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Honnomexcmoswiii 0030p

COBPEMEHHBIE I'PYIIIIbI THCEKTULHHNAOB: TUAMU bl U META-IUAMMUM/IbI

T.A. Jasiuanuaze*, O.10. Epemuna

Hayuno-uccnedosamensvcruii uncmumym /esungexmonozuu, Mockea
* omeemcmeenHblll 30 nepenucky, e-mail: tdavlik@bk.ru

B 0030pe 00001IEHBI M MTPOaHAIN3UPOBaHbI JTaHHBIE 110 d(PEKTUBHOCTH NPUMEHEHUS, MEXaHU3MaM JIEHCTBHUS U
PE3UCTEHTHOCTH HACEKOMBIX, Kacaloluecs MHCEKTHIMIOB BYX KJIACCOB — AMaMUAOB U MeTa-IuaMHuI0B. PaccMoTpeHsl
HIEPCIEKTUBBI IPUMEHEHUS UX B POoccuu B CEIbCKOM XO351CTBE U MEAULIMHCKOM ie3uHCcek . Hacekomble, pe3UCTEHTHBIE
K (ocdopoprannyeckuM coeiMHEHUsIM, KapOamaram, MUPETPOUIAM, OCTAIOTCS YyBCTBUTEIBHBIMH K AMAMHIAM M
Mmerta-nuamuaam. [logpoOHO paccMarpuBaeTcsi OpoQIaHMUINA — MPOUHCEKTHLIUA, KOTOPbIH, Olarojapsi NpeBpalieHuto
B OpraHM3Me WICHHCTOHOTHX B J€3METHIOpoQaHuIna, npruodperaeT (pU3MKO-XUMHUYECKHE CBOWCTBA, YJIy4LIAIOLINE
IUNO(UIBHOCTb, PACTBOPUMOCTh B BOIE M CTAaOWIBHOCTh. biaromapsi 9ToMy HM3MEHSIETCSl CUCTEMHAasi aKTUBHOCTb,
3aMeAssaeTcs NeMcTBUE Ha BPEIHBIX HACEKOMBIX M TOBBIIIAETCS CEJIEKTUBHOCTh MHCEKTUIMIA. B HecKombKUX CTpaHax
MUpa, Ile AUaMH/bl NIHPOKO NPUMEHSIOTCS B 00phOE C CEIbCKOXO3SMCTBEHHBIMH BPEIUTEISIMHU, YCTAHOBJIEHA BBICOKAs
PE3UCTEHTHOCTh K HUM HECKOJIBKMX BHJIOB COBOK, KaIlyCTHOM MOJIM, OTHEBKM, TOMAaTHOW MUHUPYIOLIEH MOJM U Ap.
OCHOBHBIMU TNPHUYMHAMM, ONPEAETHBIIUX YCTOWYMBOCTh K AMaMuay B Tamnanzae, SBHJINCh OTCYTCTBHUE pPOTalUU
WHCEKTHIINI0B, MUHUMAJIbHBII CEBOOOOPOT, HEAOCTATOUHAss HOPMa pacxosia MHCEKTHLUAa, uppuranus. LlenecoodpasHo
BBOJIMTH JHAMUJIBI M METa-IUaMHU/Ibl B CXEMbl POTAllMU WHCEKTHULUAOB Uil OOpbOBI C HACEKOMBIMHU, PE3UCTEHTHBIMU K

TpagUIIUOHHO MPUMEHACMBIM COCIUHCHUAM.

KnaioueBbie caoBa: uamunsl, MeTa-muaMuabl, QIyOCHIMAaMUI, XJIOPaHTPAHWINIPOI, NHAHTPAHMIUIIPOI,
OpodaHuIn, pe3UCTEHTHOCTD, MEXaHN3M JICHCTBHA
Hocmynuna 6 pedakyurw: 23.06.2021 Hpunama k newamu: 07.09.2021
Beenenne

B cBs3u ¢ pa3BUTHEM PE3UCTEHTHOCTH WIEHHCTOHOTUX K
TPaJULIMOHHO TPHMEHSIEMBIM HHCEKTHIMJIAaM HCCIeJoBaTe-
JU U3 MHOTHX CTPaH MHUpPa CHHTE3UPYIOT JECHCTBYIOILINE Be-
IIeCTBa, MPUHAUIeKAIINE K HOBBIM XHMHUYECKUM TPyNIIaM 1
MMeEIOIINEe HOBBIC MEXaHM3MBI JEUCTBHS Ha YICHHUCTOHOTHUX.
Komuter mo uccnemoBannto mHcekTHIHIOB (IRAC) paspa-
GaTpIBaET M MyONMKYeT KJIACCU(HUKAIIMIO WHCEKTUINIOB, OC-
HOBaHHYI0 Ha MexaHu3Me ux neiictBus (The IRAC mode...,
2021). B nacrosimee Bpemst onucaHbl 32 TPYIIBI COEANHE-
HUHA C pa3sHbIM MEXaHW3MOM JACHCTBUS Ha WICHHCTOHOTHX,
HECKOJIbKO COCJMHEHWH W TPYHI, IENeBOH CaHT KOTOPBIX
nemsBecteH (Lewis et al., 2016). Cxema IRAC paspabora-
Ha s oOecnedeHust pyKOBOJCTBAa IO CTparerusiM OopbObI
C PE3UCTEHTHOCTHIO, OOJIeryaeT 4epeaoBaHWE COEIMHEHUMH,
NPUHAUISKAINX K Pa3HBIM TPYMIaM, C LEIbI0 OTCPOYUTH
Wi n30exaTh OBICTPOTO PAa3BHUTHS PE3UCTEHTHOCTH y Hace-
KOMBbIX-Bpenutened. CoequHeHHs Kiacca AWAMHIOB M Me-
Ta-TMAMHUIOB — SIPKUH NPHUMEp JOCTHXKCHUH MUPOBOM HAyKH.
Hecmotpst Ha HelaBHEE MOSIBIIEHUE ATUX ABYX I'PYII, O 1aH-
HbIM IRAC, OHM y’Ke BXOIST B MATEPKY CaMBIX MTPOJIaBAEMBIX
HMHCEKTHLUA0B MO0 BCEMY MHUpY, UTO cocTaBisieT okono 3000

MutH. fosutapoB CIITA. Camast GosnbInasi 9acTh ppIHKAa HHCEKTH-
LIUJIOB B HACTOAIIEE BPEMS IIPUXOIUTCS HA HEOHUKOTHHOMIBI
(I'pyrma 4A, 24%), 3a HuMu cnexytot nuperpounst (I'pymma
3A, 15%) n mnamuaer (I'pynma 28, 12 %), koTopsle cTpemMu-
TEJIFHO BBITECHSIOT TPAAMIHOHHBIE COCIMHEHHSA. JTO PE3KO
KOHTPACTUPYET C MUPOBBIMU IIpojakaMu B 1970-x romax, xor-
na 70 % nponax npunuiock Ha pocdopopraHudecKre coeu-
nernus (POC) u xkapdamarsl. B 2018 n mponakn 31X 2 Tpyni
MHCEKTHLUAOB cocTaBmin Bcero 11%. Takue u3MeHeHUs
TIOAYEPKUBAIOT MPOJOIDKAIOUIYIOCS IBOJIOIHIO TII00ATBHOTO
W3MEHEHHS PhIHKa MHCEKTUIMI0B. MHOTHE cTapble JIeHCTBY-
IOIINE BEIIECTBA 3aMEHSIOTCS KaK B CBSI3H C pa3BHBaloOIIeics
PE3UCTCHTHOCTBIO WIEHHCTOHOTHX, TaK M C YXXECTOUCHHEM
HOPMaTUBHBIX TPEOOBAaHWH OTHOCHTEIHHO OE30MaCHOCTH Ye-
JIOBEKa M OKpyxaromiell cpeapl. OMHUM M3 PE3ylbTaToB ITOM
TIPOJOJDKAIOIEHCS HBOMNIOIUH — 3TO YBEJIMUYHBAIOIIEECs pa3-
HOOOpa3ne XMMUYECKUX TPYIIIT HHCEKTHIMIOB U MEXaHU3MOB
JEUCTBHSI, KOTOPBIE MOTYT CITIOCOOCTBOBATH B OOpHOE ¢ Bpe-
HBIMH HacekoMbIMU (Sparks et al., 2019, Sparks et al., 2020,
Casida, Quistad,1998).

JAunamuabi

CoenuHeHHs TPyl AMaMH/I0B COINIACHO KIIaCCU(PHUKAIN
IRAC (IRAC Mode of Action Classification Scheme. Version
9.4 3March 2020) oTHOCATCS MO MEXaHHW3MY JIEUCTBHS K
rpynie 28 «Moaynsitopsl puaHonuHOBBIX penentoposy» (The
IRAC mode..., 2021). CoeauHenusi OIU3KUE MO CTPOSHUIO
NPUPOJHBIM BELIECTBAM aJKaJOWIy PUAHOIMHY M aHTPaHH-
JIAMUJ1y, UMEIOT OPUIMHAIIBHBII MEXaHU3M JEHCTBUS, CIyKar

MOIYNIATOpaMH puaHoauHoBoro penentopa (RyR), perymu-
PYIOILIEr0 HEPBHYIO M MBILICYHYI0 aKTHBHOCTh HACEKOMBIX,
CBSI3aHHYIO C U3MEHEHHEM COJEp)KaHMs KaJbILHsl B KIETKaX.
[Ipu HEKOHTPOIUPYEMOM BBIICICHHH KaJbLUs Y HACEKOMOTO
MEPECTAIOT COKPAILATHCS MBILIIIBL, 3aTE€M CJIeAyeT napaind, 1
oHo norubaet yepe3 2—4 aust (Zahn et al., 2019). PaBHoBecue
MEXY COCTOSIHHEM IOKOS U OTKPBITHIM COCTOSIHUEM KaHaJlOB

© Jasmmannmze T.A., Epemuna O.10. Crarbst OTKpBITOTO HOCTYMIA, MyOaHKyeMast BeepoccniickuM HHCTUTYTOM 3allUThI
pacrennii (Cankr-IleTepOypr) u pacupocrpanseMas Ha ycinoBusx Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/).
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perynupyeTcss BHYTPUKIETOYHONH KOHIEHTpalneH KajbIusl.
Juamunsl o6patuMo M M30MPATENFHO CBS3BIBAIOTCS C Kajlb-
UH-TIPOBOSIIIMM (haKTOpaMu, TEM CaAMBIM CMeEIIasi paBHOBE-
CHe B CTOPOHY KOH(OpMaIuK OTKPBITOTrO KaHana. VIHaKTHBH-
poBaHHas KOH(pOpManys OblIa ITOATBEPKAEHA CTPYKTYPHBIMH
uccnenosanusimu RyR1 kponuka (Ebbinghaus-Kintscher et
al. 2019). ®nybennuaMus M XJIOPAHTPAHWIHIIPOT JEHCTBY-
0T myTeM u3buparenpbHOU akTmBanmuu RyR B sHpommaszma-
TUYECKOM PETHKYITyMe HAaceKOMBIX. DYHKIMSI 3THUX CIICIHa-
JIM3UPOBAHHBIX KaHAJIOB — OBICTPOE BBICBOOOXKIECHHE HOHOB
Ca? U3 BHYTPHKJICTOYHBIX 3alacoB, YTO HEOOXOAMUMO IS
COKpaleHus: MbIl,. JluaMuaHble WHCEKTUIMIBl HHIYIH-
PYIOT YyBCTBHUTENbHBIE K PHAHOAMHY PELENTOPH! U IEPEXON
LUTO30JbHBIX HOHOB Ca’” HE3aBHUCHMO OT HX BHEKJICTOYHOM
koHneHtparmu (Nauen, 2006, Ebbinghaus-Kintscher et al.,
2006, Ebbinghaus-Kintscher et al., 2007, Cordova et al., 2006,
Lahm et al., 2007). Ota aktuBauus penenropa RyR npusogur
K OBICTPOMY HayaJbHOMY ACHCTBUIO Ha JIMUMHOK HACEKOMBIX
C YHHMKaJIbHOW CHMIITOMAaTHKOW HEoOpaTHMOro napajimda co-
KpAlLICHUs] MBI M XapaKTEpHOTO MpEKpaIleHWs HMUTaHWsA
(Nauen, 2006).

HccnenoBanust cBA3bIBaHUSA PaAMO-IUTAHIOB, MPOBEICH-
HBIE C TMaMuaaMu — (QryOeHANaMHIOM, XJIOPAHTPAHHUIIHIIPO-
JIOM ¥ LUAaHTPAaHWIMIIPOIOM, BEIIBHIM BUIOcHeL(uIecKre
paznuuust B npomisix ux cBsi3biBaHUS ¢ RyR y HaceKoMBIX.
B u3051MpoBaHHBIX MBIIIEYHBIX MEMOpaHaX TPyAHOTO OTAENA
IBYKpBUIBIX Musca domestica ¥ TIepeniOHYaTOKPBUIBIX Apis
mellifera caiitT cBa3pBaHus RyR ¢ BBICOKHM CpomcTBOM OBII
0XapaKTepU30BaH Ul aHTPAaHWJIOBBIX AWAMHIOB (XJIOpaH-
TPaHUJIUNPOJ U LIHUAHTPAHWIUIIPON), HO He Ui (TaneBo-
ro quamuna (¢yoennuamun) (Isaacs et al., 2012, Qi et al,,
2014). IIpsmoe cpaBHEeHHE MPOQUIICH CBSI3BIBAHUS JTUAMHUIA
C HATUBHBIMHM MBIILICYHBIMH MEMOpaHaMHM KOMHAaTHBIX MyX
M. domestica, coBku Heliothis virescens ¥ COBKH HIICHJIOH
Agrotis ipsilon mokazano, 4To y 4enryeKkpbuIblX u QuyOeHua-
MHJI, ¥ XJIOPAHTPAHWIUIIPOJ KOHKYPUPYIOT 33 OIMH U TOT XK€
caiiT cesa3eiBanus Ha RyR (Qi et al., 2014, Qi, Casida, 2013).
HoBeble akTHBHBIE JHAMHUIBI, COAEPKAIIUE CYTb(GOKCUMUHBI U
Cynb(OHUIAMU/IHBIC TIPOU3BOAHBIC, JIEMOHCTPUPYIOT TaKOE
e BBICOKOE CponcTBO K RyR HacekoMbIX, Kak U yxe UMEIO-
muecs B nponaxke coeaunenus (Gnamm et al., 2012). 13 stux
UCCIIEZIOBAaHUI TaKXe SICHO, YTO CANT CBSI3BIBAHUS AUAMHJOB
OTJINYAETCS OT caliTa CBS3BIBAHUS PUAHOIMHA HA PELENTOpE.
B Hacros1ee BpeMsi B cOCTaB IPyHIIbI BXOAAT (iyOeHAnaMuU,
XJIOPaHTPAHWINIPOI, HAHTPAHWIAIPOI, HUKIAHWIAIPOT U
TETPaHWINIIPOI.

Dayéenmuavua (NNI-0001) rpynma 6en3oi-aukapOokca-
MHJIOB FJIH TUaMHI0B (TaneBoit KuciaoTel, Ne CAS 272451-65-
7, N2—(1,l-mumernn—2—(MeTHICYIb(OHMIT)ITHI )—3—HNOI0—
N1-(2-metun—4—-(1,2,2,2—-terpadpTop—1—(TpudTopmerr)
stn)pennn)—1,2—6enzon—aukapookcamuy (puc.l). Ipoms-
Bomutcs ¢pupmamu «Nihon Nohyaku» n «Bayer CropScience
AGy». Onybenauamuy ObUT KiIacCU(UIMPOBAH Kak IEPBBIH
npencrasutens Tpynnsl 28 IRAC (Nauen, 2006). 3aperu-
crpupoBad B 2007 r. ®nyOeHauaMun UMeeT YHHUKAIBHYIO
CTPYKTYPY, OTIIMYIHYIO OT JPYTHX U3BECTHBIX MHCEKTHIUJIOB,
U NPOSBIISET BBICOKYIO MHCEKTHIMIHOCTh B OTHOIICHUU pa3-
JMYHBIX BHIOB YENIYCKPBIIBIX HACEKOMBIX. Tak, Hampumep,
KamycTHast MoJib, Plutella xylostella — onuH U3 caMbIX BpeIo-
HOCHBIX HACEKOMBIX Ha KPECTOLBETHBIX KYIbTYpax, Ha JOJII0
KOTOPOTO B HACTOSIIIIEE BPEMsI IIPUXOAUTCS 2.7 MIIPA 10J1JIapOB

CIIA exxerogHsIX MOTEPh ypoxkasl BO BCEM MHpe. 3aTpaTsl Ha
00pB0y C 3TUM BpEOUTEIEM COCTABILIIOT OT 1.3 mo 2.3 muip.
nomtapoB CHIA B rox (Zalucki et al., 2012). ®nybennuamun
SIBWJICSL YPE3BBIYAIHO S(PEKTUBHBIM WHCEKTHIINIOM IPOTHB
P. xylostella, 0coOeHHO TIPU WUCTIONB30BAaHUH B Ka4eCTBE Jap-
puruaa (Tohnishi et al., 2005, Nauen, 2006, Hirooka et al.,
2007). dnydbeHaraMu UMEET OTIIMYHBIA OHOJOTHYECKHIA U
sxonorndeckuii mpoduis (Hilder, Boulter, 1999, Hall, 2007) u
OaronpusTHBIA ToKcukonoruueckuii npoduis (Ebbinghaus-
Kintscher et al., 2006) (ta6mn. 1).

| O HsC CH3 9
S—CHj
NH o)
NH
F
o HsC (F3 4
CFs

Pucynoxk 1. CtpykrypHas ¢popmyrna drydeHarammma
(https://sitem.herts.ac.uk/aeru/ppdb/structure/1132.htm)
Figure 1. Structural formula of flubendiamide

OirybeHanaMuI — WHCEKTUIN MIUPOKOTO CIIEKTpa JeH-
ctBu, 3¢pdextrBeH B Buae 20% BOIOPACTBOPUMBIX I'PaHYI
(«TATA Takumi», «Takibi», «Fluton» u nmp.) B oTHOImIEHUHN
MHOTHX YEIIyeKpPBhUIbIX Ha XJIOMYaTHHWKE, Tabake M APYTrux
KynbTypax. B oOmactu cenmbckoro xossiictBa Poccum 3ape-
THUCTpHPOBaHO cpeacTtBo «benr» B Bunme 48 % koHIEHTpara
cycnensun (KC) (HemaBHO 3aKOHYMIICS CPOK DPErHCTpanim)
(Orybermmamun, 2017).

XaopauTpanmwmmnpoa (DPX  E2Y45,  punakcu-
mup, IN-E2Y45) — anrpanmnamun, Ne CAS 500008-45-7,
5—0poM—N—[4—[x10p-2-MeTHI-6-(MeTHIKapOOMOmIT)de-
HWI|—2—(3—XJI0pIIUPUINH—2—1IT) TUPa30Ji—3—KapOOKCHUMU)
(puc.2). MHcektnuna ceseKTHBHOTO neicTBus. CHHTE3UpO-
BaH ¢upmoii «DuPont» B 2002 1. 'ox opuumansHo# perucrpa-
nun — 2009. Coenunenue o0nagaeT KAIIEYHBIM, KOHTAKTHBIM
U TPaHCIaMHUHAPHBIM JICHCTBHEM, ITPOHUKAET Yepe3 SIHICP-
MHUC U [IEPE/IBUTACTCS 110 TPOBOJISIINM COCY/IaM PACTEHUH.

O«__NHCH; Br
H o [
N N
N
Cl CHO N7 l =
NS

Pucynok 2. CtpykrypHast GopMyIia XJI0paHTPaHUITUIIPOIIA
(https://sitem.herts.ac.uk/aeru/ppdb/structure/1138.htm)
Figure 2. Structural formula of chlorantraniliprole

XJIOpaHTPAHWIUIPOS Kak u (GayOeHIunaMua, OCOOCHHO
addekrrBeH s 00prObI ¢ HacekoMbIMK oTpsina Lepidoptera
(Temple et al., 2009). XnopaHTpaHUIMIPOJI OTHOCHTEIBHO
0e3Bpe/IeH ISl TIOJIE3HBIX YWICHUCTOHOTHX U HEe 00HApYKUBa-
€T IEPEKPECTHON YCTOWYMBOCTH C CYIIECTBYIOIIMMU MHCEK-
tuiuaamu (Lahm et al., 2009). B Hacrosiiiee BpeMst mpomaeT-
€5 TIOI HECKOJIBKMMH TOPTOBBIMH Ha3BaHmsMHU (Acelepryn®,
Altacor®, Coragen®, Dermacor® X-100, u ap.). XmopaH-
TpaHWIUNPON JPQPEKTHBEH B OTHONIICHWH HACEKOMBIX C
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Tadmuna 1. PU3UKO-XUMHYIECKHE W TOKCHKOJIOTHYECKHE XapaKTePUCTHKN HHCEKTUIM/IOB TPYIII THaMUI0B U METa-IHaMH/I0B
cornacHo cxeme IRAC (http://sitem.herts.ac.uk/aeru/ppdb/en/index.htm)

Koadpdpunn- ToxcuuHOCTH
PactBopu- | eHr pacmpe- NERIL ) JIA, npu | JIA, npu JIKy, i
p pacrip JlaBnenue A . s0 1P s0 1P HHTa-
MOCTb B JICTICHHS (Apis spp.) nep- HaHece-
HapoB 1pu TSN
Hazpanue CAS Ne Boge mpu | Bcucreme | LogP 20°C MKI/0co0b | OpaJbHOM | HHH Ha (kpbICHT
20°C, |okraHoN/BOIa ’ nepopaib- | BBEJCHUH, | KOXY, P ’
mlla 4 yac),
MT/JT npu pH 7, HO/ TIpU MI/KT MT/KT
MI/TT
20°C KOHTaKTe
Jwamunel, Tpymma 28
Onybennuamug 272451-65-7 0.029 1.38 x 10* | 4.14 0.10 >200/> 200 2000 2000 0.069
XnoparTparwmunpon | 500008-45-7 0.88 7.24 x 10? 2.86 | 6.30x10° | >104/>100 > 5000 5000 5.10
LlnaHTpaHWINIIPOT 736994-63-1 14.2 1.05x 10> | 2.02 | 5.13x10" | -/>0.0934 > 5000 5000 5.20
L{uknaHuIUIposn 1031756-98-5 0.15 5.01x10> | 2.70 | 1.65x10? 0.66/- >2000 2000 >4.62
TeTpaHuIHIPOI 1229654-66-3 1.0 3.98x10* | 2.60 | 3.20x 103 - > 200 2000 >4.50
Luranonuamus 1262605-53-7 0.28 490 x 10° | 6.69 - - - - -
TetpaxnopalTpanuil- | 64304 14.6 - . 5.72 - - . . .
UIPOIT
Mera-nmuamuzpl, rpynma 30
Bpodanumia | 1207727045 | 071 | 1.58x10° | 5.20 |9.00x10° | 0.015/0.010 | >5000 | 5000 | >2.20

Table 1. Physicochemical and toxicological characteristics of insecticides of the diamide and meta-diamide groups
according to the IRAC scheme (http://sitem.herts.ac.uk/aeru/ppdb/en/index.htm)

Octanol- Contact acute Inhalation
Solubility / oral acute Oral Dermal
in water at water Vapor pres- toxicity for acute LD, , m (rats,
Name CAS No v o partition Log P | sure at 20°C, Y N v £ 14 hours)
20°C . honey bees LD, kg body
me 11 coefficient at mPa (Apis spp.), | mg kg weight LC,,
& pH 7, 20°C P-), mgl-!
ug bee
Diamides, group 28 IRAC
Flubendiamide 272451-65-7 0.029 1.38 x 10* | 4.14 0.10 >200/>200 | 2000 2000 0.069
Chlorantraniliprol 500008-45-7 0.88 7.24 x 10> | 2.86 6.30x10° >104/>100 | > 5000 5000 5.10
Cyantraniliprol 736994-63-1 14.2 1.05x 10> | 2.02 | 5.13x10" -/>0.0934 | >5000 5000 5.20
Cyclanyliprol 1031756-98-5 0.15 5.01 x10* | 2.70 1.65x10° 0.66/- > 2000 2000 >4.62
Tetraniliprol 1229654-66-3 1.0 3.98x 10> | 2.60 | 3.20 x 10° - >200 2000 >4.50
Cyhalodiamide 1262605-53-7 0.28 490 x 10° | 6.69 - - - - -
Tetrachlorantranll- 1104384-14-6 ) ) 57 i ) i ) i
iprole
Meta-diamides, group 30 IRAC
Broflanilide | 1207727045 | 071 | 1.58x10° | 5.20 | 9.00x10° | 0.015/0.010 | >5000 | 5000 | >2.20

I'PBI3YIIUM POTOBBIM armaparoM M3 OTPAAO0B YCITYCKPBUIbIX,
JKECTKOKPBUIBIX, @ TAKXKE IBYKPbUIbIX U TEPMUTOB. Ero nei-
CTBHE Ha HACEKOMBIX XapaKTEPU3YyeTCsl OCTAHOBKOW MHTaHMSI.

3apeructpupoBal B Poccum kak WHCEKTUIUZ IJISI CEJlb-
ckoro xo3siictBa B Buae 20% KC «Koparen», 15% mukpo-
KaICyJTMPOBAHHOMN CyCTIeH3UN «AMIuuro» (5 % nsmoOna-mura-
notpuHa U 10% xnopantpanmumpona), 30% KC «Bomuam
Ornexcn» (cmech 20 % tnamerokcama u 10 % XIopaHTpaHUIN-
npona). XJIopaHTPaHWINIPOJ PEKOMEH/IOBaH K MPUMEHEHHIO
JUTst OOPBOBI ¢ KOJIOPAJACKHM JKYKOM, SIOJIOHHOH TI0I0KOPKOM,
mucroBepTkamu u ap. (I'amuisamosa, 2014).

DTO CoeMHEHHE XapaKTePHU3yeTCsi HU3KOH TOKCHYHOCTBIO
uis miexornmraronmx: (tabm. 1). B Poccum ycranoBieHs!
cnenyronue canuTapusie mokazarenu JCJl — 2.0 mMr/kr mac-
cel Tema genoseka, OJIK B mouse — 0.2 mr/kr, ITJIK B Bome
Boz0eMOB (oGmmecanuTapras) — 0.2 mr/m°, OBYB B Bo3myxe
paboueii s0oub1 — 1.5 Mr/m®, OBYB B atmocthepHOM BO3myxe
— 0.007 mr/m>. He obGiamgaer pasmpakatoliuM JeHCTBHEM Ha
CIIM3UCThIE OOOJIOYKH M KOXKY, HE BBI3bIBAET aJUICPIUIO, HE
mposiBisieT MyTareHHoe neiictBue (CIpaBOYHHK MECTHIU-
JIOB..., 2021).

Huantpanuaunpoa (DPX-HGWS86, Cyazypyr) — antpa-
Hunamua, Ne CAS 736994-63-1, 3-6pom—1—(3—xsop—2—tiupu-
JrHUIT ) —N—(4—11mano—2—meTri—6((MeTHIaMIHO ) KapOOHUIT)
¢benwmn)—1 H—nupaszon—S—kapookcumun (puc.3). MHcekTHINT
LIMPOKOTO CIeKTpa AeHCTBUS, 3()(EKTUBHBIN NPOTHB MHO-
TMX OCHOBHBIX JIMCTOIPBI3YLUX U COCYIUUX Bpenureneil. I'on
odunranbHoOi peructpaunu — 2014.

[{naHTpaHUIMIIPOI, BTOPOM AaHTPAHWIIOBBIM 1UaMU], CUH-
Te3upoBaHHbIi Gupmoit «DuPont» 1 n3y4eHHbBII COBMECTHO
¢ dupmoit «Syngentay (Wiles et al., 2011), mo xumudyeckomy
CTPOCHUIO MOX0XK Ha XJIOPAHTPAHHUJIMIIPOJI, HO obyamaer 6o-
Jiee LIMPOKUM CIIEKTPOM WHCEKTHLMIHONW aKTMBHOCTH M 00e-
CIICYUBACT BHICOKYIO 3((PEKTHBHOCTh B OOPHOE ¢ COCYIIUMHU
BpEIUTEISIMH, TaKUMHU Kak T/ u Oenokpeuika (Foster et al.,
2012, Gravalos et al., 2015). Cuutaercs, 4T0 LIKPOKU CIIEKTP
AKTHBHOCTH 3TOTO aHTPAHWIJIOBOTO JUAaMHUa OOYCIIOBIEH €ro
(u3MYeCKMMHU CBOICTBaMHU, TO ecTh Oosiee HU3KUM logP u
Oosiee BBICOKOW PAacTBOPUMOCTBIO B BOJE IO CPABHEHHIO C
JIPYTMMHU JUAMUJHBIMH HMHCEKTUIMJAMH, YTO YBEJIWYMBa-
€T ero CHCTeMHbIe W TpaHCJIaMHUHAapHbBIE cBOWCTBa (Tadm. 1)
(Selby et al., 2013). IIpenaparsl, comeprkaliue IHAHTPAHHU-
JIMIIPOJI, Pa3pelieHbl K PUMEHEHUIO B HEKOTOPBIX CTPaHax C
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Pucynoxk 3. CrpykrypHas ¢popMylia HIHaHTpaHIIUIIPOJIa
(https://sitem.herts.ac.uk/aeru/ppdb/structure/1662.htm)

Figure 3. Structural formula of cyantraniliprol

2012 roma mox ToproBeiMH Ha3BaHusAMHU Exirel®, Verimark®,
Ference®, u np. OHN 007a1a10T BBICOKOH 3((EKTHBHOCTHIO
MIPOTUB Pa3INYHBIX COCYIIMX BPEIUTENEH U TPHUIICOB, a TaK-
JKe YeITyeKphUIBIX HaceKOMBIX. B cenbckom xo3siictBe CIIIA
HMPHUMEHSIOTCS: cMeceBor mpenapat B Buae 40 % BomopacTBo-
puMbIx rpanyn «Minecto Duo» (20% umanTpaHuaumnpona u
20% tmametokcama); 10% cycmo-amynscust «Exirel»; 20%
KC «Verimark»; 62.4% c¢uoy «Dermacor Z-103».

B Poccun Ha OCHOBE IIMAHTPAHWIMIIPOJA PA3PELICHBI K
npumenernto 7.8 % KC «JIupym» (1.8 % abamektuna u 6%
nuanTpanununpona), 20% CK «Bepumapx» u 10% macns-
Hast qucriepcus «buHEBUs», peKOMEHJOBaHHBIC ATl 3aIUTHI
OT YCIIYeKPBbUIBIX, IBYKPBUIBIX, OCIIOKPBUIOK, TPUIICOB, TICH
u kiemei. 62.5% rtekyuas cycnensus «Jlromumnoca» mpeaHa-
3HAYEHAa JJIsl 3AIUTHI CEITbCKOX03IHCTBEHHBIX KYJIBTYp OT OI10-
1IeK, OEJOKPBUIKH, TN, MUHUPYIOIINX MOJIEH, KYKOB JINCTO-
€/10B, TPUIICOB U Jp. YCTAHOBJICHBI CICIYIONINE CAHUTAPHBIC
nokazarenu JIC/1 — 0.03 mr/kr maccel Tena yenoseka (Crpa-
BOYHHUK MMECTULIUIOB ..., 2021).

Hukaanmmunpoa (IKI-3106) — Ne CAS 1031756-98-5,
3—6poM—N—[2—6pomM—4—xmop—06[ [( 1 —HKIOTTPONUIITHIT )aMHU-
Ho |[kapOormi | pennn|—1—(3—xmop—2—mupuamann)—1 H-3-mm-
pazosi—5—kapbokcumun (puc. 4). 3apeructpupoBaH (UPMOIi
«Ishihara Sangyo Kaisha» B 2017 1. IIpencrasnser coboit
paneMH4ecKyIo CMech JIByX H30MepoB R u S B cooTHONEHNH
50:50. ®U3NKO-XMMHUYECKHE U TOKCUKOIOTUYIECKIE CBOWCTBA
npuBeeHbI B Tabmune 1. XapakrepusyeTcst HU3KOH TOKCHIHO-
cThi0 1751 MaekonuTatoumx. Huknanununpon B Buae 5—10%
BOZIOPAacCTBOPUMOTO KoHIeHTpata nin 5 % KC (Toprossie map-
ku «Harvanta®, «Verdepryn®», «Sarisa®») IpUMeHSIOT Hpeu-
MYIIECTBEHHO Ha BUHOTPAJIE, IIOJIOBBIX, OBOIIHBIX KyJIBTypax
U B 3alIMIIEHHOM TPYHTE W B NMUTOMHHKax. [IpenmymecTsa
3TOTO JICHCTBYIOIIETO BELIECTBA COCTOUT B €0 MHCEKTHIIHI-
HOCTH B OTHOIICHMH IIHPOKOTO CIIEKTPa BPEAHBIX HACEKO-
MBIX. FIMeeT CHH)KEHHBIE HOPMBI pacXoia B CPaBHEHUH C JIpy-
TMMU JIMaMUHBIMU UHCEKTHIIUIAMH. MOXET NPUMEHSTHCS B
IporpamMmax KOMITJIEKCHOH OOphOBI ¢ BpeauTensiMu. bricTpo
JIEMCTBYET Ha JIMCTOIPBI3YLINX HACEKOMBIX, UMEET JJIUTEIIb-
HOE OCTATOYHOE JIeHCTBHE. YCTAHOBIIEHA €TI0 U JIAPBULUIHAS,
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Pucynoxk 4. CtpykrypHas popMyiIa MUKIaHIIAIPOIIA
(https://sitem.herts.ac.uk/aeru/ppdb/structure/2632.htm)

Figure 4. Structural formula of cyclaniliprole

Y UMaromnuaHas akKTUBHOCTh. B xoHueHTpate «Pradia®» 5%
LIUKJIaHUIAIIPONT HAXOAUTCS B CMecH ¢ 6% (roHMKaMuI0M
(upunuH kapboxcamun, rpynma 29 IRAC, 310 cucTeMHBII
WHCEKTHIU, aQUIUI C JNTUTSIHLHBIM CPOKOM JCHCTBUS, HAPY-
IIAFOIIUH MHTAaHUE HACEKOMBIX ).

Terpanuaunposa — Ne CAS 1229654-66-3, 1-(3—xyop—2—
nUpUAUHNAT)-N—[4—1HaH0—2—-MeTHUI—6— (MEeTHIIaMUHO )Kap-
6onm|permn|-3—[[5—(tpudTopmeriun)-2H-reTpazon—2—ui|
et |1 H-mmpazon—5—kapbokcumug (puc. 5). 3apeructpu-
poBaH ¢upmoii «Bayer» B 2014 r. UncexTnuuna, nmpeaHasHa-
YCHHBIA U1 OOPBOBI C MIMPOKHAM CIIEKTPOM CEITbCKOXO3SiH-
CTBEHHBIX BPEIUTEICH CEMEUKOBBIX U KOCTOUKOBBIX KYJIBTYD,
OpeXOB, BUHOTPAIHBIX JI03, OBOIIEH, Tabaka, COM, KYKypy3bl
u np. JleficTByeT Ha HACEKOMBIX MPH MOCIaHUU UMHU 00pabo-
TaHHBIX pacTeHni. OH MemTaeT YyBCTBUTEIBHBIM K PHAHOIH-
Hy KaHaJIaM BBICBOOOXK/ICHHSI MOHOB KaJbIIHs, YTO MPUBOIUT
K TPEKPAIIEHUI0 MBIIIEUHON PETyaSIUU U TOCIeAyIoei
HETIOABIKHOCTH HaceKoMbIX. Brimyckaercs B Bume 20 % KC
«Tetrino™» u 48 % KC «Vayego», /it 60pbObI ¢ ITUPOKUM
CIIEKTPOM HACEKOMBIX, TIOBPEXAAIONINX JePH, I WHBbEKINH
B MIOYBY PSAIOM C OAHAHOM.

Eme 2 nepcrieKTUBHBIX TUaMUa HAXOIATCS B CTaIUU pa3-
pabOTKH 1 B CEBCKOM XO3SICTBE OHH TTOKA HE TPUMEHSIOTCS.
Jis 3 TUX MHCEKTUIIMI0B HAMU HE HAWJAEHO IoKa3aresen ux
TOKCHYHOCTH IS TETIOKPOBHBIX )KHBOTHBIX.
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Pucynok 5. CrpykrypHas ¢popMyna TeTpaHHIHIpoIa
(https://sitem.herts.ac.uk/aeru/ppdb/structure/3190.htm)

Figure 5. Structural formula of tetraniliprol
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Huranomumamua Ne CAS - 1262605-53-7, rpynma ¢ra-
JIEBBIX AWAMHIOB, 3-XJ0p-N2-(1-mmano-1-metmmoTm)-N1-
(2-metun-4-(1,2,2,2-rerpadrop-1-(TpudTopMeTHI)3THI)
(henmn)-1,2-0en3ennukabokcamuy. 3apeTUCTPUPOBaH  (HHUP-
Mol «Sinochem» B 2015 1. (Umetsu, Shirai, 2020). Uuru-
OUTOp PMAHOOWHOBBIX PELENTOPOB, MPUBOAUT K IPEKpalie-
HHUIO KOPMJICHUSI, PBOTE, TOJIOAY, 00E3BOXMBAHHUIO U CMEPTH
(Xing et al. 2014). Pa3zpaboran B Kutae WKdI3IHCKAM Ha-
YYHO-HCCJIEIOBATEIbCKUM HHCTUTYTOM XHUMHYECKOW Ipo-
MBIIIIEHHOCTH. VHCEeKTUIIMIHOCTD UTaJ0IHaMUIa OIICHEHA
B JIaDOPATOPHBIX U TOJIEBBIX HCIBITAHUSIX B OTHOIIECHHH Ka-
nycTHoi Momnm Plutella xylostella, coBku manoit Spodoptera
exigua, a3uaTCKON XJIOMKOBO#M COBKHU Spodoptera (Prodenia)
litura m orHeBkn >xentoil pucosoit Chilo suppressalis n

OTHEBOK-TpaBsSHOK  Cnaphalocrocis  medinalis. Tloka3a-
HO, YTO N0 HMHCEKTHLMIHOCTH LUTrajoIyaMu] He yCTyma-
er QuybeHmuaMuay W XJjopaHTpaHwmmnpory (Xing et al.
2014). TerpaxaopanTpanuaunposa Ne CAS 1104384-14-6.
3-6poM-N-[2,4-nuxnop-6-[(MeTrnamuuo)kapOoHu|de-
Hun)-1-(3,5-muxnop-2-nmupunuann)- 1 H-nmupazon-5-kapOox-
camua. 3aperucTpupoBaH ¢upmoi «Sinochem» B 2015 T
(Umetsu, Shirai, 2020). D¢ ¢exTHBeH B OTHOIICHUN Psa Ue-
LIYeKPBUIBIX, B TOM 4YHUCIIe COBKU Spodoptera exigua. Iloka-
3aHO, YTO OH MOXKET OBITH MCIIONB30BaH B KauyeCTBE HOBOTO
Y MHOTOOOEIIAIOIIEr0 KOMIOHEHTA KOMIUIEKCHOM IPOrpaMMbl
GOpBOBI ¢ BpEAUTEISIMH TTPOTUB S. exigua B CBS3U C BBICOKOH
1eneBoil A(PEKTUBHOCTBIO U HE3HAYHMTENFHBIX HELENeBbIX
puckos (Teng et al., 2020).

Meta-agnamMuabl

Meta—nuamunel, Takue kak opoduanunun (Yoshihisa et
al., 2013), 6puTH 0OHAPYKEHBI ITyTEM CTPYKTYypHOU MoaurKa-
UK MOIYJIATOpa pranoauHoBoro perenropa (RyR) ¢uyoen-
muamuna. Msmenenne amuaHoi rpynmsl (uyOeHauamuna us
OPTO—TIONIOXKEHHS B METAa—TIOJIOKEHHE TIPUBEIIO K U3MEHEHHIO
MexaHu3Ma JieiicTBus (0T MoxyisTtopa RyR k ammocrepuue-
CKOMY MOZIYIIATOPY XJIOPHOTO KaHaja, ynpasisemoro [AMK)
W TOSIBIICHHIO HOBOHM xummuueckod rpynmsl (Ebbinghaus-
Kintscher et al., 2019). CoenuaeHus rpymITel MeTa-AHAMHUIOB,
cornacHo kiaccudukanun IRAC, oTHOCATCS O MEXaHHU3MY
neiicteus k rpynme 30 « TAMK-3aBucrumBbIe amiocTepuaecKkne
MoayJaTopbl xyop-uonHoro kanana» (The IRAC mode...,
2021). ObmagaroT HEUPOTOKCHYECKUM JeiicTBHeM. MUIIeHb
— PpelenTopsl B HEPBHO-MBIIIEYHOM CHHarice. Merta-nuaMu-
Il THrHONpyroT GepmerTsl TAMK-Tpancdepasbl, 4To mpu-
BomuT K yBenudeHuto comepkanus TAMK B ITHC. Anmocre-
puuecku nogasisaoT TAMK—akTHBHpOBaHHBIN XJTOP—MOHHBIN
KaHaJ, BBI3bIBas THIEepBO30ykaeHne u cymgoporu (Casida,
Durkin, 2013). B cocra rpynmsl BXoAST nunpoqIaHuiIng 1
o6podmanunua. Ecnu o mpuMenenny munpodgaanuamaa (Ne
CAS 2375110-88-4, N—[3—[[[2—-0pom—4—[1,2,2,2—TeTpacd-
Top—1—  (TpudTOpMEeTHI )3T |-6—(TpHdTOpMETHI )PeHNN|
aMuHO |[KkapOoHu|-2—dropdenmn]-N—(uuknonponuime-
THn)—4—propbeH3aMiI) MPAKTHYECKH HUYETO HEHU3BECTHO,
TO BTOPOM MPEACTaBUTEIb IPYIIIBI HCIOJIB3YETCS B CEIBCKOM
XO3SICTBE JOBOIBHO ITHUPOKO.

Bpodaannaun (MCI-8007, Tenebenal), Ne CAS 1207727-
04-5, 3—(6enzomnmermamMmuHO)-N—(2-0pom—4—(1,2,2,2—1e-
tpadTop—1—(TpudGTOpPMETHII)ITNI)—6—TPUPTOP—METHII)
termn)-2—¢propbensamun (puc. 6). bpodmanmnma, cuaTE3N-
poBanubIi hupmoit «Mitsui Chemicals Agro, Inc.» u paspabo-
TaHHBIH coBMeCTHO ¢ (pupmoit «BASF», nmeer yHUKaIbHYIO
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Pucynoxk 6. CtpykrypHas ¢popmyna 6poduanmnmia
(https://sitem.herts.ac.uk/aeru/ppdb/structure/3091.htm)

Figure 6. Structural formula of broflanilide

XMMHUUECKYIO CTPYKTYpY, XapakTepH3yeMylo Kak MeTa-jna-
MHJI, U MIPOSIBISIET BBICOKYIO aKTHBHOCTB ITPOTUB Pa3IMUHBIX
BpEIMTEICH, BKIIIOUAs YEIyeKPbUIbIX, )KECTKOKPBUIBIX, TPUII-
coB u mayruHHOTO Kiema (Katsuta et al., 2019, Shen et al,,
2021). 3apeructpuposan B ABctpanuu B 2020 r. B 2017 rony
IRAC knaccudunmposan 6podiaHiIN Kak dieHa rpynmst 30
BKJIFOYAIOIIEH MeTa—/INaMUAbI U N30KCA30IIHHBL.

Bpodnannnma npencrasisier co00H MPOMHCEKTUIHI, Me-
TabOMM3UPYETCSI B OpraHW3ME HACEKOMBIX 10 J€3METHIIOpO-
(raHnIMAa 1 IeHCTBYeT KaK HEKOHKYPEHTHBII Pe3UCTEHTHBIN
K qrapuHy (resistant to dieldrin, Rd/) anTaroHUCT pernentopa
y-amuHOMacisHoi kucioTsl (TAMK). B psne pabot moxasa-
HO, YTO CaiT CBSI3BIBAHUS J€3METHIOPOQIaHIIINAA OTINIACT-
Csl OT caliTa TpaJUIMOHHBIX HEKOHKYPEHTHBIX aHTarOHUCTOB,
takux Kak ¢umponmn (Nakao, Banba, 2016).

DKCIEepPUMEHTBI TI0 BBISICHEHHIO 3aBUCHMOCTH CTPYKTY-
pa—aKTUBHOCTh METa—MaMHU/IOB MPOJEMOHCTPUPOBAIIH, YTO
aKTHBHOCTH NIPOTHUB a3UaTCKOM XJIONKOBOM COBKU Spodoptera
litura n karryctHOM Monu P, xylostella Boite, eciu hrop Haxo-
JUTCS BO 2—M TTOJIO’KeHUH. M, Ha000pOT, 17151 aKTUBHOCTH TTPO-
THUB XJIONIKOBOH COBKM Helicoverpa armigera NomKHa IPUCYT-
CTBOBaTh KOMOWHaIMsA Opoma, TpU(PTOPMETHIIBHON TPYIITBI U
CHJIBHOTO JIMIOQHIBHOTO TenTadTOPU30NPONUIEHOTO 3aMe-
crutens (Katsuta et al., 2019).

B 0630pe I1. Ixenike «CocTossHIE ¥ IEPCIIEKTUBEI OTKPHI-
THS akapunuaoB u wHceKTUImIoB» (Jeschke, 2021) ommcan
MeXaHu3M JieicTBusl Opoduranmmuna. bpodaanumua, knaccu-
¢unupyercst Kak HETaTUBHBIA aJNIOCTEPHUUECKHH MOIYISTOD
(NAM) peuentopoB y—amuHoMacissHol KucioTel (TAMK)
HAcEeKOMBIX, ITOCKONBbKY ae3MeTwiopoduanmnun (DMBF)
ammoctepudeckun  uHruOupyer TAMK-uHaynmpoBaHHBIE
otBeThl. Coobmanoch, uro myramuss G277M cyObenuHu-
el perieniropa TAMK (GABAR) Drosophila melanogaster
ycrpaHsieT nHruoupyronyio aktusHocts DMBF. Cnioco0 cBs-
spiBannst DMBF ¢ GABAR HacekoMbIX ITOKa HEM3BECTEH, HO
€CTb IPEIIONIOKEHHSI, YTO BOAOPOAHAS CBSI3b, 00Opa30BaHHAs
mexxty DMBF u G277 B momemu D. melanogaster GABAR,
MOXKET OBITh KJIFOYEBHIM B3aUMOJIEICTBUEM JIJIsl aHTarOHU3Ma
DMBF u GABAR. VBenmuenne o0beMa, BEI3BAHHOE My TaIlH-
eit G277M, OIIOKHpYeT BXOJ B KapMaH CBSI3bIBAHUS, 3aTPYIHSS
nonananue DMBF B Hero u TeM caMbIM CHUXXasi aKTUBHOCTh
nHcekrtunuaa (Jeschke, 2021).

Bpodnannnma obnagaeT MIMPOKUM CHEKTPOM WHCEKTH-
LUIHOTO JEWCTBHS U MOXKET HCIIOIb30BAThCA HAa Pa3IMUHBIX
KyJIBTypax aJ1si 60pbOBI ¢ YeIIyeKpPbUIBIMH, KECTKOKPBUTBIMH,
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TEPMHUTAMH, MYpPaBbsIMH, TapakaHaMd ¥ MyXamHd. buoaxrtu-
BalMsl NPOMHCEKTHUIUIOB, KaK MPaBHJIO, MPEACTABISIET CO-
6oi1 mporecc, KOHTPOIUPYEMBIH (hepMEHTaMu, TIPH KOTOPOM
HACEKOMOE-MHUIICHb METa00NM3upyeT NpoGopMy B aKTHBHOE
COeIMHEeHUEe. JTOT MOAXO0J] UMEET HECKOJIBKO TTOTEHINAIBHBIX
MPEeUMYIIECTB, BKJIIOYAsl YIyYIICHHbIE OHOKHHETHUECKHE
CBOMCTBA M XapaKTEPUCTHKHU OE301IaCHOCTU NPOMHCEKTHIH-
Jla 0 cpaBHEHUIO ¢ akTHBHOHN (popmoit (David, 2021, Das,
Mukherjee, 2018). [Iponncextuim 6podiaHuINI, BEPOSITHO,
MeTabomm3upyercs: mocpenctsom CYP450-omocpenoBaHHO
OMOAKTHBALMU €r0 aKTUBHOTO METa0OIUTa — JIE3METHIOPO-
¢manmmuaa (pacmerieane N-metuipHO# rpymsr) (Jeschke,
2016). OH neicTByeT Kak HEKOHKYPEHTHBIH aHTaroHUCT pe-
nenropa TAMK Ha HOBOM caiite B penentopax TAMK Rd!/
Ipo30duisl. DTOT calT HaxoauTes psgoM ¢ G336 B obmactu
M3 RDL GABA penenropoB Drosophila (Nakao, Banba,
2016). XoTa cailT AeHCTBUS MeTa—TUaMHUIOB, MO-BHIUMOMY,
COBITA/Ia€T C MECTOM JICUCTBHS aJUIOCTEPUUECKUX MOIYJISTO-
POB IJIyTaMar-aKTUBHPYEMBIX XJIOPHBIX KaHAJOB, TAKUX KaK
ABEPMEKTHHBI 1 MHJIOEMUIIMHBI, MEXaHU3MBI IEHCTBUSI MOTYT
pasnmuyarscs (ffrench-Constant et al., 2016).

BbIcokasi ceneKTHBHOCTh MeTabonuTa ne3MeTHIopodia-
HHUJINJA, BEPOATHO, CIY>KUT MPUYNHOHN TOTO, YTO OpodraHu-
1 3G QEKTUBEH NMPOTHB BpenUTENeH, y KOTOPBIX Pa3BUIIACh
YCTOWYMBOCTh K aHTArOHWCTaM THIA OJOKaTOpPOB KAaHAJIOB
I'AMK, TakuMm Kak nuKiIogueHs! U (GeHumnupasonsl. MHcek-
TUIMHAS aKTUBHOCTH OpoQIaHmINAA HE pa3Indanach MEXIy
YyBCTBUTEIBHBIMU M yCTOHYUBBIMH OMOTHUIIAMH HACEKOMBIX,
Hecymmmu mytarun A20S, A20G u A20N B kaHaje perer-
topa TAMK. AKTHBHBIH METa0OJIUT AE€3METUIOPOQIAHIIIIT
MPOSBIIAET OoJiee BBICOKYIO CEJIEKTHBHOCTh B OTHOIICHHH
peuentopoB Rdl GABA HacekoMbIX, HampuMep y TabaqyHO
coBkH S. litura, o cpaBHeHHIO ¢ perentopoM TAMK tuma A
uenoseka (GABA,R) alf2y2, mnexonuraromux (GABA,R)
al1B3y2 u penenropom mmnuHa yenoseka (GlyR) alp (Zhao
et al., 2003).

3a pyOeoM B CEIbCKOM XO3SHCTBE NMPHUMEHSIOTCS He-
CKOJILKO KOHIICHTPATOB CYCIIEH3WH, coaepkaiiue OpoduiaHu-
aug: «Nurizma™ SC Insecticide» (30% KC) npumensiercs
B CIIIA =Ha moceBax KyJbTyp OT IPOBOJIOYHHKA, 3aIIaTHOTO
KyKypy3HOro KopHeBoro xyka; «Cimegra™ SC Insecticide»
(10% KC) st 3ammTel KyKypy3bl U KIIyOHEBBIX OBOIIHBIX
KYyJIBTYp OT IHOYBEHHBIX Bpeauteseil; «Teraxxa™ Insecticide
Seed Treatment» (35 %) amst mpeanoceBHOM 0OpabOTKH CEMSH
(nmienuia, suMenb, oBec U T.1.); «Teraxxa™ F4 Insecticide
and Fungicide Seed Treatment» (1.55 % 6podmarnnmz, 0.78 %
duykcanupokcan, 1.55 % nupakioctpodus, 1.55% TputHKo-
Hazo1, 0.93 % MeTanakcuir) — KOMIUIEKCHBIH ITpenapar, coaep-
KalIMH CMECh MHCEKTHIM/IA C YEThIPbMs (PyHIHIUIAMH K-
poxkoro criekTpa aeiictsusi. [1og Toprosoit mapkoiit TERINDA®
npenoxeno aa tepmutuiuaa: 0.0045 % nena ans yHAYTO-
JKEHHs TepMUTOB U MypaBbeB U 9.47% KC, xotopsle npen-
Ha3HaueHb! [l 00pabOTKU MOJ3EMHBIX TEPMHUTOB — JIEPEBb-
€B, TEPMHUTHHKOB U MYpPaBEHHUKOB MYpaBbEB-INIOTHUKOB

(Camponotus, Reticulitermes spp. u ap.). Kpome Toro, pupma
«Mitsui Chemicals Agro, Inc.» 3asBuna B centsiope 2020 . o
perucrparyu B Sinonnn HoBoro KC Ha ocHOBe Opodmanmimaa
«BROFREYA™ SC»» 1 NpAMEHEHHS B CEITCKOM X03IHCTBE
11t 6OpBOBI ¢ HACEKOMBIMH—BPEIMUTEINISIMA Ha TaKUX KYJBTY-
pax, Kak KarycTa, IIeKHHCKasi KarycTa, OpOKKOJIH, calar H T.11.
(Registration of new ..., 2017).

ABCTpanuiickoe yrpaBieHHE MO MECTUIHIAM U BETepH-
HapHbIM JiekapcTBaM (APVMA) paccMOTpeno TOKCHKOIOTH-
YECKHE XapaKTEPUCTUKH BCEX CPENCTB, colepkanmx opoduia-
HWJIUJ U OTIPEAETNIIO, YTO OHU HE BBI3BIBAIOT OMACCHUI HH
IIPU OCTPOM, HU TPU XPOHHUYECKOM OTpaBieHUH. Heckoibko
cpenct moj ToproBoid mapkoit VEDIRA® B BuIe mpUMaHOK
JUISL MyX, TapakaHOB M JIPYTUX CHUHAHTPOITHBIX HACEKOMBIX
paspemeHsl Uil HCIONb30BaHMs HaceneHueM. OHM MOTyT
HCIIONB30BAThCS B 3aKPBITHIX JKHIIBIX TOMEIICHHSX B BHIEC
0.025% rpanynupoBanHOM npumaHku ans myx u 0.005%
— i MypaBbeB. [IpeanoxeHbl NPUMaHKH, COIEpIKallue
0.125-0.25% Opodnanmmmaa U1 YHUUTOKEHUS! pa3HbIX BH-
JIOB MyX W PhDKUX TapakaHos, u 0.02 % a1 momaBaeHUs pbl-
KHX JIOMOBBIX MypaBbeB. DP(PEeKTHBHOCTH MOATBEPKICHA HA
BU/IaX MYpPaBbeB, IIMTAIONIMXCS KaK caxapocoJepiKallei, Tak
1 OeJIKOBOM MHIIEH, B TOM YHCIIE HA YePHBIX MYpPaBbsX-TUIOT-
nukax Camponotus pennsylvanicus, apreHTHHCKHX Mypa-
BbsIX Linepithema humile W maxy4nx INOMaIIHUX MYpPaBbsX
Tapinoma sessile. Takxe peKOMEHIIOBAaHO CMECEBOE CPEACTBO
B OecIporeieHTHOH aspo3onbHoi ynakoBke (0.2 % 6podua-
wwaga 1 0.05% anpdanunepmerpuna), odecreunBaroIee
ObICTpOE YHHUTOXKCHNE HACEKOMBIX M MMEIOIIee JIHTEIFHOE
ocTaro4Hoe aercTBre. OHO peKOMEHIyeTCs 1 OOpPBOBI C My-
PaBbSIMH, TapaKaHaMH, BPEANUTEISIMU 3aI1acOB, MTOCTEILHBIMH
KJIONIAMH, MYyXaMH, JOMAIIHUMH CBEpYKaMH, YellyHHHIIEH,
naykaMu M OyMakHBIMH ocaMu (00paboTka THe3m) B OBITY
u MenuiHckor nesuHcekiuu (Public release summary ...,
2019).

Bpodnannnug — MeTa—1uaMu ¢ MOTEHIUAIOM HCTIONb-
30BaHUs B KadeCTBE MHCEKTHINAa HOBOTO THIIA, PEKOMEH/IO0-
BaHHBIA /7151 IPUMEHEHHs B OOIECTBEHHOM 3paBOOXpaHe-
HUHM C Lenbio 00pp0BI ¢ MMaro komapoB Aedes n Anopheles,
BKJIOYas MOMYJSIMH, ycToituuBbie K nuperpounam, @OC u
Jp. TPyIIIaM HHCEKTHIINIOB, KOTOPBIE B HACTOSIIIEE BPEMS HC-
MOJIB3YIOTCS [UIst 00pBOBI ¢ epeHocunkaMu. CoeJMHEHHE 110-
Ka3aJI0 BBICOKYIO aKTUBHOCTb B J1a0OPaTOPHBIX M MOJIEBBIX HC-
CIIEIOBAaHMSX U TpeOyeT MambHEUINX MCCIeN0BaHUN B IETIX
60pBOBI ¢ yCTOWYNMBBIMH K TIHpeTpongaM kKomapamu (Lees et
al., 2020; Ngufor et al., 2021; Snetselaar et al., 2021). B benu-
HE MOKa3aHa BBICOKAsl U MPOJIOJDKUTENIbHAs aKTHBHOCTh CPEI-
ctBa B hopme 50 % cmaumBaromierocs nopouika « VECTRON
T500» npotuB Anopheles gambiae s.1. — nepeHOCYNKOB MaIs-
PHH, PE3UCTEHTHBIX K MUpeTpouaaM. B 1adopaTopHbIX ycio-
BUSIX CMEPTHOCTHh KOMapoB IIPH KOHTAKTe ¢ 00pabOTaHHBIMH
STHM CPEICTBOM MTOBEPXHOCTAMH cocTapisiia > 80% B Tede-
nue 6—14 mecsaues (Ngufor et al., 2021).

Pa3zButne PE3UCTEHTHOCTH HACEKOMBIX K THAMHUAaM

B Kurae xyopaHTpaHWIMIIpos ObLT BIEPBBIE BBEICH B
2007 romy mist OOpeOBI ¢ BpEAHBIMH BHIAMHU YEITyeKPBUIBIX.
On1HaKO HECKOJIBKO HEY/IaYHbIX ITOIBITOK OOPHOBI C MajIoii COB-
Koit Spodoptera exigua MpPOW30ILIN BCETO Yepe3 HECKOJIBKO
JIET MOCJIE €ro MOSIBICHHS B HECKOJIBKUX NPOBHHIMAX Kurast.

OTMeueHbl Cilydyau yCTOHYMBOCTH K XJIOPaHTPaHWIMIPOIY
(mokazarens pesucrenTHocTH (I1P) cocraBmn ot 10 mo 17) B
HEKOTOPBIX MOMYJIALUIX, COOPaHHBIX B MOJEBHIX YCIOBHSX B
tederne 2008—2010 rogos (Lai et al., 2011). 3arem, B TeueHne
2009-2012 rr. I1P yBenuumnucs 1o 1044, u B 2018 . — no
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150 (Zuo et al., 2020). B Bpa3unun yacToTsl ajenei Xion-
KOBOU coBKHM Helicoverpa armigera, CB3aHHBIX C YCTOWYH-
BOCTBIO K XJIOpaHTpaHuiunpoiy, coctasisuid 0.00694 B 2014
. 1 0.04348 B 2015 . Kpome TOro, B OJNIEBBIX MOMYISLIUAX B
TEYeHHE BCETO CE€30HA HAOII0NaN0Ch 3HAYNTENEHOE CHIDKCHHUE
YyBCTBUTEIBHOCTH K XJIOPAaHTPAHWINIIPOIY, IPH STOM TOKa-
3aTenu BBDKHBaeMoCTH yBenmumBaimuch ¢ 0% B 2014 1. mo
29.59% B 2018 1. (Pereira et al., 2020). Takum oOpazom, He-
MIPaBIJIBHOE UCTIOI30BAaHNE XJIOPAHTPAHWINIIPOIIA, IO-BH/IH-
MOMY, ITPUBEJIO K Pa3BUTHIO pe3nCTeHTHOCTHU. 3HaueHus [1P k
XJIOPAHTPAHWIIMIIPOIY Y MaJIOil COBKH S. exigua BapbUpOBAIIH
or 8 10 1282019 . (Tang et al., 2021), 4T0 OBLTO 3HAYUTEITHHO
HIDKe, 9eM 630—kparHast ycToitunBocTh 3Toro Buaa B CHIA
(Rabelo et al., 2020).

YacTtoe mpHUMEHEHNE AMAMHMIHBIX WHCEKTHINAOB MpPUBE-
JIO K CEJIEKIIMU YCTOWYHMBOCTH K ITuaMuiaMm (¢pmyoeHanamMuny,
XJIOPAHTPAHUIIMIIPOIY W IMaHTPAHUIPOIY) IOJEBBIX IOIMY-
JSIIUE XJIOTIKOBOW coBKM H. armigera B bpasnnuu (Pereira et
al., 2020), manoit cosku S. exigua B Kutae u CIIHA (Che et
al., 2013, Rabelo et al., 2020), xamryctHoi Monu P. xylostella
B Kopee u Kurae (Cho, et al., 2018, Wang, et al., 2020), »x&n-
Toii pucoBoit orHEBKHU Chilo suppressalis B Kurae (Yao et al.,
2017) u ToMatHON MuHMpYtoIei Monu Tuta absoluta B Benu-
koOpurtannu (Grant et al., 2019). Hampumep, M. Axman ¢ co-
aBT. COOOIIIAET, YTO XJIONKOBasi coBKa H. armigera B Ilakucra-
HE MMelIa TOJIEPAaHTHOCTH K XJIopanTpanmwmmpory (1.8-6.8 x)
n K ¢nybenauamuny (1.5-8.2 x) B teuenue 2009-2016 rr.
(Ahmad et al., 2019).

I'ycenunpl kanyctHOl Monu P. xylostella n3BecTHBI CBOCH
CKOpPOCTBIO, C KOTOPOH OHM MOTYT pa3BUBaTh YCTOMYUBOCTb
K HOBBIM MHCEKTHIIMIAaM. BeposiTHO, 3TO CBSI3aHO C MX TeHe-
THYECKOM MIaCTUYHOCTBIO, KOPOTKUM BPEMEHEM DPa3BUTHS
TeHEepalN1, BHICOKOH TUIOJOBUTOCTHIO W BHICOKMM JaBJICHU-
eM 0TOOpa MHCEKTUIMIAMH B MOJNEBBIX YCIOBUAX. M3BeCTHO,
uyto P. xylostella BbipaboTana ycTOHUYMBOCTh K 93 MHCEKTH-
nugam (Whalon et al., 2016). TTomynsiust KammycTHOW MOJH
P xylostella B8 Tannanae BnepBbIe OKa3alach yCTOWIHBOHN K
¢uiyoenanamMuy (M MEpPEeKPecTHO YCTOMYHMBOW K XJIOpaH-
TPaHWJIUIIPOJTY) BCero yepe3 18 MecsmeB mocie Hadana ero
npuMmeHenus. [P kK 9THUM HMHCEKTHMIMIAM YBEIHYWINCH U
coctaBmin 66 u 35 coorBerctBeHHO. B 2011 r. B Tannanne
PE3MCTEeHTHOCTh cocTaBuia: K ¢uyoeHnuamuay (407 X) u
xnopanTpanumunpony (152 x). B apyrux mposunmusx Ta-
WIaHa, OlHA TOMYJIINUS KAIlyCTHOM MOJHM ITOKa3ana O4eHb
BBICOKHH pOCT yCTOWYHMBOCTH K (hrybeHanamuny (4817 X) u
BBICOKYI0 YCTOHUMBOCTH K XJOpaHTpaHmiunponry (88 x), B
TO BpeMsl KaK Jpyras — UCKIIIOUHTENBHO BBICOKYIO yCTOHYH-
BOCTh K irybennamuty (26602 X) 1 BBICOKYIO YCTOHYMBOCTB
(775 x) x xJIOpaHTPaHWIUIIPOTY. HEKOTOPBIMH 3 KITIOUEBBIX
(haxTOpOB, ONpENEeNUBIINX YCTOWYMBOCTh K quamuny B Ta-
WIAHJIE, SABWINCh OTCYTCTBHE POTAIlMM HMHCEKTHLHUIOB, MH-
HUMAaJIbHBIH ceBOOOOPOT (M3-32 HEIIPEPHIBHBIX ITOCEBOB Kpe-
CTOIIBETHBIX), HEIOCTATOYHAS J03MPOBKA MHCEKTHIUAA (IUIs
9KOHOMHH CPEJICTB), UPPUTALHS, OTCYTCTBHE KAKHX-IHOO CO-
[JIACOBaHHBIX CTPATErHii yNpaBJIeHHs YCTOWYHMBOCTBIO K WH-
cexruiaam (Sukonthabhirom et al., 2011). Obnapy»xeHo, 4TO
Taiickue Qepmepsl Ucnoiabp3oBai (uydeHanamuy conee 4-5
pa3 B CE30H Ha OJHY KYJIBTYpPY B OAKOBBIX CMECSX C APYTUMH
HWHCEKTHIIUAAMU ISl OJJHOBPEMEHHON 00pwObI ¢ P. xylostella
W JIPYTHMH BPEIUTENSIMH, YTOOB! CHU3UTB TPYI03aTPaThl, CBSI-
3aHHbIE C onpbIcKKBaHKeM (IUT. 1o Troczka et al., 2017).

B 2011 . coobmanocs 0 pe3ucTeHTHOCTH KaIlyCTHOW MOJIH
P. xylostella x nnamunam B TaiiBane, B Unauu u Kurae (Wang
et al., 2012, Wang, Wu, 2012). B nocnenyromrie roasr cooo-
LIEHUsSI O CIIy4asiX PE3UCTEHTHOCTH MOCTYIANN U3 MHOXKECTBA
JIPYTHX MECT B A3MM M OBUIM Tarke 3aJ0OKyMEHTHPOBAHBI B
Bpaswnmuu u CIIA (Diamide insecticide ..., 2014). [To-Buau-
MOMY, CTaOMIIEHOCTh YCTOHYNBOCTH K muamuny y P. xylostella
pasimyaeTcss MeXIy pPa3iIMYHBIMU IOJIEBBIMH IOIMYJISIHSIMU.
VY momymsimuu, coopanHo# B Kutae, HagansHBIN BEICOKHI ypO-
BEHb YCTOWYMBOCTH K XJIOpaHTpaHWIUIpoiy (2040 X) GeicTpo
ymai 1o 25 X, Korja JaBlieHHe HHCEKTUIIIHOTO 0TOopa OBII0
custo (Wang et al., 2013a). beicTpoe CHUKEHUE YCTOWMYUBO-
cti (ot > 27000 x mo 4000 x) Taxxe HabIIODAIOCH y cOOpaH-
Ho#i B bpasunun nomyssinun (Camocim—PE) Bcero 3a Tpu mo-
KOJICHUS TIpH OoTCYTCTBHH oTOOopa (Ribeiro et al., 2014). B To
e BpeMs IoKa3aHo, yro ®ununmuHckas nomysanust (Sudlon)
MIOJIZIEP)KUBAET BBICOKHH YPOBEHb YCTOMYMBOCTH 0€3 Kako-
ro-mubo nanpHeiero orbopa nnamuaamu (Steinbach et al.,
2015).

B 0630pe b. Tpoxxa c coasr. (Troczka et al., 2017) omnu-
CaHbl HEKOTOpBIE MYTAl[MM, KOTOPHIE COOTHECEHBI C pe3u-
CTEHTHOCTHIO K fuaMuiaM. CeKBeHHPOBaHNE PUAHOJHHOBOTO
penenitopa P. xylostella (PxRyR) 3Tux pac BBISIBHIIO HECHHO-
HUMWYHBIE MYTalllH, MPUBOSIINE K 3aMEHE TIIyTaMHHOBOW
kucnotsl Ha nnH (G4946E) (Troczka et al., 2012, Steinbach
et al., 2015). aTEpEeCHO, UTO KOMUPYIOIIHE TPOHKH IS 3TO-
TO MOJIOKEHUS y JIByX YCTOWYMBBIX pac Obutn pasueiMu (GAG
Ut Tavickot momyrsun 1 GAA mis momyssiuu Sudlon), 9to
CBUJICTEJIBCTBYET O HE3aBUCUMOM HBONIOLMH NonuMopdusma,
a HE 0 pacIpOCTPAHEHHH, CBSI3aHHOM C MUTPAIFel BPEIUTEIN
Mexay aByms crpanamu (Troczka et al., 2012). Bnocneacreun
coobmanocs, uyto mytamust G4946E B PxRyR mpucyrcteyer
y P. xylostella o xpaiineii Mepe B 9 crpaHax, pacrnpocTpa-
HEHHBIX Ha 3 KoHTHHEHTax (Steinbach et al., 2015, Sonoda,
Kataoka, 2016).

[Mocnenyromue ucclienoBaHUs TMOATBEPAMIN KIHOYEBYIO
¢ynxmonansHyto pois G4946E B obecniedeHnn ycTOH4INBO-
ro ¢enorumna (Steinbach et al., 2015, Troczka et al., 2015a).
OyHKIIMOHANBHAS JKcIpeccust pekomOnHaHTHOTO PXRyR B
KyJIBType KJIETOK KyKYypy3HOH JIMCTOBOW COBKU Spodoptera
frugiperda (S9) mo3BonuiIa CpaBHUTH PEIETITOP TUKOTO THIIA
(WT) u moaudpunupoBannyto Bepcuro G4946E. Dkenpeccu-
posauubii WT PxRyR OpLT dyBCTBHTENEH K KOGEHHY U THa-
MUIaM ¥ ObLI criocoOeH cBsi3biBath [3H]| pranoanH Ha ypoB-
HSIX, COIIOCTaBUMBIX ¢ ApyruMu m3odopmamu RyR HacekombIx
1 MJICKOITUTAIOIINX.

Hanporus, Bapuant G4946E mokaszan 3HaUNTENFHO CHU-
KEHHYIO0 YyBCTBUTEJIBHOCTh K JWMaMHAaM, B TO BpeMsl Kak
€ro CpPOACTBO K JpPYTHM JIMTaHAaM, TakUM Kak KopeuH u
pPHAHOAMH, OCTaBaJlOCh COMOCTaBUMBIM C YPOBHSIMH JIHKO-
ro tuna (Troczka et al., 2015a). CxonHble pe3ynbTarhl ObLIH
MIOJTy4EeHbI, KOTAa Ipernaparbl HATHBHBIX MHKPOCOMAIIBHBIX
MeMOpaH 9yBCTBHTENbHOH packl BCS-S u ycToiumBoii pacs
Sudlon 6bTH HCTONB30BaHBI B KCHEPHMEHTAX I10 CBS3BIBA-
HUIO JUranaa. AQQGUHHOCTD CBI3BIBAHUS TUaMuUIa ¢ MeMOpa-
Hamu pachl Sudlon Obina cHkeHa Oornee ueMm B 450 pas s
¢nydoenmamuaa u B 159 pas Ui XJIOpaHTpaHUIMIIPOIA 110
CpPaBHEHUIO C JIAOOPATOPHOH UyBCTBUTENBHOU pacoit BCS-S
(Steinbach et al., 2015).

HacnenoBarne G4946E y pacsl Sudlon Obut0 ompeneneno
KaK ayTOCOMHOE, MOHOTeHHOE U pereccuBHoe (Steinbach et
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al., 2015), Torna xak HacienoBaHue ()SHOTHITA YCTOWIMBOCTH
Yy BBICOKOPE3UCTCHTHOW KUTaickoi pacel Zengcheng, cuura-
€TCsl ayTOCOMHBIM, HE MOTHOCTBIO PEIIECCUBHBIM H TIOJHTCH-
HeIM (Wang et al., 2013a, Liu et al., 2015a). ITocnenyromiee
CEeKBEHUPOBaHMUE packl Zengcheng moaTBepANIO IPUCYTCTBUE
myrannn G4946E (Gong et al., 2014).

Jononautensasie Mytammu E1338D, Q4594L, 14790M
CBSI3aHHBIC C YCTOMYMBOCTHIO K JHAMHUIY, HENABHO OBLTH
obOHapyeHbl B RyR monymsiuu P, xylostella, coOpanHoi B
Kurae (Guo et al., 2014). YacToTHBII aHAIN3 MyTaluid, IpU-
CYTCTBYIOIIMX B TOH I0JIE€BOW MOMYJISILIMM, 1TOKa3aj, 4YTO TPH
3aMEHBI IIPUCYTCTBOBAIN BO BCEX 00Opasmax, mpu 31oM 86 %
TIOMYJISIMN OBIJIM TOMO3MIOTHBIMH I10 TPEM MYTalUsM, B TO
Bpems kak mytarmsa G4946E mpucyTcTBoBasia TOJIBKO B Te-
Tepo3uroTHor (opme n Obuta oOHapykeHa Toibko B 20%
MPOAaHATM3UPOBAHHBIX 0c00sMX. DyHKIMOHATBLHOE 3HAYCHHE
STHX JOMOJHHUTENBHBIX MyTalUil B OTHOIICHUH CBS3BIBAHUS
JIMaMU/Ia U UX MOTEHIMAIbHOE BIMsHIE Ha KHHETHKY RyR ka-
HAJIOB B HACTOSIIIEE BpEMsI HESCHO.

Jlo cux mop He OBUIO OTHO3HAYHO BBISBIEHO MeETabo-
JIMYECKOW YCTOWYMBOCTH K IUAMHUIHBIM HHCEKTHILUIAM Y
P xylostella. Coobmanock o 0oiiee BBICOKOH aKTHBHOCTH
(bepmenToB 1uroxpoMa P450 (B 4.26 paza) y n1abopaTopHOi
pacel Shan-dong, ceneKTHPOBaHHON XJIOPaHTPAaHWIAIIPOIOM
B TedeHue 50 MOKOJIIEHUH, IO CPABHEHHUIO C TAKOBBIM UyB-
CTBUTENBHOI pachl. OfgHAaKO HH OOWH TeH muroxpoma P450
He ObUI MICHTU(QHUIUPOBAH KaK OTBETCTBEHHBII 33 yCTONYH-
BoIit (eHotum (Liu et al., 2015b). Hebompuiue ko3 durmeH-
THl CHHEpTHYecKoro neiicteus (2.2-2.9) Habmromammch mpu

TIPUMEHEHUN CcHHepructoB mnuneponmwiodyTokeuaa (I1I16),
mmatwiManeata (IOM) u  S,S,S-tpubytuntputrodocdara
(TBT®), Ha mONEBON yCTOWYMBON K XJIOPAHTPAHUIUIIPOIY
pace P. xylostella (Wang et al., 2013b) CpaBHeHne Tpex pac
UMEIOLIMX Ppa3Hyl0 YCTOMYMBOCTBb K XJIOPAHTPaHHJIUIIPOIY
(am3kyto 5.87 x, ymepennywo 34.65 X u BbIcOKyt0 1749.96 X)
BBIABIIIO AU (GEpEHINATBHO IKCIIPECCHPYEMBIE TPAHCKPHUII-
THI, CBSI3aHHBIE C YCTOWYMBOCTBIO K MHCEKTHIIUIAM, BKITIOYast
mryratuoH-S-tpandepassl (I'ST) n monookcurenassr P450;
OTHAKO HE OBUIO YCTaHOBIEHO YeTKOW (DYHKIIMOHAJIHHOH ac-
COLMALINK MEXy 3TUMH T€HaMH M yCTOHUYMBBIM (PEHOTHUIIOM
(Lin et al., 2013).

Pe3uCTEeHTHOCTH HACEKOMBIX K MeTa—auamuaam (opodia-
HWIAJ) B TIOJIEBEIX YCIOBUSAX Moka He BeIBIeHO (Tang et al.,
2021). Cnexyer OTMETUTb, YTO TIPH JIADOPATOPHON CENEKIINH
Opodnanmnuaom B Tedenne 10 MOKOJICHUIH y KarlyCTHOH MOJIK
P xylostella peanu3oBaHHas HaclexyeMoCcTh h2 cocraBmia
0.033, 4TO CBHUIETENBCTBYET O HU3KOM PHUCKE Pa3BUTHS pe-
3UCTEHTHOCTH Yy 3ToH packl. [lokonenne F10 He umeno me-
PEKPECTHOH YCTOMYMBOCTH K HHCEKTHLUAAM a0aMEeKTHHY
U 3HAOCYIb(aHy W XJIOpaHTpaHHIUIposry. OTMEdeHo, 4TO
yAenbHas aKTHBHOCTh BAXXHBIX (PEPMEHTOB IETOKCHKAIIMH
(MmoHOOKcHreHas muroxpoma P450, screpas u I'ST), B Teuenue
cesleKIMK He m3MeHmIack. OMHAKO 4YHCTasl penpoxyKTUBHAS
ckopocTk RO n cpennee Bpemst renepanyu T ObIIH 3HAYNTEIb-
HO HWXe, a 3HaueHue npucrnocodnenHoctu Rf (0.68) 6bu10
HEMHOTo Hike s nokojenus F11, yem misg nmoxonenus FO
(Sun et al., 2021).

3akJoueHne

WHcekTHIuabl TPyNIbl TNAMUAOB 3aHSUTH CBOH CETMEHT
PBIHKA MHCEKTHIIUJIOB, IPUMEHSAEMBIX B CEIIbCKOM XO3siiCTBE
Y MEJULINHCKON JIE3MHCEKINU. ATEHTCTBO I10 OXpaHe MPUPOI-
HBIX pecypcoB CIUIA mpunano anamMuay IUaHTPAHUIHIIPOITY
CTaTyc JEeHMCTBYIOUIETO BEIIECTBAa, HMCIONBb30BaHHE KOTOPOTO
YMEHBIIAET PUCKU JUIA OKpyskaromier cpensl. Ciemyer oTMe-
TUTb, YTO HacekoMmble, pe3ncrenTHble kK POC, kapbamaram,
MUPETPOHNIaM, OCTAIOTCSA YYBCTBUTEIBHBIMU K JUAMHUIAM.

[MToTeHnanbpHBIE TPENMYIECTBA MeTa—AnamMuaa Opodua-
HWINJA KaK IPOUHCEKTULINAA, MOYKHO TMPEICTAaBUTh KaK U3Me-
HEeHUe (PU3NKO-XMMUYECKUX CBOMCTB, BEAYIIHE K YITyUIICHHON
TUIo(UIbHOCTH, PACTBOPIMOCTH, CTAOMIBHOCTH, BIUSIOIINE
Ha CHCTEMHYIO aKTUBHOCTH, 3aMeJICHHOE JIeficTBHEe Ha Hace-
KOMBIX 1 ITOBBIIIEHHASI CETIEKTUBHOCTD [UISl HEIIEIEBBIX BUJIOB,
B CBSI3U C Pa3JIMUHBIMH ITyTIMH MeTabom3Ma. MeHee pacipo-
CTpaHEHHOE MPEUMYIIECTBO NMPOUHCEKTHLIUAOB — MOBBIIICH-
Hasl aKTUBHOCTh B OTHOIICHWU METaOOIMYECKH yCTOHYMBBIX
HoMyJsIMi HacekoMbIX. KoHKpeTHBIe cilyuau, Korjna MpOMH-
CEKTHUIMJ[ JIEMOHCTPUPYET OTPHLATENBHYI0 IEPEKPECTHYIO
PE3UCTEHTHOCTh K METAa0OIMUECKH YCTOWYMBOMN ITOIYIISLIAH

M3-3a TIOBBHIMICHHON OMOAKTHUBAIMK TMPOWHCEKTHINIA, HEON-
HOKpAaTHO OTMeYanuch 3a nmocieanue 50 net (Salgado, David,
2017, Das, Mukherjee, 2018, David, 2021). Tak, Hanpumep,
MoKa3ana OobIast HHCEKTHIIMIHOCTh IIPOUHCEKTHIIAIA XJIOP-
(denanupa (Tpyrmna TUPPOJIOB) IAJIs PE3UCTCHTHBIX K MUPETPO-
ngam komapoB poxa Culex (Yuan et al., 2015, Raghavendra
et al., 2011) u myx-xuranok Haematobia irritans (Sheppard,
Joyce 1998). ABTOpBI CBSI3BIBAIOT ATOT (haKT C MOBBIIICHHBIM
ypoBHEM HUTOXpOM P450 3aBUCUMBIX MOHOOKCUTE€HA3 Y PE3H-
CTEHTHBIX MOIYJIALUHI, KOTOpbIE YYaCTBYIOT B MPEBPAICHUN
MIPOMHCEKTHUIN/IA B AKTUBHBIA META0OJIHT.

B cBs3U ¢ BBICOKOW PE3WCTEHTHOCTHIO K TPAIWIIMOHHO
MPUMEHSIEMbIM WHCEKTHIMAAM KaK BPEIHUTENCH CeJIbCKO-
TO XO3SHCTBAa TaK M CHHAHTPOITHBIX HACEKOMBIX — OOBEKTOB
MEIMIMHCKONW NE3MHCEKIMH HEeOOXOAMMO COOIIOIaTh CXEMBI
pOTALMU MHCEKTHUIMIIOB, BKJIOYasi B HUX KaK MOXHO OOJIblle
COCIMHEHUH, 00IagaromuX pa3TNIHBIMA MEXaHU3MaMH Jei-
crBus. [lpenaparbl Ha OCHOBE IUAaMHUIOB M METa—/IWaMUIOB
JOJDKHBI 3aHATH B pa3pabaThIBaeMBIX CXEMax POTALUU J0-
CTOMHOE MECTO.
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The review summarizes and analyzes the data on the practical efficacy, mechanisms of action and insect resistance
to insecticides belonging to the groups of diamides and meta-diamides. The prospects of their application in Russia in
agriculture and medical disinsection are considered. Insects resistant to organophosphorous compounds, carbamates and
pyrethroids remain susceptible to diamides and meta-diamides. Broflanilide is described in detail as a pro-insecticide
which is transformed into desmethylbroflanilide within arthropods’ organism and acquire physicochemical properties
which provide improved lipophilicity, water solubility and stability. As a result, systemic activity is modulated, action
against harmful insects is slowed down and selectivity of the insecticide is increased. In several countries of the world
where diamides are widely used to control agricultural pests, high resistance of several species of noctuids, diamondback
moth, pyralid moths, tomato leafminer, etc. has been established. The key factors that determined the resistance to diamide
in Thailand are the lack of insecticide rotation, minimal crop rotation, insufficient insecticide dosing, and irrigation. It is
necessary to introduce diamides and meta-diamides into the insecticide rotation schemes in order to control the insects
resistant to traditionally applied compounds.
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DOES ARBUSCULAR MYCORRHIZA FAVOR INVASION OF SOME ASTERACEAE TRIBES?
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Invasive species, including more than three dozen Asteraceae, such as Solidago canadensis, Leucanthemum vulgare,
Senecio inaequidens etc, pose serious threat to ecosystem health. Arbuscular mycorrhizal symbiosis is a key factor for
distribution of invasive species of some Asteraceae tribes, including Astereae, Anthemideae, Senecioneae, Gnaphalieae,
Cardueae, and Cichorieae. The formation of invasion-friendly plant communities has occurred through increasing nutrient
and water availability, hormonal regulation, production of bioactive compounds, and mycorrhiza-induced resistance of
host plants. Native species are displaced through the influence on soil microbiota, mycorrhizal and nutrient status of
neighboring plants, and several other parameters. Allelopathic influences and symbiotic interactions with bacteria and
other fungi can inhibit these processes. Understanding the mycorrhizal status of invasive weeds, in our opinion, is a

necessary condition for their successful control.

Keywords: common mycorrhizal networks, invasive weeds, Cardueae, Asterecae, Anthemideae, Senecioneae,

Cichorieae
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Invasive weeds, including more than three dozen species
of Asteraceae, pose serious threat to ecosystem health
(Medve, 1984; Mehraj et al., 2021). An important feature of
Asteraceae, which often manifests itself alongside allelopathic
effects, is the ability to form arbuscular mycorrhiza (AM)
and common mycorrhizal networks (CMN) (Bongard et al.,
2013; Yuan et al., 2014; Li et al., 2016; Chagnon et al., 2019;
Qin, Yu, 2019). For invasive species like Solidago canadensis
(Astereae), Helianthus tuberosus (Heliantheae), and Echinops
sphaerocephalus (Cardueae), it was shown that AM and CMN
contribute to their distribution and introduction successes
(Bongard et al., 2013; Dong et al., 2015, 2021, Awaydul et al.,
2018, Rezadova et al., 2020, Nacoon et al., 2021). Analysis of
scientific literature has established four tribes (Anthemideae,
Astereae, Cardueae and Senecioneae) that rely on AM in
their distribution (Table 1, Fig. 1). In addition, the analysis of
about 40 thousand nucleotide DNA sequences of fungi from
32 genera in Asteraceae family contained in NCBI database
and including the most noxious weeds was carried out. The
percentage of AMF occurrence among all fungi associated
with theseplants was calculated. The soil mycobiota of
Senecioneae, Anthemideae, Astereae, Gnaphaliae, Cichorieae,
and Cardueae tribes was represented by AMF in more than
50% of the cases. It was also revealed that the mycobiota
of monophyletic Senecioneae, Anthemideae, Astereae, and
Gnaphalieae tribes contain AMF species belonging to four
orders (Paraglomerales, Archaeosporales, Diversisporales, and
Glomerales). In contrast, the Cichorieae and Cardueae tribes
are associated mainly with Glomerales (Malygin, Sokornova,
2021). We believe that AM is the key factor for invasion of the
species belonging to these tribes.

Senecioneae, Anthemideae, Astereae, and Gnaphalicae
tribes originated in South Africa (Mandel et al., 2019). It is
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possible that mycorrhiza helped them to spread around the
world.

AM is the most ancient and frequent type of mycorrhiza. It
is suggested that mycorrhiza helped first plants to leave water
and adapt to the aridity of land about 450 million years ago
(Provorov, Shtark, 2014; Redecker et al., 2000; Rich et al.,
2021).

Assessment of host specificity in mycorrhizal communities
is difficult due to the large phylogenetic diversity of plants
and fungi that can form AM. Earlier, it was believed that
AMEF are associated with a wide range of plants (Molina et al.,
1992). However, more and more data are now emerging that
reveal the association of different genotypes of AMF withh
geographic regions or/and host-plant species (Alguacil et al.,
2019). Changes in AMF composition of the soil biome occur
simultaneously with the development of plant communities
(Opik et al., 2013; Mony et al., 2021).

AM can significantly improve plant nutrition, water
availability, soil structure and fertility, as well as stress
resistance and tolerance (Augé, 2001). For example, AM
reduces stress consequences caused by pathogens, heavy
metals, and soil salinization (Jentschke, Godbold, 2000;
Harrier, Watson, 2004; Whipps, 2004; Smith, Read, 2008).
Plants do not receive large benefits from AM when there is high
availability of nutrients, but AM enhances plant development
under conditions of nutrient deficiency (Hopfner et al., 2015).
Depending on the timing of S. canadensis invasion in arid
habitats, the relative abundance of the two dominant AMF
species significantly varied. For example, on the Chongming
island, China, in dry habitats AMF colonization rate increased
with distribution of S. canadensis but in lowland habitats
there was no such effect (Jin et al., 2004). AMF can stimulate
seed germination, enhance growth, and improve the synthesis
of biologically active compounds of plants. For example,

© Malygin D.M., Mandryk-Litvinkovich M.N., Sokornova S.V., published by All-Russian Institute of Plant Protection
(St. Petersburg). This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/).
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Table 1. Distribution and proven ability to form AM of some species of Asteraceae family
Species Tribe Geographic origin Establ} shme.:nt and spread AM Reference
of invasive species
. . . Europe, Northern North and South Americas, Australia, .
S . ; +
Anthemis arvensis Anthemideae Africa New Zealand, Africa Symbio data
. . Mediterranean Europe, North and South Americas, Australia,
+
Anthemis cotula Anthemideae Northern Africa North-East Asia, Europe, Siberia Shah et al., 2008
Anthemis tinctoria Anthemideae Northern pan of Southern Europe, Ea.Stem Asia, North + Symbio data
Eurasia America
Artemisia campestris Anthemideae | Eurasia, North America — + Symbio data
Artemisia maritima Anthemideae Europe, Siberia — + Symbio data
Artemisia verlotiorum Anthemideae China Eurasia, Africa, Austraha_, New Zealand, + Kempel et al., 2013
North America
Artemisia vulgaris Anthemideae Eurasiz,frli\lczrthem North America + Symbio data
China, India, North America, southern
Leucanthemum vulgare | Anthemideae | Europe, Central Asia part of South America, South Africa, + Noori et al., 2014
Australia, New Zealand
Eastern and Central Western Europe, Eastern Asia, Australia,
Tanacetum vulgare Anthemideae New Zealand, North America, + Lucero et al., 2020
Europe .
southern part of South America
Tz.macet.z{m . Anthemideae Balkan Peninsula — + Waceke et al., 2002
cinerariifolium
Tanacetum parthenium | Anthemideae | South-West Europe Europe, North America, Chile - Symbio data
.T”p leurospermum Anthemideae Eurasia North America + Symbio data
inodorum
Trip {E.ZH'OSp ermum Anthemideae Northern Europe — + Symbio data
maritimum
Erigeron annuus Astereae North America Western Europe, China + Gucwa-P;zOelp 610ra etal,
Erigeron canadensis Astereae North America Eurasia, Australia, New Zealand, + Rezacova, 2020
North Africa
North America, northern and eastern parts
Erigeron karvinskianus Astereae Central America of South America, Africa, South-West + Oliveira et al., 2005
Asia, Australia, New Zealand
Solidago canadensis Astereae North America Europe, Russia, China, Indla,. Australia, + Awaydul et al., 2018
New Zealand, Brazil
Solidago gigantea Astereae North America Europe, Asia + Harkes et al., 2021
Solidago nemoralis Astereae North America — + | Cumming, Kelly, 2009
Solidago virgaurea Astereae Europe — + | Betekhtina et al., 2016
Symphyotrichum x I . Pendergast IV et al.,
. Astereae Europe Western Siberia, Far East of Russia, Japan | +*
salignum 2013
Symphyotrichum subu- Astereae Southern USA, Mex1- China, Iran, South Korea + Wang et al., 2021
latus co, South America
Arctium lappa Cardueae Eurasia North America, Australia, New Zealand + Symbio data
Carduus nutans Cardueae Eurasia North America, Argentina, Australia, - Wardle et al., 1998
New Zealand
Centaurea cyanus Cardueae Central Europe Eurasia, North America, Australia + Symbio data
Centaurea maculosa Cardueae Eastern Europe North America, New Zealand, + | Mummey et al., 2006
Western Europe
Centaurea melitensis Cardueae Northern Africa, South- USA, New Zealand,. Australia, + Callaway et al., 2001
ern Europe South America
. Mediterranean Europe, | Eurasia, North America, Southern South
+
Centaurea solstitialis Cardueae Northern Africa America, Australia, New Zealand Waller et al., 2016
Cirsium arvense Cardueae Southeastern Europe Eurasia, Australia, New Zealand, + Eschen et al., 2010
’ ; P South Africa, North America ?
f;j;mp s sphaeroceph- Cardueae Southeastern Europe Europe, USA + | Rezadova et al., 2020
. L . . . . Australia, New Zealand, South Africa,
+
Cichorium intybus Cichorieae Eurasia, North Africa North and South America Awaydul et al., 2018
Hieracium alpinum Cichorieae Europe — + Symbio data
Hieracium bifidum Cichorieae Europe — + Symbio data
Hieracium lachenalii Cichorieae Europe North America, Australia + Symbio data
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Table 1 continued
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Species Tribe Geographic origin Establ} shmf.:nt and spread AM Reference
of invasive species

Hieracium oistophyllum | Cichoricae Europe — + Symbio data
Hieracium umbellatum Cichorieae | Eurasia, North America — + Symbio data

. . . . North America, Russia, Mongolia, Japan,
Pilosella aurantiacum Cichorieae Europe . + | Weed Control..., 2013

Australia, New Zealand

. . . . Europe, South-West . . .

Pilosella officinarum Cichorieae Asia North America, Argentina, New Zealand | + Hopfner et al., 2015
. . . Asia, Australia, New Zealand, .
Sonchus arvensis Cichorieae Europe North America, few regions of Africa + Symbio data
. . . Eurasia, North and South America, .
Taraxacum officinale Cichorieae Greece South Africa, Australia, New Zealand + Mariotte et al., 2012
Bidens frondosa Coreopsideae North America Eurasia, New Zealand, Marocco + Stevens et al., 2010
North America, Africa, Western Europe,

. . . South and Central South-West Asia, Australia, New Zealand

Bidens pilosa Coreopsidea America and islands across Indian and Pacific " Zhang etal., 2018
oceans
Coreopsis drummondii | Coreopsideae North America North and South Korea, Japan + Chen et al., 2007
Coreopsis grandifola Coreopsideae North America Europe + Yanfang et al., 2012
South and South-East Asia, Australia,
Ageratina adenophora Eupatoriecae Central Mexico New Zealand, Western Europe, + Lietal., 2016
few regions of Africa
Praxelis clematidea Eupatorieae South America China, Thailand, Australia - Intanon et al., 2020
Gnc.zp ha{mm Gnaphalieae USA — + | Vogelsang, Bever, 2009
californicum
Gnaphalium supinum Gnaphalieae | Eurasia, North America — + Symbio data
Gnaphalium sylvaticum | Gnaphalieae | Europe, North America — + Symbio data
Gnaphalium uliginosum | Gnaphalieae | Eurasia, North America — + Symbio data
Ambrosia artemisiifolia Heliantheae North and Central South America, Eurasia, Australia., 4 Fumanal et al., 2006;
: America New Zealand, North and South Africa Zhang et al., 2018
Ambrosia psilostachya Heliantheae | Western North America Europe, India, Japap, Australia, + | Montagnani et al., 2017
South Africa
Helianthus annuus Heliantheae North America — + Symbio data
. . . Eurasia, southern part of South America,
Helianthus tuberosus Heliantheae North America . + Nacoon et al., 2021
Australia, New Zealand
Senecio jacobaea Senecioneae Eurasia North America, Brazil, Australia, + Symbio data
New Zealand
Senecio vulgaris Senecioneae Eurasia, porthem North America, sou.them part of South N Symbio data
Africa America, Australia, New Zealand

* AM was detected in the parental form Symphyotrichum novae-angliae.
multifaceted effects on herbivores and growth of host plants  such as Heterodera, Meloidogyne, Pratylenchus and

were demonstrated (van der Heijden et al., 1998; Bennett,
Bever, 2007; Smith, Read, 2008).

Cuccess of mycorrhizal colonization of plants may also
depend on the soil state. In the case of invasive Ambrosia
artemisiifolia, for example, the most intensive mycorrhizal
colonization was observed in disturbed areas such as roadsides
and wastelands while the minimal percentage of mycorrhizal
colonization occurred in cultivated areas. This may be due
to the differences in physicochemical properties of soils
(soil texture, moisture, pH, nutrients) or to the cessation of
agricultural methods such as application of fungicides or soil
tillage (Fumanal et al., 2006). Moreover, the unfavorable
ecological factors (acid precipitation, soil contamination by
heavy metal ions, herbicides, etc.) can promote an invasion
enhanced by AM (Richardson, Pysek, 2012).

AM can inhibit soil pathogens such as Aphanomyces,
Cylindrocladium  spathiphylli, Fusarium, Macrophomina
phaseolina, Phytophthora, Pythium, Rhizoctonia, Sclerotinium,
Verticillium, and Thielaviopsis basicol, as well as nematodes

Radopholus (Harrier, Watson, 2004; Zhang et al., 2009; 2011).
The soil microbiota in this case depends on the plant species
and AM genotype. AMF are also able to induce nonspecific
immune responses in their host plants (Qu et al., 2021). In
turn, bacterial soil community can inhibit the development
of AMF. For example, analysis of microbial community of
Arctium lappa (Asteraceae) rhizosphere showed exceptionally
low level (0.05%) of AMF in presence of a diverse bacterial
community (Xing et al., 2020).

There is a relationship between AM and the synthesis of
plant phytohormones (Hanlon, Coenen, 2011). Sometimes,
allelopathic effects on native flora were observed along with
AM. Classic examples of such Asteraceae plant invasions
are those of Solidago canadensis (Astereae) and Centaurea
maculosa (Cardueae) (Yang et al., 2007; Abhilasha et al., 2008;
Zhang et al., 2009; Yuan et al., 2013). However, there are also
examples of invasions that rely on allelopathic effect only,
including Carduus nutans (Cardueae), Praxelis clematidea
(Eupatorieae), and Mikania micrantha (Eupatorieac) (Wardle
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Figure 1. The occurrence of AMF among Asteraceae tribes. Phylogenetic relations of weed species representing the respective

tribes are inferred from a 342 bp long rDNA sequence dataset

(18S ribosomal RNA gene, partial sequence; internal transcribed

spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence) using the Maximum Likelihood
method based on the Tamura-Nei model. The bootstrap consensus tree is obtained using 400 replicates in MEGA7 (Kumar et
al., 1993). Branches corresponding to partitions reproduced in less than 40 % bootstrap replicates are collapsed

et al., 1998; Chen et al., 2017; Intanon et al., 2020). AM can
influence foliar fungal endophyte community, as it was shown
in vitro for Cirsium arvense (Eschen et al., 2010).

Competitiveness of invasive and native plants can be
influenced by CMN, which simultaneously colonize root
systems of several plants, affecting ecosystem processes and
dynamics of plant communities (Selosse et al., 2006; Horton,
van der Heijden, 2008; van der Heijden, Horton, 2009; Horton,
2015). A necessary condition for the formation and functioning
of a mycorrhizal network is the ability of neighboring plants
to be colonized by CMN (Lucero et al., 2020). Structures of
mycorrhizal networks depend on the composition of plant
species in a given area (Chagnon et al., 2019). The formation
of mycorrhizal network was demonstrated for Tanacetum
vulgare, S. canadensis, and Cichorium intybus (Awaydul et
al., 2018; Lucero et al., 2020).

CMN serve as conductor of various signaling and
allelochemical compounds (Barto et al., 2011; Babikova et al.,
2013; Johnson and Gilbert, 2015). They also participate in the

distribution of mineral nutrients between the plants (Walder
et al., 2012; Merrild et al., 2013; Weremijewicz, Janos, 2013;
Fellbaum et al., 2014; Jakobsen, Hammer, 2015; Walder, van
der Heijden, 2015; Weremijewicz et al., 2016, 2017). For
example, CMN promotes the growth of Linum usitatissimum
(Linaceae) by transferring nitrogen, phosphorus, and carbon
from Sorghum bicolor (Poaceae) (Walder et al., 2012). It is
interesting to note that the functioning of the CMN depends
on physiological characteristics of participating plants as well.
For example, some AM fungi supply nitrogen preferentially
to large light-loving plants (Weremijewicz et al., 2016). CMN
of the invasive S. canadensis enhances the uptake of nitrogen
and phosphorus and, consequently, enhances the growth
of this plant by decreasing the uptake of these elements by
Kummerowia striata (Fabaceae). Thus, CMN influence
on intraspecific and interspecific competition via unequal
distribution of mineral nutrients between plants.

Plants connected through CMN can quickly change their
behavior in response to external factors. This is manifested
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by a change in the growth rate of roots and shoots, in the
processes of photosynthesis and nutrition, and in the plant
defense reactions. It was shown that Tanacetum vulgare in
association with Solidago canadensis was less attacked by
insects and tolerated losses of biomass to a greater extent than
the association-free plants (Lucero et al., 2020). The process
of CMN development by an invasive plant can affect plant
communities, including intra- and interspecific interactions,
species coexistence, and biodiversity. These changes are
wave-like (Gorzelak et al., 2015).

AM is formed by fungi of the subphylum Glomeromycotina
(phylum Mucoromycota) (Spatafora et al. 2016). Currently,
species of Glomeromycotina are arranged in three classes, five
orders, 16 families, and 41 genera (Goto, Jobim, 2018). The
largest order is Glomerales, comprised by about 230 species
(Bagyaraj, 2014; Spatafora et al., 2016). According to NCBI,
plants in the subfamily Asteroideae are frequently associated
with Glomus, Claroideoglomus, Rhizophagus, Septoglomus,
Funneliformis, Paraglomus, Diversispora, Acaulospora,
Achaeospora, Scutellospora, and Pacispora.

There are certain difficulties associated with the
identification of these fungi. AMF do not grow on artificial
media. Therefore, traditional method for detecting AM is
microscopic identification. There are many morphological
types of mycorrhizas (Beck et al., 2007). Molecular research
methods used for detection of AMF include nucleic acid
amplification techniques, DNA sequencing, and next-
generation sequencing (NGS). As many as ten pairs of primers
are designed on the base of the LSU-ITS-SSU rDNA to
perform phylogenetic analysis with species level resolution
(Schwarzott, Schiiller, 2001; Da Silva et al., 2006; Walker
et al., 2007; Gamper, Leuchtmann, 2007; Kriiger et al., 2009;

Kohout et al., 2014; Morgan, Egerton-Warburton, 2017; Higo
et al.,, 2020). By a high coverage reference transcriptome
assembly of pea Pisum sativum mycorrhizal roots, gene
markers of AM development were discovered (Afonin et al.,
2020). The study of homologous genes can be used to develop
methods for assessing the development of weed AM.

To explain the relationship between AM and invasive
plants, two hypotheses have been proposed: the enhanced
mutualism (Reinhart, Callaway, 2006) and the degraded
mutualism (Vogelsang, Bever, 2009). The first one suggests
that invasive plants enhance their competitiveness in the
presence of AM. The second one assumes that invasive plants
do not form AM, but disrupt mycorrhizal associations among
native plants, thereby weakening them and facilitating the
process of invasion. Even though researchers contrast the
hypotheses of enhanced and degraded mutualism (Shah et al.,
2009; Bunn et al., 2015), in our opinion, these are two sides
of the same coin. We assume that both scenarios are realized
in nature and the prevalence of one over another is determined
by the host-plant species and features of ecosystem. Invasive
plants of some Asteraceae tribes implement the enhanced
mutualism scenario.

Thus, we suggest that AM and CMN favor invasion of
Cardueae, Astereae, Anthemideae, and Senecioneae tribes of
Asteraceae family. Benefits provided by AM and CMN allows
alien species to successfully invade to new areas. Therefore, it
is necessary to take this into account when developing measures
to control the invasion of Asteraceae weeds. Suppression
of AMF in soil may possibly help to control invasive plants
of the Asteraceae family without affecting plants that are
independent of AM.
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CIIOCOBCTBYET JI1 APBYCKVIIAPHASI MUKOPU3A NHBA3MU BUJ1OB ASTERACEAE?

J.M. Maneirun'!, M.H. Manapuk-JluteunkoBuy?, C.B. Cokopaosa'*

! Becepoccutickuil nayuHo-ucciedogamensekull uncmuniym sauumut pacmenuil, Cankm-Ilemep6ype, Poccus
2Unemumym muxpobuonozuu, Hayuonanvnas akademus nayx, Munck, Benapyce

* omeemcmeeHblll 3a nepenucky, e-mail: svsokornova@vizr.spb.ru

Bornee Tpex necaTkoB BUIOB ceMeiicTBa Asteraceae, Takux Kak Solidago canadensis, Leucanthemum vulgare, Senecio
inaequidens etc, SBISIOTCS WHBAa3WBHBIMH W TPEACTABISIFOT CEPhE3HYIO OMACHOCTH JUISL 3KOCHCTeM. ApOycKynspHas
MHUKOpH3a SIBIISICTCS KJIFOYEBBIM (DAKTOPOM PACIPOCTPAHCHUS WHBA3WMBHBIX PACTCHUI HEKOTOPBIX TPHO cemelcTBa
Asteraceae, Bkirouas Astercae, Anthemideae, Senecioneae, Gnaphalieae, Cardueae, u Cichoricac. dopmupoBanue
JIPY>KECTBCHHOTO JJI1 WHBA3MBHOTO PACTCHHs (PUTOICHO3a MPOMCXOIUT, B TOM YHKCIEC, 3a CUCT YBEIUYCHHS JTOCTYIA
MUTATEIBHBIX BEIIECTB U BOJbI, TOPMOHAJIBHOU PEry/SIIIUA M CTUMYJIMPOBAHUS HECIEHU(UUECKOTO HMMYHHOTO
OTBETa PACTCHUSI-XO3sIMHA, U3MEHEHHS MUKOPH3HOTO CTAaTyCca OKPYXKAIOIINX BUOB, MEpepaCTpeIeIeHUs] MEXY HUMHU
MUTATEIbHBIX BEIIECTB, MOABICHUS IIOYBCHHON MUKPOOHMOTHI U T.JI. AJUIEIONATHYECKUE BO3AeHCTBUS Ha AM CO CTOPOHBI
MOYBEHHBIX MUKPOOPTaHU3MOB M JIPYTHX BHJIOB PACTCHUN MOTYT CAEPKUBATh 3TOT mpoiiecc. [loHMManne MUKOPH3HOTO
CTaTyca HeXelarelIbHON PacTUTEIbHOCTH, Ha HAIIl B3IVISLI, SIBJISETCS HEOOXOMUMBIM YCIOBHEM JUISl YCIIEITHOTO OOPHOBI €
HEH.

KaioueBbie cioBa: apOycKyJsspHbIe MHUKOPH3HBIE CETH, HMHBa3MBHbIe cOpHbie pacteHus, Cardueae, Astereae,
Anthemideae, Senecioneae, Cichorieae
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KOHTAMMHAIIMA 3EPHA B 3AIIATHOM CUBUPU
I'PUBAMMU ALTERNARIA 1 UX MUKOTOKCHHAMM

A.C. Opuna'*, O.I1. I'aspuiosa’', T.FO. I'arkaesa', H.H. I'oruna’

!Bcepoccutickuti hayuno-ucciedogamenvckuil uncmumym sawumsl pacmenut, Cankm-Ilemepoype
2Bcepoccuiickuil HAyHHO-UCCIe006AMENbCKUL U MeXHORo2u ecKull uncmumym nmuyesoocmea, Cepeues Iocao

* omeemcmeeHHblll 30 nepenucky, e-mail: orina-alex@yandex.ru

Briepsrre, ¢ momomnipio pean-taiim I[P, moarBepxeHa BbICOKas MOBCEMECTHas BCTPEYaeMOCTh TIprOOB pona
Alternaria, oTHOCSINXCS K IBYM CEKLWSIM Alternaria v Infectoriae, B 3epHe IIIEHULIBI, TIMEHS U OBCA, BHIPAILICHHBIX B
3amagnoi Cubupu B 2018-2019 rr. Coneprkanne JJHK rpubos ceximu Alternaria Bapsuposaio ot 53x104 10 21731x10*
II/HT 1 B cpeaHeM npesbimano cogaepxanue JJHK rpubos cekiuu Infectoriae B 4.5-14.6 pa3, B 3aBUCUMOCTH OT BHA
3€pPHOBOM KYJIBTYpBI U rozia ypoxas. B 3epHe oBca konnuectBo JJHK rprboB obenx cekuuii B cpeiHeM ObUIO HHKE, YEM B
3epHE MIICHUIBI 1 sTuMeHs. Hanbonee nHPUIIMPOBaHHBEIMU TPUOaMU ceKIK A/ternaria siBISITICH 00pa3iibl 13 AITaHCKOTO
kpas. C momompio BOXX-MC/MC mukotokcuss! ansrepHaproi (AOJI), MoHOMETHITOBEIH ¢up ansrepHapuona (AMD),
tenTokcnH (TEH) m temyaszonomas kuciorta (TK), mpomymmpyemsie rpubamu ponma Alternaria, 6bimM 0OHApPYKEHBI
COOTBETCTBEHHO B 23 %, 6%, 85% u 83 % mnpoaHann3npoBaHHBIX 00pa3noB 3epHa. CoueTaHHe BYX MHUKOTOKCHHOB
(mpeumymectBenHo TEH u TK) BeisiBieHo B 61 % 00pa3uoB, Tpex MUKOTOKCHHOB — B 19% 00pa3uoB, ¥ TOIBKO OIUH
o0paser] cofeprkan Bce YeThIpe MUKOTOKCHHA. B OONbIIMHCTBE ciIydaeB, cofepskaHne aJbTepHAPHOTOKCHHOB B 3€pHE HE
npebimano 100 Mxr/kr, 1 Tonbko 11t TK BeIsiBIICHBI O0ee BEICOKHe KomdecTBa — oT 113 1o 14963 MKT/KT. YcTaHOBIIEHBI
pas3IuYusl 36PHOBBIX KyJBTYP 110 KOINYECTBY HAKAIUIMBAEMBIX aJIbTEPHAPHOTOKCHHOB: B 3¢PHE 0BCA 0OHApYKEHO OoIblIe
AOJI, AMD, a B 3epHe stumenst meHbiie TEH. BrisiBneHa Beicokast ocToBepHasi CBsi3b Mexxay konuuectBamu JJHK rpr6os
cexuu Alternaria n TK, uro yka3pIBaeT Ha pojb IPUOOB 3TOM CEKLIMH KaK OCHOBHBIX IPOIYLIEHTOB 3TOTO0 MHKOTOKCHHA

B 3€pHE.

Kurouessle cnoBa: [IHK, Alternaria, Infectoriae, pean-taiim I1LP, BOXX-MC/MC, MUKOTOKCHHBI

Hocmynuna 6 pedakyur.: 19.05.2021

lpunama k neuamu: 10.09.2021

BBenenue

Cubupckuii GpenepalibHbIil OKPYT BXOJHUT B UUCIIO JIHJEPOB
3epHONPOU3BOIALINX PerHoHOB Poccun. OCHOBHOM 3€pHOBOIT
KyJBTypOH, BO3/IEIBIBAEMOIl B 3TOM pETHOHE, SIBISETCS SPO-
Basl IMIIEHHIA — €€ MOCEBHBIC IUIOMAN €KETOAHO COCTABIIS-
10T 40—45 % ot ob1meit moceBHOI MIOmMaan B cTpaHe. Taxxke
37IeCh IMPOKO BhIpammuBaioT oBec (40 % ot oOIel moceBHOM
wromaa) u spooit ssumens (15%) (PenepanbHas ciayxoda
rocynapctBeHHOH ctaructuku, 2020). KagectBo 3epHa cymie-
CTBEHHO BIIMSIET KaK Ha NOTpeOIeHNE TOIyYeHHOTO ypoXas B
MUIIEBBIX U KOPMOBBIX 1IEJIsIX Ha TeppuTopun Poccuu, Tak u
Ha 00BEMEBI IKCIIOPTA.

MOHHTOPHHT 3apakKEHHOCTH 3epHa I'pudamMH Bcerna ax-
TyaJieH, TIOCKOJIBKY BHJOBOH COCTaB MHKOOHMOTHI TMHAMHUYCH
W3-3a BIMSHUA HPUPOAHBIX W AHTPOIOTCHHBIX (DaKTOPOB.
OcobeHHOEe BHMMaHHE HMCCIIENOBaTeIeH MPUBICKAIOT TPUOHI,
crocoOHbIe 00pa30BbIBaTh BTOPHYHBIE TOKCHYHBIE META00ITH-
ThI — MUKOTOKCHHBI, HETAaTUBHO BIIMSIONINE HA OPraHU3M I10-
TpeOuTens 3epHa.

B nocnennue rogsl, KpoMe TPAIUIIMOHHO HCIOJIB3yEMBIX
METOJIOB OIpEJIe/ICHNs 3apaKEHHOCTH 3ePHA Ha MHUTATENIbHBIX
araprM3oBaHHBIX Cpe/laX WM B PYJIOHaX (QUIBTPOBAIBHON Oy-
Mary, Hadajld aKTUBHO HPUMEHSTHh MOJIEKYJSIPHBIE METOJbI
anammza ([arkaea u nmp., 2017; Kulik et al., 2017; Kapako-
TOB | 1., 2019; Opuna u ap., 2020). Metox pean-taiim [1L[P

M03BOJISIET OBICTPO M OOBEKTUBHO OLEHUTH KOJMYECTBEHHOE
MIPUCYTCTBUE B 3€pHE PA3IMYHBIX BUAOB I'prHOOB MO cozep-
xaanto ux JJHK, nckimrouas ommOky naeHTUPUKAIINNA TaKCO-
HOB, ¥ KapAUHAIBHBIM 00pa30M MEHSsI MHOTHE CIIO)KUBIIHECS
MIPEJCTAaBICHNS O MUKOOHOTE 3epHa.

HccnenoBanusi 3apaKeHHOCTH TPHOaMHU 3€PHOBBIX KYJIb-
Typ, BBIpallleHHBIX B 3amagHoid CuOWpH, AEMOHCTPHPYIOT
npeobmagarane rpuboB poma Alternaria Nees B MHKOOHOTE
3epHa (TopomoBa m ap., 2015). Tounas mopdomormueckas
uaeHTH(UKALUS STHX TPUOOB 3aTpyAHEHA M3-33 PACIUIbIBYA-
TBHIX TPaHMIl BUJIOB U 0€3 NMPHBIIEUYEHHUS MOJIEKYISIPHBIX METO-
JIOB BO3MOXKHA TOJILKO J10 ypoBHs cekuuii (Gannibal, 2018).
[Moka3zaHo, 4TO B MHKOOHOTE 3epHa NPeo0IaaaloT NpeCTaBy-
Tenm cekunit Alternaria Lawrence, Gannibal, Peever & Pryor
u Infectoriae Woudenb. & Crous (Ianau6ai, 2014; Gannibal,
2018; Opuna u ap., 2020).

Kpome Toro, nmoreHuman o0pa3oBaHHUs BTOPUYHBIX MeETa-
OOJIMTOB y IITAMMOB BUIOB CeKIU Alternaria u Infectoriae
MOXET CyIIECTBeHHO pasnmuarbes (Tralamazza et al., 2018;
Zwickel et al., 2018; Kononenko et al., 2020; Masiello et al.,
2020; Jiang et al., 2021). MHorue BTOpHYHBIE METAOOIUTHI
rpuboB Alternaria sBnAOTCS (PUTOTOKCHHAMH, CIIOCOOCTBYIO-
oMy KooHm3anuu pactenuit rpudamu (Kang et al., 2017),
U MHUKOTOKCHHAMH, OKa3bIBAIOIIMMH HETaTHBHOC BIMSHUE

© Opuna A.C., I'appunosa O.I1., I'arkaesa T.1O., Toruna H.H. Crarks OTKpBITOT0 10CTYyIA,
nyonukyemast Beepoccuiickum nHCTUTYTOM 3aniuthl pactenuii (CankT-IlerepOypr) u pacnpocTpaHsemas Ha YCIOBHIX
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Ha OpraHm3M dYejoBeka i >kuBOTHBIX (Lou et al., 2013;
Tralamazza et al., 2018). K nanbGonee pacrnpocTpaHeHHBIM
ANBTEPHAPUOTOKCHHAM B 3€pHE OTHOCATCS aJIbTepHapHOI
(AOJI), moHOMeTHIIOBBIH 3dup anbTepHapuona (AMD), TeH-
tokcruH (TEH) u tenyazonoBas xucmora (TK) (Alexander et
al., 2011; Fraecyman et al., 2017). IIpennonaraercs, uro AOJI
1 AMD MOryT OKa3bIBaTh T€HOTOKCHYECKOE, MyTareHHOE U
KaHIIEpOTreHHOE JeHCTBHE Ha Jrofiel 1 xHUBOTHBIX (Alexander
etal., 2011). TK sBnsercs nHrHOUTOPOM CHHTE3a Oenka U 060-
nee TokcuuHa, yeM AOJI u AMD (Lou et al., 2013). Hecrneru-
buunbnii st Xo3suHa puToTokcuH TEH momasnseT pa3Butue
XJIOPOILIACTOB, BEI3BIBas XJ10po3 pactenuii (Lou et al., 2013).

MOHI/ITOpHHFOBLIe ucciieJoBaHuA 3arpAa3HCHUA 3€PHOBBIX
KyJIBTYp aJbTEePHAPHOTOKCHHAMHY M UX MPOLYLIEHTAMH Ha Tep-
putopun Poccuy Hayamu NPOBOAMTHCS CPABHUTEIBHO HENaB-
HO (Gannibal, 2018; Kononenko u np., 2020; Opuna u 1p.,
2020). B nepByto ouepenn, 3TO CBA3aHO C OTCTaBaHUEM aJICK-
BaTHON NMPHOOPHOW 0a3bl I MPOBENEHHUS MOJIEKYISPHBIX U

Xpomarorpauiecknx HMCCIENOBaHUH, U OTCYTCTBHEM HOP-
MaTHBHOW 0a3bl, peTIaMEHTHPYIOMIEH comep kaHue MUKOTOK-
CUHOB I'pu0O0B pona Alternaria B 3epHe. Ha ocHOBe TOKCH-
KoJloruueckux uccnenosanuii B Espormeiickom Coroze ObLI10
NPEIUIOKEHO BBECTH OrpaHnyueHue Ha coxepxkanue TK B mpo-
nykTax jgerckoro mutanus — He 6omee 500 mxr/kr (Rychlik
et al., 2016). B 2019 . ObuI BBINTYIIIEH TPOEKT PEKOMEHTAINI
komuccun EBpomneiickoro Coro3a, Npeaararoiiyx ycTaHO-
BUTH KOHTPOJIGHBIC 3HAYCHHS TPEX MHKOTOKCHHOB IPHOOB
Alternaria — AOJI, AMD u TK B numieBsIx IpoayKTax Ha OC-
HOBE 3JIaKOB JUTSI MJIAJICHIIEB M JIeTel MJI/IIIEro Bo3pacTra Ha
ypoBHe 5, 5 u 500 mxr/kr, coorBercTBeHHO (Food Chemistry
Institute..., 2020).

Leabio ncciieoBaHMs SBISIIOCH ONPE/IeNICHNE 3arpsi3He-
HUSI 36PHOBBIX KYJBTYP, BBIPAIIMBAEMBIX B Pa3sHbIX 00J1acTsX
Samagaoit Cubupu B 2018-2019 rr., rpubamu Alternaria n
MPOAYLUPYEMBIMH MU MHKOTOKCHHAMU.

MaTepna.nbl H METOAbI

[Ipoananu3upoBanu 41 obpazen 3epHa ypoxkas 2018 T
n 34 obpasna — 2019 1., coOpaHHBIX B pa3lIMYHBIX 00IACTIX
3anagnoit Cubupu (Antaiickuii kpait, Kemeposckas, HoBocu-
oupckas, Omckast obnactr). Beibopka Brirogana 44 oOpasia
3epHa SPOBOI MIIECHUIIBI, a Takxke 24 — s;UMeHs U 7 — oBca
(ITpunoxenwne 1).

3epHo kaxoro obpasia (20 r) pasMasibIBaIN Ha MEJTbHUIIE
Tube Mill Control (IKA, I'epmanus). Bernenenue JITHK u3 200
MT 3€pHOBOI MyKH NPOBOAMIN C TIOMOIIbI0 Habopa Genomic
DNA Purification Kit (Thermo Fisher Scientific, Jlursa). Co-
nepxanne JJHK rpubos cexunit Alternaria u Infectoriae pona
Alternaria BeisBisua MeToioM pean-taiim [P ¢ kpacutenem
SYBR Green n crierupuaHBIME MOJEKYISPHBIMA TIpaiimMe-
pamu AAF2/AAR3 (Konstantinova et al., 2002) n AinfF3/
AinfR4 (Gannibal, Yli-Mattila, 2007), cOOTBETCTBEHHO, IO
amantupoBaHHbIM Metoankam (Opuna m np., 2020). Peax-
uu npoBouiin Ha Tepmornpkiiepe CFX96 Real-Time System
(BioRad, CIIIA) MUHIMYM B IBYX TIOBTOPHOCTAX, 00pabOTKy
MEPBUYHBIX JaHHBIX — C TIOMOIIBIO TPOrPAMMHOTO o0ecIeye-
Hus Bio-Rad CFX Manager 1.6. Kommuectso JJTHK rpubor
BhIpakasii B Buie noiu ot oouiert JJHK, Beinenennoi us 3ep-
HOBoOM Myku (mir/nHr obwieit JIHK, nanee — nr/Hr) ¢ HUKHEM
npenesaoM ooHapyxeHus 5x 10 nr/Hr.

DKCTPAKIMIO MUKOTOKCHHOB M3 5 T 3¢pHOBOII MyKH IIPOBO-
i 20 MIT pacTBOpa alleTOHUTPHII:BOJA:YKCYCHAsl KHCIOTa
(79:20:1). lerekTupoBaHHE U KOJIMYECTBEHHOE OTMpeiesieHUE

YETHIPEX MHKOTOKCHHOB, 00OpazyembIx rpubamu Alternaria:
AOJI, AMD, TEH, TK, BBINONHSIN METOIOM BBICOKO3(deK-
THUBHOW XpoMaTorpaduu B COYETaHUH C MACC-CIIEKTPOMETPHEH
(BOXXX-MC/MC) cornacHO OOLICTIPUHATHIM PYKOBOJICTBAM
(Malachova et al., 2014) ¢ mpuMeHeHHEM KOMITIEKCa 000pY-
JOBaHUsI, cocTosamiero u3 xpomarorpaga Agilent Infinity 1290
(Tepmanust) 1 macc-criekrpomerpa AB SCIEX Triple Quad
5500 (CIIA). dis xpoMmaTorpadaecKoro pasaeleHus IpH-
MEHSJIAaCh KOJIOHKA, 3allOJTHEHHAss 00paIieHHO-(Pa30BbIM COp-
6entom C18 ¢ pasmepom yactui He Oojee 5 MKM, ITHHOI 150
MM U BHyTpeHHHM nuameTpoM 4.6 mm. (Gemini, Phenomenex,
CHIA). Inst nocTpoeHus KaaruOpOoBOYHBIX IPa)KOB U B Kade-
CTBE BHYTPCHHUX CTaHAAPTOB OBUIH HCIIOJIh30BaHBI CTAHAAPT-
HbIE PAacTBOPHI MUKOTOKCHHOB cepuu Biopure (Romer Labs,
Asctpust). Jlumutsl o6Hapyxernust AOJI, AMD, TEH, u TK
coctaisui 2.0, 1.5, 2.0 1 6.3 MKI/KT, COOTBETCTBEHHO.

Pacuér cpenHUX 3HaUYEHUU U JOBEPUTEIBHOTO MHTEpBAJIA
nposouii B iporpamme Microsoft Excel 2010. Koppermnsu-
OHHBII aHAJH3 CBS3EH MKy KOJTMYECTBEHHBIMH MTPU3HAKaMHU
¢ omousio ko3¢ duunenra [Iupcona (r) U TUCTIEPCHOHHBIN
agamu3 (ANOVA) mis omnpeneieHusl BIUSHUS KOHKPETHOTO
(akTopa Ha aHAJM3MPOBAHHBIE ITAPAMETPHI PACCUUTHIBAIN B
nporpamme STATISTICA 10.0. locToBepHOCTh pa3iuyuili U
KOPPEJLIIMOHHBIX CBs3€ll MPUHUMANH MIPU yPOBHE 3HAYUMO-
ctu p<0.05.

PesyabTarsl

Pesynerater pean-taiim IIIP moxasamu, uTo Bce mpoa-
HaJM3upoBaHHbIe 00pa3ipl 3epHa comepkanu JIHK rpubos
Alternaria cexumit Alternaria n Infectoriae. KommuectBa
JTHK rpuboB cexuuu Alternaria Bapsuposanu ot 53x10* mo
21731x10* nr/Hr W 3HAYMTENBHO IPEBBINIATH KOJINYECTBA
JHK rpu6os cexiuu Infectoriae (ot 35%10* mo 1472x10* rr/
HT') BO Bcex oOpasmax 3epHa. Pa3HuIla cpemHUX 3HAYCHUU, B
3aBHCHMOCTH OT BHIa 3epPHOBOM KYJIBTYPBI M TOJIa yPOXKasi, CO-
craBisuia 4.5-14.6 pas (puc.1).

Pesynbrarhl TUCIEPCHOHHOTO aHANIM3a [OKa3ald JIo-
CTOBEpHBIC pa3IUyuUsi MEXIy 00pa3liaMH IO COJCPIKAHUIO

JJHK rpuboB obeux cekiuii B ypokae 3¢pHa pasHbIX JIET
— B cpeanem, B 2019 1. ux konmmuecTBa ObUIM HWXKE, YeM B
2018 1. Kpome Toro0, BEISBIIN CYIIECTBEHHOE BIUSHHE (hak-
TOPOB «reorpaduueckoe MpoOUCXMKICHUE 00pa3iia» Ha KOHTa-
muHanuio 3epHa JJIHK rpubo cexknum Alternaria — odpasibl
3 Adnratickoro kpas copepxkamu JJHK stux rpuGoB B Koiu-
uecTBe (4265+849)x10* nr/ur, uto B 1.7-2.5 pasa Gosblie,
yeM 00pasIfsl U3 APYTHX 00NacTel, — a TaKKe «BHJ 3€PHOBOH
KyJIbTypbD» Ha KoHTamuHanuio 3epHa JIHK rpuboB cekiun
Infectoriae — B 3epue oBca JIHK rpuboB sToli cekuuu ObUIO
HUDJKE, 9E€M B 3€PHE JBYX APYTUX KYIBTYD.
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Pucynok 1. Cpennee conepxxanue JJHK rpuboB pona Alternaria B o0pasuax 3epHa u3 3anaanoit Cuoupu

Figure 1. The average amount of DNA of Alternaria fungi in grain samples from West Siberia

Muxotokcunbl AOJI, AM3, TEH u TK o6HapykeHbI cOOT-
BETCTBEHHO B 23 %, 6%, 85% u 83 % o0pasuos 3epHa. Tomb-
KO JBa oOpasua siumenst u3 HoBocuOupckoit obnactu ypoxas
2018 r. He OB 3arpsS3HEHBI HU OJTHUM U3 YETHIPEX aHATN3HU-
POBAHHBIX MHUKOTOKCHHOB I'pHOOB Alternaria. bonbImHCTBO
(61 %) 0OpasIoB cozeprkalo B 3epHE 1Ba MUKOTOKCHHA (IIpeu-
mymectsenHo TEH u TK), 19 % 06pa3nos — Tpu MUKOTOKCH-
Ha U TOJIbKO OInH o0Opaser (oBéc u3 HoBocubupckoi odnactu
ypoxkas 2019 1.) — Bce 4eThIpe MUKOTOKCHHA COBMECTHO.

Pasnmumsa Mexay oOpasnaMul MIIEHHIBI, TYMEHS M OBCa
[0 BCTPEYaeMOCTH aJbTepPHAPHOTOKCHHOB B 3€pHE IIpel-
CTaBJICHBl Ha pucyHke 2. HanbGonee KOHTaMHHHPOBaHHBIMH
SIBIISUTACH 00pasnbl oBca ypokas 2019 r, B ux 3epHe BCTpe-
yaemocth AOJI, TEH u TK cocraBuna 100%, a HaumeHee
KOHTAaMUHHMPOBAHHBIMH OKa3aJICh O00pa3lbl 3epHA SYMEHS
ypoxkast 2018 T, B KOTOpBIX OBLIN BBISBICHBI TOJIBKO IBA MH-
kotokcuHa: TEH — B 87 % 00pasmos, a TK — B 47 %.

AON
AOH

AMD3
AME

ConepxaHue aHATU3UPOBAHHBIX AJBTEPHAPHOTOKCHHOB
B OOJBUIMHCTBE cityyaeB He mpeBbimiano 100 MKr/kr 3epHa.
Tonbko TK BeisiBieHa B 31 % mpoaHann3upoBaHHBIX 00pa3IoB
B 3HAYUTENILHBIX KOJHYECTBaX (Tabi. 1), B TOM YHCIIC YEThI-
pe oOpasia u3 Anraiickoro kpas 1 HoBocubupckoii obiactu
(TpH MIIEHUIBI U OJMH OBEC) COIEpIKaIN 3TOT MHKOTOKCHH B
3epHe B Juana3one 594-14963 Mkr/kr.

Ycranosneno, uto conepxkanne TEH u TK B 3epHe Bapbu-
POBaJIO CYIIECTBEHHO, B 3aBUCHMOCTH OT Iofia ypoXkasi ¥ BUAa
3epHOBOM KynbTyphl. [l Bcex KynmbTyp ypoxkas 2019 1. co-
nepxxanre TEH B 3epHe Obuto HUXKe, 10 cpaBHeHuto ¢ 2018 r
(puc. 3).

KomnmuectBo AOJI 1 AMD B 3epHE 0OBca B CpeqHEM OBIITH
JOCTOBEPHO BBIIIE, YeM B NIICHHUIE M SUMEHE, a CpenHee
xommdecTBO TEH ObuTO HOCTOBEpHO HIDKE B 3€pHE SUMEHS.
Kpowme toro, Ha conepxanne TEH B 3epHe cymiecTBeHHO BIIH-
s (hakTop «reorpauyeckoe MPOUCXOKICHHE OOPas3LOBY.

TEH TK
TEN TeA

[Hons 3arpsiaHéHHbIX 06pasLoB, %
The proportion of contaminated samples, %

2018 2019 2018
nweHuua

wheat

H|I ﬂ|| |I I| T|I

2019 2018 2019

AYMEHb
barley oat

Pucynok 2. BcrpeuaeMocTh MUKOTOKCHHOB I'prOOB pona Alternaria B 3epHe u3 3anaanoir Cubupu. AOJI — anbrepHapuon,
AMD — moHOMeTHIoBBII 3¢dup ansrepnapuona, TEH — renrokeun, TK — TeHyazoHoBas kucioTa

Figure 2. The occurrence of Alternaria mycotoxins in grain samples from West Siberia. AOH — alternariol, AME — alternariol
monoethyl ether, TEN — tentoxin, TeA — tenuazonic acid
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Ta6auna 1. Conepsxkanne MUKOTOKCHHOB Irpu0oB Alternaria B o0pasuax 3epHa u3 3anagHoit Cubupu

3epHoBas KymTypa Ton ypoxast Jluara3oH BBISIBJICHHBIX KOJIMYECTB MUKOTOKCHHA, MKI/KT
(aucno oOpa3mos) AOJ AMD TEH TK
Muenmua 2018 (21) 3-14 3;4 4-83 34-14963
2019 (23) 7-17 4-6 3-36 16-241
P 2018 (15) 0 0 5-38 30-349
2019 (9) 4;5 0 3-6 9-113
Oséc 2018 (5) 4 0 13-88 164-405
2019 (2) 7,53 0;22 15; 15 280; 1579

AOIJI — ansrepHapron, AMO — MoHOMETHIIOBEIH ¢up ansrepHapuona, TEH — rentokcun, TK — TeHya30HOBas KUCIIOTA.

Table 1. The content of Alternaria mycotoxins in grain samples from West Siberia

Cereal Crop year Range of mycotoxin amounts, pg/kg
(number of samples) AOH AME TEN TeA
2018 (21) 3-14 3;4 4-83 34-14963
Wheat 2019 (23) 7-17 46 3-36 16-241
Barley 2018 (15) 0 0 5-38 30-349
2019 (9) 4-5 0 3-6 9-113
Oat 2018 (5) 4 0 13-88 164-405
2019 (2) 7-53 22 15 280-1579

AOH - alternariol, AME — alternariol monoethyl ether, TEN — tentoxin, TeA — tenuazonic acid.
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Pucynoxk 3. 3arpsa3HeHHOCTh MHUKOTOKCHHAMU rpuboB pona Alternaria 3epua u3 3anaanoit Cuoupu

Figure 3. The contamination of grain samples from West Siberia by Alternaria mycotoxins

B oOpasmax 3epHa m3 ANTAaWCKOTO Kpas 3TOT MHKOTOKCHH

BCTpedasicss B KomudectBe 2444 Mkr/kr — B 2.2-2.4 paza

BBIIIIE, YeM B 0o0pa3lax 3epHa U3 Apyrux obdnacteil. Biusanue

reorpauuecKOro MPOUCXOXKACHUS U BUAA 3€PHOBOM KYIbTY-
pbl Ha coneprxanue TK B 3epHE HE YCTaHOBIICHO.

O6cyxnenne

I'pubw1 Alternaria oOWUIBHO TPEACTABICHH B MUKOOHOTE
3epHa (I'anaubain, 2014; Kulik et al., 2015; Gannibal, 2018;
OpuHa u 11p., 2020), B T.4. BEIpallleHHOro Ha Tepputopun Cu-
6upu (Toponosa u ap., 2015; Kazakosa u xp., 2016). o Ha-
CTOSIIIIETO BPEMEHH CYIIECTBOBAJIO MHEHHUE, UTO MTPE/ICTaBHUTE-
T ceKUuu Infectoriae 9acTo BCTPEYAIOTCS B 3aIIaHON 4aCTH
Poccun, penko —Ha Ypaie u B CHOMpH, 1 OTCYTCTBYIOT Ha BOC-
Toke ctpansl (lanan6an, 2014). OgHako MoTyYeHHBIE JAHHBIC
MTOKA3aJli 3HAYUTEIBHYIO TPENCTABICHHOCTh TPHOOB CEKIINU
Infectoriae B 3epHe u3 3anagHoi CHOHMPH, U COTIIACYIOTCS C

pe3ynabTaTaMy HCCIIEN0BAaHMsS 3€pHA, BHIPAILICHHOTO Ha Ypaie
(Opuna u np., 2020).

BrisiBiieHo  mpeoOnagaHue  MpEACTaBHUTENCH — CEKIMH
Alternaria HaJ IIPeACTABUTEIIIMU CEKLUHU [nfectoriae B aHa-
JM3UPOBaHHBIX oOpasnax 3epHa: copepkanne JIHK rpudos
cekuun Alternaria B cpemeM coctaBuio 2814+314x10* nr/
HI, 9TO OKa3aJ10Ch B 8.3 pa3 Oosbllle, 4eM cpeHee cosiepKaHue
JTHK rpu6oBs cextmn Infectoriae (338+34x10* nr/ur). B stoii
CBSI3M HHTEPECHO OTMETUTb, YTO I'PHOBI, OTHOCSIINECS K CEK-

uun Alternaria, 6pICTpee pacTyT, 00pa3yroT Oojee IIOTHBIH
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MTUTMEHTHPOBAHHBIN BO3IYIIHBINA MUIIEIHH, U, BEPOSITHO, OKa-
3BIBAIOTCA 00Jiee KOHKYPEHTHOCIOCOOHBIMH IIPH KOJIOHH3a-
LMK 3€pHA, YeM NPENCTaBUTENIH CeKUMu Infectoriae. Mexny
KonmiecTBoM B 3epHE oOpaznos JIHK rpuboB, oTHOCSIIXCS
K JByM CEKIHMSAM, BBIABIECHA JOCTOBEPHAS IOJIOKHUTEIbHAS
cBsa3b (r=0.57). Panee oTmeyasnoch, 4TO 3€pHO MIIEHUIIBI U
ssaMeHs B 3amangHoi Cubupu 6oliee MOABEPIKEHO 3apaKCHUIO
BHUIAMHU TPHOOB ceKUnU Alternaria, 4eM TpuOaMH U3 APYTHX
ceknuii (Gannibal, 2018), Taxke mpeBaIUpyIOIIee CoACpIKa-
Hue JTHK »Tux rpuboB yCTaHOBIICHO B 3¢pHE U3 YPaIIbCKOTO
pernona (OpuHa u 11p., 2020) u u3 npoBuHINN Xy03it B Kurae
(Jiang et al., 2021). CooTHOIICHHE MPEACTABUTEICH CEKIIUI
Alternaria n Infectoriae B MUKOOHOTE 3epHa MOXKET BapbHpO-
BaTh W, B 3HAYUTEJIHHOMN CTETIEHH, 3aBUCHUT OT KIMMAaTHIECKUX
yCIIOBHii, a Takke oT pacteHus-xo3suHa (Kosiak et al., 2004;
Gannibal, 2018).

Cpenn aHaTM3UPOBAHHBIX MUKOTOKCHHOB, B 3¢pHE U3 3a-
nanHoit Cubupu TK n TEH Bcrpevanucs B 3.7-14 pa3 yaie,
ueM AOJI u AMD, uro noareepxaaet craryc TK u TEH kak
Hanbosee pacrpoCTpaHEHHBIX MIKOTOKCHHOB B 3€pHE, BbIpa-
myBaeMoM Ha tepputopun Asum (Xu et al., 2016; Opuna u
Ip., 2020; Jiang et al., 2021).

B cpennem 3a nBa roxa Hanbosee KOHTAMHHUPOBAHHBIMA
ObUTH 00pa3Ibl 0BCA, B MX 3epHE BeTpeuaemocth AOJI, AMD,
TEH u TK cocraBuna 43 %, 14%, 100% u 100 %, cooTBet-
cTBeHHO. Torna kak HauMeHee KOHTAMUHUPOBAaHHBIMH OKa3a-
JIUCHh 00pa3Ilbl 3epHA TUMEHS, B KOTOPbIX AMD He ObLT Haii-
neH, a AOJI, TEH u TK 6butn BeisiBaeHBI B 8 %, 83 % u 67 %
00pa3moB, cooTBETCTBEHHO. CXOIHBIE 3aKOHOMEPHOCTH OBLITH
YCTaHOBJICHBI TIPU aHaIK3¢e 76 00pa3IoB 3epHA U3 IXKHOM Ya-
ctu Hopsernu: Bcrpesaemocts TEH u TK B 3epHe oBca Oblita
3HAYUTENIFHO BBINIE, TI0 CPABHEHUIO C TYMEHEM W IIICHULEH,
XOTSI BBISIBJICHHBIE COZEP)KaHUSI MUKOTOKCHHOB OBLITH HU3KH-
mu (Uhlig et al., 2013).

CornacHo HalIMM pe3ynbTaTaM, COAEp)KaHUE aHAIN3UPO-
BaHHBIX aJBTEPHAPUOTOKCHHOB B OOJBIIMHCTBE CIy4YaeB HE
npessimano 100 MKI/Kr 3epHa, 4TO comiacyercst ¢ OIyOiH-
KOBaHHOW paHee MH(OpManuel O BBIIBICHHBIX YPOBHAX MH-
KOTOKCHHOB IpubOoB Alternaria (Fracyman et al., 2017). On-
Hako B 31 % mnpoanannu3upoBaHHbIX 00pasnoB TK BhIsBICHA
B OoJee 3HAYNTEIBHBIX KOJIMYIECTBAaX, MPUYEM OJHH oOpasen
MIIEHHIBI U3 ANTalCKOTO Kpasi CoAepiKall STOT MHUKOTOKCHH

B 9KCTPEMAJILHO BBICOKHX KoimdecTBax — 14963 mxr/kr. Ilo
HallUM CBEACHUSIM, 3TO MaKCHMalbHAas BBIABICHHAS €CTeE-
CTBeHHasl KoHTamuHalus 3epHa TK, omyOnukoBaHHast B Hay4-
HOH nuTeparype. Panee 3TOT MUKOTOKCHH BBISIBIISUI B KOJTH-
yectBax 4179 Mkr/kr B 3epHe mmeHnnsl B 'epmanrm (Miiller,
Korn, 2013) un 6432 mxr/kr B 3epHe nuenunsl u3 Kuras (Li,
Yoshizawa, 2000). Mexnay Tem, TK sBisieTcst ocTpo TOKCHY-
HBIM BEMIECTBOM co 3HadeHmsMH LD50 mpu mepopaisHOM
npueme ot 81 mo 225 mr/kr maccel Tena st mbieit (Crudo
etal., 2019).

Oxunaemo, Mexry AOJI u AMD, ABISAIOIINXCS TPOU3-
BOJIHBIMU OJTHOTO XMMHYECKOTO IpEIIIeCTBEHHHKa — ANOCH-
30IMPOHA, BBISBICHA BBICOKAs! JOCTOBEPHAS MOJOXHUTEIbHAS
cBa3b (1=0.93). B mamem mccnenoBannu AMD BcTpeuancs
TOJIBKO B T€X ke oOpasuax, rae osut BesiBieHn AOJI, Ho B 6o-
Jiee HU3KUX KolmdecTBax. Yuenao oOpasmos 3epHa, e coep-
KaHUE XOTSA OBl OJHOTO M3 3TUX MHUKOTOKCHHOB IPEBBINIAIIO
5 MKr/kT, coctaBuio 15%. Takke moctoBepHast ciadas moio-
KHUTENbHAS CBSI3b yCTaHOBIIEeHa Mexxay KommdectBamu AOJI n
TK (r=0.26). CoBmecTHas BcTpedaemocTs napsl AOJI u AMD,
Tak ke, kak 1 AOJI u TK B 3epHe oTMeUeHa HEONHOKPATHO, U
oTHOcuTenbHOE copepskanne TK ObL1o BBIIIE, 4eM IpyTUX MU-
rxotokcuHOB (Uhlig et al., 2013; Xu et al., 2016; Fracyman et
al.,2017; Jiang et al., 2021). Henb3s ucKiIF04aTh CHHEPIECTHYC-
CKHE WIM a/IINTHBHBIE B3aNMOCHCTBHUS MEXKIy allbTepHapH-
OTOKCHHAMH, KOTOPBIE MOTYT YCHIMBATh HETATUBHBIN 3((eKT
JULst 3110pOBBs otpedutens (Zhao et al., 2015).

I'pudEI, oTHOCSIIMECS K BUIAaM CeKIMU Alternaria, mmpo-
KO pacIpoCTpaHEHHbIE B 3€PHE MIICHUIIBI U TIMEHS Ha TEPPH-
TOpUX A3UH, TPOLYLHUPYIOT OCHOBHBIE aJlbTepPHAPHOTOKCHUHEI
— AOJI, AMD u TK (Nguyen et al., 2018; Jiang et al., 2021).
B nameif paboTe BBISBIEHA BBICOKAs JOCTOBEPHAS IMOJIOXKH-
TenbHast cBsi3b Mexay konndectBamu TK u JIHK rpubos cex-
wun Alternaria (r=0.79), 9To yka3sIBaeT Ha POJIb 'PUOOB ITOH
CEKIMM KaK OCHOBHBIX nponyueHtoB TK B 3epue. B nannom
uccienoBanuu Mexxay conepskanuem JTHK rpuboB u3 cexiuu
Infectoriae N aHaTM3UPOBaHHBIMA MHUKOTOKCHHAMH JIOCTOBEP-
HBIE CBS3M B 3epHE w3 3amagHoil CHOWpH HE yCTaHOBIICHBI,
OJJHAKO paHee HaMH OOHapy)KeHa JOCTOBEPHAs CBS3b MEXKIY
coxepxanneM JIHK stux rpu6os n TEH B o6pa3uax 3epHa u3
VYpansckoro pernona (Opuna u ap., 2020).

3akJoueHnne

[TpoBeneHHble WCCIEAOBaHUS JEMOHCTPHPYIOT TOBCE-
MECTHOE TIPUCYTCTBHE TpUOOB Alternaria cexuuii Alternaria
u Infectoriae ¥ POLyLUPYEMBIX UMH MHUKOTOKCHHOB B 3€p-
HE IICHMIIB], SYMEHS U OBCa, BBIPALIEHHBIX HAa TEPPUTOPHU
3amagaoit Cubupu. YcraHoBieHHe (HaKTOPOB, OKA3BIBAIOIINX
BIIMSIHUE Ha YUCIIEHHOCTh I'pUOOB Alternaria m uX cnoco0-
HOCTh IPOAYLIMPOBATH BTOPHYHBIC TOKCHYHBIC METAOOIMTEI,

TpebyeT yrouHeHus. Yacrast coBMEeCTHAsi KOHTaMUHALUS 3ep-
Ha Pa3HBIMH aJIFTEPHAPHOTOKCHHAMH U BBISIBICHHbIC SKCTpE-
MasbHO BBIcOkHe konmuecTBa TK B 3epHe MOKa3bIBalOT HEOO-
XOJMMOCTh JaJbHEHIINX HMCCIIEOBaHUH ITOH MpoOIEMbl, a
TaKXke pa3paboTKu Mep KOHTPOJS BCTPEYAEMOCTH 3THUX MH-
KOTOKCHHOB U CTPATETHH U CHI)KEHUS pUCKa, CBA3aHHOTO C
3arpsA3HEHUEM UMU 3€pHa.

Pabora BemosnHena npu noanep:xxkke PH® (mpoekt Ne 19-76-30005).
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The ubiquitous occurrence of Alternaria fungi belonging to sections Alternaria and Infectoriae was confirmed using
real-time PCR in wheat, barley and oat grain grown in West Siberia in 2018-2019. The DNA amount of A/ternaria section
Alternaria fungi varied from 53x10-4 to 21731x10-4 pg/ng and on average exceeded the DNA amount of Alternaria section
Infectoriae fungi by 4.5-14.6 times, depending on the crop and harvest year.The average DNA amount of Alternaria fungi
belonging to both sections in the oat grain was lower than in wheat and barley grain. The grain samples from Altay region
were the most infected with Alternaria fungi. The alternariol (AOH), alternariol monomethyl ether (AME), tentoxin
(TEN), and tenuazonic acid (TeA) mycotoxins produced by Alternaria fungi were detected by HPLC-MS/MS in 23 %,
6%, 85 %, and 83 % of analyzed grain samples, respectively. The majority (61 %) of the samples contained two Alternaria
mycotoxins in the grain (mainly TEN and TeA), 19% of the samples three mycotoxins, and only one sample all four
together. In the most of samples the content of Alternaria mycotoxins did not exceed 100 pg/kg, and only TeA content
was higher (from 113 to 14963 nug/kg) than others. The significant differences in grain crops by the Alternaria mycotoxins
content were revealed: more amounts of AOH, AME, and less amount of TEN were found in oat grain then in barley
grain. A high positive significant correlation between the DNA amount of Alternaria section Alternaria fungi and TeA was
established that indicates the role of these fungi as the main producers of TeA in the grain.
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Ipuitoxkenne 1. OOpa3ibl 3epHa, BKIIOYECHHBIE B HCCIICIOBAHIE

Conepxanne JJHK rpu6os pona

COIIep)KaHI/Ie MHUKOTOKCHUHOB,

Peruon Ton KynsTypa Alternaria, x10™* nr/ur MKI/KT
ypoxast . .

Cexu. Alternaria | Cexu. Infectoriae AOJT AME TEH TK
Anraiickuii kpait 2018 MUICHUIIA 1809 210 0 0 12 99
Adnraiickuii Kpait 2018 MIICHUIIA 3009 170 0 0 18 0
Anraiickuii kpait 2018 MIIEeHULA 3361 292 0 0 22 68
Anraiickuii kpait 2018 TILIEHHUIIA 3113 208 0 0 16 0
Adnraiickuii Kpait 2018 MIICHUNA 2495 91 3 0 13 84
Anraiickuii kpait 2018 IMIIEeHULA 4445 300 0 0 50 215
Adnraiickuii Kpait 2018 MHIIEHULA 3583 232 0 0 18 92
Adnraiickuii kpait 2018 MIIEeHULA 3196 267 0 0 15 55
Anraiickuii xpait 2018 MIICHUIIA 2080 217 0 0 4 47
Adnraiickuii Kpait 2018 MHIIEHUIA 21731 817 14 3 0 14963
Anraiickuii kpait 2018 IMIIeHULA 3472 310 0 0 46 594
Anraiickuii kpait 2018 TIIEHHUIIA 3415 278 0 0 78 165
Adnraiickuii Kpait 2018 oBec 905 113 4 0 88 405
Anraiickuii kpait 2018 oBec 1997 134 0 0 34 184
Adraiickuii Kpait 2018 oBec 2036 112 0 0 20 187
Adnraiickuii kpait 2018 oBec 3472 79 0 0 13 164
Anraiickuii kpait 2018 oBec 2752 327 0 0 19 188
Adnraiickuii Kpait 2018 STIMEHB 3722 346 0 0 38 349
Adnraiickuii kpait 2018 STYMEHb 10526 1176 0 0 18 90
Anraiickuii kpait 2018 SUMEHB 4359 706 0 0 5 0
Adnraiickuii kpait 2018 STYMEHb 6696 551 0 0 22 48
Anraiickuii kpait 2018 SIYUMEHb 2349 452 0 0 6 0
Adraiickuii Kpait 2018 STIMEHB 1161 262 0 0 6 0
AnTaiickuit kpait 2018 SYMEHb 6667 810 0 0 19 38
Kemeposckast 00i1. 2018 MIICHUIIA 3030 652 0 0 20 48
Kemeposckas o0m. 2018 MIICHUIIA 2861 349 0 0 19 50
KemepoBsckas 001 2018 MIIeHULA 2234 184 3 0 83 37
Kemeposckas o01. 2018 SIUMEHB 4802 1472 0 0 8 30
Kemepogsckast 001 2018 STYIMEHb 2260 281 0 0 14 0
Kemeposckas 00i1. 2018 STYUMEHb 3780 423 0 0 29 0
Hosocubupckas ooim. 2018 TMIICHUIIA 2106 278 12 0 10 0
HoBocubupckast 06:1. 2018 MIIEHNIA 1213 111 10 4 6 0
HoBocubupcxkas oo 2018 MIICHUIIA 3652 627 4 0 4 0
Hosocubupckas oom. 2018 TMIICHUIA 5177 1187 0 0 6 801
HoBocubupckas o611 2018 NIIEHUIA 3193 296 4 0 27 135
HoBocubupckas ooi. 2018 MHIIEHUIA 2404 183 0 0 42 222
HoBocubupckast o011 2018 STYIMEHb 2429 454 0 0 0 0
HoBocubupckas oo 2018 SIYMEHb 1285 366 0 0 0 0
Hosocubupckas ooim. 2018 STIMEHB 2246 444 0 0 5 127
Omckas 0051. 2018 AYMEHb 53 252 0 0 8 83
Owmckast 0071. 2018 SIUMEHBb 5731 923 0 0 9 0
Kemeposckas o0m. 2019 MIICHUIA 915 137 7 0 0 26
Kemeposckas 001, 2019 MIICHUIA 1517 117 9 0 10 16
Kemeposckas o01. 2019 MHIIEHUIA 1655 124 0 0 6 59
Kemepogsckast o011 2019 MIIEeHULA 1609 159 0 0 6 20
Kemeposckas o0, 2019 MIIeHUIA 3323 394 0 0 3 21
Kemeposckas o0m. 2019 MIICHUIIA 2588 399 0 0 4 23
Kemepogsckas o6i1. 2019 MIICHUA 1859 152 11 0 3 185
KemepoBckas o0, 2019 TIIEHHUIIA 2256 251 14 5 0 60
Kemeposckas o6m. 2019 MIICHUIA 1809 191 17 4 0 47
KemepoBckast 00i1. 2019 IMIIEeHULA 2225 236 16 6 0 40
KemepoBckas o01. 2019 oBec 624 139 7 0 15 280
Kemepogsckast o011 2019 STYMEHb 1662 318 0 0 3 59
Kemeposckast 00i1. 2019 SIUMEHb 2340 535 4 0 5 80
Kemeposckas o0m. 2019 STYIMEHB 2146 333 0 0 6 66
Kemepogsckast 0011 2019 AYMEHb 2855 153 0 0 3 9
Kemeposckas 00i1. 2019 SIUMEHDb 4776 388 5 0 5 43
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Conepsxanne JJHK rpu6oB pona

COHSp)KaHI/IS MHKOTOKCHUHOB,

Pervon Ton Kynsrypa Alternaria, 10 nr/ar MKI/KT
ypoxast . .

Cexku. Alternaria Cexku. Infectoriae AOJT AME TEH TK
Hosocubupckas o6:m. 2019 TMIIeHUA 1081 68 0 0 9 98
HoBocubupckas oo 2019 TIICHAIA 958 97 0 0 36 178
Hosocubupckas ooim. 2019 MHIIEHUIA 957 73 0 0 13 147
HoBocubupckas 0611. 2019 MIIEHUA 973 214 0 0 0 25
HoBocubupckas oo 2019 MIICHUIA 956 144 0 0 5 31
Hosocubupckas oom. 2019 MIICHUIIA 1724 217 0 0 12 30
HoBocubupckast 0611 2019 MIICHNIA 2164 35 0 0 20 241
HoBocubupckas o0. 2019 MHIIEHUIA 523 130 0 0 0 48
HoBocubupckas o011 2019 TMIIEeHULA 1023 86 0 0 3 129
HoBocubupckas oo 2019 oBec 526 91 53 22 15 1579
Hosocubupckas ooim. 2019 STIMEHB 1052 133 0 0 0 60
HoBocubupckas 0611. 2019 SYMEHb 1165 103 0 0 3 113
HoBocubupcxkas oo 2019 STYUMEHb 820 176 0 0 0 54
Owmckas 0051. 2019 MIICHUIIA 3851 968 0 0 24 60
Owmckast 0071. 2019 MIIeHULA 1700 312 0 0 6 30
Owmckast 001 2019 TIICHUIA 426 116 0 0 3 113
Owmckas 0051. 2019 MIIEeHULA 3454 1204 0 0 16 30
Owmckast 00I1. 2019 SIYMEHb 2733 231 0 0 5 71

AOJT — ansrepHapuon, AMD — MoHOMeTHIIOBBIN 3¢up ansrepHapuona, TEH — tentokcun, TK — TeHya3oHOBas Kuciora

Appendix 1. Grain samples analyzed in the present study

Content of DNA of Alternaria spp.,

Content of mycotoxins, pg/kg

Region Crop year Cereal =10 pg/ng

sect. Alternaria sect. Infectoriae AOH AME TEN TeA
Altay region 2018 wheat 1809 210 0 0 12 99
Altay region 2018 wheat 3009 170 0 0 18 0
Altay region 2018 wheat 3361 292 0 0 22 68
Altay region 2018 wheat 3113 208 0 0 16 0
Altay region 2018 wheat 2495 91 3 0 13 84
Altay region 2018 wheat 4445 300 0 0 50 215
Altay region 2018 wheat 3583 232 0 0 18 92
Altay region 2018 wheat 3196 267 0 0 15 55
Altay region 2018 wheat 2080 217 0 0 4 47
Altay region 2018 wheat 21731 817 14 3 0 14963
Altay region 2018 wheat 3472 310 0 0 46 594
Altay region 2018 wheat 3415 278 0 0 78 165
Altay region 2018 oat 905 113 4 0 88 405
Altay region 2018 oat 1997 134 0 0 34 184
Altay region 2018 oat 2036 112 0 0 20 187
Altay region 2018 oat 3472 79 0 0 13 164
Altay region 2018 oat 2752 327 0 0 19 188
Altay region 2018 barley 3722 346 0 0 38 349
Altay region 2018 barley 10526 1176 0 0 18 90
Altay region 2018 barley 4359 706 0 0 5 0
Altay region 2018 barley 6696 551 0 0 22 48
Altay region 2018 barley 2349 452 0 0 6 0
Altay region 2018 barley 1161 262 0 0 6 0
Altay region 2018 barley 6667 810 0 0 19 38
Kemerovo region 2018 wheat 3030 652 0 0 20 48
Kemerovo region 2018 wheat 2861 349 0 0 19 50
Kemerovo region 2018 wheat 2234 184 3 0 83 37
Kemerovo region 2018 barley 4802 1472 0 0 8 30
Kemerovo region 2018 barley 2260 281 0 0 14 0
Kemerovo region 2018 barley 3780 423 0 0 29 0
Novosibirsk region 2018 wheat 2106 278 12 0 10 0
Novosibirsk region 2018 wheat 1213 111 10 4 6 0
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Content of DNA of Alternaria spp.,

Content of mycotoxins, ng/kg

Region Crop year Cereal *10* pg/ng

sect. Alternaria sect. Infectoriae AOH AME TEN TeA
Novosibirsk region 2018 wheat 3652 627 4 0 4 0
Novosibirsk region 2018 wheat 5177 1187 0 0 6 801
Novosibirsk region 2018 wheat 3193 296 4 0 27 135
Novosibirsk region 2018 wheat 2404 183 0 0 42 222
Novosibirsk region 2018 barley 2429 454 0 0 0 0
Novosibirsk region 2018 barley 1285 366 0 0 0 0
Novosibirsk region 2018 barley 2246 444 0 0 5 127
Omsk region 2018 barley 53 252 0 0 8 83
Omsk region 2018 barley 5731 923 0 0 9 0
Kemerovo region 2019 wheat 915 137 7 0 0 26
Kemerovo region 2019 wheat 1517 117 9 0 10 16
Kemerovo region 2019 wheat 1655 124 0 0 6 59
Kemerovo region 2019 wheat 1609 159 0 0 6 20
Kemerovo region 2019 wheat 3323 394 0 0 3 21
Kemerovo region 2019 wheat 2588 399 0 0 4 23
Kemerovo region 2019 wheat 1859 152 11 0 3 185
Kemerovo region 2019 wheat 2256 251 14 5 0 60
Kemerovo region 2019 wheat 1809 191 17 4 0 47
Kemerovo region 2019 wheat 2225 236 16 6 0 40
Kemerovo region 2019 oat 624 139 7 0 15 280
Kemerovo region 2019 barley 1662 318 0 0 3 59
Kemerovo region 2019 barley 2340 535 4 0 5 80
Kemerovo region 2019 barley 2146 333 0 0 6 66
Kemerovo region 2019 barley 2855 153 0 0 3 9
Kemerovo region 2019 barley 4776 388 5 0 5 43
Novosibirsk region 2019 wheat 1081 68 0 0 9 98
Novosibirsk region 2019 wheat 958 97 0 0 36 178
Novosibirsk region 2019 wheat 957 73 0 0 13 147
Novosibirsk region 2019 wheat 973 214 0 0 0 25
Novosibirsk region 2019 wheat 956 144 0 0 5 31
Novosibirsk region 2019 wheat 1724 217 0 0 12 30
Novosibirsk region 2019 wheat 2164 35 0 0 20 241
Novosibirsk region 2019 wheat 523 130 0 0 0 48
Novosibirsk region 2019 wheat 1023 86 0 0 3 129
Novosibirsk region 2019 oat 526 91 53 22 15 1579
Novosibirsk region 2019 barley 1052 133 0 0 0 60
Novosibirsk region 2019 barley 1165 103 0 0 3 113
Novosibirsk region 2019 barley 820 176 0 0 0 54
Omsk region 2019 wheat 3851 968 0 0 24 60
Omsk region 2019 wheat 1700 312 0 0 6 30
Omsk region 2019 wheat 426 116 0 0 3 113
Omsk region 2019 wheat 3454 1204 0 0 16 30
Omsk region 2019 barley 2733 231 0 0 5 71

AOH - alternariol, AME — alternariol monoethyl ether, TEN — tentoxin, TeA — tenuazonic acid.
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COMPATIBILITY OF THE FUNGUS LECANICILLIUM MUSCARIUM AND THE PREDATORY
MITE AMBLYSEIUS SWIRSKII FOR THEIR COMBINED APPLICATION
AGAINST THE GREENHOUSE WHITEFLY TRIALEURODES VAPORARIORUM
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The present study evaluated effects of the fungus Lecanicillium muscarium (Ascomycota: Hypocreales) and an organic
extract from its mycelium on the greenhouse whitefly Trialeurodes vaporariorum (Hemiptera: Aleyrodidae) and its
predator, mite Amblyseius swirskii (Acari: Phytoseiidae). Mites were exposed to fungal spores or organic extract prepared
from L. muscarium mycelium. No negative effect was shown on the predator feeding on 7. vaporariorum nymphs treated
with fungal conidia at a concentration of 5 x 107 spores/ml; by day six the number of mite eggs and nymphs was 18.7 %
higher than on leaves treated with Tween 80. In contrast, treatment of leaves with a 0.5 % alcohol extract derived from
L. muscarium mycelium caused 35 % mortality of A. swirskii adults by day two. In a trial conducted in a commercial
greenhouse on rose plants, the application of L. muscarium conidia followed by the release of 4. swirskii suppressed 7.
vaporariorum more effectively than each of the control agents applied separately.
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Introduction

Predatory mite Amblyseius swirskii (Acari: Phytoseiidae)
is widely used in biological programs to control greenhouse
whitefly  Trialeurodes vaporariorum, tobacco whitefly
Bemisia tabaci (Hemiptera: Aleyrodidae), several species of
thrips (Thysanoptera: Thripidae), and phytophagous mites
(Tetranychidae) (Nomikou et al., 2001, 2002; Messelink
et al., 2006; Cock et al., 2010). A. swirskii can be superior
to other species of predatory mites because its wider prey
range and its resistance to higher air temperatures (up to
25-32°C) (Lee, Gillespie, 2011). The predator is now used
in more than 50 countries, including the Russian Federation
(Kozlova et al., 2018). 4. swirskii selectively feeds on eggs and
immature stages of whiteflies, and first instar nymphs of thrips
(Swirski et al.1967). To provide effective control of pests at
all developmental stages, other biological agents (parasitoids,
predatory bugs, soil predatory mites or entomopathogenic
fungi) are often considered within a larger IPM program;
knowledge on the compatibility of different control agents is
required for their efficient use. Numerous studies indicate an
often positive nature of the interactions between arthropod
natural enemies and fungal pathogens, although in some cases,
they can act as antagonists (Roy, Pell, 2000).

Entomopathogenic fungi of the genus Lecanicillium are
natural pathogens of aphids and whiteflies (Hall, 1981; Goettel
et al., 2008; Ansari et al., 2011), and some species have been
successfully commercialized for use against sucking pests (De
Faria, Wraight, 2007). Lecanicillium muscarium (Ascomycota:
Hypocreales), for example, is commercially produced and used
to control the tobacco whitefly (Cuthbertson et al., 2008; Ali et
al., 2017). The activity of these commercial products is based
on the fungal spores contained herein. Insecticidal metabolites
are also produced by fungal mycelium; extracts prepared
from mycelium containing these bioactive compounds have
demonstrated efficacy against insects and mites (Mitina et al.,

2002, 2012; Wang et al., 2007).

The compatibility of Lecanicillium fungi with parasitoids
and predators has been well studied (Kanagaratnam et al., 1979;
Labbe et al., 2009; Ren et al., 2010; Aqueel, Leather, 2013).
However, results of the studies of effects of entomopathogenic
fungi on predatory mites are often contradictory. Some authors
have established the ability of predatory mites Neoseiulus
barkeri (Acari: Phytoseiidae), Typhlodromus pyri (Acari:
Phytoseiidae), and A. swirskii to use Ascomycetes, including
phytopathogenic species, as an alternative food source (Zemek,
Prenerov, 1997; Momen, Abdelkhader, 2010, Ryo et al., 2012).
Conidia of an entomopathogenic fungus Beauveria bassiana
(Ascomycota: Hypocreales) were not pathogenic when
consumed by N. barkeri but caused a decrease in the mites’
size (Wu et al., 2016). On the other hand, B. bassiana adversely
affected longevity and fecundity of the mite Phytoseiulus
persimilis (Acari: Phytoseiidae) feeding on Tetranychus
urticae (Acari: Tetranychidae) treated with the fungus (Seiedy
et al., 2012).

Influence of L. muscarium on predatory mites has been
explored to a much smaller extent. At high spore concentrations,
this species has been found to be pathogenic for Ph. persimilis
(Donka, Buttner, 2008). According to our preliminary data,
when the predatory mites A. swirskii were released onto plant
leaves with 7. vaporariorum nymphs treated with conidia
or an extract prepared from L. muscarium mycelium, they
experienced no direct toxic effects. However, their fecundity
decreased compared to the mites on untreated leaves (Mitina
et al., 2019a).

The aim of this study was to evaluate effects of conidia and
mycelial extract of L. muscarium on A. swirskii and to assess
the compatibility and performance of a combined application
of both biocontrol agents against the greenhouse whitefly
T. vaporariorum.

© MitinaG.V., Krasavina L.P., Trapeznikova O.V., published by All-Russian Institute of Plant Protection (St. Petersburg).
This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/).



164 G.V. Mitina et al. / Plant Protection News, 2021, 104(3) p. 163—170

Material and methods

Rearing of mites

Laboratory culture of 4. swirskii was maintained on the
dried fruit mite Carpoglyphus lactis (Acari: Carpoglyphidae)
at the All-Russian Institute of Plant Protection (VIZR, State
Collection of Beneficial Arthropods). Rearing conditions
were similar to those described previously for the predatory
mite Neoseiulus cucumeris (Acari: Phytoseiidae) (Krasavina
et al., 2009). C. lactis was maintained on wheat bran with
the addition of 10% apple flour and was standardized to the
density of 120 mites/cm?® of feed material.

Fungal strains and cultivation

Two strains of L. muscarium used in these trials, G-033
VIZR and G-21 VIZR, were obtained from the Collection
VIZR WFCC WDCM Ne760 (Saint-Petersburg). Suspensions
of conidia for laboratory and field tests were prepared from
G-033 VIZR, which has previously proved to be a highly
promising biological control agent for controlling greenhouse
whitefly, aphids, and spider mites using its spores (Mitina et
al., 2016). The fungus was grown on Sabouraud dextrose agar
medium in Petri dishes at 26 °C and conidia were harvested
after nine days. Conidia were washed out of the sporulating
cultures using a 0.01 % Tween 80 solution and filtered through
sterile cloth filter. The concentration of conidia was counted
in hemacytometer. Conidial suspension containing 5x10’
spores/ml 0.01 % Tween 80 were prepared for the assays from
the harvested fresh stock suspension.

A crude organic extract was prepared from the biomass of
strain G-21 VIZR L. muscarium selected for its high levels
of insecticidal metabolites in mycelium with high toxicity
for Hemiptera (Mitina, unpublished data). The fungus was
cultivated in a 750 ml Erlenmeyer flasks with 100 ml of
Sabouraud medium at 28 °C on a shaker at 200 rpm for 3 days.
The flasks with the medium were inoculated by an aliquot of 5
x 10® conidia, which were washed from the fresh sporulating
cultures with sterile water after fungal growth during 9 days
on SDA medium in Petri dishes at 26°C. The biomass was
concentrated by centrifugation and an ethanol extract prepared
using previously published procedures (Mitina et al., 2019b).
Dried extract was stored at 4 °C and dissolved in water prior to
the bioassays to obtain a 0.5% w/v concentration. The extract
in that concentration showed a high insecticidal activity
against sucking pests (Mitina et al., 1998) and was safe for a
number of beneficials (Mitina et al., 2018).

Laboratory tests of fungi and mites

Greenhouse whitefly, 7. vaporariorum, was obtained
from a laboratory culture maintained on tobacco plants at
VIZR. Plants of the common bean Phaseolus vulgaris with
true leaves (14 days) were artificially infested with whitefly
adults and left for two days for oviposition at 25°C and 18-h
light day. Then the adults were removed and plants maintained
until appearance of the second and third instar nymphs of the
whitefly. Each leaf of approximately the same size (leaf area
of 15-17 ecm?) carrying 20—40 nymphs was cut from the bean

plants and sprayed with 1 ml of conidial suspension or extract
emulsion using a manual household sprayer and allowed to air
dry for 20 minutes. The leaves were placed on a sponge in open
Petri dishes (9 cm in diameter) filled with water. Treatments
with water or with 0.05% Tween 80 were used as controls.
Four adult female mites were placed on each treated leaf and
maintained at 24-25 °C. Five replicates of each treatment were
prepared, and the experiment was repeated twice. The number
of mite adults, eggs, and nymphs, as well as of whitefly
nymphs, were counted on each leaf under a stereomicroscope
at a 16-fold magnification prior to treatment and on the 2nd,
3rd, 6th and 10th day after treatment. Additional food for the
predators was provided by pouring 1 cm? of feed substrate (see
above) containing 120 prey mites with a measuring spoon on
each bean leaf on day five.

Greenhouse experiment on combined application of
L. muscarium and A. swirskii

Combinedactionof L. muscarium conidiaand 4. swirskiiand
individual action of mites alone and L. muscarium alone were
tested in commercial greenhouses, located in Leningrad region
near Saint-Petersburg on rose plants (var. Peach Avalanche)
cultivated using the Dutch technology with automatic control
of the main parameters for hydroponic growing method with
mineral wool as a substrate (https://www.dutchgreenhouses.
com/en/technology). Four experimental plots of 10 m?, were
set up, each containing 15 plants. The plots were located at the
distance of 20 m and isolated from each other by two rows of
untreated rose plants. Three plants in each plot were selected
randomly. Conidial suspensions containing 5x107 spores/ml
and 0.01 % Tween 80 were applied using a manual sprayer Solo
465 (Germany) until all leaves were coated. The efficiency of
applications was checked using water-sensitive paper strips,
which revealed 100% of efficiency. Predatory mites were
released onto selected leaves 30 min after the treatment at a
ratio of 1:5 (predator to prey). All stages of whiteflies (eggs,
nymphs and adults) were counted on three leaves from the
lower, middle and upper levels of the plant canopy. The leaves
were marked and examined for insect presence directly on the
plants (without tearing) before treatment and on days 2, 3, 5,
6, and 11 after treatment. Several leaves from each level were
torn off from other plants in the same plot and examined under
a stereomicroscope. The air temperature through the trials
ranged from 18 °C at night and 27 °C during the daytime with
an average of 22.5°C, and relative air humidity was 60 %.

Statistical analysis

Statistics were performed using SigmaPlot version 12.5
Systat Software. The data were analyzed by one-way ANOVA,
using Tukey’s test to separate the means (0=0.05). Effective-
ness of treatments (control-corrected mortality) was estimated
with Henderson-Tilton’s formula, which takes into account
changes in the number of live individuals in both experimental
and control variants.

Results

Laboratory experiments
The number of A. swirskii adults did not change during
the first six days following their release on the bean leaves
treated with L. muscarium conidia, as well as on the leaves

treated with water or Tween 80 (Figure 1). By the 10th
day, the number of mites increased 2-, 2.75- and 2.5-fold
after treatment with water, Tween 80 and fungal conidia,
respectively. On the leaves treated with the mycelial extract,



G.V. Mitina et al. / Plant Protection News, 2021, 104(3) p. 163—170 165

12 1
—— Water
10 - = = Tween 80 /'
== Conidia K4
— g Extract
3
@
=l
e
2
3
£
N
%)
<
0 T T T |
0 2 3 6 10

Days after treatment

Figure 1. The survival of 4. swirskii adults released onto
bean leaves infested by 7. vaporariorum nymphs and treated
with L. muscarium conidia, mycelial extract, water,
and 0.05 % Tween 80

the density of mites decreased to 2.6 individuals per leaf by
day two of the experiment, which was significantly lower than
either of the control treatments (F = 9.521; p = 0.015). The
highest levels of mite mortality (65 %) in the mycelial extract
treatment were reached by day six, and by day 10 the number
of mites increased 1.25 times only.

Mite eggs were found in all treatments beginning from day
two of the test, and their number increased over time. The first
nymphs were observed on day five (Figure 2).

On the leaves treated with conidia and mycelial extract, the
number of eggs laid by mites on day three was 23 and 36.6%
lower than on leaves treated with Tween 80 (control for conidia)
or water (control for extract), respectively. The differences
between these treatments and their respective controls were
significant (F = 7.230; p = 0.028). Further, by day five and
six, the total number of eggs and nymphs was significantly
higher on leaves treated with conidia as compared to all other

45+
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Figure 2. The number of eggs and nymphs of 4. swirskii on
bean leaves infested by 7. vaporariorum nymphs after their
treatment of leaves with L. muscarium conidia, mycelial
extract, water, and 0.05 % Tween 80

treatments. By day six, the total number of eggs and nymphs
on leaves treated with conidia of L. muscarium was 18.7%
higher than on leaves treated with Tween 80 only (F = 10.952;
p<0.001). In contrast, the number of A. swirskii eggs and
juveniles on leaves treated with the extract were significantly
lower than in all other treatments (F = 34.105; p<0.001). The
mites effectively reduced the number of whiteflies on bean
leaves by day two in all experimental treatments (Table 1).
Besides, an additional effect was found on leaves treated with
the extract. By day two, the highest level of whitefly mortality
(50%) was obtained on leaves treated with the extract, as
opposed to an average of 27% in the control treatments.
However, later in the study the mortality of whitefly in the
controls increased faster and no whiteflies were found. On
the contrary, several whitefly nymphs remained alive in the
experimental treatments, although the difference between
those treatments and the water control was significant.

Table 1. The number of whitefly 7. vaporariorum per leaf and its mortality (percentage + SE) in each treatment
and release 4. swirskii

. Number of whiteflies per leaf Mortality of whiteflies after treatment, %
Treatment, concentration
Before treatment 2 days 3 days 2 days 3 days
Water 12.8+1.20 9.2+0.7 0 27.85+1.87* 100+0*
Tween 80, 0.01 % 22.0+3.8 15.8+3.4 0 27.26+4.63° 100+02
Conidia, 5x107 spores/ml 27.6+4.6 19.0£3.3 42+42.6 33.4244.27% 88.93+6.81%
Extract, 0.5% 40.0£7.9 21.244.8 14.243.6 50.27+2.16" 63.02+2.74°

Within each column, average values followed by the same letter are not significantly different (p>0.05; Tukey’s HSD multiple

comparison test).

Effectiveness of the combined application of L. muscarium
and A. swirskii for control T. vaporariorum
in commercial greenhouses
The average numbers of whitefly adults, nymphs and eggs
on roses in the greenhouse before treatments was about 80, 40,
and 30 individuals/leaf, respectively (Figure 3a, 3c, 3e). The

effectiveness of predatory mites and conidia of L. muscarium
was different when applied separately and in a combined
treatment against different stages of the whitefly. The
mycelial extract was not used in the greenhouse test because
it was shown to have a highly toxic effect on 4. swirsii in the
laboratory experiment.
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Figure 3. Average density (number + SE) of 7 vaporariorum adults (a), nymphs (c), eggs (e) per leaf before and after treatment
of plants with conidia of L. muscarium, with A. swirskii, and with their combination. Corrected mortality of the different stages
of whitefly (percentage + SE) (b, d, f) on day 3, 6 and 11 after treatment. Bars with the same letters were not significantly
different from each other
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Whitefly_adults. By day three, the density of whitefly
adults reached 50 individuals per leaf after the release of
mites alone and 70 adults per leaf in the control (Figure 3a).
The effectiveness (control-corrected mortality) of releasing
predatory mites against whitefly adults reached only 46%
(Figure 3b). The number of whitefly adults decreased to 11
individuals per leaf following the application of fungal conidia
only (Figure 3a); the effectiveness was 87% on day three.
The same result was obtained when mites were released onto
the plants treated with conidia (Figure 3b). The differences
between the effectiveness when mites were released alone
and when the plants were treated with conidia were significant
(F = 12.869; p = 0.001). By day six, the density of whitefly
adults dropped to zero after combined application of conidia
and mites; that level remained on day eleven, confirming
the 100% adult mortality. By days six and eleven, the effec-
tiveness of application of conidia alone was 80% and 73 %,
respectively. The effectiveness of releasing mites only against
whitefly adults was 28 % and 32% on the same days of the
experiment (Figure 3b).

Whitefly nymphs. By day three, whitefly nymphs were
absent in all treatments, except the application of mites
alone (there was still 1 nymph left per leaf). In the control,
the number of nymphs increased to 42 individuals per leaf by
day three of the experiment (Figure 3c). The effectiveness of

mites, when conidia were applied separately and combined
(mites after conidia), against whitefly nymphs was 100 %
by day six (Figure 3d), while the density of nymphs in the
control increased. By day eleven, the nymphs were found only
in the experiment with conidia alone (9 individuals per leaf),
the efficiency of conidia was 86%. The density of whitefly
nymphs increased up to 64 larvae per leaf in the control.

Whitefly eggs. Mortality of eggs was 100 % in all treatments
by day six, while the density of eggs in the control increased
up to 46 eggs per leaf (Figure 3e, 3f). By day six, whitefly eggs
remained only on the leaves where the mites were released
alone (14 eggs per leaf); the efficiency of mites was 79 %.
The density of whitefly eggs increased up to 57 eggs per leaf
in the control. The effectiveness of the combined application
of predatory mites and conidia against whitefly eggs reached
100% by day eleven (Figure 3f). Whitefly eggs remained on
the leaves after application of conidia alone (11 eggs per leaf);
the efficiency of conidia application was 86 %. The differences
were significant when compared to the other treatments
(F=14.649; p =0.001).

By the end of the experiment, we observed an increase in
the density of whiteflies up to 95 adults, 64 nymphs and 73
eggs per leaf in the control, i.e. 1.6-, 2.0-, and 2.6-fold increase
in the number of adults, nymphs and eggs, respectively.

Discussion

Results of the laboratory experiments suggest that
A. swirskii adults were not affected by L. muscarium applied
to leaves at a concentration of 5 x 107 conidia/ml. No infected
mites were observed, and no mites died during the experiment.
Moreover, the number of mites was 18.7% higher than on
leaves treated with Tween 80 by the end of experiment. These
results confirmed previous data indicating that L. muscarium
does not infect 4. swirskii when the latter is released onto leaves
treated with the pathogen’s conidia (Mitina et al., 2019a).

The influence of fungal conidia on predatory mites has
been studied to a greater extent using B. bassiana. The fungus
showed low to moderate virulence to A. swirskii when applied
topically, with the response dependent on the concentration
of conidia applied; offspring survival was not affected
(Midthassel et al., 2016). Those data led to a conclusion
that the two biocontrol agents are compatible. In field
experiments, Jacobson et al. (2001) showed that the predatory
mite N. cucumeris is compatible with B. bassiana, but their
combined use did not increase the relative effectiveness of a
thrips control strategy on cucumber. Metarhizium brunneum
(Ascomycota: Hypocreales) and Neozygites foridana
(Entomophthoromycota: Neozygitaceae) did not affect the
behavior and feeding of the predator P. persimilis, allowing
their concurrent use for control of 7. urticae (Jacobsen et al.,
2019).

Our results showed that mycelial extract of L. muscarium
at a concentration of 0.5 % had a significant toxic effect on 4.
swirskii when the mites were released onto treated leaves. High
acaricidal activity of the extract was previously demonstrated
against spider mite Tetranychus urticae (Mitina et al., 2016).
The extract was not toxic to Encarsia formosa nymphs when
topically applied to parasitized whitefly at a 0.5% rate; nor
did it affect nymphs of the predatory midge Aphidoletes

aphidimyza, P. persimilis adults, and nymphs of the predatory
bug Orius laevigatus (Mitina et al., 2018). The advantages of
the extract from L. muscarium mycelium are its fast contact
action and high insecticidal activity against greenhouse
whitefly, various species of aphids, and spider mites (Mitina
et al., 2002). Present work shows that initially the whitefly
mortality was significantly higher when using the extract
and mites (on day two), but later it became lower compared
to the addition of mites alone. The number of mite offspring
on leaves treated with the extract was significantly lower
than in all other treatments. These results indicate the limited
compatibility of the predatory mites 4. swirskii and the extract
from L. muscarium mycelium. For its use in IPM together with
A. swirskii, further studies are needed to determine possible
safe concentrations for the mite, safe release times on extract-
treated leaves, and repellent and antifeeding properties for the
predator.

In the commercial greenhouse trial on roses, higher efficacy
against whitefly adults and eggs was obtained following the
combined application of L. muscarium conidia and A. swirskii
than from individual applications of each agent. A similar
enhanced effect was obtained when B. bassiana was applied
together with P. persimilis against T. urticae (Ullah, Lim, 2017),
and when Paecilomyces fumosoroseus (=Isaria fumosorosea,
Ascomycota: Hypocreales) and B. bassiana were combined
with Neoseiulus californicus (Acari: Phytoseiidae) against
the spider mite (Numa Vergel et al., 2011). Entomopathogenic
fungus Cordyceps javanica (Hypocreales: Cordycipitaceae)
and whitefly parasitoid Eretmocerus hayati (Hymenoptera:
Aphelinidae) also provided better control of B. tabaci when
applied together than when applied separately (Ou et al., 2019).

In our greenhouse experiments, the efficacy of each
biological agent when applied separately against whitefly
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nymphs was very high, but the sequential treatment with fungal
conidia followed by the release of predatory mites ensured a
longer protective effect. Unlike under laboratory conditions,
the predatory mites were not confined to a single leaf, and
provided effective control of both whitefly eggs and nymphs
on the entire plant.

For whitefly adults on rose leaves, conidia alone or in
combination with mites induced significantly higher pest
mortality as compared with releases of the predatory mites
alone, as a result of their selective feeding on eggs and
immature stages of whiteflies. Entomopathogenic fungi such

as L. muscarium are able to infect whitefly adults under
favorable conditions, increasing the overall efficacy of
combined applications of predatory mite and fungus against
all life stages of the whitefly. Infective fungal propagules
can also be spread by A. swirskii as it moves over leaves, as
shown with the predatory bug Dicyphus hesperus (Hemiptera:
Miridae) when applied against whitefly in a combination with
L fumosorosea (Alma et al., 2010).

Overall, the combined use of L. muscarium and the
predatory mite A. swirskii appears to be a highly promising
approach for the biological control of the greenhouse whitefly.
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Ilonnomexcmosas cmamos
COBMECTUMOCTbD I'PUBA LECANICILLIUM MUSCARIUM 1 XUIITHOT'O KJIEIIIA
AMBLYSEIUS SWIRSKII 1J151 COBMECTHOI'O ITPUMEHEHU A
[IPOTUB TEIUIMYHOM BEJIOKPBIUIKU TRIALEURODES VAPORARIORUM

I'B. Muruna, JI.I1. KpacaBuna, O.B. Tpane3anxosa

Bcepoccutickuii nayuno-uccnedosamenvbckuii uncmumym sawumut pacmenuii, Cankm-Ilemep6ype
* omeemcmeeHHblll 3a nepenucky, e-mail: galmit@rambler.ru

B paborte uzyueHo Biusiaue rpuda Lecanicillium muscarium (Ascomycota: Hypocreales) u opraHu4ecKoro sKkCTpakTa
U3 ero MUIIEIHS Ha OpamKepeiHyo OenoKpwuiky Trialeurodes vaporariorum (Hemiptera: Aleyrodidae) u Ha XUIIHOTO
kiema Amblyseius swirskii (Acari: Phytoseiidae). Kieny KOHTaKTHPOBaJIH ¢ TPHOHBIMU CIIOPAMH MJIM OPTaHUYCCKUM
AKCTPAKTOM, MOTyUYEHHBIM U3 Munenus L. muscarium. [Ipu noncaske kiemieit A. swirskii Ha TUCThs Gacomnu, 3aceIeHHbIE
nnauHKamu 7. vaporariorum v 00paboTaHHBIE CYCIIEH3UENM KOHUANI B KOHIEHTpanuu 5% 107 criop/mit, He Ob110 0OHAPYKEHO
HCTAaTUBHOT'O BJIMAHHA HA UMAro KJICIIAa, Ha 6-e CYTKH KOJIMYCCTBO OTJIOKECHHBIX AW U JIMYMHOK KJICIIIAa 6]:-1.]'[0 Ha 187%
BBIIIIC 110 CPABHEHUIO ¢ KOHTposieM. Hampotus, 06pabotka nmuctheB 0.5 %-HBIM CIHPTOBBIM 3KCTPAKTOM, ITOTYYCHHBIM U3
munenus L. muscarium, Bbi3biBaia 35 % cMepTHOCTH UMaro Kiiela Ha 2-¢ CyTKH. B yCIIOBHSIX TPOM3BOICTBEHHBIX TETLIHIL
00paboTka KOHUAUSMH L. muscarium ¢ NOCICAYIOIUM BBITYCKOM XHIIHOTO Kieua A. swirskii MpOTUB opaHKeperHON
OeOKpBIIKY Ha po3ax Obuia 6osiee A3 PeKkTUBHA, UeM pa3ieIbHOE MPUMEHEHHE dTUX OMOJIOTHYECKIX areHTOB.

KiiroueBblie CJIOBa: 3HTOMOINATOICHHbIC TPUOBI, XUIIHBIC KJICIIH, aTeHThl OMOMETO/1a, TT000UHBIH 3()(DHEKT, MoIe3HbIE
YJIEHUCTOHOTHE
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NAMATH JIIOIMHUJIBI UBAHOBHBI TPEITALIIKO

IN MEMORY OF LYUDMILA 1. TREPASHKO

15 cenTsopsa 2021 roga ymuia u3 xu3Hu Jironmuina Ueanosna Tpenamko — BUAHBIN y4€HBI-9HTOMOJIOL, JOKTOP
HayK, npodeccop, 3aBenyomasn gadoparopueii 3aToMonoruu PYII «MucTuTyT 3ammmThl pactenniny HAH Benapycu.

Jrommuna MBanoBHa pommiachk 4 ¢eBpans 1946 . B 1.
Kanyctiao BonoxknHckoro p-na Munckort obmactu. B 1972
I. OHa 3aKOHYWIa JIEHUHIpPaACKUIl CeNbCKOXO3SHCTBEHHBIN
WHCTUTYT TI0 CHEIHAIBHOCTH «YUEHBII arpoHOM IO 3aIUTe
pactenuit». B 1973-1978 . 3aHnManacek uccieoBaHUSIMHA 10
O6uonornyeckoMy 000CHOBAHUIO CHCTEMBI 3aIIUTHl CEMEHHBIX
MIOCEBOB MHOTOJIETHHX 3JIAKOBBIX TPaB Ha MEIMOPHUPOBAHHBIX
nouBax benopycckoro Ilonechs, pe3ynbTarbl KOTOPBIX JIETr-
JM B OCHOBY €€ KaHmuaaTckoit auccepramun. C 1978 . JL.U.
Tpemamko paboTana HaJ YCOBEpIICHCTBOBAHHEM HHTETPH-
POBaHHBIX CHCTEM 3aIINUTHI CEIBCKOXO3SHCTBEHHBIX KYIBTYD
ot Bpemureneir. C 3Toi menpio €0 OBUIH yCOBEPIICHCTBOBA-
HBl U aJalTHPOBAaHBl METOJBI MOHHUTOPHHIA YHTOMOIICHO30B
3€PHOBBIX KOJIOCOBBIX KYJIBTYp, 0000IIEH OONBIION SKOIOTH-
YEeCKHH MaTepHai, BBIABICHBI OMOJIOTHYECKHUE, HHadUIecKue
W aHTPONOTEHHbIE (hAKTOPHI, BIMSIONINE HA AWHAMUKY YHC-
JICHHOCTH TIONY/ISIIME JTOMHHAHTHBIX BHJOB (putodaros. Ha
OCHOBaHHH TTOJY4YE€HHOTO MaTepualia OATOTOBIEHBI CHCTEMA
KPaTKOCPOYHOTO M MHOTOJIETHETO NMPOTHO3MPOBAHUS Pa3BH-
THS pacTEeHU, YACIEHHOCTH W BPEIOHOCHOCTH (HUTO(Aros,
JIOTHYeCKre ¥ MaTeMaTHYeCKHE MOJIENN MHOTOJIETHETO IMpo-
THO3a M3MEHEHHs (PUTOCAHWTAPHOM CHUTYaIlMH arpoleHO30B
07T BO3JEMCTBHEM aHTPOMOTCHHBIX (akTopoB. B 1980 romy
3aIIUTHIA KaHIUIATCKYIO JHCCEPTaIiio (« DHTOMOIOTHY), a
B 1999 — noxTopckyro («3ammnTa pacTeHH» ).

Jrommumoii MiBaHOBHOW pa3paboTaHa KOHIICTIIINS W pac-
KpBITa TEOPETHIECKas! CYITHOCTb CHCTEMbI yNPABICHUS JH-
TOMOIIEHO30M, TIOITOTOBJIEHBI METO/IBI 3KOHOMHUYECKOH, SHEP-
TeTHIeCcKoi 3(h(heKTHBHOCTH M SKOJOTHUYECKOI 0e30macHOCTH
TEXHOJIOTHM 1O 3aIIMTE PAaCTEHHH OT BPEAHBIX OPraHU3MOB.

Co3maHbl JOTHYECKHE U MaTeMaTHYecKue MOJeIH, 0a3a JaH-
HBIX TI0 3KOJIOTO-3KOHOMHYECKHM IIOpOTaM IIeJIeco00pa3Ho-
CTH IPUMEHEHUSI HHCEKTHINIOB, METOJMYECKOE 00eCTIeUeHIEe
110 MOHHTOPWHTY 3JIaKOBBIX IIEIKYHOB M 3allaJHOTO KYKYy-
PY3HOTO XyKa C IOMOIIBI0 (DePOMOHOB, CHHTE3UPOBAHHBIX B
Benapycn. Ilox ee pykoBOACTBOM BBITIOJIHSUTICH COBMECTHBIE
¢dyHrameHTanbHbIE UccaenoBanus ¢ KamndopHuiicknm yHH-
BepcuteToM B J[pifBHice, MHCTHUTYTOM KyKypy3sl CepOum u
Yepuoropuu, JINTOBCKUM MHCTUTYTOM 3emienenus, ¢ [lomnb-
CKHM MHCTHUTYTOM OHMOJIOTHH M OXPaHBI OKPY>KAIOIIEH CPEbl.
Takxe ciegyeT OTMETHTh €€ TUIOOTBOPHOE COTPYIHHIECTBO
¢ BcepoccuiickuM MHCTUTYTOM 3aIlMTHI PACTEHUN M Cyllie-
CTBEHHBII BKJIAJ B M3yYCHHE HOBBIX OYaroB Pa3MHOKEHHS
KyKYpPy3HOTO MOTBIIbKA.

JLU. Tpenamko akTUBHO OCYIIECTBJIsIJa NOATOTOBKY Ha-
YYHBIX KaJpOB IO aKTyaJbHBIM NpoOIeMaM 3aluThl pacTe-
HUM, CO3/l1aHa HayyHas IIKosia dHToMoisoroB. Ilox ee pyko-
BOJICTBOM OBIJIO 3aIIMINEHO 7 KAaHIUAATCKUX IUCCEPTALHH.
Jromvuna iBaHOBHA ObTa ipecenateneM CoBeTa 1o 3aiuTe
muccepraruii K 01.53.01 mo cnermmansrocT 06.01.07, 11 qwre-
HOoM CoBeta 1o 3ammre auccepramnuii [101.34.01 npu Uuctu-
TyTe Mukpobuonornu. He MeHee BaxkHO# Oblia €€ pabota B
KauecTBE BHIIE-TIPE/ICEIaTeIIsl SHTOMOJIOTHIECKOT0 00IIecTBa
Benapycu, uena Cosera BITPC MOBB, unena skcrepTHOTO
cosera benopycckoro pecryonukanckoro ¢oHma pyHmameH-
TaJbHBIX MCCIIEIOBAaHUN B 00JIACTH arpapHBIX HayK, ITABHOTO
penakropa «COOpHHKa HAy9IHBIX TPYHOB: 3alllTa PAaCTCHUID
1 4IeHA PEAAKIMOHHONW KOJJIETHH KYPHAJIOB «3eMisipoOCTBa
u axoBa Pacima» m «Arpodopym». 3a cBOM HaydHBIE yCIIie-
xu Jltommuna ViBaHOBHA ObllTa OTMEYEHA MHOTOYHCICHHBIMH
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rpaMoTaMd MUHHCTEPCTBA CENBbCKOTO XO3SMCTBa M TMPOJIO-
BosibeTBUs PB, HaumonansHoit akagemun Hayk Pb u Bricieit
arTecTalMoHHON kKomuccuu Phb.

Kak ormeuaror e€ xomneru, Tpenamko JI.W. nons3oBanacsk
3aCIy>KEHHbIM aBTOPUTETOM W NPU3HAHMEM CpEIU YUYEHBIX
kak B benmapycwu, Tak u 3a ee npeaenamu. Mimest 007bIION OIBIT

paboTHl Ha PYKOBOASAIICH NODKHOCTH, Jlrommiia BaHoBHA
BCera KOPPEKTHO U BHUMATEIbHO OTHOCHIJIACh K CBOUM IOJI-
YHHEHHBIM, 00J1a/1a]1a BEICOKOW YHEPTUECH MBICIH U ICHCTBHH.

Ceetnas mamste o Jlrommmte Banosue Tpemarmiko — Oie-
CTSIIEM YYEHOM M MPEKPacHOM UYEJIOBEKE, HAaBCETNa COXpa-
HUTCSI B CEPIIIax €€ KOJUIeT 1 OU3KUX.

N36pannbie Tpyasl Tpenamko JI.A.
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HOBBIE YWIEHBI PEJKOJJIET UM )KYPHAJIA «BECTHUK 3AIIIUTHI PACTEHU»
NEW MEMBERS OF THE EDITORIAL BOARD OF THE JOURNAL «PLANT PROTECTION NEWS

B 2021 romy B cocTaB peakIiMOHHOMN KoJuieruu « BecTHUKa 3aIIUThI pACTECHUI» BOIILTA HOBBIC YWICHBI, OJIarofaps 4eMy
pacmpeHs! reorpadUuecKuii 0XBaT U KPyr HAyYHBIX KOMIICTCHIMHA peakoiuierud. [IpecTapisieM AByX HOBBIX YJICHOB:
Y4EHBIX, PabOTAIOIIUX HA MHUPOBOM YPOBHE B PA3IMYHBIX 00JACTAX OUOJOTHMH, KACAIOUIMXCS MPOOIeM, OCBEIIACMbIX

KYpHAJIOM.

Amurtpuii MaBpoau

IIpodeccop, Yuusepcuter FOxuoro Muccucunu, CIIIA. Crerpanuct B 00JacTi TCHOMHOTO aHAIN3a, Tu(QepeHIIUaTbHOMN
9KCIPECCHH TCHOB U PETYIIAINH MHUKPOOHO-PACTUTEIBHBIX B3aMMOICHCTBUI, C 0COOBIM BHUMaHHEM K OaKTECPHIM, CTHMY/IHPY-

FOIIMM POCT U Pa3BUTHE PACTCHUM.

[Ty6nukamuii B SCOPUS: 88
IMutuposanuit B SCOPUS: 4915
H-unnexc B SCOPUS: 34

Cnmcox nocjaegHux myoJauKanui
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YCJIOBUA JOCTYITA U ABTOPCKHUE ITPABA HA MATEPUAUJIBI,
MNYBJIUKYEMBIE B )KYPHAJIE «BECTHUK 3AIIIUTHI PACTEHUI»

OPEN ACCESS AND COPYRIGHT FOR THE MATERIALS
PUBLISHED IN “PLANT PROTECTION NEWS”

Haumnas c¢ 2021 roma, )xypHasn «BecTHHK 3alWThl pacTeHHI» Nepemen Ha HOBBIA (hopMaT B3aMMOOTHOIICHUH
C aBTOpaMH HAayYHOTO KOHTEHTa B OOJIACTH aBTOPCKHX IpaB, B COOTBETCTBHH C PEKOMEHIANMSIMH OOBEAMHEHHH,
3aHMMAIOIIUXCS IIPO/IBIYKEHHEM KOHIIEIIIMY OTKphITOro foctyna. XKypHanom npussTta mozens “Libre Open Access”, npu
5TOM IIpaBa Ha PYyKOIMCh OCTAIOTCS 332 aBTOPAMHU, a M3JaTellb « BeCcTHUKa 3alnThl pacTeHni», Beepoccuiickuii MHCTUTYT
3alUTHl PACTCHUIA, TIOTyYaeT MPaBo MyOIHKaIui MaTepraia Ha ycinoBusx Creative Commons Attribution License 4.0.

OTKPBITBIA HOCTYI - COBOKYIIHOCTH PHHIIUIIOB U IIPaK-
THK, 00ECIIeUNBAIOIINX OECIUIaTHBIN OHJIANH JAOCTYI K Hayd-
HOMY KOHTEHTY Ha MOCTOSHHOW OCHOBE ISl BCEX, KENAIOIINX
03HAKOMHTBCSI ¢ HUM. OTKPBITBIN I0CTYI UMEET JIBE OCHOBHBIE
Bepcun: Gratis («6ecratasliny) u Libre («cBoOomabIin»). OT-
KpBITHIi ocTymn Gratis fenaet [0CTYHBIM MATEPUAI IS YH-
Tarenei 6e3 HeOOXOMMOCTH IIIATUTH 3a Hero. OJHAKo, OH He
JlaeT 1paBa MoJIb30BaTeII0 KOMUPOBATh, PACIIPOCTPAHSATh HIIH
MOIU(PHUIIUPOBATH PAOOTY KAKUM-THOO cr1oco00M. OTKPBITHIN
moctym popmara Libre nmeer te ke pasperieHus, uto u gratis,
HO JaéT MOJIb30BaTENSIM JIONOIHUTENbHBIE TPaBa, 0OBIYHO C
nomotikio nuneHsun Creative Commons (cM. anee), paspe-
11ast cBO0OOZHOE UCIIOIB30BaHUE U CMEIIMBAHUE MaTepPHAJIOB.

IMomumo pasrpanuuenus gratis/libre, xacatomierocs mpas
MOJIB30BAaTENICH, €CTh TAKXKE pa3IuyKsl B Crtocobe 00HApoI0-
BaHUs 00BEKTa OTKPBITOTO AocTyna — Green («3eJEHBIIN») U
Gold («30110T0#1»). «3€NeHBII» OTKPBHITHIA JTOCTYI HOApas3y-
MEBaeT apXMBHUPOBAHKUE MATEPHATIOB CHJIAMU ABTOPOB, MyTeM
pa3MelieHus crareii Ha COOCTBEHHOM BeOcaiiTe, perno3nTopun
OpraHM3alliM WM B OOLIECTBEHHOM apxuBe. B ciyuae «3omo-
TOT0» OTKPBITOTO JOCTYIIA PEYb UACT O MyOIUKAIlMK CTaTel B
JKypHaJle OTKPBITOTO JOCTYIa, TO €CTh )KypHal o0ecre4nBa-
€T pa3MelIeHUe M PaclpoCTpaHeHHE KOHTEHTa B OECIUIaTHO
M OTKPBITO. «30JI0TOW» OTKPBITBHIN JOCTYIT MOXET TpeOOBaTh
OILIaTHl CO CTOPOHBI aBTOpa (OpPraHM3alMy) JSUT MOKPBITHS
pacxoioB Ha MyOIUKAIHIO, OJJHAKO JIMIIb OKOJIO OIHOW TPETH
’KYPHAJIOB OTKPBITOTO JIOCTYIa B3UMAIOT COOTBETCTBYIOIIYIO
miary. B HacTosiiee Bpemsi, OONBITMHCTBO )KYPHAIOB C «30-
JIOTBIM» OTKPBITOM IOCTYIIOM H3maroTcs B ¢opmare Gratis
(MO>XKHO 9UTaTh OECIUIATHO), B IPOTHUBOIIOIOKHOCTE (POpPMaTy
Libre (M0oXHO 4MTaTh, KONMPOBATh, PACHPOCTPAHITH M T.II
OecriatHo).

Creative Commons™ — 3T0 MeXIyHapoJHas HEKOMMEp-
YyecKasi OpraHu3alus, MUCCHs KOTOPOM 3aKIIFOYaeTCsl B MPEo-
JIOJICHUH FOPUIUYECKUX MPEISITCTBUIA HA MYTH PaclpoCTpa-
HEHUSl 3HAHUM W TBOPYECTBA ISl PEUICHUS COBPEMEHHBIX
BBI30BOB, CTOSIINM Iepe]l MUPOBBIM coodmiecTBoM. JlumeH-
3MM ¥ TpaBoBble MHCTpyMeHTHl Creative Commons Hampas-
JICHbI Ha BOCCTaHOBJIEHHE OaylaHca B cepe aBTOPCKOTO Mpa-
Ba, OCTaBasCh MPH 3TOM B PaMKaX CHUCTEMbI COBPEMEHHOTO
3aKOHO/IATENbCTBA, KOTOpAs TAKKE M3BECTHA IO TPAAMUIHOH-
HOW (ppa3ze «Bce mpaBa coxpaHeHbl» (all rights reserved). Otu
MHCTPYMEHTHI JAal0T KaKAOMY — OT TBOPYECKOTO 4eJIOBeKa,
OT/IEJIBHOTO aBTOpa 10 OrPOMHOW KOMIAHUM WM YUpexKJe-

* https://opensource.com/resources/what-open-access
**  https://creativecommons.org/licenses/?lang=ru

HUSI — IIPOCTOM, CTaHAaPTH3UPOBAaHHBINA CIIOCOO YIPaBIATH
CBOMMHM aBTOPCKMMH IIPaBaMH U JaBaTh pa3pelieHHs Ha TOT
WM MHOW CIOCO0 HCIIONB30BaHMSI CBOETO TBOPYECKOTO IPO-
M3BENCHUs. DTO MHOTOYHMCIEHHOE W pacTyinee IuppoBoe
COOOIIECTBO, BCIO COBOKYITHOCTh KOHTEHTa KOTOPOTO MOXK-
HO JIETAIbHO KOMHPOBATh, PACIPOCTPAHITh, PEAAKTHPOBATH,
cMemmMBaTh M Oparb 3a OCHOBY JUIA CO3IaHUsl HOBOro. Bce
murensun Creative Commons HMEIOT MHOTO 00mux uept. Ka-
KAass U3 HUX IMO3BOJIACT HMCHOJB3YIOMIUM 3TH MHCTPYMCHTBI
co3aarernsiM (JIMIIEH3UapaM) COXpaHATh aBTOPCKUE IpaBa, B
TO K€ BpPeMs MO3BOJISIS IPYTUM KOITUPOBATH, PACTIPOCTPAHSTH
1 WCIOJIB30BaTh CBOM MPOM3BEICHUS, 10 KpaifHel Mepe He-
kommepuecku. Kaxknas smnensust Creative Commons Takxke
rapaHTHpyeT JIMIEH3HapaM yKa3aHHe aBTOPCTBA IPOU3BEJIE-
uuii. Jlunensun Creative Commons paboTarT BO BCEM MHpE
U JUIATCS TaK JI0JIT0, KaK JITUTCS aBTOPCKOE MPaBo. DTH 00Ine
YepTHl SABISIOTCS 0a30BBIMHU, CBEPX TOTO JIUIICH3HAPHI MOTYT
MIPEOCTABUTH JTOTIOTHUTEIBHEIC Pa3peIICHuUs.

JIunenszuap Creative Commons OTBe4aeT Ha HECKOJIBKO
MIPOCTHIX BOIIPOCOB Ha IMYTH BBIOOpA JIMIIEH3UH — pa3peInTh
JIM KOMMEpPYECKOe HCIIONIb30BaHKE, Pa3pelIuTh JIM MPOU3BO-
nHBle Tpom3BeneHua? Ecnm nuiieH3map pemraer paspernTh
MIPOU3BOJHBIC MPOU3BEACHHUS, OH MOXKET TAKXKE PEIINTH Tpe-
0oBaTh, YTOOBI IHUIICH3WATHI (BCE, KTO HCIOIB3YET ITaHHOE
IIPOM3BEACHHE) JIeNIaId TaKOe HOBOE MPOM3BEICHUE NOCTYII-
HBIM Ha TaKUX )K€ YCIOBHAX JIMLEH3UU B COOTBETCTBHU C HJIE-
eit «ShareAlike» («pacnpocTpaHeHUe Ha TEX JKe YCIOBHUAXY),
co3nanne Kotopou BmoxHOBIEHO nurensueii GNU General
Public License, ucmons3yeMoii MHOTUMH TIPOEKTaMH CBOOO-
HOTO ¥ OTKPBITOTO TIPOTPaMMHOTO 00eCIICUeHHS.

JIunensun Creative Commons He 3aTparuBaioT cBOOOJBI,
KOTOpBIE MPEJOCTABIISIOTCS 110 3aKOHY I10JIb30BaTEIISIM TBOP-
YEeCKHX IPOM3BEACHUI 3a TpeneslaMH 3allUThl aBTOPCKOTO
npaBa. OHM TPeOYIOT OT JIMIIEH3UATOB MOMydYaTh Pa3peIeHHUs
JUTS TOTO, YTOOBI IeaTh JIF00BIEe BEUH C TIPOU3BEICHHEM, KO-
TOpBIC 3aKOHOMATENHCTBO COXPAHSACT MCKIIOUUTEIBHO 32 JIH-
LIEH3UapOM M KOTOPBIE JINIIEH3NUS SIBHO He pa3peraer. JIumeH-
3MaThI JI0JDKHBI YKa3bIBaTh aBTOPCTBO JIMIIEH3MApa, COXPaHSITh
YBEIOMJICHHSI 00 aBTOPCKMX INpaBax HETPOHYTHIMH Ha BCEX
KOTIMSAX TMPOW3BEICHUS U JaBaTh CCHUIKY Ha JIMIIEH3UIO HA KO-
MUSX TIpon3BelieHus. JIMIeH3naThl HE MOTYT HCIIONB30BATh
TEXHOJIOTHYECKHAE MEPHI Il OTPAaHUICHHUS JOCTYIIA K TPOU3-
BE/ICHHIO APYTHUX JIIONEH.

[TyOGnuyHble IHMLEH3UM MO aBTOPCKOMY IIPaBYy BKIIOYAIOT
YHUKaJIbHBIA M WHHOBALMOHHBIM «TPEXCIOWHBIN) JU3alH.
Kaxxmas nurieHsust HaunHaeTcs Kak TPaauIHOHHBIA IPaBOBOM



176 Becmuux zawyumor pacmenuii, 2021, 104(3) // Plant Protection News, 2021, 104(3)

WHCTPYMEHT Ha TOM SI3BIKE M B TOM TEKCTOBOM (popmare, Ko-
TOpbIE 3HAIOT OOJBIIMHCTBO IOpUCTOB - cioil «Legal Code»
(«ropunndeckuii TekcT»). Ho mockonbky OOJBLIIMHCTBO aB-
TOpOB, TIEAaroroB M y4YEHBIX B JIEHCTBUTENHBHOCTH HE SBIIS-
I0TCS IOPUCTAMH, JIMIEH3UM TaKXe JOCTYNHBI B (opmare,
KOTOPBIH MOTYT YMTaTh OOBIYHBIC Jogn — «Kparkoe omu-
canne» (Commons Deed). 310 — ynoOHBIH cripaBOYHUK IS
JIMLIEH3MapOB M JIMIEH3UATOB, 0000IIAIOMMII U BBIpAXKalo-
LI HEKOTOPBIE U3 CaMbIX BaXKHBIX YCJIOBHM U IOJOXKECHUU.
«Kpatkoe omucanue» cienyeT BOCIPHHMMATh Kak JApyxKe-
CTBEHHBIN K TIOJIb30BATENI0 MHTEPQEHC, CTOAIIMN 3a FOPUAN-
YEeCKHM TEKCTOM, XoTsi «Kparkoe ommcanue» camo mo cebe
HE CIIy’KUT JHLEH3UEH U ero CofepikaHue He MpEeACTaBIIseT

c000#1 4acTb COOCTBEHHO IOPUANYECKOTO TeKcTa. [locenHuii
CJION JIMLEH3MU CO3/1aH Ul Paclio3HaBaHHUS MPOrpaMMaMH,
OT MOUCKOBBIX CHUCTEM JI0 O(HUCHBIX MPUIIOKEHUH, KOTOPHIC B
HacTosIIIlee BpEeMs UIPAIOT OIPOMHYIO POJib B CO3/IaHHH, KO-
MIUPOBAaHNM, M3YYEHHH W PACIPOCTPAHEHUH INPOM3BEICHHUMH.
Uro0Ob! caenaTh Mpole I paciio3HaBanus VIHTepHeTOM mpo-
W3BEICHNH, TOCTYNHBIX 1o jmien3nu Creative Commons, B
nocieaHel npegocrasieHa Bepeus «machine readable» («uu-
Taemasi MalllMHOW») — KPaTKoe M3JIOKEHHE KITIOUEBBIX CBOOO/
U 00513aTENBCTB, HAMMCAHHBIX B (hopMare, KOTOPbIA MOTYT I10-
HuUMaTh cuctemsl 110, MOMCKOBBIE CHCTEMBI U APYTUE BHUIIBI
TEXHOIIOTHIA.
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«Attribution-ShareAlike» («ATpudyuusi-CoxpaHeHueYca10BUii»)

JTa JUIEH3HS IT03BOJISCT APYTUM PACIPOCTPAHATH, CMCIINMBATL, aAalITUPOBATh, U IPOU3BOAUTH HA OC-

HOBE JJAHHOW pabO0ThI HOBBIE TPY/IbI, JAaXe JUII KOMMEPYECKOT0 UCIIOIb30BAHMUS, IPH YCIOBUH YKAa3aHUsI aBTOPA OPUTHHATBHOTO
MPOM3BEICHHS U UCTIOIL30BAHMS JIJIsl HOBBIX TPY/IOB JMIICH3UU TOTO K€ THIA. JIaHHBIIM THIT JINIIEH3UH UCTIONB3YETCS TAKUMHU
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Dra IUIEH3Ms 03BOJISIET IPYTHM HCIIOIb30BaTh PabOTY JUTs JIIOOBIX LENEH, B TOM YHCIIe KOMMEpYe-
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B U3MEHEHHOMU (aganTupoBaHHOM) hopme.
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«Attribution-NonCommercial» («ATpudyuusi-HexomMmepuecku»)

OTta JIMIICH3UA MO3BOJIACT APYTUM CMEIIUBATDL, aJallTUPOBATh, U IIPOU3BOJAUTH HA OCHOBC I[aHHOﬁ pa6o-

ThI HOBBIC TPYAbI IJI1 HCKOMMEPYECKOTO MCIIOJIB30BaHUs, ITPU 3TOM YKa3aHHUE aBTOpa OPUTUHAJIBHOI'O IIPOU3BCACHUA 00s13aTeIb-
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IloMuMO BO3MOXKHOCTH PacCpoCTpaHCHU MOJIHOTCKCTOBBIX Bepcnﬁ HAay4YHBbIX pa60T MyTeM TMPCAOCTABICHUA

OTKPBITOI'O JOCTYyIIa, CYIIECTBYIOT U JAPYTHUC MOAXOAbI, HAIIPABJICHHbIC HA PACIIUPCHUC NJOCTYIIHOCTU HAYUYHBIX 3HAHMM.

K #uMm, B wactHOCTH, OTHOCATCS nHMIUATHUBEL [40A u 140C, Takxke moanep>krBaeMble KypHaloM «BecTHHK 3aIIuThI

pacTeHuiD.

WunnmaruBa oTkpbIThix aHHoranmid (Initiative for open
abstracts, [4OA" — xommaGoparusi HaydHBIX W3daTeseH, MH-
(bpacTpyKTypHBIX OpraHHW3anuii, OmOIMoTeKapei, uccieno-
Barejiedl W IPYruX 3aMHTEPECOBAHHBIX CTOPOH, YbU YCHIIHUS
HamnpapJeHbl Ha MOOLIPCHHE HEOTPaHWYCHHOW AOCTYIMHOCTH
aQHHOTAIM{l Hay4YHBIX MNyOJIMKAIlMH, HM3laBa€MbIX BO BCEM
MHUpE, B 0COOEHHOCTH >KypHAJIBHBIX CTaTel U INIaB KHUI, B
HaJACKHBIX PCIIO3UTOPUAX, II€ OHU OCTAKOTCA OTKPBLITBIMU U
JIOCTYIHBIMA 11 MamuHHON 00paborku. [4OA mpusbiBaet
BCEX HAyYHBIX M3/IaTelied OTKPBITh NOCTYIl K AaHHOTALMAM,
10 BO3MOKHOCTH JIeTIOHUpOBaTh UX B Crossref — odunuas-
HOM areHTCTBE PETHCTpalMu IU(POBBIX HICHTH(PHUKATOPOB
oobekra (Digital Object Identifier, DOI).

AHHOTaIMKM O00OOIIAIOT CONCPKUMOE HAy4dHBIX MMyOJIH-
KalWif, ¥ MX IOMPOKas IOCTYIHOCTH CIYXKHT CBOETO poa
pEeKIIaMoii, CIIOCOOCTBYSI OOHApPY)KCHHIO W TIPUBIICKAS BHH-
MaHHE YUTaTeNeil K MOJHOTEKCTOBOMY KOHTEHTY. COOTBeT-
CTBEHHO, OTKPBITHIHA JJOCTYI aHHOTAIMHA OMOTaeT W3/1aTesIM
MAaKCUMU3UPOBATh 3aMCTHOCTb M 3HAYMMOCTL KYpPHaAJIOB H
KHUT, 00JIeryaeT y4eHbIM MOUCK, 03HAKOMIJICHHE W TIOCIEeIy-
olee MUTUPOBAHNE ITHX PadOT, CIOCOOCTBYET MX BKIIFOYE-
HHIO B CHCTEMAaTHYeCKHe 0030pbl, pacIupseT BO3ZMOXKHOCTH
* https://i4oa.org/

U YOpOIIAeT HCIOJIb30BAHME aHAINM3a TEKCTa U aJrOPpUTMOB
HCKYCCTBEHHOTO HMHTEJJIEKTa B OMOIMOMETPUYECKUX HCCIIe-
JIOBaHUAX, YTO CHOCOOCTBYET HAYYHOMY DPa3BUTHIO BO BCEX
JUCIUIIMHAX, B TOM YHCJIE C Y4acTHEM HCCIeaBoaresei, He
HUMEIOLIMX JIOCTYIIa K KOMMEpYEecKHM OnOInorpaduuecKiuM
ciyx0am, TPeOYFOIIUM TTOIITHCKH.

MHorue aHHOTAIIMH yKe JIOCTYITHBI B PA3JIMYHBIX OUOIHO-
rpadudeckux 60a3zax JaHHBIX, HO ATH UCTOYHUKH UMEIOT OTpa-
HUYCHHUS, HAlPpUMEp, MOTOMY, YTO OHH TPEOYIOT MOATHUCKH,
HEJIOCTYIHBI Ul MAaIllMHHOM 0O0pabOTKM MM OTPaHHYEHBI
OTIpeieTICHHON 00nacThio 3HaHW. JlOCTYITHOCTH TOJIBKO JUTS
YTEHHs YEeJIOBEKOM He Bcerna nocrarodHo. Crossref, areHT-
CTBO I10 PETUCTPALIUK IU(PPOBBIX HIECHTUPHKATOPOB OOBEKTOB
(DOI), ucrionezyemoe MHOTHMH H3/1aTEISIMH, IMEET OOJIbIIIOE
MIPEUMYILECTBO, 3aKII0YAIOIIEeCs B 00bEIMHECHUN aHHOTAIINH
B €IUHOM (opMaTe B OJHON MEKIUCIUIUIMHAPHON Oa3e JaH-
HBIX C BOBMO)KHOCTBIO TIOMCKA, I7I€ OHU JOCTYITHBI Yepe3 WH-
Tepdeiic npuKIIaHOTO MpOorpaMMHpoBaHus. B To Bpems kak
OTKPBITBIN JIOCTYII K OJTHOMY TEKCTY BCEX HayUHBIX ITyOJTHKa-
LU CITY)KUT OCHOBHOM LIENIBIO IBMIKEHUS 38 OTKPBITYIO HAyKY,
[40A cunraet, 9TO HEHTpAJIN30BaHHAS JOCTYITHOCTb OTKPHI-
THIX aHHOTALUH UMeeT 0cOoOBIe MPENMYIIECTBA U TOCTIKUMA
OrBICTpEE.
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Beilstein-Institut

Berghahn Books

BMJ

Brill

British Academy

British Institute of Radiology

California Digital Library (CDL)

Cambridge University Press (CUP)

Chitkara University Publications

Colombian College of Occupational Therapy (CCTO)

Concept Tech Publishing

Copernicus Publications

Council for British Archacology (CBA)

CSMFL Publications

Edimeco

Editorial Espacios (Venezuela)

EDP Sciences

eLife

EMBO Press

Emerald

EMS Press

European Journal of Chemistry

European Respiratory Society (ERS)

F1000

Frontiers

Geological Society of London

Gruppo Italiano Frattura

Hindawi

Institute of Higher Education of the National Academy
of Educational Sciences of Ukraine

Instituto Colombiano de Antropologia e Historia
(ICANH)

IntechOpen

Intellect

International Center for Transactional Analysis
Qualifications (ICTAQ)

International Union of Crystallography (IUCr)
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IWA Publishing

John Benjamins Publishing Company

Journal of Pure and Applied Microbiology

Karger Publishers

Knowledge E

Leibniz-Institute for Psychology Information (ZPID)

Life Science Alliance

MDPI

MIT Press

National Electronic Information Consortium (NEICON)

Open Book Publishers

Open Exploration Publishing

Oxford University Press

PeerJ

Poltekkes Kemenkes Kendari

Portland Press (Biochemical Society)

Proceedings of the National Academy of Sciences
(PNAS)

protocols.io

Public Library of Science (PLOS)

Rockefeller University Press

Royal College of General Practitioners

Amnanornyno, ManmumarnBa oTKpHITEIX cchiiok (Initiative
for open citations, [4OC" — komraGopartist Hay4IHBIX H37aTe-
Jel, uccienoBareneil u Ipyrux 3aUHTEPECOBAaHHBIX CTOPOH,
YbH YCHWJIMS HalpaBieHbl Ha MOOLIPEHHE HEOTpaHUYCHHOU
JIOCTYHHOCTH OMONIMorpaduyeckux CChUJIOK HAay4HBIX ITyOIH-
kauui. K HacTos1eMy BpeMeHH YMCiI0 U3AATENeH, TOANEPKU-
BAaIOMINX JAHHYIO HHAIIHATUBY, npuommxaercs xk 3000.

Bbubnnorpaduueckre CChUTKH — 3TO 3BE€HBS, KOTOPBIE 00b-
€IMHSIIOT HaIlll Hay4HbIC U KYJIBTYpPHbIE 3HaHUS. JTO MEepBHY-
HBIE JaHHbBIC, KOTOpPHIC IMO3BOJISIOT MPOCIEANUTH MPOUCXOXK-
JeHne MHQOpMaIK, W OTAANb JIOJDKHOE aBTOpaM HAyYHOTO
BKJIaJa, OLICHUTb CaMO HCCIIEIOBaHKE U ero BiusiHue. CChUIKH
CITy>KaT Han0oJee BaXKHBIM CPEJICTBOM OTKPBITHS, PacIipoCcTpa-
HEHUS U OLICHKH BCEX HAyYHBIX 3HaHWUHU. [TocKobKy gmcio Ha-
YUHBIX ITyOJIMKanuii yBanBaeTcs Kaxble JeBATh JIET, UMEH-
HO OuOnmorpaduyeckue 3amucd — U aBTOMAaTU3MPOBAHHBIC
* https://i4oc.org/

Royal College of Psychiatrists

RS Global Sp. z 0.0.

RTI Press

SAGE

Schloss Dagstuhl - Leibniz Center for Informatics (LZI)
SciPost

Society for Promotion of Horticulture

The Company of Biologists

The Royal Society

Thieme

Thomas Telford (Institution of Civil Engineers)
Ubiquity Press

UCL Press

Universidad de Cundinamarca

Universidad Militar Nueva Granada
Universidad Nacional Abierta y a Distancia
University Library System, University of Pittsburgh
University of Buckingham Press

University of Technology, Sydney (UTS) ePress
Vilnius University Press

Virtus Interpress

Walter de Gruyter

CHCTEMBI, TIO3BOJISIFOLIME OTCIICKUBATH X — ITO3BOJISIOT yde-
HBIM ¥ O0IIECTBY OBITh B Kypce 3HAYUTENBHBIX JOCTHKCHUH B
mo0oi obnactu uccienoBanuii. YToObI clienars 3T0 BO3MOXK-
HBIM, HEOOXOJJIMO MMETh HEOTPAaHWYEHHBIH JOCTYI K OMOHO-
rpagu4ecKuM JaHHBIM, B TOM 4uciie B popme, TOCTYITHOM s
MAaIIMHHON 00pabOTKH.

OcHoBatenn VMHUIUATHBEI CYUTAIOT, YTO CYLIECTBYIOIIAs
cHCTeMa HayYHOH KOMMYHHKAlIUM HEaJeKBATHO OTpakaeT
CBSI3U, YK€ CIIOKMBIIWECS B Hay4yHOW juTeparype. bymyum
YacThI0O HAay4YHOW myOnukauuu, OuGiauorpaduyecKue CChl-
KM 3a4aCTYIO 3aKpPbIThl JJUMICH3UAMU U HEAOCTYIIHBI JIJId Ma-
muH. [lens [40C cocTtoutT B TOM, YTOOBI CHENaTh JIaHHBIC
O6ubmorpaMIecKuX CCHUIOK OTKPBITBIMHU JUIS BCEX, CTPYK-
TYPUPOBAaHHBIMH B €IMHOM (popMare, IPUEMIIEMOM JUIS IPO-
rpaMMHOH 00paOOTKH, W JOCTYNHBIMH JUI HE3aBHCHUMOTO
aHaJIM3a, OT/IEJIFHO OT COOCTBEHHO CTaThH, YacTh KOTOPOH OHU
COCTAaBIISTIOT.
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Penmakuus xypHana «BecTHHK 3ammThl pacTeHuin» coobmraet, uyto ¢ 2020 roga mpuém
PYKOITHCEH K PaCCMOTPEHUIO, PELIEH3NPOBAHNE U PEIAKTHPOBAHIE OCYIIECTBIIETCS Yepes
CHCTEMY DJIEKTPOHHOTO PEJaKTHPOBAHUS, JOCTYITHYIO HAa HOBOM CalTe KypHaja:

http://plantprotect.ru

CaiiT xypHana (pyHKIMOHHPYET B QHIJIOA3BIYHOW M PYCCKO3BIYHON BEPCHAX, MPHU 3TOM
AHTJIOA3BIYHAS BEPCHUS YCTAHOBIICHA 110 YMOITYaHHIO. JJIs TIEPEeKITIOYCHNUS S3bIKA CIEIyeT BOC-
MOJIB30BaThCA (hIaKKaMH BBIOOpa SI3bIKA Ha BEPXHEW NMaHEeIH CIIpaBa.

Jns paGoTHl B cHCTEME aBTOPY, OTBETCTBEHHOMY 3a IIEPENHCKY, CIEAYET CO3IaTh JUYHBIA KaOWHET C IOMOIIBIO OIIINU
«PETYICTPALIM A, ecni T4uHBIN KaOMHET YK€ CO31aH, HEOOXOIUMO aBTOPU30BAaThCS ¢ moMoInkio omun «BXO/l» Ha BepxHEi
TIaHeIH CIIpaBa.

[Ipu perucTpariu HeOOXOIMMO 3aMIOTHATE BCE 00s3aTeIbHBIE OIS, 1aTh COINIache Ha 00pabOTKy U XpaHEHHE IIePCOHATBHBIX
JTAaHHBIX, IPOUTH MPOBEPKY «aHTUPOOOT». Takke MOXKHO yKa3aThb TOTOBHOCTh BBICTYIIHTH B KaueCTBE PEIICH3ECHTAa U BBHIPA3HUTH
cornacue Ha MOJTy9YeHHE HOBOCTEH.

B nmuaHOoM KabmHETE MOCTYMHA OMIHSA MIPOCMOTPa MPOMWIS C BOZMOXHOCTBIO PEAAKTUPOBAHMSA (CCBUIKA MOSBISETCS MPH
HaBeICHNH Kypcopa Ha Ha3BaHME yYETHOH 3alliCH B BEPXHEM IIPABOM YY), OTOOPaXCHBI IOIaHHBIE CTaThH, aKTHBHA KHOITKA
«IoaTh CTATHIOY.

B npodune cnexyer ykaszars BCio He0OX0AUMYO HHPOPMAITHIO, s yI0OCcTBa paboThI B IBYS3bIYHOM HHTEpQEiice jkenaTes-
HO yKa3bIBaTh OCHOBHBIE TaHHBIC HA PyCCKOM M aHTIIMHCKOM SI3BIKaX.

MuHIMaTBHBI HA00p HaHHBIX pasnena « KOHTAaKThD) 3armoaHsAeTCsS aBTOMAaTHIECKH IIPH CO3AHUH YIETHOU 3ariCH, MOKHO
JI00ABUTH JTOTIOIHUTEIHHBIE CBEICHHS, N3MEHUTD TOCTYIHBIC POJIH, HACTPOUTH YBEIOMIICHHS O MIPOXOXKICHUN PA3IMYHBIX dTa-
OB PEeIaKIIMOHHON pabOTHI MOTaHHBIX PYKOIHCEH, U T.II.

[Ipu nomave pykomnucy HEOOXOIMMO aTh COIIACKE Ha Tiepeady aBTOPCKHX IIPaB, BEIOPATh pa3zien KypHaja B COOTBETCTBUH
C THIIOM CTaThH, MOATBEPANUTH BBHIIIOTHEHNE TPEOOBAaHUH JKypHAa, IPEIbSIBISIEMBIX K PYKOIIHCSAM, B COOTBETCTBUH C KOHTPOJIb-
HBIM CIIFICKOM TOATOTOBKHM MarepHaja K OTIpaBKe (CM. Jaiee), 3arpy3uTh Bce TpeOyemble (aiinbl i 3armoJHITh MUHIMAIBHO
HEOOXOIUMBIN Ha0Op METaAaHHBIX — Ha3BaHKWE M AaHHOTAIMIO PYKOIIMCH Ha JBYX S3bIKaX. ABTOP, OTBETCTBEHHBIN 3a MEPEITUCKY,
JI00ABIIIETCS 10 YMOTYAHHIO, TAKKEe MOKHO YKa3aTh OCTAIBHBIX aBTOPOB paboThl. boiee TiiarensHoe 3aModHeHNEe YTOYHEHHBIX
MeTalaHHBIX (CM. anee) moTpedyeTcs Mocie MPUHATHS PYKOIIMCH K IeUaTy M YTBEP)KICHUS Ha PEIKOJIIETHH, TIOCKOIBKY B IIPO-
Hecce pelakiuoHHON pabOoThl MOTYT U3MEHHUTHCS Ha3BaHWE, aHHOTAIHS, KIIOUeBBIE CIIOBA U T.II.

3amoHeHne YTOYHEHHBIX METAJaHHBIX PYKOIIMCH PEKOMEHAYETCS MPOBOANUTH ITOCIIE TTOMyYCHHS YBEIOMIICHHS O BKITFOUCHUH
PYKOITUCH B TUTaH BBIITYCKa OYE€PETHOTO HOMEPA, YTBEPKACHHOTO Ha 3aCeaHUH PEIaKIIMOHHOW KOJUIETHH JKypHala, NCTIONb3Ys
CaMyI0 MOCIIEIHIOI BEPCHIO PYKOIIHCH, MTpOoIIe el pruHaTbHYI0 KOPPEKTYPY.

B oTnmume oT 0CHOBHOTO TEKCTa PYKOIHCH, B METaIaHHBIX Ha3BaHWE PYKOITUCH HEOOXOAMMO IMPUBOIHUTE 3ariaBHBIMHU OyK-
BaMH, JUIA 4eTr0 MOXXHO BOCIIONIB30BATHCSI COOTBETCTBYIomIeH (yHKmerd dopmarupoBanus Tekcra MS Office Word («BCE
[MTPOITMCHBIEY).

KittoueBsie ciioBa MOTYT OBITH CKOMMPOBAHBI N3 (PMHATHHON BEPCHH PYKOIIHCH, AITOPUTM PACIIO3HAET CIIOBOCOYETAHUS, pa3-
JIENIEHHBIE 3aMATHIMHI, B IPeo0pa3yeT UX B COOTBETCTBYIOIINE KIIIOYEBEIC CIIOBA.

ABTOPBI TOJDKHBI OBITH TIEPEYNCIICHBI IIOJIHOCTHIO B TOM K€ TOPSIZIKE, YTO ¥ B PYKOIIHCH; TIPH 3TOM MHHIIAAIBI 3aIIOTHIIOTCS
aBTOMaTHYecKd. MecTo paboThI ClIeAyeT yKa3bIBaTh B CTPOTOM COOTBETCTBHHU C NEYaTHOW Bepcuer ctatei. O0s3aTeIbHO KOp-
PEKTHOE yKa3aHHE aKTyaJbHOTO ajpeca 3JIEeKTPOHHON IOYTH aBTOPA, OTBETCTBEHHOTO 3a MEPEMHCKY; U OCTAIBHBIX aBTOPOB
MOXXHO YKa3bIBaTh JIMYHBIC WU pabodme ajapeca, a MPH OTCYTCTBUH e-mail MOXKHO yKa3aTh agpec aBTopa, OTBETCTBEHHOTO 3a
MEPENUCKY (TIOCKOJIBKY TAHHOE TT0JIE OTHOCUTCS K 0053aTeTIBHBIM IS 3aIIOJTHEHUS ).
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