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ABSTRACT

Red pepper is seriously damaged by thrips (Thrips palmi) and anthracnose caused by
Colletotrichum acutatum throughout its development. Because of biotic constraints,
producers often depend on chemicals that are expensive and have adverse effects on the
environment, operator, and beneficial insects. In addition, resistance is developed because
of the repeated use of chemicals. In recent decades, the use of microorganisms in crop

O.) protection has become a credible alternative because it is eco-friendly. In this study, we
aimed to select isolates with insecticidal and fungicidal activities against the pathogens that
%“p‘ifa"té‘s” cause anthracnose and thrips. We treated T. palmi adults and juveniles with 13 strains of
entomopathogenic fungi (isolated from the soil by using the insect-bait method), and 6 strains
ﬂ OPEN ACCESS showed excellent insecticidal activity (70-100%) 5 days after the treatment. The selected
PISSN : (253-651X isolates were cultured with C. acutatum to screen for the strain with excellent anti-fungal
eISSN : 2383-5249 activities, among which an isolate FT333 showed more than 95% control efficacy against
i C. acutatum in vitro. The isolate was identified as Isaria javanica through its morphological
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https//cloi.org/10.4489/K M. 20180052 characteristics and phylogenetic analysis of the ITS and SB-tubulin nucleotide sequences.
The Isaria javanica FT333 isolate could be used effectively for dual bio-control of thrips and
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wetA] olefet EAlES siaslr] fIeh thet =4 WA 7S 55 WAL glom Jof oigh
A7 7o) [ AAIA| 0.2 ZHsA| o] o]l QlTH3]. A4 WA § siis-& FdsHA| Al
7 e oz I3 npdEol tiRh 2t A7ldo] o] A| 1L itk £3], ZZolle 25
Y/ Fgolo ASAIRA 9] 7S oh2t A S| 5 Tt ofeke] Bty w Toj o
g A7 7lido] B FiEs] o] 02| AL QltH4l.

LY/ Fol= tiFE =2 F2] Hyphomycetesof] £5h= 5780 Z AT 52, A1
o= Fafisit 2ot o2 o2 Hlide 7HITHs]. 252 A4l o8l Aa=e 258/
Hiol2i2 Sl Alatahs 2] 25U/ F8ole 253t HZol oJsi Aol A=Al %'3'] st
Aoz BulE Yol 715 252 Mg Al Sd=dS BHlste] 252 Selthe].
3ol 3ot 25U FBolE 71 252 4 ol M th HAlsto] 715 —1‘__'%—4 ¥
T LA Agol| 0] 24| St 7|5 252 2)At Folls F2 25| Buloj|M ZAIE F/dsto]
22k A 0 2 2g sk e 7R of2fet 25/ Fgol= @A 2F 854 75001F0] &
A o 7P UekA 0 2 o] 8&|1l Q1= FO == Isaria, Metarhizium, Beauveria, Verticillium
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(=Lecanicillium), Nomuraea, Entomophthora, Neozygites 5= 5 4> ITH3, 7].

& Atolie 15 e S| o] 31 A A flsl =] EYelM 22t 251
A/ FFolE ol-slo] 113 BT Colletotrichum acutatum}t 20 F 2 Helof] A+, A5a T}
7} nlAES At Al ats Ashe AdE 43It

M= 9 gk
Nas U
2 Addol| ARSE 2ol I sdatehe A2 o) AR AofA FHol 3¢7] 20l5)
Bg 7 I510] £ 25°C, BR71 16L:8D, ATHSE 70 &= 59 Z710)A] = ARS313IL) AF S 9
St 252 Qo|ef W37} AREE|RIC 2 0](Joeunbackdadagioi, Farmhangnong, Seoul, Korea)2} 11
Z(Big Star, Nongwoo Bio, Suwon, Korea) S A} 5}2] 2Alof|A] 742 SR (20| & SHE, 12 cm)

of] Yoil-& A& (Balokeo; Seoul Bio, Eumseong, Korea)ol] TF5310] 4~597] -G5S AJE7474of] AF
2319
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seaol Eel 2elE 254 BYolle T sUTIeH f7ls Aol Hopte

13 e Colletotrichum acutatum)}S ZXAF5EA HIIA] (potato dextrose agar, PDA)ol| =25

REALE 22 2 10% FEAIE &l ol -80°CollA Hasltt. 4= 5= A Qlof 225

B/ 0] 13752 PDAC] 44E5101 25 £ 1°C, 1447 Hulitsto] /8 2 ZALS A dol| A
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PDA HiZ|oj] 257+ BiJ5}o] A7 A HiR]of] 5 mL2] Bt 0.029% Tween 80 222 €11 &
2]t 2 8BRS Fo] EARE 8]45FS A2 & Z2] hemocytometerE- ©|-8-510] A|l4=5lal H Q35
o] IAFHEH(1 X 107 conidia /mL)}& A ZSIICE 1XH FEHA 2 o] FAHe| /35 10mk2)7}
A A7 50 mme] Qo] 9] Huof| EAHERNS Aarsto] HAEIITE ZAFAE Y 500 uLE
Plexyglass 2~ 2|0] EF2](100k PA, 2174 1.5 mm2] polyvinyl acetal cone nozzle, AIPHA TC-620X
17| 2] (Compressors +DH-103 Airbrush; Sparmax, Taipei, Taiwan)Z- 0]-85}0] 20] Qlo] 9F HitHoj|
ARIESE 5 AF2ol|A 304 B9t 715k 25 & 1°C, B2 16L:8D, 51 90% OO 2 5774
St ool A} 22 BBIGICh 13} A o] ot 23 R AL Qo] FAhe k(e 5
102, 230)2 % semi ot Hee] 2] AL ol85}0] AAJEIATE 50 mL BakAe] 7ol B4
£ 44162 A19) $2 F 474 50 mn} £k 20] 9le] A58 2ol Aol AT | mLe)
TAFAE S Q0] 9lo] oF, SitHof| Zk7t Aargh S A2of|A] 304 Bt xSt F, Q0| F A oF
S 10025 AHEste] 25°C, =271 16L:8D, 5.2 90% o[22 5T -FAlsHH o AlS: 5
AR A2 08 SIS 749 22 o] glor Fgole] AR IS A4

AT} TiET=0.029% Tween 80 -8ATHE 2 2]5leh. &7 23] 48]l om nff Agnic}3

w0 Saielct
CHXuH S
E

wtol| et A%} w4 A2 91l tix[HiHdual culture) & A AJSTo] AL #50] A8
Rt gt FAPYOIA] Eaks ZRI51TE. thix]HiYS 23] PDA(Difco, Detroit, MI, USA) Hi
Zollx] 257 jefste] AP} /g 13 ARt 2 Bl #E-2 A7 5 mm
9] cork borer wlofufo] Aol ARESHITE 22 PDA Hiz19] 7}2-clol] 13 BhA g A2 21/
Zo|| ZEH S 72 2)/gatod 25°CollA] vl et 7Y

-

2
F 15 el e 23Rl FAMY Ol e RIS RIS 18], 34K 4

S5 3809 genomic DNA 25 915l PDACIA 257 vijoret &3go] Aol fungal
DNA extraction buffer [0.2M Tris-Cl; pH 7.5,0.5M NaCl, 10mm EDTA; pH 8.0, and 1% SDS(w/V)]
9} phenol-chloroform-isoamyl alcohol (25:24:1)2 %] 2] §t & 4] E2]5}o] DNAZ A5t A

7% DNA &2l g of[ 25 0] 83lo] A7 flee] o & Bt SR-roll o] Aol o]
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51ict 2e] do] BAMYESHY 54-S QI8 ITS1, ITS2, Metarhizium_beta-tub-F2, Isaria_beta-
tubR, T12, T22 primer (Table 1)5 AF&5}9] internal transcribed spacer (ITS1-5.8S-1TS2) F-&2%

Brtubulin F-23 PCR SZ5}} PCR $EAME-2 1.0% agarose gelS o|-85to] 7|9F &
Power Gel Extraction Kit (Dyne Bio, Sungnam, Korea)Z- 0]-85}0] /|51t ZA|H PCRAFEQ]
F7IM G A2 A eAdlol] o] 2]6}laL, T AF|S DNA Star Seqman2- ©]-8-5104 %51 MEGA6
27181 Ujo] neighborjoining W& ARESI0] AlS-2A W AlE 8 1551310913,

SElata it

22 wt70] FefshA] RS 9J510] slide grass culture® -2 0]-8513ATH14]. PDAOY|A 3~4 L 7HH]
FE FHE 2% water agar]ol] FQ1 FF o] Bt A& (A 22 X 30 mm) Aolol] 31
25°CollA] 7€ i & QA Hn)F(DEMZ-12, 400X; LEICA, Microsystems, Wetzlar,
Germany)- 0]-8510] AL B! 2AL0] FeE A5t

S
8ot BEAT SIQITh 1= B2 AT F 10 2hAo) 3027 J A& 70% ol[ehE 2 BHE
a5kl ZAZAIA FHISHIT. 27472 215l PDA vijx|of 2527t uliofRt A7} 3 /d | ] of] 5
mL 2| Bt 0.029% Tween 80 g5 Yl Fo|9th2 BHS Fof ZALS 3]4dh & 722 Ze
hemocytometer- 0|85 Al4alal B Qo 5 .o] IAFHERH(1 X 1051 X 105 1 X 107 conidia
/mL)Z AZSHITt 215 Hulf 3320)(9, F7 o) 253 Mo 2 AXE UL 10 nLo] AU
U1 x 10° conidia/mL)& FFdH & 3027+ A-ofx] HRAR H A 23/ Fgol9
FRFERH(1 X 1051 X 105 1 X 107 conidia /mL)S 10 pL* HZ3IQic). HE5H 1% duj=d
ol A4l Bl 2" SefAd 8710l War2s 4 1°ColA 14 SR Ash IS 2ARS
ekt B eto] Aeje 1 Zrfjo]] 0.0296 Tween 80-84E& X2jsiith. E AES
35] gl om o Agdnit) 3ukR.0 = sl

2o 3 uHE
#E

Table 1. Primers used in this study

Primer Sequence (5'-3") Direction Reference

TI12 TAACAACTGCTGGGCCAAGGGTCAC F O'Donnell and Cigelnik
[11]

T22 TCTGGATGTTGTTGGGAATCC R O'Donnell and Cigelnik
[11]

Metarhizium beta- CCAAATTGGTGCTGCTTTCTGG F Shinohara et al. [12]

tub-F2

Isaria_beta-tub-R  TTACATGGGCTCCTCAGCCTCA R Shinohara et al. [12]

ITS1 TCCGTAGGTGAACCTGCGG F Bena et al. [13]

ITS2 TTTCCTCCCGGTCTATG R Bena et al. [13]
ITS, internal transcribed spacer.
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A Aol A ettt 25U Sl Ad sl | flsl o duE ol gt =

7} Table 20]4] & 4= QU= 213} Zho| 22 T 5UxJol| 1385 BT 70% ode] A=E
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o o ofx
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2
0] Zxda] AlZol| ot WA &k x]2] 5 83.3 + 12.0%, 100 & 0.0%, 90.0 + 5.8%,
90.0 =+ 5.8%, 86.7 += 6.7%, 76.7 + 8.8%CHTable 2).

o AWE o] g3t BEAY AR 12 A o] Qo] Sz ool ot AlEntE
semi-potFEN2] Q0] Y- o] 85lo] ZAJTt A} 22| SUR| FT284, FT285, FT299, FT304, FT322,
FT333 359] A55-291.7 4 3.1%, 78.3 & 5.4%, 90.0 & 2.8%, 71.7 & 5.4%, 60.0 = 0.0%, 70.0
+ 580 CHFig. 1).

TAIHENN 22| Sof| APERE o] FAH| 0] °FF-2-2~3 U £ nlof2kA|Y Wt FEl = Zo%]
o, Auol] FUste] Wole AP F 20| FAH o] HulS FAl Lot FA4|2] EHo| S5IRFA 0
APE 2P45] FHQATE APE &3 SRE| FT333 o5 A 2]k 2t jM9] 2215 /doh= 13
29 Isaria w5-0] AP FZ YERHT FT333 F-5-5 A| et U A] set-5-2 oiFo || ol
Ate] A7} o F-g- A O 2 15} | AJ2slod 5UZolli= Metarhizium S-5-2] V= LERAISIH.

13 3)F 0= gl 5 25%0] Halw]o] QLo (KSPP, 1986) 2 HHfiub) Goil ciih AYE]
oF WA A7} Ho] o] ol gtA|nt FAEe|of] et A= RISk dolo FuellA o] FAd
Hlof] thgt A= 19939 20| F A Ee|ef e FF AL = ihol] [ U o] = AldaHuaEol| A
o] ZAdeof Tigh AJel, moh B Aol tigh A7} o] o &TH15-18].

Ekesi 5{19]9] @1tollx] Be/d 20| M. anisolpiae] ZAHe] WA &akE ZRlgt A1 X

Table 2. Cumulative mortality of Thrips palmi treated with entomopathogenic fungi
collected from soil insect-bait method

Cumulative mortality (%)
1 2 3 4 5
Control 6.7+3.3°¢° 6.7+33¢ 6.7+3.3d 6.7+33d 6.7+33¢c
FT282 16.7+88cde 53.3+12.0cde 533+12.0bc 66.7+203bc 733+£17.6D
FT283 30.0£0.0abcd 50.0+5.8abcd 76.7+33abc 80.0+58abc  80.0+5.8ab
FT284 33.3+8.8abed 56.7+8.8abcd 76.7+8.8abc 80.0+11.5abc 83.3+12.0ab
FT285 40.0+10.0 abc 80.0+5.8abc 90.0+0.0a 933+33a 100.0 £ 0.0 a
FT290 40.0+£11.5abc 60.0+153abc 73.3+16.7abc 86.7+88abc  86.7+8.8 ab
FT291 36.7+6.7abcd 73.3+3.3abcd 83.3+33a 83.3+33abc 86.7+3.3ab
FT299 16.7+3.3cde 63.3+33cde 83.3+33a 90.0 £ 5.8 ab 90.0 £ 5.8 ab
FT304 46.7+6.7a 70.0 £5.8 a 83.3+88a 90.0 £5.8 ab 90.0 + 5.8 ab
FT311 433+33ab 70.0 £ 5.8 ab 833+33a 96.7+33a 96.7+3.3 ab
FT318 30.0 5.8 abcde 66.7 +8.8 abcde 80.0+0.0 ab 90.0+ 5.8 ab 96.7+3.3 ab
FT322 13.3+8.8de 56.7+12.0de 70.0+17.3 abc 86.7 = 6.7 ab 86.7 £ 6.7 ab
FT328 20.0+10.0 bcde 30.0+10.0 becde 53.3+6.7¢c 66.7 £33 bc 733+33b
FT333 20.0 £5.8 bcde 43.3+6.7 bcde 50.0+10.0c¢ 56.7+13.3 ¢ 76.7 + 8.8 ab

‘ Days after treatment.

® The mean standard error of three replicates per treatment in two independent experiments.

¢ Data were analyzed using ANOVA(p < 0.001), and the differences were further elucidated
using DUNCAN’s multiple range test. Different letters indicate significant differences at p
< 0.001 at each time point. Means within the same column followed by the same letter are
not significantly different by Duncan’s multiple range test.

Isolates
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Control FT284

100.0 -
80.0 -
5@‘
< Econtrol
= 600 -
E . mET284
£ WFT285
T mFT299
T 400 - "
= mFT304
=]
v b mFT322
200 1 mFT333
[
0.0 -
0 1 2 3 4 5

Days after treatment

Fig. 1. Control efficacy of first selected isolates against juvenile of thrips. Control was treated with 0.02%
Tween 80 (mean + SE). Spores were observed in the mumnies after bioassay. Data were analyzed using ANOVA
(p < 0.001), and the differences were further elucidated using DUNCAN’s multiple range test. Different letters
indicate significant differences at p < 0.001 at each time point

10" conidia ha' 9] 5= 2 2|3 wf 51.6%, 1 X 10" conidia ha' 2] X|2]FLol|A] 64.1962] A&

S YERSIA, Wraight 5{20]2] ZAx}ol| A= Beauveria bassiana?} M. brunneum= Z3Ho]]
125X 10%, 4.85X 107, 4.75 X 107 conidia/mL 9] 5= & |2}3hS 1] 87~90%, 6696, 73%2] B4 &
= UeRit) ueba & dqtof|a] AUt javanica FT333 5= Th2 QA nol|a] BalH f5H
O 2 w0l = A e] ofFat 43S B4 o= WAlloh= 2la gl & 4= AU

ARt
Ao et AR JJ_ 7He A 6wt2] A% BRI Colletotrichum acutatum)©|
et Fte S x|l S Foto] ZARHICE AR 6750l oJaf 115 e elto] Aafis)=
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=2

g AHkE FT284, FT285, FT299, FT304, FT322, FT333 w522} thx|ulj ot EbA v 0] ALY
o) AA|E-S Helet 4= QI]UTh B8] F FT284, FT285, FT299, FT304, FT322, FT3330] 23t 11
Z o] FAMIA oA Zo|2 =435t AN (Table 3), ZF2F 12.8 mm, 12.5 mm, 10.7 mm, 6.5

0 mm, 21.2 mm8] FAPYFo] AAel= 71 & 4= UASITt. o] F 115 AR wtol| tisto]

g Q45 St ants UERI= FT333 752 224 0 2 Alslct.

ERMIESHE 2 HEfS S
2|Z A FT333 22] AP ESH 542 loto] ITS ¥7]1419-& NCBI BLASTN-S- ©]-85}
o B0t A1} [saria fumosorosea B3(MH414514), I. javanica B2 (MH414513) w522} 99% /353
S eI ptubulin 714 B2 NCBI BLASTNS: 0|85} S5t Ax} 1. javanica CHE-

Fig. 2. Dual culture assay for in vitro inhibition of mycelial growth of Colletotrichum acutatum by isolates.
Isolates were cultured on PDA plates at 25°C for 2 weeks. A, Control; B, FT284; C, FT285; D, FT299; E, FT304;
F, FT322; G, FT333; PDA, potato dextrose agar.

Table 3. The inhibitory effects of 6 isolates against mycelial growth of Colletotrichum
acutatum on PDA medium

Inhibition zone (mm)*

Isolates
C. acutatum

FT284 12.8
FT285 12.5
FT299 10.7
FT304 6.5
FT322 10.0
FT333 21.2

PDA, potato dextrose agar.
a Growth inhibition was determined after 7 days of incubation at 25°C
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CNRCB 307 (KT225606), CHE-CNRCB 324 (KT225602), I. fumosorosea Pfr 97 (EF429306), If116
(IN170102) #52F99% AF5A)-8 UERITE o]0 MEGA6 L2 1848 0] 85101 ITS (MK212940)
2} pubulin®] F71X LS FHGl0] Als =g 27 ArFig. 3) L javanica®t & /8573 UEH]
ATk 25 A 5 FT3339] FEfSH(Fig. 4) Y 2APIESHA 574 Z2ME Bl FT333 445 2

FT333
Isaria javanica strain CBS 134.22(AY624186)
Isaria cateniobliquus strain CBS 153.83(AY624173)

T3
Isaria amoenerosea strain CBS 107.73(AY624168)

60 Isaria cateniannulatus strain CBS 152.83 (AY624172)
Isaria fumosorosea strain CBS 107.10(AY624184)

Isaria tenuipes strain Arsef 5135(AY624196)

Isaria ghanensis strain CBS 105.73(AY0624185)

— Isaria coleopterora strain CBS 110.73(AY624177)

Metarhizium brunneum ARSEF 2107 (NR 132023)

—
0.05

Fig. 3. Phylogenetic tree based on the internal transcribed spacer rDNA and partial S-tubulin gene sequences of
isolate FT333 and the type strains of Isaria species. The tree was constructed using the neighbor-joining method
and Kimuras two-parameter model. The percentage of replicate groupings in which the associated taxa clustered
together in the bootstrap test (500 replicates) is shown above the branches. A sequence from Metarhizitum
brunneum is used as an outgroup. ARSEF, Agricultural Research Service Collection of Entomopathogenic Fungal
Cultures (Ithaca, NY, USA); CBS, Central Burecauvoor Schimmelcultures (Utrecht, The Netherlands). Scale bar =
0.05 substitutions per nucleotide position

Fig. 4. Morphology of hyphae, conidiophores, and conidia of Isaria javanica FT333 (scale bar = 100 pm)
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ZA 02 [ javanicaZ 575}, . javanica FT333 2.2 T39It Isaria w5~= B. bassiana, M.
anisopliae2} 70| 330l /dS 7HA]= thEAR] 80| F sf=EA eSS S 0= A
AlA oot sl g2 WAleh] et A A=A ARSE] T }ITH21].

13 BHX'E EH| =21t

L javanica FT3332] 1% Bbxo] ot ) 248 2745p7] 9lsfo] 17 2ol 0} 38714
2 T AT Fig, 59 20}, T3 SR GER ChETE 12 90% o] ol o] B2
ot 2F AL T 1 javanica FT333 22Ttk s EE 22| wEoflA] 59 n]gte] BRto]
210} 05,006 o] HAIE I} 9182 oIS 4 QIRIHTable 4),

Yun 5{4]2] =0l w2 B. bassiana, M. anisopliae2] B2l S E501 X T-Zof| 2]2|3)
2 W 22| 5UA}]| 75~80% AFES HERHAL Al agolatat thx|uiet 2352 + 0.3e mm,
1.0 £ 0.0bc mm Of 22| AS LUERd 210 2 2121 23golo] slFo tigh g et of )
K23 Aol et 7L SrBIgICh B Aol A 23R 2ol I javanica FT333
JA] 20| FAfH|of| theh St AF i ohuj2t 215 BEA{Ro]] tisl] 95.0%2] 25t Al a
SRS,

Kang 5{22]o| wp2H 113ebx|o]| thel &3-S 7HA= Bacillus sp.(1 X 10° cfu/mL) %{2]o]|

Control
Ceanwl v [o
Ny 1x107
FI333 . ' 1x10°

cean i)

Fig. 5. Control effect by Isaria javanica FT333against Colletotrichum acutatum on red pepper at wetting
treatment chamber. Anthracnose disease was observed by C. acutatum at 25°C for 2 weeks after inoculation

Table 4. Control efficacy of Isaria javanica FT333 against anthracnose

Isolates with activity of inhibition zone Total inhibition rate (%)
Control +++ 0
I. javanica FT333
1 x 10° (conidia/mL) + 95
1 x 10° (conidia/mL) + 95
1 x 107 (conidia/mL) + 95

+, 0~20 %; ++, 20~50 %; +++, 50~100 %.
Anthracnose disease was observed by Colletotrichum acutatum at 7 days, 25°C after
inoculation
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T Eokal u SRRk A E| 9l om tjZto) sl BRke] St} oAl eh= AakE UERiR]
c}. 2 A3Lof| A= AT, javanica FT33305-2 1 X 10° conidia/mL2o] F2 = 2 2|2|5}33o =
% S AE oAk ZaHE Ueljo] B §EH 2791 Bacillus sp. 5T 945 3
+97E JERAS ER1Ek 4= Q)9 wela] o]2ist ZaFSS v O 2 [, javanica FT333 -5
(KACC no. 93316P)= 115 EFx{H 1} n]48l29] Qojzajdae] SA| HiAllol] thgh n| &2 2
X 5-85P B8 4 948 Ao gz,

r|r

1)
150] 9 W59l FAHH|(Thrips palmi)2} €45 (Colletotrichum acutatum)g- A5 $15)
CHRt aFeksoro] ARGl QAR FoFe] @ -0 = Qlsioq ofof tigh #|gHdo] EAstod 1A
7} SR AL 2 2 2 Zeffohe A7 ok efste] 2 Aol ol2fdt FAIE SHE5kL
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