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

%LRORJLFDO DFWLYLW\ DQG ELQGLQJ VLWH
WKH 3% E HQWRPRWR[LQ RQ LQVHFWYVY IURP C
RUGHUYV

YJUpGPULF *UHVYBIW.HOOH 'X$REWOOH 5DKRB®®LFN
3DXFKHWDWULFH %RDIOLYQBU 63OIG6WYDQ 5DKEH

805 %LRORJLH )RQFWLRQQHOOH ,QVHFWHV HW ,QWHUDFWLRQV ,)5 ,
9LOOHXUEDQQH )UDQFH
,15% 805 526 5RXWH GHV &KDSSHYV BRSKLD $QWLSROLV &HG

$SEVWUDFW

7KH DLP Rl WKLV ZRUN ZDV WR LQYHVWLJDWH ERWK WKH ELRORJLFDO DF
E 33 E DQG WKH SUHVHQFH RU DEVHQFH RI LWV ELQGLQJ VLWH ZLWKLC
REWDLQHG VKRZHG WKDW LQVHFW VHQVLWLYLW\ ZDV QRW UHODWHG WR
QRW WR[LF WR VHYHUDO WHVWHG PLFURRUJDQLVPV +RZHYHU WKH ELQC
YHU\ GLIIHUHQW LQVHFWV GLVSOD\LQJ VLPLODU WHKRUFBBFQBRLF FRQVV
VHQVLWLYLW\ 7KH ELQGLQJ VLWH DORQH ZDV WKHUHIRUH QRW VXIILFL
Z H H Btu€hus pisorum, ZKLFK ZDV WKH RQO\ WHVWHG VSHFLHV ZLWKRXW DQ\ GH
7KHVH ILQGLQJV LQGLFDWH WKDW WKH ELQGLQJ VLWH SUREDEO\ KDV DQ
DQG WKDW DGDSWDWLRQ WR SHD VHHGY UHVXOWHG LQ WKH HOLPLQDWL]
LQGHSHQGHQW LQVHFW OLQHDJHV 2WKHU PHFKDQLVPV DUH OLNHO\ WR
WKH\ DUH VWLOO ODUJHO\ XQNQRZQ EXW WKHUH LV QR HYLGHQFH RI DQ
RI LQVHFWYV LQVHQVLW L YOrosapRilarhilzhogaRté L. @ Mymestka ibagsicae

.H\ZRUG3M E ELQGLQJ VLWH WR[LQ NQRWWLQ F\WVWLQH NQRW SHSWLGH

&RUUHVSRQGHQFH )UHGHULF *UHVVHQW#MRX\ LQUD IU *DEULHOOH 'XSRUW#MRX\ LQUD IU

3DWULFH %ROODQG#MRX\ LQUD IU \YDQ UDKEH#MRX\ LQUD IU

S5HFHLYHG $FFHSWHG  3XEOLVKHG

&RS\ULJKRALV LV DQ RSHQ DFFHVV SDSHU :H XVH WKH &UHDWLYH &RPPRQV $WWULEXWLRQ

SURYLGHG WKDW WKH SDSHU LV SURSHUO\ DWWULEXWHG

661 _ 9ROXPH 1XPEHU

&LWH WKLV SDSHU DV

*UHVVHQW ) 'XSRUW * 5DKLRXL , 3DXFKHW < %ROODQG 3 6SHFW\ 2 5DKEH <

VLWH FKDUDFWHULVWLFV RI WKH 3% E HOQWRPRW R Po@ndR@ Ins€xv/Idientey IURP GLIITHUH |
DYDLODEOH RQOLQH LQVHFWVFLHQFH RUJ
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*UH Q HAMWD 7 KHWHKY U Z HQIHO W>)RO O\
QWURGXFWLRQ UHVLWWW RBX U L WIRGISQ HQ HIMRBO\V LV
7TKHHUREBA@ Y siphilus oryzae, Sitophilus RIWKWHHVLV\EEBRB V WUKMKWY B DW
granarius D Q Gitophilus zeamais DURDMRIGULYH\QD VLQJOMFHV B XYWV RPDO
SHVWWWRUNMGL@XUUH QWKMV HR | *UH Q I[HAWO 7KLVYHVXY®W HWWBD W
FKHPLEQOHFWLNVWEHDLQROXWLRQL Q ZAHH YIIHRHURGRRWEBUHVSRQVLEOH

SUHY MW DPD FHD XVHGYWR BHIR G X FRiw KWX V F H S WR BLLFOV_IW\WVIRQ DHWE W
SHVWQGXFHERWR[BEBIREOBRVNKHWR([LQ

RFFXUUHRFHUHVLVWIZQWHKLQQVHFW
SRSXODWILRDEGODHWRWHFRXB®NEQ WKIEWVILWKMHDURKUWKRROHFXODU
DGYDQWDNKHHQHWHVFRXUHANY QLR P HFKD QR WA W RR/QKWM R [ LRF X VRH@/ K H
FURSOD QW UHDWHYVLVWDQWWQBWK\SRWKRMLYHFHSRMOWKWD U LQWHFW
GHYHWKHVIRIELROR SIHDMOWRHLWR % L RF K HPVEROLKRZ MK SU H V HRIDH
EXLEASWUDOQYV SIO@IQWRO HW EEQW H U HSQMR W H L QIOLFHER M\DEMQ G VQWRH3 $ E
LQV WPW F 7K Bacillus thuringiensis W R [ L QRVGitophilus PHP E U HQW U DKMV Q GY QW H
6 FKQH® O SURWHHQWRQWIMPKHZ DB UHVR Q@O V F H SSitbplEl@sHV SHFLHV
OHFWIPQGHXPDRYEDQGDPPH RU DQ®WUDEXQWD\WQR®HWHFRQEHOKWDFWYV
HQI\PHQKLELWRWNKRXYE&DWHKRXVIRWKR XSlWryzae UH VL VWWIPDW @WK U H H
D UFX U U HQXWOR EEH L H VW XKW R Q D W XVUMDWDWDS. @XR\Q M W U DIRLEQWD LL@RHGU
GDWHKHRRIOHF POBRID/GD SWRHIEUDL@DERUEWRDEN FURINVHE1VWDQRY
SURWHBWRR@HMWY ISOWMLWDREQ Y H Q /HW V LIW QR SHH V VH I & 7KXV
KDEHHMXRZRU R WHEWHI D LY YWD U Y BV\KEHL Q G B Q R WZHDL\RU R E DLEONR Q. M IGH
VW DRB.granarius .UD P HWO EXWWWR[LBURFBQWKUHHVLVWDQ EBVIEH
PD\LQ G XIFHW H VRUW @ D X0 LBWREBOHIPYyzae VSHFEZBVG X AWV RVKBIE VH RFRW K H
XVHG LQ KXPDQ QXWULWLRQ P XW D W IMRKH}D URRW/H FXROAH YW ESHLFH YV
L QV HQ VW RMKWAHR [ L\QX F B VW K HJ X IL@A
3$ EIRBHBOEXPLIRQLW SODMSWLEHYSODEHGGVQWH3$ EVLPLWMKDW
SXULIDRGHTXHQEPR&HHBWKSHD |RX QR QSitophilus LQGLFDWHIRWKHU V

Pisum sativum, +LJJLIQWO WKDWHWKPIQFKDQLWRAUHVLVWRBEOPWRQUQVHFEW
IREHUWDMMVMHVWMKW KHHUZBIBYROWSHFELHV

W KSH D S KAcathosiphon pisum 'H O R EHHNd®D
DOWKRWXHUXLM\Drosophila ~ 7KHUHIRHKBILRIWKSUHVBRWKD W R

melanogaster KDEHHI@ XQWBEHLQVHQVLWQYHYWWKBWRO R ILFBOYSWEWRKP

3$ E FRQVLVRIV DPLQRDFLGY¥$ EDPRQIQVHBEWLODNAVH MORQVRPH
$6&1*9&63)(033&*76$&5&,39*/9,*R&PIDQEDFWNSHBOK N UH V HD@FHK H

136* ZLWXL[F\VWH L@ OLYQWSK UHEHK D U D FW HRINW] K3/ IFRIQQ GV QWBIY O VR
GLVXOERGQHONKDWY WKMWR[LQVKLIKLQYHVWLIJDWHG LQ WKH WHVWHG LQVHF\
VWD ELORWHR YHUEPLJK®HO RW BD
PXOWLIJBOLBLQBMIPHDVYWHVRIRBPV
WKS-IHSWI-H.[G.PH@VLQ\BCD-II-HDHQRWDQFBWODWHULDOV DQG OHWKRGYV
VHHRWEHZLGHVSUBMHI XPHWKLMWO %LRORJLFDO PDWHULDO DQG WR[LFLW\ LC

 WZDVUHFH@WOMADEOEVKBES &HUHEB® Y &iDphilus oryzae S.zeamais DQ G

VWXGDQWVP ROHF XFORDAH O LMDK 3w E S. granarius &ROHRSXMWHHIWBHDUR® RUH
EHOROWRYKIH\VWLQH NQLRWRXYHQWOYKDQHDURXODERUR@RUWWHDGW

DO ZKLAKD QR EHHR Q| L UIRJHR® f& 5+ 5HVLVWWQEHYWH D RKG
YDULRWWRXUFRHVWLQHSMHERMMKHRZ SHDVHHGAH VWY G/ XU Y LYQDO\XHVH
YHUWLYHBVRORDEFRDLOY LRWH YV LWWHEH SHU IR UP@ G X WX O®H V F UIL @RDGIHW
&UDHWO 3% ZDWKHUN@WRPRWRQLF

F\VWLQH NWRUGHQ WU HAFHWWIWIOE M G
DPHPEHUWKHFOSHSWIDEPH 8D ORWDBURZWIQ & R [L BMV\DAN UFD U UR KB Q

-HQQLQJV HW DO W KBS K LABhis gossypii Myzus persicae D Q G
Acyrthosiphon pisum +HPLSWHBPBRUGWR)J
S.oryzae VW U WJIHQ\. VMBC QB[ L QW W X U DEDOKNEPQ SHE Y D\ /DUY B NV KIK X LOX

6 FUHH®IXBWR Sitophilus VS S/W U DR Q Drosophila melanogaster, 'LSWHAHUSHJRYLGHG
VXVFHSWWHELSOEMD W HY HD/OKBYW UHE\N'U $OOHPBO & &156 8&WARQ
VWUDDRQEHORQWPMY K34 oryzae VSHFLHVYDQFH

FRQWDLQHG LQGLYLGXDOVY DEOH WR IHHG RQ SHD VHHGV
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7KHUHGQORXEH HWibblium castaneum DQOSHDOEXM[Q®UBE®Y ZHUSURYLGHG
&ROHRSACHAUR Y LEBHED QoRRY QHWRQ *XHJIXPQ G )HUUDVAMRERUDWRLUH
&HQWAHFpQpWLDRIDpF X OSHO @ X O PoLLIRHF K IHARHHF K Q R GRIBMUR W p LQBW H V
/A\RQ)UDQFHHVIHUSHUIRUP@®G XEBW\UDQRMWRMB5$ DPL[WXU3s ELVRIRUPV
PLILQUMKWR[LQWKGLHIKHDOWRXU ZDREWDXYH@R KHHWKRGYHV VH\YW
\HDVW H[WUDFW DO

Trichogramma pretiosium 7 +\PHQRSWH))JD
LQGLQJ DVVD\V
ZHUHJR2Z2QV L QVKMHU WL IG EMSIMOY FUL |_? SQWL\LBRFL@ E LVRIRUP YV

iuwm%”ﬁw WK&@%VSéZRQSVHSFRUmg DWE WP VSHFIUDSLRDRNLY LW\
Q HOQ HIQAMZ ERXW&L PPROQWKKYHBELQGLQJ

PRQLWRUHG IURP HJJV WR DGXOYANx 7 IHWKH P E U DI[HV U DIF AR U GALR) J

7K HD D G\ E HHBriodial axyridis &ROHRsw iy VHQW HW DO

ZDVWURZRQD SRUMLYHU BWHGGE EHWO

6 SHMWIOX QS XEO UHK/K® YW HYWWVH3$ E GHJUDGDWLRQ DVVD\V

SHUIRURWIGDIGLHM SSOHP ZQWMIGH3$ EGHJIUDGDWLRWUIH U IR UAVH® J

WR[ZEHGHYHORIZPDNARMD LW RWARIKB «JRISHSWIIBGHEL VRIRRIHWXU@ILQDO

XS WR WKH SXSDO VWDJH YROXPIH «@&XII$YVDAVWRPPHUFLDOO\
6,*0$ Z2ZZ VLIPDDOGULMK BREDEOH

7KHPRVTXEWRD VMM HUIRURGDD UY M) ]\PEMUFHUIRURHB FLQH 1BXI4HU

R Culex pipiens 'LSWHUWDD W AKANVR[ZDQV PO S+ DW f&IRBURWHLQDW%H
DGGBGUHWWXEDWBQ ® KMHRUWIIRD LW\ 7ULV &0 I1HU PO S+

/| ODUYDH ZDV UHFRUGHG GDLO\('7$% PO DW f&IRBURQDWH S;H9

0(6 1D2+EXIIHU PO S+ DWf&IRU
7KH FDEEDJRWHKVamestra brassicae  SDSD I Q& ULV EX0I1HU PO
/HSLGR SZ\DHIWIR 2RV KIHU W L PLHFG DXOPs + DWf& RBK\PRWU\SRLQ
GHVFUEERG WRQ@® XHV 3$ EZDV DQBULV €&OIHUPO S+ DWf&RU
DGGCMW® KEWG IDR & KMHRUWILIRIQ UV Y ;\HJ\ S (L& $VVDZMW UBR QZH. W K
IURP / WR SXSD ZDV PRQLWRUKRGFRIRDEKQ]\PH Q FRQWLRDDZW UH

SHUIRUPHGEK« JRIHQJ\PIBHQDW XBADWHG

SOWR[LFLWMADZWUHRDU U RKX®LV L Q@J PLERLOBQYDIVWIQV HEWU ZFW M
PLIWXXU3 BVRIRUPVSXUIEWA3/& FDUURMWQ PO EXIIHIWRB+ WR

$ OWH ZWUSH U IR UP@@ HD VMOV HRWV, )\ £ "0 1 560 VR G L DE HWDAW H
DVVIDYIRBRQ WIRDVWKRRWHIFHSW(g 1pors+  7uLv 40  *O\FLQH
|RW KWK UDSK VG HFLHYQVHBWERU 11 s pw e QWHDWD\Y «JIR]

7ULFKRJUDPFRRUNKDQ HJJE\DVVD\V
'KHQ DG XOMM KVHAVKHQVHRWMYH-QVHEWUDFRWHKHUME GHG «JZKHQ

V\QFKUFeQmo(heUEPDJL@HM))?VKH/wDwLV%\&LU%%Hbrass'icae JXWRQW H@QBRQWUROV
H
H

DQD O RHUSH U IR UP\HLGNKB 3 VRIWZ D IRUPLHNGL PLDPRX QUSW RWHLQV
686 *UpJ\ VXU <HUUHYV )58 Q D W >E) D W HG R L O (IFK R L DIWV K H
PHDQ RI WULSOLFDWHYV

,QVHFW H[WUDFWYV
7K H.V R O DRVRIRRE U DSLHR W HR @ VQ G L 3§ P ®F¥ VIDWDRRQEL JKWF XEDW LAR
VW X @DFAH U IR UPE BV FUEEH BV Vi@ /! PHWKDRIROBE GG MEGRVK AL [WXDAG
DO JRU3S$ EGHJU DG DWHVRIQA H @ FXEDRUH@L@W &$IWAHQWULIXIDWLRQ
H[WUZFHWHUHSDRAHREO ORZWRILQVHFWY PL@W J «RIWKWXSHUQDWDQW
ZHUHJRXQIGWKP RUWDDUS HV WQ@H T X LAP Y QMHR@HB Y HAKHE H+ 3/&FROX P Q
QLW URXHDH VX BRZGEDWHV XV SHGEHI@WEO PLQ@LWHKRUD G IRHADMW A )\
LQ PORH[WUDEWLRIQ PO 7ULV 6&0 DFHWRQLWS®LOH IRU

0 VXFURWI 0180 7KIWOX@DY PLOQXWHRHQ IRU PLQ3$%$ ESHSWLGH
FHOWULIRIUH®LOD W g, DQGNKHLVRIRDIRUGH W HEWHGEDIEW R U EDWQ F H
VXSHUQRDNDWWDMG f & X OWILHT X LU RQE TXD QW ENAHKEH DV X U HR KMKSH D N

$00 WKH RSHUDWLRQV ZHUH SH@|%WW'G'7§WQ*RZWDQWRWLHV
SXUH SHSWLGH LVRIRUP XVHG DV VWDQG

3XULILFDWLRQ RI WKH WR[LQ
3XULILMB[LIQVRIRUPS E ZLWR 3URWHLQ GHWHUPLODWLRO
PROHFRDYW  'DE\PDVWSHFWURPHWUYHEROWHIDW PHDVXUEG WKH
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JLIXUH (ITHFWV RI 3$ E RQ W EyridsD GA HBHMWDHUH GRQH ZLWK DUWLILFLDO GLHW VXSSOH
WRILQ «JJ DQG WKH GHYHORSPHQW RI WKH LQVHFWYVY ZDV PRQLWRUHG GDLO\ )LU
WHVWHG LQVHFWV 3 3xsDWfeywiduHoDd{SiopmmwbU ODUYDH

ELFLQFKRBISUIRFHGXYHOR'SHB UFHIRXBYF U H INRGVURMH FWRZ LRR U H
ZZZ SLHUFHQHWERRR\QHI PP EXP LD SLBGQ\® R UW DRAEMKNU WIQWKWHVWH G

DV WKH UHIHUHQFH LQVH®BYG\D\ R IW KAR Q WLIQR/GIKFINGY
VXUY IDH@BH D FWHKSX SO W DJFRQWUDV W

5HVXOWYV RQO\ RIWKWHYVIWHCHEMS/XUY LY QG

%LRORJLIFDWOD\RI 3% E WR[LFLRQ \R/’\(/}VCS%DHG{IIWKHW)HUYLURHD‘FKAH@XSDO

GLITHUHQW LQVHFW VSHFLHV

'RVH UHVSWBVIUIRURQGLIIHUHQ\%H[\WHVWH{HIHHFI\B& ERDGXAWY

VWU RIMpRIHH Q Sitdphilus, VKRZWEDW . goneim | QF R Q W WIRAMAWK&IRIO H R SR U D

C
¥'DOOND\ DUIRS. oryzae %pQW@XUHleIHIZ\N\A(HHWHFMQZ)Ea@tHneum DQGOO

DQGHS > @ > @QG
VHEXAUVY LHYHHEQ WIHB G LRU G D\R'Q
> @) ‘UHVSHFW[LW"R@\'LGH@%FLJK GRVH RI 3% E «J SHU J RI IRR!
LOQWHVKB@A@E UDFNHWWKUHHVKRZ

QR/WDWIGAWIHRDHR FH 7 KB.zeamais gy oqtia kyehniella ZDS UHY L RRX QWBE H

YDOXKWWDWLVGNLROUHRB KWK WBHHEFRQWUDVMW3$ BSHURIGLHKWQRIIITHFW
oryzae VWUD'LQV )R 8. granarius . R Qv KRD E E P RKMmestra brassicae, HLW K H U

% UD\VWAWWKQ JKMAHVB/RIGH  «J J RQW KRR UW DROURMW KB HY HO R SPRI® W
PRUW D®LGRNO OREKAD O F X ROV LHRFB\V LY RI WKH LQVHFWY GDWD QRW VK

SUHFLVH 7KLYDOKBE2HHQVWLPBWHG

H[WUDSROMDRA RQ «J J ZLWKRPKWhelanogater KDSUH Y L FEX\HZX R 2/QR H

FRQILGHQFH LQWHUYDO LQVHQVWWRNKMWR[L'® OREHDO
7R[LFIWMHVSHW IRU RYG QRW IKHBW H U D

7KHO D G\E HH \Ak@ridis ZDWHV W®WHWKX Culex pipiens VKRZHMGKDWODUYOIWKLYV

U H O D VOIRZHR@\F H Q WRUDSNE R Q«J Rl PRVTXLIANHRJHW DSLGQ\OOBFAGPRGHUDWH

IRR® QW KMHHADW WD RWHGDUYPHMQ FRQFHQWRMBLRQV «J PORIZDWHU

FRPSDUWHR KHAR Q WILQRVCH FRLVWW KR XYWUYZPDO DIWRHQEDDQG DIWMIR

3$ EVHHLIXUHGLIIHUHQSFSHDDHEHED\V

W K UGHHR/ID V V D\F® Q W. QR BLFFDF WHKE

/ VWDZKLEBO\ RMWKHWR [LEQWHGDW SR W KIHH Q Frizhogramma D URI WX\DH G

GLG VR $IWHUZDUGV WKH GLIIHURGERER ERAEQWR FAGKH VWDE RV VHF WV
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JLIXUH (IITHFWV RI 3$ E RQ WKUHH DSKLG VSHFLHV 7HVWYVY ZHUH FDUULHG RXW ZLWK DL
WR[LQ DW LQFUHDVLQJ FRQFHQWUDWLRQV DQG PRUWDOLW\ Rl WKH LQVHFWV ZDV PRQ
LQ WKH JUD SK pisént U B®KDMI persicae 7 U L D @JgDdsypii

$GGLRY EWR@UWLIGFDW®W® RZRBPDIHHG IRRB$ EGLHWEV H UNRIGW DADLWV \
JUR ZR/IW K\HS H FIL Frgsiosum OHD GW RJ DW «J PODQBDWRWWO «JP'O
FRPSOGMMHORSPREBWWRGX@WWK QFRQW WIIRPW U W DADLWE V H UNRHIG
QFRGLIIHUEBYWHEBH®H OR S WH @RRDX®D Gersicae DVE RV KM 8W R «J PO ZKL®H

E HR E V H UFRHFGS D WHRR Q WMLUQRVAHEMIVU H®D L J KW HFAADV REVH U YOHWBW K LK L J K

RQ D 3% E IUHH GLHW FRQFHQWUDWA B®@sRIQO\ IPHWKDOLW\

7TKUHBISKLGSHFIZHWMVHVWRIOGNKHLY L RORIJLFDO WHVWYV RQ IXQJL DQG EDFW
VHQVLWALRBW7KHUHVX®OWHNV H QW HGS RV V IDEYOML P L FIUQREQ W Q | YOF IDLEYIL W \
)LJXUHKR\ZIK/DWSumﬂ\WXUYIG\H[FCDJHD‘gy(’ED\QH[\WHVW@@xyDFW@@L@}QUH|-|
UDSLBION3S$ EFRQFHQWHIDWWIRED\V | XQJDO VSHFLHV 7KH H[SHULPHQWYV ZHU

7TDEOHS$IILQLWY .G DQG UHODWLYH DEXQGDQFH %PD[ RI WKH 3% E ELQGLQJ SURWHLQ
GLIITHUHQW LQVHFW VSHFLHV DQG VWUDLQV

,QVHFW VSHFLHV .G QO %PD[ SPRO PJ RI SURWHLQ
&ROHRSWHUD
Sitophilus oryzae VWUDLQV :$$ %HQLQ %HXUL] WR WR

Sitophilus granarius % UD\D U G
Sitophilus zeamais /V
Sitophilus oryzae VW UDLQV OH[ *9 &KLQD ,6$25 QR ELQGLQJ GHWHFWDEOH
Harmonia axyridis
Bruchus pisorum QR ELQGLQJ GHWHFWDEOH
Tribolium castaneum
/HSLGRSWHUD
Ephestia kuehniella
Mamestra brassicae
'LSWHUD
Drosophila melanogastera
Hymenoptera
Trichogramma pretiosum
+HPLSWHUD
Aphis gossypii
Myzus persicae
Acyrthosiphon pisuma

*UHVVHQW HW DO
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YJLIXUH (I1HFW.\dogypii SURWHLQ H[WUDFWV RQ 3% E 3$ E ZDAVgds§/PiXEDRWHIEL DVW K «J RI
LQ D VROXWLRQ EXIIHUHG IURP WR 'HJUDGDWLRQ RI 3$ E ZDV PRQLWRUHG DIWHU L
&RQWURO DVVD\V ZHUH GRQH XVLQJ KHDW GHQDWXUDWHG LQVHFW SURWHLQ

DOQLQFUHDWRQPWHFRQFHQW XBWIRRQ DFWLXDWUHVH@WL®VHNESWFIHHFHSW
«J PO $SWWKIPRQFHQWQRMWILRRWYV | RW KU V L \2\W Bl /W0U DIQWAVKIHDSHFLILF
GHWHFWHWKRQ EDFWHUVKD® L WYDOSHVBfuchus pisorum UHIJDUGRHWKH
aeruginosa S.aureus E.faecium DQEScoli RU VHQVLWWQMKHQ VRWIKH\QH HF BEV E
RQXQJDUWR Z @/ Klbicans C.glabrata DQAG WR[LFAAWY DO XDMRIRX UQVHREWRDVVD\V
fumigatus DQG KRXDWWMKIHGGLWRLRQLQGD QL QRWY EZDVRXQWGRH/ OLIJKWO\
WKH WR[LQ GLIIHUWKQRMHVWSHF UBDWY JLWRIPQO

Sitophilus oryzae W PD[LPXRI Q0
&KDUDFWHULVWLFV RI WKH 3% E Hyz@gXHEeWidae/ LMKHU H O DIMVEXYIG DRQW K H
SBUHYLRWX GKIHYWHK R ZWQKH[ LV W IR@F HE L Q G VQ WADAD O WRO L J IGW O H LH)YW L V
KLJK DIIERQ ®NY QW Qitophilus PHPEUDQHJRXSVSHFLYHDW\LQRP SPRO RI
HIWUDHFWNDEVHQRHWKLSYURWHIQQS UR WIHRLIIQ pretiosum WmB®PD[LPXRI
PHPEUDKQUHRB HVLVAMHBHEWOU DIHDWGER SPRO PJ RI SUR.\perslcge IRU
W KR Q F O XW K BVEIL Q G ISQ R WS DDV
NHURO®$ BWR[LFHIKWHWUHI\WRKHIHVHQFHE GHIJUDGDWLRQ DVVD\V
RELQGERYQYHVWIL@HMWHEGDMH)W UD BWQ WHLHH VX ORBL Q GH (8JH U L PRHIHADW O\
RI1Y D UL ROHW WRNGH/FBW F IDHOVEWDV I LQLWK RZWE WKSUHVHIWKEHLQGVYQWH G
DQG UHODWLYH DEXQGDQFH ZHU$$FRA X BIBWHRIAR U U H OHD[\W HISR/B.

pisorum WKWWU IRGBGNDYHHGWKKHSRWKHV LV
'‘DWREWDLIQRGRPSHW IHWERQLPH@W\G LI IHUHEHNUDG BWMKAMR [ L QV K H
XVLOQWKHXULILHG N'D LVRIRWDA LQVHRWDWHVBAHEGD PLQW®IHE L ARUW \
FRPSHWLWHKARZQYDEORS$ EELQGLGLIIHUHQW SURWHDVHY WR K\GURO\VH W

7DEOH'HJUDGDWLRQ DVVD\V RI 3$ E E\ SURWHDVHYV

3URWHDVH 5HFRYHUHG 3% E «J &RQWURO 5HFRYHUHG 3% E «J $VVD\V
3DSDLQ
3URQDVH (
&K\PRWU\SV[Q
7U\SVLQ
BURWHLQDVH .
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7KIGDWDHVHQWHBOKBHPRQVWHDWM HXY H XD/ HEXVBO L GIDHER BRQFBU Q
IRUWU\SVRIQPRWU\SWIRWHLQDWQK IHAZQVNBWFILHRB LI IHRHWGWWWHVVHQW
SDSDIMKBPRX@®W3$ EUHFRYHUWGEHWO 7TKIWHQVLWIPYEFWRRUJMWR. VPV
GHJUDG DAMVBMVR XW«J ZDWHVVHQW MXORODRVOHJIX M HBBOEXPEZQWOVR
W KD PBIVT X D Q WR BWM/ B DQWRERIQ WAUHRWOMXR N Q R,ABH Q W LDF RQU H EBIWIZRIQI'QH F W
Z LWEKH Q D WX WRI\G H DR/HHNBH R W HZDHWUHAW D [R Q FORQ GE R WW K B H W K DI® FRAUW K H
WKHUHXRDEW RK\GURONKMWR[LKY HQSUHV HRQWKH. JK DIIERQQ®Y QW@ DUJIHW
XQGMWU,RISWLPROQGLWRBEWVR]\PHVWLVVXHV ZDV DOVR RQH RI WKH DLPV RI
+RZHYHUWWWHDWPHONMKEURQDVH
HQJ\PHRQO\ RIWKARQW3REZDYVY 8QGHUVWPRQRUGHEHQHFLWKHEHFKDQLVP
UHFRYIBSUR®@DXBIW KRHQ GI\Q ]\ PIHE MR E\Z KL AKQ V H Q VLIQVIHFFH YRAY H U F R/KKHH
K\GURO\VH WKH SHSWLGH WR[LQWR[LRMWF¥W¥8$ EWR[LFR ORRRIG RO

W KSiophilus VS HFEB W DLUWQOX\R ®EHQY GLQJ
7 RD V V MAKEFE L GRULVQ\V H FW/U BVARRWG/U R O \W/IHVE B ®/D \R (R W KWBLH FZ H IWHNVW®EEF D U F H
W KMR [ HQS H U L PAHUBAR X/ L B W U B FWWB U R Y DEGIR EBEROW KLHP S R U WY RH V
WRW RO HFUWR W HLKQMMS H F MHWVIZWUHELQGLQJ VWHS LQ WKH DGYHQW RI WKH
LQVHQWILWKWR[ZE UHKRVH®R WK UHH
G LI H WRHUGWM brassicae /HSLGRSWHUD
D. melanogaster 'LSWHUDDQS. gossypi $EVHQFH RI WD[RQRPLFDO FRUUHODWLR
+HPLSWHUDKH HV XMWY HDWMHEUH RILFIDVVDISWUIRURRKG L | I H UIHQWH FW
VKRWKDRMD S+ UDQJLQRP WR WKHYSHFVKRZ WK DNKHIOBIVQRFRUUHODWLRQ
UHFR Y 8% D@ WIHQF X E I?W WRKQ« JRA. EHWZWHIBD VHEM DQ & R[HQHHRWNM Q
gossypii SURW ED@AH ULRO RW RV KFHR Q W URRR QUKBS KVSHFWHVWWGRBQUHUHQFHYV
W H VW D O ZIHBK KWDPBPRX®RWM QVHARXEGHREVHU YHBHITHFRVWKWR[LQ
SURWH[_\@UISNHQ/\M/IDGEHHQHQDWEMH%DQ“L@BEHPGNBAFD'SU’“ WROPRVW
ERLOLQKJHVDPHH[SHULPHX)\X/\L\Q\J QRQ WHWRI[IlpErsicae 6XFMSHFLHV VSHFLILFLW
brassicae R UD. melanogaster SURWHH[IA/QUDWR[LWRWQFRPPR@SKLBWKQ
DVVD\HB KWDPB+ UDQJHWHW R LPLOBOQHUDRNSHFLDOAHWRNAHKR ZL QUK H
UHV XDUWMMK BXOWS L |1 H U I 6 MZ HFIRQ W UMRWHY R QUKWRH S WA.EAISDM WX KL GPHR U H
DQG WHVW DVVD\V GDWD QRW VKRRHUDOHFMAVKWKSHDFK SR WIDWVER

M. persicae RUWKHRWWRQ PHRIR®
‘H QH [XW HIX W[ W U DR brassicae | R U 90ssypii WK RAM Q@& H° R UBIH V L WWROWQ KWH U
GHJUDGDWVRRQ G QFUHDMKEWRWHEHSWWEH QYKEHPWO D SDKEHPWO
FRQFHQWUR W& FRMDVVDYHQQ@KHVH E (YHQLWIOMR Q WOHFREBIS KL &K H
FRQGLWI\R@E+UDQJLQRAP WR QR ODFURVLSWK@HUXHDMFWLRILWQH
GL||HUH[Q‘|FR‘KQ.@VKU’HFRPHBL$\ED|WHVJSHFMHZVS persicae G R HQYR B/U H F OX IKSHH
L Q F X E DXVLWYE® W RWKH DVQ D F W LIVDWHEV HQR1 3% E RQ DQRWKWEHFLHV
SURWHG_@WBWKRZQKX\LWHHFF\DHDﬁgyrthosmhon pisum 7TKLVVLWXDWIMRQ
IURRNVKHUVHV XW WY\ V HRWR W HDARPYY HP L Q L RAW RBWY F R X Q WRHW K33H S WL G H
L Q V HIEQWAH Q WU RV KWIR [Z € UBIRVE OWR LQKLERWRDF\VVEBW@®DNIOQKLELWRU\
GHJUDGH WKH WR[LQ R @ R VWH VIV$HQY S H F L D ¥ O XAG i

DQ®. persicae S5DKEBW O E EXW

VWURQHWERWDO/LPLGRVWRVKSHRWDWR
'LVFXVVLRQ D S K Mécrosiphum euphorbiae DOERIORQJILQJ
7TKHHQWRPRSWRESH RWLKSY ESHSWLWHRVKWDPBDFURVSLWKLEHRXHW O
FRXOGHSUHWHYMWO XDWBRRAUFHUHDO T.castaneum ZDVRXQWBGRH QVHQVLWLYH
SURWHF[V\ULDR_@N-V‘HYLDQGHYHQRUH"'RN"WO VKREZVOLHKMAKRMHDOR XU
JHQHURGODSUR W HB WOLLIREH W VHF WAR QWD BQ LERIQ. castaneum SRSXODWLRQ
,QRUGWW® YD O X\DKHIR W H XW HDXOORIH VY LEFLITHUARXEBBS XMW B LI I HUHQWH
WKWR[ID® GQSRVV IH{ /M QR LAV H SXUIRMWKWR[LSHDORXU SXBH URY
RXSUHVARWRD\DLPHGBMGGUHWIRRRVWUREDBW®DULDWIQRIQ¥HULPHQWDO
LPSRUWDQW LVVXHYV PHWKRD&QG RUGRVHWKHDEVHOQRFH

W D[R Q R FFIRADUH O RYE RRYO R #LI FHDROW

$ PRUBFFXU®NMAHUPLQDWKKRY WS$ EDWLIIHWDJRQRFNEPMOWKHUHIRUH

UDQR M KMR[R@HLWEHVRU®RQ WRWIAMOO GRFXPHQWHG IRU SHSWLGH WR[LQ
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ZLWWKSIUR [ L FPIRGD H F X Q VH U IZAKW. E RAQgossypi D QS5oryzae J X /U R W HDOMWHBY Q O\

PD\UHQPDQFDVIYRFEXIRB$ EDQG R W KH VW ML\GHH U D L Y RVQ /LD QW

Sitophilus RQ D VLPSOH JHQHWLF GBWHUPLBXWPRFW X&IGWS &BI\U LW HS H
SURW HIRVBINVI HV WIHR® G M WD O

7KH EELQGL\OLM M HOH U @iy How? KHV I HV X GH#PRQVW WIDBAIHVWLYH
LQVHEW WLVVXHV GHJUDG MWILR®VSBHBKD QRWR[LQ

2 QH/WULNHYROVMKSHU HV W@ WD w K HE QD F WL YDA RYQ Y R ONGWKREVHUYHG

ZLGRFFXUURIIFWSHFIELEOG MW -QVHQVLWLYLW
WLVMVYRWHWLIIHWYW FQD\O P RDANO

WHVWSIGF ITHWSHF EILG G ZQMGHWHFWHGY HITHFWV H[LVW DV GR RWKHU IDFW
ZLWERZDULDESIOLYIPRQVWDR@IM @ VHFIWRXBDER QRIWKIBFWRUWOWXHQFLQJ
IURPWR QO LQGLFDKWLIKRQVHUYRD WLH@®V L WLRBYSL ¥/:\K L OH melagonaster ZDV
WKWDUBHQ/GVQWRHURWRBHIQDO\WBE VKR ZWE HY HUW\Q V H Q VAKMLQYHHD LRHB
6LPLOWKOGHODMWHXYOGIGIRQWHD¥V¥WLYEWRPPHU ALWDWL | GRIHMYWX HQ DU YA2HHJ H

ZDQ RYWH Y\D U L D8Ok U HHQIHWG/XKHW IJURZAIDIUX LW PRYW RS HZ D VR X QAR
ILQGILAPIR UXIQ X V XMKAWKFHU H Y LRRXAVQ WH/LJQL | L WIRQBFDO D OMUSE BPYHORSPHQW
GLVFXVMWGGRHYRWHHRRFFXBU DQGQFUH RWIHIUDDUWY R OW DOB ®/R V H
LOQWHUD RPKMWRRGNO O FKDUD PMRHIUQ M IGP L @/BK X WHRSOR W KIHQVHEFWNVVHQW
ELQGYDQWRIXS @M WXKR. thuringiensis Bt XQSXEOLYKNZOWMRZHY HRILHMV QR W
WR[LRWBURWHDKHE LMRRHJBPSGKH VXIILF DHO@RWIH[S O LIQY HQ V LEWWKLAV \
JHQHVYDWXDWBRWR[VGHFLILRM KW KUMNHSK VG H FWHHW WHHIAENYV V D RH@V K H

W KHWH R RFER U U H CEIHWIZRADROQE QQ G L D PBIU W L GLIFEL Y\QYKH WG\L | | H WHHY W.GIW V
DQGLWY¥YLRORJIJRRWE R PMHWKHWWKHFDQY KX¥XSSRMDMHUWXIRERWDFWRUV
LOQVHFW \OSHFRH® ? D Qi O RWDW FRXD@W H 2 LAWKKMHR [R QW L MLR\B L MAR
WKHQVHFW DEWYWDNXYV HOD O SUHRWBRVERLQGHQIHFMW\WP XWDWIKR Q
DOWKRMRIKRRUARPSOH[WXDWLROM XWDWLYH SURWHLQ DFWLQJ LQ WKH VL.
RFFXUWEKHYHORS PHROWRILOYO LBW Q G

SHDVHHIGQVH DVDVWWKBEOEXPEQQGLQJ

VLWH
%LQGLYUWNQRW VXIILFLARG LW LRQR ID ONKLHD V N BW F RIQVR\Q R IW K HEP
IRU VXVFHSWLELOLW\ pisorum L \DQ D W YSUH®! F5G& \BWisorum LV

6 W D WMLKQNIWFH. Q G DB W LINZ. MG HSQAH V H QWO WRKRIQ OASHFEZ KM UWHKEIL QGDEW LY L W\
ZKLQWHMR[LEEVWRYE/L UHIFR\SMWHKRWK HID W RWRQGMH W H FW D¥M\B O WARU RH
IDFWRWWRQIVOXHRQKMWR[LIMR[LFLWRPHMW U RUID dyzae EXWKWHSHFLWVHOI
3UH EL QHEILIQRWKWFIKW R [V DELQULK\HFR XB8BJHJD UBB\ERY VHWYKED D GVQW H
LQVHGEMWIHV WIWYHRWYHBEHHGRPPRQ ONK X VW K LLWH V XMW PW R. Q G L F\U WIM\K H
GHVF U HE MERED FW AMRJD QMO OHHIO VX SSUHWRVASREE L Q G DG W LIYWWKEHH V W
RWHQ]\PHQKLELWRDWY® O DQBRVMWILFIZHDQMWRYHUFRGBE®MWHQVH
$ O W K RAXKMAW U X FIW 0 WDRIBHSVEV X FIKV WKURXJKEDFF X P X O IHW H®& R XRW K H U
LWV W L Q HF R QRW Y H (-MDD@ DUHPHFKDQLSRW[LVIW)LQVHFMHGLRQ
NQRZWRFRQIKUJMVKHUFFIX® PLPBPMEG QRQ OHIJXPH KRVWYV
SURWHR®DELRQ R/ENCD W KGHD W W H U
SRLEQWWLQYHVWXMMWHRPPHUDLP®3$ BWR[HAHFWRXQRBEHD QW L F LIS DWHKIHEU
FUXGOVHBWRSUR®HBEA\DHR X QRH IURPQVMAWR Q RRE\ W K$U H V HQWH H
LQVHQW. RVASKH L IHE B P MWH V \W HGI SWL QG VQWH LV HV ®POWE HD SURE Q.HP
IRBURQDAKL FKVFR QV L VAN MW V X OXWAL @F BR B H VR Q WDWRMEV | H RWW H I X O
REWDLEAH®\O RIWD O BURQOWH LQVHRMYDPSPRXQRID QWLFLBWMWHG
PLFURBURWRDMWHIIUHH SD UDWIHKRE RQ @D \W R Y D O XVIKWHIIHH EWWR H U | RDU P
VSHFLILFHWWEMRXAWDQDPLQR DFELARORMHAMRZHYHWUKBEVH@AD Q\
UHVLGRRNSDWHB SURW HODLWHU\ SV LK) Q G LODRW L YIKRX OBV XMW UHVLVWDQW
6LPLOMIRAHWKMHLGJIBSWHSDUDXWHBGOKHQRWIEHWR[LMKXRZHERHIIHRWQ
LQWKMVW XBHUWKRZW M OWKUE DQGPLFURRUJDQLVPV
PLGIJXWWUDBWRHQVLRUMH/ LVEVDQW
RU\]DBIRQRWKRDQ\DFWLYRWARHE 7KHELQGVNQWHHPVEHZLGHDQEHOO
'"HOREHO DQG 5DKEp SHUVRQQDIRENRHPY® QD WREG BDWWED VR X QGR
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GLVSWOIALODRSH UQY HHML Y HUS/HHF L HYWHKRSOBH*DWHKREVH ~,GHQWLEWRWHLQV
ZLWKQVHFWDFMWADRWHR I HQFRGLBQ HVR

7 KL G L F\Ww MVIBARAA D US Bl RASHULRCE DKEDOA SURG XE®VHFW U HWU DY D IR SResticide
ELOGRHHWEHHOLPLOQWRBH®IILFLHQW
DGDSWDWERYHHIGBHGLEHWKWHKLYLOOL® BEROGPERYWRQH (OODU 5RO

SuU RFH\F‘RVWCQ\RWQGKHWKWQYROYHWC”MS thuringiensis & U\ G HOMIDG RWRL DG LQJ
GHWHUPLQRYHQEXULQIHSLGRSVWHWIXY® O

WKHHOLPLQWI'KFHQGLILFBWVUWU‘]HWGHYHORS\BpHddevironemental Microbiology
LWWQRMQR Z«R ZH Y HMP D\FR P S DAUKIL V
FRQVHU YPDQWIRED URVW K HQ V HF R K H
FRQVHUYROWKR®@[DQUHJD WKBHODQWUDBGHOHWD\HWRQDGP %B&WMWD@RHOHJXH
ZKLFKD ¥ HH®H P R Q VWO RMW B QBIQ G 0+ -RXDQLQ +LJKOHYRIOUHVLVWWDR)FH
SURWHIL@KVYHLMPREMFRQIH UG RWHRO\WLF
SH._SW.D(HNH/G\XLHWDO ZLWKW@H FOHD YDQHEHHW®DH Yloskct Biochemistry and
Papilionoidae F O DRSIW Krlbaceae $ O W K RX J K Molecular Biology
KLJKDULD HLOVYMWA K$HO DQYIHFOHY HO
KRPRORJRQRABQELRDFWEZMUWH WM F WH GLHOU OEDXIXL@DPHORENO *HQHWLFDO
ZLGHDAMWKDQKRCEHJDQRKWKBHJIXPH D Q D ORW KDHE L GRUWWKUHL ZHH H Bitophilus oryzae
IDPLOQGLFDWR@DVWHQHBWHYN XU Heopo S WHUROLRVESDRIFRVS 08 WHY
IRUPDLQWDLWKQSHSWLIG®RLODQG
SURSHUWLHAXD\EHD Q QG LFRWMRXQH *UHQBHD & &KDSHO/QK+ *XLOODXG In
DWVOJHQHURUH¥FRVLAKLBUHVNGQWI vitro GHYHORS P RQ WTrichogramma VSS
REVHUY[le‘IILFQCDRLLQ:\MHIUCEi‘(BWQWLILFDl\lg\hPﬂ# RGSEQJ’W,“G?EQL&;;PRW?PWWTHG
RIWKEH Q G L Q 1D WEKWBHR O H F WD IJE R MO G : ocontrol - Science an

Technolos

UHSUHVHQW D QHZ WDUJHW IRU LQVHF%XILFLGHV

*UHVVHGIVKLR X8D K Ep &KDUDFWHRIODDWLRQ

KLJK DIILERMIONGLQUWRUWKISHDD OEXP LK
$F N Q RZOHGJHPH QWV HQWR P R WR/[KAB H BitoPhilus European Journal

‘H WKDOHL GESHREBDUH IX BN HWMKQ)y Of Biochemistry

PDQXVFUHSWKDQN*XHIXHRQE |

, LJJLTQ® &K D Q G3®HELD Q G B-06 H Q F HiH D 5K
JHUUDVRBQRYLEBWVQWKKH 'DWR[LQ o 0opJRYRUWS,QIOHS  *HQMWUXFWXUH
LVRIRDUPHE KIS BVRIRRURW XHHN KD QN SURWH[ISQ HV D DREG! J X O DR R Q W K R \DL V
'DYLED X URRUQW H U IV WE QU D DREQAH VX 01X U SWLRFKLHISE®! I H H Govrnal of Biological
C. pipiens DVVDDQGODUF*XHQQH X J X H&pemistry

(QWRPHED QAR HUIRUMIKEHLRORJILEPQ
RIPD@®DQGHUE UXIRMBHIDGLH -DQVI6QV
WHVWYV RQ PLFURRUJDQLVPYV 9DQHOOBHUW 6SHF L | RBciMs thuringiensis

GHOWD HQGRWRUYILHNODWMEKISUHVHRFH
KLIJK DIIEQQWYQWIWKEHUXERUGHIWEUDQH
SHIHU HQFHV R1 WD U JHW HFMG J HAfdceedings of National

$]1RX} &KHUBXERDPSDM® 5DKEP 'XSRUW Academy of Science USA
-RXDQLA@®LVHULRUGD@HQJIR(IIHFRUWS/ODQW
SURWHDQ@KLELVWVRUMF\WWDWQQVR\EHDQHQQLQIWVW :DLQ& &UDLNSQGHUYRQ
%RZPDQ %IQKN E LRMGRUK B S K IMacrosiphum %LRV\QWKHQVHFWLFR SIHEDWOBRQWORWLGHYV
euphorbiae +RPRSWHINLGLORKEWSDUDVLWRLGWKH\ FONG R WS WGV HUL R®ldenlandia affinis
Aphelinus abdominalis +\PHQRSWS$IHKHO L QL G D HProceedings of National Academy of Science USA
Journal of Insect Physiology

&UD'L-N'DOY/ :DLQ& 7TKHF\VWNQRPWRWLY +HIJHGXV%DOGZLQ *UD®\ %UDXQ*OHG®LH
WR[LQYG&PSOLFDMLURQXAH V LTdRicon 6KDUSH/\GLDWH(UODQGWRQ OLGJIXW

S UR W HDU/RHMamestra configurata IHSLGRSWHUD
IRFWXLGDUHYEKDUDFWHUWLIBWORQDQSG

'HORE/HUJHQ[SBH’UXHJXHQHUUD\(VRK‘QDL@DR H[SUHVVHGXH'Q\/FD'DQDO\M’WGS of insect
8WLOLBWISER \ S H S/ UEMPpX QB E X P L Q H biochemistry and physiology
3% EGHD pJXPLQARAFHHQ V H F \WWiefich Badent #
+RX )LHOBYOL@QHUH] OHQG®DIMNHU
&RQWRIRWRUHG SEMHRONMEWMRPELQDWILRQV

-RXDQLQ &ORQIDQUG KD UDFW H RLPD W L REjtomology

JXW VS HFBIWIKH/S MLRORV KIS K Ahis gossypi

Insect molecular biology
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-RXYHQVDXOLOOGLHHQUUDVYVERDKEP *XHIXHQ 5DKEpP)HEYD\ SURWWRQL MRS K LGV
9RYHPOH 3% EDQALQVHFWIGRBMWM™MQDFWHGtro W HWAQ Acyrthosiphon  pisum  Entomologia
IURBHLNHH @¥um sativum + ' 105 VWXG\ Experimentalis et Applicata

DQG PROHFXO D BioBrRiGistrd O L QJ

5DKEp)HUUDV\sMEHVRAXLOOLHD 7R[LFLW)\
. HO@HBOQHK6WULJIKRYXGRYVEHIHKY.RQR WR WKHSHD DSKL @cyrthosiphon pisum R
6FKHGQOEHWWHLRQIHVWRIRKYOWD HQGRWRRWL FK\PRWUVYKRYRQMWQ G IUDJPHQWRIV
E\JXVBURWHPMHN[SODUMG X APHHR VLWUYLW\%RZPDQ BUBWHQKHE L WRBKND H H B3éct
D G Y D QIFH\GW® D U R Bpbdoptera littoralis WRU\, & Biochemistry and Molecular Biology
Insect Biochemistry and Molecular Biology

5DKEpP'HUDLYRARQDGp %R WIWIIIDARED UG& Q

.UDPHU 7KRPDW¥ -DPHW )OR\@ OLFKH®H -RXDQLQ E (IIHFWYWKA\VWHSQRWHDVH
-RK@+ 7UDQVJIBIQILEPLIGL [IHWHYV LW QWLQKLERWRDF\VWEW IRDG LI IHUHSKXWBY G
VWRUDJH L QNatufe\BioBehkoleay UHG X F${BU | R U P IRQ Miyzus persicae RQ2& |,

H[SUHYVWL®DIQV RHQLVM B SMant Science
/LDQI %URRNKDYMQ3I SHHBN.UDPHUY
,QKLELWLRQHVWRYRWHL@D&WRUHDLQ
&ROHRSBAHMD]DF\VWDVELQWHBQRWHL QP E@DUWLQH] 59 EDHFLD 5R B6 BD
,QKLELWRU |UR PEBS Eetet8HH G $ ELQG MVQWRIY D F L OVIOKW L Q J& HQYE V
WR [L\Q RE WU LODIUG BOH O R § BVHATRW HB\HW W V
/IRXIBVHOREBHOHVVHRMKLRXXL OO L9HD® GLHU Applied Environemental Microbiology

5DKE® OROHF>X@MBEL R OR YIFRUIHH QRD J
LQVHFWWHRIRGE XPLORARRXOHIXRBHFLHVFKQHSEKULFNPRWOB GLH /HUHFOX¥®DXP
Plant Science JHLWHOGVRRBLJOBU 'HDQ'+ Bacillus
thuringiensis DQGLWVBHVWLFEGWAHNDORWHLQV
3HXPD:QV9DQGDPPH /HF WD@\D D&MW HQVH Microbiology and Molecular Biology Reviews
S U R WHan@QRhysiology
3R LW R XU6\X H5/ 5H D U LGV RD H VSHERHMY 7D\ORUGBXWKHUODRO&RQ@ 5RV3S56)LHOGV
Noctuidae D QW Z\RS H FRMdfidae /HSLGR SRV@B UD ,QVHFWERIPGRQ HORW HGS BB [WUDFWYV
VLPSOMWLIGHIHBMDales de Zoologie Ecologie VHTXH@MRPHD UL REWMD O E X PEJQurnal of
Animale Agricultural Food Chemistry
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