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FEESIMRAEFBRERXMEZENHEER

BooAeT, BAM, mkAEY

(L Aepgfalr Reafeszle, J7M 510640; 2. TR MBI /7 RS BRMEE T S AR M E G S8, TN 510520)

WE: RHEEMZENE TaEWE FER DL 3 Fhok AR RIE Orthaga achatina [RIEF R E N T, IF
ME T &4 Ma09 5 3 RS HURTRELE R EMRIMER G55 WoR: 4 PR HU0 S 1 D bR B 0 A5 L0 2 ~ 3 %
LB B EBEAUR , MBI R T B A HL S, FETS SR 3 ~4 4 (B GDLY9 (B IA SR i
U, RRFEAERE A 1 x 10°8F /mL & LTy, #1 LTy, 2305014 3. 01 dv 3.95 d, £ faF4RERH Ma09. 3297 ZURAMY, 4t
SRR BT M85 [y LTs AHXHIR—2E, {HJE LT, T 4 fa FEMEE Ma09 F13297. 46 FEHETE Ma09 52858 PRk
PRFNEFSAT RV BC S Y RIS E R, Ur R8s 31 20. 43, 27.53 F133.13.

KR M SRR SR B UhEEA

hESES: 0968.1; $476 SCHRARIRAD: A TEHD: 1674 —0858 (2020) 06 — 1494 —08

Synergistic effects of Metarhizium mixed with three pesticides against

Orthaga achatina

YANG Hua'?, ZHAO Dan-Yang’, QIN Chang-Sheng” (1. College of Agriculture, South China
Agricultural University, Guangzhou 510642, China; 2. Guangdong Provincial Key Laboratory of
Silviculture, Protection and Utilization/Guangdong Academy of Forestry, Guangzhou 510520, China)
Abstract: The bioassay of Metarhizium , Beauveria and three pesticides to Orthaga achatina was measured
by quantitative spray method, and the synergistic effect of Ma09 mixed with three chemical agents was
determined. The results showed that all the four kinds of entomopathogenic fungi had better lethal effect on
the second instar larvae of O. achatina. After treatment with suspension of Metarhizium and Beauveria, the
peak of death was observed at 3 ~4 days. The control effect of GDLY9 was the best, LTy, and LTy, were
3.01 d and 3.95 d at the concentration of 1 x 10” spores /mL, respectively. The effects of Ma09 and the
strain of 3297 were similar, while LTy, of MfO85 was relatively low, but LTy, was better than that of Ma09
and 3297. The combination of Ma09 with fenoxycarb, diflubenzuron and Empedobacter brevis showed
synergistic effect, and the cooperativity indexes were 20. 43, 27. 53 and 33. 13, respectively.

Key words: Orthaga achatina; Metarhizium; Beauveria; bioassay; synergism
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AL, FESRAT PN BOR OB MR, A A T E R, R
BRI R B AT LAREZ S, 7™ H 5 M AR A A 4 B S
W (BATFAE, 2008; X FHHAE, 2016) .

FI RIS B 3 32 SO T L= B id - (5K
BIRAE, 2005; WIBEAHAE, 2006) . (HALZEBA
AAHILEG (3R Al MARfE A A R
o JEUCECER A LA 2 B4R A B R AACRE 2 A RE R A
FE (RS, 2017) , JFER ARG B0, fil
AR, A A R ) 9 A 280 i 2 Bl A AR
MR E I BEAE S ESRZ E 0L T 1647 T
b, RSB AR AE T BERE R A8 i o B
B, SR R R Y — Tk, R 2R
HHRFFLEHIER (Yang et al. , 2019) o

ATTH BEH 3 MRaxE T ( Ma09. 3297 il
MO8S5) . 1 ¥k FfEE (GDLY9) J 3 Fim ik
ARG (RS BR BUR AR ARAT B8) X Ao 5L I
RIS 4 RAEAT TRES M, FFE T 6T axfE
PR Ma09 A1 3 b 3% B R e X0 Ao SR ARARG 6 40y T 9 3
RIVEIE, LU0 08 ) 5O 2 4 IR miak o fs
SRIEPA 2G5, R PG SR IR Sy

1 #MRl57A=%

L1 #KEH

BERE bR WEERSHE R MO8S. 4 fa T4 EE
Ma09. 4fo T4 {E 1 3297 KERTE 1S B GDLY9.
FIPRE AR RS E 5 030 R 8 S0 e == R
17, EEATHEMEA N3 <10/ T /g, H
R RN 5 x 10°f1F /g, FH/KE/NTF 5% .

2GR RE R (3% FLah, TR K T
R AR A RAF) « BRIk (20% &%
A, WA LT WAV TIEARAR) |

SRAELR (%) =Pl

HIFEFT R Empedobacter brevis ( 100 fZ4F /ml 2%
A, BEYLTE T AE RO KA RA ) -
1.2 RWHE
L2.1 ZEE. FMEE L 3 Rl HO ) 1 510
IR 4 i 75

AARIE] SR £ A 510 7 o] S 36 38, 406
SEPRIUBEFIR L 1) 2 ~ 3 W AR R .
Y HE T 1S om BERIUP, AT IEAR, LUPTEE
RERf I R ARl R o 3 DR AR TR . R A 3 B R
Ha TR i 58— R R R 1Y) 24 RO+ A R R AT A RE
K Potter JEMZ5 18, K HeAT &) ity 1 5% 0L T Mg
FHRBYE L, B 1 mL 2550 2] ik b, ok
4 HUH A0 6 28 PR IBUS 6 7 28 57 1 b e IR LA
Geitig H LT 8. B4R R 30 Sk, 3 RER, D
0. 1% i — 80 F AT I
1.2.2 ZR{ERTS 3 bk s C X A9 5L 0 (IR % 4Ty
LIS

R4 o TR B Ma09 23 ) 52K U, Bkl
IR RS AT TR AT T T O DU S HE P [ 49 R
SR AR A 0L R TR TRC A B 1 % 10° 47 /mL (R, i
AAHGH], R R RS Bk R IR E 1000 5, 2R
1.2 PEATRE SR AT 40yt i) B 0 g o [) 73 31
S BALAG  £% £3 TA0 AA% SR R I o A6 LI &)y o R
Jo MY TN AR PRI FE 8L (e i) IPHRE
HAER V0 5 B0 25 500 A AR AR, M e i =
20 WEMHAE HIGRAER], e i < =20 B 45HUME
FH, =20 <c. i <20 B NHDE AR INE T - RCIESE
TR PR RE RS S EE - BR UK
b FRpE 4l R 50 3k, 5 kER, 3250 k. %
E R i a4 iU S b B 50 3k, 4 R
&2, 3200 k. FRSIET R P AL B 50 3k,
SWES, it 250 k.

_IRISERH | o

LPRRAESET R (%) =
RV BB TR (%)

1 - XFIRZHAET -
=1 - (1 -5 AJET-%)

x (1 -5 BALT %)

PR RESIHE R (e i)

1.3 HELREBESHHF
A EcE FH SPSS 20. 0 G it 3Rk 547 4b #E
Mr, K Duncan [CH & e 220056 47 25 5 B M

WIET R

)Mo 18 ] Probit HLA{ELZMTILSK 35 Ay [l 577
Fis CEBUER A LTy LTy 95% BEASX M R
6. WEPESE (BIFAE, 2006) .
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2 #ER5H9H

2.1 #EH. AEEXMNELERBSRNEN
ANFRRE T, 4 F U R R AL LS, R SRR
BHATEN (K1) . SR, SETE g A

YEHE (3k) Number of dead

M.ﬂavoviride 985 11.0X10"
g 50 11.0X10°
z s
41.0%1
o 40 010
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=
- 30 "1.0X10°
X
20
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o -0
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60 o p
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Z30 t m1.0X10°
=
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0
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¥edi%r (3k) Number of dead

TEARFRIS HEE 3 ~4 R, 1 x 10° 46+ /mL YR B 46
TRIFBAEIG 6 d Z N EIRATAT . Rk
AT BIF AL S, ST RPN R, 7 ~8 d
ZWAA TR, AR B B AL 12 do HiR
B GDLY9 (YRR EAL T HA 3 Fharfiim . HA L
FrA WAL B 6 d Z N B 43S0

70 r

M. anisopliae 09 11.0x10°
60 4 1.0X10°
50 M1.0X10°
] X107
40 1.0 X10
®].0X10°
30 l
20 I
10 ,
0 " |
3d 4d 5d 6d 7d 8d 9d 10d
60 . i 4
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50 I (1.0X10°
41.0%x10°
40 B
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B S fE 4 Fh R U IR RV T FAET 1 B

Fig. 1  Orthaga achatina larvae daily death of 4 entomopathogenic fungi at different concentrations

Tl ~K4JERT 3 FPEgMEE A1 A EE X
Rl LR 4 i35 07, BUE PRI, BT
SIS A OG, I H BO0E v i A il A vk
FE RS RS . Y98 T A F) 10° 1 7 /mL X
— I, 4 Fp B AU R R B s A AE 3 d A2
A, 4k 3,210 3.5, 3.03. 3.01 do 45Ty
JE R 10" 4607 /mL X — g i, 4 s I 0 B0
HEF2Z S8R, A8k 8.48. 5.54. 5.06 FlI
3.80d, H AP EE GDLYO &R & i (LT A
5.06 d) , GBI 3297 R (LT, M 8.48 d) .
SRR A M85 I Ma09 L HAH M, LT, ¥ 7E 5 d
fitio

2.2 3MUEAFIMELENS S

ARFE 24 h fE L 2R SEEURT BR HUDK A BT ik R
LGy, 535024 35. 89 F1 129. 42 pg/mL, #4# %K
R ETERARK: RIFEALI 48 h f5, RE N
LCsy A 13. 67 pg/mL, LGy~ 35.53 pg/mL, ¥
AT R (LCy o 82.53 pg/mL, LCy K
158. 38 pg/mL) , 5B R S g0 i 51 MR I I 4y H i
BiaROR BT BR AR (325) o JEARAT 1R B
WA 2 BRI T R EEER (£ o),
1 x 10° 0 1~ /mL ¥ B 4b B S Y LTy, A1 LTy, 23 51 A
1.28. 2.50 d, IHHEMNKEELAIES d )5, T
FHRE| T 100% .
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x1 FEE M85 MIELELHHMNEFN
Table 1 Toxicity of Mf985 to Orthaga achatina larvae
; i} Median lethal time N .
e E L TEv FULTHIH Median lethal time K B
( f3F/mL) Regression LT, LT,, Chi-square value  Pvalue
Concentrations equation (95% confidence interval) (95% confidence interval) s p
1 x10* Y =0. 1907X - 1. 6169 8.48 (7.70 ~9.39) 15.2 (13.48 ~17.99) 6. 836 0. 654
1x10° Y =0. 2458X - 1. 6587 6.75 (6.10~7.37) 11.96 (10.93 ~13.45) 6. 496 0. 689
1x10° Y =0. 6489X -2. 3851 3.68 (3.20 ~4.006) 5.65 (5.21 ~6.30) 3.919 0.561
1 x107 Y =1.0253X -3.6136 3.52 (2.28 ~4.15) 4.77 (4.15~6.86) 8.479 0.076
1 x10° Y =1.6596X -5. 3278 3.21 (2.91~3.43) 3.98 (3.72 ~4.52) 0. 055 0.973
R2 HEE Ma09 XELEHHNEN
Table 2 Toxicity of Ma09 to Orthaga achatina larvae
Vi iE O HAEH B} Median lethal time FHH B
(47 /mL) v i I LT, LT, Chi-square value  Pvalue
) Regression equation : .
Concentrations (95% confidence interval) (95% confidence interval) x p
1 x10* Y =0.9078X - 5. 0278 5.54 (5.25~5.83) 6.95 (6.58 ~7.48) 4.731 0.450
1 x10° Y =0. 7219X - 3. 9087 5.42 (5.08 ~5.74) 7.19 (6.75~7.83) 4.152 0.528
1 x10° Y =0. 8838X - 3. 4975 3.96 (2.74 ~4.69) 5.41 (4.68 ~7.65) 14. 881 0.011
1 x107 Y =1.2526X -3.9101 3.12 (2.68 ~3.40) 4.15 (3.84~4.72) 3.289 0. 656
1 x10° Y =1.4832X -5. 1870 3.50 (3.23~3.73) 4.36 (4.08 ~4.84) 1. 781 0. 878
®3 GER 297 WELELHRNES
Table 3 Toxicity of 3297 to Orthaga achatina larvae
e S AL B} Median lethal time FI M 25
( f&F/mL) e ) }: LT, LT, Chi-square value  Pvalue
. Regression equation ’ )
Concentrations (95% confidence interval) (95% confidence interval) X p
1 x10* Y =0. 7889X - 3. 9905 5.06 (4.74 ~5.38) 6.68 (6.24 ~7.38) 0. 842 0.933
1 x10° Y =0.9209X -4.0112 4.36 (4.04 ~4.64) 5.75 (5.38~6.32) 1. 125 0. 890
1 x10° Y =0.9070X -3. 7710 4.16 (3.83 ~4.46) 5.57 (5.21 ~6.14) 6. 095 0. 192
1x10’ Y =0.9065X - 3. 7713 3.55 (3.25~3.81) 4.57 (4.26 ~5.08) 2.421 0. 659
1x10° Y =1.0935X - 3. 3094 3.03 (2.50~3.34) 4.20 (3.87 ~4.80) 1. 181 0. 881
*4 BEHE GDLYI WELIELHMWEN
Table 4 Toxicity of GDLY9 to Orthaga achatina larvae
Vi E SR FHEH BT Median lethal time £ TERLS
(27 /mL) ﬁ i £ LT, LT, Chi-square value  Pvalue
) Regression equation ; )
Concentrations (95% confidence interval) (95% confidence interval) X p
1 x10* Y =0. 6692X -2. 6046 3.89 (2.94 ~4.55) 5.81 (5.09 ~7.27) 12. 545 0. 051
1x10° Y =1.2431X -4.7577 3.82 (3.56 ~4.07) 4.83 (4.51~5.37) 8.118 0.017
1 x10° Y =1.4923X -5. 0386 3.38 (3.09 ~3.61) 4.24 (3.95~4.77) 0.376 0. 829
1 x107 Y =1.0232X -3. 2112 3.14 (2.65~3.46) 4.39 (4.05~4.99) 3.446 0.328
1 x10° Y =1.3598X - 4. 0956 3.01 (2.51~3.28) 3.95 (3.66 ~4.60) 0. 149 0. 700
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RS AEEMBRRREREDRNE N

Table 5 Toxicity of enoxycarb and diflubenzuron to Orthaga achatina larvae

<l i ] R lalEy HHHPHE (wg/mL) Median lethal concentration i e
AR (h) Regression LC,, LCy, Chisquare value Pvalue
Pesticide . ) )
ime equation (95% confidence interval) (95% confidence interval) X P
A 48 Y =0.0586X -0.8016  13.67 (9.28 ~17.99) 35.53 (28.64 ~49.61) 1. 006 0. 800
Enoxycarb 24 Y =0.047X -1.6887  35.89 (30.46 ~42.92) 63.13 (53.86 ~78.46) 3.548 0.315
s i i 48 Y =0.0169X —1.3943 82.53 (67.71 ~101. 84) 158.38 (131.7 ~207.75) 4.981 0.173
Diflubenzuron 24 Y =0.0128X —1. 6529 129.42 (109.53 ~154.24)  229.76 (196.73 ~283.22) 0. 860 0. 835
*6 ERMEXNELEHHNSZN
Table 6 Toxicity of Empedobacter brevis to Orthaga achatina larvae
e piE 2y [AlH 7 A HFEH B} Median lethal time K [0S
( {5 /mL) Regression LT,, LT,, Chi-square value  Pvalue
Concentrations equation (95% confidence interval) (95% confidence interval) x p
4 x10° Y =2. 0408X - 1. 2629 0.06 (0.01 ~1.23) 1.25 (0.85~4.00) 17.929 0. 003
2 x 10° Y =2.5627X - 2. 2185 0.87 (0.32~2.06) 1.37 (0.97 ~6.41) 21.437 0. 001
1x10° Y =1.0504X - 1. 3480 1.28 (0.40 ~2.50) 2.50 (1.75 ~5.62) 23.497 0. 001
5 %107 Y =1.0700X - 1.9916 1.86 (1.62~2.12) 3.06 (2.73 ~3.54) 2.443 0. 785
2.5 %10’ Y =1. 0062X - 2. 0569 3.01 (2.51~3.28) 3.95 (3.66 ~4.60) 2.342 0. 800

2.3 ZEESIMUFAFREXNEEERRS 100% « 85.78% H187.56% , xfEw 5 3 Fpylik
hEEH Fie 5 B [R) 38 %5043 5l 4 20. 43 27.52 F1133.13,

PRREIEHISE R (R7) R, RECH, S KT 20, RIHEIHAEH, I Hax w54 A
P Ma09 5 3 iR BRI A AR 2 ~ 3 gl TRCE IR i 1 5L MR 2l A FOE R A ] T 100%
FOCRCR BB, IR IR HAIESE T 3035 IR IR

RT7 SEE Ma09 5 3 FR RR B X AF H AR 4 RIS A
Table 7 Synergism of Ma09 and 3 pesticides against Orthaga achatina larvae

FET-% (%) Mortality BEESET: FET2% (%) Mortality Hihese NG

HERXZ 5 . ” (%) . e T (%) C it
: N | AR . ooperativi
Insecticide A3 RES Corrected A AR Theoretical p Y
Treatment Control . Pesticide Ma09 . index
mortality mortality
SRR ARE
100.00 £0.00 1.20+1.10 100. 00 77.20 £7.56  25.60 £6.07  83.04 20. 43
Ma09 * Enoxycard
LRERT ¢ PR
- BRI 86.8 +10. 26 7.20 £3.03 85.78 56.00 £10.86 25.60 £6.07 67.26 27.52
Ma09 ¢ Diflubenzuron
SRR - AT
88.00 £6.32 3.50 £1.00 87.56 54.00+£11.49 25.60£6.07 65.78 33.13

Ma09 ¢ Empedobacter brevis

TE: FPEIR NS 3 d ARSI ST, Hirb, SUETE AR AG U EE R 1 x 10° 4601 /mbL, 2% S0 R 6k R B v JEE 4 1)
TR 1000 1%, JEFFTF RS FIMEEE # 1 x 10’ #9F-/mL. Note: The data in the table were the statistics of observation results 3 days

after treatments. Among them, the concentration of Metarhizium was 1 x 10° spores/mL, Phenoxycarb and Diflubenzuron were diluted

1000 times, and the concentration of Bacillus brevis was 1 x 107 spores/mL.
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3 itips%n

SERREE S E R YT . FiER R RRE
AU, HRREAE, o] 7 0 A ks ) E
HORPERRCE Y 2RI I, R T s L SR
KF-LATR . 5 3 AR AR (2014) ffiiE, SRR
Mal291 -2 X 1% 55 05 HA BRI B0% 77, DL
Pk 1.0 x 10° 1 F /mL (T 2% E) 2 ~ 3 1%
HAARZE, LTk 6.29 do ZRSCIEE A LR R B
i 5L TR o) A SR UL iy 40y bt 34 LA R 1 B0
1.0 x 10° 47 /mL ¥k FEARFRAY LTso7E 3 ~4 d Z Jd].
A=) R AN [ 42 A 2 308z I 45 R 25
SRR, A EE L (Wraight e al.,
1998) o FHLE A A= 0000 5 Ty 3 2 SR B TR ) 3] A e Ao
JrAUR AT RERLAL A SRR Y, AT,
SR s 25 B3 Wk AT . AR AS R B T
PRZIAIH ) 26 el LK, R i o8 TR (3 i A
PRI 28 1 BF 58 6 B (R 45, 20135 F % 1 5%,
2014; X|JR4F, 2014; ZRVE4F, 2019; X5 4h 45,
2020) , EARRRIE SRR £ BoR T B
BB TE 22 5, ELT BE H 0% 8 BOW 1 B AR Y LT,
HAE2 ~8 d, FIHGEE B SIF R AR M E
BB IR, TR bR Z ] 25 5 B R R 2 ]
PRI A X AN () 2 2 2R A T BRI AR i 2 2 o0 b B2 1

TR A B R 5y — R R A AR R JUR
XUBE A (XUBAE, 2009)  FHT 8 000 TU/mg 7 2 4
FFBE ARG FIB VAR SR, 7 d J5 BiTRRUCR 5 3
92.28% , FFAUNK. LUIM ( LT HEEE, 2018)
SN S SO R S L OE )
PR BT R (LS - 1), FE SRR IR 5 R
R KB, AR, MMorHEE MR, B
120 h J5, BIEFET-H K 69. 1% , ViM% Rk 5
HUIS BT AR SR A BOEAE o A S5 rh BT A 1Y
FabF iR —Fh g 2 [RBAME T, U6 A A A 2R BE
B R S W% Spodoptera litura 4 B ( F DA — 5§,
2014) , JEZ Ak B 3 Y E 2 40 0 M B0R A
(M IEF5 45, 2016; F A4, 2018; F il 45,
2019) LKA K Wi ARAS 177 i, CAEE AR
ZAMX AT THET W AT 3R W 12 TR 4 A
B 2 ~ 3 ¥4 B B A B Bk &R
TEAEFIEL ~3 d, JEHS dJFaisET.

B A R SR A B A R e AR KR I, AL
AR EENE, XA Z2n, JFH
5 iLge % ML R, AT LA 25022 i R B ]
Kot ol AR 8 2% BRI Sk (B 25 P Tm) B (Anf 43 A
P, 2003) o REEE —Fh RS A2 E AL R
e G, HABEEMMAER, X Z2ME
WAL BE S, nTmgh R, Bk ARE
BB ( PMERESE, 2006) o BREIRES 1 DRH
PR TR 255 2 2 1 % AR, EL A kS R AR
T — P B AR KR R 2R R U] ((Yao et al.
2020) o A EARFERAEW K ot B R AEAE T, (H2
YRR 78 AN TR o 2R SRR — FP IR B AR PR 2l i
FRUY, FEEHEHIERREE. MHEs
KA iR BRI FILT A A, n] il R
WERWILT A G 2, iRz &
IERER R 3 A FALEIAS TR, o 5 S A TR
Bt J5 3RAFVE SR IR AR TR (e i R = 20. 43;
c. i BRIUIK =27.52) o SRR B 0 b K i 3% 2 R fit Tl
FfRAREE, T30 (2 AEIE, MBI A 1Bk
HUPRAE G TR AR RE E AL LT RS K
NS SRR A S =2 gy, Rk w5
B RUVRIR A IS ELA S Ar 3 E . B
A% HUR A RS HORS BB A TR A5 R g Ak 2 R B
XFIRBE R B SE B /e — RO T, fh2E R
T R HG B ) 45 A A S 9 TR 0 0
R[] A 26 P 05 A B H s D 200 3 5 N 23 % BT
FRASEIE (Zou et al. , 2013) , [AIR S T vk
B LR P 5 A AT PR TR I 5 YA R0 FH e

i VR A B B AR KGR A i X 1 AR R A 2 AR,
YLK AEAE 3R ( BERAE, 2006; JE /NS R SR A
M, 2007) , 551 AREESE, 85 2 AT AU BHEAR
EENG, 7~8 A rah dUrmp i w8 Bk
AEBT GBI N IZ A S 1 AR R EWIS ~7 5.
ARSI T FH ) J U 245 390 X A BLAE 2 ~ 3 i &)y e Yy
BB (H 2 i T SRR [ HoAth
fig 3 3 Ay, gl ORSORE T U, PR AR ] B
TR I B R B8 55 7 T s LB A g
A R SRR B 3 PR U A L e
WA, BOMBLBTE A R, BRAE AR, JF B IR
BURAK (AfE%, 2018) o KITALAYARIE] A= 9 B i
BARMO &2 — P T B o py a8, P 22
KRR GER AT, MALEEC LB T
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— BB T AR Ma09 PR T2, 1]
REAF=ERAR R T By (HRX T AR Rk RIE
IEERER AR 7= T A I A 24 50) TR I P13 /) 4 K
v e 4 TR TR Ma09 1T 15 A7 e A0SR B
B E1E R GDLY9,
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