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Synergism of High Virulence Strains and Different Pesticides Against the
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Abstract Milionia basalis is an important insect pest of Podocarpus and Dacrydium, and there are few
studies on its control. In order to find a suitable control method for this insect, three strains of M09, Mac985
and Ma3297 with high virulence to its larvae were screened from eight insect pathogens by spray method. The
results of laboratory bioassay showed that after 8 days of treatment with 1 x 10° conidia /mL spore suspension, the
corrected mortality of the three Metarhizium against M. basalis 2"-3"instar larvae were 98.72%, 96.15%, 88.46%,
respectively, and the the median lethal time (LT;, )were 4.043, 4.226, 4.868 d, respectively. Lethal medium
concentration (LCs) was 1.64 X 10" conidia /mL , 1.62 x 10° conidia /mL and 7.95 x 10* conidia /mL, respectively.
The mixture of spore suspension of M09 and Lambda cyhalothrin or Emamectin benzoate against the 2"-3" instar
larvae was more effective than that of M.anisopliae alone,displaying cleary synergetic activity.
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P& a7 W5 Rk Milionia basalis ( 53# H Lepidop-
tera; JUIKElL Geometridae ), EELfEE BN &
Rl RN @AY, TET VEAIZ R XHATHI Podocarpus
nagi 1 BSE E M ARGE Mo i R DL g S
K 2 I P R BRAT R Az 0, ™ 52 Ml A A
AR Rt BT R R d B — o i RAE T 4
LGP S N R A R e B R AT O R B A
ZARTERE A A Y Wb P TRE
GNP . RN A RAE Y. A

BIEHX A LA

B s I L AR ROl BB R T
XA, AR, M — RS F BBih
sz BN 20 . PR YR vl e Z MR &R 4k
M, 3 E— e T B puaa e, oAb, R EE
WRETE RIErh R, ANMEFLIAF AR R, M
Hug e SR g ar ER M= g 0 T 7EA
[FIAREE N E AR AT, 7RIS B A T Bkl s
oK B, 5EF Rk AR R — 3L
PE, BRREINF RS R, (AR A —
SEUR AT ShE S S, BIANB IR RCR BN 18 B
HlA F AV N 52BN HE RN H 2
AT

A2 AR AR AR 245 035 8 T LA L
G B A2 A% HR RN A A 25 1) B 36 B 7
5B AT TR AT i RO AE 4 B I AR DGR B A/
PRIHAS SC L 8 kA 5 v 2 7 19 B Ui JEL LR (7
PRERETR AN 1 bR AR ) ABEERTSR, 2 5l e
R AE A T R 2~3 4l By N ). IR AT
CLIfBE A B D bR, IR 4 Fhis U R

(18 A = 245 5 R X i i S 4 3 ) A
S IR AT s R A Ak~ B 5 AR M B iR 4R K
P FITE T

1 bR

1.1 A

11 ARk REFIE R R 92 2% Yoshinori
Shintani"” )48 35 75 2, RORCREE TIUARA L
o, TR SRR g B R S R I E R
RS HE AR i S To g %) S SR AT O M, AT I
PR M, TT WA IR AR i, R
MER IR T+ 3 W L& T =T e e Y (34
cmx 25 cm x 34 cm) R R EH, BICHE — 2
Ao LA 20% M EOKIEAT M. FRAUVEE T 25°C
(SR AL : D=16 : 8) &4 T, K2k
Podocarpus macrophyllus W) ¥ % ( 15 % 30 cm K,
HRY 3 em) JCE TIREPER L, H/NEE
FVEEFKe T A Ry Bl gR 2355 b (B
%9 cm), HFMABARMBRLNN, 7625 CF
JEIREEFR, SR 16L : 8D, AHXHEE 70%.
WHEbE, &30 H—4, H/hEE/RHEEER
RE—ANBEFRMLA, FFAE R % MG Al AR ) 4K
. DA DRAR: i A7 imng, & HAbsunt b fF
IR 1R, B2 AR A 15 em HE R 10L
H TR N EEIE

112 B E A HHSI TR R T AR A Mol B
SERFSE BE MOl AR B 2 ORI T AR (3R 1), &
PRI S8 B H R a e 52 4 ( PPDA 1%
Fhk ) mELGETE, R

R 1 FHIHEERERIR

Table 1 Origin of 8 entomopathogenic fungi

F Bk Strain Fi i T3 RIS WA
Species Latin name Geographicial location Origin
M09 Lt FHHER Metarhizium anisopliae by NN A HB.CoHF Brontispa longissima
Mg20 Rl ES S ] Metarhizium guizhouensis RS A4
Mf43 Fiesesd =l Metarhizium flavoviride JRE et
Mac985 W SR T Metarhizium acridum I BT Ceracris kiangsu
Mf1245 e Metarhizium flavoviride JHRAE + 45
M3297 Lt TR Metarhizium anisopliae e + 1
MaQ Lt T E A Metarhizium anisopliae JHRA M il
HI-b BRI R Beauveria bassiana I X L EFNE . Dendrolimus punctatus
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1.1.3 A 5% AL B R ER (95
IR ) 1.2% MK - w7 2 0FLih (5 i
TIPTEAR A BRTE AT )3 2.5% 8 i 4 e
BV (Pt 2D K BB A FRA F] ); 3% H a3
By & TR 2R 2R R R K FLAR) (o B A Ak By A
FRAFE] Do

1.2 REHE

12,1 #ar Rk HF D AWMBLE RABEE
P PEAT A5 T R A B T A o Rk i S N T
W SE K PR R AR T R R BE R 1 x 10° 1 F /mL
AR TR WA T, B R Al i R 2~3 % 4y i
(R85 SR LB T W25 35 12 b, Rk 55 (AR
2mL, FLHAEEYE 30 3k, FE 3K, Kb
K 4 T 9em B SR B TR A
T 25 C. HIXHZE 70% . JEJHH 16L:8D &1 F
Bigw, DA DURAIT i SEA TR M LA H A6 T
ok, HETFRA R, RReiE s & e,
HRPE AKX AR IESLT %

. FET B O
THR (Yp)="—""T " - — %100
B
e (o MR
3 1F R (%) = 100
LT I MHRALTET % < 100%

MR A R 45 R0 e 1 B0 7 B 0 R R
FH 0.05% -3 -80 7K 7 AR UK HAR B R 1% 10°
fil ¥ /mL. 1x10" 4 ¥ /mL. 1x10° 4 ¥ /mL.
1x10° i % /mL. 1x10* il /mL, 0%k
XA Al i RO 2~3 W 4l kAT b 3, Ty vk R L,
L 0.05% it -80 7K ¥ o 25 % R, AR 4l A IE
FE T3R5 2550 BE SEAT IR A 20 B, A5 205 77 B
T BB R LCs0
122 ZBRAALFHA G AERRXE BIE
RS FE O 2 0 R 1Y) 1 B ) R TR TR PR AT
AL FHEE A 1.00 x 10° il F /mL BYETFR, b2
25500 3 ) e Bk S AE T 3R AR FFE 30%~70% 1Y ¥
B, 5% FAAFEFEN 25 ug/mL; 1.2% HHFK - F
ZHEFLI A 12 ug/mL; 2.5% 5 30 TR A s B v
FA12.5 ug/mL; 3% H I T4k TR R OR H Rk
15 ug/mL. RAWIZE, HA) 30 3%, &
23Kk, AHES 3 RGHIET AR, IHRAET R,
R4 Mansour () P[] 55 F1 #8540 (c.f) & PEITH)
RAHMBEGIER, Hrhcof =20 B 4 3EH,
c.f < =20 B AFEPMEA, -20 < c.f < 20 B} A AH

I
I BIESE T P, = 1-(1-P,)) x (1-P,), P,
Py 535 045 H A AR T
IS RRAE T R BT

PHEITE SRR (ef) = - -
IRFAHLEIET %

%100 %

1.3 HIES

BT 45 %4 1 SPSS 20.0 G 314k 4R 9k 47 Ak B3
M, K H Duncan BT M 2255 047 2 5 b 34
5381 132 Probit AILZRAE 431K H 7 77 1115
e, B A LTy, BOE K E LCs. 95%
EREDALIES

2 BR5HH
21 S8HRERHFEEFEETIENE 2~3 th4h K
ENE S

SR RE MR E T 8 AR L HU R X
Rl W R 4y iy &= N BE T, MAAET SR Bl ] i) A2
fhiaRoRE (B 1), AR FEEE R A [
B RI4 HUBE TR A B [R) 8 FiE 4K 17 5 A 4
Ko R 1~2 d RHBIEHR, 55 3 Ko wkkAb
PR TF oA Bl AT shaR R EL = T- M4, FET
A BUAE 4~6 d (& 2),

214 B VUK M 1.00 x 10° 4 1 /mL iF, Ak
P8 d 5, Hny 8 MR 5 e R A i R ik 4y
7 AFE L 25 (P<0.05), KIEAT-FR RN
46.15%~98.89%, LTy, {H} 4.043~6.563 d (£ 2),
H AP F R M09, Mac985, Ma3297 il Mf1245 Ay#
IEFET- F KT 85%, 43510 98.72%. 96.15%.
88.46% 1 87.18%. AP, M09, Mac985, Ma3297
B bR B LTy, 2 /8 T 5d, 43 9 2 4.043, 4.226,
4868 do ZEGMIESET R, LT, fH, B KK M09,
Mac985 . Ma3297 i HFHR IR HBE T .

22 3HKBUREREAEREETIERHE 2~3
B mEN

3 bk 4% A5 B A M09, Mac985., Ma3297 X 18
i W R 2~3 1% 41 d A BT vk B LG, A TR
], H o M09 19 LCs, fie i1, M 1.64 x 10 1 1/
mL; Ma3297 X2, LCs, M 7.95 x 10* 77 /mL;
Mac985 & 77 fix ik, LCs, A 1.62x 10° ffl F /mL
(£3),

23 REFEBRAAFIELER

DL R 1.00 x 10° 4 F /mLMO9 i & &

5 4 Ak 2 25 350 TR e e Ak B A i Rk 3 it 4
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Fig. 1 Virulence of different strains to the 2"'-3" instar larvae of M. basalis
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Fig. 2 The daily death of differemt fungi against 2"*-3" instar larvae of M. basalis
K28 HERFREEENETERE 2-3 iR RENEN
Table2 Toxicity of 8 entomopathogenic fungi to M. basalis 2"~3" instar larvae

b Strain BAESETR /% A LTyyd 95% AR
Corrected mortality Regression equation Median lethal time Confidence intervals

Ma09 98.72 £1.92a y=-6.497+1.607x 4.043 3.750~4.335
Mg20 67.95 +7.70d y=-6.497+1.607x 6.133 5.728~6.593
Mf43 71.79 £ 5.09d y=-4.542+1.075x 5.300 4.125~6.256
Mac985 96.15 +3.33ab y=-10.623+1.988x 4.226 2.521~5.853
Mf1245 87.18 + 1.92bc y=-3.652+0.750x 5.345 5.081~5.611
Ma3297 88.46 + 5.77bc =-5.401+0.881x 4.868 2.835~7.225
MaQ 83.33 + 6.94c y=-6.755+1.275x 5.437 4.609~6.323
HJ-b 46.15+5.77¢ y=-6.782+1.247x 6.563 5.470~8.695

TE:

TR A PR IESE T + bRz, [ASJE AR A AN R 505 FRTE 5% /KF-22 5 1.3 (Duncan [CHT = ) 22
7% ). Note:data were presented as mean = SD, data with different lowercase letters indicated significant difference at 0.05 lev-
el (Duncan’s ).
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< 3 M09, F985 1 Ma3297 xti&wis Rif 2~3 k4 MY S 51
Table3 Toxicity of M09, F985 and Ma3297 to M. basalis 2"'-3"instar larvae

[EL/S EVIEVEY s

BOEPWREE / (f1F - mL")

KRB 95% B MR

Strain Regression equation Median Lethal Concentration Correlation index 95% confidence interva
Mac985 y=-2.583+0.416x 1.62 x 10° 0.961 475 x 10°~6.23 x 10°
M09 y=-2.050+0.486x 1.64 x 10" 0.953 6.23 x 10°~7.64 x 10°
Ma3297 y==3.329+0.679x 7.95 x 10* 0.973 2.67 x 10°~1.84 x 10’
* 4 REHFINEFERBRKSIERER
Table4 Synergism of Ma09 and 3 pesticides against M. basalis
247 T /% FBIET R /% UHRIFE AL Cooperativity — BEAAER4E
Insecticide Mortality Theoretical mortality index Result
MO9+ (R R IR A i 100 82.67 20.97 BEER]
MO9+ JHHH, - S0 92.41 83.93 10.10 AIYER]
MO9+ S8 A H T fie 86.15 77.78 10.77 ARINAE
MO9-+ FH S L BT 4 B 28 K FH iR £k 87.50 67.41 29.81 R

H, BRI A, RT3 50 100%
92.41%. 86.15%. 87.50%, ZE{EE M09 5505
SRS T T EH 2 TR BT A R 2R R R TR IR I A
i W U IR G 35 ISR E I (2 4),

3 #ithitie
ARSIl Y 7 PRERE A 1 PR
XA I Nk B — e ), (HAERE SR
59, SHEE M09, Mac985, Ma3297 43 8 d J51)
MIESET- I KT 85%, JFH LTy /NF 5d, LCy
4351 1.64 x 10* #1+F /mL . 1.62 x 10° #1+ /mL Fl
7.95x 10" fF /mL, BT i ROk ELAT #5058 10 75
Jo ZEAHBAGIEAET R . LT, 1 LCsy, ZRAE A
MO9 FEHRRI A, HT5H 4 Ffb 2% doRliR A
AT OMRE I, 25 9= 4 FRR BRI A BT
TR T 85%, It HLHERE M09 5 @3 s ms 54
ik R0 FE 2 5 T 4 1 2R R HH R ER TR L S5 R I B 3%

TEH .
B HU J5 L s AT AR [ A AR o A A
PRz —, AR A IBIA SUR B PR, B

T 22 R bR s B 3 Jr i 3448 1o T, kR 1
K I LRAR TR MaF-13 %R A7 i R ik 5 AT 5508 1) 75
FAEM, LA 1.0x10° 5 /mL 98 & 7% W 4% F
10 d JE 4 HAET R 435 F] 100% ; LTy, 4 3.99 do
Ay 2 8 NV AE TS5 R A e T G A A 1 R gk
4 BB B 11, Hith MaFZ-13, MaXJ-04 [ # %t

ah B BOE R AR, DL 1.0 x 107 filF /mL ¥ Ab
H1S d 54y ik 5 96.7% | 95.0% . LTs, 40510
501, 5.48 do ASZEHH 3 PREME R YA IESET A
15 85% LI, LTs ¥BI/NT 5d, T B HUp I i 7
PRZ ) HAT 22 50, DL A 45 5 50 A A
225, ENHALESLT- R | LT, fl LCy, B &, A
SUG I e B A 3 R B AR B A — o 1A
Bi7 8 S 0 o KB 5 ¢ W) 2 {8 o1 3500 v e o 3
18 3~7 d, AHFFEH 7 HREE TR T i 1 47
4~6 d WL, SZHIF5EE—8. HETEN
B S AREHA IR A BEANR], 38 5 AR TE] B 6 2L
REERKZAE 10 d LUF74E, IR IR
BRI e, BRI T AR E D BT ik h
I o T e — R, R 22235 1 ol B
Ho I SRR A R 2 ST, UG 3 D[R] 3
FGVER, REBITARCR, E A MOk ER
B 5 Beauveria bassiana HFW-0514 5% 5] &=
F14) Y 20 35 o] 24 ) 2 4 P T2 6 0 o P e e Y )
J& LTy, 3 5 3 /%%, Chunhua Zou % A 4 B4
{4, 15 3R fil Paecilomyces fumosoroseus %) & £ IfB0O1
Sk kiR BC B B WA AR, O H LT, B
k. AR2E RN DA BT R B R R AR A,
AT B o A e s B, B 25 By it A U I
P& 1 U DR I A 1) 7 9 B A% ) B 3 T L R Ak
PRI, A 20 2 I A
[ “3R” [n) . AR 40 A IR 2 A g G AR 1
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FHCRH B . 0 - 520, =GR R iR A
FH 4 3 B ¢4 ) 22 FRY R b PR A s RO I 25 )5 7 d
FRIPR ) 77 36 2550 AT LA IR 90% LA -, PR AS 36 1k
FHIX 4 P Ak 24 2550 55 4R B Ma09 A TIR L, &
PLERAR P M09 5 2 20 S8 855044 g A HH 42 Sk ooy 24 T
FORH MR R SAER, SMEWS 1k 2 F
P L3 9 W) W T S N 1 N 0= B N S
o e N NS O I N i s Rl R R S
# M09, Mac985, Ma3297 Fl Mf1245 kb3 8 d J
KAESET- R KT 85%, RO 51242054024 H.
A, DL nT DA R R Sy b S 24
WHATHR, BE&E B KRB AL, AR
BAFEREAL, UUNE = T 2E 2y, (HRRUR
WIRE, HE Y O LT, R EE
AR R 1) B A DU 20 2% B G ] 4 et B[] R
FUB R TR, I SRR PR 45 A5 W By 3 1Y) B 2k 1
BE, NEHTBG, Hnr g A ik % 2y
FURI A W 25500 HEA T IR, 7 IR ) Pofés e 11 2% g
R ARGl IR ECRIZERA 3 d e il
TR MPHAECR, SR 5B Y H A
WA 5B IG B B A, o aE A T B R K Bk
HN AR A . ARSI A T aE R S ke 2
FIEATIR AL, B T A A = IR ), H
U S TN AN [EIFF W ke BT i 2 ]
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