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OBILASA XAPAKTEPUCTHKA PABOThHI

AKTYallbHOCTb  TeMbl. DHTOMOMATOTEHHBIE ACKOMHLETB  IIMPOKO
pacrnpocTpaHeHbl B Ha3eMHBIX JKOCHCTEMaX M CMOCOOHBI BhI3bIBaTH TMOENH
HAacCKOMBLIX-XO3i€B B JH300THMYECKOM WIH 3IMH300THYECKOM MacluTabax.
DBOJIIOUNA ITHX OPraHU3IMOB MpHUBENa K CYLIECTBOBAHHUIO [PYMIT C pa3HbIMH
THNAMH PAaIMHOXEHHA: TeNeoMOp(HBIX rpMOOB, B KUIHEHHOM LIMKJIE KOTOPBIX
BCeraa MpPUCYTCTBYET MOJIOBasA CTajuA, M aHaMOP(}HBIX, y KOTOPHIX JaHHas
cragus obpa3yeTcs KpaiHE pelko H JIOKalbHO, NTHOO MONHOCTBIO YTpauyeHa.
[MocnenHux paHee OTHOoCHWIH K dopManbHoMy otaeny Deuteromycota
(FAnamorphic fungi). B wHacrosmee BpeMsa IIHPOKOE HCIMOJIL30OBAHHE
MOJIEKYIAPHO-TEHETHYECKUX  METOJ0B MNPHBOOMT K TaKCOHOMHYECKOMY
00beauHeHHIO aHaMopdHBIX H TeneoMopdHBIX BHIOB U poxoB (Sung et al.,
2007). OaoHako 3TH ABe IPynnbl rpu6oB NEMOHCTPHPYIOT NMPHHLUMITHANLHEBIE
pasnu4uA B MX dKoNoruH. B wacTHocTh, min aHaMopgHuIX ¢opM (Beauveria,
Metarhizium, Isaria) XapaKTepHsl BCE MPH3IHAKK AecNeLMaTH3aLuK: MHUPOKUH
CTEeKTp HACEeKOMBIX-X03€B, KOCMOMONIHUTHYECKOE pacrpocTpaHeHHe,
3BPHTOMHOCTh,  (aKyNETaTUBHO-CalPOTPOQHOE  MHTAHWE, BO3MOXHOCTh
pa3sBUTHA B pH3ochepe WIH BHYTPEHHMX TKawax pacteHn#t (Ownley et al,
2010; Behie et al., 2012). Hanporus, teneoMopdusie rpubnl (Cordyceps,
Ophiocordyceps ¥ Ap.), kak MNpPaBHJIO, CTEHOTOMHBI, HMEIOT OrPaHU4EHHBIHN
CMEKTp XO3fieB, JIOKaNbHOE paclpoCTpaHeHHe, XapaKTepuayioTca GOosnee
CIOKHBIMH,  [UIMTENBHBIMH  KH3HEHHBIMM  LHKJIaMH H  OOJIMraTHBIM
Mapa3uTHIMOM.

B Hacrofillee BpeMA B MHpPE PErMCTPHPYETCS MOLIHBIA BCIUleck pabor,
MOCBAUICHHBIX  3HTOMOMATOTEHHBIM TpHOaM. BOJMBLIMHCTBO M3 HHUX
coCpedoTo4YeHBI Ha GHOJIOTHH IIMPOKO-CELHATH3IHPOBAHHLIX MpeacTaBuTeNnel
aHamopdHBIX ponoB Metarhizium n Beauveria (063opbi: Zimmermann, 2007;
Wraight et al., 2007a; Vidal, Fargues et al., 2007, Vega et al., 2009; Bruck et
al., 2010; Meyling, Hajek, 2010; Sandhu et al., 2012; Wang, Feng, 2014 u np.).
3HauuTENBHO MeEHBbIIEe 4YWCI0 Mybnukauufi  moceAlieHo  6uonorum
TeneoMopdHbIX Tpubos. BeckMa cnabo W3ydeHa SKONOTUS 3TUX BHIIOB,
XW3HEHHBIE LMIUTBI, (PAKTOPhl BUPYJEHTHOCTH. MeXay TEM H3BECTHO, HTO
TeneoMopdHbIE BHABI MOTYT BHICTYNaThb OCHOBHBIMH  pErynsTopaMu
YHUCNEHHOCTH PAfla PACTHTENBHOAAHBIX Hacekomblx (Kamata, 1998, 2000).
OnHako B JMTepaType MOYTH HeT cBeleHHH 06 ux 3nMU300THUECKOH
JHAYUMOCTH, a Juin Tepputopuit 3amagHol#t Cubupn u Kazaxctana Taxue
JaHHble OTCYTCTBYIOT. BeposTHO, 3TO OTCyTCTBHE HHTEpeca CBA3aHO C



TPYAHOCTBIO pa3paboTkH TrpuUOHBIX TMpenapaTtoB B BHAY  CJIOXHOCTH
KYNLTHBUPOBAHUA TE/IEOMOP(HLIX rpUGOB U HX Hosiee CIO0XKHBLIM XapaKTepoM
B3aUMOOTHOUIEHHUH ¢ Xo3seraMu. [lo cux mop cnabo usyHeH WHIHEHHBIH LUK
U TpoHyeckHue CBA3M JaXe OJHOTO M3 HauGolee pacrpoCTPaHEHHBIX BHIOB
teneomophHeix rpuboB Cordyceps militaris (Shrestha et al, 2012).
CytuecTByroT criopaguyeckde paboThl [0 BJHAHWIO KYNbTYPaIbHBIX Cpel,
IKCTpakTOB U MeTabonutos C. militaris Ha Hacekombix (Kim et al., 2002), HO
UX pOJIb B MAaTOréHedax OCTaeTCs HeBLIACHEHHON. MeTaboauThl JAaHHOTO rpHGa
aKTUBHO HCCNERAYIOTCA B MEAMUMHE IJIA CO3JaHHA (apMalleBTHYECKHX
NpenapaToB, HO WX KMCHONb3IOBAHUE MIA KOHTPONA HHCIEHHOCTH HAaceKOMbIX
OTXOAMT Ha BTOPOM IUTaH.

OIIHH H3 KJIIOYEBbIX BONPOCOB B H3YHUEHHUH 3HTOMOIIATOIC€HHbLIX l'pﬂﬁOB -
¢opMupoBaHUe crieLHanu3alLMK K onpeeseHHbIM TakcOHaM xo3seB. HanGonee
BEPOATHOE HanNpasJICHHWEC J3BOIOUHHA MNAPAIUTHYCCKHUX CbOpM CBA3aHO C
nporpeccHBHofi AuddepeHUHanneNl H CreuHanu3aunei, nNpu 3ToM Mopdo-
¢v3vonorudeckue npeoGpaloBaHus MapasuToB (OT MPOHMKHOBEHHA B
OpraHH3M M0 CYMpPECCHH HMMYHHBIX DEaKUMH M MOJIeKyJNAPHOH MHMHUKpUH)
CBA3aHBl C MPHUCMOCOOJEHNAMH K OMpeJesieHHsIM Xo3fsenaM. B paze ciyuaes
MOKa3aHo, YTO HeKOTOphle BUALI aHaMopdHeIX rpuboB (Beauveria brongniartii,
Metarhizium acridum, M. album, M. majus) win ¥x naroBapHaHThLI POABAIOT
BRICOKHHA YpOBeHb BHPYJEHTHOCTH TOJBKO K ONPEAENeHHbBIM TaKCOHaM
HacekoMelx (Humber, 1997; Wang et al,, 2009; Gao et al., 2011 u mp)).
H3BecTHO, 4TO [aHHaf CHOCLMATM3ALMA CBA3aHA C  KOMIIO3HIMel
AMHMKYTUKYJSAPHBIX ~ COEAMHEHMN  X03AeB,  KOTOpble  OOYCIIOBIMBAOT
BO3MOXCHOCTb afre3vuH ¥ MpopacTaHUs CHop rpUba Ha MOKPOBaX HACEKOMBIX, a
TaK)ke C MPOTEeNHaMH IpHOOB, BLIMOIHAIOIMMH pellenTopHble dyHkuun (G-
6enkn) u depMeHTaMH, THIPONM3YIOIMMHU KYTHKyNmy (St. Leger et al., 1994,
Charnley, 2003; Wang, St. Leger, 2005; Jarrold et al., 2007; Hu et al., 2014).
Taioke, mnoka3aHo, 4TO  CHEUMAIM3alUMA  CONpHKEHa C  YPOBHEM
TokcHHOoOOpa3oBaHus y rpubos (Kershaw et al., 1999; Amiri-Besheli et al.,
2000), Ho naHHoe saBnNeHHe cnabo usydeHo. Tak, npeAnonaraeTcs, 4TO
IBOMOLMA BHYTPH aHamopgHeIx poaoB (Metarhizium) Gbina HampaeneHa Ha
Aecreunanuiaunio (pacluiMpeHde Kpyra Xo03f€B) H TOBLIIUCHHE YPOBHA
TokcuHos (Hu et al,, 2014). V Bugos p. Metarhizium cneuManH3upoBaHHblE
¢dopMmbl  obnagalor Gonee HHU3KMM YPOBHEM JIECTPYKCHHOB [N Vitro, 4em
reHepanuctsl. Psx asTopos (Bopucos, 1990; Boponuna, 1997, Kershaw et al.,
1999; Charnley, 2003) BpIgensoT ABa TUMa CTpaTeruii y 3HTOMONATOT€HHRIX
rpubos: cTpatermio pocta (Wi 6noTpodHas cTpaTerus) U CTPAaTETHIO TOKCHHA
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(unu  TokcureHHas crtpaterus). J[ns nepsoli XapakTepHa OTHOCHTENILHO
anuTensHas GuoTpodHas (alta ¢ mocnexyrolMM 00pa3loBaHHEM CKJIEPOLIHER
BHYTPH TNOTMOIMX HacekOMBIX M OOMWIBHBIM (OpMHpOBaHHEM dOUepHER
uHbekMM koHUAMit rpuba. JIna BTOpoii crpateru xapakTepHa OkICTpast
rubenn X035€B, CBA3aHHAA C ONECPEKAWINUM TOKCHYECKHM 3(b(beKTOM, npu
atoM rpub norubaeT BMecTe C XO3IAHHOM, HE YCIeB KOJOHH3IHUDOBaTh €ro
remouiens. [IpuunHel popMHUPOBaHHA TOKCHUTeHHOW crpaterm# y rpuboB mo
KOHUA He packpbiThl. Cnabo HM3y4eHL BIAUMOOTHOWIEHUS TOKCHUTEHHBIX U
6MOTPOHBIX IUTAMMOB C XO03A€BaMM pPa3HBIX TaKCOHOB, OCOOEHHOCTH WX
canpoTpoHOro pa3BUTHA, HX B3aUMOAEHCTBHA Opyr C APYroM H €
COMyTCTBYIOILEH MHKPOOHOTOH HacekoMbiX. [IpakTHuecku He HccleIOBaHBI
OTBETHBIE (HIUONOTMYECKME PEAKLUNHM HACEKOMBIX MPH HMHQHUMPOBAHHH
KyJIbTypaMH C Pa3HBIMH MTATOTEHHBIMH CTPaTErHAMH.

BaxHO OTMETHTb, 4TO M1 Oonblliedl YacTM BUAOB M LITAMMOB B pOAAax
Beauveria, Metarhizium HMKaKoH cneUManN3alHU K onpede/leHHBIM TaKCOHAM
xo3ses He o6HapyxeHo (Rehner, Buckley, 2005; Wang et al., 2005; Meyling et
al., 2009). Dsomoums ITHX rPUGOB NPUBENA K TOMY, YTO OHH MOTYT MOpaXaTh
HACEKOMBLIX CaMbIX PaiHbIX OTpanoB. COOTBETCTBEHHO, BO3HHKAET BOIMPOC:
KaKkoBa IleHa J3ToW 1upokoil crneunanuiaumu? HsmecTHo, dYTO mIA
3¢ dexTHBHOrO 3apakeHHA X03fA€B aHamopdamu TpeGYIOTCA OYEHb BLICOKHE
WHQEKLMOHHbIE HArpy3KH, COCTABJIAIOIIME TBHICAYH, OECATKM H HaXe COTHH
TBICAY KOHHAUA Ha ogHy ocobs (Ment et al., 2010; Jaronski, 2010; Dubovskiy
et al, 2013b). TaknMu BBICOKMMM [03aMHM XO3A€Ba He MOryT 4acTo
KOHTaMuHMpoBaThcs B npupoge (Bopuco u np., 2001), B ocobeHHOCTH, B
ycnosusx 3acyuumusoro knuMarta Cubupu u Kajaxcrana. OnHako TOKasaHo,
YTO 3TH 03B! MOryT OBITh 3IHAYUTEIBHO CHIDKEHBI MMOJ BIHAHHEM pAda
¢daxTopoB cpenbl, TaKHX KaK, CyOONTHMaIbHBIE [IA XO3AEB TEMIIEPATYPHI,
akpaHnpoBaHue Y@, npuCyTCTBHE Y HACEKOMBIX COMYTCTBYIOLIMX MH(EKLHH,
BO3EHCTBME NPHUPOIHBIX WIHM CHHTeTHYeckMX uHHcektuuuaoB (Furlong,
Groden, 2001; Thomas et al., 2003; Wraight, Ramos, 2005; Inglis et al., 2007 n
ap.). Mexanusm aeficTBus 3THX ($akTOpOB He BCEraa OUEBHICH: BIMAIOT JIH OHH
HENoCpeCTBEHHO HAa rpHO WIH e Ha X03sHMHa. MbI nonaraeM, 4To B JAHHOM
cliyyae BaxKHelillee 3HaueHHE HMeEeT OpPraHH3M HaceKOMOro, KOTOPRIA Mof
aelicTBueM 3THX GakTOpOB HE MOXET B IOMDKHON Mepe 0GecneqHTs 3aIlUTy OT
rpu6oB. BepoaTHO, qaHHble (GAKTOPEI MOTYT BAMATL HA PAM 3ALUIMTHBIX CHCTEM
M peakuui, CBA3aHHBIX C YCTOWYHBOCTBIO K TpUOHBIM natoreHaM. K HHM
OTHOCATCA, B 4aCTHOCTH, CBOWCTBa JMUKYTHKYJIBI, WHTHOMpYIOLIHE WITH
CTHMYNUPYIOIIME MPOpacTaHHe crop rpuba; akTHBHOCTH OJHOTO M3 KJTIOYEBAIX
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(epMEHTOB MMMYHHOM CHCTEMBI (JEHOJIOKCHIA3bl, HanpaBleHHON Ha
MeNaHu3alMI0 [aToreHa B KYTHKYJE M TEeMOLEJIH; pEakUHH KIETOYHOIo
MMMYHHWTETa, OOYCNOBIMBAIOIIHE 3akimodeHWe rudanbHLIX Ten rpuba B
Kancyny; aKTUBHOCTb (depMeHTOB IETOKCULIMPYIOLIEH CHCTEMBI,
HaMpaBjieHHBIX Ha MHaKTHBaLMIO MeTaboauToB, 00palylolMXcA TpU MHKO3E
(Hajek, St. Leger, 1994; I'mymos u ap., 2001; Cerenius, Soderhall, 2004;
Cepe6poB ¥ ap., 2006; Zibaee et al., 2009). B cBs3u ¢ 3THM, MBI [IpeaNoIaraem
B3aHMOCBA3b  MEX Ay po3aefictBHeM (akTOpoB cpenbl, 3aMUTHBIMH
peakUMAMH HaCEKOMBIX M CHIELHaIH3aLieli NaTOreHOB.

B npucnocobneHHH K XO3AHHY Ba)KHEHIUYIO pO/ib HIpaloT HE TOJBKO
afanTauMy Napa3uTa K OPraHU3My XO3AMHA, HO U K TEM 3KOJIOrMYECKHUM
yClIOBHAM, KOTOpble ero oxpyxator ([Jorens, 1962). B mnocneanne romsi
BBIABUIAETCA TUNOTe3a O TOM, 4TO B AHddepeHUMaUmH O6IMIKHX BUAOB M
BHYTPMBHAOBLIX ¢OpPM aHaMOP(HBIX IHTOMONATOreHHEIX FPHOOR BedyLIyIO
POJIE MOTVTM HIPaTh aJanTaliK He HEMOCPEACTBEHHO K XO35€BaM, a K MX cpeje
OoOMTAaHWA, TO €CTb K OMNPEAENEHHBIM pPACTHTEJBHLIM  ACCOLMALMAM,
AManaloHaM TeMreparypel W BiaxHocTH M Ap. (Bidochka et al.,, 2001, 2002,
2005; Wyrebek et al., 2011; Wyrebek, Bidochka, 2013). Hanpumep, nokasaua
BLICOKaA 3Q(PEXTUBHOCTh CEJIEKIIMM IHTOMOMATOTEHHBIX IPHOOB M0 NpUHIMTY
ycroitunBocTH K Beicokoit Temnepatype (De Cracy et al., 2009). B 31tom nnane
paBHUHHBIC TeppuTopun 3amagHofi CnOupu M Kadaxcrama mnpeactasmor
YHUKIBHBIH DErHOH NS WCCNENOBAHMA TUIPOTEPMUUYECKHUX npedepeHumi
HOMyNALMA MHUKPOOPraHW3MOB, MMOCKOJIBKY Ha JaHHOH TEPPHUTOPUH HIECaNbHO
BhIpa)XEHa MIMPOTHAs 30HATLHOCTh M €fl CBONCTBEHHA BBICOKAsA COXPAHHOCTh
ecTecTBeHHBIX JaHgmadros (CrnsgHes, 1965; Mopaxosua, 2014). lanHoe
HccneqoBaHNe BEChbMa aKTyalbHO M C TMPHIUIAZHOHA TOYKM 3PEHHA, MOCKOJBKY
3¢ peKTHBHOCTh TPHOHBIX MPENapaToB B TeX MM HHBIX IPHPOAHBIX 3OHAX
3HAYMTENBHO 3aBHCHT OT THrPOTEpMHUYECKHX NpedepeHAyMOB LITAMMOB
npoayuentos (Vidal, Fargues, 2007). Oco0eHHO BaK€H TNOMCK IUITAMMOB
rpuboB aKTHBHBIX B LIHDOKOM [IHAana3oHe THIPOTEPMHYECKUX YCJIOBHHA,
MOCKOJIBKY OHM MOTYT GBITH HCMONB30BaHBLI U pa3paboTKH GHOMpenapaTos,
BbICOKOI(()EKTHBHBIX B YCIOBHAX KOHTHHEHTATBHOIO KJIMMATA.

Hcxoaa U3 BhIUIEH3N0KEHHOTO, Le/b JaHHON paGoTLI: aHANN3 aaanTaluii
IHTOMOMNATOreHHBIX ACKOMHLETOB K HAaCEKOMBIM-XO3A€BaM, OLEHKa BJIUAHHSA
bHoTHYECKHX M aOMOTHYECKHMX (DaKTOPOB Ha MOMYNALMM rpHOOB, TeueHHe
MHKO30B M 3aLUMTHBIE PEaKLHH HACEKOMBIX B YC/IOBHAX KOHTHHEHTAIBHOrO
inMara 3anaaHoti Cubupu u Kazaxcrana.



3apayu:

1. U3yuuTs pacnpocTpaHeHHMe W OWaNa3oH XO03f€B JOMHHUDYIOLIMX
TeAeOMOPPHLIX M aHaMOPOHBIX (HOPM IHTOMONATOTEHHEIX MPHOOB B YCITOBUAX
3anagxoit Cubupu u KazaxctaHa, OLEHUTE UX 3MHI00THYECKOE 3HAUCHHE,

2. HccnepoBaTh BHPYJEHTHRIE W MOP¢$hOIOro-KynsTypalbHBie CBOACTBa
monato Beauveria bassiana s.|., BbIZENEHHBIX U3 HACEKOMBIX DPa3JIHIHBIX
CHCTEMAaTHYECKUX IPYII U CENEKTHPOBaHHBIX MO MPUHLUMITY BHUPYJIEHTHOCTH K
Pas3IHYHBIM XO3A€BaM.

3. U3yuuts Mmopdo-dunonormyeckue csolicTBa I1TamMmoB Metarhizium
robertsii ¢ TOKCHreHHOR M OHOTPO(PHOM CTPATETHAMM, a TAKKE 3AIUHTHBIC
peaKkUMH HAaCEKOMBIX NPH HHOHLINPOBAHNY AAHHBIMH KYIETYpaMd.

4. HccrnenosaTe TEYEHUE MUKO30B, BeI3BaHHBIX Cordyceps militaris, nipn
WHPHUINPOBAHNH HACEKOMBIX palHbIX CHCTEMAaTHYECKMX T[pYMM, OUEeHUTh
BIIMAHHE KYJbTYPANbHBIX CPEX M OTACILHBIX MeTaboNHTOB rpuba Ha pa3BHUTHE
HaceKOMBbIX, HX KIETOYHbIA M TryMOpaibHBI HMMYHHTET, a TaKxe
BOCIIPMMMYHBOCTE K BTOPHYHBIM HHOEKLIHAM.

5. YcTaHOBHTH TeMMNEpaTypHble MpedepeHAYMbl MOMyNAUdi Beauveria
bassiana n3 pasHeix WHPOTHEIX 30H Cubupu u KaszaxcraHa, oueHdTs WX
BHPYJIEHTHbIE CBOWCTBA B YCIIOBHAX Pa3HBIX THTPOTEPMHYECKHX PEXHMOB.

6. YcTaHoBHThL TeMMepaTypHbie npedepeHayMsl rpHGoB pona Metarhizium.
OLEHHTh UX BHUpPYJIEHTHBIE CBOHCTBA B YCIOBHAX KOHTHHEHTAIBHOIO KIHMaTa
3anagHo#t CubupH.

7. H3yuuTh pa3BHTHE MHKO30B H 3AIMTHBIE PEAKUMH XO3AEB M0 BIHAHHEM
TEMIIEPaTyp ONTHMATBHBIX H CYOONTHMAILHBIX /I HACEKOMBIX.

8. M3yynTh 0COOEHHOCTH TEYEHUS MHKO3OB Y HAaCEKOMBIX MOM BJIHAHHEM
COMYTCTBYIOIUMX OakTepHayibHBIX HHbexuuit Pseudomonas sp., Bacillus
thuringiensis v Mapanu3auny 3kTonapasutongamu Habrobracon hebetor.

9. OueHHTb BOCTIPHMMYHBOCTb HaceKOMbIX K rpubam  Beauveria,
Metarhizium Tof BIUAHHEM CHHTETHUECKMX H  MOJYyCHHTETHYECKHX
WHCeKTHUMHoB. PazpaboTaTs pekoMeHAalMH MO CO3NaHHI0 KOMOWHHPOBaHHBIX
6uonpenapatos.

IMonoxeHns, BLIHOCHMbIE HA JALLMUTY:

. Ulupokas cneumanusalus aHamMOp(HBIX IHTOMOMATOTEHHBIX IpHOOB
COMpMKEHA C MOpaxeHHeM UMM ocolelf, ocnabneHHBIX OHOTHYECKHMH H
abnoTHYecKUMM taxTopamu: cyGonTHMansHble TeMIIepaTyphl,
COMYTCTBYIOUIME HHQEKUMH, Al MEepeMnoOHYATOKPBUTEIX, HHCEKTHIIMIBL.



Ilepeuucnennsie (akTOpb! BBI3LIBAIOT MIOAABJEHWE JALMTHLIX peakuuit
HaceKkoMbIX, CBA3aHHBIX C YCTOAYHBOCTBIO K TPHOHBIM NaTOreHaM.

2. Creuvanu3auus IHTOMOMATOrEHHBIX rpHbOOB  Metarhizium o
OTHOUICHHIO K XO35cBaM [POABJIAETCA HE TONBKO B OUOTpodHOH, HO U B
HekpoTpoHON CTaauM >KM3HEHHOTO UHKIa rpuboB, 4YTO CBf3aHO C
BOIMOXHOCTBIO 3aBEPIIATh JKHUIHEHHBIA LMK TOMLKO Ha OMNpENEEHHBIX
rpynmax HacekoMbiX. CHIXKEHUE YPOBHA KOHHIE000pa30BaHMUA Ha HACEKOMBIX,
BIUIOTb [0 TOJHOW D3JMMHMHAaLUMM rpuba, XapakTepHO IS TOKCHTEHHBIX
Ky/lbTyp, BBI3BIBAIOLUIUX PE3KOE TMOJABJICHHE KJIETOUHOrO HMMYHHUTETa W
aKTHBAUMIO (EPMEHTOB T[YyMOpalNbHON M  [AETOKCHUMpYIOLIeH cHCTEM
HACEKOMBIX.

3. IlporpeccuBHas auddepeHLMaUNA y ILNPOKO-CNEUNAIHUIUPOBAHHBIX
rpuboB Beauveria bassiana B ycnosusx 3anagHoii Cubupu M KaszaxcraHa
CBA3aHa C ajanTauMAMH K abuoTHueckuM dakTopam cpednl, HEKenH K
ONpeeNICHHBIM TaKCOHaM Xo3feB. C MOHMKEHHEM IIMPOTHI MECTHOCTH Yy
nomy AN B. bassiana  yBenuumBaeTtcs TEPMOTOJIEPAHTHOCTE 7
BUPYJICHTHOCTh B apUAHBIX ycioBMAX. [103TOMy MMEHHO CTEMHBLIC IITAMMBI
HauboJiee MepCreKTHBHBL IJIA PeryaalMy YHCIEHHOCTH HACEKOMBIX B YCIIOBHAX
KOHTHHEHTAILHOTO KITMMATA.

4. Jlna paspabotkn 3¢dekTHBHBIX MHKOHHCEKTHUHAHBIX IpENaparos
uenecoobpalHo BBEJEHHE B HX COCTaB NPHPOOHBIX KIH CHHTETHYECKUX
KOMITOHEHTOB, 3aflepXKHBAIOIMX MPOLIECCH JIMHBKH MW MeTamopdoaa,
MOJABJIATOMMX  PEakLMH KIETOYHOTO, TyMOPILHOr0O HMMYHHMTETa H
aKTHBHOCTb )ePMEHTOB JETOKCHIMPYIOMIEH CHCTEMBI HACEKOMBIX.

Hayunana HoBH3HA. Briepsrie onucaHsl NM300THH, BbI3BaHHLIE TPHOAMH
p. Cordyceps B nNONyNAUMAX JIETHE-OCEHHETO KOMIUIEKCa Aef)ONHAHTOB
JIUCTBEHHBIX JepeBhen. BrifBieHsl HOBbIE 1A TeppuTOopHN CHbupn n Poccuu
BHIOBI 3HTOMOIMATOTEHHBIX ACKOMHLIETOB. YCTAHOBJIEHO, YTO BHYTPH BHAA
Metarhizium robertsii cymectByroT ¢GOpPMBI C pPalHBIMH TIaTOTEHHBIMH
cTpaTerusiMu: 6GUoTpodHON U TOKCHIEHHOHN, KOTOPHIE BHI3BIBANOT PABTHIHBIN
OTBET peakLHif KIETOYHOTO, TyMOPAILHOIO HMMYHHTETA H ICTOKCHIMpYIOMmEi
cucTeMbl HacekoMbiX. [Toka3aHo, 4TO TOKCHTEHHbIE KYJIbLTYPbl MOTYT [MOpaXaTh
HaceKOMEIX paiHbIX OTPAAOB, HO 00Pa30BLIBATE KOHHIHAILHOE CIIOPOHOLIEHHE
OHH CMOCOGHEI TOJILKO Ha OMpE/ENICHHBIX X03seBax. Briepsbie ycTaHoBieHO,
yTo mon Bo3daelictBueM MeTabonutoB Cordyceps militaris 'y HacekoMbIX
MPOMCXOAMT HapylUleHUe MpOIHGEPALMM TEMOLNTOB, WIMEHEHHE YPOBHA
¢eHonokcuaassl B reMonumde U KyTHKYIE, 3aflepkKa pa3BUTHS M MOBbIILEHHE



HX BOCHPHHMYHMBOCTH K rpuby B. bassiana. IlokazaHo, 4to guddepeHUMKAUA
nomynsAuuit B. bassiana B 3amagHot Cubupu u Kadzaxcrane 3aBuCHT,
MpEeNMYIUECTBEHHO, OT TMPUPOJHO-IOHANBHBIX (akTopoB. B 1mmpoTHoM
rpagMeHTe AaHHOH TEPPHTOPHH B HAMpPaBJECHWH CEBEP-IOT Y NOMyIALUHHA
JaHHOTO rpuba yBENUYMBAETCA TONEPAHTHOCTh K MOBLIILIEHHOH TeMmepaType.
IMoka3zaHO, 4TO HMEHHO CTeNHbIE UTaMMBI B. bassiana apnsioTca HaubGosee
BUPYJICHTHBIMH B YCJIOBHAX BBICOKMX TEMIIEPATYP M MOHIKEHHON BIaXXHOCTH.
BbifiBNIEH pAd JKOMOTHYECKUX padTHYHit MeXOY KPHUNTHYECKUMH BHIAMH P.
Metarhizium wn nokazaHo, 4to M. robertsii Hanbonee aganTHpoBaH K
KOHTMHEHTANbHBIM YCNOBUAM. BhifiBneH psan codeTaHufi mITaMMoB rpHboB H
OaxTepuH, a TaKkXKe IHTOMONATOr€HOB M MHCEKTHLMIOB, KOTOPhIe MPHBOIAT K
CHHepructuieckoMy 3¢deKkTy B CMEPTHOCTH CapaHYOBLIX, YEUIYEKPBUIBIX W
xosnopanckoro xyka. [TokalaHo, yTo nox Bo3geHcTBHEM CyOOMTUMANIBLHBIX IJIA
HaceKoMBIX TeMrepartyp, COITYTCTBYOLLIUX HHbexuui, ANOB
MepenoHYaToOKPhUIBIX, PACTUTEALHBIX W CHHTETHYECKUX WHCEKTHULMAOB, Y
HACEKOMBIX NPOUCXOAUT N3IMEHEHUA KOMITO3MIIMH MHKY THKYJAPHBIX JTHITHIOB,
MoJaB/icHHe peakUHi KIETOYHOro M TYMOPANbHOrO HMMMYHHTETa, a8 TaKKe
()epMEHTOB  NETOKCHIMPYIOWEH CHCTEMBI, YTO COMPAXKEHO C pPe3KHUM
YBEMHEHUEM  YYBCTBUTENBHOCTH HaceKkOMBIX Kk rpubam  Beauveria,
Metarhizium, Isaria. BnepBrie No0Kalana BOIMOXHOCTb TOPHIOHTAlILHOIO
nepeHOca IHTOMOIATOTEHHBIX FPUOOB IKTONApa3UTOUAAMH.

IMpakTH4eckass 3IHAYHMOCTb. Pa3paboTaHel HOBBIE 3KOJIOTHYECKH
Oe3onacHple MOIXOABl A PEryNIALUMH YHUCIEHHOCTH HaceKoMbIX—(pHTodarop
Ha OCHOBE COYETaHMA IUTAMMOB MHKPOOPraHM3MOB, TMpOSBJIAFOLINX
CHHEPrHCTHYECKOoe OelCTBME: JHTOMOMATOreHHLIX TrpuGoB  Metarhizium
robertsii v 6aktepult Bacillus thuringiensis morissoni var. tenebrionis, a TaKxe
rpubos Beauveria bassiana W GTOPUPOBAHHBIX MOIN(HKAHTOB YCHHHOBOM
kucnotel. [lomydeHB TepMOTONEPAaHTHbIE BbICOKOBHUDYJICHTHBIE HITaMMBI
rpuboB, MNepcrneKTHBHbIE [ GHONIOTHYECKOrO KOHTPOJIA HAcCEKOMBIX B
YCIOBUAX KOHTUHEHTAILHOro knumara. PazpaGoTtaH pAm HOBBIX METOMOB
KyNbTHBHPOBaHHA IUI0H0BLIX Tel rpuba Cordyceps militaris. TlomyderHsle
JaHHBIE MOTYT GBITH MCMONB3OBAHL! 1A MOHUTOPHHIA COCTOSHHA MOMYJIALMHA
HaceKoMbIX — (uTO(aroB M MX MATOreHOB, a TaKXke B Kypcax JeKuui Mo
3HTOMOJIOTHH, MUKOJIOTHH, MAPa3HTONOrHH, IKOJIOTHH H 3aIUTE pacTeHHH.

AnpoGaunn. Martepuansl OHccepTauMM npouutd  anpobauMio  Ha
koHdepeHumsax: «Jlecomaromormueckas o6GcTaHoBKa B JlecHOM  GoHAOe
Vpansckoro pernona» (Exarepunbypr, 2001), I BcepoccuiickoM chedne no
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samute pactenuit (Caukt-Iletepbypr, 2005), VII u VIII MexperHoHaibHbIX
coBelaHuAX dHToMoNoroB Cubupu u JlansHero Boctoka (HosBocubupck, 2006,
2010), mexmyHapogHo# KoH(epeHUMH «AKTyaltbHble MPOONEMSI 3ALWHTEI U
KapaHTHHa pacTenui» (AnMartsl, 2006), XV EBponefickoM MHKOJIOIHYECKOM
koHrpecce (Caukt-IleTepbypr, 2007), XIII u XIV cwesgax Pycckoro
3HTOMoOJNIorndeckoro obulectsa (KpacHonap, 2007; Cankt-Iletep6ypr, 2012), V
n VI credgax napasuTosiorudeckoro obinectsa PAH (Cankr-Iletep6ypr, 2008;
HoBocubunpck, 2013), Beepoccuiickux koHdepeHiumax «[Tapazntonoruueckue
uccnegoaHua B Cubupu u Ha [ansHem Boctoke» (Hosocubupck, 2009),
«@yHaaMeHTalbHBIE NpoOaembt  3HTomonormn B XXI  Bexe»n (CaHkr-
Merepbypr, 2011), «bone3ud W Bpeautenn B secax Poccum: ek XXI»
(ExaTepuHOypr, 2011), «HdexuHoHHan naTonorusa 4ieHHCToHOrmx» (CaHkr-
[Metep6ypr, Ilywkun, 2012), MexaucUUIIMHADHOM MUKOJIOrHueckom dopyme
(Mockpa, 2010), IHI cwe3sge Muxonoros Poccun (Mockea, 2012),
MexayHapoaHOM cHMMo3uyMe «bHosormyeckuit KOHTpPONb HMHBA3MBHBIX
oprannimos» (Cep6us, 3natubop, 2009), 45- u 46-M eXeroHLIX KOHrpeccax
1o NaToNoruu 6eCno3BOHOUHBIX XUBOTHBIX (AprenTrHa, byanoc-Aiipec, 2012,
Cepmanns, Malinu, 2014), mexuabopatopHsix cemutapax HCudX CO PAH
(2007, 2013).

My6nankanuu. OCHOBHBlE Ppe3yNbTaTEl  JHCCEPTALMOHHOH paboThl
O0CTaTO9YHO MOMHO oTpaXeHsl B 41 omyGnukonaHHo# pabore, B TOM 4uHcne 27
cTaTefi B HAayYHBIX >KypHaiaX, BiJIIOYeHHbIX B [lepeueHb pelIEH3INPYEMLIX
Hay4YHBIX H3faHHMH, PEKOMEHIOBAHHBIX Briciiell aTTecTallMOHHONH KOMHCCHElH
npn MuHncTepcTBe obpasoBaHus H Hayku Poccuiickoit ®Pepepaunu mna
onyG/MKOBaHUs OCHOBHBIX HAy4YHBIX pe3ynsTaToB AuccepTauuil (M3 Hux 13
CTaTell B JKypHanax, BXoasiux B Gunuorpadudeckyro 6asy Web of Science),
3 nareHta (2 mnateHta Poccuiickoii depmepaunu, 1 natent PecnyGnuxu
Kasaxcran), 11 mybankanuil B npodnx MepUoIHIECKHX U3TaHHAX.

CTpykTypa H 061em paboTsl. [IuccepTauus HioxeHa Ha 249 cTpaHHLax
TeKCTa, BKIIOYAET BBeleHHWe, 6 TNIaB, 3aKMIOYEHHE, BLIBOAB M MPUIOKEHHS.
Pa6oTa wimocTpupoBana 69 pucyHkamMH H 16 TabnuuaMu. CUCOK JIMTEpaTypEl
BKMO4YaeT 380 HCTOYHMKOB, U3 KOTOpPBIX 248 Ha MHOCTPaHHBIX A3IBIKAX.

JInuubiit Bi1aa couckatenn. Hccnenosanue natoreHe3oB HaceKOMBIX,
N3yqeHHue 3KOJIOFHYECKUX H Mop¢o-pH3HONOrHYECKHX CBOMCTB
JHTOMOMATOreHoB, 06paboTka M aHAU3 JAHHEIX MPOBENEHEI HEMOCPEACTBEHHO
asTopoM. BunoBas  MIEHTH(HMKAaUMA  IHTOMONATOrGHOB HAa  OCHOBE
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MONEKYJIAPHO-TEHETHYECKUX MapKepoB NMpoBeAeHa COBMECTHO C abopaTopueit
snureHetMkn WHctutyta uurtomoruu u  redetuku (VLT CO PAH).
Xpomatorpaduieckne HCCEIOBAHHS BTOPHYHBIX MeTa0oNuTOB rpHOOB U
IMUKYTHKYJIAPHBIX  JIMMIMAOB HACEKOMBIX TNPOBOAWINCE COBMECTHO C
naGopaTtopHeii GU3NONIOTHYECKN aKTUBHBIX BemwecTs MHcTHTYTa opraHHieckoi
xumun M. H.H. Bopoxuosa (HMOX CO PAH) u otmenoM npukiamgHoO#H
JHTOMONOrNM yHusepcutera Cyorcu (BenukoOpuraHus).

BnarojapnocTi. 3a nomouls Ha pasHBIX JTanax MHccleJoBanuii A
NpU3HaTeNieH CBoeMy pykoBoauTtemo 0.6.H. B.B. I'mynoBy, BceMy KONIEeKTHBY
nabopatopuu natonormu HacexoMbix MCuIXK CO PAH u, B ocobeHHOCTH,
k.6.H. O.H. SlpocnaBuesoii, a Takke BceM COTpPYIHHKaM JlabopaTopHH
ounotexnonorud HHUM3uKP (r. Anmaret), B.A. Bopucosy (MIID3 PAH) n
k.6.H. [.P.Jlenneny (BHU3P PACXH). 3a KOHCYNbTaTHBHYIO MOMOUIE A
rny6oko npulHateneH K.0.H. @.b. 'anunbany, 1.6.u. 10.C. Tokapesy (BU3P
PACXH), nupo¢. T.M. Byt (yH-T CyoHcH, Benuxobputanus) u a.6.H. B.T.
Mopakosuuy (MCuDXK CO PAH). HeoueHumslf Bkiag B OpraHM3auuio H
NpoBedeHHe JKcIepUMEHTaTbHOM paboTel BHecnu k.6.H. M.B. JleBueHko
(BHU3P), k.6.1. E.A. Enucadenxo, 1.6.H. C.M. 3akuan (ML{uI" CO PAH), «.6.H.
B.A. Ulwio (MCu3X CO PAH), x.6.H. O.A. JTy3una, k.6.4. M.IT. IMonoBuHka,
1.6.1. H.®. Canaxyraunos (HHOX CO PAH), a.6.u. T'.B. BenskoBckas,
E.B. Cypuna (UbuI" YHLl PAH), H.H. Becunna (HI'ITY), A.E. Kyxapenxo
(TocHUH Tenetnka), A. Abayna u K. ®uxen (yH-T CyoHcH). 3a nomorws B
uaeHtudukaun 6GakTepuit, Tpu60OB M HACEKOMBIX H TNpPHIHATENEH K.6.H.
B.Il. Xogeipey, x£.6.H. A.A.Jleranosy, n.6.n. M. Cepreesy, na.6.H.
AT. Byrposy, k.6.H.C.B.Bacunenko, k.6.H. H.H. Jlro6eyanckomy, K.G.H.
B.C. CopokuHoii, (MCn2X CO PAH), k.6.n. H.A. T'opbyHosoii (LICBC CO
PAH), n.6.1. E.C. ITonosy (FMH PAH), 3a npenocTtasneHHsle 06pa3upl — K.6.H.
A.B. Anekcanagposoit (MI'Y), n.6.H. A.B. Bapkanosy (MCu3XX CO PAH).
Pa6ora BbimonHeHa npH ¢uHaHcoBOM mopuepxke ¢oHaos Ilpeanauyma CO
PAH, POOU, Ipe3nnenra PO, GLIT, MOH PK 1 m3pun r. Hopocubupcka.

1. MATEPHAJIbI H METO/IbI
C6op »sHTOMOMaToreHHnIXx rpubos mnposoawica B Horocubupcko#,
Kyprancko#i, CemunanatuHckoli, AnMMaTHHCKoM obnactax n AntalickoM kpae.
Takxe B paboTe wucnonp3oBaH Martepuan C cepepa TioMeHCkod ofbnacTh,
IopHoro Auntasn, KpacHospckoro kpas, BypfATuH, paiIMuHBEIX pErHOHOB
esponeficko#t yactH 6sBiiero CCCP, ITpumopns, Ceseproro Mpana, IOxHoro
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BreTHama. Bcero B npupoae cobpaHo M LeTeKTHMPOBaHO OO pola WiM BHIa
caeie 500 3k3eMIUTAPOR IHTOMOMATOTEHHBIX FPHOOB. B 3KCIEpUMEHTANLHOM
pabote wucnonblosaHo BS wzonaroes (54 Beauveria, 12 Metarhizium, 17
Cordyceps, 2 Isaria).

Brloenenue, xpaHeHMe, KyJIbTHBHDOBaHWe T[pHOOB MPOBOAWIH 1O
ob6wenpuHATIM MeToaukaMm (HoBukosa, Boiikoma, 2001; Butt, Goettel, 2000).
Unentndukaumo kynsTyp Beauveria, Isaria ocyllecTBASIIH METOIOM
CBETOBOM MHKDOCKONIMH, a rpuboB Metarhizium u Cordyceps Ha OCHOBe
cekBeHUpoBaHUA perHoHa 5' EF-la (Sung et al.,, 2007; Bischoff et al., 2009).
Mopdonoro-xyneTypansHsle CBOWCTBa rpHOOB M aHTaroHH3M Mexay rpHbamu
n  OakTepuAMHM  H3y4anuch  OOLUENPHHATHIMM  MHUKPOOHONOrHYECKUMH
METOAaMH. YDpOBEHb TOKCHMHOB rpuboB (kopauuennH, AecTpykcHHel B, E)
onpenensuica ¢ nomoiusio BOXKX (Kershaw et al., 1999; Kprokos ¥ ap., 2012).
TemmnepatypHsie mnpedepeHIyMsl PHOOB H3yyand METOAOM H3IMEPEHHA
pagHanBEHOTO POCTa KOMOHHIM, Ky abTHBMpYeMsIX npH 5, 10, 15, 20, 25, 30,35 n
37°C ™ BuipaXanH B OTHOCHTENbHbIX enuHuiax (%) B MepecyeTe Ha paiMep
KOJIOHMH MNpH ONTHMaNLHOH Temmnepatype, BaaThiil 3a 100%. [lna ananuza
FEHETHYECKHX Pa3IMYUil U3ONIATOB U3 Pa3HBIX PETMOHOB, @ TAKXKE MPHPOAHBIX M
CENIEKTHPOBAHHEIX KYyNBTYp, OBUIH HCMOB30BaHBI  MEXMHKPOCATTETMTHERIE
JAHK mapkeps! (ISSR) (Estrada et al., 2007).

B akcriepuMeHTanbHOM paboTe HCMOL30BaHBI HACEKOMBIE M3 NMPHUPOIHBIX
nomy/suui konopaackoro xyka Leptinotarsa decemlineata Say, capaHuOBBIX
Locusta mygratoria L., Calliptamus barabarus Costa, Dociostaurus sp.,
YeurykepsUTBIX Yponomeuta malinellus Zell., Aglais urticae L., Operophtera
sp., Malacosoma parallela Staud., Lymantria dispar L., Euproctis similis
Fuessly, Hyphantria cunea Dr., a Taxxke nabopaTopHble HaceKOMBIE. OTHEBKA
Galleria mellonella L., rabpoGpakon Habrobracon hebetor Say, Myxa
Protophormia terranovae R.-D., xpywak Tenebrio molitor L., GpoH3oBka
Pachnoda marginata Drury, csepuok Gryllus bimaculatus Deg., Tapakan
Nauphoeta cinerea Oliv. Becero B axcriepuMeHTax Hcrionb3oBaHo caelie 30000
ocobeli HaceKOMBIX.

BuortecTHpoBaHue OCYLLECTBIIANH METOIOM NepKyTaHHOTO,
HHTPareMoLE/UTIOIAPHOrO H TEPOPANBHOTO 3apakeHMss Hacexomblx (Butt,
Goettel, 2000), npu conepkaHUH MOCNEIHHX B BEHTHIHpPYeMBIX KOHTeAHepax
wiM yamkax [letpu. B noneBsIX JKcnepuMeHTax mnposogunH 06paboTky
AENAHOK miowaasio 15 M2, MO0 HCMONB30BaNK CofepiaHWe HACEKOMBIX B
cagkax-pykasax. KOHTpoJib MHKPOKJIMMaTa B 3KCIIEPUMEHTAX OCYIUECTBIIANIH C
NOMOLIBIO JaTYUKOB TEMIIEPATYPhl H BIDKHOCTH, MOMELIECHHBIX B KOHTEHHEpBI
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WIH Ca/IKH ¢ HAaCEKOMBIMH. Bce 3KCMEpUMEHTSI CTaBUMH He MEHee 4eM B Tpex
MOBTOPHOCTAX. Y4ETHI CMEPTHOCTH, BECA, TMHBKH NMPOBOAWIH B TeueHue 10-20
cyTok. B kaxxpom BapuaHTe 6uoTecToB yuactsoBano ot 30 no 100 HaceKOMBIX.

Hccnenosanue ypoBHA azare3ud rpuboB Ha KyTHKyJle HAcEKOMbIX
NMPpOBOAHIIOCE METOOOM CMbIBA KOHHIHI OAXJIOPMETAHOM, € TIOCJIEAYIOLHM
oca)K[eHHEM, H TMOAcYeTOM B remouuToMerpax (Ment et al., 2010a). VposeHb
MpopacTaHHss KOHMAMA Ha KYTHKYJNE in Vvivo OIPpENeNscs METOAO0M
¢duyopecueHTHON Mukpockonuu (Butt, 1997), a BpeMa mossieHus rpu6os B
remMolese — METONOM M0oceBa reMoiuM@bl Ha HCKYCCTBEHHbIE MHTATENbHbIE
cpenst (MIIC) (Dubovskiy et al., 2013b). Onpenenenue coctasa XHpPHBIX
KHCNOT JMMKYTHKYNhl TPOBONWTH MYTEM MX JKCTPAKUHMH T[EKCAHOM H
nocnegywoued Macc-criekTpomeTpueii. OnpefeneHue YpOBHA TpopacTaHUsA
KOHMAMA HAa MNOJAPHBIX M HEMOJAPHBIX JKCTPAaKTaX KYTHKYJBI H JKHPHBIX
KMC/IOTaX MpoBOAMIN 10 MeToaHke Ment et al. (2010b). Hsyuenue
ocobeHHocTelf  (GOPMUPOBAHHUA  [UIOAOBLIX Tel M MPOAYKTHBHOCTH
KOHHMAKHEeoOpa3oBaHHA Ha TpyNaX NpOBOAMINCE MO MeETOAMKaM Sato, Shimazu
(2002), Butt, Goettel (2000) u ap.

OO6wee YHCIO TEMOLMTOB M MX OTHENBHBIX THINOB B remonuMde
HACEKOMBIX OMpede/AIH METOAOM cBeToBOH Mukpockomnu (Cmynos u ap.,
2001). HTeHCHBHOCTH MPOLIECCa HHKATICYIAUMH ONPEdEITH TyTEM BBEICHUA
B reMOLIEeJTE HACEKOMBIX HEHTOHOBBIX WMILUTaHTaHTOB M TIOC/eAyIomen oLeHKoM
CTEMEHN HX MOTEMHEHHA C MoMolIbio Mporpammel Image Pro (Dubovskiy et al.,
2011). ®enonokcuaasHylo (PO) akTHBHOCTE B IUTa3Me reMonuMsl |
KYTHKYJle HaCEKOMBIX OMNPEREIAIN CreKTpogoTOMETPHUIECKH Mo 06pa3oBaHMIO
MenaHvHa npH JnvHe BoHBI 490 HM (Ashida, Soderhall, 1984). AxTuBHOCTH
HecreUU(pIECKHX 3CTepa3 OLIEHHBATH CHEKTpodoTOMETPHHECKH Mo obpa3o-
BaHMIO HUTpO(EHIWIa NPH UTHHE BOIHBI 410 HM, o MeToxy Prabhakaran et al.
(1995).  AkrusHOocTh  riytaTHOH-S-TpaHcdepas (I'CT)  ompemensnm
CHEKTPOGOTOMETPHIECKH no 00pa3oBaHHI0 5-(2.4-quuuTpodennn)-
TTyTaTHOHA, NpH MnMHe BonHbl 340 HM, mo metomy Habig et al, 1974 ¢
niMeHeHHsMH ([lyb6oBekuit ¥ ap., 2011). AKTHBHOCTE )epPMEHTOB BHIpaXKallu B
eIMHULAX H3IMEHEHUA ONTHYeCKoH MIOTHOCTH (AA) MHKyDalMOHHON cMecH B
xoe peakuuu B pacuere Ha 1 MuH H | Mr 6enka. KoHueHtpauuio benka B
o6pa3iax HacekoMBIX onpeensuu no Metogy M. Bpeadopaa (1976).

[aHHble MO MPOLYKTHMBHOCTH rpubOB, YPOBHIO NpoOpacTaHus KOHWUAWMA,
pOCTy KOJIOHHH, GHOMAcce, YPOBHIO TOKCHHOB, (DepMEHTAaTHBHOK aKTMBHOCTH
MaTOreHoB, @ TaKkke CMEPTHOCTH M HWMMYHHTETY  HAacEKOMBIX
MpoaHaTM3NpOBaHBbl ¢ noMousio t-tecta, One Way, nubo Factorial ANOVA ¢
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ucronbioBanneMm kputepus Totoku. [Ipy aHanule MPOUEHTHBIX 3IHAUCHMN
NpOBOAWIH TIPEABapUTENIbHOE Npeobpa3oBaHNe MNPOLEHTOR B VJarcsin. Jlns
pacdera nokasaTened JeTalTsHOMO BPeMEHM McroibloBanu TecT Karvlama —
Maitepa, a qia pacdeTa NMOMyJNETaNbHBIX KOHUEHTpaUMit — Tect CnMpMeHa —
Kepbepa. [Insi aHanu3a ajAUTHBHLIX U CHHEPTUCTHYECKMX B3aUMOAEHCTBHMI
NaTOreHOB KCMOJIb30BaH OMHOMHHANBHBIA TECT, OCHOBAHHBLI/ Ha CpaBHEHWU
oxumaemoro u Habmonaemoro yposHst cMepTHocTH (Tounou et al., 2008).
PacyeTe! BBIMOJIHEHEI C WcMosb3oBaHHeM NporpamMM Microsoft Excel 2003,
STATISTICA 6.0, TSK, Sigma-Stat 3.

Tepmunosorua. B pabore npuuATH cnexylowye TepMmuHbl. Teneomopd-
Heie dopmel (= TeneoMopdHbie BUABI, FPHOLI) — rPHORI, B >XHIHEHHOM LHIUIE
KOTOphIX 00s3aTeNbHO NpHCYTCTBYeT MoJsiosast crTaaua (Tencomopda), a
6ecnonoe (aHamopgHOE) COPOHOLIEHHE CAMOCTOATENLHO HE BCTPEYAETCA B
npupoae (bopucos u gp., 2001; Gams et al., 2012). AHamopdHbie topmsl
(= anamopdHbie BUABL, rpUOBI) — rpuUlHI, pa3MHOXKAIOLIMECSH GECMONbIM ITyTeM,
HX ronoBas cTaauaA (Teseomopda) nubo He oOHapyxeHa, nubo BCTpedaeTcs
kpafine peaxo M nokankHo (Bopucoe u gp., 2001; Gams et al, 2012).
Buotpodinan ¢asza — nepuos, npu KoTopoM NPOHCXOAMT pa3BMTHE rpHba Ha/m
X03fMHE OT MOMEHTa 3apaxenus go ero cmeptd (Vega et al, 2009).
HekpotpodHan ¢aza — nepHon passurus rpmba B/Ha XO03AMHE TIOCNE ero
cmeptH (Vega et al., 2009). TokcHrenHas ctparerus (=CTpaTerus TOKCHHa) —
CTpaTerusi [aToreHa, MpM KoTopoH HabmopmaeTcA BbICOKas BblpaGoTka
TOKCHHOB M OTHOCHUTEJILHO OBICTpasi CMEPTHOCTH XO3AMHA OT TOKCHKO3a; NpH
3ToM rpub He Bcerna crocoben obpa3osaTh criopoHolleHHe Ha MOTHOILEM
xo3anre (Kershaw et al.,, 1999; Charnley, 2003). BuotpodHas crparerus
(=cTpaterus pocTa) — CTpAaTErHs mnaToreHa, NpH KoTopo# HaGnmogaercs
OTHOCHUTENBLHO [UIHTENbHat OWoTpodHaa ¢asza ¢ nocineayroUUM OOWILHBIM
dopMipoBaHHEM CMIOpPOHOLIEHHA Ha norubiueM xossuHe (Kershaw et al., 1999;
Charnley, 2003).

2. AHAMOP®HBLIE H TEJIEOMOP®HBIE ®OPMBI 'PUEOB,
PACITPOCTPAHEHMUE, TUAIIA30H XO3SIEB, SIIN300THIHOE
3HAYEHHUE

B  rmaBe  KpaTkO  paccCMOTpeHml  BOMPOCH!  MPOMCXOXACHHUA
3HTOMOMNATOre€HHLIX TPUBOB OT MHKO- W (HUTOMAPa3HTHYECKHX ACKOMHIIETOB.
[lokaszana pone yTpaTel TeneoMopdsl B 3BOMOLMH TPMOOB, Kak mMyTh
mecrieuranu3auny, NpHBOMALIUA k 6GHoNorHyeckoMy nporpeccy. PaccMoTpeHsl
OCHOBHBIE  JKONOTHYECKMe M (M3HONIOrMYECKHE  PAVIHYMA  Mexay
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aHaMOpP(QHEIMH H TeneoMopdHEIMH dopMaMi. B yacTHocTH, mns aHaMopd —
3TO  KOCMOMONHUTHYHOCTbL,  3IBPUTOMHOCTH,  UIMPOKUH  KpPYr  XO3seB,
OOMONHHTENBHOE MUTaHUe B pulocdepe W BHYTPEHHMX TKAHAX PpacTeHHH,
KOPOTKHH  KM3HEHHBI UMKk, Jlng  TeneoMOppHBIX —  JIOKQIBHOE
pacnpoCcTpaHEHHE, CTCHOTOMNHOCTS, Ol'paHH'-lCHHBIﬁ AUanailoH XO3ACB,
0GTUraTHBINM Mapa3sHTHIM, [UTHTEThHBIN XHIHEHHBIA LMIUL.
2.1. Anamoponste rpubsi

ADCONIOTHBIM AOMHHAaHTOM CPENH BBIIEJNEHHBIX 00paios 611 MOpHOBUL
Beauveria bassiana s.l., cTabwibHO BCTpedalOIIMIiCA B CaMbIX pasHbLIX
fuoLleHo3aX OT TYHIOP M NEeCOTYHAP OO PasHOTPAaBHLIX M OITyCTHIHEHHBIX
cTeneil. B kayecTse €ro XoiseB HaMM 3aperHCTPHPOBAHbI HAcEKOMBIe U3 7
OTPAIOB H 32 cemeitictB c npeobnagaHuem xkykoB Curculionidae,
YemryekpbliblX Macroheterocera u  kinonos  Pentatomidae. CMepTHOCTS
HaceKOMbIX OT rpuba Haboganack B OCHOBHOM HA H300THYECKOM YPOBHE
(TTonopunko ¥ Ap., 2010). Bropo#i no umcnennoctn Bun Isaria farinosa
OTMEYEH OT 30HBI TyHAD 10 Pa3lHOTPaBHBIX CTemnel, MpeUMYLUECTBEHHO Ha
venryekpbuibix Macroheterocera wnm xkykax (Coccinellidae, Staphylinidae,
Curculionidae). Cpeanm ManouncneHHeIX anamopd orTmeueHsl Beauveria
brongniartii, Isaria fumosorosea W rpubnl pona Metarhizium. Auanus
nocnenoBaTeJbHOCTH pervoHa S' EF-1a mokalzan mpuHamiexHoCTs cHOHpCKHX
nonynsauuit Metarhizium x M. robertsii n M. flavoviride var. pemphigi.

2.2. TeneomopdHsie rpubsi

Ha TEpPHUTOPHU HCCIIENOBaHUM TeneoMopdHEle dhopmsi
3HTOMOMATOre€HHbIX IPHGOB 3apETHCTPHPOBAHEI TOJNIBKO B CEBEPO-BOCTOYHOM
qacth HoBocubupckoit o6GmacTH B MeNKONNCTBEHHRIX W COCHOBO-
MEJTIKOJINCTBEHHBIX JIECax € XOpOLIO paiBHTBIM KyCTapHHKOBBEIM ApycoM (pp.
Rubus, Sorbus, Padus), BeicokmmM TpaBocToeM H o6WiIHeM BaneXXHOU
apesecuHbl. [J[aHHbIE CTalMH, MO-BMOMMOMY, 0bGecreqMBaloT HeobxomuMble
ycnoBus ANA  OJIMTENBHOrO pocta cTpoM rpn6os. Hamu otmeuens: 3
TeneoMopueix Bupa: Ophiocordyceps variabilis, Cordyceps militaris n
Cordyceps bifusispora. Tlocneanve apa suaa B 20072008 rr. B okpecTHOCTAX
r. BonoTHoe BLIIBAIH TOTANLHYIO TMOeNs 3HMMYIOLIEr0o 3amaca KyKOJNOK
HEelIyeKpbUILIX ~ JIETHE-OCEHHEr0 KoMIUiekca (umioaros  JTHCTBEHHBIX
aepesber (Kryukov et al, 2011). Xo3sesamu C. militaris 6binu He MeHee 30
BHJIOB BRICILUMX Pa3sHOYChIX 4emyexpbuibix {Macroheterocera) H3 7 cemeiicTs, a
TaKKe OynaBoycbie MHNHIbLIHKHA (Hymenoptera, Cimbicidae).
JIOMHHHPYIOIINMH MOpakEHHLIMU  Buaamu Obiin  xoxyiatka Leucodonta
bicoloria w nagenuua Semiothisa notata. Bropolt Bun Cordyceps bifusispora
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nopaxa Toikko kykonok coskopunok (Thyatiridae) p. Tetheella, Ochropacha
u Tethea.

B paxgy ner (2007-2012 rr.) HaGmonanock 0OJHOBPEMEHHOE COKPALIEHHE
YUC/IEHHOCTH TpPUOOB, TyCEHHI[ B KpOHaX Oepé3 W CHHIKEHHE YPOBHA
nedonuany  apeBocToeB. DTO COTMACYeTCH C AAaHHBIMH, NOMYYEHHBIMU
OpYyrUMH aBTopaMH B SInoHUM Ha Xxoxjaatke Syntipistis punctatella (Kamata,
1998) u B JIutee Ha xokoHompaae Dendrolimus pini (I'emMunac, 2013).
ABTOpPaMM TOKa3aHO, 4YTO BCIUleCKk UWHGekUHUd, BoeI3BaHHBIX C. militaris,
Habmonaercs B ¢dale MakcuMyMa YHCNEHHOCTH ¢wulodaroB ¥ B mepron
pa3peHBaHHUA.

[IposeaeHHbie HAOMOOEHHA COrMacyloOTCA C NpeICTaBlIeHHEM O TOM, 4TO
CeUHaATH3NPOBAHHBIE DHTOMOMNATOreHbi B OoONbINEH CTEMEHH 3aBHUCAT OT
IUIOTHOCTH CBOMX XO03f€B M 06n1agaiotr Gosiee BBICOKMM 3ITH300THYECKHM
NOTEHLHAIIOM, no CPaBHEHHIO c dakynbTaTUBHBIMH, HH3KO-
crieuHaIn3npoBaHHbiMu ¢opmamu (Cory, Ericsson, 2010; Boomsma et al,,
2014). B naHHO# pa6oTe BrepBBIE OMUCAHB! MTU300THH, BbI3BAHHBIE FpHOamu
p. Cordyceps, B nonymauuax ¢unnodaros JETHE-OCEHHErO KOMIUTEKCa.
[Mony4yeHHble ¢aKTl roBOpAT, 4to B CubupH B pAge CTaUMA CeBepHOIA
NlecoCTeny [JaHHule TpUOBI MOryT OKa3bIBaTh 3HAYMTEILHOE BO3AEWCTBHE Ha
YHCIEHHOCTH HACEKOMBIX-(HIIIO0}AroB IUCTBEHHEBIX [EPEBLEB.

3. TPOOUYECKASA CINELINAJIN3ALUA U [TATOTEHHBIE
CTPATEIrii reug0OB
3.1. Tpoduueckasn cneunanusauns Beauveria bassiana

B naGopaTopHBIX GHOTECTaX MOKalaHO OTCYTCTBHE B3aHMOCBSA3H MEKIY
MNPOUCXOXKAEHHEM H3ONATOB rpuba B. bassiana OT HaceKOMBIX Pa3NHIHEBIX
CHUCTEMATHYECKMX TIpYINNl H HMX BHPYJIEHTHOCTRIO 10 OTHOIIEHMIO K
npencrasutensm Orthoptera, Coleoptera, Lepidoptera (Kryukov et al., 2010). B
OaHHBIX 3KCcnepuMeHTax ObUM McrnonwloBaHsl 35 wu3omsATOB B. bassiana,
BbIleNeHHbIX Ha Tepputopun HoBocubupckoit o6nactu. BoiscHeHo, 4TO
n3onaT, obnagarolii  BRICOKOA BHDYJIEHTHOCTHID [0 OTHOLIEHHIO K
HAceKOMBIM OMNpERENICHHOr0 OTPAa, OKa3bIBaE€TCA B TOXKE BPEMS BLICOKO-
aKTHBHbIM 1JIf HACEKOMBLIX JpPYTHX OTpsagoB. B wacTHocTH, nokasaHa TecHas
xoppensuua (r>0.74, P<0.0001) Mexay BHPYNEHTHOCTBIO LITAMMOB IO
OTHOWLIEHUIO K KOJIOPaACKOMY *KyKYy M capaH4oBsiM C. barbarus, L. migratoria
(puc. 1). VYcraHOBNAEHO, 4YTO IUTAMMEI, BBIACNEHHEIE M3 OLHOTO BHAA
HaceKkoMoro Ha HeGonbuION MUOWAAW Jieca, MOTyT CHIBHO OTIMYAThCA IO
BUPYJIEHTHOCTH.



Ilpu npoBeneHuN 6-KpaTHBIX Maccaxei mramma Sar-3 1 depes pasjinuHBIX
xo3seB (G. mellonella, T. molitor, L. decemlineata, L. migratoria) GbuI0
YCTAaHOBJIEHO, YTO CeJieKIus rpuba uepes onpeaesieHHOro X03suHa IMPUBOIUT K
YCHJIEHHIO BHUPYJIEHTHOCTH HE TOJIbKO K JaHHOMY XO3SHHY, HO M OCTaJIbHBIM
TECTHPYEMBIM HACEKOMBIM. Y BCEX CEJIEKTHPOBAHHBIX KYJIbTYp OTMEYaHNCh
OJTHOHAIIPABICHHBIE H3MEHEHHs MOP(OIOro-KyJIbTypabHBIX MPU3HAKOB:
yCWJIeHHEe  pesibe()HOCTH M NUTMEHTAllMM  KOJIOHWH,  TOBBIIIEHHE
NpPOJYKTUBHOCTH KOHHIWA ¥ JIMIOJUTHYECKONH AKTHBHOCTH. AHau3,
NpoBeJeHHBIH ¢ wucrnons3oBanueM [SSR Mapkepo, He mokaszan pasnuduii
MEXIy UCXOJIHOM U CeJIEKTUPOBAHHBIMH KYJIbTYPaMH.

ITosyuenHsle aHHbIE cornacyioTcst ¢ paboramu Rehner, Buckley (2005),
Wang et al. (2005), Meyling et al. (2009), koTOpbie MpH HCMONB30BAHUU
Pa3IMYHBIX  MOJIEKYJISIPHO-TEHETHYECKMX ~ MapKepoB  He  OOHAapy»XWIH
NpHUypOYEeHHOCTH (huiyMoB B. bassiana K onpeieleHHBIM TAKCOHAM XO035€EB.
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Puc. 1. CMepTHOCTH JIMUMHOK ITyCTBIHHOTO Tpyca M KOJMOPanCcKoro yka
nocJie 3apaxeHus u3oistaMu B. bassiana, BeiieneHHsiMH B HoBocuGupckoi
00JIaCTH U3 HACEKOMBIX pa3HbIX OTpAAOB. PUrypamMu MOKa3zaHbl MCTOYHHKH
BbiaeeHns m3osToB: 00— Orthoptera, A — Hemiptera, 0 — Homoptera, ® —
Coleoptera, m — Lepidoptera, + — Hymenoptera, o — Diptera.



3.2. Tpodmueckan cneuuanu3Iauna 4 NATOMeHHBIE CTPATErHH
Metarhizium

3.2.1. OcobeHHOCTH naToreHeioB M - KYJbTYpaJibHble CBOHCTBA
TOKCUIeHHOro H 6HoTpodHOro LiITaMMoB

[pu GuoTecTHpOBaHUN KYNRTYp Metarhizium Ha Pa3siMUHBIX HACEKOMBIX,
HaM¥ OblsI0 0OHapyKeHO, YTO psAA IITaMMOB IPHOOB BBI3BLIBATM MHKO3BI, HO
6ot He croco6HB! 00pa3oBBIBATH MHLENWH M KOHWIMH Ha MOrHOUIMX
xo3siepax. JlaHHbId (CHOMEH H3IBECTEH B JHUTEpaType kaK oOmepeXaroui
TOKCHKO3 MM CTPaTerus TOKCHHA, B MPOTHBOINOJIOXKHOCTh CTPATErHH pocTa
(mnn  OHoOTpodHOM cTpaTeruH), HpHM KOTOPOH NPOUCXOOAMT MOCTENCHHAsA
KOJIOHU3ALMA FEMOLIENH rudanbHBIMU TEMaMH H NOCIEAYIOLEE CTOPOHOLIEHHE
Ha xo3seBax (BopounHa u ap. 1997; Kershaw et al., 1999). Hccnenosanune
JaHHBIX CTpaTerni NpOBOOWIOCH Ha NMPUMEpPE NBYX KynsTyp M. robertsii P-72
n Mak-1. Ultamm Mak-1 (6uoTpodHan cTpaterusa) nopaxan pasHele BHIbI
CapaHyoBBIX, XKECTKOKPBUIBIX, ABYKPbIIbIX, YELUTYEKPBUIBIX, P 3TOM, 1A HErO
OLUTH  XapaKTEPHBI OTHOCHMTENLHO /UIMTENbHble MHKO3El M OOWIBHOE
CMOPOHOLIEHHE HA MOrMOIMX Xo3senax. [ina P-72 (TOKCHUreHHaA CTpaTerus)
6sUTa xapakTepHa AOCTOBEPHO Goslee paHHAA rubesis HACEKOMBIX, NPH 3TOM
rpu6 norubay BMECTE ¢ X03s€BaMH Ha CTaIHH KOJIOHH3ALMH HaCEKOMBIX, OO
(Hame Bcero) B HeKpoTpodHo# daze uukia — nocne ¢oOpMHpoRaHHS
ckiepouve (Kprokos ¥ gp., 2011). Tpynsl npd 3TOM KOJIOHH3IHPOBAJIMCH
comyTcTByloueli GakTepnanbHo# M rpubHoli MukpoOHoTOH. 3aBeplleHue
’M3HEHHOTO LIHKJIa JaHHOrO LITaMMa HabMoaaioch TOMLKO HAa YEUTYEKPBUIBIX
(pp. Galleria, Yoponomeuta, Limantria, Euproctis), IpH 3TOM TTPOTYKTUBHOCTE
KOHHINEeoOpa3oBaHUA OKa3kIBANACE HIDKE, 4eM y Mak-1.

VcraHosneno, 49to A P-72 xapaktepeH 6onee BbICOKHH YpOBEHB
gectpykcuHoB B, E, Gonee 6picTpas akTuBauma koHuguit Ha UTIC u kyTHKyne
HaceKOMbIX. BaXXHO OTMETHTB, YTO TOKCHreHHBIi WITaMM ObUT1 Gosee
NPOAYKTHBEH Ha PpacTHTENBHBIX W cuHTeTHdeckux  HTIC, Torma kak
6noTpodHBIf — HAa HACEKOMBIX M Cpejax, B COCTaB KOTOPbIX BXOIWIH
roMoreHatel Tena Hacekomblx (Kprokos wu gp., 2011). [IlocnemHee
cBuaeTeNsCcTBYeT O Oonee BeicOKoi apanrauun Mak-1 k 300TpodHOMY
nuTaHmo, a P-72 k canpoTpodHoMy.

3.2.2 3awmmuTHbie PpEaKiHH HAaceKkoMbIX mnpH HHHUHpOBAHMM
TOKCHIeHHBLIM H 6HoTpodHbIM lITAMMAMH

B skcriepumeHTax GbI7 ycTaHOB/EH Gonee BLIpaKEHHBIA OTBET 3AMIMTHBIX
CHCTEM XO3AMHA Ha WH(EKUMIO, BLIIBAHHYI0O TOKCHIEHHBIM LITAMMOM Ha




Tabnuua 1. Tokaszatenu rymopanbHOTo, KJIETOYHOTO HUMMYHUTETa U
JeToKcuumpytoled cucteMsl THaMHOK IV Bo3pacta konopafckoro xyka Ha 3
CYTKH mocne 3apaxeHus TokcureHHsiM (P-72) u 6uotpodHsiM (Mak-1)
HITAMMaMH.

BapuaHTht
Tkauu H ux Ultammbi
[apameTpsl cocrapmtouiMe  KoHtpons P-72 MAK-1
(MenonokcuaaIHan m 0.061£0.008 0.086£0.012  0.081+0.005
AKTHBHOCTH
(AA490/mur/mr Genia) K 0.012£0.003  0.029+0.007*  0.01420.003
MIHTCHCHBHOCTS r 37.45£3.15  26.8+2.01*  32.75+2.88

HHKancynsuus (y.e.)

O6uee uucno

r 32.16+4.8 15.09+2.3* 33.58+3.51
reMouluTOB (MIH/MN)
AKTHBHOCTE 1} 0.494£0.05 0.630+0.039* 0.406+0.038
HecneuedHiecknx
3cTepas X 12.2140.51 18.29+1.34* 13.76£1.33
(AA410/mun/mr Genka)
I

AKTHBHOCTE Ty TaTHOH- 0.018+£0.002 0.032+0.003* 0.0130.002
S-tpancdepaist

(AA340/mn/ur Genka) X 0.089+0.005 0.122+0.011*  0.093:+0.008

t - 1 — nnaama remonuMdnl, I' — remonmumda, K — xytuxyna, XX — xuposoe
Teno, * - P < 0.05 no cpaBHEHHIO C KOHTPOJIEM.

HauyabHBIX 3Tanax MHKo3a (Tabn. 1). YcraHOBIEHO HOCTOBEPHOE MOBBIMLIEHHE
ypoeHS PO B KyTHKYJE IPH 3apaXKeHHH TOKCUTEHHbIM mrraMmmoM (P-72), uto
CBHETENLCTBYET 06 ocTpoM Mmukode. Ilpn HMHQUUIHPOBAHHMM TOKCHIEHHBIM
mTaMmMoM HaGJHOlIa.HOCb PE€3KO€ CHHXXEHHE OGIHCI'O YHCJla TEMOLIUMTOB H
NoJaBeHHe MNpOLIECCa MHKAINCYNALMH, JOCTOBEPHOE YBEJHYEHHE aKTHBHOCTH
necneuupuueckux 3crepas H 'CT B nmuMde H KHUPOBOM Telle HACEKOMBIX, 4YTO
MOXKET CBUOETENLCTBOBATh O BBIPAXKEHHOM TOKcHkode. [Ipu 3apaenuu
HacekOMbIX GHOTpodHEIM mTamMMoM (Mak-1), Ha HauanbHBIX ITanax MHKO3a He
HaOMoJanock [OCTOBEPHBIX HM3IMEHEHMHA B  PEakUMAX HMMYHHOH WH
AeTokcuumpyrouieit cucteM (tabn. 1).

BaxxHo oTMeTuTs, uTO rubens rpu6oB BMecTe ¢ 3apaXKEHHBIMH XO3fEBaMH
H CKyIHOe KOHWAneoOpaloBaHHe Ha HaCEKOMBIX, OTMEYANOCh PALOM
HCClieJoBaTeNeif HMEHHO 11 TOKCHIeHHBIX KyneTyp (Bopucos, 1990; St. Leger
et al, 1996; Kershaw et al., 1999; Pava-Ripoll et al., 2008). [TonHasa ytpaTa
cnocoBHOCTH K HOPMHUPOBAHHUIO CMIOPOHOWIEHHS HA PAJE XO3AEB y LITaMMa p-
72, BO3MOXHO, CBSI3aHa C aBTOCENEKLHOHHBIMH MJIH JITMIEHETHHECKHMH
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TIpoLEcCaMy, TPOUCXOAAIUMHM MNpH KyNeTUBUpoBaHud rpuGos wHa HIIC.
[logobHbIe ABNEHMS OTMEYAOCh JUIS HEKOTOPBIX 3HTOMOJTOPOBLIX rpHUGOB
(Boponuna, 1985, 1997; Boponuna u gp., 1997). C npyroit cropoHsl,
BO3MOXHO, B [JAHHOM Cly4ae HMEIOT MeCTO He CTabWIM3IHpOBaBLIHECH
OTHOWIEHHS MEXTy MaTOreHOM U Xo3seBaMu. Tak, MpeANonaraeTcs, 4YTO
3BOJTIOUNA BHYTPH poJa Metarhizium Gbina conpskeHa ¢ yBeJMUeHHEeM YPOBHSA
TOKCHHOB H CHH/KEHHEM YPOBHSA crielamimaumny k xo3sesaM (Hu et al., 2014),
B gacTHOCTH, BUABI C BBICOKOH NMpOZyKUMeH AecTpyKCHHOB (M. robertsii, M.
anisopliae) obnanarot 06b1vHO boJsiee MHUPOKONR CHELUANTHIALMEH, YeM BHIBI C
HH3IKHM TOKCHHOODpa3loBaHHeM (M. acridum, M. majus, M. album) (Kershaw et
al., 1999; Wang et al., 2009). KpoMe TOro, *MEHHO 3IBOIOLIHOHHO MOJIOABIE,
LINPOKO-CNIeLMATU3INpOBaHHble BUARI (M. robertsii, M. brunneum, M.
guizhounense), Kak npaBwio, OOHapy)KHBalOTCA B pH3OCteEpPe pacTeHUM
{Wyrebek et al., 2011; Fisher et al., 2011), 1 noka3sIBarOT aKTHBHBIA POCT Ha
kopHeBbIx 3kccygaTtax (Pava-Ripol, 2013). Hcxoas W3 BHILEHINONKEHHOTO,
BEPOATHO, MBI HabJII0AaeM elLle He CTabWIN3NPOBaBLUHECH B3IAUMOOTHOIIEHHA B
JBOMOLMOHHO MOJIONON cucTteMe M. robertsii — HaceKOMbIE-XO3q€Ba.
B03M0OKHO, HECmOCOOHOCTE K CIIOpPOHOLIEHHWK) Ha pAAE HACEKOMBIX Y
TOKCHTEHHBIX LITAMMOB KOMIEHCHDPYETCA 33 CUET PH3OCPEPHOTO PAIBHTHUA U
CMocoGHOCTH NMopaxaTh 60JIBIIOE KOMHYECTBO Pa3HbIX IPYIN HACEKOMEIX,

TakuM o6pa3loM, HaAMH YCTaHOBJieHa BHYTpuBMaoBas auddepeHuMama
M. robertsii no crieMaTM3aLMH K X035€BaM, NNaTOTEHHBIM CTPATErHsM, YPOBHIO
NPUCHIOCOOJIEHHOCTH K campoTpodHoMy — nuTaHmio.  [IpomelieHHoe
WccreJoBaHNe MOKa3lbIBAET, YTO CNELHMATH3ALMA Y IJHTOMOIMATOTEHHEIX TPHOOB
MPOABJSETCA He TOJAbKO B OuoTpodHOW, HO M B HekpoTpodHOW dase
JKH3HEHHOro uukia. O6uas cxemMa pasBUTHs MaTOTEHE3oB Mo GHOTpodHOMY M
TOKCHTE€HHOMY THITY NPEACTABJICHA Ha puc. 2.

3.3. OcoGeHHOCTH PAIBUTHA MMKO3IOB, BLI3BaHHLIX Cordyceps militaris

Kak ykasbisanocek Bellle, LI TesieoMop¢HLIX rpHOOB XapakTepHa ciabas
M3Y4eHHOCTE MyTeil 3apaXKeHHs X03AeB U (aKkTOpOB BUPYIEHTHOCTH. B naHHo#
4acTH paBoTel MBI HCCAELOBATH 0coOeHHOCTH Tpoduyeckoii cneunanniauuu C.
militaris. Jlna 3TOro Mbl MCNONB3OBANH palfIMiHbIE CHOCOOBI 3apaXKeHHsA
HAaceKoMbIX pa3HbIMM THMamM crop rpuba. KpoMe Toro, oLeHHBaIH
HMMYHOCYTIpecCUBHOE JICHCTBHE KynbTyp M OTAENbHBIX MeTabONHTOB Ha
HaceKOMBbIX H MX BOCMPHHMYHBOCTb K BTOPUYHBIM HHOEKLIUAM.
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Puc. 2. PassutHe MHKO30B 10 OHOTPOYHOMY M TOKCHI€HHOMY THITy Ha [PUMEpE
mrammoB P-72 u Maxk-1 (cxema).

[osicnenne: bruoTpodHbli mTaMM (BHEHIHEE KOJBIO) 3apakaeT HACEKOMBIX Pa3HBIX
otpszos. [locne UMTENIBHOTO MHKO3a MPOMCXOMMT Tubens Xo3ses, (HOPMHPOBAHHE
CKJIEpOLIHEB, 0OMIBHOE CIIOPOHOIIEHHE HA TPYNAaX M COXpaHEHHe KOHUIHIT B cpefe (To4Be).
TokcHreHHbI# mTaMM (BHYTPEHHEE KOJIBIO) MOPAXKAET TEX HE HACEKOMBIX, HO BBI3BIBAET
CKOPOTEYHBIH MHKO3 C PE3KHM TOJaBJIeHHeM UMMyHHTeTa. [Tocie 31oro Ha GoJbIIMHCTBE
X035eB matoreH rubHer MO0 10, MO0 Mocne (hOPMHPOBAHUS CKIEPOLMEB, TOCTE YEro
TPYIBI  KOJIOHH3HPYIOTCS ~ CONYTCTBYIOIIEH MHKpoOHoToil. CnaGoe cropoHoueHue
HabTI0AaeTCA TOJIBKO HA YernyeKpbUlbiX. CHIKEHHE YHCICHHOCTH KOHUIMI TOKCHIEHHOIO

mraMmma, BO3MOXKHO, KOMIICHCHPYETCA PasMHOXEHHUEM B pmocd)epe.

3.3.1. PaisuTHe MHKO30B, Bbi3biBaeMbIX Cordyceps militaris, na
HecnennpHYECKHX X0351eBaAX

MeToI0M HHBEKLMH B IeMOLe/ib HaceKOMBIX rudansubix Ten C. militaris,
BBIPAIICHHBIX B [yOMHHOM KyJibType, ObUIM MOJy4YeHBI CTPOMBI rpuba Ha
abcomoTHO Hecrenupuueckux Xxossesax: cBepuke Gryllus bimaculatus,
OpousoBke Pachnoda marginata (Kprokor u ap., 2012b). Ilpu nepkyrannom
3apakeHHHM  KOHMIMSIMH ~ OTMEYeHa  THOeNb  TONBKO  YelIyeKpBUIBIX
(G. mellonella, Malacosoma parallela, Operophtera sp.), npu 3ToM Ha
MOrHOIINX HACEKOMBIX (JOPMHPOBANOCH TOJBKO aHAMOP(HOE CIOPOHOLICHHE.
Takum o0pa3oM, KyTHKYJSIpHBIE Oapbepbl WrpaloT BeIyllyld pojib B
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crieuranuiaudn rpuda. Kpome toro, pe3ynbraTtsl HcCAedOBaHHA [O3BOJIAIOT
MPEAMIONIONKUTE, YTO UHDUIMPOBAHHE HACEKOMBIX B TPHPOAE MOXET
OCYLLECTBJIATBCA HE TOJILKO aCKOCMOPAaMH, HO U KOHHOUAMHU.

3.3.2. BiuaHue KyabTypanawHuix cpep Cordyceps militaris n  nx
OTAeAbHbIX KOMIOHEHTOB Ha HACEKOMBIX

BbIsBIIEHO MMMYHOCYNPECCMBHOE M HHCEKTHLMAHOE AEHCTBHE KYALTYP
C. militaris na TMYMHOK BOINHHON OrHEBKH U Kosopaackoro xyka (Kprokos u
ap., 2014). TlepopantHoe gefcTBHE KYJNbTYpalbHBIX cpel rpuba npuBoanno K
00303aBUCUMOMY CHHIKEHHIO BBIXHBAEMOCTH, OTCTaBaHHMIO POCTA, 3aACpPXKKE
nuHekH. Kpome Toro, ckapMmnuBakue KynbTypanbHbix cpea C. militaris
BbI3LIBATIO PE3KOE CHWXXEHHE KONMYECTBA HMMYHOKOMIIETEHTBIX [EMOLIMTOB
(l’UIaZlMaTOLlHTOB H rpaHynouuToa), MOBBIINCHHC aKTHBHOCTH CbCHOHOKCHllanl B
reMonuMde MU CHIKEHHE aKTHBHOCTH JaHHOro ()epMeHTa B KYTHKYJIE, a TaKKe
MOBBILIEHNE YYBCTBHUTEJILHOCTH HAacekOoMbIX K rpuby B. bassiana Ha ypoBHe
cuHepructudeckoro 3ggekra. Tokcuueckoe aeiicteue C. militaris, BO3MOXKHO,
CBA3aHO C NpOAyKUMeH KOpAWLENMHHA, CIOCOOHOro BBICTYNATh B KauecTBe
TEPMMHHPYIOIWIEr0 areHTa B MpOLIECCE CHHTE3a HYKIEHHOBBIX KHC/IOT
(Holliday, Cleaver, 2008). Ilpn TecTMpoBaHMH KyJLTYpalbHBIX cpen 12
mtammoB C. militaris Ha nwanHkaX G. mellonella HaMu yCTaHOBJIEHO, uTO
Jafep)KKa Pa3BUTHA 3aBHCHUT OT COHEpPXXaHUS KOpAMUEMHHA B KYJIbTypax
(r=0.95, P<0.00001). Kpome Toro, nokazaHa 0CTaHOBK3 Pa3BHTHA JIMYHHOK TIpH
HHBEKLMAX XUMHHIECKH YucToro 98% kopanuennHa. Ha ocHOBeE MpoOBeAeHHOTO
HCCeAoBaHus MBI MpeanonaraeM, uto C. militaris xapakTepuiyerca ocoboit
MaToreHHOM cTpaTerHed, a OCHOBHOe AelicTBMe ero MeTaboOMUTOB CBA3AHO C
MHrHOMpYIOIMM BO3ACHCTBHEM Ha TreMoMo33, a TaKXKe C HapylleHHeM
OHTOreHETHIEeCKHX CTanui (MuHbKa, MeTamopdo3).

4. BIUSTHUE TEMIIEPATYP HA MOIIYJIALHUU TPUBOB U
PA3ZBUTUE MUKO30B
4.1. TeMnepaTypHble ONITHMYMbI PR3IHLIX NONYJAALUHA IHTOMONATOreHHBIX
rpubon

4.1.1. TemnepaTypHbie npedepenymbl Hi0aaToB Beauveria bassiana B
IMpoTHOM rpaauente Cubupu u Kaiaxcrana

[Mokasano, 4to AuddepeHurauus nomynauuit B. bassiana B 3anagHoil
Cubupn u KasaxcraHe cps3aHa ¢ reorpaguueckumu daktopamu. Tak, HaMu
MpOBENEHO MCC/ieJOBaHHE MHLEIHANBHOrO pocTa B AuamasoHe 5-35°C vy
H3onaToB rpuba, BHIAEEHHBIX B Pa3HBIX NMPHPOAHLIX 30HAX HCCIAELYEMBIX
peruoHoB (oT 65° mo 43° c.u.) (Kprokos u gp., 2012c). BrisneHo, urto ¢
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Puc. 3: OTHOCHTEJIbHBIH 100

7
paauanbubiii poct 20 H30JATOB 90 1 Z;
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0-C + +
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MOHIDKEHUEM LIMPOTH MECTHOCTH B PABHHHHBIX YCJIOBHUSX Y MOMYJISALMA rpuba
JNOCTOBEPHO YBEJIMYMBAETCSl TOJEPAHTHOCTH K MMOBBILIEHHBIM TEMIIEpaTypam
(r=-10.76, P = 0.0001), uTo coriacyercs ¢ XOpoLO BHIPaXKE€HHOW IIHUPOTHOM
30HAIBHOCTRIO UccleayeMoiil Tepputopun (puc. 3). Mi3sMeHeHHe B XO0JIOJOBOMN
AKTUBHOCTU KYJIBTYpP MPOCIEKUBANACh MEHEE YETKO, U He ObUIO JO0CTOBEPHO
CKOPPEJIHPOBAHO C MMHPOTOH MECTHOCTH M TEIUI000ECTIEYEHHOCTHIO PETHOHOB.
AHaju3 TeHOMHOro MOJHMOP(H3MA C HCIOIB30BAHUEM  MYJIBTHIOKYCHBIX
mexxmukpocareruTHex  JIHK-mapkepos (ISSR) mnokaszan obocoGneHnocTs
CTEMHBIX, TOJEPAHTHBIX K BHICOKOH Temmeparype (35°C) uzonsToB rpuba,
KoTophie oOpasoBanu  OTAeNbHbIA knactep (puc. 4). [lpyro#i OGunok
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Puc. 5. Bupyneuruocts necocrenusix (/) u %1 T

crenubixX (2) wzosstos Beauveria bassiana o & 80 102 I

OTHOLICHHIO K  JW4YMHKaMm  Leptinotarsa :— 80 -

decemlineata npu rymunnom (22° C, 80%RH) u g 70 -

apuanoM (30°C, 55%RH) rurporepmMuyeckux a

pexumax. Turp cycmemmm —  2.5x107 % A%

KOHH/IMI/MJI, [UTATENIBHOCTh ombita — 10 cyT. 50 1

I'uGerns B koHTpOISIX <10%. * — P<0.05. 40 - i i
apuaHbIA

YMHAHBI
TUrPOTEPMUUECKHI PEXKUM

JEHIPOrpaMMBl  BIUTIOYWJI HE TOJEPAHTHBIE K BBICOKUM TeMIEpaTypam
KyJIbTYpPBI, KOTOpPBIE CTPYNIIMPOBAJINCH B 3 KPYITHBIE BETBHU: JICCOTYHIPOBAS,
JecocTenHas M CMemaHHas (JiecocTermHas M CeBepo-cTenmHas). B
JKCIIEPUMEHTaX Ha KOJIOPAIACKOM JKyKe U BOUIMHHOW OrHEBKE IMOKA3aHO, 4TO
MMEHHO CTEIHbIE H30JIATHI XapaKTEePU3YIOTCsA HauOoJiee BBICOKMM YpPOBHEM
BUPYJIEHTHOCTH TNPH TOBBIIICHHBIX TEMIEpaTypax U MOHWKEHHON BJIAXKHOCTH
(puc. 5). Kpome Toro, crioco6HOCTE (hOpMHpOBAThH JOUYEPHIOK MHEKIMIO Ha
MOpaXXEHHBIX XO3sieBaX NpU Bbicoknx Temmeparypax (33°C) Ttakxke Obina
XapakTepHa TOJbKO Juisi crenHelx KynasTyp (KprokoB u  gap., 2012c).
IMTony4yeHHbIE JaHHBIE COIJIACYIOTCS C Mpe[CTaBlIeHHeM O TOM, 4YTO
MPHCIIOCOOIEHHST K OINpPEJENIEHHBIM T[MIPOTEPMHYEKHM YCJIOBUAM HIPAIOT
Gonee BakHyl0 posib B auddepeHimanun rnonysumit B. bassiana, Hexenu
npucriocobeHus Kk onpeaesneHHbM xo3seBaM (Bidochka et al., 2002; Rehner,
Buckley, 2005).

4.1.2. Temneparypusie npedepeHaymsbl wramMmmoB Metarhizium u_ux
AKTHBHOCTh B PA3HLIX THTPOTEPMHYECKHX PERHMAX
W3ydeHne MHLENHAIBHOIO poCTa ITaMMOB Metarhizium B JHamna3oHe
temmneparyp 10-37°C nokasano, 4to KyJeTypsl M. robertsii, M. guizhounense,
M. anisopliae TepmotonepanTHel, a M. brunneum w M. flavoviride var.
pemphigi — ncuxpoToniepaHTHel. KpoMe Toro, m3yveHa akTHBHOCTBH INTaMMOB
MO0 OTHOIIEHHIO K JIMIMHKaM  KOJOPAJCKOTO JKyka TpH  pasHbIX
TUTPOTEPMUYECKHX pekuMax: rymugHoM (22°C u 80%RH), apumnom (30°C u
55%RH), a Takke B YCJIOBHAX ECTECTBEHHBIX CYTOYHBIX KoJeOaHHI
Temnepatypsl M BraxHoctH (3—44°C; 13— 98%RH), xapaktepHbIX s
KOHTUHEHTATBLHOTO KiuMata (cternHas 30Ha HoBocubupckoii 00i1.) B rmepuon
MUTaHUA JHYMHOK OKyka. [TokaszaHo, 4To Hauboyice BHPYJIEHTHBIMH [PH
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Tabn.

2.

DKonoruyeckue

M. robertsiin M. brunneum.

pasnuius

Men Iy

KPUOTHYCCKUMU

BUAAMHU

Ikonoruyeckne XapaKTePHCTHKH

M. robertsii

M. brunneum

CrHocoOHOCTH K 3apaXeHHIO X03AEeh Col., Lep., Orth.* Col, Lep., Orth.

(oTpsaast)

LleHOTHYECKAs IPHYPOYEHHOCTS JIECHbIE, CTEITHLIE, flecHbie
arpoLeHo3k

TemnepaTypHbIit ONTHMYM 30°C 25°C unu 30°C

HuxHHu#i v BepXHUI TAMHUTBI pocTa 15,37°C 10, 30°C

BUpYIeHTHOCTb B TYMHIHBIX YCIOBHAX BbicOKas CPEIHAA, BHICOKAS

BHpY/IEHTHOCTD B apUIHBIX YCTOBUAX
CrnopoHoIEHHE BHYTPH TPYNoB xo3ses **

CpeEaHAA, BBICOKAA
4acTo

HHW3Kas, CPEAHAA
penKo

Tpumeuanne: * - Col. - Coleoptera, Lep. - Lepidoptera, Orth. — Orthoptera. ** — aganrauus,
cBA3aHHan c 3amTod rpuba o1 Y@ u Hulko# BnaxkHocTv (Lomer et al.,, 2001; Wraight et
al., 2007).

apUIHOM pEXMME M B €CTECTBEHHBIX YCIOBHAX MBISIOTCH KYJILTYDEI
M. robertsii. BeiaByieH pAj IKOJIOTHYECKHX PadiMYMA MEeXIYy KPHNTHIECKHMU
sunamu M. robertsii u M. brunneum (tabn. 2). INomydeuHsle pe3ynbTaThl
cornocTasuMbl ¢ gaHHeIMH Bidochka et al. (2001, 2005), Wyrebek et al. (2011)
M coriacyloTcs ¢ uuelf o ToM, 4To M. robertsii HanbGonee amamTHpoBaH K
OTKDBITBIM MeCTOOOMTaHHAM. Pe3ynbTaTel HCCNeNOBAHMS YKIIafLIBAIOTCH B
THIOTE3Y «CeEeKLNH MATOrEHOB Cpeoli 0GNTAHHUA X03AEB», COTIACHO KOTOpPO#
B auddepeHuMaUMM  UIHPOKO-CMELMANIHIMPOBAHHLIX  NpelCTaBUTeNel
Metarhizium Hanbosiee BaXXHOE 3HAUEHHE MIPAIOT afAaNTAUHH K ONpPEaEICHHBIM
PACTHTE/ILHBIM acCOLMALIMAM, 8 TAKKE HANa30HaM TeMOEPAaTypPhl M BIaKHOCTH
(Wyrebek et al., 201 1; Wyrebek, Bidochka, 2013).

4.1.3. TemnepaTypnbie npedepenaymel Cordyceps militaris

IlposeneHo cpaBHEHHUE TEMIEPATYPHEIX MpedepeHayMOB MOMYIAUMA
C. militaris w3 3anagHo# Cnbupn, IlpuMopss U Esponelickoi yactu Poccum.
Jlnn Bcex KyabTyp onTHMYM coctaBun 20°C, pepxHuii numut pocta — 27.5°C,
pH 3TOM HaGirofancs aKTHBHBIA POCT [PH HMIKMX TemmepaTtypax S—10°C.
OTMeueHa KkpaliHe HH3kas BapHabelbHOCTh TEMIEPATYpHBIX MpedepeHLInit
Mexay pasHeiMu HionatamMM C. militaris. KynbTypsl u3 pasHbIX perHoHOB
WMenM  MpaKTH4YeCKM  HMACHTHYHBIE MNpouUNM  npedepeHOyMoB,  HTO
CBHUAETENBCTBYET O CTEHOOMOHTHOCTH JAHHOTO BHJIA.
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4.2, 3alMTHBIE peaKUHU HACEKOMBIX IPH MHK03aX B Pa3HBIX
TEMNePaTYyPHLIX YCJI0BHAX

JKCTEepUMeHTHI TipoBeleHbl Ha JuuuHkax G. mellonella, comepxkaumuxcs
npu ontumanbsHeliX (34°C) u cybomrumansueix (24°C) TeMmepaTypax H
3apaXXeHHBIX rpubom M. robertsii (wrramm P-72). VcTaHORNEHO, 9TO pa3BUTHE
MHKO3a MPOMCXOAUT MpY 0O60MX TeMnepaTypax, HO MpH cy6onTuManbHOM LA
X031eB Temnepatype (24°C) 4yBCTBHTENBHOCTh K rpuby BO3pacTaeT Ha OAMH
nopsagok (npu 34°C LCss = 10°, a npu 24°C LCos = 10’ xouumui/mn). Ipu
cyObonTumansHoit Temmepatype B 4-7 pa3 (P<0.001) ysennumsanoce
cojepxaHue ManbMETHHOBOH, OJIEHHOBOH M JMHONMEBOM KHUCIOT B
SMMKYTHKYJIE ryceHul, mosslwanca B 1.9 pasa (P=0.005) ypomeus aareium
KOHHAMH Ha KyTHKYyJle, OTMedarnach TeHAEHHUHMA Kk Oosee OblcTpOMY
NpOpacTaHMIO KOHMIUA Ha KYTUKYJIE H UX MPOHHKHOBEHHIO B reMouenb. [Ipu
ONTHMAILHOA [JIA  HAcCEKOMBIX TEMIEpPAaType MNpOMCXOAWIO  ObhicTpoe
noseimieHHe yposHa PO B kyTukyne (6 4acoB moc/e 3apaxeHus — CTagus
aAre3ny H Hayala npopactaHuA rpuba) c MoCNEAYIOLIUM Er0 CHIIKEHHEM Yepe3
24 n 48 4. Ilpn cyGomrumansHOH IJA HacekoMelx Temmepatype ©O
aKTMBHOCThL MOBBIMIANACE TOJIbKO 4eped 24 wiM 48 4 mocje 3apakeHUsA — B
NepHOX, Korga rpué akTUBHO pa3BUBAICA B KYTHKYJIE€ H YK€ TNPOHWKas B
remouens. Tlpu onmTHManbHON ANA HAaceKOMBIX TeMIlepaType He OTMedanoch
HIMEHEHUS B YPOBHE HMHKAINCYJIALMHM 10 CPaBHEHHIO C KOHTPONIEM, TOTAA Kak
npu cybonTHManhHOM — TMPOHCXOAWIO [OCTOBEPHOE CHH)XEHHE TaHHOTO
ToKa3aTeJi.

AHanu3 npopacTaHus rpuba Ha McCliefyeMBIX XHPHBIX KUCIIOTaX in vitro
noka3an (yHTHCTAaTHYECKHE CBOHCTBA HaHHBIX coelWHeHuil. He uckmodeHo,
YTO 3KCKpELMSA HaHHBIX KHUCIIOT ABJIAETCA 3aIUTHOM peaklHel NMpoTHB rpuGoB
npH cy6onTHMaIbHBIX TemmepaTtypax. OfHaKo SKCKPEUHA MHUPHBIX KHUCIOT He
croco6Ha MpeAOTBpaTHTh Pa3BHTHE MHMKO3OB MPH BBICOKMX HMHGEKLHOHHBIX
Harpy3kax.

[lpoBeneHHbIfi aHAIN3 NOKa3bBAET, 4YTO [PH TMOHHXKEHHBIX AJA
G. mellonella TemnepatypaX NpoMcCXOAWT akTHBAUMA cyOnetannHo#t rpHGHOM
HHOEKUNU U YCTIEIHOe pa3BUTHE MHKO30B. DT0 00YyCITOBNEHO TEM, UTO HaHHbIE
YCNIOBHSA HE MO3BONSIOT HaCEKOMBIM B MOJHOA Meépe aKTHBUPOBATh 3aLIWTHbIE
CHCTEMBI M NPOTHBOCTOATL NaToreHy (puc. 6), a Takxke Gojee NMOIXOMALIHMH
YCNOBHAMH [T pocta rpuba. BepositHo, cy6omTUManbHbIE TeMOEpaTyphl,
neAcTBYs Ha O6osbIION TEPPHTOPHH, MOTYT CHY)KHTb OAHON M3 INPHYHH
IPUOHBIX 3MU30O0THIA B MOITYIAUNAX HACEKOMBIX.
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fnaAeHue TemnepaTypn Ha 10°C Hwke onrumanbHow anAa Galleria (¢ 34 po 24°C) I

7

MoBbileHWe YPoBHA Sapepxka MosbiweHue
C16,C18:1,C18:2 akTusayuu YPOBHA
@0 aareauu
? dyHrucTasuc BicTpoe, Maccosoe Nopasnexve
AMUKYTHKY NG NPOpacTaHwe 1 NPOHWKHOBEHWE KNeTouHOro
rpuba 8 remMoyens vMMyHWATETa

I 7

Peakoe nosbileHWe CMEPTHOCTH oT rpuba ]

Puc. 6. MameHeHus B JAUIMTHBIX CHCTEMAaX W TeYEHHE MHKOIa B YCJOBHAX
cy6orrumanshoit 1ns Galleria mellonella Temneparyp (cxema).

5. BJUSTHUE CONNYTCTBYIOUNUX UHOEKLIUA U
MAPAZUTOUI0OB HA PA3BUTHUE MHUKO30B

JInA paiBUTHA MHMKO30B TPeOYIOTCA BECBMa BBICOKHE [03bI KOHMIWMI
anaMop(HeIX TpHOOB, OJHaKo THOENL HACEKOMBIX OT ITHUX [aTOrEHOB
PErucTpUpyeTcA MOCTOAHHO M CTa6MIBHO B CaMBIX pa3HbIX GHOLEHO3IaX.
BoimoxHo, aHaMopdHBIE rPHOLI MOPakarOT NPEUMYIIECTBEHHO HACEKOMEIX C
oc/NabieHHEIM HMMMYHHTETOM HE 33BUCMMO OT HX TaKCOHOMMYECKOH
npuHagnexHocty (Boomsma et al, 2014). OpHumu wu3 HanGonee
pacmpocTpaHeHHbIX  (AKTOpOB,  OCNAGNAIOIIMX  HACEKOMBIX, ABJIAIOTCA
fakTepuanbHble HHPEKIIHN U aPa3UTOUIBL.

5.1. B3anmMooTHOLUEHHA B CHCTeMe aHaMopdHbIe rpubnl — GakTepuu
Pseudomonas — nepeyieTHasi capaH4a

[TpoBeseH aHaIM3 AHMHAMHMKH CMEPTHOCTH NHYMHOK Locusta migratoria
NpH CHHXPOHHOM 3apaxxeHuu rpubamu (B. bassiana win M. robertsii) u
Gaktepueit Pseudomonas Sp., @ TakXke HCCEJ0BAHHE MHKPOGJIOpbl MOrHOLINX
OT cMelIaHHOH WH(EKIHN HACEKOMBIX H BIaUMOOTHOLIEHHS NATOTEHOB in Vitro
(Jlennen u gp., 2007a). Tlpn couetannu M. robertsii v Pseudomonas sp.
BLIABIEH AJUIMTHBHBINA JPQEKT B CMEPTHOCTH HACEKOMBIX, @ NPH COYETAHHH
B. bassiana wu Pseudomonas sp. — cuHepriaM. Baktepus nogasnsna poct rpuba
in vitro. Tlpn cMEIIAaHHOA WHQEKUMH [Aonf TPyMNoB, (OpMHPYIOMHNX
KOHHIHAITLHOE CTOpOHOUIEHHe B. bassiana, yMeHbLIANack MPONOPUMOHAIBHO
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node GakTepmy, McnosiblyeMod WA 3apakeHHA. IlokasaHo, 4TO B MOrubUIHX
HACEKOMBIX MOTYT COCYUIECTBOBaTh 00a naToreHa.
5.2. Cuneprusm Bacillus thuringiensis w Metarhizium robertsii npn
HHPHUMPOBAHHH KOJI0PAACKOTrO KYKA

[lpn coBMecTHOM HWHQULMPOBAHMHM CYO- W TOMyNEeTaNbHLIMM [03aMH
rpuboB M. robertsii w 6aktepuit B. thuringiensis var. tenebrionis BBLIABNEH
CHHeprucTHieckuii ad ekt B rubenu nHIuHOK Konopaackoro xyka (Kprokos u
Ip., 2009). Cunepruim Habmogancs Npyu MHPHLUMPOBAHUN MIALLINX, CPEIHHX
¥ CTaplinX BO3pPAcTOB JIMMMHOK XKyka. A BceX NUYUHOYHBIX CTaaMi INpH
6axTepuansHoil U cMewmaHHo i HHdeKkMU GbLTa XapakTepHa OCTaHOBKA POCTa U
3afepiKKa OKYK/TMBAHMs, Yero He HabMIOOanoCch MMpU MHKO3€. AHATH3 AaHHBIX
no cmepTHocTH JyuHok I Bospacta nmokazan, uto npyn ux HHOHUUMPOBAHUH
6axtepusmu LCso KoHuauii rpuba ymeHbimaetcs B 190 pas (¢ 2.6x10° no
1.4x10" koHugui/mn). OTrMedeHa TeHAEHUMA K Oonee aKTUBHOMY
npopacTaHuIO KOHUAUH u Oosiee ObBICTPOMY TPOHMKHOBEHHIO [PHOOB B
reMouenb Y JTHMHHOK, 3apa)KeHHbIX OakTepuaMy.

Hccnenopanne ypoBHA  MHKAafCYJALUMM NPH  MOHOWH(EKIMAX H
CMeLIaHHOM 3apajKkeHHUH NMOKa3ano, 4To noj AcHcTBMEM OaKTEPHH MPOHUCXOAUT
pe3Koe CHIDKEHWE aKTHBHOCTHM JaHHOro mnokasatens (SipocnaBuesa w np.,
2012). Kpome Toro, ecnu npu MHKO3€ Habmoaanocs yBEJIMYEHHE aKTHBHOCTH
Hecrieipduyeckux actepas U I'CT, To npu cmemaHHON HHQEKLHH JAHHOTO
nogreMa He perHcTpupoBanoch (Taba. 3). Ilo Bceit BHAUMOCTH, CHHXKEHHE
HHTEHCHBHOCTH [Ipollecca WHKAMCYJALUMH M HHrHOMpoBaHWE aKTHBALIMH

Tabnuua 3. H3meHeHne ¢HIHOMOTHYECKHX MOKa3laTeliefl JIMIHHOK
KOJIOPAaACKOTO kyka Ha 1 M 3 cyTkm mocne 3apawenusa Gakrepueii
B. thuringiensis var. tenebrionis n rpuboM M. robertsii (noxa3aHsl TONBKO
nocrosepHsie (P<0.05) pasnuuus.

Tokalatenu Txauu* Mukoa Bakrepuoa CMeliaHHas

uHekums
Bec HacekoMaIx | - Ha YP. KOHTPOJ/IA CHIDKEHHE, 3 CYT | cCHIKeHHe, 3 cyT
AKTUBHOCTE In noBsiLIeHHe, 1 cyT | NOBBIEHHE, 3cyT | Ha yp. KOoHTpONA
3CT X Ha yp. KOHTposs cHIDKeHMe, | cyt | cHibkenwe, | cyT
AKTHBHOCTh II noseiieHue | cyt | noseimeHHe, 3cyT | Ha yp. KOHTPOIA
I'CT X Ha yp. KOHTpOIA CHWXEHHe, | cyT | cHikenue, | cyT
AKTHBHOCTB r Ha yp. KOHTpOIA CHHXEHHME, |, 3 yT | cHibkenHe, 1, 3 cyT
HHKaNCynsLny

* - [T - nnaama reMonumosi, I' — remomumda, K — kyrrkyna, X — xuposoe Teno.
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tpepMeHTOB HeTOKCHUMpYTOMIEH CHCTEMBI MO ACHCTEHEM OakTepHil MoOXET
BBI3bIBATEH 3HAYMTENILHOE CHINKEHUE YCTOWYHBOCTH HAaCEKOMBIX K rpubam, 4To,
B CBOI ouepelb, TNpPHBOAHT K YyCKOpeHHod rubenn Xxo3seB H
CHHEPrHCTHYECKOMY 3((eKTY B CMEPTHOCTH HaceKOMbIX. COOTBETCTBEHHO, MBI
npegnonaraeM, 4to cybnetansHoe Bo3feiicTBHe OakTepuii HA HAacCEKOMBIX B
TIPUPOAE MOXET NPUBOAMTE K 00pa3oBaHHIO JIOKAIBHBIX OYaroB TPHOHBIX
3aboneBanuii.

Hccnemyemoe couetanne rpubos W OGakTepuil ObUIO MCMBITAaHO B CEpUM
MOJIEBBIX JKCMEpUMEHTOB B cTemnHoit 30He HoBocuGHpcko#t obnactH W B
OKPECTHOCTAX . AnMaThl. DKCNEpUMEHTAIGHRIA [penapar noxasanl
6uonoruueckyo 3dPeKTHBHOCTE Ha YpoBHe 75-95%, mpH 3TOM OTMEYEHO
3Ha4YuTeNLHOE CHIDKeHHe Aedonuannn kaptodens (Kprokos u ap., 2009).

5.3. Bansanue sxronapaiutouna Habrobracon hebetor na paisutTHe
MHKO30B Y ryceHnu Galleria mellonella

PaHee 65110 YCTaHOBJIEHO HMMYHOCYITpeCCHBHOE feiicTBHe ana H. hebetor
Ha nuyuHok G. mellonella, mposensonieecs B MONABIEHHH AKTUBHOCTH
(eHONOKCHIAIB B TeMoMMe, a TaK:kKe CHIKEHHH YPOBH® HWHKAICYJALMH
(Kryukova et al., 2011). Ilockonexy naHHbie MOKalaTeNu UMMYHUTETa CBA3aHBI
C YCTOWYMBOCTBIO K IHTOMOIATOreHaM, MBI MPEANONOKHIH, YTO NapATH3aLUs
rycenuul H. hebetor MOXET MOBBIIATE HX YYBCTBUTENBHOCTE K aCKOMHMIIETAM.

Hamu BbIsiBNEHO, YTO Y MAapalM30BaHHBIX 6PaKOHOM I'yCEHHL QOCTOBEPHO
YBEIMMMUBACTCA BOCTIPHMMYHBOCTE K rpHbGam M. robertsii, I farinosa,
I. fumosorosea, B. bassiana. B uactHocTH, awanmms LCs, nokalan, 4ro
YYBCTBHTENLHOCTH NMAPATH3IOBAHHLIX IYCEHHUL K B.bassiana ymenuuusaetcs B
5000 pa3: ot 5.5x10° go 1.1x10° koHumuit/oco6s (Kprokos u ap., 2013). Inn
YCIEWHOro MPOX0XKAEHNA H 3aBEPIICHHA MMKO3a GbLIN JOCTATOUHBI (YIbTPa-
HU3KHe» 10361 KoHuAuH (1-5%10° koHHAMI/0co6s). DdeKTHBHOE 3apaeHue
HaTHBHBIX ryceHHl G. mellonella nono6HEIMM [J03aMM HE BO3IMOXHO.
VcTaHOBNEHO, YTO HAa KyTHKYJIE€ MapalH3IOBaHHbLIX [YCEHHL CKOpPOCTh
npopactaHus KoHuau#i ypenwumsaetca B 4 pasa (p<0.01). ITokasaHo, 4TO
IPUCYTCTBHE WIIH OTCYTCTBHE JIHYMHOK H. hebetor (0T | no 6), nuTalomuxcs Ha
napanu3oBaHHbIX ryceHuuax G. mellonella, He BAMsAET HA YCMEWHOCTh MHKO3a
M NpoayKLHIO KOHUAW# rpuba Ha Tpynax.

BhiNna oleHEHa BO3MOXHOCTH 3apaXKe€HUs T'YCEHHL rpuboM MOCPEACTBOM
nepeHoca KOHHOUA camkamH OpakoHa. YCTaHOBIEHO, YTO KOHTaMHHAUMA
ANLEKTaa Mapa3uTORIOB JaXe HUIKMMU no3amu rpuba (1x10* konuauiv/mn) ¢
nocnenywoulelf napatHiauvefl NMPpUBOOMT K YCNEIIHOMY Pa3jBHTHIO MHKO3ay
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Habrobracon % NepeHoc UHheKLUM NapasMTonaom
hebetor

Avaka 2

Mopasnexne ryMopanbHoro U KNeToYHOro UMMyHHUTeTa X03AMHa noA AeficTeneM aaa ]

[ BhiCTpas aKTUBaLIUA U NPOHUKHOBEHWE rprba Yepes KyTukyny ]

I Pe3koe noBsbileHUe YyBCTBUTENBHOCTH K rpubam, ruGenb oT MuKo3a J

Puc. 7. Axtuauus cyGnetaibHOM rpuOHONA HH(EKUMH M rOPH3OHTAIBHAS [Epegada
rpuboB napasurouiom Habrobracon hebetor (cxema).

rycernt]. KpoMe Toro, eciu caMok OpakoHa MOACAKHBATH K TyCEHHI[AM,
3apaxeHHBIM B. bassiana (n03a — 10° KoHmamit/mn), a Tmocie MApaIM3aIu
[YCEHHI[ CAaMOK T[epecakMBali K HATHUBHBIM JIMIMHKAM, Y MOCJEIHAX
Habmoganace 80% cmeptHOCTh OT MHUKO3a. OG00IIEHHAs cXeMa aKTUBALUH H
nepeayy rpubHON MHPEKIMN Mapa3uTON/IOM MPE/ICTaBlIeHa Ha puc. 7.

Mel mpexrnonaraeM, 9To MOAOOHBIE SBIEHUS MOryT OBITh IOTHPOKO
pacrpocTpaHeHsl B Tpupoje. Tak, €ClTH XO3fMH BO BpeMs Mapaln3aliii
Mapa3uTONIOM KOHTAKTHPYET ¢ cyOCTpaToOM, HECYIUM KOHUINUH rpUOOB, JIHOO
cyOnerayipHasi rpuOHas WHQeKMs YyXKe pa3BMBaJiach B/HA KYTHKYJIe
HACEKOMOro, TO BEPOSTHOCTH KOJIOHM3ALMH €ro Teiaa rpuboM 3HAYUTENBHO
yBenudautcs. KpoMe TOro, W3BeCTHO, 4YTO YHCIO MapajM30BaHHBIX
Mapa3uTOM/IaMU XO035EB IMPEBBIMAET YUCIO TEX, HA KOTOPBIX B MOCIEAYIOMEM
6ynyT otnoxens! sitna (Tob6uac, 2004), 4T0 yBEJINYMBAET KOJIMYECTBO pecypca
JUTSL Pa3BUTUS SHTOMOIATOr€HOB.

Yrto KkacaeTcs Tepefavyd [aTOreHoB NapasHTOWIaMH, AAHHBIN BEKTOP
pacrnpocTpaHeHusl JaBHO BBIABJICH Ui BHPYCOB, HO MomoOHbie paboThl 10
rpubam He m3pectHbl (Baverstock et al., 2010). Ha ocHoBe mpoBeneHHOro
UCCIIEIOBAHUS. MBI [10JIAraeM, 4YTO Mapa3sMTOMIBI MOTYT BHOCHTh BKJIaj B
FOPU3OHTAIBHYIO Mepejady JHTOMOMATOreHHBIX rpuboB. B  mpupone
KOHTaMHHAIMs MapasUTOMIAOB TIpHOAMH MOXET TpPOUCKXOJUTH 33 CYET
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abuotHdecknx akTopoB (ABIKEHUE BOABI U BO3AYyXa), a TAKIKE [IPU KOHTAKTE
€ JapakeHHBIMM HACEKOMBIMH WIM KOHTaMMHHPOBAHHLIM cyfcTpatoM. Peakoe
NONABJIEHHE HMMMYHHBIX pPEaKUM XO03fMHa $O0M Tapa3uTOMAa MO3IBOJIAET
CBECTH K MHHHMYMY KOJIHYECTBO HHOKYJTIOMa, NIEPEHOCHMOTrO Mapa3uTOMAOM H
AOCTaTO4YHOrO AJIA TOro, 4TOOBI TMPHBECTH K YCHEMIHOMY Pa3sBHTHIO FPHOHOro
3abonesaHuss. KpoMe Toro, mnapajuTouabl MOIyT MepeMelaTts rPUGKOBLIiA
WHOKY/TIOM B TPYAZHOAOCTYNHbIE y4acTKH, HampuMep y6exXHila, co3qaBaemble
HAaceKOMBIMH, a TaKXe OCYIIECTBATh 3HPEKTHBHLIN MEpeHOC MAaTOreHOB NPH
HU3KOM IUTOTHOCTH XO3AEB.

6. CHHTETUYECKHE U IIOJIYCUHTETUWYECKHE
HHCEKTHLHHNAbI - CHHEPTUCTbI SHTOMOHNATOTrEHHLIX

I'PUBOB
duanonoruyeckoe ocnabieHue HaCEKOMBIX HH3KHMHU n0o3aMH XUMHUYECKHNX
UHCEKTHULIHOOE JJIA MOBLIIEHUA YYBCTBUTENBHOCTH K FpHGBM — JaBHO

Hcrnofb3yemsit  moaxond. OOHAKO COBMECTHOE BJMsAHME TPHGOB ¥
MHCEKTUUMIOB HAa 3AIUMTHBIE CHCTEMBI HACEKOMBIX H3y4anoch JIHIIb
criopanuyeckd. KpoMe TOro, JHA4YMTENbHBIA HHTEPEC MPEACTABIAET BAMAHHE
PacTHTENBHEIX METabONMHTOB W WX XHMHYECKMX MOIUQHKAHTOB Ha
BOCIIPMMMHYHMBOCTb HacekoMbIX K rpubam (Sahib et al., 2008; Bomfim et al.,
2009 v ap.).
6.1. ComecTHOe aeficTBHE pochOpPOPraHHUECKOro HHCEKTHINAA
Axrennuk v Metarhizium robertsii na xonopaackoro xyka

YCTaHOBNEH CHHEPrM3M B CMEPTHOCTH KOJIOPAACKOTO JKyka Ipd
CHHXPOHHOW 06paboTke JMAIMHOK CyOnetanbHOM H030M  MHCeKTHLMAA
Axtennuk (n.B. — nepMHGOC-METHI) H OTHOCHUTENRHO HM3IKOW Ho30M rpuba
M. robertsii (10° xonuuanit/mr) (Dubovskiy et al., 2010). Ilpu Muko3ze OwuIO
YCTAHOBJIEHO MOBBLILIEHHE AKTHBHOCTH Hecneunduueckux screpas u I'CT B
KHPOBOM Telle Ha 2 WWIM 5 CYTKH MOC/E 3apaEHWUA [0 CPaBHEHHIO C
KOHTpOJIeM, TOrAa Kak, MpH [06aBNeHMH HHcekTHuuaa HaGmopmanocs nu6o
OTCYTCTBUE YBEIMUESHUA aKTHBHOCTH JETOKCHLMPYIOIMX (epMeHTOB, NuGo ee
sagepxka. [Ipy xkomOuHMpoBaHHOH oOpabotke (M. robertsii + AKTennuk)
HaGnonanock peskoe 2—3 KpaTHOE CHIDKEHHE HHKANCYJIAUMH [0 CPaBHEHHUIO C
KOHTpoJsieM, MHKO3OM M 06paboTkoii Tonbko uHcekTHuMAOM. [Tony4eHHule
pe3ysbTaTsl cornacylorcs ¢ AaHHeiMu B.B. Cepebposa c coast. (2001, 2003) o
O10KMpPOBaHUM  AETOKCHUMpYIOWHX  diepMeHTOB  (hocdopopraHHHECKHMH
uHcekTHuMaaMu. Takum o6paioM, MHrMOMPOBAaHHE HMHCEKTHLUMAOM CHCTEM,
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OTBETCTBEHHBIX 33 YCTOWYHBOCTE HACEKOMBIX K TPUOHBIM MH(EKLNAM, MOXET
ABJIATLCA OJTHON U3 MPHHHMH CMHEPTU3Ma NaTOTEHa ¥ MHCEKTULNA.
6.2. Moau¢uKaHTBL! YCHHHOBOH KHCI0ThI — CHHEPIHCThI
JHTOMONnaTorenHoro rpu6a Beauveria bassiana

[TokazaHo, 4TO YYBCTBUTENBHOCTb HACEKOMBIX K rpubam B. bassiana
MOXET MNOBBIIIATECA MoA AedcTBHeM MeTabonnta numaiiHukos Cladonia u
Usnea — ycHuHOBOM KkHcioThl (KprokoB u gp., 2008). JIna mowcka
BBIPRXXEHHOr0 M cTabWiLHOro cuHepructudeckoro 3¢d¢pekta GLUT NMpoOBEACH
CKPUHHUHT 35 xumudeckux MoaudukautoB (R)- u (S)-ycHUHOBOH KHMCHOTH! Ha
NHYMHKaX Kosopaackoro xyka (KpiokoB M ap., 2012a). Hauboneuiee wu
CTabOHMILHOE TOBBILEHHE CMEPTHOCTH BBI3BUTH  MojudTopcoaepiaime
nponssoansie (MYK-35), nony4aemeie B peakuuu (S)-ycHUHOBON KHCIOTBHI C
rexcaptopnponienom ([TonoBuuxa u ap., 2012). [loxalaHo, 4TO JaHHBIE
COENMHEHWs 00NajaloT TOMBKO KHMUIEYHBIM [OEACTBMEM Ha JINYHHOK.
YCTaHOBHCHO, 4YTO NAaHHBIE COCAHHCHHSI HE 06J'la£lalOT PENE/UICHTHBIMH, HO
obnagarotr  aHTHMQHEAHTHRIMM  cBolictBaMu. [Tlpu  cyOnerannuoit
nomyneTansHo#i o6paGoTke jHuauMHOK pasHelx BolpactoB (II, III, IV)
coenquHeHneM MYVYK-35 y HacexkoMslx Habiromanocs HapylieHHE NHTaHHA,
3aMe[IeHHEe pOCTa, 3aep)kKa OKyKIMBAHHA U MOBIIMIEHHE TyBCTBUTEILHOCTH
K B. bassiana. [laHHas XOMOWHALMA areHTOB MHCMEBITAHAa B YC/TOBHAX
KOHTHHEHTAJILHOTO KinMaTta (oKp. I. AnMaTel) U ee 3¢ deKTHBHOCTh cOCTaBWIa
98%. Kpome Toro, nocne o6paboTKH OTMEYEH HHIKUA YpOBeHB RedosinaLHu
pacTeHui, coctaBuBmmii 15-20% npotvs 80-90% B KoHTpOIIE.

Takum o6paloM, cXOoOHO ¢ PacCMOTPEHHBIMH Beime (aKTOpaMH,
cybneranbHoe BO3AEHCTBHE MHCEKTHLHMOOB MPHBOAHT K MOBHIMEHHIO YPOBHA
CMepTHOCTH OT TrpnboB. CuHHepru3M HabGNOJaeTcs mnpM  3apakeHUH
OTHOCHTENLHO HHM3KHMH [03aMM TpUOHBIX T1aTOTeHOB, IIpH  KOTOPAIX
OTMeYaeTCs JIHTeNIbHOe TeueHHe mMHKo3oB (KprokoB u mp., 2012a). [laHHeie
COUYETaHMA MPUBOJAT K CHIDKEHHIO YPOBHA NEDONHAUMH pacTeHWt M MOryT
ObITh NepcNeKTHBHBIMH JUIS CO3aHUA KOMOHHHPOBAHHBIX GHonpenapaTos.

OBUIEE 3AKJIIOYEHHE
TMepexonq MHuxO- H  ¢HUTOMAPAIUTUYECKHX aACKOMHLETOB B HOBbIE
aganTHBHbIE 30HBI (MAapa3UTHpPOBAHHE HA UYIEHHCTOHOTHX) MNpHBET K
NoABNEHMIO GHOJIOrMYECKH NPOrPECCHBHBIX IPYIN 3HTOMONATOreHHBIX FPHOOB,
KOTOpbIE XapaKTepH3yIOTCA paHoOOpa3neM KHIHEHHBIX CTpaTernii U paiHbIM
YPOBHEM ClELMaIM3aLMH K HaceKOMBbIM-X03seBaM. Jlns rpubos, o6pasyrouinx
mosioBylo cTagvio  (TenieoMopdHeie (OPMBI), XapakTepHhl OGJWraTHLIA
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Mapa3uTH3M ¥ CTEHOOHOHTHOCTH, CBA3AHHAA C OFPAHWYEHHBIM KPYTOM XO035€B H
NpUYpPOYEHHOCTBIO K ornpeAeneHHbIM OuoueHolam. B ycnosmsx 3anmagHoit
Cubupu — 3T0 CMELIaHHbIE WIH MEJKOIHUCTBEHHbIE C1abo-IIpoyBaeMsble Jieca ¢
pa3sBHUTBIM KyCTAPHHUKOBBIM UM TPaBAHHUCTBIM APYCOM, M OOWIMEM BaNeXHON
APEBECHHEI, YTO OOECMEYMBAET MOOXOMAIIUIA MMrPOTEPMHYECKHI PEXUM s
LIMTENLHOTO  pocTa TUIOAOBBIX Ted 3TMX rpubos. AnamopgHbie
npeacrasuteny  Beauveria, Isaria  AEMOHCTPHPYIOT BCE  NPHIHAKH
OecneLHaIM3alHi, OOUTas NpakTHYECKH BO BCEX THNax GHOLEHO308 3anamHoi
Cub6npu m KasaxctaHa ¥ nopaxas camble pa3Hble TPYNIbl HACEKOMBIX. JTH
rpubbl BCTPEYalOTCA OTHOCHTENBHO CTabWIBHO 43 roJa B roj, BbIILIBAA
CMEPTHOCThL XO3feB [IPEHMMYLIECTBEHHO Ha JH3OOTHYECKOM YpoBHE. B oTnuume
oT aHamopHBIX, TeneomopdHble rpubhi B Gonbuiedl cTermeHu 3aBUCAT OT
TUIOTHOCTH HACEKOMbIX H B ycnoBuUsxX CHOMPH M BRI3LIBAIOT 3MH300THH MX
nonynsaLusax. OCHOBHbIMH X03A€BAMH JOMUHHPYIOILHX TeneoMopdHbIX rpubos
(Cordyceps militaris, Cordyceps bifusispora) B nepuox uccrnegosanmii 6bu1H
NpeACTaBUTENM JIETHE-OCEHHEH JKOJIOTMYECKOH TIDYMNBl YeulyeKphUIBIX —
¢uwiodaros TUCTBEHHBIX AEPEBLEB.

Ilpn aHamuse BUPYJCHTHBIX CBOWCTB aHAMOPQHLIX rpubOB HaMH He
BLIABJIEHO ClELMANH3AaUMH [0 OTHOMIEHHIO K ONpeleNeHHsIM [pyIrnam
HaceKOMBIX, YTO COIJIACYETCA € AAHHLIMHM Apyrux aBTopos (Bidochka et al.,
2002; Rehner, Buckley, 2005; Meyling et al., 2009). OgHako HaM¥ MMOKa3aHO,
YTO [JaHHasd Criequain3alds MoXeT HabmonaTbcs B HekpoTpodHOH daze
pa3BuTHs rpHOOB, 4TO 00YCIIOBIEHO BO3MOXHOCThIO 0Opa3OBaHUA [HOYEpPHEro
CNOPOHOMICHHA TOJNBKO HA OMNpEAE/ECHHBIX TaKCOHOMHYECKHX [IpyImax
HacekoMbiXx. [locneaHee sABNEHHe OoJiee XapakTepHO I TOKCHIEHHBIX
KYJIBTYp, BBIIBIBAIOIIMX PE3KOE [OJABNEHHE KJIETOYHOT0 MMMYHUTETA
HaceKOMEIX U foJiee BRIPAKEHHBIA OTBET CO CTOPOHBI T'YMOPANLHEIX 3AI{HTHEIX
peakuMii M  AETOKCHUMpYIOlleH cHCTeMbl. Pelkoe  ¢m3nonornyeckoe
ocnabreHne HaCEKOMBIX MOXET NPHBOANTE K UX NpexIeBpeMeHHOM rHbenH, To
€CTh Pa3BHTHIO TIAaTOTEHE3a MO THIly ONEPEeXaroLero TOKCHko3a, IIpH aTom
rpud He ycreBaeT KONOHH3IMPOBATb TEMOLIENb XO3IAMHA W CHOPMHPOBATH
AodepHee NokoJieHHe KOHWANA., O1HaKo HaMH YCTaHOB/IEHO, 4TO rHbesh Takux
rpuGos HaGmogaercs B 6onbLiel cTeneHn B HekpoTpodHoi#t dase knIHeHHOTO
LMKIIA — [I0C/Ie KOJIOHU3ALMK reMoLeny U ¢opMHpoBaHusA ckiiepounes. JJaHHoe
AIBJIEHKE  COMpMXKEHO ¢ My4qweH mpucnocobneHHocThlo rpuboB K
canpoTpogHOMY pa3BUTHIO, TO ecTh OoJiee aKTHBHOMY pOCTY H BBICOKOMH
NPOLYKTHBHOCTBIO  HA  pacTHTENbHBIX  cybctparax.  [lo-BHOHMOMY,
TOKCHUTeHHbIe IITAaMMBI B GOJbILiel CTEMeHU accOLMMpOBaHb! ¢ pH3ocdepoit
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pacTeHul, 9TO COOTHOCHTCA C PANOM HENABHO TPOBEAEHHLIX WCCIEAOBAHKN
(Pava-Ripol, 2013; Hu et al., 2014). lansHeiimee n3yueHHe QaHHLIX CTpaTerui
MOXET OBITb HAMpaBIEHO Ha H3yHeHHE 3KCOPECCHM TFEHOB OHUOTPOdHBIX H
TOKCHFEHHAIX  TpHOOB,  CBA33aHHBIX C  THATHHBIM  POCTOM  H
KOHHIHeoOpaloBaHWEM Ha PA3HBIX XO03IAEBaX W B TKaWAX pacTeHuit. Takxe
IHAYMUTELHBIA HHTEpEC 6y)1eT NpeaCTaBJIATL UCCNIEJOBAHHUE JNHUICHETHYECCKHUX
mpoueccos  (metunupoanue JIHK, aueTwiupoBaHHe THCTOHOB) IIpH
INKUTEensHOM KynpTHBHpoBaHMM wwTamMmoB Ha HIIC u maccakax uepes
HACEKOMBIX.

HubdepeHunanuss BUAOB H OOMyJAUMA aHaMopdHBIX TrpHOOB B
3HAYHTEIBHON CTEMEHH CBA3AHA C MPHCMOCOOMIEHHOCTBIO K THIPOTEPMHYECKHM
YyCNOBUAM MecTooOUTaHui Xo3seB. B dactHoctH, B ycnosmsax Cubupu u
KazaxctaHa, noka3zaHo noselllleHHe YPOBHS TEPMOTOJIEPAHTHOCTH MOMYIALMHA
Beauveria bassiana B uanpasneHnu cepep-tor. JloCTaToYHO OTHETIMBO
BBIACIAIOTCHA FEHETHYECKHUE IpyNniibl H30JIATOB, CBA3IAHHLIC C OINpPEIOCJICHHBIMH
MPHPOAHO-KTHMATHYECKUMH 30HAMH H OTIIUYAIOLIHECA TEPMOTONEPAHTHOCTHIO
(cTemHple  KyNBTYpPHI) WIH  NCHXPOTOJIEPAHTHOCTBIO  (JIECOTYHAPOBLIE
KynbTypbl). Takke y KpUNTHYECKHX BUAOB p. Metarhizium BBISBIEHBI
pasnydus Mo TUrpoTepMHYeCKUM npedepeHayMaM U paay ApYTHX afanTaLui,
CBA3AHHLIX C OOWTaHWeM B JIECHBIX, NMO0 OTKpPBITBIX LEHO3ax. [Ipu
MOJICIMPOBAHHH YCJIOBMH PpE3KO-KOHTHHEHTAIBHOrO KIMMaTa, a TaKKe
HENoCpeACTBEHHO B arposaHgmadTax 3amagnoli Cubupu u KaszaxcraHa,
Haubonee YCNEMIHO MHKO3 pEaM3YETCS  HMEHHO Yy TEPMOTOJEPAaHTHRIX
KyneTyp (M. robertsii, ctenuble u3onATel B. bassiana). B cBsau ¢ ITHM, MX
WCNoJib30BaHME Hanbollee mNepcleKTHBHO UIA  PEryislHH YHCIEHHOCTH
HACEKOMBIX B YCJIOBHAX KOHTHHEHTANBHOIO KIIMMAaTa.

JlanHble NCCeNOBaHUA Jie)XKaT B paMKaxX THITOTE3RI (CEJIEKI(HH MATOTeHOB
cpemoit oouranus» (Bidochka et al., 2001, 2002, 2005; Wyrebek et al., 2011;
Wyrebek, Bidochka, 2013), cornacHo KOTOpo#, B AMBEpreHUHH LIHPOKO-
CrieMaTM3UpOBaHHLIX TpH6oB (Beauveria, Metarhizium) npucnocobnenue k
orpee/ieHHBEIM TaKCOHAaM X03sieB He HMEET pellalollero 3HadeHHs, a Gonee
Ba)KHa CBA3b rPMOOB C TEMH WIH MHBIMH PacTHTEIIbHRIMH aCCOLMALMAMH H
aflanTalHy K oNpeJeeHHBIM rHrPOTEPMHYECKHM YCIIOBHAM. OHAKO OTMETUM,
YTO JaHHasA MIOTE3a HE yYUTRIBAET COCTOAHMA JALIMTHLIX CICTEM HAaCEKOMBbIX-
xo3seB. [IpoBeneHHoe HaMH HCCNEeAOBaHWE MOKalbliBaeT 4YTO, “BhIGOP"
Hacekomoro rpu6oM  MoXkeT He 3aBHCETb OT  TaKCOHOMHYECKOH
NPHHAUIEKHOCTH X03fHHAa, HO BO3IMOXHOCTh PaiBUTHS Ha OMPENCIIEHHOM
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Puc. 8. i3MeHeHHe B 3AIIMTHBIX CHCTEMAX M YPOBHE BOCIIPHMMYHMBOCTH HACEKOMBIX K
anamopdusIM rpubaM 1o/1 IEHCTBUEM PasJIMIHBIX CPeJIOBBIX (hakTOPOB (cXema).

XO3fMHE CBsA3aHa C (PYHKIMOHMPOBAHWUEM €ro 3a(UTHBIX CHCTEM. Tak,
BEPOSTHOCTh YCIIEITHOTO MHKO3a y HACEKOMBIX C HapyIIEHHBIM, MOJ
JEeWCTBUEM pa3IMYHbIX (PAKTOPOB, 3ALIMTHBEIM OTBETOM BO3PAcTaeT B AECATKH,
COTHH H TBICSYH Pa3.

HUpes o ToMm, 49TO aHaMop(HBIE TpHOBI MOPaXarOT OCIA0JIEHHBIX
HACEKOMBIX, npusHaBanack apriori eme B 60-70-x rr. XX Beka (MibHHCKHI,
Tpormn, 1965; Beitzep, 1972; Esnaxosa, 1974), a Takke mnoaaepxuBaercs
paoM HMccieoBatelneii B HacTosiniee Bpems (Boomsma et al., 2014). OxHako
MEXaHM3MBI YBEJIMYCHHS YyBCTBUTEBHOCTH K rpubaM Mojx BO3JEHCTBHEM
PasIMYHEIX CpPedOBBIX (DAKTOPOB OCTABANMCh B OOJNBIIMHCTBE CIIyYaeB He
packpeiTeiMH. HaMu 1okasaHo, 4TO TMOJ BIMAHWUEM TakHX ()aKTOPOB, Kak
TOHWKEHHass TeMIepaTypa, CcyOseTanbHble  OGaKkTepHO3bl, Mapaiu3arus
rapa3suToOHJaMH, BO3JIEHCTBHE CHHTETUYECKHX (nepmuoc-MeTHI),
NOJTyCUHTETHIECKNX  (MOAM(HKAHTEl  YCHUHOBOW  KHCIOTHI), TPUOHBIX
(Cordyceps) WHCEKTHLIMIOB, TMPOUCXOMAT HW3IMEHEHMs, 3aTparHBalolue
KAPHOKHCIIOTHBIH COCTaB 3MUKYTHKYJIBI, HAOMONAETCS MONABJICHHE PeaKIuif
KJIETOYHOT0O M TYMOPAJIBHOTO HMMYHHTETA, JETOKCULHMPYIOMEH CHCTEMEI,
TPOUCXOAMT  3aJIEpKKa  pocTa, YUTHHEHHE MEXITHHOYHOrO  IEpHO/a,
HapymieHWe JIMHbKH, YTO TMPHBOJAMT K MHOTOKPAaTHOMY  ITOBBILICHHIO
qyBCTBUTENIBHOCTH K aHaMopdueiM rpubam (puc. 8). JlaHHbie SBIEHHS
COTIOCTABMMBI C TTATOreHEe3aMH, BHI3BAHHBIMH HeclieU()UIeCKUMHU MaToreHaMu
y BBICIOMX OKMBOTHBIX. Tak, mojx JeHCTBMEM pasIMYHBIX CTPECCOBBIX
BO3/IEHCTBHIA, MepeoxiaxaeHnlt, cnenuduiecknx MHGeKmii 1 napasuTapHbIX
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HHBa3Iui MOXKET MPOUCKOAUTH MOMABIECHNE PSilla JALMUTHBIX CHCTEM, HTO BEAET
K 3aCe/IeHHI0 OPraHoB U CUCTeM HecreuMHIeCKHMH mnaTtoreHamH. [loka3aHo,
YTO Y YENOBEKA MHKO3Hbie HHOEKLUH MOIYT MABIATHCA CBOEOOPa3HBIMM
MHAWKATOPAMM COCTOSHHA HMMMYHHOH cHcTeMbl (Kopuuulena, Morwiesa,
2013). CooTBeTcTBEHHO, UMEIOTCA OMpefe/ieHHble NapasUlesTH, XapaKTepHbIe
[UiA Bo3OyquTeneit MHKO30B MO3BOHOUHLIX M 6ECMO3BOHOYHBIX KHBOTHEIX.

Takum o6pazoM, MOAaBfieHHBIA HecneUHPUHECKHH WUMMYHHTET XO3feB
ABJIAETCA BAXHBIM YCJIOBUEM [UIA YCMEIIHOr0 pa3BUTUA aHaMOP(HLIX rpHOoB.
Yro ke kacaercAa OGonee CcNELHMaNH3WPOBAHHBIX TeneoMophHBIX ¢opM,
BEPOATHO, 3gech DNeACTBYIOT apyrue MeXaHN3MBI
BOCMPHUMUYMBOCTWYCTOHYHBOCTH X03s€B. KoMruiekcHoe ucciiejoBaHne 3THX
Gonee CNOXHBLIX B3aUMOOTHOIUEHWHN B OyAyllieM JO/DKHO BKIMOYaTh OLEHKY
MOPOroBbIX f[03 MHPEKUMHY, HEOOXOAMMBIX [UIA pasBUTHA MHKO30B,
ycTaHOBJIEHHE Bo3AedcTBHA MeTaboMMTOB rpubos Ha FOPMOHAIbHBIA CTaTyC,
npoueccs! rUCTONM3a W TUCTOrEHE3a HACEKOMEBIX, M3y4YeHHe 3Jaduueckux
npedepeHunii TescoMopd, a TaKKe MEXaHHIMOB KOHKYPEHLHH MexIy
TeIeOMOPHLIMHU H aHaMOp¢HBIMK BHIAMHU rpUOoB.

B npuxiagHoM acnekTe JaHHOH paboThl MBI MOXEM 3aKIIOYHTh, YTO 1A
co3gaHus 3PPeKTHBHBIX GUONOrMYECKHUX TpenapaToB Ha OCHOBE aHAMOP(HBIX
rpu6oB Heo6XOAMMO MX KOMOHHHMpOBaHUE C AoGaBkaMH, HHIHOMPYIOLIMMH
peakUHN KJIETOYHOro, yMOPIBHOTO HMMMYHHTETa H [IETOKCHLMpYIOIIEH
CHCTEMBI HACEKOMBIX, 3a[€PXKHMBAIOIINX MPOLECCHl JIHHEKM M MeTamopdo3a.
JaHHBEIMH MHTHOWTOpaMu MOTYT HABAATECA OJHTOMOIATOTEHHBIC OaxKTepUH,
MeTaGonuTe! rpubos, pacTeHud, HX IPOM3IBOAHBIE, a TaKXKe PpadIHIHBIE
CHHTeTHUecKHe coefHeHud. OcobeHHO mNepcrnekTHBHO GyaeT HpUMEHEHHe
TaKMX AareHToB, Kak sAAbl [epeloHYAaTOKPLUILIX. PaiBuTHe mnoaxoga c¢
WCMONIB30BAHMEM AJOB WIM WX CHHTETHYECKHX aHAIOroB TMO3BOJIMT CO3AATh
HoBble OHompenapaTtel, B TOM YHCI€ Ha OCHOBE HAHOTEXHOJOrMYECKHX H
reHHOMH)KEeHEPHBIX moaxonos. [auHele Guonpenapatsl nMpenapatsl OyayT BO
MHOrO pa3 npeBbIaTh 3¢ HEeKTHBHOCTL COBPEMEHHBIX.
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BBIBOJAbI

1. Ha Tepputopuu 3anagso#i Cnbupn n Kajaxcrana mis TeneoMopgHBIX
rpubos  (p. Cordyceps,  Ophiocordyceps)  XapakTepHBl  NOKaTbHOE
pacripocrpaHeHHe, CTEHOTOMHOCTh, @ CHEKTP KX XO3fAeB OrpaHuveH
ornpegeieHHBIMHU TAKCOHAMH HaceKOMbIX. AHaMopdtbie rpubsl (p. Beauveria,
Isaria) XapaKTCpPHIYIOTCA MOBCEMECTHBIM pacCnpOCTPAaHEHHEM, IBPDHUTOITHOCTHIO
" OsmﬂprlM CNIEKTPOM HaCEKOMBIX-XO3ACB.

2. D"uToMonaToreHHble aCKOMHULETHI p. Cordyceps BLIZBIBAIOT 3NMU3I0OTHH B
NONYNALMAX YEeIYeKPbUTBIX M MWIWIBIIMKOB JETHE-OCEHHEr0 KOMIUIEKCA B
ceBepo-necocTenHuIX GuoueHo3ax Cubnupu. I'pubsl cnocobHs! Boi3kBaTh 100%
rubess 3MMYIOLIETO 3anaca Kykonok. B owarax anusootuit Cordyceps militaris
nopaxaet Gonee 30 BUIOB Pa3sHOYCHIX YELIyEKPLUILIX U3 7 CEMEHCTB, a Takke
nwinnerkos cemeiictBa Cymbicidae. Bun Cordyceps bifusispora nmeet
Gonee y3kylo TpO(HYECKYI0 CNELHANUIALUMIO, TNOpaxas [MpeACTaBUTelNel
cemeiicrea Thyatiridae (Lepidoptera).

3. MWsonarel aHaMopdHOro ackomuueTra Beauveria bassiana s.l.,
BBIAENEHHBIE M3 Pa3HBIX [PYNN HACEKOMBIX-XO3A€B, HE NEMOHCTPHPYIOT
Tpoduyeckux  npedepeHUUA MO  OTHOIIEHMIO K  MPAMOKPBUILIM,
KECTKOKpBUIBIM, deiryekpbuloiM. CeNekuus rpuba depes ONpeleNleHHOro
X03MHA NPHBOAWT K YCWICHHIO BUDYJIEHTHOCTH HE TOJIBKO K LIEeBOMY
00BEXTY, HO H HACEKOMBIM JPYTHX CUCTEMaTHYECKHX IPYIII.

4. TIpM TOKCHTEHHOM THIE MHKO3a, BLIIBAHHOM Metarhizium robertsii,
MpOUCXOAUT GBICTPOE TMOJABJIEHHE KIETOYHOrO WMMMYHHTETa XO3feB H
BLIDAXEHHEIA OTBET CO CTOPOHBI IYMOPAIbHOH M IETOKCHLMPYIOMIEH CHCTeM,
O CpaBHEHWO ¢ GHOTPOQHBIM THIIOM MHKO3A. [IpM I3TOM Yy TOKCHreHHBIX
IITaMMOB  MPOSBIAETCA CMNEUMATMIALNS, CBA3AHHAaA C  BO3MOXKHOCTBIO
KOHUAMeoOpaloBaHNUA TOJNBKO Ha OMPENENCHHBIX [PYMNAaX HaCeKOMBIX.
TokcureHHas cTpaTerus conpsxeHa ¢ 6onee BBICOKOH MPHUCIOCOONEHHOCTEIO
rpuGoB K canpoTpOhHOMY Pa3IBUTHIO.

5. Mera6onutsl Cordyceps militaris 06nagaloT TOXCHYECKMM AEHCTBHEM
[0 OTHOLIEHHIO K JIMYMHKAM KOJIOPAACKOrO >XYKa M BOU[MHHOW OrHEBKH,
BBI3bIBAA HapywWeHWE TNponu(epauuM reMoUMTOB, HIMEHEHHE YPOBHS
deHONMOKCHA3k! B KYTUKYJIE M FeMOIUMde, 3aEPXKKY POCTa H IMHBKH, a TAKHKE
NOBBILIEHHE YyBCTBUTEILHOCTH HAaCEKOMBIX kK rpubam Beauveria bassiana.

6. Ha paBHuHHBEIX TepuTopnax 3amagHoii Cubupum u KazaxcraHa y
nonynaunit Beauveria bassiana ¢ TOHWXEHMEM WIHMPOThl MECTHOCTH
YBEJIMYMBAETCA TEPMOTOJNEPAHTHOCTE. [IpM TOBEILIEHHBIX TeMMepaTypax

37



(>30°C) wanGoneuryso BUPYJIEHTHOCTh M CNOCOOHOCTH 3aBEPMIATH KHIHEHHBINA
LUKJI Ha HACEKOMbIX-X037€BaX MOKa3bIBAIOT CTEITHBIE U3ONATSI rpuba.

7. U3 rpubos p. Metarhizium Haubosiblias BUPYNEHTHOCTH B YCJIOBUAX
cTenHoN 30HBI 3anmagHor CuOGupM xapakTepHa Ui WTaMMoOB Metarhizium
robertsii, 00nagawOUMX BHICOKOH TEPMOTOJIEPAHTHOCTBIO H  KOMILIEKCOM
aJanTauui, CBA3IAHHLIX C OOMTaHHUEM B OTKPBITBIX LIEHO3aX.

8. Tlon BO3AEHCTBHEM MMOHIKEHHBIX CYOONTHMAIBHBIX TeMMEpaTyp Y
ryceRuu  Galleria mellonella npoucxogAT wuIMEHEHHA KOJMYECTBEHHOIO
COOTHOILIEHHSA XUPHBIX KHUCJIOT B 3MUKYTHKYJIe, MOBBIMLICHHE YPOBHA aare3uu
KOHumHMA  Metarhizium  robertsii Ha mnoxposax, CHWXXEHUE YDOBHA
HHKanCylIAUMH B reMoLENM W 3afepkka aKTHBAUMH (EeHONIOKCHAA3bl B
KYTHKYJlE [PH MHKO3€, 4YTO [MPHUBOAMT K PpE3KOMY MOBBIIEHHIO
BOCMPHHMYMBOCTH HACEKOMBIX K rpubam.

9. Tlpu coBmecTHOM neificTBuM aHamopdHbIX rpubGos (Beauveria wnmn
Metarhizium) n 6aktepuit Pseudomonas sp. Ha THYIHHOK capaH4oBbIX (Locusta
migratoria) HabMOOAIOTCA ANAUTHBHLIA WM CHHeprucTHueckui ekt B
CMEPTHOCTH HaceKoMbiX. B morubuieM Xo3suHe MokeT HabMONATBCA Kak
3JTUMHHALMA OJHOTO U3 MATOrCHOB, TAK M UX COCYLIECTBOBAHHE.

10. [lon Bo3mefictemeM cybOnetansHsIX 03 Bacillus thuringiensis
morissoni var. tenebrionis y NTWYHHOK KOJIOPAICKOTro Xyka PerMCTpHPYETCA
3aJlepKKa Ppa3lBHTHA, CHIDKEHHE YPOBHA HHKANCYJALUHH, [OJaBJICHHE
(epMEHTOB  NCTOKCHUMPYIOIIE  CHUCTEMBI M Pe3Koe  yBeJIMYCHHE
YyBCTBHUTEILHOCTH K aHAaMOpPQHLIM rpubam Metarhizium robertsii. CHHEPTH3M
MEXIy JaHHBIMH MaToreHaMH HabmogaeTcA npu MHGUIMPOBAHHHM BCEX
JIMIMHOYHBIX BO3PACTOB KOJIOPAACKOro XyKa.

11. Tlpn napanuzauum rycenuu Galleria mellonella 3xronapaldTonnoM
Habrobracon hebetor, vx BOCNPHMMYHUBOCTb K aHAMOP(HLIM aCKOMHLIETaM
YBEMUYHBAETCA B ThicAYH pa3. [IpucyTcTBHE WM OTCYTCTBHE JIMUHHOK
OpakoHa, NMUTAIOIIMXCA HAa NapaJIM3IOBAHHOM XO3AHHE, He BJIMAET Ha HCXO.
MHKO30B M MPOAYKLHMIO KOHHAWHA rpubos. [TapasuTousiel MOTyT OCYLLECTBNAT
TPaHCMHCCHIO HTOMOIATOr€HHBIX TpHOOB.

12. BosgeiictBie ¢ocop-opraHHYEcKoro HHCEKTHLMAA nepMHdoc-
METHWIa ¥ MPOH3IBOIHBIX YCHUHOBOMH KHUCJIOTBI Ha JIHYMHOK KOJIOPAaJACKOro XyKa
MPHBOIHUT K MOBLILIEHHIO YyBCTBUTENLHOCTH K rpuGam Metarhizium robertsii,
Beauveria bassiana. W3 nOpou3BOAHBIX YCHHHOBOM KuCJOTH! HauGomee
3¢ HeKTUBHBIMH CHHEPIHCTAMU ABIAIOTCH GTOPHPOBaHHbIC MOIH(HKAHTEL.
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