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Selection of Lecanicillium Strains for Aphid (Myzus persicae) Control
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ABSTRACT: To select efficient entomo?athogenic fungal strains of Lecanicillium for the biocontrol of aphid,
Mpyzus 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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AR o] KR ER 247Fe] S 2
Ao} F&E st Verricillium lecanii= 2
o2 g dEA Uor, o] 7] §8-o
7F o] Sith(Askary er al., 1998; Hall and Burges,
1979; Lee et al., 2002; Milner, 1997; Shah and Pell,
2003). $HH WG #=9] Kopperrtl s V lecanii & o
FE ol&ste 247tFe] WAlE ‘Mycotal’, JIRE W
A& “Vertalec” F AFE 4T - Aot ch(Hall, 1984;
Milner, 1997).

2ol V. lecaniZt AEF He ol dof g=dl,
V. lecanii(Zimm.)Viégase MZ-& genus? Lecanicillium
9] type species® EFHUTH. BEFF V. lecanii= species
complex w4 W&l THA] Lecanicillium lecanii(Zimm.)
Zare & W. Gams, L. longisporum(Petch) Zare & W.
Gams, L. muscarium(Petch) Zare & W. Gams2| 3 species

2 WA H30o

31
T

£ ofy

B ATE AaF YA Bl 2 A 33
e SF AAB e PALIE 5T 234 ol

AE ke 5k Q=M BUE Lecaniciliium?s
9] 5 #FE ALEsly YEd Og A42gIE ZAVS)
R, AR 98 wiR)] Y F B2 AESHE 5



Selection of Lecanicillium Strains for Aphid (Myzus persicae) Control 113

Table 1. Origins of various entomopathogenic fungal strains used in this study

Lecanicillium strain Original species name”

3387 Verticillium lecanii 3387
4075 V. lecanii 4075

4078 V. fusisporum 4078
6541 V. lecanii 6541

6543 V. lecanii 6543

Original host Geographical origin
Myzus persicae USA

Myzus persicae Denmark

Myzus persicae Denmark

Aphis gossypii UK

Myzus persicae UK

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

numbers.

Be ggalel Ane 25 94

3§ °]’/~ E}'
e Y uHY
25

oAz AR3SE 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)ZFE B¢ BSth(Table 1). ¥ lecanii KCCM
11850(ATCC 26854)= =5 @3loA +Ystct.

HHII gl Hijek

Lecanicillium o5 WS 93 ZAMIAE potato
dextrose broth(PDB, Difco Co.)oll 2.0%(w/v) 3HH-S 3
7¥st PDAE ARS-31CH, PDA wix|d] #& WaUE
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EX Lotz FA ME0| O[X|= 2z HE
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£ 0.05%2] Tween 805 ¥ HITZE AAHE TopA
22 (pore size : 8 ym)E FAFE AAIARY. A &
gted o] EAFEE haemacytometer2 233k 1X 10
conidia/ml F%.2] T FGHES FH|8kTE Petri dish
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A7 IMLEME S8 Lecanicillium sp.e| 54

PDBAIA 347t Wj¥d @AE AR F S8
EAAZ(EYELA TOKYO RIKAKIKAI Co. LID.
Japan)3tith, FAARE A4S dAFILRE o3y
vl 513 25 mgS Fshe] 500 w9 lysis buffer[400 mM
Tris-HCI(pH 8.0), 60 mM EDTA(pH 8.0), 150 mM NaCl,
1% sodium dodecyl sulfate]oll 4-2o|A] 1027F A 2]3t &
150 249 potassium acetate -8-24[SM potassium acetate
(pH 4.8) 60 ml, glacial acetic acid 11.5 ml, 57T 28.5
mlE 7718t vortex3t £ 10,000X gollA] 287+ QA&
giste FedS HEAY. o] ATHLZHE Wizard
Genomic DNA Purification Kit(Promega Corp., USAYE
ARg-3td genomic DNAE 23 Uh3- denaturation 95°C/
15, annealing 52°C/1%, extension 72°C/1%, terminal
extension 72°C/108-9] =22 primer ITSI(TCCGTA-
GGTGAACCTGCGG)¥ LRTCCTGAGGGAAACTTCG)
(1.5 kb)(White ef al., 1990y8 AH8-3F 30 cycle®] PCRE
33199}, 0.8% agarose gelE F3kd 1.5kb band’} %)
gol3l & AccuPrep PCR purification kit(Bioneer
Corp., Daejon, Korea)2 A| 8} T},

A PCR producte primer ITS4(TCCTCCGCTTA-
TTGATATGC)®} LR3(CCGTGTTTCAAGACGGG)(White
et al., 1990y AH8-3t] Automated DNA Sequencer
(ABI3700, Applied Biosystems Inc., Foster, CA, USA)
2 F7IMEE 4. ©] ¥ CLUSTAL X ver.l1.83
(Thompson et al., 1997y AME-sted @A7|ME-& 2§ 3l
NCBI(The National Center for Biotechnology Information,
http://www.ncbi.nlm.nih.gov/)ollA #|-g-8= Advanced Blast
search(Altschul ef al., 1997y 5-3}] GenBank®] @714
&3} DNA homology(%)E Bluldle] U=} 54315
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6543

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

I T 6543 #57F Srskien, 33872 15°Ce
35°Coll M Ea} wobrh HE Hx] kgt 4078 FFE
15, 20, 25°CollAl A9l 100%2] Woh&S B 35°Co
M dobgo] Aoz 7H 43Tt
Lecanicillium®] «AF A2 4078 4-F7F dolgoA
o} v 2 §& Heo 2roA thE FFEd 1|3}
o 7 B8 A ARES RAY, I O 6543 o
ZFo|THTable 2). 2] 2Eo|A Ajzoz FA A4
o] AT A= 4075 @501, o] e A
ool M= FA AZe A& YR ATHFig. 1).
afase] AR A} AT o] E7F 15~35°C Alelo
A skt dole 7P We wele] XA wolgst
dA AFEC] B2 FFE AMShe Aol v R,
4078 T57F AlAdA) Ale] AGE A 7Hg Aesk
Aoz A,
A Azt Aubd oz ¥} wolel FAMYAS $13 F
25E UE BIE(Kim, 2004; Hall, 1981)4 9} o}
IR A= 20°CF 25°C Atojolitt. 2t 4078
43 HA ol 15-25°CEA 15°Ce ©e &%
NAZ 100%] =& Wol&S Hl HEC] Solstith.
A 35°ColME tiREY FFEC] W wolgo|xRt
ols stlo), #AF AR 7Y FolE FE o] Fo
R|A] 29k}, Preeningolut B3-S MYl &9 dlFo] o]
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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 433202 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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229 cuticleZHE EAE "oy £ 97 el F
Folo] AFEE A 4 Yt Bl (Jackson ef al.
1985)S & o 22} doje}l FRe Se 5 WUHS
A% Fad adEo] E & Uth(Altre ef al. 1999; Altre
and Vandenberg, 2001).

Lecanicillium 59| 4= H|n

P SN Lecanicillium 4552 E5olE Y&
of g A58 Adsted 2 AHE Fig. 29+ Table 39
HEPASITE. Ao 7HE A8 o] 53 75 4078
o], 7P Mg @FF= 4075010t 40782 6541,
6543 4TS AlF 3EATEE A 22 459
S YERIIE, 44ARE 100% 24EFEE B3t ¢9
V. lecanii KCCM 11850 #5= A3 o] gle Aog v
ElttH(data not shown). Lecanicillium 4078 TF(LTs=
1.92 days)= Russian wheat aphid(LT;=2.4 days)(Feng,
1990), E-3t81 5 &5(LTs=2.7 days)(Kim, 2004)2.t} LTH
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Days after spore treatment

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 LTy, of Myzus persicae 5
days after treatment with conidia of various strains of
Lecanicillium

Cumulative mortality

Lecanic.illium (%) LT,, (days)
strain " - " -
RH 100%" RH 85% RH 100% RH 85%
Control 0 0 - -
3387 100 50 32 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 3.4

*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.

oM B 3 A2 By B Ay e d7R
o] A(Kim, 2004; Yokomi and Gottwald, 1988)Z
238t R Lecanicillium®] 4FE 7HIE 22 host
insectel] ek AZgo] sy, 22 Lecanicillium <
F2E ThE host insectol] Th3le o E ASES Hol:=
e Y F UG

MOl &5 85%0IMel Lecanicillium o359 H&%

A FE 85%0lA A FFe] B AYE o
St 2288 ZARS A3}(Fig. 3 and Table 3), 7F3 £&

FE 65430|93 2 TRS-E 4075°]H
718 Azd #5F5 338701U . Au) Al W ALl B
F43] AzHEE Y& RHOM 458o] £&
fE sttt wabA, v RHOIME 65438 AHE-3)
Aoz dotHEn

V lecanii®] 458 AU$Ee T4 9¢S we
o2 BT 9ot =, Kim(2004) Z3ACE] 3¢
97% RHOIA 5 5 79 100% APE&S EYou,
85% RHAME 58 F oF 46%2 ZA| AFE&o] 743t
Aoty BTk 53] RH 75%9F RH 45%2] Aei7)
2477k o] A& E w= £3) FlEo] ofd AETIAE
F3IAL 85% RHONAME EAHe] Eolgo] ¥ o]f7}

=

o Az Hel ol F9 shudd Aol 44
tHKim, 2004). WA Lecanicilliums AH-gF E394<1
AGE UAE YelAe 2 RHE FA81A H=S0H
2o RHOME AHEAo] & 455 Al8shs Aol €
L3tk s

AGEL 257t @S w51t} 359 52 XA 94
Al YeEh7] wjFoll & koA Aol £ T30l
d7F AHE WAl et JPlES 35°C7 Al AL
2 A HE HolAe LA Eab7] wFoll (Kersting et

100
D
X 0
L eet— Conitrol Lo
% 80 e 3387 oA
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2] — — 4078 < ’
3 ° Ve
8 60 - e = 6581
s - =0 - 6543
S
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” 0
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g 20
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=
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Days after spore treatment

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°CoX2] Lecanicillium w554
Azde vwaigch. A4d843 4078 F57F 39 ol
100%2] APdgS oM F3sA 30°CAM 7 &
23k 2r22] 9 LJERNITH(data not shown). 2 TH-2 4
o T AZE [00%S Bl 6543aF 7t AF ol T4,
33878 71 Az AFHE B
FFE 23] AARE JHEEY] 49 &
2 PE3 A7) A0E g gt AAsle ol
[e]

FAES Eglo] #AF F AUACH(Fig. 4), F2 Y
Bo| AMZ Lecanicillium 55 28} /P28 AL &

ol & 4 Aok

E3], 4078 FFE 30°ColA #uh ofjz} 25°ColM =
Ay FFE oM P B A5 E&S VYERIOY(Fig.
2), 15~30°Ce] W& &5 W9 oA xa} Polgo] 53}
CQa(Fig. 1) dAF ARE 58 7 B2 AEE
UERIS7] wFol|(Table 2) 7H A5ai7t 2
2 gaEh

9 Kim(2004)& 15~30°CoA Y V. lecaniiell &8 &
B AEH S W Ao 27t SETS
AZEH7F okl S AN, & AFolME 4075
F#37} 25°CoA B} 30°ColA FElEAl AEgel S
| AL BET 5 U

N o

Mg | BHX|O|MS| Lecanicillium TF2| &

ARE) YeiMeE Sl £, ¥
2 5t £AE ARgstofofsitt. £2; A4k
o ol MWk o7 65430] 4078R.t}F €53 53}
% THTable 4). zt #5-¢] 3 ZA} MR 65432 4
W) (polished rice), 40782 HE-(wheat bran powder)°]
AT} 40782 I} Aol tlalE o2 AZEIAIL, TE
A 8UAREE A Agte] o= Ax F HIUOH,
EAE B HAAa o] Ao, xS} §ofst

A &gkt

P

N
Jo
ol
s
_\':I‘
Q2
L oo U
0,
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DM E=oF LS I8t Lecanicillium TF MH

RS AMEE Lecanicillium® 545E 72 B
O}EA B Tigt 453 AFAR} #FE oY
AEL 2AE ARES Tl £ o, 4078 &5 =
23 30°CAA 53F kel 7HE eE AFEE 7R
o] &2l =HJIL(Fig. 2), 30°CollA] EA} ol&(Fig. 1)
7 FAF AAE(Table 2)= 7P -ttt we2ba 25
Eo] 7]&0] & @7 7b¢ st Washs Ae
aHEE B 2ollA Aol 93 4078 TF7F A

w i ofy
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Table 4. Production of aerial conidia of various strains of Lecanicillium in different types of solid substrate

Lecanicillium

Conidiogenesis after

Substrate .
strain 5 days 7 8 9
. . 4078 + + + + +
Polished
olished rice 6543 Tt Tt F4++ 4+ 4t
Rice grain with bran 4078 - " - i i
& 6543 ++ ++ +++ +++ +t+
4078 + + + ++ +++
Wheat bran powder 6543 Tt T+ S+ 4+ 44

"Where +++ represents excellent, ++ good, + fair, and + poor conidiogenesis.
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o (ir

Ao g AZAEY, 3E e A &
T3 = RH 85%14 59 FoF 90%
543 #50]A =4 (Table 3, Fig. 3), ©]
o e S57F ASHe AonF A

kAol &b iAo
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He)
v r_g,
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s
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, AET Ak Fash IS Hlad
A 6543 FF7F 4078 IFEHY €%
(Table 4). FE3F 4078 IF+= EZAF AHA] Holdo] o)
ERE oA | AEAA ALHS A3 EAE S A
o] WE Zlo] =AU, wEkA 6543
4078 TR tha GX N AEgo] oJAs] 4=
FEARAY Aol WAL, Sl Bolaty]

w3t

HIIMHEME &8t Lecanicillium sp.2| SH

oAy AgFHo] F5E ITS E71 AES AN
o]= sequence®] Blast search Aol ZAH3sle] 4075
(accession no. EF026003), 4078(accession no. EF026004),
6543(accession no. EF026005) 752 55 Lecanicillium
of &il= #FEE UHATY. T KCCM 11850
(accession no. EF026006) @5 &% 328l Cordyceps
bassiana® SRELEH, ] dF= V lecanii®] +34
AMgE & dHA AU

og] AEFHEe] #FE9 ITS rDNA sequence]
phylogenetic A Zx}, 4075 B 4078 dF=
Lecanicillium %9 &3l 4582 s4HNLH, 53]
4078 dT% Lecanicillium sp. CBS 100890 w52} uj
F =L FARE(529/532, 99.4%)5 UER) B FF7)
Lecanicillium %9 &3l= AL A3ty ch(data not
shown). L&} & FFolMe] 42 o B 3 #F
& ez 28I ITS Fd7k ol9fel ¥ Be #4UA}
(marker)E ©]&3t AAHLA AFTEAo] a3 Ho=zw
AT FH, 6543 FF5 ITS DNA F87 B444
L. muscarium TF(IMI 179173, IMI 068689, IFO
8579)2} A9l 100%2 FAI=E YeR) 53 32

=
B

@EAch(data not shown). X274 ATLH ITS, beta
tubulin, elongation factor F+AXE Egsh= A} %29
Zro] ¥-A1ZA 3 (data not shown), & #F7} &35t clade
Wl Torrubiella confragosa 5 Lecanicillium % ©]9]
o] th& o] 23] o] FHA S(genus) ol thet &
FAAE A AET Zdart g AT AlFHE

X~ o
s | el

Aaf B2 F7lIN T Tse F
Ao Y@ PAEA} S8 B3
43 PR RS 98 |2ATRA A3ESE
I A

Y= Lecaniciliium(Verticilliumy®: 2| $F 5%

.?_
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s o e
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£o e

MY

"ol AZe #F BAe 93t 7158 npsiaal dA
A, M2 54Y Lecanicillium?: 5TF& |83}
B0l S Y E(Myzus persicae)dl] A5¥ A3 4FE
o] o8] BEAHES A A%, 4078 4 A2 30°C
Al et ASEE UEROH, 30°ColA 29 ol
100%2} A4S Roo) &3, e A FxollA b4
e 755 RH 85%14 59 &< 90%2] 4574<
Hl 6543 d500]3lt}. oI5 40783 6543dFE2] ITS
9] DNA 97]* <€ (accession no.: =4t E EF026004%}
EF026005)9 2lall Lecanicillium F2.2 =t 3
H, 0] E pok gatol]l Q8 F2} YAk 9lojx] 6543
457F 4078 +F R 9538 Srdde, 6543 #5
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