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The broadly insecticidal Photorhabdus luminescens
toxin complex a (Tca): Activity against the Colorado

potato beetle, Leptinotarsa decemlineata, and sweet
potato whitefly, = Bemisia tabaci

Michael B. Blackburn *, John M. Domek, Dale B. Gelman and Jing S. Hu

,QVHFW %LRFRQWURO /DERUDWRU\ 86'$ $JULFXOWXUDO 5HVHDUFK 6HUYL
,QVWLWXWH +HQU\ $ :DOODFH %¥HOWVYLOOH $JULFXOWXUDO 5HVHDUFK &

Abstract

7TR[LQ FRPSOH[ D 7FD D KLJK PROHFXODU ZHLJKW LQVHFWLFLGDO SURWI
HQWRPRSDWKRJH @hdtorkaDdusMidrines¢éhs KDV EHHQ IRXQG WR EH RUDOO\ WRJLF
&RORUDGR SRWepiwRrda Hddamivéhta DQG WKH VZHHW B&WsiB tabRaci ZELLRWH\ISH

% 7KH KRXRU&FD DJDL QL deceptinga@eDADN IRXQG WR EH SSP DQG WKH J
QG LQL/dedertdlineata H{TSRVHG WR 7FD IRU KRXUV ZDV DOPRVW HQWLUHO\ LQ
DERYH BSt8daci ZDV KLJKO\ VXVFHSWLEOH WR 7FD DV ZHOO QHZO\ HPHUJH
DUWLILFLDOO\ IHG 7FD GHYHORSHG SRRUO\ RU QRW DW DOO 7FD FRQFHC
QXPEHU RI Q\PSKVY UHDFKLQJ WKH VHFRQG LQVWDU E\ ,Q DGGLWLRQ D
SURPLQHQW VXEXQLWY 7FDS$LL DQG 7FDS$LLLL. Aczémlireat®) BQBsRbECH DW OHDV\
DV 7FD LWVHOI LQGLFDWLQJ WKDW WKH DFWLYLW\ RI 7FD LV QRW GHSHQ
WLPH RI LQIJHVWLRQ

&LWH WKLV SDSHU DV

%ODFNEXUQ 0% 'RPHN -0 *HOPDQ "% +X -6 PhatkrhiakE s RuibniGeScensQWRHEW LFLGD O
FRPSOH[ D 7FD $FWLYLW\ DJDLQVWepiddthrsgaRi&eling@R IIRYVGDWAHRH H WHSNROHDW R ZKLWH
Bemisia tabaci. S Sournal of Insect Science DYDLODEOH RQOLQH LQVHFWVFLHQFH RUJ
Abbreviations

7TFD 7FE 7FF 7FG WR[LQ FRPSOH[ D WKURXJK G

7R[LQ FRPSOH[ D 7FD D KLJK PROHFXODU ZHLJKW LQVHFWLFLGDO SURWI
HQWRPRSDW KR JH @hdforEabdu\trirines¢éns KDV EHHQ IRXQG WR EH RUDOO\ WRILF
&RORUDGR SRI¢pinoRrdE Hadamidieata DQG WKH VZHHW SEWEB tAbRci ZEKLLRWH\ISH

% 7KH KRXBU& FD DJD L QL dEcanknRapDAMY IRXQG WR EH SSP DQG WKH J
QG LQ/#Wd@ndlineata H{]SRVHG WR 7FD IRU KRXUV ZDV DOPRVW HQWLUHO\ LQ
DERYH  BSt8aci ZDV KLJKO\ VXVFHSWLEOH WR 7FD DV ZHOO QHZO\ HPHUJF
DUWLILFLDOO\ IHG 7FD GHYHORSHG SRRUO\ RU QRW DW DOO 7FD FRQFHC
QXPEHU RI Q\PSKV UHDFKLQJ WKH VHFRQG LQVWDU E\ ,Q DGGLWLRQ D
SURPLQHQW VXEXQLWY 7FDS$LL DQG 7FD$LLLL. Aezamlifexa GQBRERbEH DW OHDV\

%ODFNEXUQ HW DO
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DV 7FD LWVHOI LQGLFDWLQJ WKDW WKH DFWLYLW\ RI 7FD LV QRW GHSHQ
WLPH RI LQIJHVWLRQ

.H\ZRUGV HQWRPRSD W KRaldih@tdbs Emifeatend LDFD WR[LQ FRPSOH]
&RUUHVSR@OGBRORBP#ED DUV XVGD JRY
S5HFHLYHG 'HFHPEHU $SULO 3XEOLVKHG 1RYHPEHU

&RS\ULJKW &UHDWLYH &RP_PRQV $WWULEXWLRQ KWWS FUHDWLYHFRPPRQV RUJ OLFHQV!

Introduction DQG QJ SHUFP IRUWKHVK®VHFWYV

7KHZLGHV S GHBG R\FRH@WD Q Vv Fygisyy MY SHFWLYHOV (QVLJIQ

H[{SUHV¥ IHRQIG R WRIBa\s thuringiensis 7 K AV FODR FIXR/Q V RMR/XRIS HUOH D GIIUDIP H V

KDMYRNALG HVSBRQBRY QUKIR W H Q WL F povg @/ F DK L IKUW U D Q V AWK G
GHYHOR SASHQUMA V L V WRQEHR [ LRVH b piL UH F V@ BVQH U P IWGDEK L AR QV K H

PHDQRVD Y HU W LBHIO D WREH Y HO R R HRQING R \R WWLH Q WDWRLGIGEE WAKW F DWW F D %
VXFUHVLVWINQEH SO R\ RHWY R[ LAV Kp o g/ F &l Q W KO W L P D W S| ON V H QWKHHG
DOWH URRIBMNIDFWLRRZHRQGQVLIQYRIEQPSOHKH/ FD®QGFDBURW BIUGIV
GHPRQVWUKIWHBescens SURGXFHGR W H R O WOIHIDIOAIWRK MPD O GAD $ L
KLJIRROHFXEDUWR[EQPSOMYKBWUH7 £ p gy ED$17IAD 99IQ BF D WIXNE X QLW X U H

RUD G\R[IMFR. Q V H PARVZ HeQ al ODWXAFHPRQVEBVWWRDRIZBDD$TZEDSLLL
VXEVHTXEVRADDMW WIRRIVK HWR[LRYGC 7 p b og ED Y QBFDZ LW ULTEOBWRMW L HV

HOXF L CADRUAHGMAK B Y F REKIHBL Q MK D W p y W FDGIOY MBX QUXWFBVZ FD$SLL 7FDS$LLL
W LPBIJUHGWIROS UR J UKVEH HRD G HQ o4 R 7 Him O %0 D F N EXQ@ Q
GHVFULEKRUUDQJHPIMEW B QHP. R qw WKWDY W XAUFHR U7 F G5 UR W B UGNK H

luminescens :D W H U | HMIADG "X F K DXV SURGXRWALQIJDHQHALNMWKRAFDS$ 7FD%
DO DQGQHWHUPWEHQIL IO HWE Fr\WHEE® QBFGH USHURWHR CRO/HLBE DB G\

UHTXLUH PRI S U H VR LIREW WR{ L Q Ve kI O SU R F H WWRH B P S O HI-RZ H-OW
:DWHU | LHHWD® , Q DGGLWRW(&H&O *X RH\W O 7FD’FEDQBGF® KDUH
LQVHFW DVERFWHBINGE HH@KRZWR v 30 [ | \FIDRAD D WIRED 8 @ F OD U H
SURGORRFR VVHVYWK B QF RIGRIP R O R J 4 kY o vip igram ioHA\QV X UMK D W HP L O D DILWYK H V
RIWKHWR[EQPSOHGHNL DRI ORRD Y H7 F by QFD KM WH U PK Q& B L W KFES
EHHQHVFULBRBVKWD[RQR P LADOMMHF G § K D WHRWPYLPLODDILWHEB® KL O H
Xenorhabdus nematophilus 0R U J AW O WK& WHUPKQODRO7FE$ GWKDUHWWULNLQJ
D H D erratia entomophila ~ +X UM WO VLPLODUWWEZRB%7KXV LI FRQVLGHUHG
D Q¥@rsinia pestis 3SDUNKLOO HW DO yHTXHQWEZBD®DQG7FD%FRQVW LW XW H

KRPRORJXH RIDWHEUGLHOG HW DO
$QLPSRUWRQWL G HU@MWERQHOR KRR HQ W

DQLQVHF W WKV LW S MR WSO K ROX I Kk % D Uy KW R [ L RUTR\D U R P. luminescens
JUHBWD®R N QRZXE RWWHMR [LRQBRG . |\ pRQEH H®R F X P H QWHLED, \sota

W K HDLUW D Q J HFPRFB/D U D W/LWYERU P DW bR ) G Wi HW H UWKIR [L RUTMAD JD L O VW
L\D Y D L OFDGAOXHHS H F DIFLW L YRUIW K HW R L @\ kOO H E MLW R O B RIUGRR luminescens
FRPSOHRUELIIHUHQAMMMFLHWFRUDO b @ HVIMBI® L BR WKKER O R LSRGRD W R
DFWLRWK\UU%ROM*HEEPSOHUW' E H H Wepthhotarsa decemlineata D Q &/ KHZHHW
luminescens : KD YEHH H@H V F U L BIHE0 D WA ¥ \ij g R W HBeBrisia. tabaci E L RW 96 H, O
GHW®DRQA EtQl DVVDVRGLERPSOH{ G G L WwHRRQ YL R O DMEM GDIMO D F NW QR

D 7FIDJDLQMWQNadita sexta DQRXQGg y R w H R OR QH BAWEEAQARDMR Q GF D $ L L L

WKBWHGDI& ZDV QJSHBP RIGLHV\bQWHVWHﬂ-IPDL(ER(BJBGDHDL@S/WQG
ZLWR XE VW D/X\WS 5D 8 RVILRRY DR X F K 63:)

ORZHFBQFHQWUDWLBISHBP ODUYDH'

JDLQAHI JBWQ O\ R W K KIRWU PUDBDAXR .

H\W O G HW H U RALIQRAGS & VR|7F®QGMaterlals and Methods

TEFBIJDLQRYW KRUMR RW ZRHUPHD Q G Bacterial culture

QJSHBEP RIGLHMWD L Qstrikia nubilalis D Q Gp. lJuminescens : $7&8& ZDPDLQWDLQHG
M.sexta 7TF@ADYRXQWRDYHK® VRI DQG RGODARIYWDLQIWRWHBRSWR QB3

QI HKEP RIGLHWLOH VIRUFEZHUH DQG DJDU 'LIFR /DERUDWRULHV

-,6 %ODFNEXUQ HW DO
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Figurel. 6 FKHPDWLF UHSUHVHQWDWLRQ RI WKH WFD DQG WFG JHQHWLF ORFL ZLWK WKHLU
WKHP 6LPLODUO\ VKDGHG DUHDV LQGLFDWH UHJLRQV RI VLPLODU DPLQR DFLG VHTXHQF
E\ DUURZKHDGY 3HSWLGHV ZKLFK KDYH EHHQ GHWHUPLQHG WR RFFXU LQ WKH PDWXUH
LWDQOIRFAHQ HW D&R HW DO

ZZ2Z YRLIWIJOREDO FRP ')R&2 W R/[R @olation of toxin complexes
SURGXFWKBRBDRDFWHHUBXOWXQHGLW BB SDUDYWHBHHW IRURPWGEHZOHWW 3DFNDUG
IODVANRQWDLQLRORI 33 DQG +3/& +HZOHWW 3DFREWG

7ZHHQ WKHXOWXHUMOLWHWWRWBE ZZZ KS FRIFTXLSZHWBWXOH[WHUW@DMMHFWRU
IODVANMUPIDLQWDRWH G IRU KRQDQ DQG PO6XSHU/RRSBHUVKBKDUPDFLD
RUELWKDODHY USPSIWHWK WKRHXOWXUZHBAY DSELRWHFKHRR®/HR [LUD FVWIDR/Q

ZHUAHQWULIKUH®LQ@DW 7 J 7TKH FRQFHQWUIBWWGD I L XWIU@INVLRNQD
VXSHUQDANDD/GWFDQWRHGUHWD LIRRIGFXWRUHJHQHUBPHMHOX O RN BHUD QHKH Q
SXULILFDWLRQ RI WR[LQV GLDILOMHWKHRS0 SLSHUD]LQS®++&0

$OLTXRWKHH V X CP\W MWHID H DR D RIS
Preparation of a crude toxin fraction FP; FPFROXFQFNAHGBRXUFHDQLRQ

7KHsuHSDUrRWD_R@xc;/\HR[UQDFWZLm\QH[TFXKL%QLJE%%'f"NU"%//&fE’g"EggEB]FCW(SKEDX%{\DV

VLPLOMRUK W VFUEE %@ 2 HRQ 6QVLIdY | o b L, PLQJUDGLFH&I-QJIQW
%ULHIO\ PORI'($( B6HSKDFRY JEHAMO WK@BWLSHUD : R0

HTXLOLZUDWR®, +32 ZDEDWFK PLIHG : Q J L QAX

Z L W KO L WRIIB X O WOUSH U Q tPw pHnpp ) U D FW IFRR@WV D LAFIDED VHRR6' 6 3$*(

GUXBROIRHIK W K D@ O RERE W Yoy V2 QD O \FH USIR R 0BG H 1U D F W IRRUEW H G

VXSH U Q DB BGQME D Q VI LV F D T 6 R XUFH FROXMI XL O L EDIDVKH G 0

"($( 6HS K DV®hoz D€ R X ULLOAN RE P WULHWKD QR CEDXRLH3H +&%0 L T XRWW

WKH QPDEVR U EIEAMD ELDRHGH U H> - - K JKEER‘E RWEHLE'?—}\(Q Wk

HOXWIEWGK PO .&07KHHOXWHWHBDE G Q ) QW K HHD

FRQFH QW EDMH GXOHGU D | L B waiowkL & bWK  PLAUDGLRIQW PO . &OL QVKH
N'DUHJHQH BB &eHBIREN DIQRE R X W YL HWKD QR GEIXR LFQUHH -G&HIQRVIZNAD V

P O7KLAVR O F H O WWIDRVEIBWX BG SO L § § UL BB 38*(DQDOWKHFRQFHQWUDWLRQ
WB FP. FP6HSKDBU\GROXPQ RI SXULILMF®ZDVGHWHUPXYHGWKH
PODOLTXRMWO XVEHWK PO SRWDVVEERPDVVIGIXVSSURWHRQVD\SLHUFH
SKRY S KEXVHI B+ DW POSH®LQ 222 SLHUFHQHW FRPKHDQXIDFWXUHU V
7RILQ FRQWDDOWQURRGVKH FROX P §YRWRERER Y L\GH DR E X REQ YR WK H
Z H UG H Q WELD VHAGES ' 6 3$* (D QDO \wQg VWD QG®B@S* (DQDORILIVD FW DREGV
SRROHG

%ODFNEXUQ HW DO
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SXULIWRGZHWUSHUIRUPGIG JHOWLQDVVD\HG/LPAMMKNRWDO |LUNV@VWDU
WKEBX | IMW WRIPDHPPOL 7KHHA@WUHQ\PSKYRUFRPSDULRRGWLWKFD $LL
VWDLQMBKDVW % GRHEVKIKDUPDFISRLIHDF&LO X WD RS O L F W IR &NMVWK
DFFRUGLQJ WR WKH PDQXIDFWXURUQLRRY W UXAVPLRICAS KVH V WM B F K
FRQFHQW UQWLREVWRDLQWDLRIHG
Bioassay GD\WDWKHQ®IWKISWHULWR&E XP E HRU

YR& 3% VVDIMUGDOXRIZFE@HUMHS SO LK ELWHMKBM DFKHA Y HQ VDI D FK
WR\RSKLGHM®I®UWLIGEHR@3% - RQFHQWRDWRRIIQ GLQFRQWURAV

*HOP BI@O T KIELISWO CHWRUPHGHWHUPLDHGHIIHF®RI 7FD $LSLLL

E\SRXUMXGLH\YVER DVWUPND VK LR QHYR FHQWDWEKRQLW IBDIRQ J HADL WO VR
[URPSLSHWWNIDFNMWHH]LOQGWKH G HWHUPLRUYDG X@WVWVGDROBGXOW
O\RS KL ONKBQ B L UM L QIOKIIR U P 7K H 2 K LW H ZOLLEIW S L U DWRHES0 D Q WD LIQW R
O\RSKLOHDHBHWIKHGP )"  PJ DOG Y PDOCDDEDHVW ENEULIH(S R V WEI2

HDRZIRXDEVRUE«®REZDWRID7F LOoXWPRGUDQVIWREPIDG BWALLY KHKH LIS

IR E LR D V6/HU GO X VRIRKIAH USHU H S D UfEHSH VBULLFR Q WD QRIS 8 Q I Q PRVAR. IVQ
O°Y H W/ i ® LRO O DWIVIY® AV RRSIW KYH. D O

L ZDWHRP H G L DAMHRID SIS O \WRIKGIL HW, 5 ¢ o v ' ypg W UHWEKRBDUD ILRRO G

&3%0ODUYDHIISODFHGGLYLGRQWAH K

ODFWVFUHRDEQWRLHAK PP KROH
UHK\G U BWHHME O OLHQW \Z H O/OL V P XD W X 6 H HEU L OTKHNG. DZOAVU H O @ H\E K P R |

SODW& VH[SHULPHHQUHY Q G X FRMH & \QWHID[T(XHFGG_\HF\RQWDLQL\QXJFURVH

ZLWEXHR QO WUHYODHA H UUHH S O L RO KIWGH %PLQD—IQ@DULRR(QFHQWEWD-R@LVL
U
1\

VHSDWRFB YV ZR /K ODU\SI]HHWUHDWP%P
*URZWR K L E LWWLRGLHHWH KLQGXUDWLL% LW & H D OZLQABKO UD | IDAPGQYHUVLRQ

XVLQ#ZBE G\ WHG RIGG/ @ D U DIHEH U H RIS H Q L QU KSHH WELLLMAR Y HD F G D\

UHSHDN\ZI-L(EHWKLQGLYLSIXW(D‘HDWP@@QPEHMXUYLNGQ@WHWHUFD[Q;G'G

ORUWDOGDWDRMKH: H[SHULPBERQW DGDRIVXUY ZDORD O F X ORWBIEK
UH D W)RUODWEKL O X WIZRQ $$LLDQG
DQDO\ENBURER@D OMMLQQHY  %RWHKL 1 gpowwkEGIDMUH  UHSOLRDWHYV
PRUWD OQWIURZWIQK L E L8 DRV@DH U H QW BRe DY
VXEMHRWRHBJUHVY QRO \WRY ORJLVWLFE B
SDUD P HMRHEHOV L Q&L J P D 3 O/FRWW Z D U H
6366 2ZZ VSVVVFLHQFAFBRPLV V L ¢listology
VXEXGILWQGLLUHIHUUBNEFD $EILL OLGJXRVHF RIQEGY W Bdgemlineata | H G
DOGFDS$IAHUBVVD\RGQHRQBEWDOW SSP7FORU KRXWZWUGELVVHFWRREK H
FROFHOWGBRWURUSRCREKER) /& ODUDRIGODRKBRXLIQ [ WRWHKRXUV
DOG IRUFIPRUWIZOMFRWDIGK 7KH JROORZL[DIW PR G J XIWUZD VK H G
DV V ZWUSH U | R U BIGE HW KO D U B B F KH W K D QWKH®H K\ G U R WHI@H WK DQROL H V
FRQFHQWRIHDERRPSOBDG FRQWURQFOXGLQEIOQ HW K DVQERHDP R/ [HF H V V
ODUYDH LQ HDFK DVVD\ SLF WAL GVUDQV I\WR\OHEH) @ PEH GG H G
RYHUQLDRWUDSODVW2WRIDBE ZD U H
6 Z H HS/R W W RW HD\OW DAN USIH U IRURE GZZZ ELREDQN FR NU PDNHU RRR R[IRUG C
Q\PSKVQ®GXOQWNMWHI@HHBHD (ROB (PEHG G MG VV2THV H F W L R@HDGU R W D U\
YDULHRWSODQMOFOLPDWH FRDYMHRIOHIGR VORRHP 6 H F W ZRIQWH O DR BZ® W H U
FKDPERUWWFXE DM RIKVKOLJKWGDUNDW f & PRXQVRMIBOEXPLQ WRODREHE H G
SKRWRSBHWLRGf&QOGERXW UHODWRYEO0 D KR L] R QDGO LR Y HIW f &
KXPLG WO P QW O 7KMVHFKQIRMWXKRYHUQLJKW
DUW L IHFH.®I80Q\P SKAD\DVGHVFUEEH G
“DQFR\BR 7KHD T X H YUY L IG IEH W@ X Q WHHG WEZ R Q3H SD U D | 1IL@ EK-DAY J H V.
FROQVLRWHGHD\MWWWUDEW VXFURWH[\OHQMUD QV | WK U RGIKUFHKID Q JRiIV
'LOXW IRRTQAZ H URD G HCD U W L IG EMDUEICS D E V R ® WK IBDQCRGH K \ G UMD WUHRBX\IH U R H V
ILOWMUHUL ®KIHOVWHULOGTHRORE D T X H RMAVK D\DFRMX WE IRFOW LZRQNAW D L Q H G
tabaci HJJXH US$O D FRHI/ KIM H G IDGS D U D W IXWRKD U D JKIH R D W R [E@W®]]L IROORZHG
PHPEUDD®EOOREROWFRKWKIVVRL E\ &DVVR@WLFKURPHUQODQ DQG
7FHDRXLO XWRBQVD\HGNLPANVWK H[DPLQHGWKILNREOLSVHFRPSRXQG
WR  |LUIVQW @[PS KDO W KR Q WBLLAEEQ@Y PLFURVFRSH ZZZ QLNRQ FRP

-,6 %ODFNEXUQ HW DO
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Results Figure2. $ )JUDFWLRQDWLRQ RI WKH FUXGH WR[LQ
Isolation of toxin complexes DQLRQ H[FKDQJH FKURPDWRJUDSK\ RQ D ; FP ¢

OXPQ DW S+ 7FD DQG 7FE UHSUHVHQW WKH
7KI$ULPBBPSRQRWXWR[IWFWL%@ WKH FUXGH IUDFWLRQ 6XEVHTXHQW SXULILFL
SUHS D& BV FUERARZ DQ R VLJIQ SHUIRUPHG ZLWK WKH VDPH FROXPQ DW S+ e

ZHUHFDQGFE6HTXHQWDPW®WLRRIWKHRQUHSDUDWLRQ DIWHU SURORQJHG VWRUDJH DW
FUXGHSUHSDUDWERQ DQLRQ H[FKDQUX¥PUDWHG IURP WKH SDUHQW 7FD %
FKURPDWRXVUDSIKSHUD]LQSH +&DQG

WULHWKDQRODP+QH H=RAITHWVWWVWHPYV
\LHOKHGK®XULITHIBQGFE7KHRXUFH

4DQLRQ H[FKVREWHKHMHS D U DADIMR Q V

IRXQGEH XFIOHBVYR@HRR X O MKIDMK D W

XVHGEUHY MMXXCRLEBKHRAPSORXH® K
WKHLSHUD]JLQBEX4&OU\VWHBGHTXDWH

UHVRO RWIEBRQGFWDWFKLHYHSBXUH

$ 7TKHLQBAULILFRWERIQGFEZDYV
DFFRPSOEVEHG-DUGDGWERYY ¥ MHK®

TFDQGFEBHDNMWGH 1UDFW LHRDFSMILID J
XVLQJ WKH WULHWKDQRODPLQH +&0 EXIIHU VA\VWHP

7K 15 X U RWY KAH [3 U R G XI(FQWE P B Q Q HIIV
DVVH\EX6I'G 3$*( WKSXULITHIBLVSOD\HG
DEDQG IS@QIWWHUGUH WKEZWWLUWXDOO\
L G H Q W/IRFHOGWYV F ULE DG O HBR BOWR Y H Q
HWO %ODFNEROQ ,QWKHMHUOLHU
VWX GAHX UL IE\NGPLPBWKRBVKRZQ
WRLJUDWH LQ EDHREQ DWDYBIURNE V
DQGLVVREQIWRED WWKRA@ L J X UH
7KHDEVH@®EDQBVJKHW@ROHFXEDIKW
WKDBOD W KH JK EDHGY L G i Q & L F\D WIHW
7FG 7ME SFHRP S O H[MWGIR B/U H V H QWK H
VDPSOH

,QRQHQVW DY W UR O R @ W-RAJ [F DH
PRQWK@VKFHLSHUD]LEXI+HWMXEVHTXHQW
IUDFWLRQDWDRQWKWULHWKDQRODPLQH +&0
EXIT'WUVWHPAVXQ@WHIGBIRWRY7FD$DR G
7FD$SMAEXQIEWIVS$ IZLDVR EV HUWIRED X W H
HD U Q\LKIMQKWH P D L FIR®B AHD VH S D U Dhe Effect of Tcaon L. decemlineata  larvae
SHDNLIJXWh ZKLGHADSZDWY RWHFRYHWHRG WD ®LWHR Q RW #ecemlineata ODUYDH
‘H VXVSMABWK PD\EHGXMWBURORQHISR WHRD U\FRD FHQWR D AMDRRQ KL V
H[SRVXWRWKH HODWDRE®+* RI WKHVKRZQ@LJXUH3UR BDLOWD ORWEKFHRUWDOLW\
SLSHUD]|L@KHEDOWKREADKNEQHDYBEGWQGLFD@WHVRI SSPTFZLWISSHU
7FD$DQBFDS$IWKHD $LELLDSSHDWRG®QOGRZHU FRQILGBQFIBWY SSPDQG
SRVVHWRPHZKBRUHRI WKHKQ FOHDYH8SPUHVSHFWRYH®BURIRXQBZWK
7FD$LL 7FOWEKIDMKIW\SLFBPOBUHSDUDWQRRIQELWIIRQHYLGHQW PXFK ORZHU
XVHIR EELRDVIV@N K VW XGLIXUH ,Q FRQFHQWUDWK K@V [SRVX\WKH RZWK
DG G L WIRRKIHE VH @ FMKAHO H D ¥R Q G R VHFR QG V W.Ddkcemlineata ZDVDOPRVW
7FD$VIXIEX QWWSVH S D UO IVENGED Q GH QW LILHKONEEWR® FHQWRBDOWNDRAUWHU
DW N'DWKDWSSDUHQWXUHWKEDQGWKDERXWSSPZLWKDSSD UEQWQWWKH
LR IWHQLGH@MSUHSDU DWBBGVWIWRWDQRH WR SSP)LIXUMH $SWKH. IJKHVW
EHD SURWHRODNPFRIWFD&EDVH® FRQFHQWUTAMLHR\Q\W &H R ZMKKLELWLRQ
ZHVWHU @ GDERWMIMDR WL AFDBXP DVVD\ SSP RIWKHDUKDIG L HEGW K H
%RZHQ SHUVRQDO FRPPXQLFDWLRQBIWKHSHU L PHFEWRQGY W D U YHG

SSP 7FD IRU K HIKLELWHG VHYHUH GDF

%ODFNEXUQ HW DO
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Figure4. $ ORUWD OLW\LkinOtat$aQ D W H

decemlineata ODUYDH H[SRVHG WR 7FD IRU K (DFK ¢
UHSUHVHQWY WKH PHDQ PRUWDOLW\ “ 6(0 LQ W
DVVD\V RI ODUYDH % *URZWK RI VHFRQG LQV
decemlineata ODUYDH H[SRVHG WR 7FD IRU K (DFK ¢
UHSUHVHQWY WKH PHDQ ZHLJKW JDLQ * 6(0 RI C

Figure 3. 6'6 3$*( DQDO\VLV RI SXULILHG 7FDYH QNP YWLMHOWR FRQWURO ODUYDH )RU HDFK SRLC
SUHSDUDWLRQ RI 7FD LV VKRZQ LQ ODQH BVYRIE R MW ZRpVHIPURWH RFFDVLRQV $W WKH

SXULILHG LQ )LIJXUH % LV VKRZQ LQ ODQKWRRFHQWUDWLRQV PRUWDOLW\ ZDV REVHUYHG
KLIKHVW GRVH
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PLGIXBLWKHPULIXFRIH7FD $&LLEDV Discussion

IZRKXL%EDZDX;VI R X QSV[F‘!AE/HI?LHQRDQF VDLVWVHK H- H KDYHRXQ@®WKDIWKULILH®IURPR.
inescens VWUDL QW UDWR{WH RW.K

FROQFHQWUDWLRQV WHVWHG )L decemlineata D QB tabaci $ O W K R2HRK R DH
K/& |RIUdecemlineata WBHPRQVWWDWH
Figure5. $ OLGJXW HSLWKHOLXP RI D VHFREAMODGDROMH SNGCGQ WV O HW K D AL V
Leptinotarsa decemlineata ODUYDH IHG DUWLILFL DO HWBKYB R KRRIZPRIQ FH Q W UdDW IRRR) X/U

OLGIJXW HSLWKHOLXP RIdecewthe D UQ D\

IHG DUWLILFLDO GLHW FRQWDEE%E?EBQJQ, @%%MLWHMDVRWOH

HSLWKHOLXP LV VHYHUHO\ GLVUXSWHG D% e W& PR WERITINWD R

ZLWK FHOOXODU GHEULV VFDOH EDUV \R XMLl decemlinecata OD U YODDWHRQFHQWUDWLRQ\
EHORZD SWRLOOYRM@\LWWRAHVAFXUUHG
DWFRQFHQWUIIBRLYRIQY SSP 6LPLODU
UHV XZHWNR X Q8 W KBHtabaci ZKH{HGVR
ILUNVQW @ PSS KVRQFHQWR D MVILG/EW
WR SSPUDQUHVXQWHG UHGXFRILRQ
Q\P S KSW R JUHWWRLKWHH F RLGG/ D W K R X JK
WKBHUWLIGEHWOI HWE E® O LREX Habaci
KDQRWWHHSHUIHPWKHBSUHVWRYLH LW\
RITFDNERWKPDWRQW GXDRLWHLYLHYV
FOHDKUMH I | HFWFBR QVKRHLGIK B LWKHROL X P
L. decemlineata ODUYDMHVVLPLOWRWKDW
GHVFULE@® DU RMHsexta % ODFNEWWOQ

,QJHVWRIRPDOH®W R [WHQDISYRDO
V ZHO MIQEO H E ERIQKHS L W K HIDQ &K H
JXWOXPHRHFDP$SDFNHHGEWEK\WRSODVPLF
YHVLFEOHSHUILPLRBONMNHRW FIRQWKH
PLGJRWWLPLQRW KHW D PMWRNGXW K
DVWKH HQGRWRIDQYLS $I1URPB.
thuringiensis 6XWWRGD XQ .LQVLQJHU
DQGF*DXJKH\ (QGBQGLVLLWVXWVXML 8ZF
<XHWO DVHOWKR O HWYIHAIRVH

3IXUFHOO HW DO

,QWKIMSRIMGRFXPHOKMHUHQGLSLWRXV

LVRODRAMDL.RQ@ RP SO HHMIF O HDYIHIQ G

$LIVIXEXQHWSMWKEE VHRMMK HAXE X QLW YV

W KW R [ L RUW KWBiH P D L FIRPS OME R W.K

decemlineata D Q& tabaci LN\OLWAWDBJIHEGP

The effect of Tca of B. tabaci LQWDHIWID Q\WKR QU H V XX YWY/ W H

,PPDWXaU itabaci ZHUHRXQWREHKLJKOY{FD SLELLLWRPHZRRWWR[R@ZHLIKW

VXVFHSWREDMNWKRZA@LIXUHKHE& EDVLW HHAROHIWRR KHYHYV X\ KVDWK H

IRBUHY HQMIMW WPBKVURBURJUHVWRISE RIWFR QY RGHSHQEBRQQRMHLVWRRQFH

W R/ K\HH F RIQQSY WDV QV KD QBH  WR FOHDSHM®QGLLYXEXQDWNYVKMW LPRI

SSP,QRXH[SHULP @AWY S KW H G IRV LQIJHVWHFRQWYMFD $EULILIVWERWOVHVVHG
SSP7FDUHDFKMIGMHFRQGVWDU XQ FOHDYHGLEZH FDQQRWORXWKH

Q\PSKZ\HU\MHVM/\WGGRVHQFRQWUDVV\ISRVVLEN“OWMQ FOHBONEWUVGEXIILFLHQW

RIQ\P S KW GV KFHR Q WALLRYON D F MVHKEH F R QIR UW R [L F RWW K [DW W LWXE X Q E RIVEGH

LQVWQVULPLODPSHULPHEWVSRQGLLLIJHQHUDWHG LQ WKH JXW

DSSHDWHEHB/OLJRWOBFWDYHBL @YW

Q\PSKWKITEDWVHIKXUH 7ED $&iLL L &RPELQWBUHY XQ W H Y DMRAXXGLADY

ZD\D O VIRX QVGR H G XFKBIR Q J HRID\S Yeo W K D E HHI@ X QUeR HD FWDYEIL QWWLGRSWHUDQ

tabaci OHD@DVXUY IZDOHG X Fuisp FROHRSWRBER@ RSWHQ D YBWM F /HKW

GDWRBROQWWROGD\YWS SF7FD  $ilL L EUHDBIWRW LRIZ AER QW YDWONAK B/KK H

JLIXUH %

-,6 %ODFNEXUQ HW DO


ref/figure7.html
ref/figure8.html
ref/figure8.html

-RXUQDO RI ,QVHFW 6FLHQFH _ ZZZ LQVHFWVFLHQFH RUJ ,661

Figure 6. ORUWDOLW)\ ReptQdtcRs@ dewéidineata ODUYDH H[SRVHG WR 7FD $LL $LLL DQG 7FDS$LLL I
SRLQW UHSUHVHQWY WKH PHDQ “ 6' RI WZR DVVD\V ZLWK ODUYDH HDFK FRQWUROV k
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Figure7. 7KH SHUFHQWDJH *“ 6 (OBeRdsialiabacivQ LRS/KWDWXFFHVVIX00O\ GHYHORSLQJ WR WKH VHF]
DQG IRXUWK LQVWDUV DW GLIIHUHQW FRQFHQWUDWLRQV RI 7FD 5HIHUHQFH OLQHV LQG
LQGLFDWHG LQVWDU
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Figure8. $ &RPSDULVRQ RI 7FD DQG 7FD $LL HBemisiatabaii[L FKW\GDRV DL UWW UHOAMQIW WKH PHD !
SHUFHQWDJH RI ILUVW LQVWDU Q\PSKVY GHYHORSLQJ WR WKH VHFRQG LQVWDU “ 6(0 DW
% 7KH PHDQ OHQJWK RI VXUYLYDO “ 6(0 LQ GD\V RI DGXOW VZHHW SRWDWR ZKLWHIO
$LLL
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