% FH B 31 2#4R Chinese Journal of Applied Entomology 2020, 57(3): 682-689. DOI: 10.7679/j.issn.2095—1353.2020.069

J\FhE R T S R ERLE IMC-01
AR AL NS

WoBT ORRE KBE K % 3 K % R Iyxw wEE”

(CTRRZFRBE, 4RI 750021 )

ik

W OE [E®B] HUIH 8 Ry HIA 2y 5 05 I Fe A B i A 75 M KO Kk B\ Bemisia tabaci #5 HLUWEE ) .
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T EIDHIZAT AN 20.02%. 16.41%. 15.38%; F=RIIIHIZ3HIH0 17.77%. 15.90%., 14.96%; F£EK
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Compatibility of 8 common pesticides with Lecanicillium lecanii
JMC-01 and the toxicity of different pesticide- L. lecanii
combinations toxicity to Bemisia tabaci nymphs

XIE Ting JING Liang-Liang ZHANG Xiao-Xia ZHANG Ying
MA Yue JIANG Ling WANG Xin-Pu JIA Yan-Xia

(Ningxia University Agricultural College, Yinchuan 750021, China)

Abstract [Objectives] To determine the compatibility of eight common pesticides with Lecanicillium lecanii JMC-01, and
the toxicity of combinations of each pesticide and L. lecanii JMC-01 to Bemisia tabaci nymphs. [Methods] The effects of
each of eight pesticides on the spore germination and sporulation of L. lecanii, and their LCs, and co-toxicity coefficients with
respect to B. tabaci nymphs, were tested using the coating and dipping methods. [Results] The growth inhibition rate, spore
germination inhibition rate and sporulation inhibition rate of L. lecanii decreased with pesticide dilution factor. The
bio-pesticide Ispinetoram, veratrine and azadirachtin were the most compatibile and had the best synergistic effect with L.
lecanii. The inhibition rates of spore germination for 10-fold dilutions of Ispinetoram, veratrine and azadirachtin were 20.02%,
16.41%, and 15.38%, respectively, and sporulation inhibition rates were 17.77%, 15.90%, and 14.96%, respectively. Mycelial
growth inhibition rates for the above pesticides were 9.96%, 8.87%, and 9.74%, respectively. The best synergistic control was
achieved using a combination of azadirachtin and veratrine with L. lecanii. Maximum CTC was 315 and 302, respectively.
[Conclusion] Selecting pesticides that are compatibile with L. lecanii, and that have a high co-toxicity coefficient at low
doses, can significantly reduce the amount of pesticide required to control B. tabaci in greenhouses.

Key words pesticide; Lecanicillium lecanii JMC-01; Bemisia tabaci; compatibility; co-toxicity coefficient
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1K E Bemisia tabaci (Gennadius)/& 2 H
Hemiptera, #EElL Aleyrodidae, 4ERVEHA
oA, A EMEE L, FEAEFERR, 75,
HEA B TG G LXK, Bl Rk 4 vt
A G AR RIH RA Hh, Z5R0 A 77 1 ™ Y 28
Tefe (I EHAE, 2004 ), & EA M Bl
FHICHEUETE 1949 4F (JH5E, 1949 ), Mk E( L
SR = SR AT T, i A 2R S B
SRR GRS AR ) BT 7 DA SO
TN BT, Xk EU A R 2 LA
KePihFE R TSRS R R, BT
U AR 24 B M RN AR 24 5% R GRS £ R T
I AR TS Gy, IR T R A A . X RAE
WA A ARG AU SR S BIA T
i o B MU R B AR AR BG Tk —, ©
A E WA R BRI, B, FEE
CGBARZ, 2018), M (X, 2013), Wi
WA (FRFF4E, 2010), BEUMGBERM (&
GERRAT L 2014 )AF XA F BAYBTIHA KRS

B MU i L TR A e P S R B U T T
Y (Ghaffari etal., 2017 ), YER—FhnlJF
KA R YR 25 ) EEGE, STk
FBHER AL, WFH L OREL, I I AR
BB AR (Keppanana et al., 2018 ), I
WA Lecanicillium lecanii J& T2EHIH2E,
S R B O IR R, B R, R

WFR 2 (XIMSEE, 2012; ZEETES, 2018), #i
Hy (HMSEE, 2006 ), MR EL ( EEESE, 20065
HEERAAE, 2011), B2k (=B, 2016)
S RPN . HR R THERUE | 2355
B2 D2 14 B A5 ), 52 T R L R B R AR
Az PSR R R R o A, K R U i BB
SR MG B TR A L, BRRRIR AR 245 1
S RE IR B G o AR o R R AR 7R
ML, DU T S HOR) 5 08 I 8 R A 1 A 25 1
R HAH IR B U = BT, DUBIE IR )8 24
G RT, B AR R IR R RUF B T R
HRIEH]

1 HMR57EE

1.1 R

BB IR BRI IMC-01, 2017 4F 5
HaEsH T EEN4 5% (N 38°33', E 106°08")
TR 7 MR AR R U L o TMC-01 BA #kadE i 1TS
AR T 5% %, GenBank 5% MH312006 ( %
R, 2018) , PEFRILORAEL T i [ S 7 B 55 1 (R
1.0 ( CCTCC NO: M2018303 ) , & F]5 K
201811310451.X,

AR . TEARZE DY (N 38°33', E
106°08" ) i E KA (2545 ) FEbk [

PERR AR W 1,

®1 HIARAMEER

Table 1 Information of chemical insecticides tested

A 245 VeS| W (mg/L) LV
Pesticide tested Category Concentration Manufacturers
10% 58 VE Mk AT {8 511 AR 50 [RapiRanil]
10% imidaclothiz WP Neonicotinoid insecticides Nantong Jiangshan
60 g/L LHEZ AT R B TR ZARWRE 20 P G A A
60 g/L spinetoram FF Spinetoram insecticides Dow AgroSciences
50% N 37 i 7K S HOKE 571 MEIESE 200 JeIEik
50% pymetrozine WG Pyridine insecticides Syngenta
0.3%Z i, n] VA W 77 UERYNES 12.5 AR FE1E
0.3% veratrine AY Botanical insecticides Shandong Saide
0.5%EN R FLih ek eSS 0.6 RS
0.5% azadirachtin EC Botanical insecticides Chengdu Lvjun
22.4%I8 1 2 g R 5 LS Y 147 FEH
22.4% spirotetramat SC Tetronic acid derivatives Bayer
208 HL 1T 2877 5 EREITES 60 TR
20% clothianidin SC Neonicotinoid insecticides Jiangsu Huifeng
5% HY 4tk K 43 FoRE 711 E I ES 4.17 WA

5% emamectin WG

Neonicotinoid insecticides

Hebei Guanlong
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1.2 REHE

1.2.1 AFIHEERME HS w=0.05%mtiE 80
TR FE AT Vel I Ae A 1w, AR R IR % ( b
MERIE 92B HaUEERIRG 4 ) 1R, WAk
M 1x107 fF/mL (78T B P AT B
TRCH A Hh )T P T (s PV B2 L 5 A ik
JE - C7E T [R) 700 P o B Bty - FRRe ) A 10 1%
R B (7 D[R] ol P e it 1 ),
LIRS AR T BEIRRAE IR, s
1.5 mL B.04h, a3 5 AN EE, K ( i
i THZ-92B KR HiRIR %4 ) % 24 h )5,
WS LA T A, TR T A B R

T T B S 4 =
X RALFEL TR RO TRARAL o
o MR 2L T 3 R B )

1.2.2 ELARKAME  WH 100 pL A& H55 T
PDA #5573k b il B 8 FAR , BR 20 pL /1507
WE T HRACR I, DORERE PDA SEARAEN
IR, BigE 10d, TR 22 A KR,
22 A KA ] o=
IR AT R AR - RO B T LR
X R VA PR EAR
123 FREMNE H 05 cm MITILARTE
1.2.2 MRS LA 2 A WE0E, EDHRA
T w=0.05%"E 35 80 TR /K h I A Ve T, H
ERG T ( FIFEGE 92B AUEREG S )
SMIRAT, YfEE)E, mERER ( EESREE )
THEL, TR A
P 3=
KHHRAL P bt — AR
X R4 = fl

124 SR ASHEMB R EXT RN EE RN E
ASMNE  FIFHE w=0.05%0t1E 80 JE /KK
TR AR 2RI C A 5 VR BE AR BE o 2 e A
4. 8. 12, 20 F1 32 mg/L; WE e Bk i
J925. 35, 60, 95 155 mg/L; M Z Fehic &
el N 50, 90, 140, 230 1370 mg/L; S MEME
BB kAR 20, 30, 50, 80 1 130 mg/L; .3
ZAREEMCEWE N 5. 15, 20, 35 1 55 mg/L;
AR OB MR 1. 3, 4, 7 F1 11 mg/L; MLeF

100 .

100,

il i 9 9 80, 120, 200, 320 F1 520 mg/L;
ENAR 2 AL B E 4 0.2.0.4.,0.6.1.0 1 1.6 mg/L.
B A A B B e e, B O R
30 3k 2-3 WA HL, R0 10 s, FHARRAR BRI A
G, BTREFRML (=90 mm) ", FOEIREFRAE
(_F¥HRIE RQX-250 B AE AN T/3MR4E )(25+1 )°C,
FHRHEE 80%, L : D=14: 10 T35 48 h, ic
A HBETHL, T LCsoo

FH TR T 32 44 s o % A O TR o vk B8 Oy
1x10%, 1x107, 1x10°, 1x10° 1 1x10* #4F/mL,
I HH R B U By, kA b
1.2.5 3T 4IR R 25 5 4890 50 4% B X HE 9 EL AN
BAESZH B 1x10" 1 T/mL RS 3
TR IR AR 2 RE P B R L LR Z AR R (4
SR 3 AR, BVRES TR 5 A5H 10 1%
IHEIHILERE0) DR 10 1IRG, BIE
DU X KA U SRRSO ), ik RLE . 553 5 d
JEICSRIE AR, T LCso. BAZIXH . #J7MH
ISRV SIS Y

PRAEZGFIFILCs0

BT = R AL s

RA I E 1R EU(ATI) =
PR 2577 LCs0
RAZFIILCso
RIS TE I8 (TT1) =Tl (a) xa fEiR
FI T B + T (b) xb ZEIRF H T &7 e ] 5
HERH(CTC) =
TRFAISE bR s J1FRELATI y
RS R I RETT
1.3 #HiEaE

RIGEHEAH Excel 2010 1 DPS 7.05 %#f4:1k
178531081, Duncan’s T & 2T 2 H
2 BR5ESH

21 8 MRIAGMEHLRKERFALHNTNE

W5 A 24 i AV A o, SR 5 g e R e 114
7 W A AZ AT , 25 Ak BRI A AE 2 2
F(£2)

100;
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Table 2 Effect of 8 pesticides on spore germination of Lecanicillium lecanii

S fF# &R (% ) Inhibition rate of spore germination ( % )
Insecticide 1c 0.2¢ 0.1c

FEP Veratrine

12 L 2, Spirotetramat
LEZ R HEFE Spinetoram
EI#% 2 Azadirachtin
FUBEME Imidaclothiz
WEHi % Clothianidin

M 4F R Pymetrozine

A 43k Emamectin

60.78+1.03Fa 48.92+0.89Eb
54.59+1.03CDb
50.98+2.25DEb

42.7343.22Fb

16.41+0.89Ec
64.91+0.51Ea 21.05+1.55D¢
68.52+0.52Da 20.02+0.52Dc
70.07+£0.52CDa

72.14+0.89Ca

15.38+0.52Ec
58.72+1.86BCb 44.27+0.89ABc
68.00+1.37Da 53.04+0.52DEb
65.94+0.89ADb
62.85+0.89ABb 38.59+0.52Cc

lo: HMEFFUCIE; 0.2c: SARMVBEIREE; O.1c: 10 f5MREME . R B P B8R, RSV S b AR S 7
BE R [FAT B J5 A A [F)/NE P RER] RN TE 0.05 KFRY 22 B . T RIF.

lc: Recommended concentration; 0.2¢: 5-fold dilution concentration; 0.1c: 10-fold dilution concentration. Data in the table

are mean = SE, and followed by different uppercase letters in the same column and lowercase letters in the same row indicate
significant difference at 0.05 level, respectively. The same below.

42.21+1.36Bc
80.91+0.51Aa 45.82+0.89Ac

75.23+0.89Ba

FE M RIHERE R T, BERPAR 2 X SN Ao A T 7 LA B s )
670 A A0 e d s, BI7E 60%LA Lo 7E 5 A5 (£3),
B BETR , Mt i A PR A R B R R B, T T TA)HE 7 R BT R )Xo s i s A 7 7
60%L b, FHrh EDRE A S B IRy s FRIMEIRER, O 70.10%, HARZGFI A AR
42.73%F1 48.92%., 7 10 f5H B E T, LIS | WITE 50%Lh F o 78 5 4SBT, HcAs R ) 4
SUWEM . WE e T 4E b A 0 ] R A B il 2R A5 5, N 57.95%, HARZY M 247 35%
38.59%-45.82% 2 ], HA i = yas e b 7E 10 AR, MUIER | SEm
15.38%-21.05%=2 [ . WE U . H AR ER AP R AR FE 30.85%-44.86%

2, ZHZRER | R LE . B, B
2.2 8 MR UEH LR B T TR E AN

RIMGRIBAL, 590 17.77% . 17.76% .
Bl A 25 R B AL B n , JHEH 0 A A TR Y 15.90%. 14.96%.

A R0 PR AT A 0 3 22 5

x3 S HRAMNEHERE~AENF W

Table 3 Effect of 8 pesticides on sporulation of Lecanicillium lecanii

BNt FEHIAM A% (% ) Inhibition rate of sporulation ( % )
Insecticide le 0.2¢ 0.1¢c
FEPHE Veratrine 52.274£0.93Da 40.19+2.47EFb 15.90+1.62Dc

W2t 2, Ji8 Spirotetramat

L FLZ AW E Spinetoram
EI# 2% Azadirachtin
FWEMK Imidaclothiz

W€ {7 Clothianidin

ML 4F R Pymetrozine

A 4 Eh Emamectin

61.68+0.93BCa
57.95+1.62CDa
61.69+2.47BCa
62.62+1.87ABCa
63.55+1.62ABCa
70.10+4.67Aa
67.29+3.37ABa

45.80+0.93CDb
35.52+1.62Fb
41.13+1.62DEb
50.47+0.93BCb
51.40+2.47Bb
57.95+1.62Ab
40.19+0.94EFb

17.76£2.47Dc
17.77+£0.93Dc
14.96+2.47Dc
40.19+4.07ABc
37.3942.47Bc
44.86+0.93Ac
30.85+2.47Cc
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23 8 PRI E L E KRN

B 25 A% 2455 A AR, X B oy A R BT 1Y
PR 22 A AP B350 sl N , 45 A B R AE A 2 25
5(£4),

i P B A T, I o )Xo e i 25 A T 7
MR E, R 37.23%, HARZGRIAIN %
BIFE 25% A o FE S AR RRIR T, e e
IR, 70 28.14%LL |, HARZGHIMEH %Y
TE 20%0Lh b 76 10 5B T, mhirmn . &
WEMR . HAEEh . wEHU . IRHOEE, HRTE
21.21%-11.69%Z 8], Hrh ZEEZRER . BV
FOMNZE AN IR AR, 43508 | 9.96% . 9.74%
1 8.87%.

24 8 MRAGSEMBHEENERAETHNE
A& HNE

WX 8 FhEy AR 2 5 W RS B X A
A B R 70 E T LA HHERBRE Y LCso
AR 0.90, HKJEHR L | M 2 3L 5%
WHx (£5),

25 3 HEMERASEHRRENZENERS
=)

RAER 2. 3K 3 FIK 4 95T, SR
AR 3 Bh A IRAR 25 BEA T3 1 E o 3R 6 7]
DA, 3 Bh2y50) 5 i e B A R e R 5
IR , LCso B/ T H 2G50, b3 R AR T

T4 SHRAMNBEMERERELEKAFMN
Table 4 Effect of 8 pesticides on mycelial growth of Lecanicillium lecanii

EIE 22 KA 2% (% ) Inhibition rate of mycelial growth (% )
Insecticide le 0.2¢ 0.1¢c
FEPHE Veratrine 32.64+0.90Ba 22.73+£0.99Db 8.87£1.15B¢

12 i1 2, Spirotetramat

L FIZL AW E Spinetoram

EI# 2% Azadirachtin
SAWEME Imidaclothiz
W€ M7 Clothianidin
ML 4F R Pymetrozine

A 4 £h Emamectin

34.85+0.57ABa 22.30+0.22Db

34.85+0.21ABa 25.33+£0.99BCb
25.97+0.38Ca 21.86+0.22Db
37.01+0.75Aa 23.60+0.57CDb
28.14+0.43Ab
25.76+0.78Bb

22.73+0.38Db

36.58+0.57Aa
37.23+1.42Aa
34.85+0.78ABa

11.69+1.50Bc

9.96+0.22Bc

9.74+0.37Bc
20.56+0.94Ac
18.40+1.62Ac
21.21£1.15Ac¢
19.70+0.57Ac

®S5 S MRHEFSHEMRANENEMAERNENNE

Table 5 Determination of virulence of 8 pesticides and Lecanicillium lecanii on the nymphs of Bemisia tabaci

Ab P EVE Py FHIC R AL LCso 95% 15 X [H]
Treatment Regression equation  Coefficient correlation (r) (mg/L) 95% confidence interval
JMC-01 y=3.21x+0.30 0.996 6 6.30 1.60x10° - 6.22x10’
HEPH, Veratrine y=3.71x+1.69 0.948 5 5.81 49143 -6.863 1
SAMEME Tmidaclothiz y=0.57x+2.68 0.961 1 30.00 26.512 1-33.8058
LI i Pymetrozine y=1.03x+1.74 0.954 3 193.81 164.762 3 —227.981 4
WE Bt i Clothianidin y=2.43x+1.70 0.969 1 32.44 27.491 0 —38.303 4
12t 2,1 Spirotetramat y=0.12x+2.36 0.932 0 117.82 102.286 4 —135.723 3
LFZ R HE#E Spinetoram y=2.76x+1.74 0.954 4 19.38 16.482 4 -22.793 2
EIffi & Azadirachtin y=5.12x+2.68 0.954 7 0.90 0.798 8 — 1.024 5
F 4E£h Emamectin y=4.18x+1.42 0.909 8 3.81 3.1221-4.6539
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Table 6 The combined toxicity of 3 biogenic pesticides and Lecanicillium lecanii on the nymphs of Bemisia tabaci

JhEL] mYEpges HHRFREL LCso 95%ELAF X [F] IR R

Treatment Regressione quation Coefficient correlation (r) (mg/L) 95% confidence interval ~CTC
IMC-01 y=3.21x+0.30 0.996 6 6.30  1.60x10°-6.22x10’ —
FEP, Veratrine y=3.71x+1.69 0.948 5 5.81 49143-6.863 1 —
Veratrine +JMC-01(3 : 107) y=4.64x+1.26 0.998 9 2.00 1.364 3 -2.656 3 302
Veratrine +JMC-01(6 : 107) y=4.47x+1.19 0.976 5 2.80 2.068 7-3.786 1 215
Veratrine +JMC-01(9 : 107) y=3.99x+2.21 0.973 9 2.85 2.4031-3.3892 212
L HZ R E Spinetoram y=2.76x+1.74 0.954 4 19.38 16.4824-22.793 2 —
Spinetoram+JMC-01(15 : 107) y=4.84x+0.30 09398 3.29 0.6993-15.5136 289
Spinetoram +IMC-01(30 : 107) y=4.60x+0.76 0.954 3 3.38 1.2427-9.223 8 281
Spinetoramt+JMC-01(45 : 107) y=3.93x+1.44 0.999 1 5.49 3.004 1 -10.030 1 173
Ef&E Azadirachtin y=5.12x+2.68 0.954 7 0.90 0.798 8 —1.024 5 —
Azadirachtin+JMC-01(0.3 : 107) y=5.06x+0.21 0.9923 0.50 0.010 7-22.952 6 315
Azadirachtin +JMC-01(0.9 : 107)  y=5.47x+1.63 0.993 4 0.51 0.400 7 - 0.655 6 308
Azadirachtin +JMC-01(1.2 : 107)  y=5.81x+2.90 09732 0.53 0.458 3-0.607 3 297

120, ULATEZIRG X EA P FEIGREM .. mH
A DL S ) — i 24 500 B 24 v B B, 3
B RBOEEI N, ULRH 2GR B vy, AR T
RAE

Bl B2 RS Y e B LUK R L R 1
(03mg/L) :1 (10 cfumL) IRE)G, CTCH
315, T H BN FIs i 4 A i DL 100.9 mg/L )
10107 cfu/mL) A 1(1.2mg/L) : 1(10 cfu/mL )
IREGJE, CTC M9k 308 #1297, PHIEIHZELE
0.3-1.2 mg/L Z[a] 1) B i 6l 2 9 5 5 A ks o
P ARG (0 DI R 3G 2800 FH 5 2 B R s Ak o
1 (3mg/L) :1 (10" cfumL) IRE)S, CTCH
302, HHMEHEMAE., HIRVCEZRAHE,
& CTC Jy 289,

3 FHig5itie

FEAO A 7= b, g S B B A S B )
o 125 A1k, WAL A A2 B i HURE
BT B PR R 2™ E “3R”
AL, Ay IH 0 85 P50 A e R PR 75 3 T ik R A By
HEMN BHAT, EWNSMAE X TR 2 SRR
HLE R RCHEAT A e 2 T R 52
FHEIIT TR AR S AR 2 A A, O

L4330 0 35 17 5 Bkt 1 A R A A M A 1 Ak
ey, UG AR EES S (I %A,
2008; EARFAE, 2016; JEHEARSE, 2017; £R
%, 2018 ), AHHEHEE (2006) KFER (2018)
WFSE T SIS R 5 T AR 25 AR A, 3l i
HE AT R AR 2 5 0 A S R TR T A A PR B A R Ak
2 AR DN I YA R I RS R I E518 . AR
EAIAL, YRR LR AR L F B
W2 SRR B IMC-01 B 22 Kkl 5,
{1 BN (0 R b 1 S S A N DI = iR
A& BRI R R, AR/, X 5 e Ry
45 (2012), FE (2013), MRBEEE (2017) I
FAH—E FERBF 10 FRHBHRET, oL
AR . BEP0E ., EIRER N I A A TR AR T
PO PR | B2 K IR R
o HBEETHL, 10 fEMBRIE TN 3 Fdwik
AR 24 5 W I B R T A A R AT

L A DR LT S R R A ) 2 E 2
T B AR HUHUR PR s )R]
i, RO A Z55R B AE e (( FIE%, 2017 ),
ARSZEIGE T 3 FpAE YRR 25 5 0 I R R B 1)
ENBEST, R 6 I, EVRREE AL P05 0
AR TR A IO A BI R S 5 R B v 5 e L
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T AR R B 5 0 A A A B B T R R A T
CTC #J5T 300, &I ENBRZE FIZE Pl 5 5 i 4
B 2 C A FH LA A i RIS 88 o Ptk m]
WL, Gt 2GRV 2570 e B 1 i B, 5 R AU IR
FLR B, AT AR B2 AR 24 1 F
TR AR P 1 AR HAEH
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