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Assessment of the control effectiveness of insecticidal toxins from Verticillium lecanii

on the population of Bemisia tabaci ( Gennadius) in greenhouse

WANG Lian-De', HUANG Jian'* ,LIU Bo® (1. Key Laboratory of Biopesticide und Biochemistry MOE ., Fujian Agriculture & Forestry University
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Abstract : Laboratory and field experiments were conducted to assess the effectiveness of insecticidal toxins from Verticillium lecanii
(Zimm.) Viégas on Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidae) in the greenhouse. In the laboratory, crude toxins
from three strains of V. lecanii (V3450, Vp28, and V16063) at 1000 mg/L were applied systemically to eggplant seedlings that
were then exposed to whiteflies. Deterrence of adults and toxicity to offspring were then evaluated. The formulae

N Pure * Npre * Sgr * Sy Sprpy

Nk Pici * Neow * Sper * Swen * Sear

IIPCy, =

were used to assess the interference of the toxin to the laboratory population of whiteflies. Insecticidal toxins from V. lecanii at
400 mg/L and chemical pesticides diluted 1: 1000 were tested against B. tabaci on eggplants in the greenhouse. Estimated
population indices from life tables constructed for the 5™ and 6™ generation of B. tabaci were respectively 1.88 and 0.68, for V.
lecanii toxins and 12.95 and 30.23 for chemical insecticides. The interference indice of population control ( JIPC) values were
0.064 and 0.023, and 0.41 and 1.01, respectively. This predicted a decreased 7™ generation whitefly population after spraying
the crude toxin in contrast to an increase on plants treated with chemical insecticide that surpassed that on untreated plants, this

despite a smaller index of the whitefly population immediately after spraying chemical insecticide. These results indicted that
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application of crude toxins from V. lecanii to be the preferred treatment for control of B. tabaci and conservation of their natural
enemies in the greenhouse environment.
Key words: Bemisia tabaci ; insecticidal toxins of Verticillium lecanii ; effectiveness; population trend index; interference index of

population control

JB 1 B\ Bemisia tabaci (Gennadius)B—MF EHEE ZHHAEER BREBRENEN , A rWERY
WA R, SR SR, IR R YRR A HYRER, SR VPG ENAFRA BT 3 2£T.
M AERE 20 e 40 ERRGFIER, BE-HEENEAEMARAALEE LAY, BEREEFT KM B-AE
VRAREARKRE, FRAEELEZ 20 2T, EF SR BERK  AREX EFE~EREXREFR
KU, MTFREEFGARER, FRERAN EERMRABMAYT=ET AREERAEY BRI RTE
REBFIETERAEFZ A

WAL Verticillium lecanii (Zimm.) Viégas BEKE GIHAKEFRE XM RN A THIERASREER
WAEREMREZ - Riim THEBENER, FEXEEBHEY LERAZ—ERu" ., E4, 20
MW EBABEY—SENRE FRSEFAFHERERES " BAFRH XM E LS, mEPEE
BEVZAEEHHEANT RS TR A BRBROFAEA Y, NEFHFRAORAXEER, Bl i
S A0 R B R R A AR IR S F R B R BE R B TR RCR R T R A R0 T B IR R A L e A ) 4
ER.

1 #MEHE
1.1 Bk

AT BT P B SR 50 B B Vp28. V16063 F1 V3450 Ak & B R BRI B BRI Y (RE X 10° mg/
L KB EME MR AR V340 B A BBRERHEYORERN 10° mg/L), RRHERERERS
0.03% It iE - 80 FIZRB/KIEWMM B . RENN 10% 0 B BEMF(EMRZE  ERAKENHRRE
1000 1%) o

FARBERERNBERERARKEEREERAEHTE LW RN AR, XA &R 30d #
10cm FMIFFH . HERREXESCHEREERVBERAYHEARPORBRE M F D8 @R aE M, 4
HHEYAEPOXWRER T LRI NHTH, IEKEBRHS By ERBRREME.

1.2 EHEZRMRITESWE

JH 1000 mg/L #) V3450 ,Vp28 . VI6063 Btk % R AWK B M5! hEA T4 . BRAEEEZR
MFEH R ER)E S EER R E R EHE(RE(25+3)°C,RH=75% ~78%,L:D = 14h:10h), 7E 5B
R E AR, BB R & B B0, AL T 200 RIE G RIBAL | WA BN BERISLENMFH A
F AU AR LR, FEER FHEMSE R FMEH LT, EEMATELT,

BEEFNNE . BN ERMAERE g 2 F, 48 BT %K E2£4 1000 mg/L # V3450, Vp28,
V16063 Wbk BRI T £, 3 BB IV K + (£ 0.03% nt & - 80 Rl rt . BT 30s J5 , b 38 - F0%E B
M3 AR AR E R, AR FIL P, 3 E 3B 54T 5 (12em, B 20em) , F— 40 AME R B R R
20%, BEE AR GBI E FAESEERSEARAALIDEF BETERF,24h FHITRBRELE
xR FAAEER, (DR THEEE 1000 mg/L WRELLA N 3R ERERNEBE,

EEE Ph(%) = ﬁﬂgj‘\ﬁgﬂ% % 100 (1)

BRI E I 1 PR, TR BRI H 2 1000 my/L MERLE, X REA T ETAS AR
0.01% G .0.03% it 1 -80 B K VAL B, UK 30min F5 0 H 25K T . B —40 3B 20 X3 NI PLAYBE SRR,
BB ER 3 ~Sh, BB OITE FAGME(REEAR M) EY, BTERT, ILHTE, ™50 ,48h
B.OREBBHE TSR EHRERIRE, RN TR, §-4ABES 3 K. .
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1.3 AR S L =
R F 2002 4E 8 ~ 10 A #47. BT AH (8 x T — -] — —> @ Control leave
SOm’ , W SRR , 17 B 0.4m, BREE 0.5m) S04 g/; 9/“ e
L Lamyp chimne:
BRI 9 /MR (7 x 3m?), B3 R & B K LB X AIA petimacy

B, SR B/NX T 1 & R 0 0 W A B, 35 R

2N 1 K, R XA N 400 mg/L B el L
V3450 HERMEEY, LKA BB R H R 1000 FHE gl 2 AL
B 109 Mg 5 O I 4 Y 00, P B I B O K . AL Nl J@fw“;‘b“l
W3NEH, MEFE 2 XFhNE, B2 XAZ 1 L\ et .
e 1E1R Sponge i

R 5 R 77 o T TR R S R mwERg
PR GRS BN R EALE 10 BRI T, SR A

B R B T, E S L, Lom? /4 018 L n ERRTRRMERR
WARE T RS B RS . 2 KR sk 3 T ppersios Tresig oviposion o Semiio e
Fo MAQ)HEBAHBREER,

M HBEER Ph(%) = ﬂﬁé“%ggégg < 100 (2)

O A S AOBRE B < 1A 1/30 m? AR O REALEURE , B R ARERLIUI T L R LT 3B IR
B3 R RERBEAS N E D I 200 P9, B ATTLES AR I B I B BE LI 3.14 om® B LT /NBE , M B G321
%240, @RI TR R e B IR IR T T

PSP R G R B R o B BEALIE 2 3K, IR F R ERRMAER S, BT RS *
B RN IR 2 W PR AR AR PG TL G T AL I S B S R B

R U 0 B 4 P A 0 L S B A TR A VR B , 884G 6 IR, s M

TR 2 T 2 7 R B B R R R X, A BB T AT B P B R B 4 i (RIS T IR A M R
RSP, DITEBETHEAM S, bSO RS HE), MERIENR, 5% 20~ 25 M EE 4 IHEH A K F1Y
EE R, '

& EEMIETE TR AR ERGEAEFAREE RO E, ARERA T MEBANERT.
EREMNRAE T AR, R BERAEREI N BREREM MR R EEEENS ;;
BERRERTRANBRIET BRI BN, St AETFEFREEXHMme, AREERET, U
BAN M B F AR EAET AL FEFAEM. ERENSRTHAKERTE ¥R
MMEETBRRE ML B, HREBEERTEI(RE2), RAFEBTEELH R, A T 3 thEm 4
BOEF L, FASTAERRBNENY EESE SEEATRSRCHF AN KN TBERST
FAEERN . RAMMENBFAERERFHREM~NEREE,BE FHRE, BRRAEHMAESR . H
FREAGETNRE O, 5T LA BB RS EER T 008 G inER 82 %r,

e A mAMEREENE N EHEFHBLRE, EMRRLER M A, 0 FEES A E R BT
WA TEE MRS, WS MBI R %,

ERERPHBREUEENSAPHETETFIRE R EERCSRANnEAFRER B HEM
PLEEAA A ERE FIAE R, ARERASE s.6 REME,

O IBE. SEREAESRRENERBERBEHEHEOTIR . WA, AN BRR KR, 2003
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1.4 Zit5aHik
B A T 22 4R 1S R B T 46 4% 195 3K (interference index of population control, IIPC)J7 #8 (3 3% )1 Fl it 4 1%
PR TR MR R AR B M T B (4 )1

1PC Ny, Nop * Spr * Ssp* Sire * Spp * F Ppr » Pog v Py, - [prdTr(SAnTr)d]
N Nock * Seer * Ssar * Stex * Spax * F * Py * Pog * Pagy » [EPﬁCK(SAaCK)d]

(3)

KF, Ny N, 23300 4k SRS BT AU & 5 Vo, 70 No, 23 500 AL BRI B M AN 5 Sp s Ser Sine
T Spp, AT BIFRALHR X G0 AL HE 40 B B4 B R B VS R Spee s Ssor ~ S T Seq 205 X IR X BY L LK
hil A FEMFEER, F AT HIREINR; Py, T P 20 513078 A 28 X 50 X BB X 35 4 ¥ 50 &t 8918
R Py, Py, 75300 HE X A0 IR X0 3 Py, F P, 43 B 3878 A0 B X A0 0 B KR S 38 )5 10 % 8
By Py, T Py, AFHIRIRAL B X AN B X U2 H &R R .

7E(4) SN B RE A b AR 0 78 3 X AROB) U PR B ) 1 AR O R AR LR CBP R SR B PR O A B B B R A
LU RS0 &R ERENY) B AXUCA TR, AT B EXHR AT AF B THRAER.

N P, * Nepo » Ser, * Spp, * S
IIPC Y = l = ATr FTr ETr NTr PTr 5
r Nle Py * Npg - Sper * Swer * SPCI: ( )

H ', Py, 0 Py 20 50 0 AL B8R0 B 6040 BT B 3 5 Ny, F) N 5351 200 400 B0 06F 1B 0 40 T B e 7 B
S, A S pox 53531 g AL T A Xk R ARB BUIE AL 5 S, R0 S 53 50 Ay 420 B 0 ek R 65 00 00 7 S A 05 385 S, A S
43 T3] S A0 B X A A L £ 0 R AL R

HERERmAFRE TEREGRABTEARE S o REMR, EFBPNEME HERETH
WO R AR R e v FEAFIE A (S0, U= 1,2,3, ), AT 355 % B 45 348 # (1, index of population trend, B} T 4% 57 &
(Ne) 5 BB (N) B AR, ) AH % TR 2 50 (0 & 4150 T R 72 08 28 T BB AR B B ( F) A AR B B
AGE 55 0 B 4 L B A AL

HPC,, =

®1 BERREABRXARANTFRER

Table 1 The HPC of the crude toxin of Verticillium lecanii on Bemisia tabaci

ERwE  BRIEK  BEWELE AT EREEER P T

ﬁﬁ% ® Concentration  Deterrent index Fecundity ratio Hatching index Survival index of larvae Emergency index of pupae  pjpr
Torin mg/L. Pig/ Prex Nip I Nrex Spr ! Spex Syr/ Syex Spr. ! Seck

V3450 1000 0.3554 0.7035 0.7108 0.3260 0. 8423 0.0488

Vp28 1000 0.3577 0.7637 0.7699 0.4298 0.8662 0.0783

Vi6063 1000 0.3349 0.7171 0.7514 0.4267 0.8575 0. 0660

* Pppy  Pyox 51 50 29 0 28 70 X8 BB BRI A0 B0 B0 28 5 N N 43 910 Sy 400 358 700 565 B 90 R 0 L 50 M 7= 00 5 S« S 41 B0 20 40 3B O X B 19 4 40 L
WEALER ; Sy » Syox 73 B 0 20 SRR BE A IR EL A B IE R s Spry L Spox 2 B 0 AL BB O BR B4R M B P 4B F4L 2 Py, , Prack are the residential ratio of B.
tabaci under treatment and control, respectively; Ngrp, Npcy are the fecund of per female B. tabeai under treatment and control, respectively; Sgr, . Sgex are the
hatching ratio of eggs under treatment and control, respectively; Syp. » Sycx are the survival ratio of larvae of B. tabcai under treatment and control respectively;

Serr v Spex are the emergency ratio of B. tabaci under treatment and control, respectively

I=NJ/Nyg=8+8,+8, ", F+«P,+Pg (6)
FEEBERE T, N AHREHERESL, MERE S, WRAER— BT 7 SER, DX MK E
EER S, =1, HERRAE PR 1 BOBD 4

O EBME. BN R R LR A B R BRI 0, AN R AR R, 2003
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EIPC, = I/1 = (8, + 8, 8y,*,1,,F+ Pp« P)I(S,* 8+ 8,,8,,F+« Py« P)=1S§ (7)
FRRHERETF jWER, FRBR BV ERM G, MRAREANE R
EIPC, ... = 1(8;)(8)(8,) () (8)

ATHEEMFEXRBFIMBRANERS,
2 ER54GW
2.1 BEMBREREERNERE S AN THRER

R EER AR AN TR ERER(E 1)FW,3 MHEK(V3450, Vp28 #1 VI6063) H & 1000
mg/L YRR B B A SR A T I AE  , EE R EE N R A BB VE A 2 MR R, TR RS
ST M (1IPC) 435 0.0488.,0.0783 F1 0.0660, V3450 B #k B R K T I AE A EE, vp28 W T HAEA RS
2.2 TR R R R AR AUR R EL B AR R VR BT A

MFE 2 HREE RN, FERXUBAMNE S.6 AMBREER(D2HH 1.88 M1 0.68, H5H IEHR
ROAT 1L, ESHRE(C, =29.33) M, I E R REAZER 86/ 1ENIT 1, R ELBE 400
mgLIWERES 6 0,8 7 R BEEREE K, BREAMBEENH . RMTHRERERIER(IPC) 27, :
5.6 X80 IPC {H4 %1% 0.064 71 0.023, BPME FA V3450 BRI 5138 6.7 18 TE 25 T B 3 FRX /9 0.064
0,023 £, AN REES RRIYAREXMBE RN AR, ‘

%2 HHLREWERSLERANDERE BB ERDLR ‘
Table 2 Comparison of the effects of the toxin of Verticillium lecanii and chemical pesticide on the population of Bemisia tabaci §

{
i
¢
i

HSRERBTFAEER HoNERABETHFER
L5 I e RHAEF Survival rate of 5th generation Survival rate of 6th generation
Stage Acting factors AR BEEK 1B X X R X EXK {EBF X
Control Toxin Insecticide Control Toxin Insecticide
59 Eggs A R Predation & othess S1 0.8161 0.9673 0.8527  0.8006  0.8100  0.9833 ;
A Non-hatch %2 0.9521 0.6580  0.9530  0.9311 0.6514  0.9510
1§40 & & HE Predation & others 83 0.9264 0.9373 0.9381 0.9033 0.8933 0.9773 :'
1st instar nymph 1L % 2 B Insecticide $4 1.0000 1.0000 0.6216 1,0000 1.0000 0.7956
H W% & Fungi parasitism S5 0.9840  0.9204  0.9351 0.980  0.8913  0.9366
BEER Toxin $6  1.0000  0.7164 1.0000 1.0000 0.7200 1.000
2~4fh B A& RHE Predation & others S7  0.9000 0.9106 0.9211 0.8990 0.8724 0.9907
2 . g4t 1k 2 B Insecticide 8 1.0000 1.0000 0.6048 1.0000 1.0000 0.8921
instar nymph H# % 4 Fungi parasitism S0 0.9041 0.8970 0.9330 0.9823 0.8227 0.9440 §
BKER Toxin $1I0 1.0000  0.5127  1.0000  1.0000  0.5044  1.0000
£h 45 Pupa 8 & HE Predation & others S11 0.9203 0.9624 0.9862 0.9046 0.9140 0.9961 ;;1
BB FF 4 Fungi parasitism S12 0.9428 0.8846 0.9935 0.9811 0.8167 0.9972
B RHEAR Toxin S13 0.9999  0.7412 1.0000 1.000 0.7388 1.000
W £ ¥ Parasitoids parasitism $14  0.8903 0.8997 0.,9%03 0.8620 0.8011 0.9967
HRH Adult FiBE ¥ Deterrent index,DI2) S15  1.0000 0.4420 1.0000 1.0000 0.4367 1.0000
%% Survival SI6  1.0000  0.7973  0.4200  1.0000  0.7973  0.8250
MEHEHE S Probability of female 817 0.5725 0.6470 0.5731 0.5714 0.6388 0.5728

47 HE 0 B #E 38 Probability of
standard productivity

FhRE RS 245 (1) Population growth index 29.33 1.88 12.95 29.83 0.68 30.23
T 1 £ 4B (IPC) 1 0.064 0.4 1 0.023 1.01
1)1t 550 0 W 305 5 G 25 (T8 3K 400 mgy/L ¥K/10 % P 2 ok BT 38 44 9 ) 1000 A% 3K ), 3 2% 2 J 8 AIWEBE | X Application at 400 mg/L. crude toxin i
dilution or Imidacloprid (WP, 10% diluted 1:1000) twice at weekly interval;2) 5 ¥ 15 #{( Deterrent index, DI ) = Pyr, / Py » Pigy « Prox 5T 3 2 H 18] Fh ¥ b 3 E

S18  0.2877 0.2217 0.2514 0.2910 0.1608 0.2844

R BEHERIEEE Py, Puy are the residential ratio of B. tabaci under treatment and control population, respectively, in the test plot in \
greenhouse;3) A7 HE JH M E 2 400 Bi/¥E . Standard productivity is assumed to be 400 head per female
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R RN REAE, SR EE R AR EMNERRITIE(E 2). 7EABK, M RMKE, [
MBS 5.6 AR EERY 1120910 12.95 A1 30.23, BB ES 6.7 UM AR BEEE S5 L7 H5E 5 KK 12.95 %
FEE 6 1UH 30.23 1%, MR THERERMERS, XM 5 M 1IPC EH 0.44 B35 6 {4 IPC BRI
1,001,588 7 RAEE K 50 MK . 15 R 78 38 2 OO0 08 40 0 o T AR AR U)o R XA R L B 9
MEEHE,

2.3 EARBHBRATEEE TR

MFEITEOHERERSHER(EIPC) TR, BEE P, RENTRABELEMNBNEH HEREE”
SHEAMANMBEREERESER/FA, VBN EERT ,H 5B EIPCESFIN6.00f1.23,% 6
RFEE EIPC Y515 6.64 71 1.25 IR HR X 2 ME FREA, BHESE S RSB KB A B IS FILLR
FH K 6.00 Al 1.23 15,58 6 [AFF B K AR EE 5 R LR E K 6.64 F11.25 %,

HEX BANTABEERM 2 HERPERVERERIEEA T X2 MEFHERTHAS K
EIPC 4y %12k 19.78 #11.95, 55 6 {81 EIPC 4> 517 28.46 F11.98, kR H b8 —H FHER , KB s 1
Fo 4B IR 19.78 701 1.95 45,58 6 1Ay 11846 20 B LR SR HE4< 28.46 F011.98 1§,

B X B SN BREEN TRIPEMEN 2 - 4N RERNEENF, EIPC E4r5) 7 16.58 1 1.65,
BoRMBRARBMTRINEHMENEERF,EIPCH TS5 HTESBHEHALER AN, DEe X245
BHreERERRK TR, ATERS 6 A HHKBEBEHAK EFA(TE TN 30.23), Xt B IX (29.83)
BE.

£3 ERNBERTEERARTHEHEN
Table 3 The EIPC of the factors in different treatment plots
S AIREIS M (EIPC = 1/S1) % 6 (BRI (EIPC = 1/S8i)

e HRIET ‘ EIPC of 5th generation EIPC of 6th generation
Stage Acting factors MHEE BRX ABFEK MER ®HER (4FR
Control Toxin  Insecticide  Control Toxin Insecticide
58 Egg MR R T Predation & others 51 1.23 1.17 1.04 1.25 1.23 1.02
F ¥ Non-hatch s2 1.05 1.52 1.05 1.07 1.54 1.05
14l 4 R B H & Predation & others $3 1.08 1.07 1.07 1.11 1.12 1.02
lst instar nymph K25 J& ML) Insecticide 4 1,00 1.00 1.61 1.00 1.00 1.26
MM F 4 Fungi parasitism S5 1.02 1.09 1.07 1.01 1.12 1.07
EREAR Toxin S6 1.00 1.40 1.00 1.00 1.39 1.00
2~4 @B M AR HEE Predation & others s7 1.11 1.10 1.09 1.11 1.15 1.01
2" . g b2 2 B Insecticide S8 1.00 1.00 1.65 1.00 1.00 1.12
instar nymph B W £ Fungi parasitism S9 1.11 1.11 1.07 1.02 1.22 1.06
E R B AR Toxin $10  1.00 1.95 1.00 1.00 1.98 1.00
%% Pupa 8 RHETE Predation & others sl 1.09 1.04 1.00 1.35 1.09 1.00
H ¥ % 4 Fung parasitism S12 1.06 1.13 1.01 1.02 1.22 1.00
EEE R Toxin S13 1.00 1.35 1.00 1.00 1.35 1.00
FAEBF L Parasitoids parasitism Sl4  1.12 1.11 1.01 1.16 1.25 1.00
AL Adult B #AE W Deterrent index, DI _ s15  1.00 2.26 1.00 1.00 2,29 1.00
& % Survival s16  1.00 1.25 2.38 1.00 1.28 1.00
IFRFH§&$ Probability of next generation productivity, 6.0 19.78 16.58 6.64 28 .46 7.45
EIPC(1tox) ¥ Toxin 1.00 10.41 1.00 1.00 10.89 1.00
EIPC (fu) BB F % Fung parasitism 1.20 1.37 1.17 1.05 1.67 1.13
EIPC(p.n. )& B K T Predation & others 1.61 1.45 1.21 2.08 1.73 1.05
EIPC(p.r.) B FE Parasitoids parasitism 1.12 1.11 1.01 1.16 1.25 1.00

1) EIPC( PF) = 1/815-516+817-518; EIPC(tox) = 1/86-510-813-815+816; EIPC (fu) = 1/85-89-812; EIPC(p.n.) =1/S1+83-87+811; EIPC
(p.r.)=1814
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FIFAHBRAE BRI (EIPC) M B R XM EAFE BB RE X, HEEAN T ERNAE
RRERRE ;B S5.6 (UABEFEBIERNRN 1.11 #0125, “WEAHLM"WERSBH 1,457 1.73, BA
b B XA BT/ (BB AR R KX R 38 B F 42 Rl 18 0K . DR RE R B S w3 R A/, e e 0 A% s )

% 6 AN EE AR A B/ L ¥ K (EIPC,,,, = 1.00),
3 it

A 3CE S E PR E RS, BT I R 8O0 AR 4 S 0 40 B T U AR R B R A
e R REREFHR M AGRT SR HERR, S AR ASRE LTS ERITN St mERy
WAL R E W, 5

FEEREAMBEREY  HRREEER AR RSO S AHEE THER, Bh FTHERMMERYT ‘
AT HBREARR , X R SR KEFARERIIER 7= 0B MR EA, LRI =00 8 15w ; B 6 x5
REHE R BROBBREEARRAC, AEEMNEBE ERRMKERTEHERBERAN AEESEHRN
RBOR EDRRH B RAF MMM ZILMER PO TREM. MAT RS H R, T
LERBREFRM EARBO TR EHNRBREREW BNREEERE AR AZ BN THRERE
B RN BB AR S RAEE G TR, R BT REAEHERE D Ry RPN THRER
BHEEOENFE(KX O B L REBEGNFHR TREAIMEE (R ), AT ENENRHRERN
B B ARMBENTHER.

BETHERAAESESHEE, M A HFRIZNRESOEFETER AR G AR EaR,
BT —EEAETEEEETRTOBRBE" . MHXMATEARMENA ARMHEEMR, BT HIAMEL !
FIHER BB (FE)NBRUFE)ENNE, BEEABRA=HENRE, AT HENREEEER
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