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OnToMomnartoreHHbie rpudbl (DI1I7) urparoT B mpupoze BaKHYIO POJb B CACP)KUBAHUU YHCICHHO-
CTH MHOTHX 4WICHHCTOHOTHUX. J[aHHBIC 00 MX JETAIbHOM JACHCTBUH Ha MKCOMOBBIX Kirereil (Ixodidac)
KacaroTcs B OCHOBHOM IOKHBIX TEIUIOTIOOMBBIX BHUIOB, OOJNBIICH YacThIO HE BCTpedarommxcs B EB-
pomne. Llenbro nanHOTO HCccieoBaHus OblIa 1abopaTopHas OLeHKa BUPYJISHTHOCTH JIEBSITH OTOOpaH-
HBIX NICUXpOToJepaHTHBIX U30iAToB DIII' Beauveria bassiana s. 1. (6), Akanthomyces cf. muscarius
(2) n Metarhizium anisopliae s. 1. (1) nmpu ymepeHHo# cpeanecyrounoi temneparype +14°C. lns
3TOro OBLIM MCIOJIB30BaHBI B3POCIBIE 0c00U TaekHOro Kiema (Ixodes persulcatus Schulze, 1930),
coOpaHHbIe B KoHIEe Mas B KormomoxckoMm paiione PecnyOmukm Kapenus. [Ipu stux temmeparyp-
HBIX YCJIOBHSIX U IPHUMEHEHHH JUIs 3apaKEHMsl CYCIICH3HH C KOHIEHTpauueld MH(EKIMOHHBIX CIIOp
(xonuamit) 3x107 B 1 MJI Bce M30IATHI OKa3ajM JeTanbHOe JeicTBhe Ha kienieid. Cpenu HUX Hau-
0oJice BUPYJICHTHBIM U OBICTPO JCUCTBYFOIIUM OKasaycs W30yt B. bassiana s. 1. CCi-Ar (SI)14 u3
Apxanrensckoit obnactu, b. Comnoseuxwuii octpoB (N 65°, E 35°), yHUUYTOXKUBIINI depe3 9 CyTOK
70%, a gepe3 11 — 95% ocobeit. [Ipu 3TOM 1O CpaBHEHWIO C CaMKaMH JJIsi CaMIIOB Kjema Oblia
XapaKkTepHa HECKOJBKO OoJiee BBICOKAsi CKOPOCTh rHMOen oT rpuOHbIX MHpeKkimid. [loreHnunanbpHas
MIPUTOTHOCTh HEKOTOPBIX M305ATOB OIIIT 11t OMOITOTHYecKOro KOHTPOJS YHCICHHOCTH TOMYIISAIHIA
HKCOJIOBBIX KJICIIEH ITPU MOHIKEHHBIX TeMIIeparypax, IoKa3aHHas B JAHHOM HCCIIEIOBAaHHH, Tpe-
OyeT MOATBEPXKACHUS B NANbHEUIINX UCTIBITAaHUSX B PEANbHBIX MPHUPOIHBIX YCIOBUSAX, OCOOCHHO
B PEKPCAIMOHHBIX 30HAX, aKTHBHO MOCEIIAEMbIX HACEICHUCM.

KoroueBsble ciioBa: TaexHbli kieny, [xodidae, Gnonoruuecknii KOHTPOJIb, BO3OYAUTENN MHKO30B
0ecro3BOHOUHBIX, Beauveria, Akanthomyces, Metarhizium
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Taexusrit ket Ixodes persulcatus Schulze, 1930 (Acarina, Ixodidae) — onuH M3 OCHOB-
HBIX HEPEHOCUYMKOB U JOJITOBPEMEHHBIX XpaHUTENEH BO30yauTenell Hanboee OmnacHbIX
TPaHCMHUCCUBHBIX OOJIE3HEH YenoBeka, B TOM YHCIIE KIICHIEBOro dHIE(aNInTa 1 UKCOIOBBIX
KJICIEBBIX OOPPEIMO30B 110 BCeMy apeaily BHJa. B Hacrosiee BpeMsi Ha Ooubllei 4acTu
tepputopun PecnyOnuku Kapenust TaeykHbIH Kileln npeodiagaeT v 1Mo OOWIINIO, U 0 LIHPO-
TE PACCEJICHNS] OTHOCUTEIHHO BTOPOTO SITHIEMUOJIOTHYECKH BayKHOTO BHJIA — €BPOTIEHCKOTO
necHoro kiema Ixodes ricinus (Linnaeus, 1758) (becmstoBa, Byrmeipun, 2012, 2021;
Bugmyrin et al., 2013, 2019). 310 1 onpeaAenwIoO akTyaabHOCTh U3YYSHHS TOTEHIIMATBLHBIX
areHTOB JJIsl OMOJIOTMYECKOTO KOHTPOJISI YMCIEHHOCTH TaeHoro kienia B Kapemun.

OHroMonarorenHsle rpudkl (nanee DIIIY) pacueHuBaroTcs Hanbosee NMEPCHEKTUBHBIMU
ecTecTBeHHBIMHU Bparamu ukcoaun (Ment et al., 2010; Klingen, van Duijvendijk, 2016;
Ub, Narladkar, 2018). KorTakTHBI# crtocoO BHEIPEHUS B X035€B Yepe3 KYTUKYISPHBIC MO-
KPOBBI AT 3TUM TpubaM SBHOE MPEHMYIIECTBO HAJ BHPYCaMU M OaKTEpHUSMH, KOTOPbIC
3apakaloT WICHHCTOHOTUX IePOpalIbHO, HO MOYTH HE CHOCOOHBI MHOUIMPOBATH I'eMaTo-
(baroB uepe3 peKyIIE-COCYIINUN POTOBOH ammapar.

K Hacrosimemy Bpemenu uzBectHo nopsaka 20 sugos DIII, Tpoduyecku cBs3aHHBIX
B IIPUPOJIE C UKCOAOBBIMHU Kilemiamu (Samish et al., 2008). Dto, mpexxze Bcero, MpeicTaBu-
TEIM OTJIeNIa CyMYaThIX TpHOOB (Ascomycota) U3 OTHOCSIIMXCS K Pa3HbIM IOPSKaM POJIOB
Akanthomyces (=Lecanicillium), Aspergillus, Beauveria, Cordyceps (=Isaria), Fusarium,
Hirsutella, Metarhizium, Purpureocillium w Tolypocladium.

B nmuteparype umeercs 0OJbIION psiJi COOOIIEHUI O BUAOBOM COCTaBe, pacipocTpa-
HEHHOCTH M ypoBHe 3apaxkeHust DIII" koHKpeTHBIX BHIOB Kiemieil. Tak, ObIIO MOKa3aHO
(Kalsbeek et al., 1995), uyto ocobu I. ricinus, coOOpaHHBIC U3 IIEPCTH MEIKUX I'PHI3YHOB U
onened B [lannm, ObITH 3apakeHBl BUOAMH Beauveria bassiana s. 1., B. brongniartii s. 1.,
Cordyceps farinosa (ycrapeBiume NpexHue Ha3BaHuA: Isaria farinosa, Paecilomyces
farinosus), C. fumosorosea (I. funosorosea, P. fumosoroseus), Akanthomyces lecanii
(Lecanicillium lecanii, Verticillium lecanii). IIpu 3ToOM MHKO3bI Yallle BCETO BCTpeya-
ek y HanutaBmuxcs (22%) u ronoansix camok (10%), Torna kak WHQEKIUU y caMIioB,
HuUM(} 1 mmunHOK He mpesbimany 1%. B Yexun camku 3TOr0 Xe BUAA Kiemla, coOpaHHbIE
B JICTHUII TIepHof, OBUTH TTOpaXXeHbI Beauveria spp., a TAKXKE yCIOBHO-NIATOTCHHBIMH BHAAMHA
TpuOOB u3 ponoB Aspergillus, Fusarium n Mucor (Samsinakova et al., 1974). B. bassiana s. 1.
OBbLT Tak)Ke M30JIMPOBAH U3 caMOK Boophilus microplus (Fernandes et al., 2003). Ectb
cBeneHust 00 oOHapyxeuun B. bassiana s. 1. n B. pseudobassiana na 1. ricinus B Moi-
nmasuu (Munteanu et al., 2014). Nmetorcss nanHble, 4To B EBporie mpupoaHbie CIIOHTaH-
HbIe MHMKO3bl MOTYT IPUBOJUTH K JIeTalbHOMY Ucxony a0 50% knewmei pona Dermacentor
u npyrux ukcomun (Samish, Rehacek, 1999). Oxnako momoOHBIX TaHHBIX HE TaK MHOTO, YTO
CBSI3aHO C TPYAHOCTSIMH cOopa kiermel, mopaxeHHsx DI, i mosToMy poik IPHUPOIHBIX
rpUOHBIX WHOEKIUN B MOMYJSIIIMOHHON JTUHAMUKE MKCoaua sBHO HepoorieHeHa (Chandler
et al., 2000).

B pa3paboTke KOMMEpYECKHX MUKOAKapUIMIOB, KOTOPbIE MOXKHO HCIIOIb30BaTh JUIS
OMOKOHTPOJIS ATUX KJIeIIeH, HauOOoIbIINI HHTEPEC MPEACTaBISIIOT THIIOKpPeabHbIe (T10-
psmox Hypocreales) OIII" u3 ponoB Beauveria u Metarhizium. Tloka3aHo, 9T0 mpu 00-
paboTKe pacTeHUi, 3acelNCHHBIX KiemaMu Rhipicephalus appendiculatus w Amblyomma
variegatum, MacIsTHBIMA CyCTieH3usMH B. bassiana n M. anisopliae ¢ tutpom 1x10° xo-
HUJIMIA/MII CMEPTHOCTb JINYMHOK ¥ HUM( nocturana 80—100%, a B3pocibix ocobeit — 80—
90% (Kaaya, Hassan, 2000). [Ipu 3TOM, eClii B KOHTPOJBHOI TpyIIIe KU3HECIIOCOOHOCTh
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au1 Kiemeil cocrasmsana 98%, To B BapmaHTax ¢ mcmoib3oBaHueM dtux OIIIT oma He
npesbimana 30 u 50% coorBercTBeHHO. B ABCTpHM OBLTM ITPOBEAEHBI PadOTHI 1O HC-
nosb3oBanuio M. brunneum (npompinuteHaslid mramm BIPESCO 5) mytem onpbicKuBaHUS
pacTUTEIBHOCTH B MAacCOBBIX odarax /. ricinus B 30HaX OTAbIXa HacEJICHHs, IIOKA3aBILUE
BecbMa OOHazeKuBaroIue pesynbrarel (Strasser et al., 2007). B CHIA npoMmbIiicHHBII
mrraMm F52 rpubda M. brunneum Obl1 0100OpeH B KauecTBE MPOAYIICHTA OMOIpEnaparoB
Tick-EX EC u Tick-EX G a1t KOHTPOJISL YHCICHHOCTH TeMaTo(aroBbIX MacTOMIIHBIX KIICIIeH
(https://www3.epa.gov). dus I. persulcatus mogoOHbIE TaHHBIC (PAKTHYECKH OTCYTCTBYIOT
(Alekseev, 2011; Hlammnua u ap., 2021). dust Pecnybmukn Kapenust ects numb oxHa pa-
6ota (becnsitoBa, boOposckux, 1988) no usyuenuro DI kak BO3MOKHBIX PETYISITOPOB
YHCIIEHHOCTH MKCOJIOBBIX KIICIIEH.

B cBsI3M ¢ 9TUM I1€JIbI0 HACTOSIIETO UCCIEIOBAHUS ObUI NMEPBUYHBIN CKPUHHHT H30-
astoB OIIIT pazHOTO MPUPOAHO-KIMMATHIECKOTO MPOUCXOXKICHUS U3 ABYX ONU3KHX Ce-
MericTB mopsinka Hypocreales: B. bassiana s. 1., A. cf. muscarius (cem. Cordycipitaceae)
n M. anisopliae s. 1. (cem. Clavicipitaceae) o Npu3HaKy BUPYJICHTHOCTH B OTHOIICHUH
TAEeKHOTO KJIEIIa.

MATEPHAJIBI 1 METO/1bI

B ycnoBusix eBponeiickoro cesepa Poccun, Bimouas teppuroputo Kapenuu, B3pocible KiIemu
Ixodes persulcatus akTHBU3UPYIOTCSI BECHOI BCKOpE IMOCHIE CXOJa CHEra, U MUK HalaJeHUs Ha JIonei
Yarie BCEero NMPHUXOANTCS Ha Mal—HIOHb, KOTJa CPEJHECYTOUHBIE TEMIIepaTyphl HaXOsATCs B JUama-
3one +10...15°C (Byrmeipun u ap., 2023; Bugmyrin, Bespyatova, 2023). OxqHako y GOJBIIMHCTBA
mrammoB OIIIT onTUMambHBIMU I Pa3BUTHUS B KyJbTYPe U peaau3allid BHUPYJIEHTHBIX CBOHCTB
ABISIOTCS Temreparypsl +23...28°C. B ¢Bs3u ¢ 5TUM Ha TEpBOM dTare U3 OONBIION CEpHH MPH-
POAHBIX KOJUIEKIMOHHBIX M30is1TOB (Gonee 40) pasubeix BumoB DIIIT u3 MHOTMX permonos Poccuwm,
a tarke Kasaxcrana u AOxasuu ObUTH OTOOPaHBI TOJBKO T€, KOTOphIe TpH Temmeparype +7 + 0.5°C
00pa30BbIBA/IM HA arapu30BaHHON MOAM(UIMPOBAHHOM muTaTenbHoi cpene Cadypo ¢ 0.6% npoxoke-
BOTO KCTpakTa B vamkax Ilerpu gepes 30 cyTox Hambomee KpymHbIC KOJIOHUH AUAMETPOM OT 1.5 cm
n Oosee. TakoBBIMH OKa3aguch 11 M30J4TOB, U3 KOTOPHIX B JaHHOM HCCIICIOBAHUM OBUIM 3ajei-
cTBOBaHbl 9: B. bassiana s. 1. — 6, A. cf. muscarius — 2 v M. anisopliae s. 1. — 1 uzonsr (tadn. 1).

3areM ¢ nepudepudecKoil 4acTu MOTyueHHBIX 45-CyTOUHBIX KOJOHUH 3TUX KYIBTYp, BBIPOCIIMX
npu +7°C, CTEpUIIBHBIM CKaJIbIIENIeM BBIPE3ad KycOUKH ~1 cM? MHULEIHAIIbHO-CIIOPOBOH OHOMACCHI
1 UCIIONB30BAIIM HX B Ka4eCTBE MHOKYIISTA JUIS JAIBHEHIINX pacceBOB Ha PassUTyIo B 4amku [lerpu
no 20 M xuakyro MoauduimposaHuyto cpexy Cabypo. Ha Heil M30yThl BhIpalMBaid B Teue-
HHUE Mecsla OBEepXHOCTHBIM criocoboM mpu Temmeparype +21 + 1°C, mocne yero miéHku rpuOHON
61oMacChl TOMOT€HH3HMPOBAIN B CTEPMIIBHON ANCTUIINPOBAHHON BOJE, (PMIBTPOBATH Yepe3 MENKO-
SIEUCTYIO Kal[POHOBYIO TKaHb, ONPEIEIISUIN KOHIICHTPAINIO CIIOP MHUKPOCKOIHEH C MCIOJIb30BaHUEM
cuy€THOI Kamepsl LopsieBa U TOBOAMIN €€ 10 SMHOTO Ul BCEX M30JITOB «cTaHaapray — 3x107 criop
(xonumuit) B 1 M. J{nst aByx uzonsitoB (B. bassiana s. 1. Col-Magl7 u A. cf. muscarius 1P-Irk17-5)
ObLIH TaK)Ke MPUTOTOBJIEHBI CYCIEH3UH C YTPOEHHOW KoHIeHTpanueir 9x107 cnop/mi. JIo MoMenra
HCIIOIB30BaHMs TTOJyYCHHBIC CyCIIeH3un XpaHmwid 10 qHeil B CTepHIIBHBIX INIACTHKOBBIX IPOOHpPKax
B XOJIOJWJIbHUKE Tpu Temreparype +5 = 1°C.

C60p B3pOCIBIX UKCOAUA OBUT IIPOBENICH C PACTUTENHLHOCTH OOLICTPHHATHIM (DIIAarOBBIM METOIOM
B miepuon ¢ 23 mo 27 mast 2018 . B okpectHocTsX cranuoHapa b KapHL[ PAH (Konnomoxckwmii
paiion, n. ['omcensra, 62.07° c.mr., 33.96° B.1.). Beuto cobpano oxono 1000 ocobeit camMIIOB U caMOK
L. persulcatus. HenocpeCcTBEHHO Tepes 3aKJIaIKoi ombiTa (28 Mas) XpaHHBIINXCS B XOJOIWIbHUKE
KJIeIIel ocMaTpyBalli, OTOMpaIi U3 HUX HanOoliee aKTUBHBIX (TIOJABMKHBIX) 0CO0EH M pacKiiaibIBaIn
B IUTACTHKOBBIC MPOoOUpKH THa DnmeHaopd. B xaxmyro npodupky o0bEMOM 2.5 MII MOMEIIaid 1o
8 caMok M 8 caMIOB B pacuyére Ha OJIHY IOBTOPHOCTb. Kaskblli BapHaHT 3aKJIAABIBAIN B YETHIPEX
HOBTOPHOCTSIX.
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Tadmuua 1. [IpoucxoxkaeHne U30IATOB YHTOMOIIATOTCHHBIX TPHOOB,
MCII0JIb30BAHHBIX B OKCIIEPUMEHTE

Table 1. The origin of entomopathogenic fungal isolates u sed in the experiment

Ne o/ F3015H1 rpaGOB I'eorpaguueckoe HcTouyHnku BblaeJIeHHS
MPOHCXOK/IEHHE B KYJBTYpY
1 Beauveria bassiana s. 1. MarapaHckast o0 Ocrarky nMaro xyka
Col-Magl17 (Coleoptera) !
2 | B. bassianas. 1. ApxaHrenbckas 007., HMmaro xyka-ZoIroHocuka
CCi-Ar(SI)14 octpoB bombioi Phyllobius sp. (Coleoptera,
ConoBenkuit Curculionidae) B moxcTHiKe
3 | B. bassianas. 1. HWpkytckas o011., Cawmxka xitemia Ixodes
IP-Irk17-2 okpecTHOCTH Baiikanbckoro | persulcatus®
TpakTa (1oc. JIucTesHKa)
4 B. bassiana s. 1. MockoBckast 0011., 3uMyloIIee HMaro
Li-MR(G)17-2 OJMHIIOBCKHIT paiioH Oepé3oBoit Mo
Argyresthia goedartella
(Lepidoptera, Argyresthiidae)
5 B. bassiana s. 1. Kpacnomapckuii kpaid, I'muuaucThIe oTOXKeHNst
CS-KR12 okpecTHOCTH I. Coun,
XocTuHCKUM pailoH,
XOJIOZIHAsI KapCTOBAst
nerepa
6 B. bassianas. 1. Pecn. Abxazus, Hmaro meriepHruKa KaBKa3cKoro
DE-Abl4 I'ynbpuriickuii paiioH, Dolichopoda euxina
OKPECTHOCTH C. AMTKETI, (Orthoptera,
XOJIONTHASI KApCTOBAs Rhaphidophoridae)?
rerepa
7 | Akanthomyces cf. muscarius | Upkytckast o0, Cawmka kiema Ixodes
IP-Irk17-5 okpectHocTH Baiikanbckoro | persulcatus?
TpakTa (1oc. JIlucresaHka)
8 | A4. cf. muscarius Kpacnomapckuii kpaid, Knanka siui knoma

Hov-S16

Metarhizium anisopliae s. 1.
CAI-MR17

. Coun, XOCTHHCKHI
paiion, Arypckoe yuienbe

MockoBckast 00J1.,
Bockpecenckuii paiion

(Heteroptera) Ha ucre
JIABPOBHIIIHI

JIuunHKa OPOH30BKH
sonoructoit Cetonia aurata
(Coleoptera, Scarabacidae)
B KOMITOCTHOU Ky4e

Ipumedanus. OOpasLbl WICHUCTOHOTUX, KOTOPbIE OBUIM MOPaXKEHbI TPUOHBIME MHOEKIUSIMU
1 U3 KOTOPHIX OBUTH BBIJIETIEHBI HCIIOJIb30BAaHHEIE B AKCIEPHMEHTE M30JISITHI, aBTOpaM JII0OE3HO
NPEIOCTABUIIN:

' .B. Cennepckuii (Beepoccniickuii nacrutyt 3ammtsl pacreHunii, C.-IlerepOypr — Ilyrukus),
2 H.U. Iammua (Haygro-HcCie10BaTeNnbCKuil HHCTUTYT Ae3HUH(pEKToI0rHH, MoCcKBa),
3A.B. Kosanb (Bcepoccuiickuii nHcTuTyT 3ammtsl pactenuii, C.-IletepOypr — Iyukun).
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Jns 3apaxenus uzonsatamu DI B mpoOupku ¢ xiemamu BHOCHIX 1m0 0.4 MJI CHOPOBBIX Cy-
criensuit ¢ pobasiennem smyneraropa Cruasserlong (0.01%). Iocme 3TOr0 MPOOHPKH BCTPSIXUBAIIN
B TEUEHHUE 5 ¢, a 3aTeM KIIellel OBICTPO MEePeHOCHIIH C TIOMOIIBI0 TOHKMX MHHIIETOB B IIACTUKOBEIE
vaiku [letpu (d = 8.8 cM) Ha aucku QuibTpoBambHON Oymaru, paBHOMEpHO cModeHHble 0.5 M cTe-
pHUIBHOM BOABL. B KOHTpOmbHOM BapuaHTe Kiemel morpysxkamu Ha 5 ¢ B 0.4 mu 0.01%-HOTO BOAHOTO
pactBopa CunbBerlonna. Beero mis 12 BapuantoB (11 OnBITHBIX ¥ 1 KOHTPOJBHBIN) SKCIIEPHIMEHTA
ObLUTO UCTIONB30BaHO 768 ocobeii (384 camok u 384 camna) 1. persulcatus.

Yauku ¢ KIelamMu repMeTu3npoBain jJeHramu «Paraphilm M» u nepeHecin B npoxJiagHOE TeM-
HOe moMeleHne. Temmeparypy ¥ OTHOCHTENBHYIO BIQXHOCTb BO3/yXa PETHCTPUPOBATH KaXIble
2 gaca morrepoM DS1923, momemeHHBIM B IYCTYIO TepMETH3MPOBAHHYIO YamKy [letpu ¢ ¢uib-
TpoBasbHOI Oymaroii, cmouennoit 0.5 mir 0.01%-no0ro pactBopa CumeBerlonga. Ha mporsokennn
OIIBITA TEMIEpaTypa BO3JyXa B HOYHBIE Yachl Kojebanach B npeaenax +4 ...11°C, B 1HEBHbIE Yackl —
+11...18°C (cpennsta okono +14°C) npu OTHOCUTENBHOH BIAKHOCTH BO3AyXa BHyTpH uamiek 100%.

Jlns oneHkn cMepTHOCTH Kiremeit yamku [letpn nmpocmarprBamm noj OMHOKYISIPOM, HE BCKpPBIBas,
gepes 3, 5, 7,9, 11, 17 u 21 cyTkH, IOACYATHIBAS KOJIMYECTBO MEPTBBIX ocobeil. Yepes 3 Henmenun
OIBIT OBLT OcTaHoBNIeH. K 3TOMy BpeMeHH YacTh NOrMOIMIMX Kileniel MOKPhIIach MHIEINEM IPUOOB;
UX OT/IENbHO TEPEHOCUIIN TOHKUMHU HINIAaMHU 0 BapHaHTaM M TIOBTOPHOCTSIM Ha IPeIMETHbIE CTEKIA.
MEpTBBIX, HO HE 00POCIINX MHIIEIHEM KIICIIEH, MOMEIaId BO BIaKHbIE KaMepsl (B yamku [letpu
Ha TIpeAMETHBIC CTEKIIA ITOBEpPX MOKpoH Barel) Ha 10 cyrok B Tepmoctar mpu +24 + 0.5°C. 3arem
BCE OITyTAaHHBIC MHULEIHEM C JIOYEPHHM CIIOPOHOLICHHEM TPYIIBI KJIeIel 0CMaTpHUBaIM MO MUKDPO-
CKOIIOM JUISl IOATBEPIK/ICHHUS MX THOENIN OT LIeJIEeBBIX MHKO30B.

3HAYMMOCTD Pa3IM4IUil YPOBHS CMEPTHOCTHU KJIEIIEH B BApHAHTAaX OIBITA M KOHTPOJS OLEHWBAIH
10 HanMeHsbInel cymectBenHoi pasHoctu (HCP). Eciu daxriueckast pa3sHOCTh MEX/Iy JaHHBEIMH IO
CMEPTHOCTH B KaKHX-JIMOO BapHaHTaX M B KOHTPOJIHHOM BapHAHTE OKa3bIBAJach OOJIbIIE PACCUNTAH-
noro 3nauenuss HCP ., To oHa cunranach 3Ha4nMOH. J[eHCTBUE M30IATOB Ha YPOBEHH CMEPTHOCTH
CaMI[OB M CaMOK MKCOJIOBBIX KJIEIIeil B pa3HbIE JHHU JKCIIEPUMEHTA OLCHUBAIH C MCIOIB30BAaHHEM
onHo(akTopHoro mucniepcuonHoro anammza (PerMANOVA). Pacuérel BoinonHeHsl B iporpamme PAST
v4.05 (Hammer et al., 2001).

PE3VJIbTATBI

B KOHTpOIILHOM BapHaHTE IEPBIC CIMHUYHBIC TOTHONINE 0COOH TaeKHOTO KJIela ObLIH
3apETUCTPHPOBAHBI Yepe3 7 CYTOK IMOCIE 3aKJIaJKH OIMBITa, HO JIUIIG Yepe3 3 HEeACTH Cpe-
HsIl CMEPTHOCTB 3/1eCh Bo3pocia 10 15.6%, Torna kak B OOJBIIMHCTBE APYTHX BAPHAHTOB,
Ha4yMHAsA ¢ 7 CYTOK, OHA 3HAYMMO IIPEBHIIIalIa KOHTPOJIBHBIC MMOKa3arenu (Tadi. 2).

ITo pe3ynpraTram OZHO(PAKTOPHOTO TUCIICPCHOHHOTO aHAIHM3a MEKIPYIIOBBIC Pa3IHIus
10 YPOBHIO cMepTHOCTH Kiemei (p < 0.05) oT pa3HBIX H30JATOB TPHOOB (MCKIIIOYAs KOH-
TPOJIB) TaK)KE HAYMHAIH MPOSIBISATHCS Yepe3 7 CYTOK.

B BapmaHTax OIBITa C NCHONH30BAHMEM CYCICH3HMH C KOHIICHTpPAIMEeH crop (KOHUANN)
3x107 B 1 mu Haubosiee BBICOKUE, ¢ OOJBIIMM OTPHIBOM, 3HAYCHUSI OBLUTH TOJIYYEHBI IS
m3onaTa B. bassiana s. 1. CCi-Ar(SI)14 (Apxanrensckas 0071.): yke uepe3 7 CyTOK CpemHss
CMEPTHOCTh KJICHICH B 3TOM BapuaHTe nocturia oonee 45%, uepe3 9 cyTok Bo3pocia IIo
70%, a gepe3 11 — mo0 95%. W nume K ceMHAANATBIM CYyTKaM IO aKapUIUIHON aKTHBHOCTH
ero «JIorHam» 30T B. bassiana s. 1. Col-Magl7 (MaranmaHckast 0011.). Bce ocranbHble HCTIoNb-
30BaHHBIE M30JATH DI 1pH 3TO MH(EKIMOHHOH Harpy3ke K JaHHOMY CPOKY, KOIjIa CMEPTHOCTB
B KOHTpOJIE cocTaBisiia Beero 3.1%, nmpusem k rudenm 37.5-87.5% B3pOCbIX KICIIeH.

B BapmaHTax ¢ MCIOIB30BAHHEM YTPOCHHOM 10361 crop (9%107 B 1 mur) M305ITOB
B. bassiana s. 1. Col-Magl7 n A. cf. muscarius 1P-Irk17-5 yBenudueHne cMepTHOCTH Kile-
meit B 6onee paHHHE CPOKH OBLIO BBIIBICHO TOJBKO OT B. bassiana s. 1. Col-Magl7;
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OT BO3ZCHUCTBUS BTOporo m3oista A. cf. muscarius IP-Irk17-5 neranpHOCTS Kilemei ot yBe-
JIMYeHHON MH(PEKIIMOHHON HATrPy3KH CIOp MPAKTUYECKH HE OTIIMYanach ot 6azoBoi 3x107
B 1 mi (puc. 1).

JIroOOTIBITHEIMU B ATOM 3KCHEPHMEHTE SIBIJIMCH PE3yJIbTaThl OLEHKH Pa3IMYuid B BOC-
IIPUMMYNBOCTU K I'PUOHBIM HHEKIMIM CaMOK U caMmuoB /. persulcatus (tabim. 2). Ecian
B KOHTPOJIBHOM BapHaHTE €CTECTBEHHAsh CMEPTHOCTh CAMOK B pa3HbIC CPOKHM OblIa JIHIIb
HEe3HAYUTEeNbHO HMXKE (Ha 3—-6%), 4yeM y caMioB, To npu 3apaxennu JIIIT cmepTHOCTH
CaMIIOB OKa3aJiach BhIIIE, 0COOCHHO uepe3 9 cyTok (puc. 2), Korjga pas3iudus MojoB B BOC-
MPUMMYUBOCTH OBLTH MaKCUMAaJbHBIMU U JIOCTUTAIU B HEKOTOPHIX BapuaHtax Oonee 20%,
a MPY WCTIONB30BAaHUM MaraJlaHckoro mramma B. bassiana s. 1. — cBeime 40%. K xoHity sxc-
nepuMenTa (21 cyTKH) pa3auyus B JIETATLHOCTH CAMOK M CaMIIOB CTAaJId HUBEJIUPOBATHCSI.

OBCYXXJIEHUE

B mpupozne romogusie B3pocasle ocoOu kiema [ persulcatus mpu yMEpEeHHBIX TEM-
TepaTypax BO3IyXa M BBICOKOW OTHOCHTEIBHOI BIIAXKHOCTH, KOTOpasi HETOCPEACTBEHHO
B TPAaBOCTOE OTIIMYACTCS OT BIAKHOCTH BO3/TyXa OKPYKAIOIIEH CPesibl 1 MOKET OBITH OJIM3Ka
k 100%, crocoOHBI B TeUEHNE MPOAODKUTEILHOTO BPEMEHN BBDKHMBATh B OXKHJAHUH BCTpE-
YH C TEIIOKPOBHBIMU X03sieBaMH (TTPOKOPMHUTEISIMU). DTO e HAOIIOAAIOCh U B OIBITE, T/C
B repMmeTH3upoBanHbixX damkax [lerpu (V =75 cm?) ¢ BnaxHocTeio 100% 1 oTcyTCTBHEM
BO3JyX000MeHa rHoesb Kiellei B KOHTPOJIbHOM BapHaHTe uyepe3 17 CyTOK cocTaBuia JIMIIb
3%, 9TO TOATBEPIKAACT MPABUILHOCTH BHIOPAHHOTO CHOCO0a COAEpIKaHMS KIEIIe B JKC-
nepuMeHTe 1o ux 3apaxenuto O

Cpemy POBEPEHHBIX MCUXPOTOIEPAHTHBIX W30JISITOB HAHOONIEe TIePCIIeKTUBHBIM JUIS pa3pa-
00TKM OMOaKapUIIMIHOTO TIperapara TPEeICTaBIseTCs apXaHTeIbCKUil M30MAT Tprda B. bassiana
s. 1. CCi-Ar(SI)14, xotopsrii yxe depe3 7 CyTOK BBI3Bal rudenb 45% B3pOCIBIX KIIeHmeH,
a gepe3 11 cytox — 95%, Torma Kak 3aHWMAIOMIMK BTOPYIO TMO3WIUIO0 MaraJlaHCKUN H30-
it B. bassiana s. 1. Col-Magl7 B atu e cpoku npusén k rudenu 20 u 72% ocobeit, co-
OTBETCTBEHHO. [Ipu »TOM 00a OHM ObUIM BBIJENEHBI M3 HacekoMblx oTpsiza Coleoptera,
T.€. M3 TAKCOHOMHYECKH HaJICKUX XO035€B, TOrIa Kak J1Ba u3onsra (B. bassiana s. 1. IP-Irk17-2
n A. cf. muscarius 1P-Irk17-5), Beinenennsie B MpKyTckoil 00i1. HEOCPEACTBEHHO W3
1. persulcatus, oxazanu Ooyee yMEpEHHYIO aKapHIUIHYIO0 aKTHBHOCTh. Cpeny HauMeHee
BUPYJIEHTHBIX, BOIIPEKH OXKUAAHUSIM, OKA3aJINCh M30JATHl B. bassiana s. 1. CS-KR12 n DE-
Ab14, xoTopble ObUTH BBIJIEICHBI U3 TITYOMH XOJOJHBIX KapCTOBBIX TIEHIep (C KPyIIOTOIUYHOM
Temrieparypoii B npenenax +6...9 °C). BeposiTHO, HEOOXOANMBIM YCIIOBUEM JUIsl YCIICITHOM
KU3HEJESITENbHOCTH MUKPOOPTAaHM3MOB NPH HU3KUX TOJIOKHUTEIBHBIX TeMIIepaTypax sBIs-
eTCs yCUJIEHHE CHHTEe3a 3aIUTHBIX BEIIECTB-KPHOMPOTEKTOPOB, YTO BEAET K YMEHBIICHHIO
JOCTYIHBIX PECYpPCOB AJS MPOAYILHPOBAHUS JINTHUECKUX 3K30()EPMEHTOB M TOKCHHOB,
OTBEYAIOUINX 32 BUPYICHTHOCTD.

Cremyer oOpaTuTh BHUIMAaHHUE, 9TO BO MHOTHX NMPOIMTHPOBAHHBIX BBIIIE M JPYTHX pa-
6orax B ucneltanusax IIII" IpoTHB MKCOANA TOPOH HCIONB3YIOTCS OYCHB BBHICOKHE MH(EK-
uuonHble Harpy3ku (108 — 10° ciop/mun). CormiacHO HaIIUM 3KCIICPHUMEHTAIbHBIM JTaHHBIM,
BBICOKAsl CMEPTHOCTh KJICHIEH MOXKET OBITh JOCTHTHYTA IIPH YMEPEHHOW, SKOHOMHYECKH
omnpaBaaHHO#, nH(eKIMOHHOI Harpy3ke 3x107 cnop/mi. B manpHeHIINX HcClien0BaHUIX
TIPE/ICTABIISICTCS. aKTYaJbHBIM OLIEHHTh BOBMOXKHOCTH ellé Oojiee 3HAYMTEIIbHOTO CHUKEHHS
(B 2-3 paza) pacxona CIOpOBOrO MaTepHaa.
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Figure 1. Dynamics of Ixodes persulcatus mortality in experimental variants with different
concentrations of spores: I/, 2 — Beauveria bassiana s. 1. Col-Magl7 (I — 3x107 spores in 1 ml,
2 — 9x107); 3, 4 — Akanthomyces cf. muscarius 1P-Irk-5 (3 — 3x107, 4 — 9x107); 5 — Control.
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Figure 2. Mortality of females and males of Ixodes persulcatus 9 days after infection
with different isolates of entomopathogenic fungi at a spore concentration of 3x107 in 1 ml
of suspension.
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HeoxxuanHbIMY B JAHHOM 3KCIIEPUMEHTE OKa3aJINCh PE3YNIbTaThl, CBUJICTEILCTBYIOIINE
0 pasnuuusAx monoB I. persulcatus B BoctipumMunBoctd kK DIl B mampHeitmem Heo6xo-
JUMO OyJeT ONpenenuTh MPUINHY Oojee BBICOKOW yS3BMMOCTH CaMIIOB B PaHHUE CPOKH
oCIe 3apakeHusl (He MCKIIFOYEHO, YTO 3TO 00YCIOBICHO OCOOCHHOCTSMH CTPOCHHS H/FUTH
XMMHYECKOTO COCTaBa KYTHKYISIPHBIX ITOKPOBOB, Yepe3 KOTOPbIE MPOMCXOANT BHEIPCHHE
OIIT), Ho emé Gornee BaXKHO BHIACHUTH BO3MOMKHBIE JIEMOTpaUIecKre MocneacTBrs. MoxkeT
JIX 3TO OKa3bIBaTh CYIIECTBEHHOE BIMSIHME Ha YCHEIIHOCTh KOIYJISIIMU M Ha CHHXKEHUE
TUIOJJOBUTOCTH CaMOK?

Takim 00pazom, 1o pe3yabTaTaM IMPOBEACHHOTO SKCIIEPUMEHTA, OKOJIO MOJIOBUHBI UCTIBI-
TaHHBIX KyabsTyp DIII' oka3amuch BBICOKOBUPYJICHTHBIMH B OTHOIICHHWH B3POCIBIX 0co0ei
1 persulcatus. C npuKIIaHON TOYKH 3pEHMS VISl pa3pabOTKN akapHIUIHOTO OMonpernapara
HauboJiee MepCHEeKTUBHBIM MPOJYLEHTOM IpeacTaBisercst u3onst B. bassiana s. 1. CCi-
Ar(SI)14, BbIIENCHHBIA U3 J)KYKa-I0JIrOHOCHKA B ApXaHrenbckor obmactu. OJTHaKo B HAIIMX
HCCIIE/IOBAaHUAX OLIEHKA aKapULUAHONW aKTUBHOCTH pasHbIX u3osaToB OIIIT ocymecTsisnack
B J1a00paTOPHBIX YCIOBUSIX HPH HICATbHOM Ul Pa3BUTHI MHUKO30B MOCTOSHHOW OTHOCH-
tenpHO# BrakHocTH 100%. B nanpHeiinieM HEOOXOIMMBI HCCIIEOBaHKS B PEAJbHBIX I10-
JIEBBIX YCIIOBHUSX, YTOOBI OOBEKTHBHO OLICHUTH BO3MOXKHOCTbH HMPAKTHYECKOW pean3ainuu
OMOJIOrMYECKOr0 KOHTPOJIS UKCOJOBBIX KIICIICH.
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EVALUATION OF VIRULENCE OF ISOLATES OF CERTAIN SPECIES
OF ENTOMOPATHOGENIC ANAMORPHIC ASCOMYCETES
(FUNGI: ASCOMYCOTA) IN RELATION TO ADULT INDIVIDUALS
OF THE TICK IXODES PERSULCATUS

B. A. Borisov, L. A. Bespyatova, G. R. Lednev, M. V. Levchenko, S. V. Bugmyrin

Keywords: Taiga tick, Ixodidae, biological control, causal agents of invertebrate
mycoses, Beauveria, Akanthomyces, Metarhizium

SUMMARY

In nature, entomopathogenic fungi (EPF) play an important role in the control of population
density in many arthropods. The lethal effects of EPF on ixodid ticks (Ixodidae) have been, however,
reported mainly in southern warm-loving species, which are mostly not found in Europe. The aim of
this study was to evaluate in laboratory the virulence of nine selected psychrotolerant EPF isolates
of Beauveria bassiana s. 1. (6), Akanthomyces cf. muscarius (2) and Metarhizium anisopliae s. 1. (1)
at a moderate average daily temperature of +14°C in relation to overwintering adult taiga ticks
(Ixodes persulcatus), collected at the end of May in the Kondopoga region of the Republic of Karelia.
Under this temperature, the use of suspensions for infection with a concentration of infectious spores
(conidia) of 3x107 per 1 ml, all isolates showed a lethal effect on ticks. Among these isolates, the
most virulent and rapidly acting one was B. bassiana s. 1. CCi-Ar (SI)14 from the Arkhangelsk
Province, Bolshoy Solovetsky Island (N 65°, E 35°), that killed 70% of specimens after 9 days, and
95% after 11 days. At the same time, it was found that male ticks have a slightly higher death rate
from fungal infections. However, the potential suitability of some EPF isolates for biological control
of 1. persulcatus populations at low temperatures, shown in this study, requires confirmation in
further tests in real conditions of recreational areas actively visited by humans, where infection with

dangerous pathogens (tick-borne encephalitis, Lyme borreliosis) transmitted by tick bites often occurs.
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