 29 /42 A4 tHKim et al, 2021). &
AL W HA] gk o B4 02 Kruskal-Wallis Rank
AR om ALE B0 F Tukey’s honestly
Z18IqiT), TAlo] ¢Ed 7k
2 R program (version 4.0.3)2] ggplot2 packageES AFE-3}

Sum Tests
significant difference testZ
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Disease index calculation

(Ix1a)+(2x2b)+(3x3c)+(4x4d)+(5%5¢e)

0,
atbtctd+te x100%

1 (%)=

*a, b, ¢, d, e: number of leaves

4y 4 o
HHX|'E SP6C4 MK &= & g A=

7252 wiek wiXE AE EF B. cinerea, C. gloeos-
A=

porioides, F. oxysporum, P. cactorum‘)ﬂ tate] dA 7
o| o] 43 &= HTHdata not shown). E3+ S,
globisporus SP6C4= Ae) AGE Aol fAleh g+
S ge As I SP6C4 +5+= F. oxysporum3
B. cinerea®] W3l 7}E3t qRFHE 7R ZAeF BHv}
o] A7]oll(Cha et al, 2016; Kim et al, 2019), F.
oxysporumol| X 7P =& IHEE 7 A EF Adst
of 2 F A9 10709 A B= J5-1, J5-2, J6-2, M1-2, M3-2,
P2-1, $2-1, T1-1, T2-1, T3-20.2 A11-5}1ch(Table 1).

SP6CAIIYE HE Helol 2 YFEY US
g3t H PO AZE YR FRBY 5ES 7
[e]

Fotalzl 484 A A Hdd3t o
AthFig. 1). AFAFL] SP6Ca= 7+ W
23 e FAFEES JepNAT): B. cinerea (44.5%), C.
gloeosporioides (66 6%), F. oxysporum (56.6%), P. cactorum
(12.7%). ELAHL B. cinerea (55.1%), C. gloeosporioides
(69.2%), F. oxysporum (54.9%), P. cactorum (78.45%) "3
Qe A4S THHO AT o) Bate] T 7}

Table 1. Top 10 antifungal activity rate for 72 different medium formulations

Inhibition rate (%)
Media B. cinerea C. gloeosporioides F. oxysporum P. cactorum
(*Yilmazet al.,2016)  (*Perumal et al., 2016) (*Redda et al., 2018) (*Lee et al., 2008)
T3-2 59.7 57.6 59.7 62.2
J6-2 69.2 56.6 58.0 72.7
J5-1 50.7 55.1 56.5 61.2
T2-1 50.3 579 56.4 50.1
P2-1 60.1 49.6 542 63.0
M 1-2 70.0 36.5 52.4 67.6
T 1-1 74.8 48.5 523 74.8
M 3-2 41.8 18.6 522 44.1
S 2-1 73.2 54.9 51.9 73.5
J5-2 494 50.1 51.2 56.8

* References present antifungal activity calculation methods
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B. cinerea

Untreated

Type A (AS)

™1
5:

C. gloeosporioides

Mol 27| eviEgEn 258018 Yrew &5 153

F. oxysporum P. cactorum

Fig. 1. Antifungal activity test of Type A (AS, liquid) and Type B (SM, powder) S. globisporus SP6C4 formulations against the B.
cinerea, C. gloeosporioides, F. oxysporum, and P. cactorum by disk diffusion assay. Formulations (10° cfu/mL) were pre-inoculated
with 20 uL of PDK media and incubated for 5 days at 28 °C. After 10 days, a pathogen (0.4-cm diam.) was inoculated at the center of

the plate and incubated at 28°C for 10 days (n = 3).

A Aoz A2 S. globisporus SP6C4 WA ELS 4359
2E Wdetol tate] A A a3E Bylom a3
el B Fe bl fougk zlole oA fes gl
sttt 7 7R AlF el A FElg getgido] SR1E N7
S. globisporus SP6C42] A/ APz & AP nAE
AA A el 28 73S gl

SP6C40| M E Mo 2= ZA| Hat ZA
A Feoll Wt S. globisporus SP6C42] 73A| W3} =
A7) 918 A2(0+2°C), 7224 +£2°C), IL-2(54+2°C)
2 13 2= o] 457 HESS 30l dA) A
P2 A2(0+2°C) BollA Ha 10° cfw/ge 2 FA7} 5
RoH, A4 £2°C0M e 1A 7] ATt Het
10°cfu/g A=A A3 AFe B ZL(0+2°C)l
A 4F 733 Folle 90%el el BEES SRlekitHFig.
2). AR 2FAHRE SP6C4S] Wt 543 AshE St
EF A2(54+2°001M % 1FARE AFTE FAEA
&tH(Fig. 2).
U ARG A AFH 5L 2ro)A HAEAR ]
Hdd B7EE stk 420 +£2°C), 424 +2°C),
T&(542°0004 27 B 10°cfwgs] AR57E ZA
Row, 271 FL AFE 457 A FoE BE 2E0A
90%°1’3e] REES »}EME}(Flg 2). B AP RE &
oA 90% o) HEES IR T WF AP %

l‘

I A2 Azt FASA g Ae G]lsiith +
7 AR Feje] 2o whE 2ol & Felsh] 98] Welch’s
tTestE S8 LAsIE o, 323 aL2ellA Al P
Base) Aol7k el AL Hlskgik. oleid A
A A Fo] F2oA A|Fe] WAk Wtz 0l HHAY
AL o g 9lon, & A3 T B2 Algol
T Ago] AHgo] Agteiral Aetelsith(Fig. 3).
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o] FoA vk o 9] TA R 2 Vel us AR
S B 2 okl S UERA FUTh(Fig. 4). &
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Fig. 2. Stability and conservativeness of Streptomyces globisporus SP6C4 liquid (Type A) and powder (Type B) formulations under
different storage conditions. The formulations were incubated at different temperatures for 4 weeks. Low temperature, 4 +2°C;
Middle temperature, 24 + 2°C; High temperature, 52 + 2°C. Welch’s -Test and bar graph were calculated with the ggplot2 package of

the R (4.0.3).
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ybIH
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Fig. 3. Effect of temperature on the storage stability of two microbial formulations. (A): Condition of before application, (B):
Condition of after application, (C): Concentration of after application, colony-forming units in PDK media. The formulations were
incubated at different temperatures for 4 weeks. Low temperature, 4 = 2°C; Middle temperature, 24 + 2°C; High temperature,

52+£2°C.

Lastol. e WAlE 229] 80% o)Ak 7|¥a HHES B porus SP6C4TF2] B A F S o|g3 s/ E ) 2
ol AeR 4#A Jtk(Nam et al., 2015a). ©|ol| S. globis- oy B &3 A FL Ea) @) F2 W] g n)AY
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Fig. 4. Evaluation of phytotoxicity of Type A (AS-liquid) and Type B (MS-powder) formulations on strawberries. (A): Control
treated, which was non-treated the microbial formulations. (B): Type A (AS) treatment. (C): Type B (MS) treatment.
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Fig. 5. Biological control effect by Type B (MS) formulations against Powdery mildew and Blossom blight in the field. (A): Powdery
mildew on leaves, (B): Powdery mildew symptom on the stem, (C): Effect of formulations on powdery mildew, (D): Blossom blight
on flower, (E): Blossom blight symptom on fruit, (F): Effect of formulations on blossom blight (» = 30 in each block, three randomly
designed). The low incidence of blossom blight was < 20%, and the high incidence was 21 to 30%. And Powdery mildew disease
was translated into disease index levels from 0 to 5 as follows: 0 for 0%, 1 for 2-10%, 2 for 11-25%, 3 for 26-50%, 4 for 51-75% and
5 for up to 76%. Boxplot with Kruskal-Wallis Rank Sum Test and Tukey’s honestly significant difference test were calculated with
the ggplot2 package of the R (4.0.3).
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Fig. 6. Biological control effect by Type B (MS) formulation against blossom blight in the fields. (A): Result of blossom blight one
time treated, (B): Result of blossom blight triple times treated (# = 30 in each block, three randomly designed). The low incidence of
blossom blight was <20%, and the high incidence was 21 to 30%. Boxplot with Student’s #-test and Tukey’s honestly significant
difference test were calculated with the ggplot2 package of the R (4.0.3).

Z7l vlall =& &3 UepiItk(Fig. 5. A - C). 33] A
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Slth(Fig. 5. C and F). ©|5 &3l S. globisporus SP6C4
AR AR AU 4B B34 FsHS BT ke
e SYakn.
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