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ABSTRACT

Selection of the optimal culture medium and evaluation of the antimicrobial activity
against various phytopathogens were performed for four entomopathogenic fungal isolates
with excellent insecticidal and antimicrobial activity against the two-spotted spider mite

(Tetranychus urticae), green peach aphid (Myzus persicae), and gray mold (Botrytis cinerea).
1) The optimal medium was selected by measuring the amount of blastospore production and
%fga*;égr the antifungal activity of the culture medium. On the basis of these experiments, GY medium
was selected for Beauveria bassiana 2R-3-3-1 and Metarhizium anisopliae 4-2, SD3, and PDB
a OPEN ACCESS medium for B. bassiana SD15. The antimicrobial activity test against other phytopathogens
pISSN £ 0253-651 indicated that all four isolates showed high antifungal activities against Colletotrichum
eISSN : 2383-5249 acutatum and Sclerotinia sclerotiorum. However, for Phytophthora capsici and C. fructicola,
) only M. anisopliae SD3 showed a high antifungal activity against P. capsici, and the other
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https://doi.org/10.4489/KJM 20180025 three isolates had little activity. Antibacterial activity against Clavibacter michiganensis subsp.
Received: May 11, 2018 michiganensis was high in two isolates of M. anisopliae but not in two isolates of B. bassiana.
Revised: July 8, 2018 Thus, it was confirmed that entomopathogenic fungi effective for pest control could be

Accepted: July 20, 2018 effectively used as a control agent for various plant diseases.
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TE=H AN Figo] FFE= I EYoA Bee 3427 #FE 7Fe-tollA] Helo]Sofiel Al
Zo|sgatol sl FAlell =2 242 HQl B. bassiana 2R-3-3-1 (NCBI GenBank accession no.

M. anisopliae 4-2 (NCBI GenBank accession no, KX756078) #-FS 3|7} E40l2 AT E
3} Al ago| ol thall FAlol| =2 &/dS E2| B. bassiana SD15 (NCBI GenBank accession no.
KC551951), M. anispoliae SD3 (NCBI GenBank accession no. KC551963) #5=5-21[8] ZH2+ A13lo]| o]
8513t
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PDB, Sabouraud dextrose broth (SDB; 0.5% peptic digest of animal tissue, 0.5% pancreatic digest of casein,
206 dextrose, pH 5.5), GY (296 glucose, 0.2%% yeast extract, 0.0296 MgSO,+7H,0, 0196 KHPO,, pH 5.5),
Adameks's B 2] (4% glucose, 4% yeast extract, 3% com steep liquor, pH 5.5) 100 mL-S- 250 mL Z&}A3.
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X9| 5.2 71T voresingstol HE}S AZBITE, o] W AZE o} g3lo] AL A
75}al, ZoFEAFE 42715101 hemocytometer® Aot AT}, X 4 42 vFAHES 94
2] & Lof7l ulFAZ filter paper®. 12} o 27E 2, TFA] 0.45 pm filterS- 0]-§2F 22} of 32 A
<5F QS 717 == ' (1, 10, 20, 40, 60, 80, 100% with sterile distilled water) 2 5] AJ5F & &2

PR
R S/ 7S Qlet EnkE Al Zgo] ¥t (Botrytis cinerea T3-4), 115+ ©EA1 W Colletotrichum

acutatum 15AS32), 15 S=5(Phytophthora capsici P13-1), B7] E-A|¥4H(Colletotrichum fiucticola

3l (Sclerotinia sclerotiorum 11-49)-& Z-5TH5tl A S8} Atalo]l
A BRSO, o] & 552 PDA HI|Z|ol FZF-5kaL P. capsici P13-14= 22°C, Y A| #-55=25°C
Z7102 ujgato] Aol ARgaIT). Pl B/ 7ol o8-8 EntE H Y Clavibacter
michiganensis subsp. michiganensis LMG 7333)-2 Z5cgtal AlEAlFsH Aralolx] Eaptol
King's B %] (296 proteose peptone n0.3, 196 glycerol, 0.15% K,HPO,, 0.15% MgSO,*7H,0, pH 7.4)i| 4]
27°C 2710 2 vjfstA] Adjol ARg5}ITt.
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Fig. 1. Comparison of blastospore yields for 4 entomopathogenic fungi by each medium. A, mite-
pathogenic fungi; B, aphid-pathogenic fungi. Vertical bars correspond to standard error (SE).
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Fig. 2. Antifungal activities of fungal culture filtrates from 4 entomopathogenic fungi by each medium.
A, mite-pathogenic fungi; B, aphid-pathogenic fungi. Vertical bars correspond to standard error (SE).

Colletotrichum acutatum Phytophthora capsici Colletotrichum fructicola Sclerotinia sclerotiorum
15A832 P13-1 CGF160401 11-49

Metarhizium
anisopliae
42

Beauveria
bassiana
2R-3-3-1

37105 00 1120 4307

Fig. 3. Representative antifungal activities of mite-pathogenic fungi against phytopathogenic fungi on
potato dextrose agar plates. Entomopathogenic fungi were placed at right side on each plate. The values
of clear zone are described below each plate (mm + SE).
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Fig. 4. Representative antibacterial activities of aphid-pathogenic fungi against phytopathogenic fungi on
potato dextrose agar plates. Entomopathogenic fungi were placed at right side on each plate. The values
of clear zone are described below each plate (mm + SE).
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Fig. 5. Antifungal activities of fungal culture filtrates of entomopathogenic fungi against Colletotrichum
fructicola (A) and Colletotrichum acutatum (B) for 24 hr. Vertical bars correspond to standard error (SE).
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Fig. 6. Representative antibacterial activities of entomopathogenic fungi against Clavibacter
michiganensis subsp. michiganensis. Antibacterial activities were measured on potato dextrose agar
plates (A) and using fungal culture filtrates (B). Entomopathogenic fungi were placed at both sides on
each plate. The values of clear zone are described below each plate (mm =+ SE). Vertical bars correspond
to standard error (SE).

The Korean Journal of Mycology Vol.46, No. 3, 2018 340



Selection of Optimal Cutture Medium for Four Entomopathogenic Fungal Isolates

of 258 ot siEt Aol tish B4 Al 5= 7= 202 HAls SioH,
6,7, 11, 12]. ANFH 0 2 FZY A gl o) At YAk = 7HA| i) o] g =H), a4 HHOJ
= 52t aerial conidia 2] 31 M| BiYE S9 FokEAte] A4k o] QlTt. Acrial conidia] 73

TR 273 20N FopaAlel| vls S QP A 0 2 EAf o 97 ol ArH o Ol
S A0 AR o] &1 glom, 1 AARS Yl A BiRe B3t 13} Bl Fo 2]
2109 o] A g2 F3l L& 4= Art. T100| Bl SotAte] A-p-ofli= 3-42de] e vk
7RI 2t ko] 7hgot Wi Qg Ad o] Witk ol f2 AgAl|o) A =M BA ek 2o = 7
Z7FE AL AR O X2 AASE 28 & T3 IS w4 WA HUA AT A AT A2 4
A= F2EE| AL QIEH10, 13]. SEok A vijeRs Fot SohEAte] At A Foll= AF B R A
A S TR 242 Al of2] 71| thabibEe] AJito] FAlof o] ol o 2a FotEate}

off

17| thet of- 8o tfgt ¥4l o] s=okA| it QlTH10, 13-15].

2 ATol|Af= ol A BalH o] 5 4712 LY/ w52 S84 Q) Hij g uljA] At &
Alol] Al E g tol Tt Foh A8 7hs/d S AAsto] ol vFEY §-8/d= BS Eolixt 5t
At G&4 Q1 i ulx] kS o] AWk O 2 wo] o] &= 4712 BiA| & ti/d o= A5
/39 gRlo] Eli= ZA} AYaks =1t tlEo] kbl oJ5t Pt 522 SAlol Bl ”47}3}914.
1 AatufR|o]] wheh ZAPYARS2 1} ujkoo]] o8t Fxld B ThksHA| LR O H (Figs. 1,
2) 2|Z4 0 2 GY Hijx|2} PDB HZ| S AUt 4= QI It Solaal Jateke] 79 ehadat Aa
o] g Zpolof| ufet ke 4= QLo m[16], o2 AR ES] A4ttt Semtet Hij x| of] w2 X}o]
€ HolE=[10] w1 23 27 gAo] I estrhs 7|80 Aret Aok AATHIT]
A F54 e HAloll &34 0 & o] G5 11 QUA|TH E Y/ Figol= A Sl A

o

28w oS 9l w2 Frex3do] Hasiths 2|74 <l T o] EANTHHIS]. o3t &2
0| 8= XY gl of e} A RR R ol Alsl o 2 Al =
golol| tisiA = B e =Y 4 7] whzoll, A=t o] WAolghs #2180l k& o AtH19l.
wetbA, 25U Fgol7HsiEt Aol tisliA S0l w2 WAl sEE Adthd w2 &
E2 QT Ao A FAIE SET 4 S Ao, A oA A F2 Hitto] 2 32
Zio|e}. 1o] wkeh Alegol vl thisl 2/del A% %47}11 a0l sl 1 24891 of
 flsto] a71A) 9] 2 A Kt tleo] AEE/d Alatell tisi Fatsd 2 A st

9ir}. 7 AT 471 T2 2ol F5ol w}a}@ e 22t Aol ojs) M2 k2 2
e et 588 BoFqltHFigs. 3-60). o]2idt At o5 71| w57 Al g oS oS
oz AgEglont 159 FeEdEo] A= thar Jof wet M2 thE FeEAdS B A
o= o AZIL}. YUY Fgole] FRIF Lol et o] Aol w2, Beauveria spp.,
Isaria spp., Lecanicillium spp., Metarhizium spp.”} l}50]] thet A543} tj 50| B, cineres, Fusarium
spp., Phytophthora megasperma, Podoshaera filiginea, Pythium spp., Rhizoctonia solani, Sphaerotheca
fligines, Vertcllm dahlie S 2} 23 9)7] VN = @S ATk BSOS, 6,7, 1,
12, 20, 21].

1 25U Bo] 259 ZHER U 519 %U XS v} uiAI S A 4 9ll0
o, 3k o5 3ol @50 the AEHA M B Aol it = e84 7Hdol 2l
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HOZH 0|5 #5501 8T TEARI X A= H A9 7o) 7]tk

o] Zoljel BaolgAGE 2|l A Zago| vtol tis] 3t AF 9 Fre S

7HA| 229/ Fololl ol &&24]Ql vijef HiA] A 2 ohE Al SR Hatol| tiet I d =
BRI, ESHR v AN FolEA I loflel PR AHS o At
.o, 1 A3} Beauveria bassiana 2R-3-3-1, Metarhizium anisopliae 42, SD32] 73-%- GYBiA|7}, B
bassiana SD152] 73-9-0lli= PDB H| 2|7} &5 ulj 2] 2 =] ek, Th Al &+ Ywtol theh &
’d A A1} 47l w5 25 Colletotrichum acutanum}t Sclerotinia sclerotiorume]] Tl A= &+t
JS B O Phytophthora capsiciR} Colletotrichum fiucticol®l] T4+ M. anisopliac SD3%}+ P.
capsiciol] tal] & P S UL tE #5529 42 nnfsilt). Clavibacter
michiganensis subsp. michiganensis]| that @A 432 Metarhiziunés0) 2= =2 B4 S H Y
Ou} Beauveria®s 2] 2 w52 22 HolA| &ttt o)/de] Atz siERiAlel aabAQl 25
A Fgo7t thsst Al g atoll tish e aabAQl HiAA| &2 o] 8 4= Q52 &l 4= )

At

ACKNOWLEDGEMENTS

This work was supported by Korea Institute of Planning and Evaluation for Technology in
Food, Agriculture, Forestry and Fisheries (IPET) through Agri-Bio industry Technology
Development Program, funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA)
(115086-2).

REFERENCES

1. Hajek AE, St Leger RJ. Interactions between fungal pathogens and insect hosts. Annu Rev
Entomol 1994;39:293-322.

2. Milner RJ. Prospects for biopesticides for aphid control. Entomophaga 1997;42:227-39.

3. Shin TY, Bae SM, Kim DJ, Yun HG, Woo SD. Evaluation of virulence, tolerance to
environmental factors and antimicrobial activities of entomopathogenic fungi against two-
spotted spider mite, Tetranychus urticac. Mycoscience 2017;58:204-12.

4. Lacey LA, Frutos R, Kaya HK, Vail P. Insect pathogens as biological control agents: Do they
have a future? Biol Control 2001;21:230-48.

5. de Faria MR, Wraight SP. Mycoinsecticides and mycoacaricides: a comprehensive list with
worldwide coverage and international classification of formulation types. Biol Control
2007;43:237-56.

6. Vega FE, Goettel MS, Blackwell M, Chandler D, Jackson MA, Keller S, Koike M, Maniania
NK, Monzén A, Ownley BH, et al. Fungal entomopathogens: new insights on their ecology.
Fungal Ecol 2009;2:149-59.

7. Ownley BH, Gwinn KD, Vega FE. Endophytic fungal entomopathogens with activity against
plant pathogens: ecology and evolution. In: Roy HE, Vega FE, Chandler D, Goettel MS, Pell
J, Wajnberg E, editors. The ecology of fungal entomopathogens. Dordrecht: Springer; 2009.

The Korean Journal of Mycology Vol.46, No. 3, 2018 342



Selection of Optimal Cutture Medium for Four Entomopathogenic Fungal Isolates

p. 113-28.

8. Yun HG, Kim DJ, Gwak WS, Shin TY, Woo SD. Entomopathogenic fungi as dual
control agents against both the pest Myzus persicae and phytopathogen Botrytis cinerea.
Mycobiology 2017;45:192-8.

9. Yun HG, Kim DJ, Lee JH, Ma JI, Gwak WS, Woo SD. Comparative evaluation of conidia,
blastospores and culture filtrates from entomopathogenic fungi against Tetranychus urticae.
Int J Indust Entomol 2017;35:58-62.

10. Yoon HG, Shin TY, Yu MR, Lee WW, Ko SH, Bae SM, Choi JB, Woo SD. Characterization
of entomopathogenic fungus from Trialeurodes vaporariorum and evaluation as insecticide.
Korean J Microbiol 2013;49:64-70.

11. Goettel MS, Koike M, Kim JJ, Aiuchi D, Shinya R, Brodeur J. Potential of Lecanicillium
spp. for management of insects, nematodes and plant diseases. J Invertebr Pathol
2008;98:256-61.

12. Shin TY, Baec SM, Woo SD. Screening and characterization of antimicrobial substances
originated from entomopathogenic fungi. J Asia Pac Entomol 2016;19:1053-9.

13. Jackson MA, Payne AR, Odelson DA. Liquid-culture production of blastospores of the
bioinsecticidal fungus Paecilomyces fiimosoroseus using portable fermentation equipment. J
Ind Microbiol Biotechnol 2004;31:149-54.

14. Jackson MA, Mcguire MR, Lacey LA, Wraight SP. Liquid culture production of desiccation
tolerant blastospores of the bioinsecticidal fungus Paecilomyces fumosoroseus. Mycol Res
1997;101:35-41.

15. Vega FE, Jackson MA, McGuire MR. Germination of conidia and blastospores of
Paecilomyces fiumosoroseus on the cuticle of the silverleaf whitefly, Bemisia argentifolii.
Mycopathologia 1999;147:33-5.

16. Vega FE, Jackson MA, Mercadier G, Poprawski TJ. The impact of nutrition on spore
yields for various fungal entomopathogens in liquid culture. World J Microbiol Biotechnol
2003;19:363-8.

17. Campos RA, Arruda W, Boldo JT, da Silva MV, de Barros NM, de Azevedo JL, Schrank
A, Vainstein MH. Boophilus microplus infection by Beauveria amorpha and Beauveria
bassiana: SEM analysis and regulation of subtilisin-like proteases and chitinases. Curr
Microbiol 2005;50:257-61.

18. Drummond J, Heale JB, Gillespie AT. Germination and effect of reduced humidity
on expression of pathogenicity in Verticillium lecanii against the glasshouse whitefly
Trialeurodes vaporariorum. Ann Appl Biol 1987;111:193-201.

19. Jandricic SE, Filotas M, Sanderson JP, Wraight SP. Pathogenicity of conidia-based
preparations of entomopathogenic fungi against the greenhouse pest aphids Myzus persicae,
Aphis gossypii, and Aulacorthum solani (Hemiptera: Aphididae). J Invertebr Pathol
2014;118:34-46.

20. Kim JJ, Goettel MS, Gillespie DR. Potential of Lecanicillium species for dual microbial
control of aphids and the cucumber powdery mildew fungus, Sphaerotheca fuliginea. Biol
Control 2007;40:327-32.

21. Lozano-Tovar MD, Ortiz-Urquiza A, Garrido-Jurado I, Trapero-Casas A, Quesada-Moraga
E. Assessment of entomopathogenic fungi and their extracts against a soil-dwelling pest and
soil-borne pathogens of olive. Biol Control 2013;67:409-20.

The Korean Journal of Mycology Vol.46, No. 3, 2018 343



