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ABSTRACT: To select efficient entomopathogenic fungal strains of Lecanicillium for the biocontrol of aphid,
Myzus persicae, conidial suspension (1 x 10" conidia/ml) was sprayed onto a detached Chinese cabbage leaf in a petri
dish with a dampened filter paper that had 20 nymphs of aphid. Lecancillium strain 4078 and 6543 were the best
strains for the biocontrol of aphid at high temperature of 30°C and low relative humidity (RH) of 85%, respectively.
The cumulative mortality of strain 4078 at 30°C after 3 days was 100% and that of strain 6543 was 90% at 85%
RH after S days. Strain 4078 also exhibited almost 100% germination ratio of conidia and high rate of mycelial
growth at the broad temperature-range of 15~25°C. The strain 4078 and 6543 were all identified as Lecanicillium
species based on the DNA sequences (accession no.: EF026004 and EF026005, respectively) of the ITS regions of
the fungi. Excellent production of aerial conidia of strain 6543 was accomplished by using steamed polished rice

as the solid culture medium.
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7} Jo] $ith(Askary er al., 1998; Hall and Burges,
1979; Lee et al., 2002; Milner, 1997; Shah and Pell,
2003). ¢FA Y@@ =2 Kopperrtoll A= V lecanii 5
TE ol&st ATFo] WAlE ‘Mycotal’, XIBlE W
AL “Vertalec” F AFS AL - Ao s ch(Hall, 1984;
Milner, 1997).
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Table 1. Origins of various entomopathogenic fungal strains used in this study

Lecanicillium strain Original species name" Original host Geographical origin
3387 Verticillium lecanii 3387 Myzus persicae USA
4075 V. lecanii 4075 Myzus persicae Denmark
4078 V. fusisporum 4078 Myzus persicae Denmark
6541 V. lecanii 6541 Aphis gossypii UK
6543 V. lecanii 6543 Myzus persicae UK

“The fungal strains are provided by ARSEF (USDA-ARS Collection of Entomopathogenic Fungal Cultures) with these species names and strain

numbers.

27

B A ARR3F Lecanicillium 45 Dr. Humber
(USDA-ARS collection of Entomopathogenic Fungal
Culture] ARSEF], USDA-ARS Plant Protection Research
Unit, US Plant, Soil & Nutrition Laboratory, Ithaca, New
York, USA)ZHE &% LU TH(Table 1). ¥ lecanii KCCM
11850(ATCC 26854)= Sh=gvt 3] oA T3ttt

HHX] 2 HH 2k

Lecanicillium 452 WS 918 IANMIA = potato
dextrose broth(PDB, Difco Co.)oll 2.0%(w/v) S-S 3
7kt PDAS AHE-SIICH, PDA Al #& WlaUR
HEsted 25£1°Ce] wiFIolA 7~1097F viatSiTt.
N gl A= PDBeY 0.05% Tween 805 H7}et A& ALS-
stom, PDACIA A3t o] +& WaH=E {3t
o shfekr]o] Y 254 1°ColA 150 rpme] HEE 3~
447} vl FatiTt.

EX wotEr #AL ME0 O|Xl= 2= HE

¥ slide glass’de] 54 7919l PDA wjA| & o]
w23 & I AN S 20 w =Este] 15~35°C
o] vj7IolA 12417 E<F wi et EApe] Wolg-&
St An7d (X400 0.2 FZERN oW, o] AP 7} #F
374 WHE =Skt ALAERA] Aol A ot Ake] A
ol9} Ex}o] Aolrt 7+ ¥AE Woldt o7 7kEsle]
At ofe] xolM ] dAF 47S 17| flsliA=
Lecanicillium @5 colonyE2 1 cmX1cm 7|2 224
PDA wjA]ol] gl& & 15~35°CE] wig7]ollA 747k wh st
WA 2o mE #A AEEEE S

BSOS GE (Myzus persicaeys 7371 % Ao &4

st & XEH 5% dlTHelr] B wrof kol A Al
k= vl ol 2719 20°ColA ARS8FHA Lecanicillium

HTE] AFHS 34317 A3 bioassay Al AR

sisiet.

o458 A

PDA A vR| oA wlkst 22+ Lecanicillium o5
£ 0.05%2] Tween 805 B2 HATE #AAIE FolA
oA (pore size : 8 um)Z FARE A AT 22 &
gl o] ZA4E haemacytometer® =43t 1x 10
conidia/m/ =] XA dAEAS FH|SAT}. Petri dish
(90X 15 mm)dl] & FHFAE Z3L 5X5cme] v5dS
2 9d g2 & BpolstE % 200y S A
T2 T HE AN S 30 cme] A-lolA] spray®E
TAbete] TelEFEE AN AdEelA 597w 13]
A APEE YE 5 FAste] A& (mortality)t
LT,i(50% XAl Z Q3 lethal time)S AAMSIATH
Lecanicillium w559 23] XAeE AGHEES 8243
drjiom XhE W Adste] Agshs dAlES
BZS A-S Lecanicillium a5 &3] AFEE Ao =
skt
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Lecanicillium ¥+2] XA} AAHS 913F 24 vife] Q.
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A7 IMEBRME E8t Lecanicillium sp.2| SH

PDBOA 37t vkt #AlE YAlEe] & FAsk
FAHAZ(EYELA TOKYO RIKAKIKAI Co. LTD.
Japan)sloitt. $Z271xE dAFE dAFHLE o] &-sthd
vl Bl 25 mgS FHBFe] 500 wie] lysis buffer[400 mM
Tris-HCI(pH 8.0), 60 mM EDTA(pH 8.0), 150 mM NaCl,
1% sodium dodecyl sulfate]ol] 2014 10827+ 22|t &
150 p/®] potassium acetate -8-H[5M potassium acetate
(pH 4.8) 60 ml, glacial acetic acid 11.5 ml, 57 28.5
mllE 37Vt vortexdt - 10,000X gol| 4] 287F G4 &
g5t dede FHetrh o] AFHeEFEH Wizard
Genomic DNA Purification Kit(Promega Corp., USA)E
AH8-3led genomic DNAE F&3%F T2 denaturation 95°C/
1%, annealing 52°C/1%, extension 72°C/1%, terminal
extension 72°C/10%2] Z71SF primer ITS1(TCCGTA-
GGTGAACCTGCGG)# LR5(TCCTGAGGGAAACTTCG)
(1.5 kb)(White ef al., 1990y AF&316] 30 cycle] PCRE
Y3k t). 0.8% agarose gelE 53t 1.5 kb band7} 3
25 I3 3 AccuPrep PCR purification kit(Bioneer
Corp., Daejon, Korea)Z A5} Th.

A€ PCR product= primer ITS4(TCCTCCGCTTA-
TTGATATGC)$} LR3(CCGTGTTTCAAGACGGG)White
et al., 19908 AF8-3}%] Automated DNA Sequencer
(ABI3700, Applied Biosystems Inc., Foster, CA, USA)
2 A7IMEe £t o] & CLUSTAL X ver.1.83
(Thompson et al., 1997y AR&-3te] A7IME-S Z=§sted
NCBI(The National Center for Biotechnology Information,
http://www.ncbi.nlm.nih.gov/)| 4] A &-8= Advanced Blast
search(Altschul ef al., 1997y 53+ GenBank®] 714
&3} DNA homology(%)E Hlwste] A2} 5455t

Lecanicilliumz2| =Xt Wotg1t Al W& 0|X|=
2E gg

o] &xoXM 9 Lecanicillium® ¥A} ol-g3} #AHY
A& ZAFS A3k(Fig. 13} Table 2) 15~30°C2] Y& 4
9] oA EA} Wolgo] -8 FF= 4078,

100
X 80
iel
E 60 o15c
c 7 20°C
2 N 25T
& 40 m30C
£ @35C
& 20

0

3387 4075 4078 6541

Lecanicillium strain number

6543

Fig. 1. Effect of temperature on the conidial germination ratio
of various strains of Lecanicillium.

I TS 6543 A7 ek em, 33872 15°Cek
35°ColA] A wolrt 3] HA| hth 4078 dTE=
15, 20, 25°ColA 72 100%2] WoleS B 35°Cell
A& dolgo] Aoz 7Y 43Tt

Lecanicillium®] T-AF AL 4078 571 EolgofA
o} v 2 H& oo 2roA tE gFEd v|st
o 7H E& A ARES BT, 1 U2 6543 F
o) tH(Table 2). 98] &xollA Fjdoz AL 4%
o] Azt #F= 4075 dFole, o] dFe A W
olgolME JA] Axst 25 YERY ATHFig. 1).

A axe] APA ) Al A Ule] 2%7F 15~35°C Aol
A sk mole 7P We Welel oA wolgs)
dAF AFEC] T2 FFE AR Ao] AR R,
4078 w77+ AR Ale] FGE WAl 7E A est
Aoz o=}

A Az A oz 22} dolel FAMAS 9 F
e thE BV E(Kim, 2004; Hall, 1981)14 <} =}
FIZA 2 AR 20°C9F 25°C Alelo|ith. &y 4078
AFE HZ Wol w7l 15-25°CEA] 15°CY] 2o &%
A% 100%2] w2 WolgS Hl HEo] 5ot
S 35°ColME tiR-Re gFEo] v wolgolx|nt
Wols sl oy, dAF AL 7Y Folm #F o]Fo]
A 2] 24T, Preeninge|tt B93-S G E9] dFo] o]

Table 2. Effect of temperature on the mycelial growth of various strains of Lecanicillium

Lecanicillium Annular radius® of mycelial growth = S.E. (mm) at different temperatures (°C)
strain 15 20 25 30 35
3387 8.00+1.73 14.00 £ 1.0 15.00+1.73 3.67+1.53 0.00
4075 7.33£0.57 11.30 £2.40 9.33+£0.88 433+£2.02 0.00
4078 1530+ 1.85 24.00 £2.08 30.30+3.17 4.00+1.52 0.00
6541 9.00+1.73 17.30 £ 0.88 14.00 £ 0.57 0.00 0.00
6543 12.30 +0.88 17.60 + 1.20 15.60 £ 0.66 2.00+0.57 0.00

*Mycelial plugs with the size of 1 cm x 1 cm were placed on the PDA plates, incubated at different temperatures for 7 days, and the annular

radiuses of the mycelial growth were measured.
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2%9] cuticle2FE ¥2E "Wojmd £ QU whEbA F
Fole] AFES AAaA 4 Atk Bil(Jackson ef al.
1985)8 & W A} dotel o] Se w2 WS
At T2k 91E0°] € 7 UTh(Altre er al. 1999; Altre
and Vandenberg, 2001).

Lecanicillium 232 &35% H|W

Bofuve 571 Lecanicillium 4552 5013 AGE
of gt A4F=& A8t 1 A3E Fig. 29 Table 3°]
YER AT A-2olA 71 A5 o] 9478 #5+= 4078
oA, 7P AZF dF= 4075019 40783 6541,
6543 #FE A 3YATEHE A 2 A5E
S YERNI L, 4LAFE 100% 5SS Bk o9
V. lecanii KCCM 11850 #7+= A5go| gl 202
Ebstth(data not shown). Lecanicillium 4078 T (LTs=
1.92 days)= Russian wheat aphid(LTs=2.4 days)(Feng,
1990), =3} 5l E(LTs,=2.7 days)(Kim, 2004)2.t} LTH
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Fig. 2. Mortality of Myzus persicae by various strains of
Lecanicillium at room temperature. The mortality was
determined by bioassay using a detached leaf of
Chinese cabbage.

Table 3. Cumulative mortality and LTs, of Myzus persicae 5
days after treatment with conidia of various strains of
Lecanicillium

Cumulative mortality

Lecanicillium %) LT, (days)
strain - . - -
RH 100%" RH 85% RH 100%" RH 85%
Control 0 0 - -
3387 100 50 3.2 4.0
4075 100 76 33 3.9
4078 100 68 1.9 43
6541 100 53 2.0 3.8
6543 100 90 2.5 34

“The mortality was determined by bioassay using a detached leaf of
Chinese cabbage at 25°C and 100% RH.
"The mortality was determined by bioassay using a whole plant of
Chinese cabbage at 25°C and 85% RH.

A O 53 A4S Bt B A thE ATR
29 A (Kim, 2004; Yokomi and Gottwald, 1988)5
F3eled B Lecanicillium®] 455 7HI% 72 host
insectel] thet AZgo] vk, 2 Lecanicillium o
T2 = TE host insectol] o] ThE AEEHS Hole
b

= & A8k

A S5 85%0IMQ| Lecanicillium TFo| &3

FE 85%clA o] #F9] EgolsyulEd of
3 aA8S A A3H(Fig. 3 and Table 3), 7F3 &
AEES Bl IFE 65430193 1 t-S 4075019
7HE Azg 5= 33870 ATE Aul A W] 2] Ae B
Y BS F43] ARFHERZ WS RHOA 5ol 2
a7t FElsith weba, W RHOIAM = 65438 ARE-3)
= Ao uigrA g Zlo g dAekE

V. lecanii®] 58-S AUlgrol A 93 =
o BYEHI UTh =, Kim(2004)S E3A5ES] 7
97% RHOIA 5% 79l 100% AFE&S HYS
85% RHOIME 59 F oF 46%= ZA APEEo] 7143t
Aoty Bk 53] RH 75%9 RH 45%2] AEl7}
24717k o} A& v = H3} GlEo] ot AEA =
F3FAIL 85% RHOA = EAFS] Wolgo] W o]f7}
w$e AEES B olf 59 shtd Aol#tal F4 35k
th(Kim, 2004). Wt Lecanicilliume A&+ @322
A9E HAE $8-+= 2 RHE fA8HL H=Sold
o RHOME 540 & 55 ARSshe Ao 2
Qi shlt.

AGES 2571 @ gl q52 2 25oA 944
A JeR}7] wljitol] Eo Lol Ao 2o F3go]
457t A5E WAl fElsith J5EL 35°C7H AlSH L
2 fAHE ZollMe BEEA Falr] wjiol(Kersting et
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Fig. 3. Mortality of Myzus persicae by various strains of
Lecanicillium at 25°C and 85% RH. The mortality was
determined by bioassay using a whole plant of Chinese
cabbage.
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B
Fig. 4. Microscopic morphology (x 400) of Myzus persicae killed by different strains of Lecancillium. A: 3387, B: 4078, C: 6543.

al., 1999; Kim, 2004), 30°CIA 2] Lecanicillium 4552
HeES vwstdnt. AdET 4078 #F7F 39 wh
100%°] AFE&S HolHA FEsH 30°ClA 7 ¢
ok AEES JEeR)Slth(data not shown). 2L T2 4
d T 2" 100%S KO 65437F 7} Ao 4L,
33872 7HF Axd 4FES Btk 9 ol #30]
A5E0] 2s] A AGEES] 7Y EaS dujge
2 #AZ5 A3 AYE g 1hste] AAdshs 330l

TAES FElo] #EE & Ao (Fig. 4), 52 FH
=°] AAR Lecanicillium dF5°) o8] AFEH A& &

Q& AT

E3], 4078 #F= 30°CollA] Bt olz} 25°ColA &=
oAy 4FE TAA 7P =2 AF5ES YERISH(Fig.
2), 15~30°Ce] W2 &% WA 22} wolgo] -3}
Q3L(Fig. 1) ¥AF A% T8t 7H =2 AFES
YEeRHA7] wl&oll(Table 2) 7FE a7t £& 45
Z FdEc

3 Kim(2004) 15~30°ColA Q] V lecaniiol &3¢ &
Y ES] AEE S vwd Aoy 257} LS
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MA X HiXK|IMS| Lecanicillium 32| 4E
o ZX Mo

WA EFoFo R ARgs7] fleiMe AFHe] FaL, A
7] frEEA] &oldt A ARg-steiokgitt. a; A4t
o glojAE HNEA 0= 65430] 4078E T} 53] 45}
ATHTable 4). 7t #=2] A ¥} rHIA= 65432 &
BlH] (polished rice), 40782 L(wheat bran powder)°]
ATH 4078 A} Aito] tiAH o Az, Ui
oA 8UAFE= EA AYato] o= Ax A HAoY,
FAZF B AN A} o] Arke]of, x2}3] 7} g-o] 5t
A &Skt

]

OME=2f LS 28t Lecanicillium TF ™

B Ao AE-H Lecanicillium%: 5455 7ML 5
oFZXGE et A4FH NFAHS} 4T A 5
AES AR 29585 T3t & 1), 4078 4= 2
23} 30°ColA 57 7Hedl 7P s AeE s VA
o] Btel HUT(Fig. 2), 30°CNN EA Wol& (Fig. 1)
3 A BAE (Table 2)% 71 -3t ek, wheha] 215
Eo] 70| & sk 7P @dsiA sk As
T T2 25004 AFEo] 93k 4078 w7t %
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Table 4. Production of aerial conidia of various strains of Lecanicillium in different types of solid substrate

Substrate Lecanicillium

Conidiogenesis after

strain 5 days 7 8 9
Polished rice 4078 * * = = +
6543 ++ ++ +++ +++ +++
+
Rice grain with bran 4078 + + - +
6543 e ++ +++ +++ +++
+ + +
Wheat bran powder 4078 T Tt
6543 ++ ++ ++ ++ ++

*Where +++ represents excellent, ++ good, + fair, and £ poor conidiogenesis.

17

= WA
€3

AT Ao Az, s e A &
o L Est 9

TH =2 T

SR8 #FE RH 85%014 59 5<t 90%
12l 6543 7+50]% =0l (Table 3, Fig. 3), ©]
22 Q] B3 FEUt A&EHE AALF A
= =AM ¢ ZgE
o2 etE).

S, AEEF At Fagh ¥AANES HaE
AS- 6543 @571 4078 dFRU 453 st
(Table 4). TS 4078 o= EAF AAMA] H o]
olEojA] mAEAA S 98 ZAS| S A o]H%
o] WE Zlo] dFEATE. mEtA 6543 #F2] AEE o]
4078 dFHT= Tk A9 A o] o713 94510
FAAAbF] Bal, 3|l e golsl] Wi, rAEE
ko] AAHE Sl = 6543 w7 7 A eiiaL s

=3t}

X
N
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N

=

==
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=
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Aol 37} FehE o

2 o do ftosn
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33

o
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3T
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A7 |IMEBME S8t Lecanicillium sp.2| 53

o AFEFo] 4FE9 ITS 971 AES AAs L
o] sequence®] Blast search A} ZA3IA 4075
(accession no. EF026003), 4078(accession no. EF026004),
6543(accession no. EF026005) 7552 55 Lecanicillium
o &= #FERE AIHATt T KCCM 11850
(accession no. EF026006) ¥ 5538l Cordyceps
bassiana® R HQ=U, ©] dF= V. lecanii®] 734
AR & g A ATt

oy AEHFFo] FFE9 ITS rDNA sequenced]
phylogenetic #4123, 4075 % 4078 #F= EF
Lecanicillium %9 &3l= 4552 34HNLH, 53]
4078 = Lecanicillium sp. CBS 100890 <} vl
L =o FAE(529/532, 99.4%)2 JERY B #F7)
Lecanicillium 49 43+= A& 313t tH(data not
shown). 28y} F FrollAe] a4 o B2 #AH #5
E e R 283 ITS F-47 o] 9ol o B2 F2]0%}
(marker)E ©]&3F AAZX AletAle] Hdagh slo=w
A= QAT $HA, 6543 5= ITS rDNA 34} #4124
I L. muscarium dF(IMI 179173, IMI 068689, IFO
8579)2k A2l 100%2] FAI=S Yehl Y3 52

= tH(data not shown). A|EF7HK] AT-E ITS, beta
tubulin, elongation factor F+AAE E&sl= A} F291
Z4e] B4 3}H(data not shown), ¥ #F7} &3l clade
Well= Torrubiella confragosa 5 Lecanicillium 45 ©]<]
o] T o] E3tEo] Qlof T (genus) ol e -
FAAE TN YT o7t e Ao AlgE)

)

2 Aqe AMAaF AL A wde dElE o
U= BF XY=l gk WAl EAr g %Ik
A A AR S 918 7E2ATEA AFsdE
Zv= Lecanicilium(Verticillium)3:2] -5 45 AAds}
3, IAAARS 918 vl E A, E4 sAHEs &
gate] A2 #F FAES 9T 7155 nFdstazat A
sttt M2 FHE Lecanicillium?s 5455 ©]-&-3t
EolS A G E (Myzus persicae)d 258 A3 4F5
o] o] EHES A A 4078 e A2 30°C
oM e AFEE UERlerH, 30°CAlA 2¢ vl
100%2] A4S 2ot sk, e A =44 718
e @ RH 85%014 59 &<t 90%2] d54d&
HQl 6543 #oltt. o5 40785} 6543752 ITS
°] DNA $7]* ¥ (accession no.: A HZ EF0260049};
EF026005)°l €18l Lecanicillium $2-2 1% S)c}, 3
A, uAE FF Akl S Q3 Ex} Ark] lojA] 6543
aF7F 4078 dFHRT 43| I el, 6543 45
o] A5l 4078 #FHT= Tha WAL, AFEo] o
A8] s A o] Wi, 3ol o]ty wf
o, WA EFe 2 E 6543 w57t 7P A gsitiaL
e

o4 O{N'

Hn=s
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