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Screening of Verticillium lecarnii (Lecanicillium spp.) Hybrid Strains Based on Evaluation of Pathogenicity against Cot-
ton Aphid and Greenhouse Whitefly, and Viability on the Leaf Surface. Daigo ArucHy,’ Yukiko Basa,? Keigo Inam,?
Ryo_]l SHINYA,* Masayuki Tani,' Katuhisa KuramocHs,' Sayaka Horig' and Masaneri Koike'™* ! Department of Agro-
environmental Science, Obihirc University of Agriculture and Veterinary Medicine; Obihiro, Hokkaido 080-8555,
Tapan., 2Division of Bioresouces and Product Science, Hokkaide University; Sapporo, Hokkaido 060-8589, Japan.
3 Department of Bioregulation and Biointeraction, Tokyo University of Agriculture and Technology; Tokyo 183—8509,
Japan. *Department of Environmental Science and Technology, Kyoto University; Kyote 606-8502, Japan. Jpn. J
Appl, Entomol. Zool. 51: 205-212 (2007)

Abstract: In a previous study, protoplast fusion was performed among 3 strains of the entomopathogenic fungi Perti-
cillfum lecanii, as a result of which 174 hybrid strains were obtained. The aim of the present study was to screen desir-
able hybrid strains that have a wide host range or durable effects. Initially, 43 hybrid strains were used in bioassays
against the cotton aphid. Of these strains, 30 induced equal or higher mortality as compared to Vertalec (41.9%). Sec-
ondly, 50 hybrid strains were used in bioassays against the greenhouse whitefly. Of these strains, 37 exhibited an equal
or higher infection rate as compared to that of Mycotal (36.2%). Finally, 50 hybrid strains were applied to cucumber
leaves in order to test strain viability under low humidity conditions (ca. 13% RH), Two weeks after strain application,
17 hybrid strains exhibited equal or higher viability as compared to B-2 (1.5E+03 cfu/em?). These results indicated

. some hybrid strains whose parental characteristics had not only recombined but also whose pathogenicity or viability
had improved. Finally, we selected 13 candidate hybrid strains that exhibited high values in each experiment,.and these
hybrid strains can be expected to be highly effective as biological control agents.

Key words: Biological control; Lecanicillium spp.; protoplast fusion; screening; Ferticillium lecanii
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B, EHAETHEIED SN TS, BELX 74D

Koppert Biological Systems & 0 7 777 A4 Y BEMRAIC Ver-

-

vt vy IR Mycotal® A3 IR5%E =

talec®,




206 HAXE E »

ThD, 2000 FIZR AR T BEBEHEI AL (B,
2001; Shah and Pell, 2003). 7%, HIAGHERHED B2
(MAFF238429) KM JE 40 T T M TRVVRTFRD
ERT LML LESTYS (Koikeetal, 2004), HIZ
FHH 5 IXZN 5 Vertalec, Mycotal, B-2 @ 3 R CRyEsE
TRRBZEREBET V- LTAL, YLy
FVA-NFEIZEB T T3 X VA ETo % (Aluchi
et al., 2004). % DO FE VertalecXMycotal ] T 126 H#E,
VertalecXB-2 [ T 4 Bi#E, MycotalxB-2 fil'C 44 kO Rl
A¥EBS (Fig 3). Zare and Gams (2001) (3JEREZERY,
S FHMEAEITIC L O ¥ lecanii % Lecanicillivn BT
EHZELE, ZOFSREICET< L Vertalee it L.
longisporum, Mycotal & B-2 i L. muscarium & % 0 [55HE
THHENEETH BN, 4 T VertaleeXMycotal ,
VertalecXB-2 D BA SHBEA & k3, ¥ lecanii 3K
FIZEVRRE2E82 DIt SRESEE+E RT3
(Milner and Lutton, 1986; Hsiao et al., 1992). ¥ D&M ¥
lecanii WHIOFAOET RERBSIRO W TS, Z0
T b IR PRBICEBEREIT 74, aFVTF R
~OEVRFEMCETC ST s ROBRFELAFNT2 C
ETEDENL~UOBEERERL , BROFFRELE
WERS THEEAEERER, 237754V, 2
F Y7 IMFERI LU THORIEL S OERL{ERT S
ZEFANELTITo 2,

R TIE, FEIZZh & ORLAERO hicH A RIEES
GHET20ES5 ML, HROERE BT S -
WIZT 8777 LY Aphis gossypii EX VY aAF VT 3
Trialeurodes vaporariorum {23 1 SHFIRRER L % » ) ZERT
BB BB SN T TO (I 13.5% RH) BFMN
DFEN 2-FEHE L 7=,

. MRE XU
L 72T TS5 LIERDRICHT 5 REHR

ERERRII M T H 3 Vertalee, Mycotal, B-2 LRI&HFRD

5 b Vertalec & Mycotal AR 11 Hik (AaF BbF),
Vertalec & B-2 #¥HRIC1ED 4 ik (2BF), Mycotal & B-2
ERRICRED 20 1 EE (2aF) DAFT 3 EHRE AW, &
Mo DRAHRIZT 2 777 40123 2 PRERRE (4
EFRE 13107 f/ml) THEHE 60% 282 k250 -
TOEFRBOFRIZIESWT, 51558k o—JoRik X
NEEHRTHS (Fig. 3). SWERE Vv F 4 7 F R
FigH (PpDA) BT, 25°C T 10~14 HREREEL =, 44
FRERLSCRAREMA T 7 - U TasF 4 Y
EFHELL, H—ETABL B SR ClES 1108
fEml CFEEL 7. RRBRTENT I ARATE 2y ) 20
ELTEHELEL 2072777 40 E0SRARH L
., BEOMM DY v — L2 2cm WHDIES E - A8 E

FLIAT (6BOFLT A T2 TEHAFERD) 2 A
N, ZOLICACH A DR 2w U —TF4 A2 BN
7=, SOEDMHAHELEAATY -7 F 4 AL ICHEL,
WH WA TR EEEE L (Woeml). H
WX IEME RO LARRRICERE L =, SBTER X818
FT7LNATY—NLL, 25°C, 16h:8h {L:D) QT T
HE Uk, SAENZ0 % 5 KETYy, 8 3 ARgSse
Bk L CHEOBEMNED M- O EERBIARLT
L, WEHEPET T Viecanii ThAZ LATERT2 -
M EFECRE L,

2. Fr2VaFTIIERGRICHT SERER
R Vertalec, Mycotal, B-2 D3R8k 3 k&, @D
FRD > B AaF Fli 11 Tk, BbF 5% 10 8k, 2BF B2
Bk, 2aF R 27 WHEOAFT SOEREM . ChsD
BAHE Y 2 777 A Vo0 3 EIERMS L b Lot
BRROBRENE A TR N-HHTH S (Fg 3),
BEHIE PDA LT 7~14 B, 25°C CHEEL, #idoK
HBTEERE 1x10° Bmt I0FE%E L, MEBREF R
EATY 7 U AL LTHB LAY Yy a5

BV E, AL YOFrYIIAREL TS Fa YY)

OEEEFHL, HRE1lem DINT E—F —TY— 771 2
7 ETBIRGE, 1, 2@B0F YT YV 7 IERGHRD
SLOUR, 36, 4 WEHR, L 552 LRREHEAWTE
ERRME T T OERE, | UBIID 2 50 EEL EOF R
Mg U 7z, $ERE I Nalgene aerosol spray bottle (Nalgene
Nune International, Rochester, NY) %R\ TA4: T R84
U—7F 4 A7 ICHEBHEAEL, dEEILRERO 5% B
AR L A, BETEREEE, oom Yy —LICE LY
F LT T AR E, %CD__]:!C W75 4 22 %8
BLIRTT 4 LATY LUk, B 25°C, 16h:8h
(L:D) DEBTFTAFE LA, SOIO ¥ 3 KETW,
B 3 B LInEROBESTER T E 2 8 0 & B
ke U,

3. FaoUmELICET3REEAHOTM

R I ERD Vertalee, Mycotal, B2 &, BE&HD S
% AaF Rt 14 Hk, BoF R4 10 Bk, 2BF Rk 2 WKk,
2aF F5ff 24 WRROAEE 50 R AW, Ths OREHR
R787 75 AV ICH LEVEREME SR L 28 GEE®
60% B L), ARVAREME AR L 2ok (BB 10% BLF)
EFRBHEENECE, SETHEREEAME G, 4574
4 ZDREVBREDNEHRMREFEN TS (Fig 3). ZEm
2B 2RO BFRIIN T HREMES T TEL, Fa
YU 3 EAIHEEOFEFMARIRIC L 8T 35t
ERLTIAL OEUETHREREREL &, S5k
Uy K4 ESF Y EEEREE (PDB) TiRE S8EL,
blastospore & 37, ¥=— by 2 CHATT BEE, KB
RaFs B E A B2k, &7 blastospore (d20 11 B
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HfEAMENZ & 20 L0RMLWERFTERRT 20, Z
T TEAYA T blastospore F Az, H— ¥ THBL R,
e BEHE % 3 BE LR (3,000rpm, 543) L, M¥kEH
S % F T REFERET 1107 spore/ml X% U 7=, fEELRE
W27 7 AFy Ry FICHEA 3, 4EEHLEFYY
(ei) &Rv, EAMRICRTERTRY, WHEEKIZE
MK % Nalgene acrosol spray bottle 12 & - Ti§ 5 BIEHEE
I Lo, JMEBE 2521°C, ERENO LR B L1
(12~3H) ©HF 7 AZNTEFT E ¥ (FH 13.5%RH) .
BRATHEN SRR L - TRl L &, 8 1, 14,28 B
RICHATEL S ) - TS FEHNWTY =757 4 X7 &4f
L, MEAKFCBELE 2L CHS BB THAR
L, BEEo2m 20— XY HFABEICHETLIY
7 — U TEEFIIRS, 25°C T 10 DR & T B
Fl e, HU ¥ Viecanii O 3 v = S 4 0UHERET 5
BL, TOMEE lem® H72H O Colony forming unit {cfu)
EBE LR, | REIEDESHTL— ML, BEHTIR
Totk,

A 7

1L TEPTSAVERDRCHT 5 EEER
TETTT AYOHRIZHT ZEMSFORRE Fig. 1
WAL, BRI ENTEER A SR L 208 Vertalee

T 41.9%, FATRTIE 2aF31 T845% &t o7, Rz

BIEOHEM 2R L 203 EFTRBROER,» 6Bk E hi
BbF6 ¢ 12.5% Th o %, BUEEM: 2R L =167 20 B0
P BbF15, 2aF30, 2aF35 %Pk < 17 MRk 4O MbEaae
ORER, OB X NEHTH D, BOFIS & AaF101 R
LHRIIETB2EDRARTH o, X510, BAFR4
EFEH 20 WREA Vertalec DEWFBR L LAY, k74
I%ﬁéi:?b}'fii Vertalec 1= UERICEWIBEE 4R L7
(p<0.05, Tukey ¥:iZ k% £ i),

2, FrUIAFIIIBRMBICHT IEBEER
AV VaF T ORI S BEEREBRORE R
Fig. 2 IR L, BMRATR L EVEBELT L DI B2
T 72.3%, BAHOP TR 22FI THUI% F o, —F,
RBEOBRHE R L LRSS ETRBORR» 68T
7z AaF30 T 6.6% 75 o %=, Fl&Pk 50 BIHkH 18 Wik B-
2 OVIGRMPEE L E | I+ Y 7 I5EGH O e
- HELTERGE X T % Mycotal (DEENSEUE (36.2%) %
3TEHRA LA -7, & 5612, B2 & REY R ORSHERT
CARERZEED S hilh o, kL9 E#RIE Mycotal
IZHARERISEOBREELR L2 (p<0.05, Tukey HIZ &
3 HEILERE).

3. FayUE LIS 2REEHOSHEM

F oo VR _EIC BT 3BT ORISR Table 1
WML, 9838755, Vertalec 28 1 HEOHEE

TOALABETE (BSE+02civem?), ZO#2EE& 458H
BHORETIIHRIBER %2 TFE - %, Mycotal IECH | H
IHENMERR L2400 (9.1E+04cfiem?), FDOFHD
HETEGETERE LT, B2id 1 B, 28E%D
AETRIEBEMEMEEZR LA (FhPh 1.2E+04
cffem?, L5E+03 efwiem?) , 2DRIET L 4. & | AigD
Bl AR cfufld kA% AaF53 @ [L.OE+05 cfufem®, T4
2aF10 @ L7E+02efivem® & o7z, &/, AT 20 @itk
16 [HHEAE Vertalec & Mycotal DI AA 380 AaF, BbF JiE
DOWTH -7, B 2 BHEEORAKRD ofu {H i3 LA
2aF26 © 3.5E+03 cfiem?, TFid 2aF10 & 2aF33 A ERA
% FE 57 (<L7E+0lcfuem?). £#, RLAHELAE 20 Bk
th 10 ¥A B2 EORIAHTH - 4%, TRD D 10 BT Ver-
talec & Mycotal DREIAFETH D Z B 6 LB VEARL Ty
e, MA4EBBOBAMRD cfu fif it LA BbFs
@ 7.5E+03 cfu/em?®, Tt 7 EBEAHRMIRA % TR - 7=
(<1.7E+00cfvem?) . BLAR 2 BRI OIS TREL-AHE 50 &
PR 17 SRS ZERD oMk r o 24 B2 OFY

cfu tfi & -[A] - 7z,

% R

IDHDEBOERSS, BTFhEiBRkL L E VDS
RTRAHAGEh T EZ EMHE L%, Z2hi
DAL, LMOTEORHE L RO+ B5 L
RSOHNEREA, EOBCHEET I IIhhbET—
DOFHEIZ DN TOLAEVMEE IR U 2 D Bk & RGO &E
WEEAED 5 h TS, filE i 2aF33 1 Mycotal & B-2
ORAHTENA VY32 TN T 5803 94.1%
LEWVEERRL T34 (Fig. 2), FEH TORERDIIE
A 2 A% TRBBAE 2 TE > TW3 (Table 1), &7,
BbF8 i3 Vertalec & Mycotal DRAGHET S % AR 4 W%
O TOIERTFREN A 7.5E+03 cfivem? & BEEARL =
(Table 1), ZhboOEHHEE 7w 72 X A HBROEE
I L 2BETH D LHREN S, 7L, Fhil
EFOHEFHIC L RN B0 P BEFOREREOZL
ZDH, HREEETOERI L 3RFEMRBEEIIIC
HEERPEEOENIZL S DO IER BMENS
HEEha,

UETTIAVICHT AP HEEEREIIB T, AsF R
et 2.6~89.8%, BbF Fwkild 4.2~82.5%, 2BF Zihid 53.8~
69.9%, 2aF Fffid 2.4~100% & AUROHZEHETEIE
FWICHRAFCELR U, 22 CiRFICREMEOE R
ABIZEB LT3, 1 AaF R Tinisrisie
A 87 E R B D Vertalee DWWE M4 Fial- =5
TA#DH S L3, BAOREABY L IE F LLFaCH
KDODUTELZNWZEERLTWS, X512 Harman and
Hayes (1993) (A HRIEEOMEMWEREHTH 3 T
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Fig. 1. Bioassay rtesults for parental and hybrid strains of ¥ Fig. 2. Bioassay results for parental and hybrid strains of I/

lecanii against cotton aphids. Bars indicate standard deviation
and different leiters indicate significantly different wvalues
(p=<0.05) according to Tukey's fest.

lecanii against greenhouse whitefly. Bars indicate standard de-
viation and different letters indicate significantly different val-
ues (p<0.05) according to Tukey’s test.
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Table 1. Viability of parental strains and hybrid strains of ¥ lecanii on cacumber leaf surface
1 dpi® 14 dpi 28 dpi
mean (cfu/em?) SE mean (cfwem?) SE mean (cfivem?) SE
Cont 0.0E+00 0.0E+00 e 0.0E+Q0 0.OE+00 f 0.0E+00 0.0E+00 ¢
Ver 8.5E+02 1L7E+02 d-e 0.0E-+00 G.OE+00 f 0.0E+00 0.0E+00 ¢
2aF10 1.7E+02 1.7JE+02 e 0.0E+00 0.0E+00 f 0.0E-+00 0.0E+00 ¢
2al*33 5.9E+03 25E+03 c-e 0.0E+00 0.0E+00 f 1.7E+00 1.JE+00 ¢
BbF1 1.2E+04 39E+03 c—e 34E+01 J4E+0D f 6.8E-+00 1L7E+00 ¢
2aF35 1.6E+04 2.8E+03 ce 5.1E+01 29E+01 ef 2.1E+02 1.8E+02 ¢
2aF40 2.3B+04 6.8E+02 ce 5.1E+01 29E+01  ef 1.7JE+00 1.7E4+00 ¢
BbF17 45E+04 84E+03 cd 5.1E+01 29E+01  ef 6.8E+00 L7E+00 ¢
BbFl4 3.5E+04 9.0E+03 ¢ 6.8E+01 45E+01 ef 1.7E+00 1.7E+00 ¢
2aF34 1.9E+03 6.1E+02 ce 8.5E+01 85E+01 ef 6.1E+01 1.6E+01 ¢
2aF20 1.2E+04 3.7E4+03 c-e 1.0E+02 1.0E—14 ef 0.0E-+00 0.0E+00 ¢
AaFi0 24E+03 9.0E+02 c-¢ 1.0E+02 1.0E-14 ef 0.0E+00 0.0E+00 ¢
2aF22 1.5E-+04 30E+03 c-e 1.2E+02 95E+01 ef 1.7E+00 1.7JE+00 ¢
2aF36 27E+04 14E+04 c—e 1.7E+02 45E+01 ef 3.2E+01 13E+01 ¢
BbF18 2.7E+04 8.6E+03 c-e 1.7E+02 45E+01 ef 58E+01 26E+01 ¢
2aF29 1.2E+04 59E+03 c-e 1.9E+02 14E+02 ef 7.0E+( 69E+( ¢
2aF3 1.5E+04 45E+03 c-e 2.0E+02 13E+02 ef 1.0E+01 7.8E+00 ¢
2aF31 42E+03 95E+02 c—=e 24E+02 ILTE+01 ef 25E+01 59E+00 ¢
2aF4 1.5E+04 42E+03 c¢-e 2.4E+02 9.0E+01 ef 5.1E+00 29E+00 ¢
BbF5 3.0E+04 1.5E+04 ce 24E-+02 1.9E+02 ef 0.0E+00 0.0E+00 ¢
2aF16 LIE+04 22E+03 c-e 2.7E+02 45E+01  ef 1.7E+01 1.5E+01 ¢
AaF33 53E+04 I.IE+04 be 2,7E+02 1.2E+02 ef 1.0E+01 0.0E+00 ¢
AaF67 1.4E+04 31E+03 ce 3.1E+02 7.8E+01 ef 1.7E+00 - 1.7JE400 ¢
BbFé 3.0E+04 6.7E+03 c—- 3IE+D2 8.8E+01 ef 0.0E+00 0.OE+00 ¢
2aF38 5.6E+03 1.8E+03 c¢-e 4.1E+02 23E+02 d-f 0.0E+00 0.0E+00 ¢
AaF92 3.0E+04 8.7E+03 ce 42E+02 TAE+01  d-f 1,4E-+01 45E+00 ¢
BbF4 2.7E+03 1.7E4+02 c-e 42E+02 23E+02 d-f 1.0E-+03 38E+02 be
Myco 9.1E+04 22E+04 ab 4.4E+02 39E+02 d-f " 1.7E+00 1.73E+00 ¢
AaF60 2,6E+04 46E+03 c-e 5.1E+02 1.9E+02 d-f 1.7E+00 1.7ZE+00 ¢
BbFI2 2.0E+04 6.6E+03 c-e 5.1E+02 41E+02 d-f 5.9E+01 36E+01 ¢
2aF42 3.9E+03 9.0E+02 c—e 6.1E+02 3.8E4+02 of 3.4E-+00 34AE+00 ¢
AaF3 2.5E+04 1.OE+04 c—e T.IE+02 1.OE+02 o f 1.7E+00 IL.7JE+00 ¢
2aF41 5.8E+03 19E+03 ce 73E+H02 2.7E+02 of 5.1E+02 24E+02 ¢
AaF51 1.9E+04 6.0E+03 c—e 8.3E+02 1.5E+02  of 4.9E+02 34E+02 ¢
2BF2 1.2E+04 3.1E+03 ce 8.8E+02 6.5E+02 co-f 5.1E-+00 29E+00 ¢
AaF2 34E+04 8.5E+03 ¢ 1.1E+03 33E+02 b1 1.7E+00 [.JE+00 ¢
B-2 1.2E+04 3.6E+03 c—e 1.5E+03 24E+02 af 3AE+00 [.L7ZE+00 ¢
BbF§ 1.6E-+04 S5.7E+03 c-e 1L5E+03 7.9E+02 a-f 7.5E+03 25E+03 a
2aF43 83E+03 53E+03 c—e 1.5E+03 4.1E+02 a-f 1.2E+01 1.7ZE+00 ¢
2aF1] 1.0E+04 6.1IE+03 ce 1.6E+03 1.OE+03 a-f 5.9E+01. - JAE+0] ¢
2BF4 2.1E+04 28E+03 c-e 1.7E+03 S3E+02 a-f 5.1E+00 51E+00 ¢
AaF36 2.1E+04 27E+03 c-e 1.8E+03 34E+02 af 1.8E+402 9.0E+01 ¢
2aF21 9.5E+03 48E+03 c-e 1.8E+03 3E+02  af 1.2E+02 8.6E+01 ¢
AaF53 1.0E+05 48E+04 a 1.9E+03 8O0E+02 af 23E+03 12E+03 b
2aF13 4,1E+03 5.1E+02 c-e 1.9E+03 65E+02 af 1.9E+0i 14E+01 ¢
2aF30 7.0E+03 34E+02 c-e 2.0E+03 33E+02  af 4.8E+0I1 1.5E+0]1 ¢
BbF15 14E+04 6.8E+03 c-e 2.2E+03 50E+02 a-f 0.0E+00 0.0E+00 ¢
AaF1g 1.4E+04 74E+02 c-e 2.2E-+03 27E+02  a-e 0.0E+00 0.0E+00 ¢
- AaF28 4.0E-+04 20E+04 c-e 2.6E+03 52E+02 a-d 1.7E+00 1L.7E+00 ¢
AaF105 4.6E+04 1.8E+04 ¢ 2.8E+03 1.2E+03 a-¢ 5.6E+01 48E+01 ¢
2aF27 43E-+04 49E+03 c-e 3.2E+03 13E+03 a-b 28E+02 37E+1 ¢ |
AaFg3 8.7E+03 1.9E+03 c-e 3.3E+03 1.IE+03 a L.IE+02 1.6E+01 ¢
2aF44 4.9E+03 1.JE+03 e 3.5E+03 69E+02 a 9.0E+01 32E+01 ¢
2aF26 1.IE+04 30E+03 ce 3.5E+03 14E+03 a 14E+01 68E+00 ¢

?Days post inocutation.

b Different letters indicate significantly different values (p<0.05) according to Tukey’s test.



210 HAKE 2

choderma harzianum TO7T 0 F 75 X MRAREBEF -7
R, BRET3X3 29R0E0RHREHTH O 2ol
2~4% LPRSNER - I L ERELTHS, KRB
TiHiRA L2 A TORBRER M, BMEHL LTV
HOBEEHERO XD LRIB2EON 6.9% & ko7,
¥lecanii X ¥ 20 VORAICBALESE T 5 Z LM
NT35 A (Benhamou and Brodeur, 2001), IEM LIz
ML READRE ML (Askary et al, 1997), ¥
lecanii 13 2. v 1) BEE OIEMR P ERGRE Tl & O
BB EBRBENEAALIEFTTZEEZ A THS
(Verhaar et al,, 1997}, SEISERAL 2Htkiz Pk < & 8
| I &E TIEIRTE L 7228, Vertalee & 2aF10 I3 % OEFE TR
ZEWEETR LT, 1 135%RH &1 KRR &4
TTOETFARETH S ZLERLTHS, &, 2Ot
DR EEHRETER S22, B4 KT U, 82
ERZE TR 2R LEEKT S 4 8H IR ES

AL7 (Table 1), ZHISH L, AsF53, BbF4, BbFg (Z{k
DRI cfu BOWPANEE D 1L0E+03efu/om? L L E
VS SEWMEERR- T, LD TR IERIZE
BLTWEEOEEZ LIS,

ERR OO FHBRIC BV TRA k2 4 FOMAHE B
Tehb, HMICIEOBEICEINERELVE, FH
FHROBEIH L THHED BOERPE O L~ TEED
Fith & SRR DR 2 B L 20 K 0 R bR A Rk
TEBZZENTPHERE, 220¢, FoBICHEd3mnL
W3 HWLERD LY, BABREROROWRER L BRTEEN
TR LA (Fig 3). &7, 3E@m - CORELED
Y 13.5%RH & 6 5 RIEER M C 2 BRIE W TRAE
TEMNI+AEPRBAFRAENBE S 06, 28ED cfa
HEBHOIHEL L=, 297, 3 00/ME2TEOWTE
VEER L 2fkl LT 2aF26 & 2aF43, PHTF T3 AV E
FriyaFPrILHLEORREETLEKELT

Protoplast fusion

Aal 106 strains
BbF 20 strains

Vertalec

\QBF 4 strains

Mycotal + *» B-2
2aF 44 strains
L 1** bioassay against cotton aphid I
'ﬁ Growth test on PDA I
Exp.1 2" bioassay against cotton aphid
] BbF15
- SEE : i sit;ra%ns selected besed on mortality in 2aF13
90F = 4 :ti:i:: 1#t bioassay to aphid {over 60%) 2af30
ith tes 5 2aF31
%4F = 20 strains and growth test (fast growing)
BbFL
2aF1
Exp. 2 Bicassay against greenhouse whitefly 2aFd
AaF = 11 strains -| selected based on mortality in DaFZ6
-) BbF = 10 strains 20 und 15 bioassay to aphid ?F43
2BF = 2 strains {over 60%) and growth test Za
2aF = 27 strains (fast growing)
2BF1
- 2aF33
Exp. 3 Evaluation of viability on leaf surface 2aF36
AaF = 15 strains selected based on high and low
-y BUbF = 10 strains pathogenicity to aphid high and 2aF27
2BF = 2 strains low conidiation, and long and
2aF = 23 sirains short conidia size Candidates for biclogical
contrel agent of hybrid

strains

Fig. 3. Selection sequence for hybiid strains of ¥ lecanii. The number of hybrid strains described in each experiment is the num-
ber of strains applied for experiment. Data of the Ist bioassay against cotton aphids, the growth test, conidiation and conidia

size are not shown here,
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2aF1, 2aF4, BbF1, 7277 7 4 ¥ I UREMO B
& LT 2aF13, 2aF30, 2aF31, BbF15, # ¥ ¥ Va5 ¥ % 3§
X LS O@E kL UT 2aF33, 2aF36, 2BF1, ¥ ¥
I+ 97 2 LEGREEEN £ LRTFRE I OFE W 2aF27
ERPRNICRE L (Fig 3).

SR, 3 2OFEICONTHEL, TOFEE26ZHhE
13 DBEHREBIR LR, 7877560 F VYOS
U5 3T B EMREIEE L, V lecanii 12 & o THH
AREBEE T T/, CORERBE S ETITOEK
CAETIHEMOFMTH 0, SHEXICZORrEH
R 2185 b ADR 2 O0WERERT 50 ERSH S,
o4 id Yeo ot al. (2003) & AHEET SO OMEMS T
Tidh < EEHEHT A RICEE I 2 RBERFPRE LR
BREFTCOMRE, IHERMIEMAOEOR, &8
B, BIFHE, AEH, ARLERERTERE OB
i Efk A HRHEILOWCHEL, BT 2BMOIEEY
EMEEFIIREE L 2B ERHET 3 £y “Biorational
approach” IZE- T VR 2 Et L Tvs,

ZNE TV lecanii OEVEEE S MEIZOWT L { O
B ERTHD (Ekbom, 1979; Drummond et al., 1987) , B
& Viecanii BAIE 5 5 HEOEWRE2#HE IS LOT
EAMERRECHE A TWS, F2ISERERTT o
BICBET2 M TE 3L 0NSEET, SHORAeT3
OB TN EER &« TR LD, B TOoh 2
TRBIC 45 & B4 SIRE CORMAOHAE & 4 5 THBE
MAERBD TS, BEAILZ Y IC L 2BFEDOWRE S ThE
Tikd 55, BEEOWNc & - CHERRE: ERE&E3 T
LEHET SO THIE, U0 ITRICTHED S 5 EES
BRHTHAS, &7, Vieecanii 3L b ETSEBEED
“specialist” 23 LISHIGER OTA L “generalist” & L-THubi
TS, HRLY L TRS L @BVWEERMEPRHRE D
EOLHE LN S (Kanagaramam et al,, 1982; Hall, 1984; 1§
FH - %4h, 1992), SR ¥ lecani BRI L LTT7 T34
BFBERIIC Vertalec, 229 ¥ 7 3 BHERAT 12 Mycotal @ 2 A
[RsgEh T3z k%, # < —20 Chr, Hansens BioSys-
tems £t & 2 O E#H A U & MicroGermin A&F®
(4, 2005) HRAEFEE N T5, Askaryetal. (£998) i
Z DEHR L L TOROTETREE P A & TR T 5
BV lecanii BBIORBBEBHT TV ABREATHELELT
3%, ¥51C, Chandleretal. {(1993) i Vertalec & Mycotal
AR S ACFFHFTILLEF YO YIS TSI I RN
FHICEABEL-L A, 4 Ofk4 3L 2R &
DEWRBEEY, EHEOBRFPFRRTHEE L LTS,

;D%%ﬂ&%m%%%“‘tbtﬁﬂﬁ%éﬁ?%ﬁ
HHE%OEFEHATH S (WK, 2000), 25, #
ﬁﬁﬁﬁgtﬁﬁéﬁﬂﬁﬁ&ﬁu.Tuffﬁlbm%
2 & o THAY OEES R OB EHA T T EXHHTS

% (Couteaudier et al, 1996). SEIEHL RIAHEO LS
Il THEBO RN UBAERR 28D, U B
M E R OEREEOR T BTS2 TO 772
RS RO E B O S & ROIERICE
Rkt tsd 3.

I L3

SOMET (Afuchi et al., 2004) RHRFEMERIRE reri-
ciflium lecanii ® 5 BEENESE L UTIRFE SN TS Ver
talec £ Mycotal ¥ & IZHFIASHERRD B2 O 3 WHRAT o

FATRA MRS ESERL, CORE 174 GkORARES
7o, AMFER NGRSO FIEIITIFTLAVEF Y
Yy 3F T IMFICPEERIRD & SRR OREREME S
BEOBERET AL ABNME LR, ¥, ThoORA
BOABEEEHNT I TT 5 AV AOEMRBET -
e Z A, 30 ﬁﬁf?ﬁiﬁ?ﬁk’f’ % % Vertalec DEHFECE
{41.9%) # LlE-7, X, RIAHR 0 FEHEEFROA L&
VIFY T KT SRR AL, 37 HRRIERRT
% Mycotal D FHIRRE (36.2%) # _LHE-7%. B,
A S0 EHRER VTS 2 v VER ETOBRTHD &K
WESRMET (13%RH) TERMiL-&Z 5, & 2 8%
17 HHAFR TS S B2 D cfufE (1.5E+03 cfivem?) % E
Blofe, ZOXSIZAHKRORIZILSHHNE LTk,
5 R BHIC RO £ B OBRO LR &3, WS
A ZFAEMEPERFEL AR ORI SEERE L2, SRS
L2z 3 D00 T 13 ORE&HERHELE. Th
5 ORATRIEOTh L BRRIC B CEWEA R U Hk
THD, PR LT B g X hB,

50 A X W

Aiuchi, D, M. Koike, M. Tani, K. Kuramochi, M, Sugimoto and H.
Nagao (2004) Protoplast fusion, using nitrate non-uiilizing (mit)
mutants in the entomopathogenic fungus Perficillium lecanii
(Lecanicillium spp.). TOBChyprs Bulletin 27: 127-130.

Askary, H., N. Benhamou and J. Brodeur (1997) Ultrastructural and
cytochemical investigations of the antagonistic effect of Verticillium
lecanii on cucumber powdery mildew. Phviopathology 87: 359—
368,

Askary, H.,, Y. Carriere, R. R. Belanger and J. Brodeur (1998) Patho-
genicity of the fungus Verticillium lecanii to aphid and powdery
mildew. Biocont. Sci. Technol, 8: 23-32,

Benhamou, N. and J. Brodeur (2001} Pre-inoculation of Ri T-DNA
transformed cucumber roots with the mycoparasites, Ferficillium
lecanii, induces host defense reactions against Pythiuni wltinm in-
fection. Physiol. Mol. Plant Pathol. 58: 133-146.

Chandler, D., J. B. Heale and A, T, Gillespie (1993) Competitive inter-
action between strains of Perticillium lecanii on two insect hosts.
Aun. Appl. Biol. 122: 435440,

+ Couteaudier, Y., M. Viaud and G. Riba (1996) Genetic nature, stability,

and improved virulence of hybrids from protoplast fusion in Beau-



212 MU kxS E»

veria bassiana. Microb. Ecol 32: 1-10, .

Druminond, J., J. B. Heale and A. T. Gillespie (1987) Germination and
effect of reduced humidity on expression of pathogenicity in Ferti-
cillin lecanii against the greenhouse whitefly J+alenrodes vapo-
raiorunt.  Amn. Appl. Biol. 111 193-20F,

Eapen, S, J, B, Beena and K. V. Ramana (2005) Tropical soil mi-
croflora of spice-bésed cropping systems as potential antagonists of
root-knot nematodes. L fivertebr. Pathol. 88: 218-225.

Ekbom, B. 8. (1979) Investigations on the potential of a parastic fun-
gus (Ferticilltum lecanii) for biological control of the greenhouse
whitefly (Fialeurodes vaporariorwm). Swedish J. agric. Res. 9:
129-138.

Gintis, B. 0., G. Morgan-Jones and R. Rodriguez-Kabana (1983)
Fungi associated with several developmental stages of Hefterodera
glycines from an Alabama soybean field soil. Nemanopica 13:
181-200.

Hall, R, A, (1980) Laboratory infection of insects by Verticilifum lecanii
strains isolated from phytopathogenic fungi. Truns, Brir. Mycol,
Soc. T4: 445-446,

Hall, R, A, (1984) Epizootic potentioal for aphids of different isolates

" of fungus Verticillium lecanii. Entomophaga 29: 311-321.

Harman, G.'E. and C. K. Hayes (1993) The genetic nature and biocon-
trol ability of progeny from protoplast fusion in Trichoderma. In
Biotechnology in Plant Disease Control (1. Cheted.). Wiley-Liss,
New York, USA, pp. 237-255.

Hsiao, W, F, M. J. Bidochka and G. G. Khachatoutians (1992) Effect
of temperature and relative humidity on the virulence of the ento-
mopathogenic fungus, bersicillium lecanii, toward the oat-brid berry
aphid, Rhopalosiphum padi (Hom., Aphididae). J Appl. Enr. 114;
484490,

Kanagaratmam, P, R. A. Hall and H. D. Burges {1982) Control of
glasshouse whitefly, Trialeurodes vaporariorum, by an ‘aphid’
strain of the furigus Verficiflium lecanii. Amn. Appl. Biol. 100:
213-219.

AR - TR - SME— (984 T FFAVEBIUF VY
V32F VT IORBRRE vercilliom lecanii (Zimm.) Viegas. @
2B, RS 50 574-581. [Kitazawa, K., 1. Fujisawa and S.
Imabayashi (1984}
gas affecting aphids and greenhouse whitefly in Japan. Amn. Phy-
topathol, Soc. Japan 50: 574-581.]

Koike, M., T. Higashio, A. Komor, K. Akiyama, N. Kishimoto, E.
Masuda, M. Sasaki, S. Yoshida, M. Tani, K. Kuramochi, M, Sugi-
moto and H. Nagao (2004} Vervicillium lecanii (Lecanicillium
spp.) as epiphyte and their application to biological control of pest
and disease in a glasshouse and field. [OBChwprs Bulletin 27:
41-44,

BHRE (2005) BEFESRRE, Beawveria bussiang B Verti-
citliun fecanii 12 & 3 @R E R OMEHEERIC BT 25
2. SREWH 74: 1-88. [Masuda, T. (2005) The microbial
control of horticultural pest insects using entomopathogenic fungi,

Bull. Miyagi Prefect.

Isolation of Ferticillium lecanii (Zimm,) Vie-

Beauwveriy bassiana and Verticillivm lecanii.
Agrie. & Hortii Res. Cent. 74: 1-88.]
WAL - At B 92) RAoAFELVSEENE il
lium lecanii DF ¥ 2 3F 23 T LT 77 A VIEISHT
BFERIZIOVT. EEER 36 239-245. [Masuda, T. and O,

Kilauchi (1992) Pathogenicity of Verticillium lecanii isolates to
whitefly and aphids. Jpn. J Appl. Entomol. Zool. 36: 239-245]

HREE - i # 1993) BRBEREHE (Verticillium lecanii)
BNk BF v d U5 I0WER. JHAREEH 44
191-193. [Masuda, T. and O. Kikuchi (1993) Control of whitefly,
Trialeyrodes vaporariorum, by Verficillium lecanii preparation.
Ann. Rept. Plant Prot. North Japan 44: 191-193.]

Meyer, 8. L. F. and W. P. Wergin (1998) Colonization of soybean cyst
nematode females, cysts, and gelatinous matrices by the fungus Ver-
ticiflivm lecanii.  J. Nematol, 30; 436450,

Milner, R. J. and G. G. Lutton (1986) Dependence of Ferticillium
fecanii (Fungi: Hypomycetes) on high humidities for infection and
sporulation using Myzus parasicae (Homoptera: Aphidiae) as host.
Ewviron. Entomol. 15: 380-382,

THH  J1(1988) Ferticillivm lecanii B2 L B9 # 7 75 AL Db
Bl REORE [REYF 32: 224-227, [Saito, T. (1988) Con-
trol of Aphis gossypii in greenhouses by a mycoinsecticidal prepara-
tion of berticillium lecanii and effect of chemicals on the fungus.
Jpn. J. Appl. Entomol. Zool. 32: 224-227)]

PH 211993  Verticillium lecanii BENz kB 4037833 &
Avyadrvz Ik HERLFHRTEH 40 221-222,
[Saito, T. (1993) Contro! of two whitefly species, Beniisia tabati
and Traleurodes vaporariorum, by a preparation of Ferticillium
lecunii, Ann. Rept. Kanto Pl Prot. Soc. 40; 221-222.]

B 1 2001) FRAEHIBER (-7 VDA Ly =HIH)
Ik AMERRER OB 5 B OB 45: 72-77. {Saito, T, (2001)
Control of greenhouse pest insects by mycoinsecticide (Ferticillium
lecanii formulation).  Japan Agricuitural Tecimology 45: 712-77.]

Shah, P. A. and J. K. Pell (2003) Entomopathogenic fungi as biological
control agents. Appl. Microbiol. Biotechnol. 61: 413-423,

A E oooy BESERREOEML. MEBOWEL W
FOEEIE (SR - MEHER  BRBA - S0FEE -7
BEEM - BETHEE M), v A TY AR, #HE, pp.
215-222, [Shimizu, 8. (2000) Entomopathogenic fungus re-
sources. In Microbial Resources: fts Characteristics and Utilization
(T. Suzui, M. Okada, Y. Kunimi, T, Makino, M. Saito and K.
Miyashita eds.). Soft Science, Inc., Tokyo, pp. 215-222.]

Spencer, D. M. and P T. Atkey (1981) Parastic effects of Ferticillium
lecanii on two rust fungi. Trans. Br: Mycol. Soc. 77: 535-542,
Verhaar, M. A., K. K. Ostergaard, T. Hijwegen and J, C. Zadoks (1997)
Preventative and curative applications of Verticillium lecanii for bi-
ological control of cucumber powdery mildew. Biocont. Sci. Tech-

nol, 7. 543-551.

Verhaar, M. A., T. Hijwegen and J. C. Zadoks (1998) Selection of Fer-
sicillinn lecanii isolates with high potential for biocontrol of cu-
cumber powdery mildew by means of components analysis at dif-
ferent humidity regimes. Biocont. Sci. Technol. 8: 465-477.

Yeo, H., 1. K. Pell, P. G. Alderson, 5. 1. Clark and B. J. Pye (2003} Lab-
oratory evaluation of temperature effects on the germination and
growth of entomopathogenic fungi and on their pathogenicit); to
two aphid species, Pest Manag. Sci. 59: 156-165.

Zare, R, and W. Gams (2001) A revision of Verticillim section Pros-
trata, 1V. The genera Lecanicillium and Simpllicium gen, nov,
Nova Hedwigia 73: 1-50.




