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OCOBEHHOCTH B3AMMOOTHOIIEHUM MMAPA3ZUTA U XO3IMHA B TATOCUCTEME
“TRITICUM AESTIVUM — PYRENOPHORA TRITICI-REPENTIS”

H.B. MupoHnenko
Bcepoccuiickuii nayuno-uccredosamenvckuil uncmumym 3awumul pacmenuti, Cankm-Ilemep6ype

e-mail: nina2601mir@mail.ru

JKenras mMATHUCTOCTh — MIMPOKO PAcTIPOCTPaHEHHAsl OOJIE3Hb IIICHHIBI, OTHOCUTCS K TPYIIIE OIACHbIX, BBI3BIBACT
MOTEpH ypoXas W yXyAllaeT KadecTBO 3epHAa. BozOyantenem Oose3HHM SIBISIETCS acKOMHIETHBIH Tpub Pyrenophora
tritici-repentis. B mocneaHue Tpu OECATHIETUS AKTHBHO W3y4arOTCA T€HETHYECKHE MEXaHHM3MbI B3aHMOOTHOIICHUH B
narocucreme «Triticum aestivum — Pyrenophora tritici-repentis». BzaumonelicTBre TEHOB TTapa3uTa U PaCTCHHUA-XO35MHA
MIPOMCXOMUT 10 MHBEPCHOMY THUILY, B OTIMYHE OT KIACCHYECKOTO B3auMOAeHCTBHs «110 Propy». B 00630pe paccmorpena
CYIIECTBYIOIIast HA JAHHBIH MOMEHT CHCTEMa KJIaCCH(UKALIUK H30JISITOB P, tritici-repentis 10 IpU3HAKYy BUPYJICHTHOCTH Ha
copTrax/THHISIX I epeHInaToOpax MIIEHUIIBI — pac ¥ €€ HECOOTBETCTBUE PE3YIbTaTaM MOJICKYIISIPHOM AMAarHOCTHKH T€HOB
ToxA n ToxB. IlpuBeneHbl TaHHBIE M0 TEHETUKE YCTOMYMBOCTH MSTKOHM MINEHUIIBI K BO3OYIUTEIIO XKENTON MATHUCTOCTH
W TpPUMEpPHI B3aUMOJCHCTBHI T'€HOB BOCIIPHUMYHBOCTH TIIEHUIBI ¢ OCHOBHBIMH (DaKTOpamMH NAaToOreHHOCTH P tritici-
repentis. Ha cmoxHOCTh TaTocucteMsl «Triticum aestivum — Pyrenophora tritici-repentis» OKa3bIBalOT CYIICCTBEHHOE
BIIMSTHAE HE TOJIBKO Paco-Crei(pUIHbIe B3aNMOICHCTBIS MEX /Ty TPHOHBIMU HEKPOTPOQHBIMU 3P PEKTOpaMu U TeHaMHU
BOCIIPUUMYHUBOCTH XO3SIMHA 110 MHBEPCHOMY THUIy T'€H-Ha-T€H, HO U HAJIUYHE MHOXKECTBA JIOKYCOB KOJIMYECTBEHHBIX
MPHU3HAKOB, ACCOLMUPYEMBIX C YCTOMUUBOCTBIO K HECKOJIIBKHM pacaMm.

KaroueBble cjioBa: xenras MATHACTOCTD, MIICHUIA, Pachkl, PUTOTOKCHUHBI, T€HBI 3P(PEKTOPOB, TCHBI YCTOHIMBOCTH,

QTL, ToxA, ToxB, ToxC, Tsnl, Tscl, Tsc2
Ilocmynuna ¢ pedaxkyuw: 20.08.2025

Ilpunama x nevamu: 15.10.2025

BBenenue

JKenrass MATHUCTOCTH JHCTHEB OTHOCHTCS K HamOoiee
pacIpoCTpaHeHHBIM U BPEIOHOCHBIM OOIE3HSM ITIICHHIBI BO
BCEX PETHOHAX KYJIBTUBUPOBAHMSA MIICHUNBL. CHMITOMEI 00-
JIE3HH TIPOSIBIISIIOTCS] B BHJE HEKPOTHUYECKUX M XJIOPOTUYHBIX
ISITEH Ha TOBEPXHOCTH JIMCTA, YTO CHIKAET CIOCOOHOCTH
pacTeHust K (OTOCHHTE3Y M NPHUBOAMT, B KOHEYHOM CHYETE, K
CHIDKEHUIO YPOXKas U yXyALICHHIO KadecTBa 3epHa (Ramos et
al., 2024).

Panee xenTas MATHUCTOCTH MIICHUIB! ObUIA MaJIO 3aMeT-
HO 00JIe3HBIO, HEe TIPUBIIEKAIOIICH K cebe 0c000T0 BHUMAHHS.
TonmpKo B cemMmmecsATHIE TOABI MPOMNUIOro Beka B CeBepHOI
Awmepuke u B ABcTpanuu, u B BockMuaecstsie B EBporne u Poc-
cuM Obll1a OTMEYEHAa SKOHOMHUYIECKas 3HAUMMOCTD 3TOH 00i1e3-
HU. BriepBrie kenTas mATHHCTOCTh ObLTa 0OHapyxeHa B 1985
rony Ha CeBepHoMm KaBkaze (I'panun u ap., 1989). B nagame
90-X TOZOB MPOIILIOTO CTOJIETHS OONE3Hb PAaCIpOCTPaHMIIACH
mo Bcell Teppuropuu KpacHomapckoro m CTaBpOIOIBECKOTO
KpaeB u cocraBmia 37 % cpenu Ipyrux JUCTOBBIX MIATHUCTO-
creii (AHIpoHOBa, 2001), a B 2006 romy pacrpocTpaHEHHOCTh
Ooe3Hn Ha OTHENBHBIX MoJsiX B CeBepo-KaBka3zckoMm pernoHe
nmocturina 100% (Kpemuesa, Bonkosa, 2007).

B cpenneMm xenTasi MSTHHUCTOCThH BBI3BIBACT MOTEPH YpO-
*ast B pazmepe 5—10%, HO Ha BOCIIPUUMYHBBIX COPTax MPH
YCIIOBUSIX, ONAaronmpuATHBIX ISl Pa3BUTHSA OOJIE3HH, T.€. B
SMH(UTOTHIHBIE TOBI OHU MOryT TpeBbimars 50 % (Rees et
al., 1982; De Wolf et al., 1998), noxons mo 60 % (Rees, Platz,
1979; Hirrell et al., 1990).

BozOyaurenem  Goie3HM  SBISIETCS  TOMOTAJUTMYHBIH
ACKOMHIICTHBIN Tpub Pyrenophora tritici-repentis. Kpome
OOBIYHOHN TATHUCTOCTU JIUCTBEB P. tritici-repentis BBHI3BIBaET

CHMITTOMBI PO30BOCTH CEMSH M OypOi MATHHCTOCTH YEIIyeK
u ocreii (Schilder, Bergstrom, 1994; Fernandez et al., 1998).

CymiecTBeHHBIMU (paKTOpaMH BHE3AITHOTO pacIpocTpa-
HEeHnsl OOJE3HM SIBISIOTCS IIMPOKOE KYJIBTHBHPOBAHUE BOC-
MPUUMYHUBBIX COPTOB M IMafsmas oOpaboTka IOYBBI, YTO
CHOCOOCTBYET HAKOIJICHUIO NMEPBUYHOTO MHOKYIIOMA B BHZE
nceBporerues rpuda (Muxaiinosa u ap., 2015).

K ocHOBHBIM (hakTOpaM BUPYIIEHTHOCTH P. tritici-repentis
OTHOCAT X03snH-crienuduyuapie TokcuHbl — HST, Teneps 00b-
eIWHEHHbIE TEPMUHOM «HEKpoTpodHEIe 3pdexropsn» (NE). YV
P. tritici-repentis n3BectHbI 1Ba 0enKoBBIX NE — Ptr ToxA u
Ptr ToxB, kotopble aeTrepMuHupoBanbl reHamu 10xA4 u ToxB, n
omuH yactTudHo oxapakrepm3oBaHHBI NE Ptr ToxC nHebemnko-
BOW IIPUPOABI, TEHETHUECKAst AETEPMHUHANNSA KOTOPOTO A0 CHX
mop m3yqaercs (Effertz et al., 2002).

[TaTtocucrema «nmenuua — P. tritici-repentis» BCECTOPOH-
He akTHBHO m3y4aercs nociemnne 30 mer (003opsl: Faris et
al., 2013; Friesen, Faris, 2021). Pa3zpaboTana MynsTUIUIEKCHAS
cucrema [P quarnoctuku reHoB 7oxA n ToxB (Andrie et al.,
2007). IIpomyKTBl 3THX T€HOB y3HAIOTCS MPOXYKTaMU T'CHOB
BocupuuMuuBocTd Isnl m T5c2, Ha KOTOpEIE Takke pa3pado-
TaHBI MOJIEKYIsIpHBIE Mapkephl (Abeysekara et al., 2010; Faris
et al., 2010). Bug marorena MOXHO HIEHTH(OUITUPOBATEH C T10-
momsio [P ¢ BumocnennpuaabiME mpaiiMepamu (Antoni
et al., 2010) u mpaiimepamu, cnennpuaHbiIMA K MAT-10KyCy
P. tritici-repentis (Lepoint et al., 2010). 'eneTngeckas netep-
muHaws TokcuHa Ptr ToxC HaxomwTces B cTaiuy M3ydeHHS
(Shi et al., 2022).

I'en ToxA mpmoOperen rpubom P. tritici-repentis B pe-
3yapTare Topu3oHTaimbHOTO rmepenoca rera (I'TIN) u3
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TeHOMa JIpyToro [aroreHa nieHuns —rpuda Parastagonospora
nodorum (Friesen et al., 2006), Torma kak «COOCTBCHHBIM»
reH ToxB npencraBieH B reHOMe Pyrenophora tritici-repentis
HecKobknMHU Kommusimu (Martinez et al., 2004). Ha mukpos-
BOJIFOLIMOHHBIE TIPOLECCHl (PUTOMATOTEHHBIX TPUOOB BIIUSIOT
MX B3aMMOOTHOIIEHHMS C pacTeHHUEM-X03sMHOM. [latocucrema
«mmeHnna — P, tritici-repentis» paboTaer 1o NMPUHIKIY WH-
BEPCHOI CHUCTEMBI «T'€H-Ha-TeH»: KaXIbli MHIMBUAYaIbHbIN
TOKCHH y3HAeTCs IIPOLYKTOM COOTBETCTBYIOIIETO r'eHa pacTe-
HUSI-X0351Ha, YTO BBIPAXKACTCS B BOCIIPUUMYNBOCTH PAaCTEHHS
u nposieinennu 6osiesnn (Wolpert et al., 2002; Strelkov, Lamari,
2003). Takum 00pa3oM, WHBEPCHBIA THI B3aWMOICHUCTBUSL

TaToreHa ¥ pacTeHHs 3aKJII0YaeTCs B TOM, YTO HHIYIIHpYeMbIe
1aTor¢HomM NE, ATaKyCT 3alllUTHBIC ITYTHU XO03s11MHA, YTO IPHUBO-
IUT K BoctipuuManBocTH pactenus (Liu et al., 2009; Friesen,
Faris, 2010). O4eBUIHO, YTO BOCIIPUUMYUBOCTh K KOHKpPET-
HOMY TOKCHHY KOIMPYETCsl JOMHHAHTHBIM aJIJIEJIEM T€HA, a
YCTOWYIHBOCTH — peiecCHUBHBIM. [loHMMaHNe MEXaHU3MOB B3a-
MMOOTHOIIICHHH NTapa3uTa U X035MHA B TATOCHCTEME MO3BOJIS-
€T MPOTHO3UPOBATH BEPOSATHOCTh Pa3BUTHS dMHU(PUTOTUIHBIX
CUTyaIli 1 pa3padaTsIBaTh CTpareruyl 3G QeKTHBHON 3alUTHI
pacTeHuit ot 6oJsie3Hel, YTO 0COOEHHO aKTyalbHO B YCIIOBHSIX
W3MEHEHMs KIIMMaTa U BBICOKOW BEPOSTHOCTH 3aHOCA WHBA-
3WBHBIX BHJIOB [TATOT€HOB.

Pacosblii cocTtaB nonyasiuuii P. tritici-repentis

U3 tpex uzBectHrix NE, koTopble npoayuupyet P. tritici-
repentis, oliH UHAyUUpyeT Hekpo3 — Ptr ToxA u 1Ba TOkCHHA
— Ptr ToxB u Ptr ToxC uHIYIUPYIOT XJIOpO3 JUCTHEB IIIIe-
HUIEB! (cM. 0030psr Singh et al., 2010; Faris et al., 2013). Ha
OCHOBaHHH CITIOCOOHOCTH M30JISITOB P, tritici-repentis NHIy -
poOBaTh T€ WM WHBIE CHMITOMBI HA COPTaX/IMHUSAX MIICHU-
sl (Glenlea, 6B662, 6B365), muddepeHnmpyrommx HaauIne
Ka)KJJOT0 U3 TPEX TOKCHHOB, MPEAJIOKEHA CHCTEMA KJIacCU(pH-
Kaluu pac naroreHa. MI3BectHo BoceMb pac P. tritici-repentis:
pacsl 2, 3 1 5 IpoAyLMpPYIOT O OJHOMY TOKCHHY — Ptr ToxA,
Ptr ToxC u Ptr ToxB, cooTBeTcTBEHHO, pacsl 1, 6 u 7 mpoay-
UpyroT 1o 1Ba TokcuHa — Ptr ToxA/ Ptr ToxC, Ptr ToxB/Ptr
ToxC u Ptr ToxA/Ptr ToxB; paca 8 —Bce Tpu ToKcHHa, a paca 4
— HM OJHOTO M CUMTAETCS aBUPYICHTHOH K MSATKOM IIIECHU-
e (Lamari et al., 2003). B pa3HBIX pernoHax MHupa pacoBBIi
COCTaB MOMYJALMI MaToreHa pasznuuaercs. [laHHas cucreMa
KJaccu(UKAIlMM pac MaToreHa I03BOJSET CPaBHMBAThH IIO-
MYJSIIANA  Pa3IYHOTO Teorpa)uueckoro MPOUCXOXKACHHS,

BBIJIENISATH IOMHHUPYIOIINE PACHI U CIIEANTH 33 ANHAMUKOH 13-
MEHEHHUH pacoBOro cOCTaBa MOMysaIui. OHAKO MPEIOKEH-
Hasl cHUCTeMa KiIacCH(MKalMU pac HyXIAeTCsl B COBEpIICH-
CTBOBAaHHUHM, T.K. C €€ TOMOILBIO HENb3s MIACHTH()UIMPOBATH
Bce m30iATHl rpuda. C 2003 roma OBUTH OTMEUECHBI U3OJISTHI,
KOTOpbIE HEBO3MOXKHO OBUIO OTHECTH K OIpE/IENICHHOH pace
(Lamari et al., 2003; Benslimane et al., 2011). C gpyroii cTo-
POHBI, HAKONHJIKCH (haKThl OOHAPYKEHHS U30JISITOB, OTHECEH-
HBIX K KOHKPETHOH pace, HO He TOMyYHBIINX MOJICKYISIPHOTO
MIOATBEPIKICHNUS HAJIMYHSI B 3TUX U30JIATaX COOTBETCTBYIOIINX
reHoB-3¢ ¢ exTopoB — ToxA nim ToxB (MupoHeHKo 1 11p., 2019;
Muposnenko u jp., 2024a; Ali et al., 2010; Leisova-Svobodova
et al., 2010; Guo et al., 2018; Muponenko, Kosanenko, 2018;
Kamel et al., 2019). Takue H30JAThl HA3BaHBI ATUITUYHBIMH,
B HHUX IPEIIONaraloT HaJNdhe WHBIX eIle HEU3BECTHBIX (-
(eKTOPOB, MPOSBJIAIONIUX T€ XKE CUMITOMBI, uTo U Ptr ToxA
u Ptr ToxB.

I'eneTnka yCTOﬁ‘ll/lBOCTl/l NIIEeHUIbI K BOSﬁyIll/lTeJ'llO JKeJITOM MATHUCTOCTH

I'eHbl Ka4eCTBEHHOH YCTOHYMBOCTH

WnenTndunnpoBansl TpH JOMHHAHTHBIX T'€Ha YyBCTBH-
TenpbHOCTH mieHUIBI Kk Tpem HST Bo3Oymurens skentoit
nsaraucrtocty: Iscl x Ptr ToxC (Effertz et al., 2002), Tsc2
k Ptr ToxB (Orolaza et al., 1995; Friesen and Faris, 2004;
Abeysekara et al., 2010) u Tsnl x Ptr ToxA (Faris et al., 1996;
Stock et al., 1996). Emie B 1987 rogy Tomas u Bockus ycra-
HOBWJIN, 4TO MEXIY 4yBCTBUTENbHOCTEIO K HST 1 Boctipunm-
YHUBOCTBHIO K B036yI[I/IT€J'I}O JKEJITOU MATHUCTOCTHU CyIIECTBYCT
CHIIbHAS KOPPEIIUs, T.€. 3TH NPU3HAKH KOHTPOIHPYIOTCS
OHMMH M TEMH YK€ TeHaMu. B paHHHX paboTax U J0 CHX IOp
TeHbl YCTOMUMBOCTHU K P. tritici-repentis Ha3bIBalOT PELECCUB-
HbBIMU I'CHAMH, XOTs IMPABUIIBHCC 6BIJ'IO OBl MHUCaTh DTOT TEP-
MHUH B KaBBIUKaX. PeriecciBHOE HACIIeZIOBaHUE YCTOMYMBOCTH
K JKEJITOM MATHUCTOCTH OOYCIIOBJIEHO PELIECCHBHBIMU aJIIeIsI-
MU TeHOB, TOTJ]a KaK BOCIIPHIMYHUBOCTE K 0OJIC3HU KOHTPOJIH-
pyeTcsda IOMUHAHTHBIMU aJUICTISAMU.

B 2007 romy Obuto pemeHo 0003HAa4aTh KaueCTBEHHEIC
T'eHbl YCTOWYUBOCTH K P. tritici-repentis, uieHTU(GUIUPOBAH-
HBIE B MCKYCCTBEHHBIX YCIIOBHSAX B pe3yjibTare 3apakKCHUs
KOHUIMSIMU TprbOa, kak T5r (tan spot resistance), a TeHBI, CBsI-
3aHHBIC C peaKIuell Ha KyIbTypajbHbIE (DUIBTpATHI, comep-
skame HST, mnm 4ncThie TOKCHHBI, 0003Ha4YaTh KakK T'EHEI
YyBCTBUTEINFHOCTH K ATHM TOKCHHaM: I5c¢ (tan spot chlorosis)
u Tsn (tan spot necrosis) B 3aBUCUMOCTH OT CUMIITOMa, BBI3bI-
Baemoro HST (1uT. mo Faris et al., 2013). /loMuHaHTHBIE all-
JIeTI TEHOB JIETEPMUHUPOBAIIM PU3HAKH 1yBCTBUTEIEHOCTH

K TOKCHMHaM ¥ BOCIPHUMYUBOCTH K BO3OYAUTEIIO >KEITOU
IISITHUCTOCTH, & PELIECCHBHBIE aJUIENN KOHTPOIMPOBAIN allb-
TEPHATUBHBIM NPU3HAK — HEUYBCTBUTEIBHOCTb K JI€HCTBHIO
TOKCHHOB U YCTOHYMBOCTB K BO30YAUTEIIIO.

ComnacHo «Karanory cUMBOJIOB I'€HOB» HIEHTH(HULUPO-
BaHO BOCEMb OCHOBHBIX «PELECCHUBHBIX I'€HOB YCTOMYHMBO-
CTW MIIEHUIIBI K )KeNTOH MATHUCTOCTH: 157! (cuHOHUM T3n 1),
Tsr2, Tsr3, Tsrd, Tsrs, Tsr6 (cunonum Tsc2), TsrHar v TsrAri
(Mclntosh et al., 2013). T'ers! ycroitumBoctu 757/ k pace 2 u
Tsr6 x pace 5 ObLIM KapTUPOBaHBI Ha XpoMocomax SBL u 2BS,
cooTBeTcTBEHHO (Abeysekara et al., 2010; Singh et al., 2010),
reH TsrHar — va xpomocome 3B (Tadesse et al., 2008), TsrAri
—3A (Tadesse et al., 2010), 7572 u Tsr5 — 3B, Tsr3 — 3D, Tsr4
—3A (Faris et al., 2013). Ha ceropHsiHui 1eHb K 3TOMY CIIH-
CKy MOXXHO JOOaBUTH AOMHHAHTHBIN reH 7577, OTBEHAIOMINi
3a paco-Hecnenu(prIECcKy0 YCTOHYMBOCTD TETPATUIONIHBIX U
TeKCaIIOMIHBIX MIIEHUL K pacaM P tritici-repentis 1 pacno-
noxeHHBI Ha xpomocome 3B (Faris et al., 2020). I'en Ticl
HE MONYYHJ CHHOHUMHYHOTO oOo3HaueHus T3r (Faris et al.,
2013).

B nocnenane nBa necsATUIETHS IPOBOAUTCS aKTHBHAs pa-
00Ta 110 YITYYIIEHHUIO CENIEKIINH MIIEHHUIBI Ha YCTOMYMBOCTD K
BO30YAMTEIIO KENTOH MATHUCTOCTH. [ eHeTH9IeCKHA KOHTPOIIb
0oJIe3HH SIBIISIETCS] 9KOHOMHYECKH 00Jiee BBITOJHBIM U IKOJIO-
THYeCKd 0€30TacHBIM MOAX0A0M OOPHOBI ¢ OOJIE3HAMH pacTe-
HUH 110 CPAaBHEHHIO C XUMHUUECKUMU METOJIAMH.
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Jnd monydeHHs B CENEKIHOHHOM MPOIECCE COPTOB C
YAy4LIEHHOH YCTOWYHMBOCTBIO TpeOyeTcs 3apoAblieBas ias-
Ma, ycToluMBast K P. tritici-repentis, 3HaHUE T'€HETUYECKUX
JIETEPMUHAHTOB YCTOMYMBOCTU M MOJIEKYJISIPHBIE MapKephl,
ACCOIMMPOBAHHBIE C JOKyCAMU YCTOMYMBOCTH. B3aumonei-
crBusi ToxA —Tsnl n ToxC — Tscl cunraroTcs Haubosee Bax-
HBIMM JJIs1 pa3BUTHUSA JKENTON MATHUCTOCTU Y O3UMOM MILEHU-
Lbl, B OTVIMYUE OT UCCIEAOBAaHUN CUCTEMBI B3aUMOIECHCTBUS
ToxB — T3c2, uTO CBSI3aHO C OTCYTCTBHEM B OCHOBHBIX 3€pHO-
CEIONIMX PErMOHaX MUpa U30JISTOB MaroreHa ¢ reHom 7oxB.

PaccMorpuM Tpu mpumepa B3auMOIEHCTBUN NPOLYKTOB
TCHOB BOCIIPHMMYHBOCTH IIICHUIBI C OCHOBHEIMH (haKkTOpa-
MM MAaTOT€HHOCTHU P. tritici-repentis.

Tsnl — Ptr ToxA

MormnekymspHas OCHOBA, JIeXKalasi B OCHOBE HEKpO3a, BEI-
3bIBaeMOro TokcuHoM PtrToxA, u B3aumojeiicTBreM NpoIyK-
ToB TeHOB ToxA w Tsnl, ocraercs HewsBecTHOW. B pabote
Manning u Ciuffetti (2005) 65u10 moxazano, uro Ptr ToxA num-
MOPTHPYETCA B KIETKY B MIIIEHUYHBIX JHHUSAX, HECYIIUX TO-
MUHAHTHBIN ajienb 75n/, HO He B IMHUSAX TeHoTUNa tsnltsnl.
B 2010 rony ren Tsnl ObUT KIOHUPOBAaH U OXapaKTEpU30BaH
(Faris et al., 2010). [Toka3zano, uyto 77/ nOKaIN30BaH Ha IIIIIS-
HUYHOHU XpomocoMe 5B, cOCTOUT M3 BOCBMH 3K30HOB M KO-
JpYeT OEJIOK C TpeMsl JOMEHAMU: CEPUH/TPEOHNHOBOU IMpO-
temnkuHassl (S/TPK), nykneornanoro cBs3pBanus (NBS) u
nernuH-0oratbix moBTOopoB (LRR), Takum oOpa3zoMm meMoH-
CTPHUPYSI CXOJCTBO C U3BECTHBIMU I€HAMHU YCTOHYHUBOCTH. I10-
Ka3aHo, YTO BCE TPH JIOMEHA KOJUPYEMOTO0 OesKka He0OXOAMMBI
JUTS IyBCTBUTEIIEHOCTH K TOKCHHY U, CIIEIOBATEIHHO, BOCIIPH-
uManBocTH K 60e3nu (Faris et al., 2010).

benok, kogupyemslii reHoM Tsnl, He COAEPKUT TpaHCMEM-
OpaHHBIX TOMEHOB W, BEPOSITHO, HAXOAWTCS BHYTPH KJIETKH.
DT0 00CTOATENBCTBO U TOT (PakT, yTo Oenok Tsnl, mo-BuAN-
MOMY, HE B3aUMOJIEHCTBYET HANPSIMYIO C TOKCHHOM Ptr ToxA,
MO3BOJISIFOT NPEAIIONOKHUTE, 4yTO Oenok Tsnl, ckopee Bcero, He
spisiercs perenrropoM Ptr ToxA (Faris et al., 2010). HemasHO
6bu10 TOKa3aHo, 4To Ptr Tox A B3aMOJEHCTBYET B aroIIacTH-
YECKOM IPOCTPAHCTBE KJIETKU C MHTETPAJbHBIM TPaHCMEM-
Opannbim Genkom TaNHL10 (Dagvadorj et al., 2022).

CortacHO THITY B3aUMOOTHOIIIEHUsI TeHOB 1571 1-ToxA B nia-
TOCHCTEME «MsTKas MieHuna — P, fritici-repentisy», N307IAThl
P, tritici-repentis, umeroniue red 10xA, JOIKHBI TOpaXarh CO-
pTa, Hecymue noMuHaHTHBIN amnens Isnl (Strelkov, Lamari,
2003; Ciuffetti et al., 2010).

[Mocne toro, xak reH 757/ ObUT KIOHUPOBAH U HA €ro JI0-
MHUHAHTHBIN ajiens nomodpan Mapkep Xfcp623 (Faris et al.,
2010), 5TOT MapKep CTaJN UCIIONB30BATh IS BBISBICHUS 00-
pas3uoB Tsnl' ¢ 1enpro UX NOCAEAYOLIEH INMUMUHALIMY U3 Ce-
nekionHoro nporecca (Faris et al., 2010; 2012; Kokhmetova
etal., 2018).

Mapkep Xfcp623, nokanu3oBaH B 5-OM HHTPOHE TeHa
(Faris et al., 2010), npyroii mapkep TaTsnl-2 Bkmouaer 36
HYKJICOTH/IOB 7-TO 3K30HA, BECh 7-OH MHTPOH U YacTh §-TO
sk30Ha (Nuzhnaya et al., 2023). DtoT Mapkep Takke MOXKHO
UCIOJB30BaTh AJS OLIEHKH aJlIeIbHOIO COCTOAHUS reHa Tsnl
¢ Taxoil ke addexkTuBHOCTBIO, uTO U Xfcp623 (MupoHeHKo,
HEOITyOJTMKOBaHHEIC JAHHEIE).

VYeroitunBocTh 00pa3noB ¢ reHotuniom IsniTsnl, oOHapy-
JKeHHBIX HaMH IPU CKPUHHUHTE COBPEMEHHBIX COPTOB MSTKON
MIICHUIIB, HHOKYJIMPOBAaHHBIX H3onsTaMu ToxA+ P tritici-
repentis (Muponeako u ap., 20246) MoxeT OBITH BBI3BaHA

HapyLIEHUAMHU 3Kcrpeccud Isnl/, WM BHYTPUTCHHBIMH My-
TanusaMi. Haiudne TeHOB paco-HEeCIeU(PHUSCKONH YCTOM-
YMBOCTH, HampuMep, 7577 TakkKe MOXET OOBSCHITH yCTOH-
YUBOCTH 00pa3ioB reHotuna 7snlTsnl x wzomaram ToxA+
P, tritici-repentis.

VYHHUKalnbHOCTh B3aUMOOTHOILIEHUH reHoB Isnl u ToxA
U uX npoxykroB B ToM, uro NE PtrToxA moxeTr mpucyt-
CTBOBAaTh Y H30JIATOB TPEX BUAOB BO30OyAWUTENEH JIHCTOBBIX
ISTHUCTOCTEH TmueHuusl — Pyrenophora tritici-repentis,
Parastagonospora nodorum (panee HazpIBajuCs Stagonospora
nodorum wim Septoria nodorum) n Bipolaris sorokiniana.
I'ern ToxA, xomumpyroummii TokcuH Ptr ToxA cmepBa OblT 00-
HapyXeH B u3oiirax Pyrenophora tritici-repentis. a 3ateM y
Parastagonospora nodorum. Ha OCHOBaHMM BBISIBICHHOTO
0OIBILIOTO AJUIENBHOTO pa3HooOpasus reHa ToxA B M30msATaxX

Parastagonospora nodorum — 15 rammorunos (H1-H1S5),
U KOHCEPBAaTUBHOCTU COUHCTBEHHOTO ramiotuma JoxA y
Pyrenophora tritici-repentis — ToxAI, cormacHo Tmocien-

Hell Mpe/UIoKEHHOW HOMEHKJIAType TralloTUNOB reHa JoxA
(Aboukhaddour et al., 2023), 661 cnenan BeBog o I'TII ToxA
ot Parastagonospora nodorum x Pyrenophora tritici-repentis
(Friesen et al., 2006). TTo3xe Obi1 nokazan ¢akt ['TIT ToxA
ot Parastagonospora nodorum x Bo30yIUTEI0 TeMHO-0ypoi
MATHUCTOCTH B. sorokiniana (McDonald et al., 2017). Takum
o0pazom, reH Tsn/ KoqupyeT BOCIIPUMMYNBOCTD K TOKCHHY Ptr
ToxA cpazy Tpex BHIOB BO30yauTeINeii.

He wuckiroueHo, uro B Onrpkaiiliee BpeMsl 3TOT CITMCOK
TIOTIOJTHUTCA, HAlpUMeEp, BO30YIUTENEM ajlbTepHAPHUO3a, I10-
CKOJIBKY (hakT mepeHoca reHa ToxA Takxe JoKasaH A Mpel-
craBuTens pona Alternaria — mouBeHHOTO TpUba A. ventricosa
(Liu et al., 2025). Taxxxe kaHauIaTaMu Ha «IIPHOOPETCHUE»
reHa JoxA mocpenctBom ITI[' moryr ObITE TpPHOBI BHIA
Pyrenophora teres. N3omatel 1Byx $opM (UTONATOTEHHOTO
rpuba, BO3OyAUTENS CeTUYaTONH MATHUCTOCTH SUMEHs, P. feres
— P, teres f. teres u P. teres f. maculata BcTpedarorcs Ha mie-
HUIIE, HO CUMIITOMBI, BBI3bIBAEMbIE MMHU, MACKHUPYIOTCS MO
CHUMIITOMBI JPYTHX NAaTOreHOB MineHuipl. Hamu Obimm mieH-
TUGUIUPOBAaHBl M30IATEl P. teres f. teres, BbIACIECHHbBIE W3
nopaxeHHbIX JucTheB muieHunsl (Mikhailova et al., 2010).
HoBbIM maToreHoM IIIEHMIIB! YK Ha3bIBatoT Tpubd P, teres f.
maculata, xotopblit Obl1 0OHapyxeH B 2019 roxy Ha JMCTBIX
IIIEHAIBI C CHMITOMAMH CXOAHBIMU C CHUMIITOMAaMH >KEITOH
MATHUCTOCTHU, BBI3bIBAEMOU P. fritici-repentis B ApreHTu-
ue (Perello et al., 2019). Panee, B 2010 roxy B MOmMyJSIHIX
P teres f. teres u P. teres f. maculata, oburarommx Ha staMeHe 1
TIIIEHHUIIE B IIEHTpaibHOM EBpomne, ¢ 60mbmIoif 9acToToi ObUTH
BBISABJIEHBI M30JIITHl Hecymue reH 7oxA (Leisova-Svobodova
etal., 2010).

Brnaronaps pacnpocrpanenuto reHa 7oxA B M30114TaX TpeX,
a, BO3MO)KHO, U OOJBIIIEr0 Yrcia, BUAOB TeMHOHOTPOMHBIX
aTroreHoB, 3(p(eKTHBHON CTpareruei /Ui CeNeKIMU yCTOH-
YHUBBIX K OOJIE3HSIM COPTOB IIPU3HAHO yCTpaHEHHE (YHKIHO-
HaJIBHBIX ajutenelt Tsnl, Tak Ha3bIBae€Mblii HETaTUBHBIA 0TOOD
C TIOMOIIBIO MOJEKYIAPHBIX MapkepoB. beim pazpaboTansl
Mapkepsl Tsnl Ui KOHKYPEHTHOH aJulelib-crennpryecKon
[P (KASP) x (raHKHPYIOIIMM CHHTEHHBIM y4acTKaM c0o-
pok reHoma obOpasuoB nmenunsl Tsnl- u Tsnl*. B npouecce
TeCTUPOBaHUs JUHUM Tsnl™ ¢ amnensiMu MapkepoB 4yBCTBH-
TEJIFHOCTH, IOKa3aBIIMX HEYYyBCTBUTEIBHOCTh K TOKCHHY,
OBLIO ITOKAa3aHO OTCYTCTBUE TPAHCKPHIIILMN I'€HA WM HATNIHE
TOYKOBBIX MyTauuil. A y JByX JIMHUWA ObUI BBISBIEH BTOPOIi
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JIOKYC, KOHTPOJIMPYIOIIMN YyBCTBUTENBHOCTb K Ptr ToxA
Ha Xpomocome 2B, koTopslii Obul o6o3HaueH kak Tsnl-B2
(Running et al., 2025).

B nHacrosiiiee Bpemsi JjokazaHo, 4TO B3aumoeicteue 1sn/
— PtrToxA He cBs3aHO C pa3BUTHEM >XENTON MATHUCTOCTH Y
terparmtonaHoi mureruisl (Chu et al. 2010; Virdi et al., 2016;
Galagedara et al., 2020). Y rexcanionaHOH MIIEHUIIB, HATIPO-
TUB, ponb B3ammoneiictBus Isnl-PtrToxA mMoxer BapbHpo-
BaTh OT HE3HAYHUTEIHHOM 10 BECbMa 3HAYMMOHN B 3aBHCHMOCTH
ot reHeTHyeckoro (ona xo3suna (Faris et al., 2013).

Tsc2 — Ptr ToxB

I'en Tsc2, KOHTPONHMPYET YyBCTBUTEIBHOCTH K XJIOPO3-NH-
nyuupytomemy OenkoBoMmy TokcuHy Ptr ToxB, pacmonoxen
Ha KopoTkoM Iuiede xpomocomsl 2B (Friesen, Faris, 2004;
Abeysekara et al., 2010). [lns muarHoctuku rena 7sc2 B 00-
pasiax mieHuIsl padpaboran SSR mapkep XBE444541, ko-
TOpPBIA Npeanaraercst ucrnonb3oBarh At MAS (Abeysekara
et al., 2010). Toukoe KapTHpoBaHue JioKyca 75¢2 TIO3BOJIUIO
pa3paboTarh TECHO CIEIUICHHBIE C 3THM JIOKycoM SNP-map-
Kepbl YCTOWYMBOCTH TIICHUIBI K XJIOPO3-MHAYIHPYOIIE-
My tokcuHy Ptr ToxB (Corsi et al., 2020). ABropamu mpen-
noxeHsl amtenb-crieruuyaasie KASP mpaiimepst s SNP
BS00072620 51, xoTtopble ObLIM HCIONB30BAHBI Il TEHOTH-
nUpoBaHus 47 SIUTHBIX COPTOB 03UMOM MieHunsl. 13 Hux 39
OKa3aJINCh TOMO3UIoTaMu A:A 1O anento yCTOMYUBOCTH, a 8
6butn G:G — roMO3MroTaMy MO IS0 YyBCTBUTEIBHOCTH K
TokcuHy Ptr ToxB, 4To nOMHOCTBIO COOTBETCTBOBAJIO PE3YJIb-
TaraM (PeHOTUIHPOBaHUSI 00Pa3OB 10 YCTOHYMBOCTH K TOK-
cuny (Corsi et al., 2020).

W3onsarer P. tritici-repentis, Hecymue reH 1oxB, BO BceM
MHpE BCTpedaloTcsi KpaifHe peako. Bmepsrie reH ToxB ObIn
oOHapyKeH B M30JIATaX BBHICOKO arpECCHBHOM packl 5 U3 BOC-
touroro Amxupa (Lamari et al., 1995). B 2001 roxy, rer 7oxB
n3 mramma DW7 u3 CeBeproii J[akoTbl ObLI KJIIOHUPOBAH U
oxapakrepusoBat (Martinez et al., 2001; 2004).

Jlo cux mop, HecMOTpsl Ha pa3paboTaHHBIE CHCTEMBI JIHU-
arHocTuku reHa ToxB (Martinez et al., 2001; Andrie et al.,
2007) u xapTHUpOBaHHE I'eHa BOCHPUUMUYHUBOCTH I5c2 K XJO-
po3-unayimpytoiiemy Tokcuny Ptr ToxB (Abeysekara et al.,
2010; Corsi et al., 2020), B3aumoeiicTBIe TPOAYKTOB TEHOB
Tsc2 — ToxB n3yueHO B MeHbIIEH crenend, yeM 1snl — ToxA.
DTO 00BICHSAETCS TEM, YTO IIOJABIISAIOIIEE OONBIINHCTBO CO-
PTOB MIUEHUIBI YCTOHYMBBI K TOKCUHY Ptr ToxB. Jlona Boc-
NPUUMYMBBIX CpeOu KaHaJICKHX copToB cocrtaBisier 30%
(Tran et al., 2017), cpean aBcrpammiickux — 4% (See et al.,
2019), esponetickux — 7% (Corsi et al., 2020). Huskas yacro-
Ta BCTPEYaeMOCTH JOMUHAHTHBIX aJjIeJeld BOCIIPUUMYNBOCTH
resa 75c2 B KOHKPETHOM PETHOHE KOppelupyeT ¢ BCTpedae-
MOCTbIO P tritici-repentis u30a4T0B, Hecylux rel ToxB. Ha-
npumep, 70xB OTCYTCTBOBAI B M30JIs1Tax U3 ABCTpauu (CKpH-
HuHT 119 m3o0maT0B, Antoni et al., 2010), Poccun (ckpuHHUHT
225 nzonsaToB, Muponenko u np., 2019, 2024a). B Amepuke
30Tl ToxB* Berpewarorest ouenp penko (Aboukhaddour et
al., 2013).

Tscl — Ptr ToxC

OO0pa3upl MIICHHUIBI, HECYIIHE TI'€H BOCIPUUMYHBOCTH
T5cl, pacroJOKeHHBI Ha KOPOTKOM IUICYE XPOMOCOMEI
mmreHunpl 1A (Effertz et al., 2002; Strelkov, Lamari, 2003),
YyBCTBUTEJIbHBI K Tpoayuupyemomy rpudom NE Ptr ToxC,
HHAYLMPYIOUIEMY XJOpO3 Ha JIUCThSIX pacTeHuid. B ormu-
YHe OT JBYX MPEABLIYINX CUCTEM B3aUMOAEHCTBHS T'€HOB, B

koTopbIx 3 dexropsr Ptr ToxA u Ptr ToxB siBnsitoTcs 6enkamu
U KOTUPYIOTCS OTIeNIbHBIMU TeHaMu ToxA u ToxB, s3ddexrop
Ptr ToxC mpencraBnser U3 ce0st MaTyl0 HEHOHHYIO, MOJISIp-
HYIO MOJIEKYITy ¥ TeHETHYeCKas IeTepMUHAaIs 3TOro 3 dek-
TOpa 10 CUX MOp U3ydaeTcsl.

I'eneTrueckwuii ToKyc, KOHTponupyronmil cuares Ptr ToxC,
Ha3zBaHHBIN ToxC, OBUT KapTHpPOBaH B CcyOTelIOoMepHOU o0ia-
ctu pazmepoM 173 kO Ha 2-if xpomocome P. tritici-repentis ¢
HCIONB30BAaHHEM CETPErHPYIOUINX IBYPOIUTEIBCKUX TIOIMY-
TSI, CEKBEHHPOBaHMS TeHOMa ¥ aHajm3a accoruanuii (Shi
et al., 2022). ®yHKIMOHANbHAsI TPOBEPKa IOKa3aja, 4YTo Kap-
THPOBAHHBIN T'eH He0OXOAUM, HO HEIOCTATO4EH IS IPOIYyK-
uuu Ptr ToxC, mostomy ero o6o3naumm kak 7oxCl. DTOT reH
KOAMPYET KOHCEPBaTUBHBIA T'MIIOTETUIECKUH OEI0K, KOTOPBIH
SKCIPECCUPYETCsI B IATOTEHE BO BPEMS 3apakKeHUs MIICHUIIBI.
ABTOpPBI TIPENNOIOKWIN, 4TO KOHEUYHBIH mponykt PtrToxC
SIBISIETCSl BTOPHYHBIM METa0OIUTOM, pE3yJIbTaToM KacKaza
OonocunTernueckux myteit (Shi et al., 2022). Unentudukanns
ToxC1 siBrseTcs BaKHBIM IIAarOM K BBISBIECHUIO OMOCUHTETH-
yeckoro myTu PtrToxC n u3yueHnio ero MONeKyIsIpHBIX B3au-
MOJEHCTBUI ¢ TEHOM BOCIIPUUMYHUBOCTH I5c].

I'en, KOHTpOMUPYIOLIMI NPU3HAK IPOSBICHUS CHUMIITO-
Ma XJIOpO3a Ha JIUCTBSX IIICHHIB! B OTBET HA MHOKYISIHIO
n3onsatamu P. tritici-repentis, NpORyLIHUPYIOIIUMU TOKCHH Ptr
ToxC, 6bUT KapTUPOBAH HA KOPOTKOM IUIeUEe MIIEHHYHON Xpo-
Mocombl 1A. Beero B pedepercaom renome copra Chinese
Spring naeHTH(UINPOBAHO 9 TEHOB-KAHANAATOB, CEMb M3 HUX
WMeNH MpHU3HaKU TeHoB yctoitunBocTh K Ptr ToxC (Effertz et
al., 2002; Running et al., 2022). Jlns kmoHupoBanus reHa 75cl
Ha OCHOBE KapTupoBaHHs (map-based cloning) HeoOxommMo
MIPOJIOJKEHUE UCCIIEI0OBAHUH.

I'eHbI KOJTMYECTBEHHOM YCTOHYNBOCTH

Kpome nOMHUHAHTHBIX TEHOB BOCITPUUMYHBOCTH IICHHIIBI
K Bo30Oyaurento xentoit naraucroctu (Tsnl, Tscl n Tsc2), ko-
TOpBIE €Ille MOKHO Ha3BaTh PEIIECCUBHBIMU KayeCTBEHHBIMU
reHaM{ YCTOHYMBOCTH, HACHTH(OUIIMPOBAHBI JIOKYCHI KOJIHUE-
cTBeHHBIX npu3HakoB — QTL (quantitative trait loci), orBeua-
FOIIME KaK 32 PACOBYIO, TAK U PACO-HECTICIUPUUCCKYIO yCTOM-
YUBOCTH IIICHHUIBI K JKEJITON ISITHUCTOCTH (cM. 0030p Faris
etal., 2013).

[epseie nBa QTL — QT5.fcu-1BS n QT5.fcu-3BL, accouu-
HpOBaHHbBIE C YCTOMYMBOCTBIO K pacaMm 1, 2, 3 u 5 P. tritici-
repentis, 6pun unentuunuposansl 20 mer Hazax (Faris,
Friesen, 2005).

B Hacrosimiee Bpemst m3BectHo Oonee 100 QTL, accouu-
HMPOBAHHBIX C YCTOMUYUBOCTBIO K P. tritici-repentis Kak B IeK-
CaIUTONIHBIX, TaK M TETPAIDIOWAHBIX copTax mmeHuns! (Liu
et al., 2020). Coo01anock, 4To Bce XpOMOCOMBI TeKCATLIOH/I-
HOM TIIEHUIIBI, Y€ MeHOM, KaK U3BECTHO, COCTOUT M3 Tpex
reHoMoB A, B u D, kax/blil U3 KOTOPBIX UMEET 7 XPOMOCOM,
conepxar QTL, oOycioBiHBaronye YCTOHYUBOCTD K KEITON
MATHUCTOCTH, 3a HCKiIoueHueM 4B u 6D xpomocom (Faris
et al., 2013; Patel et al., 2013; Kollers et al., 2014). IToka3a-
HO, uTto HekoTopsle QTL acconuupoBaHbl ¢ YCTOWYMBOCTBIO
k HeckonbkuM pacam (Faris, Friesen, 2005; Chu et al., 2008;
Kariyawasam et al., 2016).

Jlokyc xommdectBeHHOW ycronumBocTu QT5.fcu-3BL Ha
JUTMHHOM I1JIe4e XpOMOCOMBI 3B, accollMupoBaH ¢ yCTOHYHUBO-
CThIO K pacaM 1-3 u 5 P, tritici-repentis B Opa3miIbCKOM COpPTE
sipooit mmenuntsl BR34 (Faris, Friesen, 2005) u B amepukas-
CKOM copTe sipoBo#i nieHunbl Penawawa (Kariyawasam et al.,
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2016). B oboux ciywasx Q75.fcu-3BL obecriednst xopouine
YPOBHU YCTOMUMBOCTH KO BCEM H3BECTHBIM pacam P. tritici-
repentis. B 2019 romy Obi1 nIeHTHOUITUPOBAH JTOMHUHAHTHBIN
T'eH paco-HecnenubUIHOW YCTORIUBOCTH K P. tritici-repentis
Tsr7 B obpa3uax markoi u tBepmoi mmenunsl (Faris et al.,
2020). C momoIipio IeTaabHOrO KapTUPOBaHUs OBLIO MOKa-
3aHO, YTO JIOKYC COBITIaJIaeT ¢ paco-Hecnenudmyeckum QTL,
paHee HASHTH(GUINPOBAHHBIM B TeKCAIIOMIAHBIX COPTax IIe-
Hunbsl BR34 n Penawawa.

[IpucytcTBUE «OONBIIOT0» AOMHHAHTHOTO TeHa 1577 Mo-
JKET MHIMOMPOBaTh MPOHMKHOBEHHE M PACHPOCTPAHEHUE T1a-
TOT€Ha B TKAaHM PACTCHUS HA PAHHUX CTAIMAX 3apakKeHUs,
YTO JieJlaeT HEBO3MOXKHOM 1ocTaBKy (utorokcuHa Ptr ToxA
B KJICTKH PAcTCHUA-XO35IMHA. B TakoM ciryuae pacTeHue mpo-
SBJISIET YCTOHYMBOCTH K O0JIE3HM, HECMOTPSI Ha HAJIMYHE B €0
reHomMe noMuHaHTHOTO aymens Tsnl (Faris et al., 2020).

J11st ceneKkuuu CopToB C BEICOKOW M CTaOMIILHOM yCTOHYH-
BOCTBIO K KEITOH MATHUCTOCTH MHOTOOOEIIAOIINM MOAXO-
JIOM SIBIISIETCSl MUPaMUANPOBAHUE HECKOIBKUX OCHOBHBIX JIO-
KyCOB YCTOHYHBOCTH, & TaKXKe HEKOTOPBIX «Oompmmx» QTL.

3a nocnegHue AECATH JIET IPOBEJECH IOJHOTEHOMHBIN T10-
uck accormanuit — GWAS (genome-wide association studies)
SNP-rammorunoB (SNP — single nucleotide polymorphism)
MSTKOHM MIIEHHIBI ¢ JIOKyCaMH YCTOMYMBOCTU K BO30OyAMTE-
o xkentoit marHuctocTH (Gurung et al., 2014; Kollers et al.,
2014; Singh et al., 2016; Juliana et al., 2018; Dinglasan et al.,
2019; Galagedara et al., 2020; Liu et al., 2020; Phuke et al.,
2020; Kokhmetova et al., 2021; Muqgaddasi et al., 2021).

B pesynbrare npoBeneHHoro GWAS BBISIBICHO MHOXKECTBO
HOBBIX QTL ycroifumBoCTH K BO3OYAWTEINIO JKEITOW ISTHH-
croctu. bonbmas vacte aTux QTL xapakrepusyeTcst MaiabIM
3¢ (eKToM UK CyIECTBEHHO 3aBUCUT OT TCHOTHUIIA MIICHHIIBL.
Jna BelsBeHHBIX B pesynsTare GWAS reHoB-kaHAUAATOB C
GompmM 3 ¢dexToM HeoOXoauMo pa3padaThIBaTh MOJEKY-
JSIpHBIE MapKepbl, IPUTOAHBIE ISl MapKEp-BCIIOMOTaTeIbHOM
cenekunu (MAS) — KASP (Kompetitive allele specific PCR
— KOHKypeHTHas autenb-crienipuunas I[1LP) mmm CAPS
(Cleaved Amplified Polymorphic Sequences — pecTpuKIIHOH-
HBII aHAJN3 MTPOIYKTOB aMILTH(UKALIH MapKepOB).

HHTepecHbIe pe3ynbTaThl HOMYUYEHBI IIPH TCHOTUIIHPOBA-
HuM 295 nuHuil neHuusl u3 kowtekuun BUP, TectupoBan-
HBIX 110 YCTOHYMBOCTH K BO3OYJHUTEIIO KEITOW MATHUCTOCTH
Kak B IOBEHWJIBHOM, TaK 1 BO B3pocJoii pase pa3Butust. 1t re-
HOTHUIIHPOBaHUS UcTonb30oBany Mapkepsl DArTseq (Diversity
Arrays genotype-by-sequencing). B pe3ynsrare moucka acco-
IUALUA MapKepoB U (DEHOTHUIIOB MO YCTOWYNBOCTH OBIIH BbI-
spieHsl 11 QTL, pacnono)keHHBIX Ha pa3lIUYHBIX XPOMOCO-
Max TpeX Te€HOMOB MsTKoH mmernunsl — A, B u D. Tpu QTL
OTIpeZieIeHbl KaK Ha CTaJHH MPOPOCTKOB, TaK M y B3POCIBIX
pactenuii. Ocobsrii uaTepec mpeacrassror QTL, accormm-
poBaHHBIE CO B3pociiol ycroitunBocThio (APR — adult-plant
resistance), JJOKann30BaHHBIE Ha Xpomocomax 1A, 2B u 6D
(Dinglasan et al., 2019).

B pab6ote Dinglasan et al. (2019) moxa3ano, 4To 00pa3isl
n3 xkomekuun BUPa, necymue APR QTL, ocobenHo nupa-
muay u3 Tpex QTL (gNV.YS-1A.2 + gNV.YS-2B.1 + gNW.
YS-6D), noka3bIBatOT BEICOKHE YPOBHU B3pOCION yCTOMUNBO-
CTH, HO B TO K€ BpEMs Ha CTAaIUU MPOPOCTKOB 3TH 00pPa3Ilbl
ObUIM YyBCTBHUTENIFHBI K HEKPO3-UHIYLHUPYIOIIEMY TOKCHHY
Ptr ToxA 1 umenu JOMUHAHTHBIN ajuleb reHa BOCIPUMMYU-
BocTH T5n.. [lomyueHHbIe JaHHBIE IPOTUBOPEYAT U3BECTHOMY

YTBEP)KICHHUIO O CYIIECTBOBAHMH KOPPEISALUH MEXIYy UyB-
CTBUTEJIBHOCTBIO MIICHUIIBI K TOKCHHY Ptr ToxA u BoctipunM-
YUBOCTHIO K kenToi matauctocTH (Friesen et al., 2008). Ta-
KuM 00pa3oM, cieqyeT MPU3HATh, YTO HETATHBHAS CEIICKIIUS
Ha YCTOIYMBOCTP K KEJITOH MATHUCTOCTH, T.€. TIPOTHB JIOMH-
HAHTHOTO ajuielisi reHa Tsn/, Ha IOBEHWJIBHOW CTAaJMHM HECET
PHUCK ToTepHu O0pasloB CO B3POCION yCTOHUMBOCTHIO. [laH-
HBIE Pe3yJbTaThl OTKPHIBAIOT IEPCIICKTHBY CO3/IaHHSI COPTOB C
3aIIMTOH OT IIMPOKOTO CIIEKTPa Pac BO30YAUTEIS XKEITOU IIsIT-
HUCTOCTH ITyTeM 00beINHEHHS reHeTHIecKnX (hakTopoB APR.

JIokyChl KOMMYECTBEHHBIX MPU3HAKOB, KOTOPHIE XapakTe-
PH3YIOTCSl pacoBoil Heclel(UIHOCTBIO, TAKXKE MPEICTaBIIS-
0T O0COOBIH MHTEpEeC IS CeNEKUUHU MIICHUIBI Ha YCTONYH-
BOCTb K P. tritici-repentis.

B ornmmume ot paco-cenuHUYHBIX CHMIITOMOB, KIIacCH-
(uKanust KOTOpPBIX OblIa pa3paboTaHa ¢ UCIOJIB30BAHUEM I'eK-
CaIUTOMIHON MINECHUITBI, Ha 00pa3nax MATKOW MIIeHWIIH, Ha
TBEP/IOH MIIICHAUTIE MHOTOYHCIICHHBIE U30IIATH 3 U 5 pack (3T0
Hocutenu reroB 3ddexropos 7oxC u ToxB) nHIyuMpoBaiu
HEOXXUJIaHHBIE PeaKkIMy pacTeHHs — HEKPO3 BMECTO XJIOpO3a
(Lamari, Bernier, 1989; Wei et al., 2021). Takxe U30JATHI C
reHoM ToxA TpW MHOKYISIIIMK T€HOTHIIA TBEPIOW IIICHHIIBI
¢ redoM Tsnl He BbI3bIBaIHN Ooxumaembiii Hekpo3 (Faris et al.,
2020; Wei et al., 2021). Bce 3t pakThl MOXXHO OOBSCHUTH
CYyIIECTBOBAaHUEM JIOTIONHUTEIHFHBIX MEXaHU3MOB 3aIIUTHI OT
B030yauTesst Oone3Hu B TerparonaHod mmenune (Faris et
al., 2020).

[ToxazaHo, 9YTO M30MIATHI pachl 4, HEMATOTEHHBIE IS TeK-
CaIJIONTHOM MIICHHIIBI, BHI3BIBAIOT MHTEHCUBHBIM HEKPO3 Ha
HEKOTOPBIX 'eHOoTHIax TBepuod mmenuns! (Guo et al., 2020).
OtMedaercs Takke, YTO Ha TBEPIOW IIIESHUIE B3aUMOJCH-
ctBue ToxB — Tsc2, mo-BuauMoMYy, Oolree 3HAYMMO, YeM B TEK-
carutonHou (Virdi et al., 2016; Wei et al.,2021).

Mapkep-BcnomorarenbHas cenexkuust (MAS) Ha
YCTOHYHMBOCTD MIIEHHIbI K 7KeJITOH MATHUCTOCTH

CunTarot, 9TO HEraTHBHBIA OTOOP MPOTHB AOMUHAHTHBIX
anneneil reHoB BocnpuuMuMBocTH I3nl u Tsc2 x P. tritici-
repentis 'y TIICHUIBl ITO3BOJUT OTOOPaTh JIMHUHU, BBICOKO
ycroitunBeie k naroreny (Kariyawasam et al., 2016).

Hampumep, B ABcTpanuw, rae B HOMYJSIMSAX ITaTOTeHA
P. tritici-repentis nipeobnanaror u3onsaTel ¢ 3ddexropom Ptr
ToxA, B ceneKnuy MIIEHUIBI HA YCTOWIMBOCTh HPUMEHSIOT
TEXHOJIOTHIO HETaTUBHOTO OTOOpa 00pasioB, 00Namarommx
JOMUHAHTHBIM ajieneM I3nl. B pesynsrare 3THX JeiicTBuit
IUIOIIAbh TOJEH, 3aCeSHHBIX COPTAaMH MIIEHHIBI, YyBCTBU-
TenpHBIMA K PtrToxA, cokpatminack 1o 1.4 MiH ra, 910 cocTa-
B0 8.3 % ot obmed miomanu mocesos B 2015-2016 rogax
o cpaBHeHHIO ¢ 37.5% B 2009-2010 rogax (See et al., 2018).
Takum 00Opa3oMm, copTa BBICOKO YyBCTBHTEIBHBIC K KEITOH
MIITHUCTOCTH OBIIHM 3aMENICHBI COPTAMH C YMEPEHHOH yCTOM-
YMBOCTHIO. B HacTosiee BpeMst B ABCTpajiuu BCce KOMMepue-
CKHE COpTa MIIEHHIBI OTHOCATCS K YMEPEHHO YCTOWYHMBBIM
WIN YMEPEHHO BOCTIIPHMMYHUBBIM, WA HEIYBCTBUTEIBHBIM K
tokcuny Ptr ToxA (See et al., 2019; See, Moffat, 2021).

ABCTpaJHMiiCKHe CEJIEKLIIHOHEPhl BMECTO HCIIONb30BaHUS
MOJIEKYIAPHBIX MapKepOB Ul CKPUHWHTA PAaCTEHHH IIICHH-
16l Ha yCTOWYNBOCTH K 00JIE3HN IPUMEHSIOT METOA 00paboTKH
pacteHuil yncteiMu TokcuHaMHu Ptr Tox A unu Ptr ToxB B none
WIN TEIUIUIE, YTO MO3BOJISIET OBICTPO MPOTECTHPOBATH CHM-
TITOMBI ¥ BELSIBUTH YyBCTBHUTEIbHBIC THHIHU (Aboukhaddour et
al., 2021).
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Konomunantaeiii KASP mapkep SNP BS00072620 51
(Corsi et al., 2020), TOIX0OIUT ISl TUATHOCTUKH aJljIeliel reHa
Tsc2 n, npeacraBigeT coboil MOJIE3HBIN HHCTPYMEHT Ui OT-
0opa MpoTHB YYBCTBUTENBHOCTH K TOKcHHY Ptr ToxB B mpo-
rpaMMax CeNeKIUH MIIeHUIbl B PETHOHAX, T/I€ paclpoCcTpaHe-
HBI U30JATEL Pyrenophora tritici-repentis, cogepxxamue ToxB.

ITockonbKy cCymmecTByeT BO3MOXKHOCTH 3aHOCa C HHGH-
IIUPOBAHHBIM 3€pHOM H30JISTOB Tpuba P. tritici-repentis, He-
cymux JoxB, ocraercs akTyalbHbIM CKPUHUPOBAaTb COpTa
NIICHUIBl HA Hanuuue 7¥c2 annenedl 4yBCTBUTENBHOCTU K
Tokcuny Ptr ToxB.

B Hameli paboTe, MOCBSMIEHHON IOBEHWIHHOH YCTOM-
YUBOCTH O3UMBIX M SPOBBIX COPTOB MATKOM IMIIEHUIBI K
Pyrenophora tritici-repentis, Mbl OOHapyXWIH YCTONYHBEIC
Ha IOBEHWJIBHOW CTaguM oOpasmpl cpenu spoBbiX (4.6%) n
03UMBIX 00pa3noB (6.6 %), UMEIOINX JOMIHAHTHYIO aJlIeTh
Tsnl (Muponenko u ap., 20240). [lanHblid (akT MO3BOJSET

HaM HPEINOoNIOKHUTh HAINYNE B ATUX 00pas3lax HOBBIX T'€HOB
ycroitunBoctr mim QTL, mono6ueix tokycam QTL APR.

BrisiBlIeHHOE HaMM OTCYTCTBHE 3HAYMMOM COMPSIKEHHO-
CTU MEXJIy IPUCYTCTBUEM/OTCYTCTBUEM JIMArHOCTHYECKO-
ro (parMeHTa JOMUHAHTHBIX ayuteneil Tsnl W NposiBICHUEM
YCTOWYMBOCTH/BOCIPUMMYHMBOCTH K TOMYISUsIM P. tritici-
repentis, TIPEIICTABICHHBIM Pa3JIMYHBIMA pacaMH I1aTOTCHA
(Muponenko u ap., 20246), TakkKe MOXXHO OOBSICHUTH HaJH-
qyreM B 00pa3lax MIIEHUIIbI HHBIX TeHOB YCTONYNBOCTH.

B 3aknroueHue cienyer OTMETUTh CIIOXKHOCTh MAaTOCHCTe-
MeI “Triticum aestivum — Pyrenophora tritici-repentis ”’, Ha 910
CYIIECTBEHHOE BIIMSHHUE OKA3bIBAIOT HE TOJHKO PAcO-CIEIH-
¢uuHble B3amMmopneiicTBust Mexay rpubHeiMH NE u reHamu
YyBCTBUTEIBHOCTH XO35IMHA [10 MHBEPCHOMY THUITy F'€H-Ha-T€H,
HO U HaJIM4M€ MHOXKECTBA JOKYCOB KOJINYECTBEHHBIX MTPHU3HA-
xoB (QTL), acconmupyeMbIX ¢ YCTOHIUBOCTHIO K HECKOJIBKUM
pacam.
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Tan spot is a widespread disease of wheat, belongs to the group of dangerous, causes yield losses and worsens grain
quality. The causative agent of the disease is the ascomycete fungus Pyrenophora tritici-repentis. In the last three decades,
genetic mechanisms of relationships in the pathosystem “Triticum aestivum — Pyrenophora tritici-repentis” have been
actively studied. The interaction of the parasite and host plant genes occurs according to the inverse type, in contrast to the
classical concept, proposed by Flor. The known data on the genetics of soft wheat resistance to the causative agent of tan
spot and examples of interactions of wheat susceptibility genes with the main pathogenicity factors of P. tritici-repentis are
presented. The complexity of the pathosystem “Triticum aestivum — Pyrenophora tritici-repentis” is noted, which includes
not only race-specific interactions determined by fungal NEs and host susceptibility genes, but also many QTLs associated

with resistance to several races.

Keywords: tan spot, wheat, races, phytotoxins, effector genes, resistance genes, QTL, Tox4, ToxB, ToxC, Tsnl,

Tscl, Tsc2
Submitted: 20.08.2025

Accepted: 15.10.2025

© Mironenko N.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/).



THonvisanos JI.B., Aeeesa A.E., Mynuna M.U. / Becmnuk sauwpumer pacmenuti, 2025, 108(3) c. 141-148 141

OECD+WoS: 4.01+AM (Agronomy), 1.06+RQ (Mycology)

https://doi.org/10.31993/2308-6459-2025-108-3-17057

Ilonnomexcmosas cmamosn

IK30METABOJIUTBI BASUIUOMUIETOB B KAYECTBE CPEJACTB JJIs1 HIOBBILINEHUA

YCTOMYHUBOCTHU MIIEHULIBI K TOKCUYECKOMY BO3JENCTBUIO AJIJIOMUHUS
J.B. llonbiBanoB*, A.E. Areesa, M.U. Myauna

Deodepanvhulii azpapuulil nayynsill yenmp Cesepo-Bocmoxa umenu H. B. Pyonuyxoeo, Kupos

*omeemcmeennwiil 3a nepenucky, e-mail: 1fast@mail.ru

WzyueHo BusHUE S5K30METa00INTOB Oa3uIHAIEHBIX TPUOOB Ha MOP(HOMETPHUIECKIE TapaMeTPhI IPOPOCTKOB MATKOMH
MIIeHHIB copra Harpazna B ycnoBHsX aJlOMHHHEBOTO cTpecca. B Xonme sKkcreprMEHTOB NpoBeJEeHA OLCHKa JAEHCTBUS
BHEKJICTOYHBIX METAa0OJIUTOB, NMOIYYEHHBIX NPU DIIyOMHHOM KyIbTHBUPOBAHHM HA CPEAE U3 NMUBHOTO Cycia IIECTH
BHJIOB KCHWJIOTPOQHEBIX TpuboB: Trametes pubescens, Fomes fomentarius, Fomitopsis betulina, Plicaturopsis crispa,
Schizophyllum commune n Hypsizygus marmoreus. B pabote ObUT NCTIONB30BaH (MIBTPAT KyIBTYPAIbHBIX KHIKOCTEH
B passenenusix 1:10 m 1:100, 9TO MO3BONMIIO YCTAaHOBHUTH, YTO HamOOJEe BBHIPAKEHHOE IOJIOKHUTEIBHOE BIUSHHUE HA
pocToBsle TapameTpsl punbTpata 1. pubescens nposBisnock npu pa3zseaenun 1:100. [Tpu sTom HabmonaI0CH yBETHUEHUE
JUIMHBI KOpHEH M BBICOTHI MOOETrOB 10 CPaBHEHHIO C IOJOKUTENBHBIM KOHTPOJIEM, T7€ HCIIONB30BAJICS AIIOMHHUM.
[Tpoune 3x30MeTabONUTHI HE OKA3bIBAJIN 3aMETHOTO 3aIIUTHOTO JICHCTBHSA, a B OTACJIBHBIX CIydasX (IIPH UCTIOIb30BaHUU
¢unsrpara F. fomentarius), nake YCUIMBalIM yrHETarollee ASHCTBHE allOMUHMS Ha POCT PacTeHWH MIIEHUNbL. Takum
o0paszom, 3¢pekT n3yueHHBIX SK30MEeTa0ONUTOB B 3HAYUTEIHHON CTEIEHH 3aBUCHT OT BUAA 0a3uAHMAIBHBIX IPpUOOB U
KOHIIEHTpanuu ¢uisTpara. /laHHble, NONTyYeHHBIE B HACTOAIIEH paboTe, CBUICTENBCTBYIOT O TOKCHYHOCTH HEKOTOPBIX

9K30MEeTab0INTOB 0a3UINOMHIIETOB ISl PACTCHUH.

KiaoueBbie cioBa: KCI/IHOTpO(l)HLIe FpI/I6LI, HOHHasA TOKCHUYHOCTB, AITFOMHUHUCBBIN CTpeCC, CTPECCC-IPOTCKTOPHI

PacTEeHM, IOrPYKHOE KyJIbTUBUPOBAHUE

Hocmynuna 6 pedakyur: 16.05.2025

llpunama k neuamu: 18.08.2025

BBenenue

AJIOMUHHEBBII CTpecC SBISETCA ONHHM M3 CEPhE3HBIX
OrpaHMYMBAIOINX (DAKTOPOB JUIS pOCTa PAacTeHHH Ha KHC-
nbIx nouBax. Ilo omnenkam, 10 40 % MaxoTHBIX 3€MENb B MHUpPE
MMEIOT KHCIIYIO PEaKluio, U TOKCHYHOCTh HOHOB aJFOMUHHMS
Ha TaKUX I0YBAX CYIIECTBEHHO YTPOXKAeT MPOLYKTUBHOCTH
CceNIbCKOXO03sicTBeHHBIX KynbTyp (Huabin et al, 2022; Hoso-
cenoBa, bakynmna, 2020; Llymnenosa, lllennnxosa, 2016;
Hlymnenosa, Hlupokux, 2015). U36biTok nogsmxHOro Al**
B KHCIIBIX YCJIOBHSX ITIABHBIM 00pa3oM MOpa)kaeT KOPHEBYIO
CHCTEMY pacTe€HHI: B YaCTHOCTH, HAONIONAETCsl PE3KOE MHTH-
OGupoBaHHE YNIMHEHUS MEPBUYHOTO KOPHS U CHIDKEHHE €T0
xu3HecniocooHocTr (Huabin et al, 2022). Oto conpoBoxgaet-
Cs1 YMEHBILICHUEM MOMIOMIEHUS BOJABI M JIEMEHTOB MUTAHMUS,
YTHETaeT pOCT PACTEHHUH U, KaK CJIEICTBUE, CHIKAET UX ypo-
JKaifHOCTB. Pa3paboTka METOIOB MOBBIMICHHUS YCTONYMBOCTU
KyJIBTYp K QJTIOMHHUEBOMY CTPECCY UMEET Ba)KHOE 3HAYCHHE
JUISL CENBCKOrO X03dicTBa. MccnenoBaHus MOKa3bIBAIOT, YTO
HEKOTOPbIE BUJIBI KCWIIOTPO(HBIX Oa3uIHaIbHBIX TPHOOB CII0-
COOHBI YITy4IllaTh BCXOXKECTh, YCHIMBATh POCT M IOBBIIATH
YCTOWYMBOCTh PACTEHUI K Pa3INYHBIM CTPECCOBBIM (hakTo-
paM, BKJIIOYasl 3aCyXy W MOHHYIO TokcndyHocTh (Kucenesa u
Ip, 2020; Epmomun u ap, 2020; beizoa u ap, 2022; Hukko-
HeH, 2021).

B Hacrosiee Bpemsi Bce OoJbllle BHUMaHUS YIENseTCs
UCTIONB30BAHNIO OMOIOTHYECKUX MPENapaToB Ha OCHOBE Me-
TabOJMTOB BBICIIMX TI'PHOOB 0a3UIMOMHIETOB JJISI 3AIUTHI
pacrenuii (Liu P et al, 2022). Kcunorpodnsie 6a3unnaisHbe

TpuOBl CHHTE3UPYIOT INUPOKHH CIEKTP 3K30METabOINTOB
— BHEKJIETOYHBIX BemecTB (BKIIOYas monucaxapuisl, ¢e-
HOJIFHBIE COCOMHEHUS W JIp.), 00nagaromux OnOoJIOrHdecKon
aKTHBHOCTHIO. [Ipenmnonaraercs, 4To 3TH NpUpPOJHEIE MeTabo-
JIUTHI MOTYT CTUMYJIMPOBATh POCT PACTEHHH M MOBBIIIATH UX
YCTOHYMBOCTh K CTPECCOBBIM (haKTOpaM, BBICTYIas ajbTep-
HATHBOM XMMHYECKUM CPEICTBAM 3alIuThl pacTeHuil (Wang,
2021; Hossain, 2024). B onbITax ¢ MIIeHUIeH ObLUIO MTOKa3aHo,
yTo 3K30monucaxapunsl Flammulina velutipes, Ganoderma
colossus, Ganoderma neojaponicum, Grifola umbellata,
Laetiporus sulphureus, Pleurotus ostreatus yCKOpSUIA Hako-
IUIeHHe OMOMAacChl M POCT MPOPOCTKOB, a TAKXKE YCHIIMBAIH
aKTHBHOCTh AHTHOKCHAAHTHBIX ()EPMEHTOB U CHHMXKAIIM OKHC-
JIUTENFHOE TOBpEeXAeHUE IunuaoB y pactenuit (Tsivileva et
al, 2024).

YCTaHOBIICHO, YTO JKCTPAKT M3 IUIONOBOTO Tena Fomes
fomentarius 3HAYUTENBHO OCTAOISIET TOKCHYHOCTh KaJIMHA
JUISl IPOPOCTKOB 371aKkoB. B ombitax ¢ Hordeum vulgare no-
OaBieHne 3KcTpakTa u3 Oazuanoma F. fomentarius (1 Mr/mi)
CHM3WJIO yTHETEHHE KOPHEBOM cHCTeMBI Nox aeiicTBuem Cd*':
JnnHa KOpHs coctaBuiaa 30% OT KOHTpOIS, TOrna Kak NpH
J00aBJIEHNH OJHOTO JIUIIb KaJMHsl OHA JIOCTHUIJIA TONBKO 5 %.
KopHu mpopocTKOB IpH COBMECTHOM JIEHCTBUH TPUOHOTO IKC-
TpaKTa M KaJMusi ObUIH B 6 pa3 [UIMHHEE, YeM Ha cpeJie ¢ Kall-
MHEM. YMEHBIIEHHE TOBPEKACHIS HAOIIOAAI0Ch U JUIs To0e-
roB: mox nerictBueM Cd BricoTa mobera cHukanach Ha 44 %
OT KOHTPOJIA, TOT/Ia KaK ¢ AK30MeTabomuToM — JIuib Ha 29 %,
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npubmmxasich k 71 % ot konTposst. Takum 00pa3zom, SKCTpak-
TBI U3 IIJIOIOBOTO Tena F. fomentarius 9aCTUIHO KOMIIEHCHPO-
BaJIM POCTOBBIE TIOTEPU OT TsDKesioro merayuia. [Ipeamonara-
€TCs, 4TO ATO CBS3aHO C AaHTHOKCHIAHTHBIMH M XEJIATOPHBIMU
coictBamu skcTpakTa (Ermoshin et al, 2020).

Nmetorcst cenenusi, uto rpud Trametes pubescens mipu
COBMECTHOM KYJIBTUBHPOBAaHHU C PAaCTEHHSAMH YIydIIaeT UX
POCT 10/ BO3ZIEHCTBHEM HOHHOM TOKCHYHOCTH MeTasutoB. Ha-
TIpuUMep, B THIPONIOHHON cucteme ¢ Oryza sativa, T. pubescens
3aIuIaI KopHeByto cuctemy oT Cd-ctpecca: rpubd KOJIOHU3H-
pOBaJI KOpHHU 1 afcopbuposan HoHb! Cd?!, cHIKast X KOHIIEH-
TPALUIO B TIUTATEIbHON CPEAE M TOKCHIHOCTD JUIS PACTECHUS
(Liu J et al, 2022). B pe3synsrare uepe3 15 aHeid comaepxanue
KaJIMUsl B TKaHAX prca ObUIO CYIIECTBEHHO HMXXE — KOHIICH-
Tpanus KaAMus B KOPHIX cHu3Wiach Ha 53.5%, a B moberax
Ha 86.4% 1o cpaBHEHHIO ¢ KOHTpojeM Oe3 rpuda. Pacrenus
¢ TprOoM MMenH Oosiee 3M0POBBIe KOPHH, OIM3KHe IO MOPdO-
Jioruu K kKoHTposo 6e3 Cd, Torna kak y HeoOpabOTaHHBIX Kajl-
MHEM KOpHEW HaOII0AaI0Ch OTMUPAHNE KIETOK BEPXYIIKH.

Cxoxue pe3ynbTaTel MOJy4YeHBl Ha Triticum aestivum,
WHOKYJIMPOBaHHbIH MuuenueM Trametes hirsuta. DToT rpud
OBLT BBIAETICH KaK PHAOMUT W3 pacTeHWH HAa CBUHIIOBO-3a-
TPSIBHEHHBIX TI0YBaX M TOKa3aJl BBICOKYIO TOJEPAHTHOCTh K
Pb (Malik et al, 2020). MHOKymIAIMSI TPOPOCTKOB MMIICHHIIBI
munenueM 1. hirsuta TOBBICHIIA UX YCTOWYMBOCTb K CBHHILY
(1000—1500 mr/kr Pb): Habmonaiock yBelInueHne CyMMapHO-
ro pocta (6mnomaccel) Ha 24 % u comepkaHus XJIOpopHuIa B
JUCThsIX Ha 18 % 1o cpaBHEHUIO ¢ HEOOPaOOTAHHBIMH PaCTe-
HUSIMU. DTO TOATBEPXKIAET, YTO B3aUMOJICHCTBUE C TPYTOBBI-
MU TprbdaMy MOXKET YAydIIaTbh pOCT U (PU3HOIIOTHIECKOE CO-
CTOSIHUE TILIEHUIBI Ha 3arpsI3HEHHBIX METaJUIaMH CyOcTparax.

B menoM, KyabTypanbHBIE XKHIKOCTH MHOTHX KCHIJIOTDPO-
(hHBIX 0a3UAMOMHUIICTOB 00JaNAIOT (PUTOCTUMYIHUPYIOIIUMHU
cBoiicTBaMH. B HemaBHeM mupokoM ckpuHuHre 20 mram-
MoB TpuboB (13 BunoB, Bkmrowas Armillaria, Flammulina,
Ganoderma, Grifola, Lentinula, Pleurotus u np.) oOHapyxe-
HO, YTO MX BHEKJIETOYHBIC MOJIMCAXAPHIBI YIyUIIaloT POCT
U COCTOSIHME TPOpPOCTKOB MieHunbl. O6paboTka pOCTKOB
pacTBOpamu 3k3omonucaxapuaos (15-80 mr/m) mpuBoamia
K JIOCTOBEPHOMY IIOBBIIICHHIO OHMOMACCHI, YIJIMHCHHIO IIO-
0eroB M KOpHEH, YBEJIMYCHUIO YHCIIa MPUAATOYHBIX KOPHEH.

O/HOBPEMEHHO CHIKAJIMCh II0Ka3aTell OKHCIUTEIHLHOTO
cTpecca — KOHIIeHTpanys MajoHoBoro nuanpaeruaa (MIA) B
TKaHsIX Obl1a HHXKE, COfIepKaHUe MEPOKCHAa BOJOPO/Ia YMEHb-
[1aJI0Ch, 3 aKTUBHOCTh aHTHOKCHAAHTHBIX (PepPMEHTOB (CyTIe-
POKCHIIMCMYTa3bl U MepOKcHIa3bl) Bo3pacrana. Hamboinee
BEIPKCHHBIN MTOJIOKHUTENBHBINA 3()(HEKT OTMEYEH IPH KOHIICH-
Tpammu okosio 40 MI/n. OTH IaHHBIE CBHUAETENHCTBYIOT, YTO
BHEKJIETOYHbIE METa0OJIUTHl KCHJIOTPO(HBIX 0a3uanOMU-
[IETOB CIOCOOHBI OJHOBPEMEHHO CTHMYJIHPOBATh POCTOBBIC
IPOLECCHI U MOBLIIIIATH AHTUOKCUAAHTHYIO 3aIIUTY paCTeHI/Iﬁ
(Tsivileva et al, 2024).

OKk30MeTa0onMuTE 0a3uAMAIBHBIX TpuOOB (Kak B ¢opme
KYyJIBTYPaJIbHOM KHKOCTH, TaK ¥ B (popMe KUIKOTO MHULIEITUS)
B OONIBIIMHCTBE CITy4acB YAyYIIAIOT MOPPOMETPUICCKHE I1a-
paMeTpsl pacTeHUi — yBETHUUBAIOT JJIMHY KOpHEH 1 oOeros,
Maccy, cozepxkanue xyopogpmia. OcoOeHHO BaXKHO, YTO OHH
YaCTUYHO HEUTPANM3YIOT yTHETAIoIee NCHCTBHE TSDKEIBIX
MetaiioB (Cd, Pb) Ha pocT, 4TO MO3BOJIACT MPOrHO3UPOBATH
CXOXKHH ITOIOKHUTEIBHEIN 3)()EKT U TPH HOHHOH TOKCHIHOCTH
amoMuHUA. TakuMm 00pa3oM, MMEIOTCS OCHOBAHHS paccMa-
TPHUBATh SK30META0OJIUTHI KCHIOTPO(MHBIX 0a3MIMOMHLETOB
KaK aKTHBHBIC KOMIIOHEHTHI OHMOTIPEIIapaToB, CIIOCOOHBIX HH-
JYyLHMPOBATh y PACTCHUM 3alUTHBIE PEAKLUM HA CTPECCOBBIE
Bo3neicTBuA (Zhang et al., 2022).

Lenpro manHON pa®oThI ObLIAa OIEHKA BIUSHUS BIUSHUI
9K30METa0OIUTOB 0a3UAUAIBHBIX TPHOOB Ha POCT U pa3BU-
THE TPOPOCTKOB MATKOH mmeHus (Triticum aestivum) copra
Harpaga B ycnoBHUsiX MOHHOW TOKCMYHOCTH altOMUHHUS. B
paMKax HMCCIEIOBaHUS pellaich Cleaylolye 3a1adn: aHa-
U3 M3MEHEHUs MOP(HOMETPHYECKUX MOKa3zaTeled MpopocCT-
KOB (JUIMHAa KOpHEH, BBICOTa MOOEroB, mMacca MPOPOCTKOB)
oJ] AEUCTBHEM SK30METa0O0INTOB HEKOTOPHIX BUIOB TPHOOB;
OIIEHKA CIIOCOOHOCTH 3K30METa00IUTOB CHIKATh HETaTHBHOE
BJIVMSIHAC WOHOB QJIOMUHUS Ha POCT IIICHUIBI, CPABHCHUE
3¢ PEKTUBHOCTH SK30META00INTOB PA3HBIX BHUAOB 0a3HMINO-
MunetoB — Trametes pubescens (Tpubl), Fomes fomentarius
(FF2/1), Fomitopsis betulina (FF2/2), Gypsizigus marmoreus
(Gyps), Plicaturopsis crispa (N7), Schizophyllum commune
(N8) — B kauyecTBe CTUMYJISTOPOB POCTA U MOTCHIMAIBHBIX
CPEICTB 3allWTHl PACTEHHH OT aTFOMHHHEBOTO CTpecca Ha
NpUMeEpe MIICHULIBL.

MeToabl

OObeKkTaMH MCCIIEI0BaHUS SIBISUTUCH IPOPOCTKH IIICHH-
el copta «Harpamay. 3epHOBKH NpeaBapuUTENFHO 3aMadHBa-
U Ha 12 4acoB B pacTBOpE dK30METAOOIUTOB, BBIJCICHHBIX
U3 pa3HBIX BUAOB 0a3MIMOMUIICTOB MPH KUIKO(DA3HOM KYITb-
tuBupoBanuu (3051t TPubl, FF2/1, FF2/2, Gyps, N7, N8.
CeMmeHa IMpopalyBaid B PYJIOHHOW KyabType (Ha (QHIBTPO-
BaJbHOM Oymare). Dk30MeTaboIUTH TPHOOB IOTyYaIH ITyTEM
FJ'Iy6I/IHHOFO KYJBTUBUPOBAHHA KAXXJ0T'0 BUOA rpHGa Ha XUuna-
Kol murarenbHo cpeae (100 M1 mUBHOTO Cycita, pa3BeIeHHO-
ro 70 4° mo bammmHry) B kosnbax DpneHmaiiepa oobemom 250
MJI C BaTHO-MapJieBbIMH NIpoOKaMu. JKUIKyI0 KylnbTypy UHKY-
OmpoBanu Ha opOuTansHOM mieikepe (150 06/MuH) IpH TEM-
neparype 25 °C 10 TOCTHKEHUS TO3IHEN KCTIOHEHITHAIBHOM
¢ha3sr pocra munenns (10 grElt), moce 4ero KyabTypaltbHYIO
XKUAKOCTh (puiIbTpoBaM depe3 GuibTp Oenas jneHta. Ouib-
Tpart, COACpPKANIUA IK30META0OIUTHI TPUOOB, UCIIONIB30BAIN

B OIIBITax B JIByX BapuaHTax — pazOasienue 1:10 u 1:100 (c
IUCTHLTHPOBaHHOW Bonoi). KoHTpomem cimyxmina cpema B
AHaJIOTMYHOM pa3BEeICHUM.

J171s1 co3anust CTPECCOBBIX YCIOBHUI B PYJOHHOM KYJIBTYpe
UCTIONb30BaNM pacTBop conu amomunus Al(SO,),*18H,0 B
KOHIICHTpAlMi HOHOB aitomunus (Al*Y) 30 mr/n. KonTtpons-
HBIMH yCJIOBUSIMU CUMTANIACh JUCTHIUIMpOBaHHas Boza. Kyib-
TUBUPOBAHHUE PACTEHUH MPoBOIMIIN B TeueHue 10 cyTok ¢ do-
TorepuosioM 16 u./cyT. mpu Temmeparype 23-25 °C.

Ilo oxoHuaHMH OmIBITA B KaXIOM BapHaHTE H3MEPSIH
JUTMHY KOPHS M BBICOTY pOCTKa (MM), OIIPE/IENIsUIN ChIPOH Bec
OroMacchl IPOPOCTKOB Oe3 3epHOBKH (T), a TAaKXKe ITOICIUTHI-
BaJli MIPOIEHT TPOPACTaHUsI CEeMSH (BCXOXKECTh, %). Kaxmprit
BapHaHT OIIBITA 3aKJIAABIBAIH B TPEX OMOJIOTHYECKUX TIOBTOP-
Hoctsax (n=3). I[lomyuyeHnsle naHHBIE 00pabOTaHBI METOTAMHU
JMCIIEPCHOHHOTO aHajin3a. JloCTOBEPHOCTh pa3iuuuii MKy
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CPEIHHMH 3HAYCHHUSMH OILCHUBAIH C TIOMOIIBIO OTHO(PAKTOP-
Horo ANOVA ¢ nocnenyomuM TectoM J[yHKaHa mpu ypoB-
He 3HauuMocTu p<0.05. Paznuuus cyuTanuCh CTaTUCTUYECKU
3HAYUMBIMU TP OTCYTCTBHUHU MEPECEUCHHUS COOTBETCTBYIOIINX

TPYIII COINIacHO KpuTepuio JlyHkana (0003Ha4aeMbIX pa3HbI-
Mu OykBamn). CtaTucTHdeckas 00padOoTKa BBITIOIHEHA B MPO-
rpamme SPSSSTATISTICS 23.0.0.0.

PesyabTarsl

ANIOMHHUR OKa3an BBIpAKEHHOE WHTHOHpYIOIIee aei-
CTBHE Ha POCT MPOPOCTKOB TIICHHIBI. B koHTpone 6e3 Al**
CpeIHsisl JJIMHA KOPHS 3a IEPHOI ONbITa JOCTHraia OKOJIO
150 MM, TOTa KaK B YCIOBHSIX aJlOMUHHEBOTO cTpecca (KoH-
TPOJb ¢ H0OaBICHUEM AIOMUHHS Oe3 SK30METa00IUTOB) OHA
cOCTaBMJIa BCEro 0KoiI0 40 MM, TO €CTh YMEHBILIMIIACH ITOYTH B
4 paza. JlnmnHa Haa3eMHOM 9acTH (IPOPOCTKA) CHU3UIIACH ME-
Hee 3HaYuTenbHOo: ¢ 114 MM (koHTpons) 1o 102 MM mpu gei-
crBun A, a chIpoii BeC OIHOTO MPOPOCTKA YMEHBIIHIICS C
0.38 v 10 0.32 . Jonst mpopociux B MpucyTcTBHA Al* ceMsiH
YMEHBIIIIACh He3HAUYUTEIHHO (¢ 95% mo 93 %), uro cBume-
TEIBCTBYET O TOM, YTO OCHOBHOE BO3/ICHCTBHE AJTFOMIHHUEBOTO
cTpecca MpPOSIBIISETCS HMEHHO B TOPMOXKCHHU POCTa KOpHEH
1 TI00eroB, a He B OCTAHOBKE ITpopacTaHus ceMsH (Taoim. 1).

JHobasnenne KynsrypanbHoii xxuakocta (KXK) 6asunnomu-
LIETOB B CPe/Iy MIPOpAIMBaHKs IPUBEIIO K CYIIECTBEHHBIM pa3-
JIMYUSIM B POCTOBBIX MOKA3aTEJISIX IPOPOCTKOB IO CPAaBHEHHIO
C TIOJIOKHUTENILHBIM KOHTPOJIEM. B MOJI0KUTENEHOM KOHTpOIIE
QIIOMMHHUM YTHETaJl POCT KOPHEH MO CPaBHEHHIO C KOHTPO-
nem 6e3 AI**. Bapuanr ¢ qo6asienneM pasdasiennoit (1:100)
KK moka3an yactuunoe cMmsirdyenue Bosaeiicteus Al**: cpen-
HsIs [UTMHA KOPHS YBEIUYMIACh B 1.5 paza. DKk30MeTabOIUThI
Trametes pubescens B pa3BeneHnu 1:100 Taxke HECKOIBKO
YIIyUIIMIN POCT KOpHe#t (Ha 25 %), XoTs 31oT et ObLT Me-
Hee BbIpakeH. HampoTuB, HEKOTOpBIE 3K30METa0OINTHl yCH-
JIMBAJIM YTHETEHUE KOPHEH 110 CPaBHEHHUIO C MOJIOKHUTEILHBIM
koHTposeM — Haripumep, KK Fomes fomentarius ipy KOHIIEH-
Tparuu 1:10 mpUBOAMII K COKpAIIEHUIO NTUHBI KOpHS Ha 38 %,
a KoK Hypsizygus marmoreus — Ha 28 %.

Tabauna 1. Mopdomerprudeckne mokasareiad IpOPOCTKOB MIIEHUIBI HA CTPECCOBOM (OHE
C MOHHOH TOKCHYHOCTBIO AJIIOMHHUS ITOciie 00paboTKU IK30I0IcaxapuaaMi rpuooB

Table 1. Morphometric parameters of wheat seedlings under stress with aluminum ion toxicity
after treatment with mushroom exopolysaccharides

Bapuant JlnvHa KOpHS,MM JlmvHa mobera, MM buomacca, T Bcexoxkects, %
Variant Root lenth, mm Shoot length, mm Biomass, g Germination, %

Kontposs ¢ auct. Bogoi . .
1. Control (distilled water) 150+6 i 11449 hi 0.38+0.03 g 9544 f-h
o, Combamomumms 4043 d-f 10249 f-h 0.3240.08 c-g 93+6 f-h

Aluminium salt
3 Cyeno 1:10 4844 ef 97+3 d-h 0.32+0.02 c- 9942 h

© Wort 1:10 SNl

Cycno 1:100
4. Wort 1:100 6643 g 105+8 f-h 0.34+0.03 e-g 96+3 gh
5. FF2/1 1:10 2542 a 58+£2 a 0.22+0.02 a-b 96+3 gh
6. FF2/1 1:100 41+7 d-f 89+8 c-f 0.32+0.03 d-g 9942 h
7. TPub 1:10 40+6 d-f 9649 d-g 0.33+0.03 e-g 97+4 h
8. TPub 1:100 4945 £ 11343 g-i 0.34+0.04 fg 97+4 h
9. FF2/2 1:10 32+10 ab 104+9 f-h 0.27+0.04 b-f 7349 a-c
10. FF2/2 1:100 2943 ab 99+10 e-h 0.23+0.06 ab 81+2 c-¢
11. Gyps 1:10 28+4 ab 9549 d-f 0.244+0.04 a-c 87+10 e-g
12. Gyps 1:100 23+3 ab 88+10 c-f 0.25+0.07 a-d 98+2 h
13. N8 1:10 36=+1 b-d 83+5 b-e 0.26+0.07 b-e 80+10 b-e
14. N8 1:100 2743 ab 82+14 b-d 0.23+0.01 a-b 72+11 a-c
15. N7 1:10 4042 c-e 80+8 b-d 0.28+0.02 b-f 86+7 d-f
16. N7 1:100 31+l a-c 71£11 a-b 0.18+0.04 a 6843 a
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B Kkonmm4ecTBEHHOM OTHONIEHMH HanOOJNBIIUH IOJOXKH-
TeNBHBIA AQQPEKT Ha POCT KOPHEH CPEeaH UCIBITAHHBIX BapH-
aHTOB OKa3ajo N00aBJeHHE MMBHOIO CyCla B KOHIECHTPALHU
1:100, nyuHa KOpHS B 9TOM ciy4ae Obuia B 1.6 pasa Oodblie,
YeM TIPH TOJOKUTEIFHOM KOHTpose (66 MM mpoTuB 40 Mwm).
ITo pesynpraraM CTaTHCTHYECKOTO aHAJIN3A 3TO YBEINYCHUE
okazanoch qoctoBepHbIM (p<0.05): cornacHo TecTy JyHKaHa
BapuaHT ¢ cycioM 1:100 oOpa3oBait OTIeNbEHYO TpyIIy (g) 1Mo
JUTHHE KOPHSI, OTIMYIHYI0 OT KOHTpoist ¢ Al* (rpymma d—f). Ok-
3oMmeTabouTel Trametes pubescens B pa3senenuu 1:100 Taxke
CHOCOOCTBOBAIN HEKOTOPOMY YIUIMHEHUIO KOpHEH (10 49 MM,
4yto Ha 22 % OoJbIIe, YeM TPH MOJIOKUTEIHHOM KOHTPOIIE).
OpHako MaHHOE pas3nuune He ObUIO CTaTHCTUYECKH 3HAYH-
MbIM (rpymnna f mo tecty JlyHkaHa, coBnajaromas ¢ rpymnion
amomuHneBoro koutpois d—f). Ilpu MeHbmieM pasBeneHHH
T pubescens (1:10) >ddexT mpakTHIeCKH OTCYTCTBOBAI —
JIMHa KopHe# (40 MM) ocTanach Ha ypOBHE TOJIOKHUTEIHHO-
ro koHTpos. JlobaBka 3k30MeTaboIUTOB Fomes fomentarius
MIPOIEMOHCTPUPOBAIIa HEUTPATbHBIA WA OTPUIATEIBHEIN pe-
synerat. Tak, npu pazbasnenun 1:100 mmHa xoprei (41 M)
HE OTJIMYajach OT BapHaHTa C MOJOKHTEIHLHBIM KOHTPOJIEM,
TOrNa Kak mpu Oonee BrICOKOW KoHIeHTpanuu (1:10) Habmro-
JTAIOCh CHIIFHOE YTHETCHHE KOPHEBOH CHCTEMBI — CpEeIHSA
JUTMHA KOPHS CHH3MIACh 10 25 MM. [laHHas BenuumHa Obuia
MHUHUMAaJIbHOM CpeIM BCEX M3yYEHHBIX BAPUAHTOB, U CTaTH-
CTHYECKH OHA JOCTOBEPHO OTJIMYaiach OT KOHTpois ¢ Al¥
(rpynma “a” mpotus d—f, p<0.05), TOo ecTh 3K30MeTaOOTUTEHI
Fomes fomentarius ycyryOuiIy HOHHYIO TOKCHYHOCTb aJIFOMH-
HUS 1J1s1 KOpHEH.

DK30METa0ONMUTHl  IPYTHX  HCCICOOBAaHHBIX  T'PHOOB
(Fomitopsis betulina, Plicaturopsis crispa, Schizophyllum
commune u Hypsizygus marmoreus) He TIPOSIBIIIN 3HAYUMOU
MPOTEKTOPHO# crocobHocTH oT aeiictust AlY*. KK nanubix
BHIOB 0a3UIMOMHIIETOB HE MPHUBOIIIO K 3HAYMMOMY YBEIH-
YEHUIO JUIMHBI KOpPHEW WM 1MOOEeroB Mo CpaBHEHHIO C MOJIO-
JKUTEJIHBIM KOHTPOJIEM. B HEKOTOpPBIX Ciydasx OTMedalics
ake OTPULATEIBHBIA A(PQEKT, CXOOHBI C BO3IEHCTBHEM
Fomes fomentarius. Ilpun opaboTke 3epHOBOK mmeHUIB KK
Fomitopsis betulina w Plicaturopsis crispa B pa3senenun 1:10
JUIMHA KOpHEH Oblna Ha ypoBHE 36—39 MM (YTO COMOCTaBHMO
CO TIOJIOKUTEIHFHBIM KOHTPOJIEM), TOTZIA KaK MPH pa3BEeACHUU
1:100 moxa3zarenu yxyamanuch (Ha 27-31 MM). AHAJIOTHYHO
s KK Schizophyllum commune Habnonanoce OTCyTCTBHE
MOJIOKUTENEHOTO A deKTa: ATHHA KOPHEH 0cTaBaxach OKOIO
30-40 MM (B mpeaenax omMOKU KOHTPOIIsT). TakuM oOpaszom,
Hu onHa u3 ganHbX KOK He mokasana qocToBepHOro yiydiie-
HUSI KOpPHEOOpa3oBaHUS MO CPABHEHMIO C ITOJIOKUTEIBHBIM
KOHTpOJIEM, IO TecTy JlyHKaHa OHH HEe 00pa30BBIBAIN OT/IEIb-
HBIX PYIIII.

JnHa 1oGeroB MpOpOCTKOB 3HAYMUTEIHHO MEHBIIE H3Me-
HAJACh NpU Bo3AekcTBUM anmtoMuHus, BausHue KK Ha sTOT
MoKazarenpb TakkKe ObUIO MeHee BBIpAXKEHHbIM. B orpuua-
TEJIFHOM KOHTpOJe (IUCTHIUIMpOBAaHHAs BOAA) JUIMHA moOe-
ra cocraBmsuia 114 MM, B TIOJOXHUTEITLHOM (C aTFOMHHHEM )
— 102 mm. OGpabotka 7. pubescens 1:100 mama HEKOTOpOE
yBEJIMYEHHUE BBICOTHI mobera (B cpenHeM 70 113 MM, gocturas
YPOBHSI OTPUIATENILHOTO KOHTPOIst). OHAKO M3-3a BBHICOKOH
BapHa0EIHHOCTH 3TO Pa3NUdre HE 3HAYUMO CTaTHCTHYECKH
(p>0.05). KX nmpyrux rpuboB He BIHSIM WIM HE3HAUYUTEIb-
HO YMEHBUIAJIH BBICOTY I1OOETOB: HampuMep, Npu 00paboTKe
KX F. fomentarius 1:10 mobern OBUTH CaMBIMH KOPOTKH-
ME (58 MM), 9TO JOCTOBEPHO MeHbIe KOHTpous ¢ Al** (1o
tecty Jlynkana Bapuant F. fomentarius 1:10 obpa3zoBay oT-
JeTbHYI0 TpyHIly “a” u mo anuHe nodera). Bapuantsr ¢ KK
H. marmoreus, F. betulina, P. crispa, S. commune obecrieun-
BaJIM UIMHY mobera B quamazoHe 70-95 M, 4TO cTaTHCcTHYC-
CKH HE OTIMYAJIOCh OT MOJIOKUTEIBHOro KoHTposs (102 mm)
13-3a OOIBIION TUCTIEPCUN TaHHBIX.

Bec cyxoii 6momaccel IPOPOCTKOB B YCIOBHUSX HOHHOM
TOKCUYHOCTH aTFOMUHUSI HECKOJIBKO CHUXKAJCS (CpeaHMId Bec
oxHoro npopoctka 0.32 r npotus 0.38 r B koHTpoJe Oe3 AIPY).
CyIecTBEeHHOTO YBEIIMYCHHUS STOTO MTOKA3aTelIs Ipu 00padoT-
ke KJK He oTMeUeHO — HHM OJTUH M3 BAPHAHTOB HE BOCCTAHOBUII
Onomaccy 10 ypoBHs 0e3 crpecca. Tem He MeHee, B BapuaH-
tax ¢ KK T pubescens 1:100 u ¢ mob6amenuem cycna 1:100
6uomacca OplTa He3HauuTeNbHO BhIe (0.34 ) 0 CpaBHEHHIO
C MOJOXUTENbHBIM KoHTponeM (0.32 r), HecMOTps Ha 3To,
pasHHuIBI 0 KpuTepuio JlyHkaHna He oOHapyxeHo. Hamporus,
HekoTopble KK mpuBOOMmm K ITOCTOBEpPHOMY yMEHBIICHHUIO
Oromacchl: Tak, Mo aevicteueM F. fomentarius 1:10 duomac-
ca cHusmiack 10 0.22 r (0.32 r NONOKUTETbHBIN KOHTPOJIB,
p=<0.05), uTo commacyercs ¢ TaHHBIMHU II0 JJIHHE KOpHEeH. Mu-
HUMalbHOE 3HaueHne cyxoil maccel (0.18 r) Habmromamocs y
MPOpOCTKOB, 00padoTanubix KXK S. commune npu passene-
num 1:100, 9To yKa3pIBaeT Ha HETaTUBHBIA dPdeKT MeTado-
JUTOB Tpuoda.

BcxokecTh CeMsiH B 1LIEIOM HE3HAYMTENBHO 3aBHCENA OT
pasnmmunbix KXK, ocTaBasich 10cTaTO4HO BHICOKUM B OOJIBIITHH-
CTBE BapHaHTOB. B oTpunarensHOM KOHTposie €3 aaroMUHHS
BCXOKECTh cocTanisiia 95 %, B MONOKUTEIEHOM — OKOJIO 93 %.
Hexoropsie KK, HaoGoport, yraeranu mpopactanue: tak, KK
F. betulina 1:10 cHmXana BCXoxecThb A0 73 %, MUHUMAaIbHOE
3Hagenue — 68 % — ormeueno i KK S. commune 1:100. Dt
BapUaHTHl JOCTOBEPHO OTIUYAIUCH OT KOHTpois (p<0.05) u
00pazoBajy OTAEIbHBIE IPYIIIBI C CAMBIMU HU3KHMH 3HAYEHU-
SIMH BCXO)kecTd. Takum 0Opa3oM, OTJeNbHbIE SK30MeTa0ou-
THI TIPU OTIPENINIEHHBIX KOHIICHTPALUAX MOTYT TOPMO3HUTDH HE
TOJIBKO POCT, HO ¥ MPOLIECC MPOPACTAHUS CEMSH.

Oobcy:xnenune

ITomydeHHbIE pe3ynbTaThl JEMOHCTPUPYIOT, YTO JEHCTBUE
9K30METa0O0JIUTOB Oa3KIMaIbHBIX TPUOOB HAa POCT IPOPOCTKOB
MIICHHIBI B YCIOBUSX AITIOMHHHEBOTO CTpecca 3HAYNUTEIIb-
HO BapbUpyeT B 3aBHCUMOCTH OT BHIa Ipuba M KOHIIEHTpa-
un puierpata. [IpucyrcTBue (QUTOTOKCHYHBIX HOHOB Al**
B Cpe/ie PEe3KO YrHETaeT pa3BUTHUE KOPHEBOW CHUCTEMBI IIIIe-
auel (Huabin et al, 2022). IepBuunas peakuus Ha Al**— mo-
JIaBJICHHE POCTa KOPHEH U MOBPEXICHUE MEPUCTEMBI KOPHEH

— MPUBOAMT K COKPAILICHHUIO MOIVIONIEHUS MMUTATEIbHBIX Be-
LIECTB M BOABI, YTO OIPAaHUYMBAET POCT HAJA3EMHOW YacTH U
HakoruieHue 6momacchl pacrenuii (Huabin et al, 2022).
OKk30MeTa0oNMuTEl  TPHOOB MMOKa3alM  Pa3HOILIAHOBOE
nevictBue. Hanbonee mnepcrieKTHBHBIM OKa3zajcs (QHIBTpar
T. pubescens B pazbaBnennu 1:100 — mpu ero nobGaBieHUH
HaAOIIOIAOCh HAHOOJbIIIEe BOCCTAHOBIICHHE POCTa KOPHEH U
mo0OeToB MIIeHHUIIBI o AeiicTBrHeM A", XoTs craTiHCTHIECKH
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npubaska amHb! KopHs KK 1:100 He nocTturna gocroBepHO-
CTH, TEH/ICHIINS K YITy4YIICHHIO POCIEKHUBANACH (POCT KOPHS
+22 %, mobera +10% MOpPOTUB CTPECCOBOrO KOHTPOIs). ITO
MO3BOJISIeT cuuTarb 1. pubescens NCTOYHUKOM COEIMHEHUIH,
MOTEHUMAJIBbHO CMSTYalIIUX aJIIOMHUHUEBBIA CTpecc y pac-
TeHni. V3BeCTHO, YTO HEKOTOPhIE 0a3MIUOMHUIIETHI BhIpabda-
TBIBAIOT OHOMOIMMEPHI C (PUTOCTUMYITHUPYIOIINMH CBONHCTBA-
mu (Hijri M, 2023). Bo3moxHo, T. pubescens cexpeTupyer
BO BHEIIHIOIO CpENy MOJIMCcaxapH/bl, CIIOCOOHBIC BBHICTYNATh
SIIMCUTOPAMH 3aIUTHBIX PEaKUi y PAaCTEHUH MM HETIOCPEI-
CTBEHHO HEHTpaim30BaTh cTpeccoBble (akTopel. B pabote
Tsivileva et al. (2024) moka3aHO, YTO BHEKJICTOYHBIC TOJIU-
caxapuzibl MHOTUX KCHJIOTPO(HBIX I'PHOOB YIIy4IIAIOT POCT
MIICHUIBI W AKTUBUPYIOT €€ aHTHOKCHUIAaHTHYIO CHCTEMY
(TOBBIIIAIOT AKTUBHOCTH CYNEPOKCHIANCMYTa3bl, HEPOKCHIA-
3bl 1 YMCHBIIAIOT HAKOIUICHNUE NEPEKUCH U MaJOHOBOTO M-
anpnernna). BeposTtrHo, sx3omerabonuthl 7. pubescens MOTYT
JIEHCTBOBATh CXOIHBIM 00pa30M, MOBHINIast aHTHOKCHAAHTHYTO
3alIUTy B KOPHAX W TEM CaMbIM OCJA0Iss MOBpEXIaroliee
JICUCTBUE aKTUBHBIX (POPM KHUCIOPOa, HHAYLHUPOBAHHBIX Al**
(Tsivileva et al, 2024).

B mnporuononoxuocts 7. pubescens, 3K30MeTabOIH-
ThI psiia APYTUX rpuOOB HE TOJBKO HE MPOSIBUIM 3alMTHO-
ro a¢dexTa, HO U yCHIWIn cTpeccoBoe yruerenne. Tak, KK
F. fomentarius (1:10) Bo3meficTBOBaI Ha IPOPOCTKH OoIee OT-
pHLATENBHO, YeM ITOJIOKUTENbHBIN KOHTPOIb. BeposTHas mpu-
YHHA — HAJIWYHE B KyJIBTYPAIbHON JKUIKOCTH F. fomentarius
(DUTOTOKCHYHBIX BTOPHYHBIX MeTabonurtoB. M3BecTHO, 4TO
F fomentarius copepXut pa3iuuHble OPraHnIeCKHUe KUCIIOTHI,
TEPIIEHOBBIE COeIMHEHUs ¥ (heHOIIbI, 00aatomue OnoIoTu-
yeckoll akTuBHOCTBIO. (Huabin et al, 2022). B skcniepumenTe
ObuTO ycTaHOBIIEHO, 4To MeTabonuthl F. fomentarius Henpu-
TOZHBI B Ka4eCTBE NMPOTeKTOpa oT Al-cTpecca.

WHTepecHbIN pe3ynbTaT MNOITY4eH OTHOCUTEIBHO BCXOXKE-
cTH ceMsH. B OompmmHCTBe BapmanTtoB obpaborka KK He
MIPEMSITCTBOBAJIA TPOPACTAHHUIO — CEMEHA JJOCTaTOYHO yCIE-
HO nipopacTtain (=90 % BcxokecTH). DTO TOBOPUT O TOM, YTO
3apOJIBIIIN CEMSH CITIOCOOHBI TIEPEHOCUTh yKa3aHHbIE BO3/EH-
CTBUS IO KpailiHell Mepe 10 BeIxona pocTka. OpHako, B OT-
JIEJIbHBIX BapuaHTax (ocobenno F. betulina 1:10, S. commune
1:100) BcxoxkeCTh 3HAYMMO CHHM3MWIAch (10 68—73 %). Bepo-
ATHO, HeKOTOpBIe 3k3oMeTadbonuTsl KK crmocobHbI mpoHUKATh
B CEMEHA WJIM MOAABIATh X HA PAHHHUX CTaAWsIX IpopacTa-
Hust. Hampumep, 3HauMTENbHOE KONMYECTBO PACTBOPUMBIX
(heHONBHBIX COCIMHEHNH B PacTBOPE MOIJIO MPEMSTCTBOBATh
TIOIVIONICHUIO BOABI WJIM IOBPEIMTH 3apOIbBIIIECBHIE TKAHH.
(Gholami, 2023).

Takum 00pa3oM JaHHBIA SKCIEPUMEHT BBISIBHJI, YTO JK-
3omerabonuthl 1. pubescens 00IagarOT CBONCTBAMU OUOCTHU-
MyJISITOpa POCTa MATKOM IMIIEHWIBI NPU TOKCHUYECKOM BO3-
neicteun A, B 10 e BpeMs 5K30MeTa0OIUThI OCTaIbHBIX
HCCIIEIOBAHHBIX TpHOOB, B 0coOeHHOCTH Fomes fomentarius,
OKa3bIBAaIOT HETATUBHOE JEHCTBHUE HA IIPOPOCTKH.

JleficTBHE KyIBTYpaJIbHBIX KHIKOCTEH TprOOB MHOTO(AK-
TopHOE. OCHOBHBIC BBISBICHHBIE MEXaHM3MBI, C ITOMOIIBIO
KOTOPBIX 3K30META0OJIUTHI YIYyYIIalOT POCT PacTeHHH M HX
CTPECCOYyCTOMYNBOCTD, BKJIIOYAIOT CIIEIYOLIHE!

1. XesaToo0pa3oBaHue U UMMOOMJIU3ALMS MOHOB Me-
Ta/JuI0B. IpuOBI crnocoOHBI BhIpabaTHIBaTH OpPraHHYECKUE
KHCJIOTHI (HAIIpUMEp, OKCAJIOBYIO, IUTPATHYIO) U APYTHE Me-
TaOOMUTHI, CBA3BIBAIONINE TOKCHYHBIE METAJI-MOHBI BO BHE-
KJIETOYHOM HpocTpaHcTBe. B ciydae Trametes pubescens mo-
KazaHo, YTO TpHU0O afcopOUpyeT M aKKyMYJIHPYeT HEKOTOpPbIe
TsDKEJIble METaJUIbl B CBOEH OHoMacce, 3HAYUTENBHO CHIUDKas
OCTAaTOYHYI0 KOHIIGHTPALMI0O HOHOB B OKpY’KaloIiel cpe-
ne (Liu J, 2022). 3a cyeT 3TOro yMeHbIIAETCSl BO3JIEHCTBUE
TOKCHKaHTa Ha KOPHU pacTeHWi. MHOTHE TpHOBI pean3yroT
MoKOOHBIC MEXaHU3MBI JETOKCHKAIIMH: OHHU MO0 NCKIIIOYAIOT
MeTaJuT U3 OMOCHCTEMBI (0CaX/ICHHE B HEPACTBOPUMBIC COJIH,
JICTIOHUPOBaHNE B KJIETOYHBIX CTEHKAaX), JIMOO HAKaIlJIMBAIOT
ero BHyTpu co0cTBeHHbIX cTpykTyp (Elhamouly et al, 2022).
B pesynbrare, npu 100aBIEHUH KyJIbTypaldbHOW >KHUIKOCTH,
cofiepiKaIie Takue XenaTopbl, TOKCHYHbIE HOHBI Al*" MoryT
00pa3oBHIBATh KOMITJIEKCHI, MEHEE TOCTYITHBIE AJISI MOIIOIIE-
HUSI KOPHSAMH. DTO SKCKJIIO3MOHHBI MEXaHU3M IOBBIIICHHS
YCTOHYMBOCTH PAcTeHHH K AJTIOMHHUIO, aHAJIOTHYHBIN ecTe-
CTBEHHOMY BBIJICJICHUIO KOPHSIMH OPTaHMYECKUX KUCIIOT IS
cBsi3biBaHus AP Bo BHEIHEH cpejie.

2. AHTHOKCHIAHTHOE JieliCTBHE M CHMKeHHE OKCHIa-
THBHOro ctpecca. Tspkenble Metauisl U1 Al** B Tom ducie
BBI3BIBAIOT B PACTEHUSIX OKCHIATUBHBIA CTPECC — HAKOIUICHHE
akTMBHBIX (hopm kucnopoza (H,O,, panukanos), 4To moBpex-
JaeT KJIETKU. DK30MeTa00INTHI TPHOOB OOraThl aHTHOKCH/1aH-
TaMH, CIIOCOOHBIMU HEHTPaJIM30BaTh 3T CBOOOHbIE pajUKa-
nbl. Tak, akcTpakT Fomes fomentarius conepxut (heHOIbHbIE
coenmuHeHus (TI0 OIleHKe 3.5 MKT/MJI B IiepecueTe Ha (eHOIbI)
U TOKAa3aJl BBICOKYIO aHTHPAAWKAIBbHYIO0 aKTHBHOCTB: B TECTE
ABTS* on narubuposain 51 % panukaioB, 4TO CONMOCTABUMO
¢ neiictBueM crangapra—pyTuHa (Ermoshin et al, 2020). Ha-
JIMYME TaKuX MOJH(EHONIOB MOXKET 3alUIIaTh KIETKH pacTe-
HUH, TOTIOIast aKTUBHBIE PopMbI Kuciopoaa (ADK), obpasy-
rorecs nox aericteueM Al**. Kpome mpsaMoro XuMmaeckoro
HelTpanmsyromero 3QQexra, 3K30MeTa0ONIHUTHI CIIOCOOHBI
yMeHbpIHTE 0Opa3oBanne ADK B pactennsx. B Beimeymomsi-
HYTOM HCCIIEAOBaHUM C 3K30IIOJMMEpaMH TpuboB HalImona-
JIOCh CHW)KCHHE YPOBHS MEPEKUCH BOAOPOAA M MaJlOHANAIb-
JIeTH]Ia B TKaHAX 00pabOTaHHBIX MPOPOCTKOB mireHus (Licaj
et al., 2024), uro yka3pIBacT Ha YMEHBIICHHUE CTCIICHU OKHUC-
JIUTEJIBHOTO MOBPEXkAeHNS. BeposiTHO, TprOHbIC KOMITOHEHTSI
HEUTPaIU3yIOT CYHIEPOKCH] U MIEPEKHCH, INOO0 MPENSTCTBYIOT
nX N30BITOYHON TreHepanyy (HanpuMep, 3aIininas MeMOpaHsbI
ot noBpexaeHus AI*" u Tem cambiM cHipKas neficteue ADK).

3. WHayknMs aHTHOKCHMIAHTHBIX (epMEHTOB H
CTpecc-3allIUTHHIX cCHCTEM B pacTteHuH. [TomumMo mpsiMoro
AHTUOKCUJAHTHOTO 3(deKTa, dK30METa0OIUTHl MOTYT BHI-
CTyNaTh CHUTHAJAMH, NIPUBOAS B TOTOBHOCTH COOCTBEHHYIO
3alIUTHYIO CHCTeMy pacTeHms. OTMedeHo, 4To 00paboTka
BHEKJICTOUYHBIMU TOJHCaxapuiaMyi TpHOOB CTUMYIHPYET aK-
TUBHOCTH ()epMEHTOB aHTHOKCHIAHTHOH 3aIUTHI Y MIICHHUIIBI
— Hanpumep, cynepokcugincmytasbl (CO/l) u nmepokcuaassl
(Sun et al, 2024). CO/] u nepokcuaasa COCTABISIOT KIIFOUYEBOH
(bepmentHsiii 610k qerokcukaruu: COJl mepeBoauT CynepoK-
CHIHBIC paINKaJIEI B HZOZ, a IepOKCHUIa3bl pasaararoT H202 bi o)
Bonbl (Pomortsev et al, 2022). [ToBbImeHNe aKTUBHOCTH 3THX
(depMeHTOB TON JIeiicTBHEM TPUOHBIX METa0ONUTOB OBLIO
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3HAYUTENBHBIM (B OTHeNnbHBIX BapmaHTax +150% x CO/J,
+40% K mepokcuaa3e MPOTUB KOHTPOJISI) U COMPOBOXKIAIOCH
cumkenneM Hakorienns H,O, w MIIA B pactenusx. Unre-
PECHO, 4TO HEOOJBILOE OCTATOYHOE NOBbIEeHHEe ypoBHa H 0,
(B mpenenax 4—7 % K KOHTPOIIO) IpH 00pabOTKe HEKOTOPHIMHU
TPUOHBIMH 3K30META0O0JIMTAMH, IT0-BUANMOMY, UIPAET CHT-
HAJIBHYIO POJIb — MEPEKHCh BOAOPO/A B MaJbIX KOJHMYECTBAX
CIy’)KUT BTOPHYHBIM MECCEH/KEPOM, 3aITyCKAIOIINM JKC-
MIPECCHIO TEHOB aHTHOKCHIAHTHOW 3alllUTHI M APYTUX CTPEC-
coycroiumBeix KommoHeHTOB (Bekkaye et al, 2023). Takum
00pa3oM, rpuOHBIE K30META0OIUTHI MOTYT «TPEHHPOBATH
pacTeHue, BKIJIIOYAs CHCTEMHYIO MPHUOOPETEHHYIO yCTOWYH-
BOCTB: 3TO IMOXOXKe Ha 3((EKT M3BECTHBIX IHUCHUTOPOB, aK-
TUBHUPYIOIINX ITYTH 3aUTHBIX (UTOrOPMOHOB (CAIUIMIOBAS
KHCJIOTa, )KaCMOHAT | Tp.) ¥ YCUIMBAIOUINX YCTOHYUBOCTE K
cTpeccopaM. HekoTtopsie monmucaxapuabl rpudoB (HampumMep,
B-mirokan musoduiuian y Schizophyllum commune) W3BECTHBI
KaK MIMMYHOMOZAYJIATOPBI y PACTCHUI W MOIIIM OBl CTUMYIIH-
pOBarh YKpEIUICHNE KJIETOYHBIX CTEHOK M aHTHOKCHJAHTHBIH
CTaTyC AaHaJOTMYHO OaKTEepPUAIBHBIM 3K30MO0JIMCAXapHIaM
(Naseem, Bano, 2014).

4. ®UTOropMOHONON00HOE NeiicTBHE M CTHMYJISIIMSA
pocta. MHorue rpuOBl HPOAYLMPYIOT COCIWHCHHUS, BIIHS-
IOIIMe Ha POCT pacTeHWil Kak TropMoOHBI. B KymbrypanbpHON
KUAKOCTU MOTYT MPUCYTCTBOBATH aHAJIOIU ayKCHHOB, IIUTO-
KWHUHOB, THOOEPEITMHOB WM UX NPEIIECTBEHHUKH. B gacT-
HOCTH, [T0Ka3aHoO, 4T0 Hypsizygus marmoreus HaKalUIMBaeT B
MULEIUAIBHON Macce LEJbl psii MHAONBHBIX COEIMHEHUM:

L-tpuntodan, S-runpoxcu-tpuntodaH, TPUMETHITPHIITA-
MuH, menaronud u ap. (Kata et al, 2022). Tpunrodan u npo-
W3BOJHBIE MOTYT CIY)KHUTb OCHOBOW JUI CHHTE3a HHIOIH-
JIYKCYCHOM KHCJIOTBI — KIIOYEBOTO (PUTOropMOHa-ayKCHHa,
CTUMYIHUPYOMIETO POCT KOPHEH. MeNaTOHNH SBISETCS MOIII-
HBIM aHTHOKCHJAHTOM M CHUTHAJIOM, MOBBIIIAIOLIMM yCTOHYH-
BOCTh PAaCTCHHH K HEONArompuaTHBIM (akropaM (M3BECTHO,
YTO 3K30T€HHBIN MEJIATOHUH YJIy4IllaeT pOCT KOPHEN U CHUKA-
€T IOBPEXKICHHUS OT COJICBOTO U TSHKEIIOMETaIbHOTO CTpecca y
pacTeHuil 3a cyeT akTHBAI[MM aHTHOKCHJIAHTHBIX TeHOB). Ta-
KAM 00pa3oM, IKCTPAKTHl TaKUX TpUOOB, Kak H. marmoreus,
MOTYT 00J1aaTh TOPMOHOMOMI00HBIM 3(h(HEKTOM — HaIpUMep,
BEI3BIBATh YBEJMYCHUE UIMHBI KOPHEH M 4rcia OOKOBBIX KO-
pEIKOB (aHAJIOTHYHO JEHCTBUIO ayKCHHA) WU 3aJep’KUBAaTh
CTapeHHe JHCTheB (KaK HUTOKUHUHEBI). B 3KcrepuMeHTax
JEWCTBUTENILHO HAOIOAINCH N3MEHEHUS apXUTEKTYPBI KOp-
HEBOW CHCTEMBI: TIOA JACHCTBHEM T'PHOHBIX METaOOIUTOB Y
MIICHUIB! YATUHSINCH [JIaBHBIE KOPHU U BO3PACTAIO YHCIIO
npugarogsbix (Tsivileva et al, 2024), 4To mOTEeHIHATBEHO TO-
3BOJIICT pacTeHuto 3 (dexkTUBHEE NOOBIBATh BOAY U M30€rath
MTOBEPXHOCTHBIX TOKCHYHBIX cioeB mouBsl (Traxler, 2022).
OTO KOCBEHHO MOATBEPXK/IAET HAJIMYUE Y TPHOOB CreUalIb-
HBIX METa0ONHTOB, PETYIUPYIOIUX TPAHCHOPT METAJUIOB.
Ecnu Takue MeTabonuTHI OCTYNAIOT B PACTEHUE, OHU TEOpe-
TUYECKH MOTYT MOIYIHPOBATh IIPOHUIIAEMOCTh MEMOpaH IS
Al*" nny cTUMYAMPOBATh OTTOK/U30JISILIUIO ATIOMUHUS B BaKy-
onsiX (BHYTPEHHUH TOJICPAHTHBIA MEXaHU3M).

3akiarouenune

DKCIIEpUMEHT TOKa3al, YTO DK30METaOOJUTH 0a3uIu-
AJBHBIX TPUOOB CYMISCTBCHHO BIUSIOT Ha POCT MPOPOCTKOB
MIIeHHIBl copra Harpazia B yclnoBHSX allOMUHHEBOTO CTpEC-
ca. Tokcuueckoe qeicTBHEe HOHOB Al** BBIPa3mIIOCh B PE3KOM
YTHETEHHH pOCTa KOpHEW (cokpamieHne UIMHBI HA 73 %) u
CHIDKECHMH OMOMAacChl MpOpoCTKOB. OOpaboTKa KyJIBTypalib-
HOW J>KHIKOCTHIO Oa3WAMOMHIIETOB IPHBENA K YAaCTHIHOMY
ocnabnennio HeratuBHOro 3¢ dexra ALY, BeposTHO 3a cuer
KOMIIOHEHTOB TIMTaTeIbHON CpEeAbl, B3aWMOICHCTBYIOIINX
¢ amomuaueM. Cpeay MIECTH TPOTECTHPOBAHHBIX BHJOB
rpuboB MOJIOKUTENbHBIA 3 dekr otmeuen y KK Trametes
pubescens: ero BHEKICTOYHBIC METAOOIUTHI IIPH Pa3BEICHUH
1:100 HeckoJBKO CTHUMYIHPOBAIU POCT KOpHEH u moberor
TIIICHHUIBT ITOJ BO3aeHcTBHEM Al3", DK30MeTabONMUTHI APYTHX
BUOB (Fomes fomentarius, Fomitopsis betulina, Plicaturopsis
crispa, Schizophyllum commune, Hypsizygus marmoreus)
HE IMOKa3aJId 3HAYMMOTO 3aIUTHOTO JeicTBus. bomee Toro,
KOHIIGHTPUPOBaHHbIe (uibTparsl F. fomentarius ¥ HEKOTO-
PBIX APYTHX TPUOOB Nake yCHWJIMBAIN HWHTHOWPOBAHHE PO-
cTa (AIMHA KOpHEW CHMXKajlach JOMOMHHUTENBHO Ha 25-30%

II0 CPAaBHEHHUIO CO CTPECCOBBIM KOHTposieM). CTaTHCTHYECKH
JOCTOBEPHBIE Pa3IUIUs MEXIy BapHaHTaMH MOATBEP)KICHBI
tectoM JlyHkana (p<0.05): Hampumep, MUHUMAaIbHAs AJIHHA
KOpHeii oTMedeHa pu o0padotke F. fomentarius 1:10 (rpymma
“a”), a MakcuMalbHasi — npu gobasnennu cycia 1:100 (rpyn-
ma “g”), rorna xak Trametes 1:100 3aHsUT IPOMEKYTOUHOE TIO-
noxenue (rpymma “f”, 6au3Kyto K KOHTpodro ¢ Al).

B 3akmroueHue, 5k30MeTab0NUTH 0a3uaMaIbHBIX TPHOOB
TIPE/ICTABISIIOT MHTEPEC KaK IMOTEHIMAbHbIE OMOCTUMYIIS-
TOPBI POCTa U 3alIMTHBIE CPEACTBA JUIsl PACTCHUI, OJJHAKO UX
3¢ GEKTHBHOCTH CHITFHO 3aBUCHT OT BUa Tprba 1 KOHIIEHTpa-
uun. Haunbonee nepcrieKTHBHBIM 00BEKTOM JUIsl TAJIbHEHIINX
uccnenoBanuil sisiercs 1. pubescens, S5K30METa0OIUTHI KO-
TOPOTO CIIOCOOHBI CHMXKATh TOKCHYECKUH 3(h(DEeKT amoMuHus
y nmeHulbl. [lomydeHHble pe3ysbTaThl 3aKIaAbIBalOT OCHOBY
JUTs pa3pabOTKH HOBBIX OMOTIperiapaToB Ha OCHOBE METa0O0IH-
TOB TpHOOB, IPUMEHEHUE KOTOPHIX MOXET MOBBICUThH YCTOM-
YUBOCTB CEITLCKOXO3SIMCTBEHHBIX KYJIBTYP K TOKCHYHOMY BO3-
JEUCTBUIO AIFOMHUHUSI U IPYTHMM a0HOTHYECKHM CTPECCOpaM.
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EXOMETABOLITES OF BASIDIOMYCETES AS A MEANS TO INCREASE WHEAT RESISTANCE
TO TOXIC ACTION OF ALUMINUM

D.V. Popyvanov*, A.E. Ageeva, M.I. Mulina
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The effect of exometabolites of basidial fungi on the morphometric parameters of soft wheat seedlings (7riticum
aestivum) of the Premium variety under aluminum stress was studied. Extracellular metabolites were evaluated, obtained
by deep cultivation on beer wort medium of six species of xylotrophic fungi: Trametes pubescens, Fomes fomentarius,
Fomitopsis betulina, Plicaturopsis crispa, Schizophyllum commune, and Hypsizygus marmoreus. The filtrate of cultural
fluids (CF) in dilutions of 1:10 and 1:100 was used in the work. The most pronounced positive effect on the growth
parameters of 7. pubescens filtrate was found at a dilution of 1:100. A partial increase in root length and shoot height was
observed compared to the positive control with aluminum. Other exometabolites didn’t show a noticeable protective effect,
and in some cases (£ fomentarius), wheat growth inhibition was increased. The effect of exometabolites strongly depended
on the fungal species and concentration of the filtrate. The data obtained indicate the toxicity of some exometabolites of

basidiomycetes to plants.

Keywords: xylotrophic fungi, ion toxicity, aluminum stress, plant stress protectants, submerged cultivation

Submitted: 16.05.2025

Accepted: 18.08.2025

© Popyvanov D.V., Ageeva A.E., Mulina M.1., 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/).



Honuxapnosa I0.b., Bapgonomeesa E.A. / Becmnux 3auwumul pacmenuii, 2025, 108(3) c. 149—-156 149

OECD+WoS: 4.01+AM (Agronomy)

https://doi.org/10.31993/2308-6459-2025-108-3-17221

Ilonnomexcmosas cmamosn

HOBBIH MOAXO/ K MPUMEHEHUIO KOKITUJTO®ATA CRYPTOLAEMUS MONTROUZIERI

(COLEOPTERA: COCCINELLIDAE) B OPAH’)KEPEAX BOTAHUYECKHUX CAOB

10.B. [lonmmkapnosa'*, E.A. Bapgosiomeena®

!Bcepoccuiickuii nayuno-uccredosamenscekuil uncmumym sawumol pacmenuti, Cankm-Ilemepoype
’Bomanuueckuti uncmumym um B.JI. Komaposa, Cankm-Ilemepoype

*omeemcmeennwiil 3a nepenucky, e-mail: julia.polika@gmail.com

bopsba ¢ MydYHHCTBIMH 4YEpBELAMH B OpaHXKepesX OOTAaHWYECKHX CaJO0B OCTACTCSl aKTyalbHOH MPOOIEMOH.
[Mpumenerne xokumpodara Cryptolaemus montrouzieri (Coleoptera: Coccinellidae) meromom neTHel ce30HHOU
KOJIOHM3AIINX 49acTO MOKA3bIBAET HU3KYIO 3G (PEKTUBHOCTD. Llenbio paboThl OBLIO H3yYUTh BO3MOXHOCT UCTIOIb30BAHUS
MMaro XOJIOZOYCTOMUYUBBIX KyIBTYp KPHIITOJIIEMyCa B 3MMHE-BECCHHUI MEPHOJ JUIS TOIABJICHUS BECEHHEH BCIBIIIKU
YHUCIEHHOCTH MYYHHCTOTO uepBena. JlabopaTopHble KyabTYphbl 3aKJIabIBAIIUCH OT IPUPOAHBIX 0CO0EH, COOpaHHBIX Ha
UYepaomopckoMm mobdepexne KaBkaza. TecTumpoBanme HpOBOAMIOCH B 2-X TPONMHUYECKHX Opamxkepesx borarnmueckoro
caxa Ilerpa Bemnkoro (Poccusi, Cankr-IlerepOypr). UncneHHOCTH MydHHCTOTO UepBena Planococcus ficus (Hemiptera:
Pseudococcidae) n nMYMHOK XWIIHUKA YYUTHIBAIM Ha CEMH BHIAaX MOAENBHBIX pacteHuil: Ha Coffea arabica,
Mangifera indica, Tectona grandis n Theobroma cacao B opanxepee «IlmomoBrie pacTeHHs TpOTUKOBY»; Ha Combretum
fruticosum, Ptychosperma elegans n Cedrela glaziovii B «bonpImoi maasMoBOH OpaHXepee». YCTaHOBJIEHO, UTO 0co0n
XOJIONOYCTOWYMBEIX KyJIBTYpP KPHUITOIIEMyca CHOCOOHBI pa3sMHOXarbcs Ha (oHe temmeparypel 17-18°C. JImumHKH
XHITHAKA, OTMEYacMbIe B OPAHXEpEsAX B SHBape-MapTe, MOAABISUIA POCT YHCICHHOCTH MYYHHCTOTO 4YepBELa BECHOM.
B cBo10 ouepens 3T0 co31aBano OIATONPHATHBIE YCIOBHS AJIsI KOHTPOJIS YHCICHHOCTH BPEANUTENS JIETOM. MHOTONIETHSA
[porpamMma MPUMEHEHUSI X0JI0I0yCTOMYMBBIX KyJIbTYP KPHIITOJIEMYCa TI03BOJIMIIA CIIEPKUBATh YHCICHHOCTh MYTHHCTOTO
YepBella Ha yPOBHE, HE IPUHOCSIIEM CYIIECTBEHHBIH BPEA PACTEHHSIM, B YCIOBHSX 3aLIUIIEHHOTO TPyHTA.

KiiroueBble CJIOBA: X000y CTOHYUBBIC KYJIBTYPbI, KPUIITOJIEMYC, MydHHCThIC uepBelibl, Pseudococcidae, Tpormueckue

pacTeHus, MHOTOJIETHHE IIPOTPaMMbI GOPHOBI

Hocmynuna 6 pedakyur.: 06.08.2025

Ilpunama k neuamu: 14.10.2025

BBenenue

Opamkeper OOTAaHWYECKUX CaJ0B MMEIOT psiii crienugu-
YECKHX XapaKTEePUCTHK, OOYCIIABIMBAIONIMX OCOOEHHOCTH
3aIIUTHl KOJJICKIMOHHBIX PAacTeHUH OT BpEIMTENei, B TOM
YHCIIe CBOW IMOAXOIbI B NMPHUMEHEHUH dHTOMOdaroB. B kom-
mwiekce (uTodaroB B OpamKepesx NpeodagaroT COCYyIIne
Bpeautenu. [Ipy 3TOM 4acTo 3HAYMTENBHYIO OO CPEIH HUX
3aHHUMAIOT KOKIIHIBI: IIIUTOBKH, JIOXKHOIIUTOBKH U MYYHUCTBIC
yepseus! (Bapgonomeesa, Ipyrosa, 2009; Pak u np., 2014;
Valiyeva et al., 2018).

3alUTHEIE MEPOIpPHUATHS, NPOBOTUMBIE B OpaH)KEpesx,
MPEeCIeNyIoT JIBe Lelu: obecrieueHne HOpPMAabHOW Berera-
LUK PACTEHHIA U COXpaHEHHE UX JIeKopaTuBHOCTH. CHIKEHHE
JICKOPATUBHOCTU MOXET OBITh CIIEACTBHEM KaK MPsIMOTO (U3-
MEHCHHE OKPACKH JINCTOBBIX IIACTUHOK, OIMAJIaHUC JIHCTHEB,
nedopmanus ToOEroB), Tak U OMOCPESITIOBAHHOTO BO3CHCTBUS
¢urodaros (Pax, JTursunosa, 2014; Tpuxo3 u ap., 2021). Ha
MEJIBIHOW pocCe, BBIIEIAEMONW COCYIIMMH BPEIUTESIMU, pa3-
BUBAIOTCS CAKUCThbIC TPUOBL. [TOMUMO YXy/IIEHHS BHEIIHETO
BU/Ia PACTEHUN OHU MPEMATCTBYIOT HOPMAILHOMY IPOTEKa-
HUIO Tporecca GortocuHTe3a. CTENneHb 3acelieHHsT pACTCHUH
COXUCTHIMU T'pUOAMH KOPPEIHPYET C YUCICHHOCTHIO MYyd-
HHUCTBIX YEPBEIIOB M Temieparypoi Bozmyxa (Shukla et al.,
2017). TloaTOMy BBICOKAsI YUCIICHHOCTh BpEIUTENEH B IETHUI
MEepUOJI HECET Yrpo3y [Uls AEKOPaTHBHOCTH pactenuil. Camoe
CUIIbHOE TOPAKEHHUE JINCTHEB CAKUCTBIMU TPUOAMHU MOKET
OTMEYaeTCs B OpaHXkepesx JieToM win B Hadane oceHu (I1ly-
koBckasi, Kamranosa, 2016; Cynelimanosa, 2013).

[upoxoe ¢oprcTiueckoe pasHOOOpasue 3aTpymHsET
OLICHKY 3()()eKTHBHOCTH 3alIUTHBIX Meponpusituil. U B 60ib-
LIMHCTBE CIIy4aeB HEBO3MOXKHO BBIAEIHUTH KOHTPOJIBHBINA Ba-
puaHT. B Takux ycnoBusX ILienecooOpa3HO MPOBOIUTH CPaB-
HEHHME MHOTOJETHEH IWHAMHKH YHCICHHOCTH BpEAMUTENCH
B OTHENBbHOW opamxkepee. C Opyroil CTOPOHBI, ATUTEIHHOE
KyJIbTHBUPOBAHUE PACTEHHH IO3BOJSET JTOOMBATHCS IMOCTE-
TICHHOTO CHIXKEHHsSI YUCIICHHOCTH BpEANTEseH B TeUCHHUE He-
ckonbkux net (Kympsimosa, 2015; IlykoBckas, Kamranosa,
2016). AHajorn4Hble 3aKOHOMEPHOCTH OBUIN BBISIBJICHBI MTPH
UCIIONB30BAaHUM SHTOMO(AroB B Telumnax Ha posax (Moop,
2024).

KnumMarndeckue ycioBust, TOJIEPKUBACMbIEC B OpaHKepe-
SIX, IMUTUPYIOT KJIMMaT €CTECTBEHHBIX MECT OOMTaHUS 3KC-
TIOHUPYEMBIX PAaCTeHHUil, B TOM 4YHUCiie 0TOOpaXkas Ce30HHBIE
nsmenenus: (Rutherford, Marvin, 2024). TemmneparypHslii
PEXHUM IOAJECPKUBACTCSI B 3aBUCHMOCTH OT HOTpeOHOCTEH
pacTeHni U CyIIECTBEHHO MEHsETCA B TeueHHe roga. OCHOB-
HOE JIeTICHNE TIPONCXOHUT Ha TPOITUIECKUE U CyOTPOITIUECKIE
opamxepeu. B cBOIO odepenb cpeny HUX MOTYT BBIICISTHCS
Ooiee XONIOHbIE U TeIUIbIe. BpeMeHHbIE paMKH CE30HOB, MPH-
HSTBIC B OpaHXKepesiX, He WACHTUYHBI KaJIeHJapHBIM CPOKaM.
Tak, 3MMHUM CE€30HOM CUYHTAETCS MEPHUOJ] C HOSAOps Mo ¢eB-
pasib ¥ 9aCTUYHO MapT, a KOHEI[ Masi OTHOCST YK€ K JIETHEMY
ce3oHy. OOIIMM JUTS BCEX OpamKepel SBISIeTCS MOAICpKaHne
HU3KUX TeMIleparyp 3uMoH. B 3To Bpemsi B OOJBIIMHCTBE
OpaHKepel 3HaueHHs THEBHBIX TEMIIEpPaTyp HE IPEBBIIAIOT

© INonukapnoga 10.5., Bapdonomeesa E.A. Ctarbst OTKpBITOro 10CTyIa, MyOnuKkyemas BcepoccHiickuM HHCTUTYTOM 3alUThI
pacrtenuit (Cankt-IleTepOypr) u pactpoctpansemas Ha ycnoBusx Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/).
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18°C, u nmumb B cambix Teruibix gocturatot 20 °C. IlocremneH-
HOE TIOBBIIICHUE TEMIEPaTypbl HAYMHAECTCSI B MapTe-arpere,
o0ycitaBnmBasi BO30OHOBIICHHE ITEPHO/Ia BETEeTAIlH PACTCHUH
(Bapdomomeera, 2009; baxpun u ap., 2023).

Ce30HHBIE H3MEHEHUSI TEMIIEPATyPhl B OpaHKEPESIX IPUBO-
T K 3HAYUTCIIbHBIM KOJ'Ie6aHI/IHM YHUCJICHHOCTHU BpeI[HTeHei/II
B TeyeHue roga. Ha ¢one 3umuux Temmeparyp y dutodaros
OTMeYaeTCs CHIKEHHE TMHAMUKH YHCcIIeHHOCTH. OHaKo Ta-
KHe TeMIIepaTypbl CyOONITUMAIbHBI U JUII MHOTUX SHTOMOG(a-
ToB. B 3THX yCIOBUSX OHM JIEMOHCTPUPYIOT HU3KYIO 3(h(ek-
TUBHOCTB 1 He pa3MHOXkaroTcs. M Hepenko gurodar obmagaer
OonpIiel yCTOWYMBOCTHIO K HU3KUM TEMIIEpaTypam, 9eM €ro
sHTOMO(Ar. OIHUM U3 MyTel NPEeOROJICHHs OTPHLATEIHHOTO
BJIMSIHUS CYOONTHMAJIbHBIX TEMIIEpaTyp Ha SHTOMO(AroB Mo-
JKET CTaTh NPUMEHEHUE XOJOJ0YCTOMUMBBIX KynbTyp. Takoi
IpueM ycremHo npuMensics B [lonspHo-Anbnuiickom 0ota-
HU4eckoM cany-uHctutyte uM. H.A. ABpopuna (Pak, 2000).

Cpenu >HTOMO(AroB MYYHHCTHIX UYCPBEIIOB B OpaH)Ke-
pesx Haumboiee IIMPOKO HCIONB3YIOT KOPOBKY KPHIITOJIE-
myca — Cryptolaemus montrouzieri Mulsant (Coleoptera,
Coccinellidae) (Golan et al., 2004; Suvac, 2011; Richter, 2009;
Poyet, 2010; Altieri et al., 2016; Dugardin, Goetghebeuri,
2018; Ives, 2020). DTOT BU CYIIECTBEHHO CHUXKAET CBOIO (-
(heKTHBHOCTH M PENPOLYKTUBHBIA MOTEHIMAN MPU TeMIepa-
Type Huxe 20 °C, m03TOMy €ro peKOMEHJ0OBaHO UCIIOJIb30BaTh
METOZIOM CE30HHOM KolloHM3auuu B neTHui nepuoy (Hussey,
Scopes, 1985). PasMHOXEHNE KPHUIITOIEMyca UMEET PeIaro-
mee 3Ha4eHue, TOCKOIbKY THUnHKA [V Bo3pacTa oOmamaroT
HanOOoJbIIeH MPOXOPJINBOCTHIO, OJHAKO PACUeT HAa KOJIOHH-
3aIMI0 KPUTITOJIEMYCa 9acTo He ompaBasiBaeT cebs (byraesa,
2004; Pijnakker et al., 2013; Dugardin, Goetghebeuri, 2018;
Ives, 2020).

Jlyist TMHaMHMKKM YHCIIEHHOCTH MYYHHCTBIX YEpBEIOB Xa-
paKkTepHbl BECEHHHE BCIIBIIIKH, 00YyCIIOBIEHHBIE MTOBBIIICHHU-
€M TeMIlepaTypbl U aKTUBAaLlMeH pocTa pacTeHHH, OITOMY K
Havajy JIeTa YHCIEHHOCTh BPEIUTEIIS B OPAHKEPESX CIOCO0-
Ha JIOCTHTaTh BBICOKUX 3HaU€HWH. B omm4me oT cBOEH XKepT-
BBl BECEHHHE TEMIIEPaTyphl AJIsl KPUIITOJIEMYCa CyOOIITHMAIIb-
Hbl. KpoMe Toro, nake Ha (hoHEe ONTHUMABHBIX TEMIIEPATYP
JIMYUHKU XHUIITHUKA [TOABJIIAKOTCS C Saﬂep)KKOﬁ, " 10 HaCTyIJie-
HUSI TIMKa UX aKTUBHOCTH BPEIUTEIb MOXKET YCIIETh HAHECTH
CYIIECTBEHHBIN yuepd pacTeHUsIM. AHaJIOTHYHBIC 3aKOHO-
MEpPHOCTH BBISABISUIM B IIONOBBIX Cajax HEKOTOPBIX CTpaH
CpenmnzemHoMopcKoro Oacceiina. bornee Bicokue TpeboBaHMs
XHITHAKA K TEMIIEpaType 10 CPAaBHEHMIO C €ro JKePTBaMH Ha-
3BIBAIACH B Ka4eCTBE OJHOM M3 MPHYMH HHU3KOH 3P PEeKTHB-
HOCTH JIETHEH KOJOHM3auuu Kpuntonemyca. Hecmorps Ha
Pa3MHOXXCHUEC XUIIMHUKA, BPCAUTEC/Ib YCIICBAJl HAHCCTU IIO-
Bpexnenus mionam (Franco et al., 2004; Perez-Rodriguez et
al., 2019).

PasMHOXEHHE KpHINTOJIEMyca MOXET OTpPaHUYUBATH-
cs psimoM (hakTopoB. Cpenyt HUX CleAyeT Ha3BaTh BBICOKHE
TEMIIEpaTypbl, HEPEIKO OTMEYacMble B OpAHXKEPEsX JIETOM

(= 32°C). Takue TemmepaTypbl OKa3bIBAIOT MaryoHOE BO3-
JCHCTBHE HAa PENPOAYKTHBHYIO (YHKIHMIO CAMOK XHIIHHKA
(Saeedi et al., 2015). Eme ogarM mpensTcTBHEM TSI KOJIOHH-
3alMM CTIOCOOHBI CTaTh OMOJOTHYECKHE OCOOESHHOCTH JKEPT-
Bbl. CaMKM KpUNTOJEMyca OTKJIAJABIBAIOT sHIA B OBUCAKU
(stiieBBIe MENIKK) MyYHHUCTHIX uepBerioB (Merlin et al., 1996).
OpHaKo B OpaHKepesix MOKET HPUCYTCTBOBAaTh LIETHHUCTHIN
yepserl — Pseudococcus longispinus Targioni Tozzetti (Bap-
¢donomeena, Ipyrosa, 2009; Kysneroa, 2010; Altieri et al.,
2016; Dugardin, Goetghebeuri, 2018; Ives, 2020; Poyet, 2010;
Tuca et al., 2010; Valiyeva et al., 2018). DTomy Buny cBOM-
CTBEHHO SIHIIEKMBOPOXKICHUE, U OH HE 00pa3yeT OBHCAKH.
[TosToMy pazmHOXeHHe KpurTosiemyca He npoucxonut (Ives,
2020). B bBorannueckom cany Ilerpa Benukoro (Cankr-Ile-
TepOypr, Poccust) 3TOT BUI IPHCYTCTBYET JIOKAIBHO B OpaH-
xepee «Bpicime criopoBeie U [omoceMeHHbIE pacTeHUs» Ha
caroBHUKax. KomoHM3anmy XMIIHAKA HAa 3THX PACTCHUSX MBI
He HaOmomanu. B GonmpmmHCTBE Opamkepeld botaHudeckoro
caga Ilerpa Benuxoro B nmepuon ¢ 2010 mo 2015 rr. mpucyt-
CTBOBAJI BUHOTPA/IHBIN MyYHHCTBIH yepBel Planococcus ficus
Signoret (Hemiptera, Pseudococcidae). B 20102011 rr. Hamu
OCYIIECTBIISINCH BBIIYCKH KPHUIITOIEMYCa B TEUCHHE JIETHE-
ro ce3ona. Jlero 2010 r. omMyanoch NEPUOIOM SKCTPEMAIIb-
HO BBICOKOW TEMITEpaTypsl BO3AyXa, U3-3a YETrO IOJHOICHHAS
KOJIOHM3aIWs XUIIHUKAa B OpaHXKepesx He Obula IMolydeHa
(Bapdomomeera, [Tomukapmosa, 2011). B 2011 r., HecmoTps
Ha MPUCYTCTBUE B OpaH)Kepesix JUYMHOK KPHIITOJIeMyca, Jie-
KOPaTHBHOCTh PAaCTEHUI NOCTpajaia M3-3a2 Pa3BUTHUS CaXKH-
cThIX IrpruOoB. OCHOBHOM NMPUYMHOW OBUI MPU3HAH BBICOKHNA
YpOBEHb 3acCeNeHHs] PACTCHUH BpEIUTENeM, OTMEJAeMbIH B
Havaze Jyieta. VIcXonsd m3 MOTyd4eHHOTO HETaTWBHOIO OIBITA,
HaMH ObII HAauaT MOKCK aJIbTePHATUBBI METOY JIETHEH CE30H-
HOM KOJIOHM3aLIUH KPHUIITOJIEMYCa.

Ha teppurtopuu r. Coun 3a nepuon 2011-2012 rr. ormeua-
JI0Ch 2-KpaTHoe yBenuueHue uncieHnoctu C. montrouzieri, B
CBSI3U C YeM ObLIO BBICKAa3aHO MPEIIOJIOKEHNE 00 YCIEeIIHON
aKKIMMAaTH3aluk XUIIHUKa HAa YepHOMOPCKOM Io0epexbe
Kagkaza. Ot coOpaHHBIX B IIpupoae ocobeil kpurroneMmyca B
BU3P Obna 3amoxena 1abopatopHas KyinbTypa. B xozxe ma6o-
PaTOPHBIX DKCIIEPUMEHTOB OBLIO YCTAHOBJICHO, YTO JINYMHKH
COYMHCKOW KYJIBTYypbI 00J1afacT OOJNBbIICH YCTOHUYHUBOCTRIO K
temrieparype 16°C. DTo BbIpaxkanoch B MOBBIIIEHUN BBDKH-
BAa€MOCTH M COKpAIEHHH CPOKOB Pa3BHUTHSI 110 CPaBHEHHIO
C JIMYMHKAMH CTaHIApTHOW KyJabTypbl xuinHuKa (benskosa,
[onmkapmoBa, 2012). YcTaHOBIEHHE XOJOAOYCTOMIHUBOCTH
COYMHCKOH KyJIBTYPbl KPHUITOJIEMYyCa CTal0 MPEINOCHIIKON
JUIs1 €e MCIIONBb30BaHMsI B YCIIOBHSIX opamxepei boranuuecko-
ro cana BUUH PAH B 3umne-Becennuii nepuon. Lienbro padboTsl
OBUIO U3YYUTHh BO3MOXKHOCTh MCIIOJIB30BaHMSI UMAro XoJ0/10y-
CTOMYMBBIX KYJIBTYp KPHUIITOJIEMYCa B 3UMHE-BECEHHUH MepH-
OJl JUTS TIOAABJIEHHS BECEHHEH BCIIBIIIKM YHCIEHHOCTH MY4-
HHCTOTO YepBera.

MaTepnamﬂ H ME€TOAbI

Hccnenoanus nmposommnuchk B borannmueckom camy Ile-
Tpa Benukoro borannueckoro nacruryra um. B.JI. Komaposa
(Poccus, Cankr-IlerepGypr) B mepuox ¢ 2011 mo 2015 rr. B
JBYX TPOIHMYECKHX OpaHXepesx Aisl O0pbObI ¢ BHHOTpaj-
HBIM MYYHHCTBIM 4epBeuoM — Planococcus ficus Signoret
(Hemiptera, Pseudococcidae) mpuMeHsIH XOJIOOYCTOHYHU-
BbIE KYJIBTYPBI KOKuuaodara kpunronemyca — Cryptolaemus

montrouzieri Mulsant (Coleoptera, Coccinellidae). Jlabopa-
TOPHBIE KYJBTYpbl COYMHCKOW MOIYJIALHMN 3aKJIAJBIBAIMCH B
nmaboparopuu bronorngeckoit 3amute pacrenuit BU3P (Poc-
cusi, Cankt-IlerepOypr) eXeromHo OCEHBIO OT MPHUPOIHBIX
oco0eit, coopanHbix B I. Coun (Poccust). Cyxymckast Kynbsrypa
ObuTa 3aj0keHa oceHblo 2012 . OT MPUPOAHBIX 0COOEH, Co-
OpanHbIX B I. CyxyM (AOxa3us).
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Hmaro xpunrosneMyca BbITyCKalu B opamkepesx: «Ilmo-
JIOBBIE pacTeHus TporukoBy (Ne 20, obmras riomams — 505 m?)
1 «bonpioi mabMoBo#t opamxepee» (Ne 26, o01mas miomags
— 780 ™2, BBICOTA B KOHBKE — 23.5 M). B Tabnuie 1 mpencras-
JICHBI JIaHHBIE O KOJIMYECTBE BBINYIIECHHBIX B TEUEHHE T0Aa
ocobeit kpurronemyca B epuog ¢ 2011 mo 2015 rr.

B 3umue-Becennmii nepuox 2011-2012 rr. B opamxepee
Ne 20 ObuTa MpoTECTUPOBAaHA COUMHCKAS KYJIBTYpa KPUITOJIE-
Myca. B 3umne-Becennuii nepuon 2012-2013 rr. B 3Ty opaH-
JKEpEr0 BBIYCKalM 0Co0eH pa3iIMdHbIX KyJIbTyp. A, Ha9WHAas
¢ ceHtsa0ps 2013 r., KPYIIIOTOAMYHO MPUMEHSIIA CYyXyMCKYIO
KyIbTypy XuliHuka. B opamxkepee Ne 26 ¢ oxtsabps 2012 T
KPYIJIOTOJIMYHO BBIITYCKaJIH 0CO0eH COUMHCKOM KYJBTYPBI.

[TpoBomuIM y4eTsl YUCICHHOCTH MYYHHCTOTO 4epBela 1
BBIABJISUIM JIMYMHOK KPHUITOIEMYCa Ha MOJCIBHBIX PAacTEHH-
sax. B opamxkepee Ne20 — Ha xode (Coffea arabica L.), manro
(Mangifera indica L.), tektone (Tectona grandis L) u xakao
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(Theobroma cacao L.). B opanxepee Ne26 — Ha KOMOpeTy-
Me (Combretum fruticosum (Loefl.) Stuntz), mTuxocmepme
(Ptychosperma elegans (R. Br.) Blume) u nienpene (Cedrela
glaziovii C.DC.). PacteHus oO0CIIeIOBAIUCEH €KEHEAETHHO.
VY4eThl YMCIEHHOCTH BPEIUTENS MPOBOAMIA HA JECATH -
CTBSIX KaXJIOTO MOJIEILHOTO PACTEHHSI C MOCICAYIOIUM Pac-
YETOM CPEIHEro 3HAYCHHS. JOMOTHUTENBHO UCTIONB30BAIACH
0aJuTbHAs OICHKA 3aCEIICHHOCTH PACTCHUN MYyYHUCTBHIMHE Yep-
Bel[aMH{, OCHOBAHHAsI HA TUIOTHOCTU BPEAUTENS Ha OIMH JIUCT
(Bapdomomeera, 2009). [IpHHATHI cienyronIfe WHTSPBAIBI
sHayenuii: 1 6aiur — 10-20 ocobeii; 2 6amra — 21-50 ocobeit
u 3 6amta — 51-100 ocoOeit Ha JTUCT.

Opamxepen Ne 20 u No 26 OTHOCSTCSI K TEIUIBIM TPOIIH-
4yeckuM. B Tabmuie 2 mpuBEACHBI YCPEIHEHHBIC 3HAYCHUS
TEMIIEpaTypbl BO3/yXa, PEKOMEHJOBAaHHBIC Ul TAKOTO THIIA
opamxepei, B 3aBUCHMOCTH OT CE30Ha.

Tadsmmna 1. KonmndecTBo BBITYIIEHHBIX 0c00€it nMaro kpunronemyca B opamxepee «I11010Bble pacTeHHs TPOTTHKOBY
u «bonbmoit naasMoBoi opanxkepee» borannueckoro cana Ilerpa Benuxoro B nepuon ¢ 2011 mo 2015 rr.

Table 1. The number of Cryptolaemus adults released in the Tropical Fruit Plants greenhouse and the Large Palm Greenhouse
at the Peter the Great Botanical Garden from 2011 to 2015

8?:;1’;‘;11’;"6 Kycﬂr‘;gg?a‘glgggiﬁfga 2011 2012 2013 2014 2015
naboparopHas / laboratory 700 80 980
No20 counHcKas / Sochi 300 850
cyxymckas / Sukhumi 55 1470 970 1075
oo BCENO LTOAL 1000 |... 985 2450 | 970 1075 ...
naboparopHas / laboratory 1170 770 120
Ne26 counHckas / Sochi 635 2750 1250 2610
Bcero / Total 1805 3520 1250 2730

Tab6auua 2. TemneparypHbIid PeXUM TEIUIBIX TPOIMUYECKUX
opanxepeit borannueckoro cana Ilerpa Benukoro
B 20112015
Table 2. Temperature regime of the warm tropical
greenhouses at the Peter the Great Botanical Garden
from 2011 to 2015

CE30H 3uMa BCCHa JICTO OCCHBb
season winter spring summer autumn
1IepHO XI-IIT M-V V-IX IX-XI
period

/ICHb 18-20 20-24 25-32 18-19
day

HOHb 16-17 18-20 20-24 16-17
night

Hounsle TeMneparypsl HOAJIEPKUBAIOTCS € 22 110 7 4acoB.
OOX0mM4MKH NMPOBOAAT KOHTPOJIb TEMIEPATYPhl KPYyIJIOCyTOY-
HO ¢ MHTepBanoM 4 yaca. Vl3MepeHus 0CyIIecTBISIOTCS C T10-
MOIIBIO PTYTHBIX TEPMOMETPOB, Pa3MELICHHBIX Ha BBICOTE | M
HaJl TOBEPXHOCTHIO 3€MIIH.

B opamxepee No 26 B kadecTBe MOICIBHBIX HAMH OBLIH
BBIOpaHBI KPYITHOMEPHBIE PAaCTCHHS W Y4YEThl YHCICHHOCTH
MYYHHCTOIO 4epBella NPOBOJMIM Ha BepxHeM spyce. s
BBIABIICHUS PA3IHUMsI MEXIY SIPyCaMH OCYIIECTBILSUICS MO-
HUTOPHHT TeMIeparypbl Ha HkHeM (1 M) u BepxHeM (16 M)
spycax. V3MepeHus: MpOBOAWIIM C MOMOIIBIO PTYTHBIX Tep-
MomeTpoB B 11 gacos. [loka3zanus cHUMaIM B IeHb YYETOB, a
TakXe JOMOIHNTENbHO 1-3 pasa B TeueHue Henmenu. Paccun-
TBIBAJIU CpEJHEE 3HAUCHHE 3a HEJIEIIO.

Pe3yabTarhl Hcciie10BaHUMH

B Tabmune 3 nmpuBeneHbl CPOKM M HOPMBI BBIITyCKa MMa-
IO XOJIOJOYCTOMYMBBIX KYJNBTYp KPHUITOJIEMYycCa B 3UMHE-BE-
ceHHuit nepron. CepbIM IBETOM BBIAEICHBI MECSIIBI, B TEUe-
HHE KOTOPBIX Ha MOJEJBHBIX PACTCHUSIX OTMEYAIN JINYNHOK
XHITHAKA.

B HOs16pe-nexabpe 2011 1. B opamxkepee «IImomossie pacre-
HUs TportuKoB» (Ne 20) OIIIH OCyIIEeCTBICHBI TPOOHBIE BHIIY-
CKH COYMHCKOH KyJIBTYpBI Kpunrtojiemyca. B nekadbpe 2011 1. n
saBape 2012 . oTMevaiy TMYMHOK XUIIHUKA. Takum oOpazom,
0CO0M COYMHCKOM KYJIBTYpBl OBUIM CIIOCOOHBI Pa3MHOXATHCS
Ha (hoHe CyOONTHMMAJBHBIX TeMIleparyp. B ciemyromem ce-
30HE BBIIYCKH XOJOIOYCTOMYMBBIX KYJBTYP KPHITOJIEMYCa

B opamxkepeto Ne 20 ObUTH MPONOIKEHBI, HO BBUJY OTPaHU-
YEHHOI0 KOJHMUYECTBAa >KUBOTO Marepuana JONOJHUTENBHO B
OpaMXepero BBIITYyCKalu 0co0ell cTaHAapTHON 1abopaTopHOil
KyJIBTYpBl KpUNTOJEMyca. B 3TOT mepuosn y4eTsl 4HCIEHHO-
CTH 4epBella U BhISBICHHE TMUUHOK KPUITOJIEMyca IIPOBOIU-
U snu3oandecku. IToaToMy 11 3UMHE-BECEHHEro Nepuoja
2012-2013 rr. B Tabnuiie yka3aHo TOJNBKO 00Iee KOJIHIECTBO
BBINTYIIEHHBIX 0co0el XUIHUKA. B 3uMHe-BeceHHUH nepuos
2013-2014 rr. B opaHXeper BBIIYCKAIH UMAro CyXyMCKOH
KyJIBTYpBI KpUnroiemyca. JINUMHOK XMIIHUKA BBISBIISUIN C Jie-
KalOpsi 1o Mai.
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B 2012-2013 rr. B opamxepee Ne 26 ocyniecTBisICs BbI-
MYCK COYMHCKOM KyJbTypbl KpunToiiemyca. Ha pucynke 1
MMPUBCACHDBI rpa(bm(n JAUHaMHUKW YUCJICHHOCTH MYYHHUCTOI'O
gyepBella Ha KOMOpeTyMme, NTHXOCIepMe U Iieapeie. A Tak-
JKE€ 3HAUCHHE TEMIIEpaTypbl BO3AyXa Ha HIDKHEM M BEPXHEM
sApycax.

Kak BumHO M3 pHucyHKa 1, Temreparypa Bo3ayxa B OpaH-
xepee Ne 26 Ha BepXHEM sipyce B NEPHOJ C HOSIOPSI 110 KOHEIl
MapTa Obuia ctabwibHO HKke. Jlo kKoHIa ¢eBpains 3HaUCHHs
coctaBmsuin 17-18°C, u numib B ampene Temreparypa craia
Boime 20 °C. PocT 4iCIeHHOCTH MYYHHCTOTO YepBelia OTMe-
yascs B KoHIe (eBpasst Ha BceX MOJEIbHBIX pacTeHusX. 1 Ha
KoMOpeTyme 3HaueHus1 focturin 1 6ayura. HerpepbiHOE TpH-
CYTCTBHE Ha PacCTEHHSX JIMUMHOK KpunTojeMmyca HaOIona-
JIOCh C KOHIIA STHBApst 10 cepenuubl MapTa. [Ipu aToM B siHBape
1 MapTe ObUTM 0OHapY)KEHBI KyKOJIKH Kpunroiaemyca. K koHIy
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MapTa YMCIICHHOCTh BpeauTessi Oputa cHikeHa. [loBropHoe
HapacTaHHe YUCIEHHOCTH HalIonanoch B anpese. JInunHOK
XMIHUKA B 3TO BpeMs He oTMmedasock. [locne nBykpaTHOro
BBIITyCKa KPHUIITOJIEMYyCa B KOHIIE MapTa U HayaJe arpess K Ha-
JaJly Masi YUCICHHOCTh YePBELa yAaI0Ch CHU3HTb.

Ha pucynke 2 mpencraBneHa AWHAMUKA YHCIEHHOCTH
MYYHHCTOTO YepBela Ha Kode W MaHro B OCEHHE-BECEHHHH
nepuog 2014-2015 rr. Ha npoTsbkeHHM OCEHHEe-3UMHETO I1e-
pHOAa YUCICHHOCTD YepBella He MpeBbIlliajia 3HaueHus 4 0co-
0u Ha JUCT. B ssHBape TMYMHOK KPUNITOJIEMYCa Havyajll BbISB-
JISITH 3a HEAEIO /10 BBITYCKa MMaro, 4YT0 CBHIETELCTBOBAJIO O
MIPUCYTCTBUH B OpaH)Xepee CaMOK XHMITHUKA. TO MO OBITh
00 BHITYIIEHHBIE HAMHM paHee 0coOH, MO0 WX MOTOMKH
— JIMYUHOK B OpaH)kepee OTMe4ajH B OKTsiOpe. B ampene Ha
ko(he ObLIM OOHAPYKEHBI KYKOJIKHA KPUITOJIEMYyca.

Taéauua 3. MHOTOJIETHSIS KOJIOHU3AIIMSI XOJIOI0YCTOMYMBBIX KYIBTYp KPUITOJIEMYyca
B opamxepesx borannyeckoro caga BUH PAH B 3umHe-BecenHuit nepuon
Table 3. Long-term colonization of cold-resistant Cryptolaemus cultures in the greenhouses of the Botanical Garden
at the Botanical Institute of the Russian Academy of Sciences during the winter-spring period

Kynerypa kpunroiemyca X XII I I I v v Bcero
Cryptolaemus culture Total
Opamniepes ITiooBbie pacTeHust TpOMKOB (061mast miomans 505 m?)
Greenhouse . . )
No20 Tropical fruit plants (total area 505 m?)

e g o o | [p—" wo | sie
2012-2013r pasHble / mixture 1040
2013-2014 cyxymckast / Sukhumi 270 380 100 200 280 190 1420
2014-2015r cyxymckast / Sukhumi 420 90 170 680
Opaniepes Bonbuias nansmoBas (o6mas mwiomans 780 m?)

Greenhouse Large palm (total area 780 m?)

26 PR

2012-2013 1 coumuckas /Sochi | 150 | 225 | 260 | 180 | 300 | 200 | 1315

[Mpumeuanue: udpamu 0003HaUEHBI HOPMBI BBIIICKa UMAro KpHUIITOJIEMYCa; [{BETOM BbIIEJICHBI MECSIIbI, B TEUEHHE KOTOPBIX
BBISIBJISUIA JIMMUHOK KPUIITOJIEMYCa.

Note: Numbers indicate release rates for adult Cryptolaemus; colors indicate months during which Cryptolaemus larvae were
identified.
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Pucynoxk 1. J[uHamuka 4UCICHHOCTH MYYHHUCTOTO uepBenia Planococcus ficus nipu BBIyCKaX COUMHCKOM KYJIBTYPBI
Kpunrojemyca B «bosbioi nansMoBoii opamxkepee» boranndeckoro cana BUH PAH B 3umHue-Becennuit nepuon 2012-2013 rr.
PamMkamu 0003HaYCHBI BPEMCHHBIC HHTEPBAJIBI BBISIBJICHHS HA MOJIC/IbHBIX PACTCHUSX JIMYMHOK KPUIITONIEMyca. 3Be304Koi (*)
0003HAYCHBI CPOKU OOHAPYKEHUS KYKOJIOK XHITHUKA. [[udpamu 0003HAUEHO KOJTMUYCSCTBO BBIMTYIICHHBIX HMAro KPUMITOIEMyca

Figure 1. Population dynamics of the mealybug Planococcus ficus following releases of the Sochi Cryptolaemus culture
in the “Large Palm Greenhouse” of the Botanical Institute of the Russian Academy of Sciences during the winter-spring period
0f 2012-2013. The frames indicate the time intervals during which Cryptolaemus larvae were detected on the model plants. The
asterisk (*) denotes the time of detection of predator pupae. The numbers represent the quantity of Cryptolaemus adults released
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Ha pucynke 3 npuBeneHs! rpadukn MHOTONETHEH AWHA-
MHUKH YHCJIEHHOCTH MYYHHCTOTO uYepBela Ha Kode MpH HC-
MOJIb30BAaHUH XOJIO0YyCTOWYMBBIX KyJIbTYyp (HOPMBI BBHITyCKa
o0o3HaueHbl nudpamu). JlaHHBIE CrPYNIUPOBAHBI MO TPEM
CE€30HaM: 3UMa, BECHA 1 JIETO. TaKKe MPUBEACHBI JaHHBIC JICT-
Hero cezoHa 2011 1., korga B opamkepee BBITYCKaIH 0cobeit
CTaHAApPTHON J1TabOpaTopHON KYJIBTYpPHl METOIOM CE30HHOU
KOJIOHU3AIMH.

B Hos10pe 2011 1. mIoTHOCTH YepBena Ha Kode JocTuraia
3HageHuit 30 ocobeit Ha ymcT (2 6amna). B 2013 . B Teuenue
BCEro 3MMHETO0 ce30Ha 3Ha4eHus He nmpeBbimany 10 ocobeif, a
B 2014 1. — 5 ocobeit Ha nuct. B Hagane anpene 2012 r. umc-
JICHHOCTH J0CTHTaja 3Ha4eHui — 11 ocobeit Ha imct (1 Gar).
B 2014 u 2015 r. Ha DPOTSNEHUU BCETO BECEHHETO CE30HA

200

N W~ O O N

MyuHucToro 4Yepseua, ocober Ha nUCT
Mealybugs, individuals per leaf

Vil IX X Xl Xl

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 1
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IUTOTHOCTH HE NpeBbInIaia 3 ocodu Ha yuct. [Ipu cpaBHEHNH
JIETHUX CE30HOB OTMEYAJIOCh HE TOJIBKO OTHOCHTEIILHOE CHHU-
YKEHHE YUCIICHHOCTH BPEAUTENs, HO U CABUT ee MHKa. Tak, B
xoHrie utons 2011 1. 3HaueHus npesbimanu 30 ocobeit Ha TUCT
(2 6amna). Jlerom 2012 1. MK YNCIIEHHOCTH TIPHIIEIICS Ha Ha-
gano aBrycra u foctur 13 ocobeit Ha mucT (1 6amr). A B KoHIIE
aBrycra 2014 r. ynciaeHHOCTH cocTaBisiia 5 ocobeit. Cexyer
OTMETUTh, YTO PE3YNbTAaT OBbUI MOIYYEH C HCIIOIb30BaHUEM
OoJsiee HU3KKUX HOPM BhImycka jetoM: B 2011 1. — 700 ocobei
cTaHnapTHoON nabopaTopHoi KynbTypsl, B 2012 . — 530 oco-
Oefi counHCKo# KynmbsTypsl, a B 2014 1. — 200 ocobeit cyxym-
cKoW KynbTypbl xumHauka. [Ipu atom B 2014 1. XUITHUK OBLT
BBIITYIIIEH TOJIBKO B KOHIIE CE30HA.

2014 - 2015

2 3456 7 8 9 101 1213 14 1516 17 18 19 20
| Il 1] 1\ \

[ata yuyeToB, Mecsy 1 Hegens roga / Count dates, month and week of year

—o— (Coffea arabica

--<e- Mangifera indica

PucyHoxk 2. J/[nHamMuKa 4uCICHHOCTH MyYHHUCTOTO uepBeria — Planococcus ficus TIpH BBIITYCKaX CyXyMCKOH KyJIbTypbl
Kpunronemyca B opamxepee «I1momoBsie pactenns Tponnkos» boranmueckoro caga BIUH PAH
B oceHHe-BeceHHHUH nepruon 2014-2015 rr. PamkxaMu 0603HaueHBI BpeMEHHbBIE HHTEPBAIIBI BEISBICHIS HA MOJIEIBHBIX
paCcTEeHUSIX JIMIIMHOK KPHUIITOIEMYyca. 3Be309YK0H (*) 0003HauEHBI CPOKH 0OHAPYKEHHS KyKOJIOK XUIITHHUKA.
[Tudpamu 0603HaYEHO KOTMUECTBO BBIMYIIEHHBIX IMaro KpUIToJIeMyca

Figure 2. Population dynamics of the mealybug Planococcus ficus following releases of the Sukhumi Cryptolaemus culture
in the “Fruit Plants of the Tropics” greenhouse at the Botanical Institute of the Russian Academy of Sciences
during the fall-spring period of 2014-2015. The frames indicate the time intervals during which Cryptolaemus larvae
were detected on the model plants. The asterisk (*) denotes the detection of predator pupae.
The numbers represent the quantity of Cryptolaemus adults released
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Pucynok 3. MHOTOJICTH S IMHAMKKA YHCIICHHOCTA MYYHHUCTOTO uepBeria — Planococcus ficus Ha Coffea arabica
B opamxepee «[11onoBbie pactenus TpornukoB» borannueckoro cana BUH PAH:a) 3uma, b) BecHa, c) nero.
B 2011 r. Ha 32 Henene; B 2012 1. va 29, 30 u 35 Henerne roja yueThl HE ObUIH MPOBEICHEI.
Hudpamu Ha tuarpamme 0003HaYEHO KOJMUYECTBO BBIMTYIICHHBIX KMAro KpUITojieMyca

Figure 3. Long-term population dynamics of the mealybug Planococcus ficus on Coffea arabica in the “Fruit Plants
of the Tropics” greenhouse at the Botanical Institute of the Russian Academy of Sciences: a) Winter, b) Spring, ¢) Summer.
In 2011, counts were conducted at week 32; in 2012, no counts were performed at weeks 29, 30, and 35.
The numbers in the diagram indicate the quantity of released adult Cryptolaemus
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Odbcy:xnenue

Hammm pe3ynbTrarhl MOKa3ajiu, YTO BBITYCKH B OpaHKe-
peu «IlmomoBsie pacterust TponukoB» (Ne 20) u «bonpiryio
MAEMOBOIO Opamxepero» (Ne26) mMaro XoJoZOyCTOHUHBBIX
KyJIBTYp KPHIITOJIEMYCa IO3BOJIMIIO TTONYYUTh KOJIOHU3AIHIO
B 3MIMHE-BECEHHUI IIepro/] Ha (JOHE CYOONITUMAJIBHBIX TEMIIE-
paryp. B npensiaymue roast (2002—2009 TT.) npy KCTONB30-
BaHNM CTaHIAPTHOH TabOpaTOpPHOI KyIETYPHI KPHUITOIEMYycCa
JMYAHOK TTO3HEE OKTAOPS B OpaHKepesx He 0OHapy KHUBAJIH.
ITpn sToM ObLT 3adUKCHPOBaH €IMHUYHBIN CiTydail mepesu-
MOBKH uMaro xuiHuka (Bapdomomeera, 2009).

JIMYMHKN XONIOZOYCTOMYMBBIX KYJNBTYp KpHUINTONEMYCa,
HaxOAAIIMECs B OPaHKepesiX ¢ SHBAps 10 MapT MONABIIIIH Be-
CCHHIOIO BCIIBIILIKY YHCICHHOCTH BpeauTeNs, Onaronaps 4emy
B HayaJle JieTa HaOJroaanach HU3Kasl 3aCEJICHHOCTh PACTEHHUN
BpeauTeneM. B cBoro odepep 3To co3naBasio OnaronpusiTHeIe
HPEINOChIUIKH U1 YAEPXKaHHS ero YUCIEHHOCTH JIETOM Ha
YpPOBHE, HE PHHOCSAIIEM CYIIECTBEHHBIH Bpe PACTCHHUSM.

Crenyer NOA4epKHYTh, UTO B XOZI€ UCCIIECIOBaHUS B 00JIb-
IIMHCTBE OpaH)Xepel OoTMevascs BUHOTPAJHBIA MYYHUCTHINA
yeprel] — P, ficus. Eciu ObI ipeoOiiagaroiyM BUIOB OBLT IIie-
THHHUCTBII depBen — P. longispinus, NOIYyYUTh KOJOHHU3AINIO
XHIIIHUKA HE MPECTABISIIOCH OBl BO3MOXKHBIM.

Hapsiny co cHIKeHHneM YHCIICHHOCTH YepBela B TeUEHHE
OJIHOTO KaJICHAAPHOTO rojia, HAMU OTMEYaJIOCh ITOCTENEHHOE
YMEHbIIICHNE 3HAYCHUI 3aCEICHHOCTH PACTEHHUI BPEIUTENIEM
Ha MPOTSDKEHWH HECKONBKUX JIeT. B Hactosamei pabote 3TO
MOKa3aHO Ha mpuMepe Kode. B mepBrie ronsl 3aceneHHOCTbH
3TOTO PacTEeHHs YEepBELOM JocTHrana 2-x 0ajyioB, a 3aTeM
Obuta Hke 1 Oaiia. BeIfBICHHE TakuX 3aKOHOMEPHOCTEH
MHOTOJIETHEeH AMHAMHMKH BPEAUTENS MBI CBS3BIBAEM C pETy-
JSIPHBIM PIMEHEHHUEM XOJIOIOYCTOMYMBBIX KYIBTYD XHIIIHH-
Ka B 3UMHE-BECECHHUI MTEPUONI.

B nureparype umerorcs cBeneHusi o0 yCHeNIHOH pea-
JM3alUl MHOTOJIETHHX MpPOrpaMMm OOphOBI ¢ MYYHHCTBIMH
YyepBellaMH B OpamXkepesx Tpex OoTaHmyeckux canoB. bora-
Hu4eckoro cana ['errckoro yausepcuteta (bensrus) — Ghent
University Botanical Garden (GUBG); borannueckoro cana
KemOpumxckoro ynuBepcurera (Anmmms) — Cambridge

University Botanic Garden (CUBG) u Koponesckoro bora-
Huueckoro camga OnuaOypra (Lornanaus) — Royal Botanic
Garden Edinburgh (RBGE) (Dugardin, Goetghebeuri, 2018;
Ives, 2020).

B aTHX camax JeTHsS KOJOHH3aIUs UMaro KpUnroieMyca
Obuta npu3HaHa Hed((eKTUBHOM. [J1aBHBIM areHToM GOpbOBI
cranu nuunHkH I BozpacTa xumnuka. [peqnocbuikoi s ux
UCTIONB30BaHMSI B HEMAJIOW CTETEHM ITOCITYXKHIa KOMMeEpUe-
CKasl IOCTYITHOCTh Takoro nponykra. [Ipu atom Obuta ckop-
PEKTUPOBAHBI CPOKH IPOBEACHHS 3aIIUTHBIX MEPONIPHUATHIA. B
opamxkepesx GUBG B nepBble Topl 3UMOM TPAKTUKOBAIH XH-
MHUYECKHe 00paboTKY IO odaram, a 3aTeM BECHOH BBIITyCKaJIH
nmmanHoK kpunroiemyca. B CUBG u RBGE nomHOCTBIO OTKa-
3aJIMCh OT MPUMEHEHHS MHCEKTHUINAOB. Kito4eBbIM pueMoM
B 9THX IpOrpaMMax CTajly HABOJHSIOIINE BBITYCKH JININHOK
BecHOW U JetoM (10 1000 ocobeil Ha OJHO KPYIMHOMEPHOE
pacteHune). MaccoBble BBIITYCKH TTO3BOJISUIA B CXKAThIE CPOKH
COKpalaTh YHCIEHHOCTh BPEIUTENSA. Takne MepOIpusATHS
IIPOBOJUIIH B IiepBbie 1-2 rofa. B nmociienyromiye roasl HOpMBbI
U KpaTHOCTH BBITYCKOB YMeHbIIanuch. Ho Gmaromapst BBene-
HUIO B IICHO3 JINUMHOK PaHHEW BECHOI yJaBaioch MOJABISTh
BCIBIIIKY YUCJICHHOCTH YepBeELa.

Hcnonp30BaHHBIE HAMHU  XOJIOJOYCTOWYHBBIE KYJIBTYPBI
KpHIITOJIEMYyCa IT0Ka3aJH ClI0COOHOCTh pa3MHOXKAThCS B OpaH-
XKepesx B 3MMHE-BECCHHHUI INepnox Ha (OHE TeMIIepaTypsl
17-18°C. C nHamelt TOUukH 3peHHUS UIMEHHO Oiaromapsi mpu-
CYTCTBHUIO B OpaH)KepesiX JIMYMHOK XHUIHHUKA B sSHBape-MapTe
YAaBaJIOCh IIOJABUTh POCT YUCICHHOCTH MyYHHCTOTO YepBeIa
BecHOH. OJIHAKO OTKPBITHIMU OCTAIOTCS BOIPOCHI OIpesie-
JIeHWs! KPaTHOCTEH M HOpM BBIITycka mumaro. [Ipu paspabor-
K€ IMPaKTHYECKUX PEKOMEHAAIMH, TaKXKe CIEAyeT IMPUHSITH
BO BHHMaHHE POCT KOMMEPUYECKOH JOCTYHMHOCTH JIMYMHOK
kpunroiaemyca Il Bo3pacra. [loaTomy Hapsiay ¢ JanbHEWIIUM
M3yYEHUEM XOJIOJI0YCTOWYMBBIX KYJIBTYp XUIIHUKA HEOOXOIH-
MO IIPOBECTH TECTUPOBAHHE B OpPAH)KEPEsIX B BECCHHUH MepH-
on inanHOK II Bo3pacTa, BEIpAIIEHHBIX B YCIOBUSIX MaCCOBOTO
MIPOM3BO/ICTBA.
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A NOVEL APPROACH OF USING CRYPTOLAEMUS MONTROUZIERI
(COLEOPTERA: COCCINELLIDAE) IN GREENHOUSES OF BOTANICAL GARDENS

Yu.B. Polikarpova'*, E.A. Varfolomeeva?

LAll-Russian Institute of Plant Protection, St. Petersburg, Russia
’Komarov Botanical Institute Russian Academy of Science, St. Petersburg, Russia

*corresponding author, e-mail: julia.polika@gmail.com

Mealybug infestations remain a significant challenge in botanical garden greenhouses. Conventional summer
deployment of the mealybug-feeding Cryptolaemus montrouzieri (Coleoptera: Coccinellidae) often proves ineffective.
This study aimed to evaluate the feasibility of using adult, cold-resistant Cryptolaemus cultures during winter and spring
to suppress early mealybug outbreaks. Laboratory cultures were established from wild specimens collected along the
Black Sea coast of the Caucasus. The field experiments were conducted in two tropical greenhouses at the Peter the Great
Botanical Garden (St. Petersburg, Russia). Populations of mealybug Planococcus ficus (Hemiptera: Pseudococcidae)
and the predator’s larvae were monitored on seven model plant species. In the “Tropical Fruit Plants” greenhouse,
experiments were conducted on Coffea arabica, Mangifera indica, Tectona grandis, and Theobroma cacao. In the “Large
Palm Greenhouse,” the trials involved Combretum fruticosum, Ptychosperma elegans, and Cedrela glaziovii. Results
demonstrated that cold-tolerant Cryptolaemus individuals could reproduce at 17-18 °C. Predator’s larvae, observed from
January to March, effectively suppressed mealybug population growth during spring. This suppression created favorable
conditions for pest management in the subsequent summer. A long-term program utilizing cold-resistant Cryptolaemus
cultivars allowed maintaining the mealybug populations at levels not causing significant damage to the plants, indicating
a sustainable and effective biological control strategy for greenhouse environment.
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SALIVARY GLAND ALPHA-AMYLASES RETAIN ACTIVITY IN WHEAT GRAINS
DAMAGED BY EURYGASTER (HETEROPTERA: SCUTELLERIDAE) SUNN BUGS

ALV. Konarev'?*, A.V. Kapustkina'

'All-Russian Institute of Plant Protection, St. Petersburg, Russia
’N.1 Vavilov All-Russian Institute of Plant Genetic Resources (VIR), St. Petersburg, Russia

*corresponding author, e-mail: alv-konarev@yandex.ru

The Sunn pest Eurygaster integriceps and related wheat bugs (Sunn bugs) cause great damage to the wheat crop by
injecting hydrolytic enzymes into the grain that liquefy the endosperm during extraintestinal digestion. The main harmful
factor of bugs is considered to be their proteases, which are retained in the endosperm of damaged grain and flour and
hydrolyze gluten proteins during dough kneading. Thus, the quality of bread deteriorates sharply. Salivary gland proteases
provide protein nutrition for the wheat bugs. However, the main source of energy that allows them to accumulate fat
necessary for wintering is the endosperm starch, hydrolyzed by alpha-amylases. Alpha-amylases of wheat bug salivary
glands have not been sufficiently studied. There is still no consensus on the role of these enzymes in the nutrition of
bugs, on their presence in damaged mature grain, and on their influence on the technological qualities of flour, which
may be partly due to the lack of methods for detecting the actual bug alpha-amylases in grain. Using a new simple
method, including inactivation of plant beta-amylases interfering with the analysis by sodium p-chloromercuribenzoate,
we obtained alpha-amylase banding patterns similar to the patterns of wheat bug salivary gland alpha-amylases as a result
of protein isoelectric focusing of some samples of damaged grain. The developed approach can be recommended for use
in the technological assessment of damaged grain, in studying the mechanisms of plant immunity to pests as well as for

diagnostics of grain damage by insects.
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Introduction

The Sunn pest Eurygaster integriceps Put. and related
wheat bugs (or Sunn bugs) of the genus Furygaster Lap. cause
great damage to the wheat crop by injecting hydrolytic enzymes
into the grain that liquefy the endosperm during extraintestinal
digestion (Mehrabadi et al., 2014; Pavlyushin et al. 2015;
Dizlek, 2018; Konarev, 2020; Kapustkina, Frolov, 2022;
Ouaarous et al., 2025). The main factor causing harmfulness
of wheat bugs is considered to be proteases remaining in the
endosperm after incomplete ingestion of hydrolysis products
by insects. Proteases remaining in damaged grains and flour
prepared from them hydrolyze gluten proteins during dough
kneading, which is why the technological qualities of flour
and bread baked from it deteriorate sharply (Sivri et al., 2004;
Kamenchenko et al. 2010; Salis et al., 2010; Dizlek, Ozer,
2016; Konarev et al., 2019). Salivary gland proteases provide
protein nutrition for bugs by converting insoluble under
normal conditions grain proteins into a liquid state available
for ingestion. However, the main source of energy that makes it
possible to accumulate the fat necessary for bugs to overwinter
is endosperm starch (Vilkova, 1980; Ghanbari et al 2022).

The main enzyme that hydrolyzes starch to maltose
and dextrins, including in insects, is a-amylase (Da Lage,
2018). The important role of a-amylases for insect vital
activity makes them a promising target for modern molecular
approaches to plant protection (Wang et al., 2023). On the
other hand, amylolytic activity is an essential element of the
dough maturation process during kneading. The level of this

activity can be affected by various factors, including premature
germination of grains or insect damage, which can alter the
level of monosaccharides involved in fermentation processes
(Dizlek and Ozer, 2024).

In wheat bugs, salivary gland o-amylases have been
studied to a much lesser extent than proteases, and the
information about them is quite contradictory. There is still
no consensus in the scientific literature on the role of salivary
gland a-amylases in the nutrition of bugs, as well as on their
influence on the baking and other technological qualities of
flour. A number of authors believe that the salivary glands
of wheat bugs produce a-amylases, which convert starch
granules into a state suitable for ingestion by the insect. The
process of starch digestion is completed in the intestine under
the action of another set of a-amylases and carbohydrases
(Vilkova 1980; Mehrabadi et al., 2009, 2014; Ravan et al.,
2009; Konarev, 1996, 2020). Meanwhile some researchers
find no direct relationship between wheat bug damage and the
level of amylolytic activity in grain, although they confirm
the destruction of starch granules in the endosperm (Lorenz
and Meredith, 1988; Every et al., 1990), others confirm such
a relationship (Dizlek, Ozer, 2024), and still others generally
deny the involvement of a-amylases of the salivary glands in
the nutrition of these insects (Rosell et al., 2002). Many authors
do not find a-amylases at all in the salivary glands of various
representatives of the suborder Heteroptera that feed on plant
seeds (unlike predatory bugs), and see the role of the secretion
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of these glands only in moistening food before ingestion.
They associate the assimilation of seed starch by bugs only
with intestinal enzymes (Silva, Terra, 1994; Woodring et al.,
2007; Rocha et al., 2014; Da Lage, 2018). Such different
opinions may be related to varietal peculiarities of protective
mechanisms of neutralization of foreign enzyme activity in the
grain, to the phase of grain development upon damage, as to
the specifics of the assay methods used.

Typically, total amylase activity in grain is determined by
standard methods of technological assessment or biochemical
methods (Cornaggia et al., 2016; Dizlek and Ozer, 2024),
which, even when using substrates specific for, for example,
a-amylase, do not provide information on the origin of the
enzyme being analyzed. The total amylase activity in mature
intact grain is usually determined by the presence of f-amylases
(Ziegler, 1999), but it can be increased by endogenous or
exogenous a-amylases. As a result, it may remain unknown
whether changes in amylase activity are related to insect
damage or, for example, to the appearance of endogenous
a-amylase during premature grain germination.

A simple approach to identifying (attributing) the
enzyme would be be to compare the electrophoretic or
isoelectric spectra of a-amylase components (banding
patterns) from salivary glands and bug-damaged grains, as
was previously done for these insects’ proteases (Konarev et

al., 2017). Amylolytic enzymes are usually easily detected
by electrophoresis or isoelectric focusing (IEF) of proteins,
followed by incubation of the gel with starch and iodine
staining (Thomson et al., 1990; Ravan et al., 2009; Konarev,
Lovegrove, 2012; Netsvetaev et al., 2014). Detecting insect
o-amylases in grain in this way is complicated by the presence
of highly active endogenous -amylases in the extract. In the
case of endogenous a-amylases of cereal grain, the problem is
solved by inactivating less heat-stable B-amylases by heating
at 70-71 °C (Konarev, 1982; Doehlert, Duke, 1983; Evans et
al., 2003), however, insect a-amylases, including those of the
Eurygaster bugs, are also inactivated under these conditions
(Ravan et al., 2009; Mehrabadi et al., 2014). It is also known
that grain B-amylases are inactivated by mercury salts, e.g.,
HgCl,, whereas the effect of these salts on a.-amylases depends
strongly on their origin and remains poorly studied (Doechlert,
Duke, 1983). We found no information in the scientific
literature on the identification of o-amylases of wheat bugs
in the electrophoretic spectra of proteins of damaged wheat
grains.

To determine whether active bug a-amylases are present
in damaged grain, as is the case for proteases, we developed
a simple method involving the selective inactivation of
grain B-amylases that interfere with analysis using sodium
p-chloromercuribenzoate (pCMB).

Materials and Methods

The study material consisted of grain samples from several
soft and durum wheat cultivars (cv.) that were damaged by the
E. integriceps and other Furygaster bug species. The samples
were obtained from different regions of Russia in 2016-2022:
Krasnodar Krai (7riticum aestivum L. cv. Grom, Bezostaya 100,
Svarog, Elanchik), Saratov Oblast (T. aestivum cv. Dzhangal)
and Altai Krai (T aestivum cv. Altayskaya 70, Altayskaya 75,
Tobolskaya stepnaya, Altayskaya zhnitsa, Union; 7. durum
Desf. cv. Salyut Altaya, Oasis, Pamyati Yanchenko), as well
as from Turkey in 2006 (7. aestivum cv. Ikizce and Bayraktar;
T durum cv. Ege-88). Grain samples from Turkey were
kindly provided by Professors D. Sivri Ozay and H. Koksel
(Hacettepe University, Ankara)

Grain material from Turkey was previously analyzed
with respect to Sunn pest proteases (Konarev et al., 2013).
According to the methodology adopted by the VIZR
(Kapustkina and Frolov, 2022; Kapustkina, 2024), severely
damaged individual grains with damage level — 3—4 points out
of 5 were selected. At least ten individual damaged grains or
flour from ten grains were analyzed for each sample. Grains
without visible signs of damage were used as a controls.
Grains were ground in a mortar. Then, proteins were extracted
from the flour using a 2-fold (v/w) volume of 0.05 M Tris-HC1
buffer at pH 8.5 containing 0.1 % Triton X-100 for 30 minutes.
After centrifugation, the extracts were analyzed immediately
or placed in a freezer after an equal volume of 80% glycerol
and 1% CHAPS detergent was added. Detergents and glycerol
preserved enzyme activity in the extracts at -24°C for an
extended period. a-amylases of the Sunn pest E. integriceps
(Krasnodar Krai, 2015) were extracted from salivary glands
stored at -80°C by homogenization them with 0.01 % Triton
X-100 with 0.5% CHAPS (Konarev et al., 2019) followed by
centrifugation.

To investigate the potential for selective inhibition of
[-amylase activity and to determine the optimal conditions for
analysis, 0.1 M pCMB dissolved in 0.1 M NaOH and diluted
10 times with water was added to the extract, resulting in a
final concentration of 1-10 mM. Samples with high amylase
activity were diluted 20-fold with the extractant; however, to
simplify the comparison of results the volumes applied to the
gel in terms of undiluted extract are indicated in the experiment
results description.

The proteins were fractionated by IEF using IEF PhastGel
gels with a pH range of 3-9 and 4-6.5 on a PhastSystem device
(Pharmacia, Sweden). Instead of using the branded applicator
untreated and pCMB-treated protein extracts were applied to
5x1 or 10x1 mm filter paper strips (LKB, Sweden), placed
on the gel near the anode (20 pieces per gel) in a volume of
0.2-3 pl. IEF was performed at voltage 1000 V, a power 2.5 W
and temperature 15 °C for 180 Vh (for pH 3-9 gels) or 230 Vh
(for pH 4-6.5 gels). Protein separation was monitored using
colored protein markers of isoelectric points (pl) cytochrome ¢
(10.6) and horse myoglobin (7.3).

Amylases were detected in protein spectra using a new
version of the substrate replica. To prepare the replica, 45
mg of soluble potato starch was boiled in 30 ml of water,
200 mg of agarose (SERVA, Germany, gel point 40 °C) was
added to the solution which was boiled again. Then, the
hot agarose solution was poured onto a GelBond film for
agarose (SERVA, 250 x 125 mm), which was placed on the
horizontal thermostated plate of the Multiphor II IEF device
(LKB, Sweden), heated to 50°C. The plate temperature was
lowered to 5°C for the gel to form. Then, the temperature
was increased again to 50 °C and the gel was dried with a fan.
Before use a fragment of the replica film was cut to the size
of the area of interest in the separating gel (30 x 42 mm). It
was immersed in 0.1 M Na acetate buffer (pH 5.4) containing
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0.1 M NacCl for 20 seconds, overlaid on the separating gel, and
covered with plastic film to protect it from drying. A weight
was placed on top to ensure tight contact between the substrate
replica and the gel. The entire structure was transferred to a
thermostated plate and kept at 37°C for an hour. Then, the
replica was immersed in an iodine solution containing 30 %
alcohol. Light bands on a blue background corresponded to the

components of the protein spectra with amylase activity. Dried
replicas preserved the visible banding patterns for a long time.
An alternative analysis method that does not require separate
treatment of the samples with pCMB consisted of preliminary
soaking the replica in a 0.1 M solution of this reagent diluted
20-fold in a Na-acetate buffer at pH 5.4.

Results

Loading 2 pl of protein extracts from bug-damaged (d)
and intact (u) grains from different wheat samples onto a
separating gel, followed by fractionation and of amylase
detection, resulted in heavily overloaded lanes with barely
distinguishable individual components. As an example, the
Figure 1 (lanes 1 and 2) shows the results for a durum wheat
sample (cv. Ege-88) from Turkey.

A slightly higher degree of “brightening” can be noted in
lane 1d, corresponding to the extract from the damaged grain,
compared to lane 2u in the zone of isopoints (pI) near those of
the main E. integriceps salivary gland a-amylase components
(lanes 5, 10 and 15). Loading significantly smaller volumes
of the damaged grain extract (lanes 8 and 9, 0.1 and 0.02 pl)
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revealed several more distinct components. Some individual
components with amylase activity in lane 8 were close to the
salivary gland a-amylase components (lane 10) although this
banding pattern was not clear. When even smaller amounts of
the extract were applied (lane 9), distinct components with
relatively low pI became discernible, apparently corresponding
to the main components of B-amylases, while the bands with
higher pl disappeared. A similar pattern was observed when
small amounts of extract were applied to analyze other grain
samples. For example, damaged and undamaged cv. Grom
grains from the Krasnodar region exhibited this pattern (lanes
3d and 4u).

16 17

d uSG ud
PP

Figure 1. Detection of a-amylases from Furygaster Lap. Sunn bugs in wheat grains damaged by them. Proteins were separated
by isoelectric focusing (IEF) on a PhastGel with a pH range of 4-6.5. Amylases were detected using an agarose replica
containing starch. d and u — extracts from damaged and undamaged grains, respectively;

SG — salivary glands of E. integriceps Put.; p — extracts with added sodium p-chloromercuribenzoate (pCMB).

Given isoelectric point (pl) values are approximate.

Lanes 1 and 2, 8 and 9, 11 and 12: Triticum durum Desf. culyivar (cv.) Ege-88. Lanes 1 and 2: 1 pL extract each;
lanes 8 and 9: 0.1 pL and 0.03 pL; lanes 11 and 12: 2 puL each. Lanes 3, 4, 6, 7, 13, 14: T. aestivum L. Lanes 3 and 4: cv. Grom,
0.05 pL each; lanes 6 and 7: cv. Grom, 2.5 pL each; lanes 13 and 14: cv. Bayraktar, 2 pL each. Lanes 16 and 17: T. durum cv.
Salyut Altaya, 1 uL each. Proteins were extracted from flour from 10 damaged and 10 undamaged grains
(Ege-88, cv. Grom, and Bayraktar samples) or from individual grains (cv. Salyut Altaya)

Pucynoxk 1. BrisBnenne a-amMuiia3 XJIeOHBIX KIONOB poaa Eurygaster Lap. B TOBPEXAEHHBIX MU 3€pHAX MIICHUIIBIL.
Benxu pazaenenst meronom MD® B rene PhastGel ¢ narepBanom pH 4-6.5. AMuassl BBISIBICHBI C TIOMOIIBIO arapo3Hoit
PETIHKY, copeprKamen KpaxMail. d ¥ u — 3KCTPaKThl U3 TOBPEXKICHHBIX U HETIOBPEXICHHBIX 3€PEH COOTBETCTBEHHO,

SG — citonnsble xeneswl E. integriceps Put., p — skeTpakThl ¢ fo0aBneHneM napa-xjaopmepkypudensoara Na (IIXMB).
Bennunnbl n3otouek (pl) ykazaHbl OpHEHTHPOBOYHO.

Hopoxku 1 u2,8u 9, 11 u 12 — Triticum durum Desf., copt Ege-88, 1 n 2 mo 1 mxi skctpakra, 8 1 9 — 0.1 m 0.03 MK,
1Mul2-no2wmxki 3,4,6,7,13, 14,16 u 17— T. aestivum L., 3,4, 6 u 7 copt I'pom, 3 u 4 — 1o 0.05 mki1,

6 u7—mo 2.5 mMki; 13 u 14 — copt Bayraktar — mo 2 mxi1; 16 1 17 — copt Caitor Antast — mo 1 MKII
Benxu skcrparupoBanm n3 Mmyku u3 10 moBpexaeHHbIX 1 10 HeMOBpeXKACHHBIX 3epHOBOK (copTta Ege-88, I'pom, 1 Bayraktar)
WIJIN U3 OTAECNBHBIX 3epHOBOK (CaitoT Anrast)
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Excess grain B-amylases obviously prevent the acquisition
of clear IEF spectra of bug a-amylases. The addition of a
pCMB solution to proteins extracted from bug-damaged grains
taken from various wheat samples including the cv. Grom
(lane 6dp), Ege-88 (11dp), and Bayraktar (13dp) resulted in
the appearance of distinct components with amylase activity
that corresponded to the pl of the E. integriceps salivary gland
a-amylases. Conversely, no amylase-active components were
detected in preparations from intact pCMB-treated grains
(lanes 7up, 12up, 14up and 16up).

Apparently, the effect of “cleaning” the spectra of
a-amylases of insects was due to the inactivation of f-amylases
of grain under the action of pCMB. Components of a-amylases
corresponding or clozse in pl to the components of Sunn pest
salivary gland a-amylases were found in some bug-damaged
grains of samples from Krasnodar Krai (cv. Grom), Saratov
Oblast (cv. Dzhangal), Altai Krai (cv. Altai 70, Altai 75, Salyut
Altaya and Tobolskaya Stepnaya), as well as from Turkey (cv.
Ege-88 and Bayraktar). Undamaged grains did not contain
such amylase components.

It is noteworthy that not all damaged grains from the
listed samples yielded discernible a-amylase spectra. When
analyzing by 10 damaged grains of the listed above samples,
bug amylases were detected in one or more of grains or in a
sample of flour from 10 grains. Furthermore, in a number of
samples, all analyzed grains exhibiting clear signs of severe
bug damage contained no a-amylases in quantities sufficient
for detection under the experimental conditions employed. This
applies to the samples of cv. Bezostaya 100, Svarog, Elanchik
(Krasnodar Krai), Oazis, Pamyati Yanchenko, Yunlon (Altai
Krai), and the sample of the cv. Ikizce from Turkey.

Comparison of the efficiency of different pCMB doses
showed that the optimal pCMB concentration in the sample is
2 mM. Lower concentrations do not ensure complete inhibition
of grain B-amylases, while concentrations above 6 mM may
adversely affect the activity of insect a-amylases.

The alternative version of the method for detecting bug
a-amylases, which involves treating the starch replica itself
with a pCMB solution, showed somewhat lower effectiveness
in inactivating [3-amylases.

Discussion

The study results showed that wheat grains damaged by
wheat bugs in various regions of Russia (Krasnodar Krai,
Saratov Oblast, Altai Krai) and in Turkey can contain active
a-amylases with isozyme patterns similar to the a-amylases
from the salivary glands of E. integriceps originating from
Krasnodar Krai. It should be noted that in the European part
of Russia, wheat is damaged mainly by E. integriceps, in the
Altai Krai — by E. maura L. (Neymorovets, 2019; Kapustkina,
2024), while in Turkey it is believed that both of the mentioned
species are harmful (Konarev et al., 2013; Mutlu et al., 2014),
as well as E. austriaca Schrk. (Kinaci, Kinaci, 2004). Since the
species of bugs that damaged the grain samples from Turkey
analyzed in this work, unlike the samples from Russia, were
not clearly identified, we limited ourselves to designating
only their belonging to the genus Eurygaster. Researchers
from Turkey often refer to these wheat bug species under
the common name Sunn pests (Kinaci, Kinaci, 2004). This
approach to species designation is supported by the results
of our studies on the proteases of wheat grain damaged by
wheat bugs. These results indicate some differences in the
component composition of these enzymes between samples
of Russian and Turkish origin, which may reflect both intra-
and interspecific differences in the pests (Konarev et al. 2013,
Konarev, Kapustkina, 2024).

As in the case of proteases (Konarev et al. 2013), even
within a single sample, not all grains with distinct signs of
severe damage by wheat bugs contained detectable amounts
of salivary gland a-amylases. In a number of samples,
a-amylases were absent in all damaged grains analyzed. It can
be assumed that the level of activity of salivary gland hydrolytic
enzymes remaining in the damaged grain may depend on
the developmental stage of the grain at the time of damage,
grain maturation conditions, the completeness of the insect’s
ingestion of the liquefied endosperm contents, and cultivar-
specific features of the mechanisms for neutralizing the action
of foreign enzymes in the grain. The seeds of various plants,
including cereals, are known to contain protein inhibitors of
insect a-amylases (Franco et al., 2002; Basso et al., 2025). It
is possible that the absence of traces of a-amylases from the

salivary glands of bugs in damaged grains of some samples may
be somehow related to such inhibitors. a-amylase inhibitors
from plant seeds are represented by a variety of forms, differing
in their specificity to the a-amylases of various insect species
(Konarev. 1996, 1999; Konarev and Lovegrove, 2012). Some
inhibitors from the endosperm of common wheat 7. aestivum
inhibit the activity of intestinal a-amylases of the Sunn pest,
but the sensitivity of these enzymes to these inhibitors is
hundreds of times lower than the sensitivity of the a-amylase
of the beetle Tenebrio molitor L. The a-amylases of the
salivary glands of the bug did not show any sensitivity to them
(Konarev, 1992, 1996). It was suggested that low sensitivity to
wheat inhibitors or its absence is a result of the coevolution of
species of the genus Eurygaster with the host plant (Konarev,
1996). E. integriceps is a highly specialized pest of wheat, and
T. molitor is omnivorous. In turn, Mehrabadi et al. (2010, 2012)
found that a protein inhibitor from the grain of a wheat-rye
hybrid, Triticale (TAI), inhibits the activity of both intestinal
a-amylases and salivary glands. Interestingly, rye is a much
less preferred plant by Furygaster bugs than wheat (Amiri et
al., 2010), which may be partly due to its inhibitors. It has
been shown that the salivary glands of the Furygaster bug
most intensively synthesize digestive enzymes, in particular
proteases, which are capable of hydrolyzing the most readily
available food component (Konarev et al., 2011), and this
synthesis is highly dependent on the host plant (Amiri et al.,
2016). These data suggest that the absence of bug a-amylases
in some samples of damaged grain may be due to their reduced
synthesis by the salivary glands in response to the presence
of certain factors in the grain that impede starch digestion,
such as inhibitors that make such synthesis energetically
unjustifiable. At the same time, bug proteases may be present
in such samples of damaged grain. In different samples with
the same level of damage according to visual assessment, the
component composition and activity of bug proteases may
differ significantly (Konarev et al., 2013).

It was found that the a-amylases of wheat bugs retain
activity in damaged grains for many years — they were
detected in samples from harvests 10-20 years old (e.g.,
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samples of the cv. Grom and Ege-88). Bug proteases also
remain active in damaged grains for equally long periods
(Konarev et al., 2020). Other examples of the preservation
of insect a-amylase activity in cereal grains and various
biological materials of plant origin, including food products,
are also known. Traces of active o-amylases from the
granary weevil Sitophilus granarius (L.) were detected
in barley grains fed on by adults of this pest (Piasecka-
Kwiatkowska et al.,, 2014). a-Amylases are a component

of the salivary gland secretion of S. granarius (Baker et al.,
1984). Bee a-amylase was isolated from honey (Babacan
and Rand, 2007). The long-term preservation of activity of
non-ingested residues of insect a-amylases in cereal grains
is possibly associated with the formation of their complexes
with water-insoluble proteins and endosperm starch granules,
followed by drying. This may provide stabilization of the
enzyme molecules. The formation of such complexes has been
demonstrated for endogenous a-amylases (Yu et al., 2018).

Conclusion

Using anovel method that enables the selective inactivation
of interfering endogenous B-amylases, a-amylases similar
to those found in the salivary glands of the Eurygaster
integriceps bug (Sunn pest) were identified in wheat grains
damaged by bugs of the genus Eurygaster. This finding
demonstrates that not only proteases but also the o-amylases
of these pests can persist for extended periods within damaged
grain. The activity of these enzymes theoretically may manifest
during the use of flour produced from damaged grain in dough
preparation or other food technologies, potentially impacting
the quality of the final product what requires more detailed

study in the future. Some interpretations of results we obtained
are still hypothetical in nature and also deserve separate
experimental confirmation or refutation. The proposed approach
for detecting bug a-amylases in insect-damaged cereal grains
can be recommended for technological assessment of damaged
grain, studying plant immunity mechanisms against pests, and
diagnosing insect damage to grain. Refinement of the method,
including its alternative version, will enhance its sensitivity,
resolution and effectiveness thereby expanding opportunities
for further research into insect-plant interactions.
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AJIb®A-AMUIIA3BI CJIFOHHBIX XXEJIE3 XJIEBHBIX KJIOTIOB POJA EURYGASTER
COXPAHAIOT AKTUBHOCTS B ITOBPEXIEHHBIX 3EPHAX TIIIEHUIIbI
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Bpennas uepenamka Eurygaster integriceps Put. m npyrue BUIBI KJIONOB-Yeperamiek HaHOCAT OONbIIoN yriepO
YpOXKalo MIISHUIBI 32 CYET BBEJCHUS B 3€PHO THAPOIUTHYECKUX (DEPMEHTOB, pa3KIDKAIONIIMX 3HAOCIIEPM B IIpoliecce
BHEKHIIEYHOTO nuineBapeHus. OCHOBHBIM (DaKTOpPOM BpPEJOHOCHOCTH XJIEOHBIX KJIOIMOB SIBJISIFOTCS ITPOTEa3bl, KOTOPHIE,
COXPaHSSICh B IOBPEXKICHHOM 3epHE U MyKe U3 HEro, paclIerIsIIoT OeNTKN KIICHKOBUHBI IIPH 3aMeCe TECTa, YTO MPUBOIMUT
K pEe3KOMy YXyaAIIeHHI0 KadecTBa xiyieba. [IpoTeasbl CIOHHBIX JKele3 oOecneyrBaloT OeKOBOE MHTaHHE KJIOMOB,
OJIHaKO, OCHOBHBIM HCTOYHHMKOM DHEPTHH, NO3BOJLIIONIMM MM HAKalUIMBaTh HEOOXOAWMBIH JJIS1 3MMOBKH XKHP, SIBISIETCS
KpaxmaJj SHJ0CIepMa, KOTOPhIH THAPONU3YIOT anb(a-amminazbl. HecMOTpst Ha BaKHYIO poib ajb(a-aMuiia3 CIIOHHBIX
JKelle3, UX yJyacTue B IpolLecce MUTaHHM KIIOMOB-ueperamek, NPUCYyTCTBHE B MOBPEXKAECHHOM 3€pHE M BO3ACUCTBHE
Ha TEXHOJIOTMYECKHE KauyecTBa MYKH OCTAlOTCSl HEJOCTaTOYHO HM3YYEHHBIMH, YTO MOXET OBITh OTYacTH CBSI3aHO C
OTCYTCTBHEM METOJIOB BBISIBJICHHS B 3€pHE COOCTBEHHO anb(da-aMiia3 KIOMoB. Mcnonb3oBaHie HOBOTO ITPOCTOTO METOAA,
BKJIFOYAIOIIEr0 MHAKTHBAIMIO HIOTEHHBIX OeTa-aMmIas3 I-XJI0pMepKypHOEeH30aTOM HATPHs, ITO3BOJIUIIO IIPH IIPOBEICHUN
n30(oKycHpoBaHNY OEITKOB HEKOTOPBHIX 00pa3lioB IMOBPEKAEHHOTO 3€pHA TOJYYHTh CIIEKTPHI anb(da-aMuias, CXOAHbIe
CO CIIeKTpamMH anb(a-aMuiia3 CIIOHHBIX JKeJie3 XJIeOHBIX KJIONOB. Pa3paboTaHHBIN TOIXOA MOXKET OBITH PEKOMEH/I0BaH
JUISL UCTIONIb30BaHUS TIPU TEXHOJOTMUYECKOH OIIEHKE MOBPEXKAEHHOTO 3€pHa, MPU HU3yUYEeHHM MEXaHW3MOB HMMYHUTETa
pacTeHuil K BpenuTeNaM, a Takoke AJs JUarHOCTUKU TIOBPEXKACHUS 3€pHA HACEKOMBIMHU.
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ENDOPHYTIC FUNGUS BEAUVERIA BASSIANA INDUCES
ANTIOXIDANT ENZYME ACTIVITIES AND ENHANCES THE GROWTH
OF RHIZOCTONIA SOLANI-INFECTED POTATO PLANTS

0.G. Tomilova'?*, H.P. Tolokonnikova', M.V. Tyurin', N.A. Kryukova'
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The physiological and biochemical changes in potato plants colonized by the endophytic form of the entomophatogenic
fungus Beauveria bassiana (Ascomycota: Hypocreales) were analyzed under biotic stress caused by infection with
the phytopathogen Rhizoctonia solani (Basidiomycetes: Ceratobasidiales). A high level of plant colonization by
entomopathogenic endophyte was observed, and infection with R. solani did not have a significant effect on the degree of
plant colonization. The colonization of potatoes by B. bassiana compensated for the growth retardation of Rhizoctonia-
infected plants, especially the roots, and significantly reduced Rhizoctonia damage to stems and developing stolons.
Inoculation of plants with both fungi resulted in an increase in antioxidant activity, with B. bassiana contributing to this
effect. There were significant increases in the activity of the following antioxidant enzymes: peroxidases, superoxide
dismutases, polyphenol oxidases and phenylalanine-ammonia-lyase. B. bassiana triggered the host plant’s defense system,
namely a complex of antioxidant enzymes, to overcome biotic stress caused by R. solani. Therefore, B. bassiana is a
promising modulator of plant defense metabolism against phytopathogens.

Keywords: entomopathogenic fungus, fungal phytopathogen, oxidative stress, antioxidant enzymes, induced
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Introduction

Entomopathogenic fungi of the genus Beauveria are
cosmopolitan and widespread throughout the world. They
traditionally attract attention due to their ability to cause
mycoses in arthropods from various taxonomic groups
(Zimmerman, 2007). Many commercial mycoinsecticides
have been developed using Beauveria bassiana s.l. to control
different types of arthropods in agriculture, forestry and
veterinary settings (Mascarin, Jaronski, 2016). In addition
to their insecticidal properties, researchers are interested
in the endophytic ability of fungi of this genus, i.e. their
ability to colonize plant tissues asymptomatically. Unlike
other endophytic entomopathogenic fungi, which are mainly
associated with the rhizosphere and roots, Beauveria can
colonize plants systemically and is often isolated from
the roots, stems, and leaves (Behie et al., 2015). A lot of
experimental data demonstrates the ability of Beauveria spp.
to endophytically colonize more than a hundred plant species
from various families (Poaceae, Fabaceae, Solanaceae,
Brassicaceae, Cucurbitaceae, Rosaceae, Amaryllidaceae,
etc.), including economically important ones (reviewed by
McKinnon et al., 2016; Vega, 2018; Bamisile et al., 2018), one
of which is the potato (Tomilova et al., 2021; Tyurin et al.,
2021). It has been noted that plants associated with Beauveria
grow more actively and tolerate abiotic and biotic stresses
more easily. Artificial inoculation with B. bassiana has a
positive effect on the growth of various crops, including cotton
(Lopez, Sword, 2015), beans (Jaber, Enkerli, 2016), corn (Tall,
Meyling, 2018; Liu et al., 2022), garlic (Espinoza et al., 2019),

cucumber (Shaalan et al., 2021), grapevine (Mantzoukas et al.,
2021) and wheat (Gonzalez-Guzman et al., 2021). The growth-
stimulating effect of the endophyte B. bassiana has also been
observed in plants of the Solanaceae family. It has been found
that inoculation with B. bassiana increases the growth of hot
and sweet peppers (Saragih et al., 2019; Tomilova et al., 2022;
Wilberts et al., 2023), tomatoes (Wei et al., 2020; Sui et al.,
2023), and potatoes (Tomilova et al., 2023).

Increased drought tolerance as a result of endophytic
colonization by B. bassiana has been demonstrated on cabbage
(Dara et al., 2017), corn (Kuzhuppillymyal-Prabhakarankutty
et al., 2020), onions (Gana et al., 2022), as well as seedlings
of oak (Ferus et al., 2019) and tomato (Guo et al., 2024).
The mitigation of the negative effects of salt stress during
endophytic colonization by B. bassiana was established in
rice plants (Akter et al., 2023). Previously, we studied the
effects of B. bassiana (strain Sar-31) inoculation on potato
growth and physiological parameters under conditions of
chloride-associated salinity. Our results showed that the
fungal association reduced the effects of salt stress on potato
tissues by increasing the activity of antioxidant enzymes and
promoting the accumulation of free proline (Tomilova et al.,
2023).

Plants colonized by the endophytic fungus B. bassiana
cope better with biotic stresses. It has been reported that the
endophytic relationship between plants and B. bassiana has
an adverse effect on crop pests, both directly and indirectly
(reviewed by Vidal, Jaber, 2015; and Mantzoukas, Eliopoulos,

© Tomilova O.G., Tolokonnikova H.P., Tyurin M.V., Kryukova N.A., published by All-Russian Institute of Plant Protection
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2020). For instance, Pourtaghi et al. (2020) observed a
significant increase in mortality among the nymphs and
adults of the greenhouse whitefly Trialeurodes vaporariorum
which developed on tomato plants, containing B. bassiana
as an endophyte. Conversely, tomato leaves which were not
inoculated with B. bassiana were preferred by the whitefly
Bemisia tabaci compared to the inoculated ones (Wei et al.,
2020). Probably, this was due to the ability of B. bassiana
to modulate the production of secondary metabolites (e.g.,
alkaloids and flavonoids) in tomatoes, which suppress the
survival and fertility of B. tabaci, as was demonstrated by
Wang et al. in their 2023 study. Moreover, feeding on leaves
colonized by B. bassiana has a negative effect on the growth,
development, and survival of Helicoverpa armigera (Toffa et
al., 2021), Tuta absoluta (Allegrucci et al., 2017; Silva et al.,
2020; Geremew et al., 2024), and Phthorimaea operculella
(Zhang et al., 2023).

A number of studies demonstrate the ability of various
species of endophytic entomopathogenic fungi to suppress the
development of phytopathogens and reduce the severity of plant
diseases (reviewed by Bamisile et al., 2018; Jaber, Ownley,
2018; Vega, 2018). In particular, it has been demonstrated
that the colonization of plants by Beauveria fungi inhibits the
development of necrotrophic pathogens, including Pythium
myriotylum and Rhizoctonia solani (Ownley et al. 2008),
Fusarium spp. (Jaber, Alananbeh, 2018), Verticillium dahliae
(Miranda-Fuentes et al., 2020), Sclerotinia sclerotiorum (Raad
et al., 2019), Botrytis cinerea (Barra-Bucarei et al., 2020;
Gupta et al., 2022; Sui et al., 2023; Proietti et al., 2023). Our
previous studies showed that treating potato planting material
with B. bassiana reduces its infection by R. solani (Tomilova
etal., 2020). It also protects feed beans against root rot and leaf

spot caused by a complex of phytopathogenic species from the
genera Fusarium and Alternaria (Ashmarina et al., 2021).

Moreover, inoculation of plants with B. bassiana reduces
damage caused by hemibiotrophic and biotrophic pathogens,
including Plasmopara viticola (Jaber, 2015), Phytophthora
infestans (Maksimov et al., 2015), Oidium neolycopersici and
Leveillula taurica (Gupta et al., 2022), Podosphaera xanthii
(lida et al., 2023), Zucchini yellow mosaic virus (Jaber, Salem,
2014), and Cucumber mosaic virus (Shaalan et al., 2022).

Researchers associate the decreased disease rate in
plants colonized by endophytes with direct effects, such
as competition, antibiosis, and mycoparasitism, as well
as indirect effects, such as the induction of plant immune
responses. Nevertheless, most of the mechanisms associated
with the resistance of plants colonized by endophytic fungi to
phytopathogens are not well understood. Since both endophytes
and phytopathogens can be fungal, many questions arise about
how plants recognize them and how plants develop resistance
to phytopathogens.

Previously, we carried out a series of laboratory and field
experiments to study the interactions between the endophytic
fungus B. bassiana and potato plants. This study continued
the investigation of this experimental model, focusing on how
potatoes respond to colonization by fungal endophytes and/
or phytopathogens. We selected R. solani, the pathogen that
causes black scab in potatoes, as the phytopathogen, since
this disease is widespread and dangerous in regions where
potatoes are grown (Shaldyayeva, 1990; Tomilova et al.,
2020). The aim of this work was to evaluate the impact of the
endophytic fungus B. bassiana on the growth, oxidative stress,
and antioxidant activity of enzymes in potato plants infected
with the black scurf pathogen R. solani.

Materials and Methods

The experiment used “Red Scarlet” potato tubers (elite
reproduction) obtained from “Priobskoe” ZAO in the
Novosibirsk region. Before sowing, the potato tubers were
washed and dried, the healthy ones (without mechanical
damage or signs of disease) were selected and sorted by size
(diameter ~ 3 cm). After the sprouts appeared (3—5 mm), the
tubers were planted one by one in an isolated 1-litre pot and
considered as an independent replication (20 plants per variant).
Potato plants were grown at a temperature of 20-22 °C with a
long photoperiod (LD 16:8), in the universal unsterilized soil
substrate “Terra Vita”. The soil substrate was preliminarily
analyzed for the absence of conidia of entomopathogenic fungi
and R. solani propagules by sowing an aqueous suspension
on artificial nutrient media with the addition of a mixture of
antibiotics (Tomilova et al., 2020). Watering was carried out
twice a week using settled tap water. The experiment included
4 variants: 1) control — without soil inoculation with fungi;
2) soil inoculation with a suspension of B. bassiana conidia;
3) soil inoculation with R. solani sclerotia; 4) combined soil
inoculation with B. bassiana and R. solani. The duration of the
experiment was 30 days post inoculation with fungi (dpi). The
experiment was conducted twice.

A strain of the entomopathogenic fungus B. bassiana (Sar-
31) from the collection of microorganisms at the Institute of
Systematics and Ecology of Animals (the Siberian Branch of
the Russian Academy of Sciences) was used for inoculation
of plants. The species was identified on the basis of a partial

sequence of translation elongation factor (EF-1a), GenBank
accession number MZ564259. This strain has high insecticidal
activity (Kryukov etal., 2017), is capable of actively colonizing
potatoes (Tomilova et al., 2023), and also shows antagonistic
properties towards several phytopathogens (Ashmarina et al.,
2021). The fungal culture was incubated at 26 °C for 10 days
in the dark on Sabouraud dextrose agar with the addition of
0.25 % yeast extract. A Tween 80 (0.03 %) aqueous solution was
used to prepare the conidial suspension, and the concentration
of conidia was counted using a haemocytometer. The plants
were inoculated by applying the conidial suspension to the
root growth area, three days after planting (titration of 5x107
spores/ml, volume — 10 ml/plant).

The phytopathogen used for infection was strain R. solani
AG-3 (anastomotic group 3), originally isolated from
potato tubers infected with sclerotia (the strain was kindly
provided for research by professor E.M. Shaldyayeva from
the collection of microorganisms of the Department of Plant
Protection of Novosibirsk State Agrarian University). An
artificial infectious background was created using an original
method (Shaldyayeva, 1990) with a background density three
times higher than the biological threshold of harmfulness. To
prepare the inoculum, the R. solani strain was cultivated in
Petri dishes for 7 days on potato dextrose agar (PDA) with the
addition of streptomycin (to suppress bacterial microbiota).
Then, 100 g of millet and 10 ml of water were placed in a
0.5-litre flask and autoclaved at 1 atmosphere for one hour. The
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inoculation of the millet was carried out using agar discs of the
R. solani culture (incubation — for 18 days at a temperature of
24°C). To ensure the even distribution of the fungal mass, the
millet in the flasks was periodically shaken. The inoculated
millet was transferred to sterile paper filter bags and dried at
room temperature. The dried sclerotia of R. solani (2 sclerotia/
container) were introduced into the root zone simultaneously
with the inoculation of B. bassiana.

The load and method of inoculation with fungi were
experimentally selected based on preliminary experiments,
allowing for a high proportion of B. bassiana colonization of
plants and the development of rhizoctonia symptoms.

At the end of the experiment, an evaluation of the growth
parameters of the plants (height, fresh and dry weight of above-
ground and below-ground parts) was carried out, as well as
the colonization of potato plants by B. bassiana and R. solani,
and the incidence of Rhizoctonia disease in stems and stolons.
All indicators, except for dry weight, were recorded from
each plant (20 replications per variant). The dry weight was
determined after drying at 70°C to a constant weight (pooled
sample from 5 plants, 4 replications per variant).

The colonization of plants by fungi was evaluated by plant
explants plating onto artificial nutrient media with the addition
of a mixture of antibiotics (Tomilova et al., 2020). From each
plant (underground part — stem, root) 6 explants were selected.
Sterilisation of plant fragments was carried out according to
the method described by Posada et al. (2007). If growth of the
studied fungi was recorded in one or more fragments, it was
considered colonized. Identification of fungal colonies grown
on plant explants was carried out based on light microscopy.
Quality control of surface sterilisation was performed using
the imprint method (McKinnon et al., 2016). Samples that
showed fungal growth in their imprints were excluded from
the analysis.

The development of Rhizoctonia disease symptoms was
estimated using the widely accepted methodology based on the
5-point scale of Frank (Frank et al., 1976). The methodology is
detailed in our paper (Tomilova et al., 2020).

Thebiochemical parameters of plants: pigment composition,
the amount of malondialdehyde (MDA), as well as the activity
of antioxidant enzymes in potato leaves were estimated using
spectrophotometric methods (with 20 replications per variant).
At the end of the experiment (30 dpi) the pigment composition

was measured spectrophotometrically in ethyl alcohol extracts
using the Lichtenthaler method (1987). Optical density of
a leaf ethanol extract was measured at wavelengths of 470,
664, 648, and 720 nm. The amount of MDA was estimated
spectrophotometrically at a wavelength of 532 and 600 nm
using a modified method by Buege and Aust (1978), with
the 2-thiobarbituric acid as the substrate. Thiobarbituric acid
reactive substances were quantified in 100 mg of the plant
material. The assessments were carried out in two stages after
14 and 30 days.

The activity of antioxidant enzymes such as: peroxidases
(POX), polyphenol oxidases (PPO), superoxide dismutases
(SOD), and L-phenylalanine ammonia lyase (PAL) was
estimated in potato leaves as indicators of the plant immune
response. Assessments were also carried out in two stages,
at 14 and 30 dpi. Samples were prepared according to the
method by Wang et al. (2008). Enzyme activity was estimated
spectrophotometrically. The total activity of peroxidases
was measured using the method of Nicell and Wright (1997)
with modifications at a wavelength of 510 nm, with the
4-aminoantipyrine as the substrate. The activity of superoxide
dismutases was determined at a wavelength of 560 nm by
the rate of reduction of nitro blue tetrazolium (Beauchamp,
Fridovich, 1971). The activity of polyphenol oxidases was
assessed at a wavelength of 490 nm according the method of
Holzapfel et al. (2010) with the 4 mM L-DOPA as the substrate.
The activity of L-phenylalanine ammonia-lyase was measured
at a wavelength of 290 nm based on the formation of trans-
cinnamic acid, using 0.02 M L-phenylalanine as the substrate
(Assis et al., 2001). Enzyme activity in the incubation mixture
was estimated in units of absorption density (AA) per minute,
per 1 mg of protein in the sample. The protein concentration
in plant tissues was determined by the method of Bradford
(1976), for the plotting of a calibration curve used bovine
serum albumin.

Data analysis was performed using Statistica 8 (Stat Soft,
Inc., USA). The normality of the data distribution was checked
by the Shapiro-Wilk W test. Normally distributed data of the
growth and biochemical parameters were analyzed by two-way
ANOVA followed by Fisher’s post hoc LSD test. Student’s
t-test was used to evaluate Rhizoctonia lesions on stems and
stolons. Fisher’s exact test was used to assess differences in
plant colonization by fungi.

Results

The colonization of plants by endophyte and phytopathogen
(30 dpi) reached high values, with separate inoculation
resulting in 85% for B. bassiana and 95% for R. solani.
However, when the fungi were applied together, a decrease in
fungal colonization was detected (1.3 times for B. bassiana and
2.4 times for R. solani compared to mono-inoculation), with
the level of colonization by the phytopathogen decreasing at
a statistically significant level (Fisher’s exact test, p = 0.0002;
Fig. 1).

The artificially created infection by R. solani over a 30-
day period resulted in the development of clear symptoms of
damage to the underground parts of potato plants (Fig. 2). No
signs of disease were detected in the control variant or when
inoculated with B. bassiana in its pure form. Using R. solani
and B. bassiana together resulted in a significant reduction in
Rhizoctonia damage to stems (Student’s #-test, p = 0.038) and

developing stolons (p = 0.016) compared to mono-infection
(Fig. 3).

When assessing potato growth parameters (30 dpi), a
significant reduction in root length was observed in both
variants where R. solani infection was present (Fisher’s LSD
test, p < 0.030 compared with the control and B. bassiana
treatment only; Fig. 4A). The fresh weight of the plant roots
grown in the presence of R. solani also decreased significantly
compared to all other experimental variants (p < 0.017;
Fig. 4B). Compared to the control, the R. solani variant and the
combined fungi variant, the inoculation of B. bassiana resulted
in a significant increase in total plant length (p < 0.047). Dry
weight measurements further demonstrated the significant
impact of fungal treatment on plant growth. Both total dry
biomass and root dry weight in B. bassiana-inoculated plants
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Figure 1. The proportion of plants colonized by fungi
(30 dpi). Asterisks indicate significant differences
in the level of colonization by one species under mono-

and co-inoculation (Fisher’s exact test, p < 0.05)

Pucynoxk 1. JIons KolOHU3MPOBAHHBIX IpHOAMH PAaCTEHHUN
Ha 30 cyT nocie HHOKYISALUH. 3BE€304KH YKa3bIBAIOT
HaJIM4Ne CYIIECTBEHHBIX Pa3IMINi B yPOBHE KOJOHHU3AINH
OJHHMM BUJOM NP MOHO- U COBMECTHOM BHECEHHHU
(Tounsrit Tect @umiepa, p < 0.05)

/ 5% 8

Figure 2. Development of Rhizoctonia disease symptoms

on the underground part of potato shoots (30 dpi): healthy
plants obtained in the Control and Beauveria bassiana
variants (A); plants affected by 2—5 points, obtained

in the Rhizoctonia solani variant (B); plants affected by 1-2

points, obtained in the B. bassiana + R. solani variant (C).
The arrows indicate the areas of stem rhizoctonia damage

Pucynoxk 2. Pa3zsuTie CMMITOMOB pU30KTOHHO3a Ha
moA3eMHOM yacTu rmoderos kaprogess Ha 30 cyT mocie
TpUOHON MHOKYJISALUH: 30POBbIE PACTEHHS, IT0JIyYeHHbIE
B BapuanTax KoHTpoib u Beauveria bassiana (A);
MOpa)XEHHBIE PacTeHust Ha 2—5 OaJJIOB, MOJTyYeHHBIE
B BapuaHte Rhizoctonia solani (B); mopaxeHHBIC pacTEHUS
Ha 1-2 Ganna, monmy4yeHHsble B BapuanTe B. bassiana +
R. solani (C). Ctpenku yka3bpIBalOT HAa YYaCTKH NOPAKCHHUS
cTebiell pu30KTOHHO30M

O\o 50 4 e
<3 T
23 40
) § R. solani
I
% £ 30 B. bassiana+R. solani
i T
c o i
% @ 20 * /
N I o /
< X 10
X g /_I_
Q
£, %/ 7

stems / ctebnu stolons / CTONOHbI
Figure 3. The effect of endophytic colonization by Beauveria
bassiana on the level of Rhizoctonia damage to potato
stems and stolons (30 dpi). The asterisks indicate significant
differences between the variants; comparisons were made

by organs (Student’s t-test, p < 0.05)

Pucynok 3. Bnusinue sHnoduTHON Kononusauuu Beauveria
bassiana Ha ypOBEHb TIOPAXKECHHSI PU30KTOHHO30M CTEONeH
U CTOJIOHOB KapTodeins, yepe3 30 cyT mociie HHOKYIISAIUN
rpubamMi. 3Be30YKH YKa3bIBAIOT HA CYICCTBCHHbIC
pasiIHYus MeXIy BApUAHTAMH, CPAaBHEHHUE 110 OpraHam
(t-xpurepmii CtproznenTa, p < 0.05)
were substantially higher than in control plants (p < 0.002) and

in R. solani-infected plants (p < 0.001; Fig. 4C).

A statistically significant influence of the R. solani factor
was established for shoot length, root length, root wet weight
and root dry mass (two-factor ANOVA, F .=z 6.091,p<0.016;
F, ,,=9.486,p=0.003;F ,=18.744,p=0.001, respectively).
Assignificant influence of the B. bassiana factor was established
for total plant length (F, ., =5.738, p=0.019), root wet weight
and whole plant wet weight (F, ,, > 5.992, p < 0.017), as
well as root dry weight and total dry weight (F, , > 20.643,
p < 0.0007). Thus, introducing fungi significantly affected
growth parameters, particularly root growth. The development
of plants was inhibited by infection with R. solani, while
active growth of potatoes was promoted by inoculation with
B. bassiana, largely compensating for the negative effects of
R. solani when the fungi were applied together.

A downward trend in the total content of photosynthetic
pigments (chlorophyll a, chlorophyll b, and carotenoids) as
well as a decrease in total chlorophyll content, was observed
in potato plants infected with R. solani compared to the control
and B. bassiana variants (Fisher’s LSD test, p>0.080; Fig. 5A).
The chlorophyll a/b ratio decreased significantly in R. solani-
infected plants relative to those treated solely with B. bassiana
(p = 0.035). Similarly, the chlorophyll/carotenoids ratio was
significantly lower than in plants treated with B. bassiana
alone or in combination with R. solani (p = 0.045; Fig. 5B).
Therefore, the R. solani factor was found to have a statistically
significant effect on the ratio of chlorophyll a/b (two-factor
ANOVA, F, ., =7.820, p =0.007).

At the initial stage of plant colonization with B. bassiana
(14 dpi), a significant increase in MDA level was observed
compared to the other variants (Fisher’s LSD test, p < 0.016).
However, by the end of the experiment (30 dpi), this parameter
had decreased to reach the level of the control (p < 0.028;
Fig. 6). On day 30, a significant decrease in MDA level was
also observed with the combined inoculation of both fungi
(p = 0.014 compared to inoculation of B. bassiana alone),
being marginally significant (p = 0.052) compared to control.
Both factors had a statistically significant effect on the MDA
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Figure 4. Effect of endophytic colonization by Beauveria bassiana and infection with of Rhizoctonia solani on the length
of potato axial organs (A), wet biomass (B), and dry biomass (C) (30 dpi): 1 — Control; 2 — B. bassiana; 3 — R. solani;
4 — B. bassiana + R. solani. Different letters indicate significant differences between variants (Fisher’s LSD test, p < 0.05).
Letters on a grey background indicate differences in roots, on a white background indicate differences in shoots
and above columns indicate differences in the estimated indicators in the plant as a whole

Pucynok 4. Biustaue sHI0QUTHON KoJoHU3aMK Beauveria bassiana v vHGUIMpOBaHus Rhizoctonia solani Ha TAHY
0CeBBIX opraHoB (A), buomaccy ceipyto (B) u cyxyto (C) kaprodens (30 cyT nmocne uHOKynsiuuu rpudamu): 1 — KonTpors;
2 — B. bassiana; 3 — R. solani; 4 — B. bassiana + R. solani. Pa3nu4nbie OyKBBI yKa3bIBAIOT HA CYIIECTBCHHBIC PA3INIHS
mexay Bapuantamu (HCP @umepa, p < 0.05). Byxssl B cTonbnax Ha cepoM (poHE yKa3bIBalOT HA PA3INYMs B OLIEHMBAEMBIX
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Figure 5. Effect of endophytic colonization by Beauveria
bassiana and infection with Rhizoctonia solani on the content
of photosynthetic pigments in potato plants (A) and their ratio

(B) (30 dpi). Different letters indicate significant differences
between variants (Fisher’s LSD test, p < 0.05)

Pucynoxk 5. Biusinue sHno¢uTHON KonoHu3auuu Beauveria
bassiana v nadumpoBanus Rhizoctonia solani
Ha coiepkaHue (POTOCHHTETHYECKUX MUTMEHTOB PacTeHUI
kaprodens (A) u ux coornomenue (B) (30 cyr mocne
MHOKYJISIMY rprbamu). Pazmuyunbie OyKBBI yKa3bIBalOT Ha
CYIIECTBEHHBIE PA3JIMYMS MEXK/Ty BapUaHTaMU
(HCP ®wuepa, p < 0.05)

8 —_
|:| Control | KoHTponb
= |:| B. bassiana
s .
23 6 R. solani ab i ab
E 5 B. bassiana+R. solani| — %_ b
c3
<2 %
o
=249 L
5 a a a
c T
S5 ®
o X
Eg
521
O
0 T 1
14 30

Days post inoculation / []Hel nocne MHOKynaumu

Figure 6. Effect of endophytic colonization by Beauveria
bassiana and infection with Rhizoctonia solani
on malondialdehyde content in potato leaves. Different letters
indicate significant differences between variants, comparison
for each time point (Fisher’s LSD test, p < 0.05)
PucyHok 6. Biusinue sHI0DUTHON KOJIOHU3AINU
Beauveria bassiana v undunupoBanus Rhizoctonia solani
Ha COZIep’KaHNe MAJIOHOBOTO JINAIIBICTHUA B JIUCThIX
kapTodens. PazHbie OyKBbI yKa3bIBAIOT Ha CYIIECTBEHHBIC
pa3nuuus MEXy BapuaHTaMH, CPABHEHHE Ha KaXK/bI CPOK
(HCP ®umepa, p < 0.05)
level at the first measurement (14 dpi): B. bassiana (two-factor
ANOVA,F | ., =4.138,p=0.046) and R. solani (F, ., =9.323,
p =0.003). By the end of the experiment, the influence of the
R. solani factor was significant (F | ., =9.063, p = 0.006).

A significant change in enzymatic activity was detected
in potato leaves in both the first and second measurements
(Fig. 7A-D). The maximum increase in antioxidant enzyme
activity was observed as a result of the combined application
of fungi. However, while a significant increase in activity for
the three enzymes studied (POX, SOD and PPO) was noted
in the first period (14 dpi), with increases of 1.5-1.6 times
compared to the control (Fisher’s LSD test, p < 0.004). In
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Figure 7. The impact of endophytic colonization by Beauveria bassiana and infection with Rhizoctonia solani on enzyme
activity in potato leaves: peroxidase, POX (A); superoxide dismutase, SOD (B); polyphenol oxidase, PPO (C)
and L-phenylalanine-ammonium-lyase, PAL (D). Different letters indicate significant differences between the variants
compared at each time point (Fisher’s LSD test, p < 0.05)

Pucynoxk 7. Biusaue sH10GUTHON KonoHu3anmuu Beauveria bassiana n uHGUImMpoBanus Rhizoctonia solani
Ha (hepMEHTaTUBHYIO aKTHBHOCTH B JIMCThsIX KapTodess: mepokenaas, POX (A); cynepokcugnucmyras, SOD (B);
noimgenonokcunas, PPO (C) u L-dpennnanannn-ammonnii-mnasel, PAL (D). Pa3Hbie OyKBBI yKa3bIBalOT Ha CyIIECTBEHHBIE
pasIuuus MEXIy BapuaHTaMH, CpaBHUBaeMBIMH Ha Kax b1l cpok (HCP ®umiepa, p < 0.05)

the second period (30 dpi), this was only observed for POX
and SOD, with an increase of 1.5-3.8 times compared to the
control (p < 0.036). The mono-inoculation of fungi alone led
to a significant increase in SOD activity after 30 dpi, with
growth observed when the endophyte and phytopathogen were
both present. It should also be noted that the introduction of
B. bassiana was accompanied by a slight increase in enzyme
activity at the first measurement and a decrease at the second
one (with the exception of SOD).

The inoculation of plants with B. bassiana had a reliable

effect on the antioxidant enzyme system of potato plants,
with the effect being maximal for POX, SOD and PPO at 14
dpi (two-factor ANOVA, F, _, > 6.702, p < 0.012). The effect
of R. solani infection (POX, SOD and PPO — | 6.702,
p < 0.016) and the interaction between the two factors (POX,
SODand PAL—-F, _,>4.500, p <0.037) were more pronounced
after 30 dpi. Of the enzymes studied, SOD demonstrated the
greatest reactivity, with its activity influenced by both factors,
i.e. the introduction of B. bassiana and R. solani, resulting in a

significant effect at both time points.

Discussion

In this study, we investigated the effect of endophytic
colonization of B. bassiana on the plant growth promotion
and development of resistance to the black scab pathogen R.
solani in potatoes. It has been established that colonization
by the entomopathogenic fungus B. bassiana stimulates

potato growth. A statistically significant increase in the length
and mass of plants colonized by the endophyte has been
demonstrated. These results align with those of previous
studies on Solanaceae plants (Saragih et al., 2019; Tomilova
et al., 2022; Wilberts et al., 2023). In particular, inoculation
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with B. bassiana led to a significant increase in the root length
of tomato seedlings and the height of potted plants (Sui et al.,
2023), as well as growth stimulation chili pepper seedlings
and plants (Saragih et al., 2019). In our previous work, we
observed an increase in the height of inoculated plants and
an ecarlier onset of the sweet pepper budding stage under the
influence of B. bassiana (Tomilova et al., 2022), as well as
a significant increase in the number of stolons in potatoes
(Tomilova et al., 2023).

Inoculation with B. bassiana can compensate for growth
retardation in plants that have been artificially infected
with phytopathogens or grown in an environment with
an artificial phytopathogenic load. For instance, a notable
increase in tomato yield was observed in a field experiment
in which tomatoes were treated with spores of B. cinerea
and B. bassiana (Sui et al., 2023). In our experiment, plants
infected with R. solani and treated with endophytes exhibited
similar length and weight values compared to the control
group. The development of rhizoctoniosis in the absence of the
endophytes was accompanied by a significant growth delay
and decreased photosynthetic pigment content of marginal
significance. The combined application of the fungi led to an
equalisation of chlorophyll levels, which further contributed to
the activation of growth processes.

In earlier in vitro experiments on the co-cultivation of
the entomopathogenic fungi B. bassiana and Metarhizium
robertsii with R. solani, we demonstrated their antagonistic
interactions (Tomilova et al., 2020). Both entomopathogenic
fungi were found to be capable of enveloping and degrading
aerial mycelium, as well as delaying the formation of
R. solani sclerotia. Subsequently, Deb et al. (2023)
established mycoparasitism of B. bassiana, accompanied by
the deformation, plasmolysis, and death of R. solani cells.
It was also noted that the formation of phytopathogenic
sclerotia was either delayed or inhibited in the presence of
volatile compounds released by B. bassiana mycelium during
its growth (Deb et al., 2023). Based on these findings, we
hypothesized that the fungal strains selected for our study
would actively compete to establish trophic relationships with
potato plants. This hypothesis was supported by colonization
data, which revealed that while mono-inoculation resulted in
high colonization rates, co-inoculation significantly reduced
plant colonization — particularly by the phytopathogen (2.4-fold
decrease). We observed a significant reduction of Rhizoctonia
infection of potato stems and forming stolons through the
combined application of fungal inoculants. These results align
with existing literature on the growth suppression of R. solani
by B. bassiana in laboratory and greenhouse conditions on
various crops, including cotton, tomato, and cucumber (Griffin
et al., 2005; Ownley et al., 2008; Azadi et al., 2016; Rhouma
et al., 2024). Notably, a significant reduction in Rhizoctonia
disease development on plants colonized by B. bassiana was
also observed under field conditions. In particular, combined
treatments of rice with B. bassiana (seed treatment, seedling
root dipping, and foliar spraying) reduced the incidence and
severity of the sheath blight disease caused by R. solani by
69 % and 61 %, respectively (Deb et al., 2023). Our previous
studies showed that treatment of seed tubers with B. bassiana
conidia prior to planting provides protection against
Rhizoctonia disease, even at high infection levels. Specifically,
this treatment reduced the development of disease on potato

plant stems by 3.61-fold and on stolons by 2.2-fold, and also
decreasing the formation of R. solani sclerotia on the surface
of new crop tubers (Tomilova et al., 2020).

However, most authors argue that the disease-reducing
effect is due not only to antimicrobial properties of B. bassiana
against R. solani, but also to its ability to activate the plant’s
defense mechanisms. We investigated the level of MDA, which
indicates the presence of oxidative stress, as well as the activity
of antioxidant enzymes in the leaves of plants colonized by
the endophyte and the phytopathogen. It was interesting to
compare the reaction of potato plants to the introduction of
these fungi, both separately and jointly, into the tissue, and to
observe the changes in the plants’ immune status.

The presence of weak oxidative stress resulting from
B. bassiana colonization was indicated by increased
malondialdehyde levels, particularly in the initial stage (1.2
times higher than the control). Nevertheless, plant growth
was enhanced in this variant. It is likely that the stress caused
to the plants by endophytic colonization did not exceed the
potatoes’ adaptive capacity. The work of Nchu et al. (2022)
shows stimulation of the growth of tomatoes inoculated with
B. bassiana at higher ROS levels. Notably, the combined
inoculation of fungi after 30 days resulted in a 1.2-fold
decrease in MDA levels compared to the control and the
inoculation of B. bassiana alone. Apparently, this decrease in
the mixture may be due to the sharp increase in antioxidant
enzyme activity.

In the first assessment (after 14 dpi), a significant increase
in the activity of antioxidant enzymes was observed (by 45—
60% in potato leaves when the fungi were applied together).
SOD showed the greatest increase under the influence of the
fungal mixture on the 30th day of the experiment (278 %).
Similar induction of POX and PAL enzyme activity, as well
as an increase in the concentration of phenolic compounds, in
tomato plants, was reported by Azadi et al. in 2016 as a result
of treatment with B. bassiana. The authors demonstrated that
colonized plants can successfully control tomato blight caused
by R. solani by stimulating induced systemic resistance.

It is known that a number of antioxidant enzymes are
actively involved in the biosynthesis of polyphenolic protective
compounds in plants (e.g., POX, PPO, and PAL). Recently,
we also studied the content of phenolic compounds in potato
leaves inoculated with B. bassiana. Peak values of flavonoid
content and antioxidant activity were observed in the phase
of plant colonization by the fungus, which probably enhanced
resistance to biotic stress (Tomilova et al., unpublished data).
We have previously demonstrated an increase in the levels of
stigmasterol, minor sterols and certain hydroxy fatty acids
in potato leaves colonized by B. bassiana. Elevated levels
of hydroxycinnamic acids, especially chlorogenic acid, were
observed in roots after inoculation with B. bassiana. We
believe that these changes could also have been caused by
oxidative reactions (Tyurin et al., 2023).

Changes in the activity of plant defense enzymes are often
recorded based on the level of expression of genes related
to disease resistance. A significant increase in the relative
expression levels of three disease resistance-associated genes
(oxalate oxidase, chitinase and ATP synthase) was observed
in tomato plants inoculated with B. bassiana and B. cinerea,
compared to mono-inoculation with B. cinerea and the control
treatment (Sui et al.,, 2023). Consequently, the incidence,
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lesion diameter and disease index of grey mould (B. cinerea)
were significantly lower in tomato plants inoculated with
B. bassiana than in untreated plants, in both pot experiments
and field conditions. Maximov et al. (2015) demonstrated
that, under sterile conditions, B. bassiana can colonize potato
plants in vitro and increase the transcriptional activity of genes
responsible for synthesising anion peroxidase and proteinase
inhibitors. According to the authors, this led to a reduction in
the development of late blight (Maksimov et al., 2015). Raad et
al. (2019) presented data showing that Arabidopsis colonized
by B. bassiana, exhibits induced resistance to Sclerotinia
sclerotiorum based on increased regulation of pathogenesis-
related proteins, as well as activation of reactive oxygen
species (ROS) scavengers, camalexin, phytohormones, and
other defense-related genes.

It is interesting to note that, in our experiments, mono-
infection with R. solani did not lead to an increase in MDA
or the activation of antioxidant enzymes, with the exception

of SOD at 30 days. Similar effects were observed Nchu
et al. (2022) in tomatoes infected with the fusarium wilt
pathogen Fusarium oxysporum f. sp. lycopersici: low levels of
superoxide and hydroxyl radicals, and low antioxidant enzyme
activity. In contrast, colonization of tomatoes by B. bassiana
caused an increase in ROS and antioxidant activity (Nchu et
al., 2022). The authors suggested that the pathogenic fungus
may have employed a hiding strategy to evade the host’s
immune response, in contrast to the endophyte.

Probably in response to endophytic colonization by
B. bassiana, accompanied by oxidative stress and activation
of a complex of antioxidant enzymes, various physiological
systems of the host-plant are involved, which are aimed at
inducing systemic plant resistance, stimulating the production
of secondary metabolites and plant growth hormones (Jaber,
Ownley, 2017; Gonzalez-Guzman et al., 2022), finally leading
to the growth-stimulating and protective effect of B. bassiana
on plants.

Conclusion

Thus, colonization of potato plants by the endophytic
entomopathogenic fungus B. bassiana under biotic stress
(R. solani infection) induced changes in multiple physiological
parameters and key plant immunity markers, ultimately
enhancing stress resistance. Under experimental conditions,
both B. bassiana colonization and R. solani infection
significantly influenced most of the measured parameters.
Treatment with B. bassiana reduced Rhizoctonia-induced
damage and mitigated the negative effects of infection on
plant growth, particularly root development. Stress resistance
in plants appears to be closely associated with their capacity to

counteract oxidative stress. The primary antioxidants involved
are protective enzymes, which are synthesized in response to
fungal invasion. A significant increase in antioxidant activity
was observed following B. bassiana colonization, as well as
in the combined treatment with both fungi. Mono-inoculation
with B. bassiana triggered an earlier antioxidant response
(14 dpi), whereas the maximum increase in antioxidant levels
under co-inoculation coincided with the onset of disease
symptoms (30 dpi). These results demonstrate the potential of
B. bassiana to stimulate potato growth and mitigate the impact
of black scurf disease.
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SHIO®UTHBIN I'PUB BEAUVERIA BASSIANA UHJIYLIUPYET AKTUBHOCTb
AHTUOKCHUJIAHTHBIX ®EPMEHTOB U YCUJIMBAET POCT PACTEHUI KAPTO®EJIS,
NHOUITNUPOBAHHOI'O RHIZOCTONIA SOLANI

O.I". Tomunosa'**, X.I1. Tonokonuukosa', M.B. Tropun', H.A. Kprokosa'

'Hnemumym cucmemamurxu u sxonoeuu sxcusomuwvix Cubupckozo omoenenus Poccutickoii akademuu nayx, Hosocubupck
’Beepoccuiickuil HayuHo-ucciedosamenbckuil uncmumym sawumol pacmenutl, Canxm-Ilemep6ype

*omeemcmeeHmblil 3a nepenucky, e-mail: toksina@mail.ru

IMpoBenen aHanu3 (GU3MOIOrMYECKUX U OMOXMMHUYECKUX H3MEHEHHI pacTeHuil KapTodens, KOJIOHW3UPOBAaHHBIX
SHIOPUTHOM POPMOIt SHTOMOIIATOreHHOTO Tpuba Beauveria bassiana (Ascomycota: Hypocreales) Ha GpoHe OnoTHIeCKOr0
cTpecca, 00yCIOBICHHOTO BHECEHHEM WHGEKIMOHHOW Harpy3ku (urtomaroreHa Rhizoctonia solani (Basidiomycetes:
Ceratobasidiales). YcraHoBieHa BbICOKasi JOJsl KOJIOHM3AI[MM PACTEHHH DHTOMOIATOTEHHBIM 3HAO(PHUTOM, MPUYEM Ha
CTETICHb KOJIOHM3aLMH PaCTeHHH HHULMPOBaHUE R. solani He 0Kka3aJio cyliecTBeHHOTo BiustHus. Kononusanus kaprodens
B. bassiana xOMIEHCHpOBaJia OTCTaBaHUE B POCTE 3apakeHHbIX R. solani pacteHuii (0COOEHHO KOpHEH) U obecnednia
CYIIECTBEHHOE CHI)KEHHUE MTOPAKEHUS] PU30KTOHHO30M cTeOel U popmupyronuxcs croiaoHoB. Hokymsiuus B. bassiana
ycuiinia aHTUOKCUJaHTHYIO aKTUBHOCTDb B pAaCTCHUAX, MHOKYJIMPOBAHHBIX 00oNMHU I'pI/I6aMI/I. YcTaHOBIIEHO 3HAYUTEIILHOE
TIOBBILIICHUE AKTHBHOCTH aHTHOKCHIAHTHBIX (EPMEHTOB (NEPOKCHIA3, CYNEPOKCHINCMYTAa3, TOMU(PEHOIOKCHAA3 U
(eHMNaNaHMH-aMMOHUH-JIMa3bl). Ha 0CHOBaHNY MTPOBEICHHBIX SKCIIEPUMEHTOB MOXKHO YTBEP)KAATh, YTO B IPEOIOJICHUH
OMOTHYECKOIO CTPeCca, BRI3BAHHOTO MHGHUIIMPOBAaHUEM R. solani, B. bassiana 3amyckaeT akTHBU3AIHIO 3al[UTHOM CHCTEMBI
pacTeHus-X03511MHa, @ UMEHHO KOMIUIEKCAa aHTHOKCUAAHTHBIX (hepMeHTOB. Takum 00pasom, B. bassiana MOXET BBICTYNaTh
B KQUCCTBC MECPCICKTUBHOT'O MOAYJIATOPA 3allIUTHOIO MeTadoaIn3Ma paCTeHI/Iﬂ 110 OTHOLICHHIO K (l)I/ITOHaTOFeHaM.
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THRIPS TABACI ON EGGPLANT UNDER GREENHOUSE CONDITIONS
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The tobacco thrips Thrips tabaci is a prevalent insect-pest found worldwide, extensively distributed in greenhouses of
Mongolia. This study aimed to evaluate the effectiveness of predatory mites and botanical pesticides in controlling tobacco
thrips populations in eggplant crops. An experiment was conducted in a 120 m? greenhouse at the “Agropark” Experimental
Research Center of the Mongolian University of Life Sciences. Four treatments were applied to infested eggplant plots:
a) the predatory mite Amblyseius swirskii, b) A. swirskii combined with Neem oil; ¢) Neem oil alone; and d) Neem oil
combined with bio-stimulant BEB containing extract of the fungus Ganoderma lucidum. The average mortality rates of
tobacco thrips across three years ranged from 45 % to 93 % due to 4. swirski, 77 % to 97 % due to A. swirskii plus Neem
oil, 75% to 96 % due to Neem oil; and 77 % to 96 % due to Neem oil plus BEB. All treatments demonstrated promising
results in significantly reducing thrips populations under greenhouse conditions. However, to ensure the effectiveness of
biological control, it is important to release predatory mites at least five days after the application of botanical insecticides,
such as Neem oil. Based on the findings, we recommend the use of Amblyseius swirskii, either alone or in combination
with botanical products, as a safe and effective plant protection measure for controlling tobacco thrips in greenhouse-
grown eggplants.

Keywords: integrated pest control, predatory mite, Amblyseius swirskii, botanical insecticide, plant growth regulator

Introduction
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The tobacco thrips Thrips tabaci Lindeman (Fig. 1A),
commonly known as the onion thrips or tobacco thrips, belongs
to the class Insecta, order Thysanoptera, family Thripidae
(Mehle, 2012). It is a tiny, slender insect of a significant
agricultural threat due to its direct feeding damage, ability to
transmit plant viruses, and rapid development of insecticide
resistance (Riley, 2011). This harmful arthropod is widespread
in many countries around the world (Loredo, 2022), where it
infests various plants, including onions, garlic, tobacco, cotton,
and ornamental plants (Lewis, 1997), and causes damage in
non-agricultural areas, such as forested regions and natural
habitats, as well as cultivated fields (Chuluunjav et al., 2015).

In Mongolia, while tobacco thrips was first reported on
vegetable fields by Tsendsuren et al. (1979), systematic studies
on Thripidae taxonomy remained lacking (Chogsomjav,
Shuravenkov, 1965). The integrated morphological and
molecular analysis identified collected specimens as T.
tabaci, showing complete genetic congruence with Chinese
populations (Genbank accession # MN036455) (Yan Lan Xie,
2022). This confirmation led to our NCBI GenBank submission
(#0OP288232), establishing the first molecular record of this
pest in Mongolia (Altantsetseg, Undarmaa, 2023).

Management of 7. tabaci remains challenging due to its
high reproductive rate, cryptic behavior, and resistance to
multiple chemical insecticides. Integrated pest management
(IPM) strategies, including biological control, cultural
practices, and selective insecticide use, are essential for

sustainable control (Mound, Kibby, 1998). The primary
strategy for controlling the tobacco thrips has long relied
on synthetic insecticides, including organophosphates (e.g.,
chlorpyrifos), pyrethroids (e.g., lambda-cyhalothrin), and
neonicotinoids (e.g., imidacloprid) (Benelli et al., 2016;
Campos et al., 2016). However, the intensive use of these
chemicals has led to several negative consequences: 7. tabaci
has developed resistance to multiple chemical classes due to
its short life cycle, high reproductive rate, and overexposure
to insecticides. Resistance to spinosad, abamectin, and
pyrethroids has been widely documented, reducing the
efficacy of chemical control (MacIntyre Allen, 2005). Given
these challenges, IPM approaches are essential for sustainable
T'tabaci control (Undarmaa et al., 2015), including the use
of biological control agents, such as predatory mites and
entomopathogenic fungi (Riudavets, 1995).

Biological methods, when applied appropriately, offer a
safer and more environmentally friendly alternative. Therefore,
this study explores the use of biological methods and the
potential benefits they offer in terms of both effectiveness
and environmental impact (Yasarakinci et al., 2000). Another
potential pest treatment is the synergistic effect of Neem oil with
beneficial arthropods in an IPM program. Neem oil contains
at least 100 biologically active compounds. Among them, the
major components are triterpenes known as limonoids, the
most important being azadirachtin, which is responsible for
about 90 % of the effects on most pests (Campos et al., 2016).

© Undarmaa D., Siiriimaa A., Altantsetseg Z., published by All-Russian Institute of Plant Protection (St. Petersburg).
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The several challenges was found in using Neem oil
for pest control. The findings of Feng and Isman (1995)
highlighted that repeated exposure to pure azadirachtin led
to significant resistance (9-fold) in Myzus persicae after 40
generations, whereas resistance did not develop in peach
aphids treated with a multi-component Neem seed extract,
underscoring the potential of botanical blends with diverse
bioactive compounds to delay resistance evolution compared
to single-active ingredient insecticides (Feng, Ishman, 1995).
Moreover, there are significant risks due to its low residual
power; multiple applications are required, which can increase

Figure 1. Tobacco thrips Thrips tabaci (A) and predatory mit

selection pressure on pest populations and potentially lead to
resistance.

The objective of this study is to test a treatment for mitigating
tobacco thrips infestations, with a particular focus on meeting
organic cultivation requirements. Within the scope of this
study, our goal was to investigate and assess the effectiveness
of biological control agents by applying predatory mites and
botanical pesticides on eggplants inhabited by the tobacco
thrips population in the greenhouse.

The objective of this study is to test a treatment for
mitigating tobacco thrips infestations, with a particular focus
on meeting organic cultivation requirements.

2 Sl d T ' 4 " 2

e Amblyseius swirskii (B)

Pucynoxk 1. Tabaunsiii Tpunc Thrips tabaci (A) u xutisstii kinen Amblyseius swirskii (B)

Materials and Methods

Location of experimental plot

The study was conducted in the eggplant greenhouse with
a size of 120 m? at the “Agropark” (47.879458° N latitude,
106.914666° E longitude) field experimental research center
of the Mongolian University of Life Sciences during the plant
growth seasons in 2017-2019. This center is situated in the
Zaisan Valley in the Khan-Uul District of Ulaanbaatar, the
capital of Mongolia. The territory of Mongolia lies within the
middle latitudes of Central Asia, in the Northern Hemisphere.
According to the world’s soil and climate classifications,
Mongolia exhibits a cool climate in terms of heat resources
and falls under the category of a dry and arid region with
regards to humidity. It is situated in a region characterized by
a continental climate, covering an area of 1,569.9 thousand
km?, with elevations reaching 1,380 meters above sea level.
The study was conducted in the Zaisan Valley, which is a part
of Bogdkhan Mountain, a subrange of the Khentii Mountains.
In terms of climate characterization, the Zaisan Valley locates
within the humid and temperate sub-region of Mongolia’s
central agricultural region. (Jambaajamts, 1983). Annual
rainfall ranges from 250 to 270 mm. The cumulative heat units
during the plant growth period range from 1500 to 2200°C
degree-days, and the plant growth period lasts for 90 to 100
days. The soil exhibits a light mechanical composition with a
high water absorption capacity, predominantly consisting of
dark brown, brown, and light brown soils. The cultivated area
is situated at an elevation of 800 to 1100 meters above sea
level (Jambaajamts, 1983).

The greenhouse used in our experiment, made of plastic
material, was not equipped with any systems to regulate

temperature or humidity. Therefore, its internal climate closely
reflected the external conditions. Air temperature and relative
humidity were measured every 10 days at midday from May
to September, continuing until the end of the harvest period.
In Mongolia, the climate is characterized by large temperature
differences between day and night, even during the summer.

Based on the greenhouse’s three-year average temperature
and humidity data during the plant growth period—particularly
from May to August, which is critical for plant development—
the 10-day averages were as follows: temperature ranged from
21.1°C to 24.9°C, and relative humidity ranged from 36.1 %
to 71.3% (Fig. 2).

The soil at the location where the greenhouse was placed
was used in this experiment; no artificial or imported soil was
exploited.

Research materials

In these experiments, we utilized the predatory mite
Amblyseius swirskii (Athias-Henriot) (Fig. 1B), purchased
from the Koppert company in the Netherlands. It was reared in
the laboratory for research purposes since 2015. Additionally,
we imported the botanical pesticide, the neem oil, from the
USA and obtained a natural plant growth regulator, BEB, from
China, which reduces plant stress and promotes its growth.
Neem oil is a natural pesticide derived from the seeds of the
Neem tree Azadirachta indica Juss (Meliaceae). It is widely
used in agriculture and horticulture for its effectiveness against
a variety of pests and diseases. The primary active ingredient
in Neem oil is azadirachtin, which disrupts insect feeding
and reproduction (Benelli at al. 2016). BEB is the trade
abbreviation for the Plant Cell Energy Factor, developed by
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Figure 2. Mean temperature and humidity values during the growth period in the greenhouse during three years of study

PPlcyHOK 2. CpeL[HI/Ie SHA4YCHUA TEMIICPATYPhbI U BJIAXKHOCTU BETCTAIIMOHHOI'O IEpHUOoAa B TCILIALIC
B TCUCHUC TpéX JICT UCCJICAOBAaHUA

Langfang Weijin Agricultural Technology Co., Ltd. (Langfang 10-, 15-, and 20-days post treatment on marked plants, using a
Weijin ..., 2025). It is formulated from ingredients such as red  digital magnifier with 200x—1000x magnification. The number
chaga mushroom Ganoderma lucidum, oyster shell, and corn,  of survived thrips per 25 leaves was counted on marked plants
designed to support plant recovery and enhance pest resistance.  per plot (total 100 leaves per treatment).
Experimental design The weight and number of commercially mature fruits per
Between 2017 and 2019, following the onset of tobacco ~ Plant were recorded from a 1 m* area of each variant at harvest
thrips infestation in the greenhouse eggplant plot, research was ~ time, and the total yield of each plot was calculated separately.
conducted to evaluate four treatments against the pest and an ~ The usable yield was determined by counting and weighing
untreated control, each with four replications. The experiment  €ach fruit over a period of 35 days during the ripening stage.
for controlling tobacco thrips was tested in 20 plots, each with Data analysis for effect of treatments was conducted
a size of 6 sqm, and in each plot, 24 plants were grown. In  Using Excel Data Analysis and One way ANOVA with the
total, 480 plants were used for the experiment, with each plot ~ Student-Newman-Keuls (Sigmaplot.15 version). To perform
being replicated four times. The experimental layouts were ~ Polynomial trend analysis in Excel, we fit our data into a
arranged in a Completely Randomized design (CR), with each ~ Polynomial regression equation. The general form of a second-
plot positioned 60 cm apart and separated by a mesh curtain. degree (quadratic) polynomial trendline is:

Subsequently, we randomly allocated the five treatments y=ax’+bx+c

including untreated control to the plots in each row, so that ~ Where: y is the number of individuals (dependent variable),

there is one replicate per row. x is the time after treatment (independent variable, e.g., 0, 1, 5,
The following treatments were applied: variant A: the 10 for days), a,b,c are determined by regression coefficients.

predatory mite A. swirskii at 1:5 ratio (predator:pest); variant The effectiveness of treatments was calculated using

B: A. swirskii 11:5 +Neem oil (30 ml/4.5 liters of water); = Henderson-Tilton’s formula (1955), which involves the
variant C: Neem oil; variant D: Neem oil + BEB (20 ml/10  following formula:

liters of water); variant E: untreated control. For variant B, nCo, before x nT, after

. . o Efficacy (%) = 1- x 100
Neem oil treatment was followed by predatory mite application nCo, after x nT, before
five days later. Where: n = Insect population, T = treated, Co = control
Data collection and analysis Statistical analysis of total plot yield and 1 m? area yield

The results of these biological control treatments were ~ Was conducted using SigmaPlot 15 software, applying the
determined by assessing the percentage of thrips mortality. Student—Nevxfman—Ke.uls method gfone-wayANOVA followed
The assessment involved counting the number of surviving by All Pairwise Multiple Comparison Procedures (Tukey Test)
insects before the treatment and at intervals of 24 hours, 5-, ~ and Anova Repeated Measurement test.

Results

A greenhouse experiment resulted on eggplant for a control ~ maintained stable control thereafter. Variants C and D showed
of tobacco thrips using the following treatments was evaluated. = comparable efficacy, although neither surpassed variant B in
Mean mortality rates across three years (2017-2019) are  overall performance.
shown in Table 1. Observations of thrips populations across treatment plots

In terms of treatment effect, variant B demonstrated  revealed distinct differences in pest suppression among the
significantly greater effectiveness than the other treatments  tested variants.In Treatment A, the thrips population followed
across all time points, particularly during the 5-15 days post-  a clear polynomial decline (R? = 0.99; Figure 3) relative to pre-
application period. In contrast, variant A exhibited significantly ~ treatment levels. The average number of pests per 100 leaves
lower effectiveness during the initial phase; however, it  decreased from 448.7 before application to 291.0 within 24
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hours, continuing to drop sharply thereafter. The population

later stabilized,

indicating that A.

swirskii effectively

suppressed and maintained control of the thrips population

(Figure 3A).

Treatment B, which combined A. swirskii with Neem oil,
achieved the most rapid and sustained suppression among
all variants. This integrated approach provided the highest
control efficiency and demonstrated a synergistic interaction

Table 1. Effect of treatment used for controlling tobacco thrips in eggplant plantings

Variants Mortality rate (%+SE) in average 2017-2019
24h 5 days 10 days 15 days 20 days
A (A. swirskii) *44,98+24.1 75.95+0.9 *87.92+2.7 *91.67+1.7 *92.72+5.0
B (4. swirskii + Neem oil) 76.51+5.5 90.40+2.1 96.13+0.6 96.99+1.1 97.28+0.2
C (Neem oil) 75.27+4.7 88.344+3.6 93.36+1.5 94.96+0.3 95.56+1.2
D (Neem oil + BEB) 76.66+1.5 88.13+2.0 94.73+1.8 95.83+1.3 96.25+1.5

Remark: * indicates a significant difference between 24h group and the 10-, 15-, and 20-day groups within A treatment
according to Anova RM analysis.

Tabmuna 1. Dpdexr 06padboTkn MPOTUB TAOAYHOTO TPUIICA B TTOCAIKaX OakiIaxaHa

Baprants CwmeptHocTb (%+SE), ycpenuennas 3a 2017-2019 rr.
24 qaca 5 nHei 10 nueit 15 nueit 20 nneit
A (4. swirskii) *44.98+24.1 75.95+0.9 *87.9242.7 *91.67+1.7 *92.72+5.0
B (4. swirskii + macmo HuM) 76.51+£5.5 90.40+2.1 96.13+0.6 96.99+1.1 97.28+0.2
C (macio HUM) 75.27+4.7 88.34+3.6 93.36£1.5 94.96+0.3 95.56+1.2
D (macno auMm + BEB) 76.66+1.5 88.13+2.0 94.73+1.8 95.83+1.3 96.25+1.5

[Mpumeuanme: * 0003HaYaET CymIeCTBEHHOE panndre Mexay dpdexrom uepe3 24 gaca u uepes 10, 15, 20 qHeir a1 BapuanTa
00paboTkn A TI0 pe3ynbraraM JUCIIEPCHOHHOTO aHAN3a.
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Figure 3. Dynamics of mean Thrips tabaci counts in eggplant
planting at 1, 5, 10, 15, and 20 days after treatment, following
a polynomial decline trend. A — predatory mite Amblyseius
swirskii; B — A. swirskii + Neem oil; C — Neem oil; D — Neem
oil + plant growth regulator BEB; E — untreated control

Pucynok 3. Jlunamuka cpegnero xonuaectsa 1hrips
tabaci B nmocankax Oaknmakada Ha 1, 5, 10, 15, u 20 genp
nocie o0pabOTKH, MPOSIBIISIONIAS TIOTMHOMHUAIBHBIA TPEH
CHWXCHHS. A — XMIIHBINA Kient Amblyseius swirskii,

B — A. swirskii + macno aum; C — Macjio HUM;

D — macno HumM + perynsarop pocra pactenuil BEB;

E — HeoOpaboTaHHBIN KOHTPOIH
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between the biological and botanical agents, highlighting
the potential of integrated biological-botanical management
under greenhouse conditions (Figure 3B). In Treatment C
(Neem oil), a steady polynomial reduction in thrips density
was observed (R? = 0.88; Figure 3C). Although the level of
suppression was lower than that of the integrated approach
in Treatment B, Neem oil alone maintained a moderate and
consistent reduction throughout the experimental period.
Treatment D combined Neem oil with the plant growth
regulator BEB, producing significant polynomial suppression
(R? = 0.98; Figure 3D) while simultaneously promoting
plant vigor, suggesting complementary benefits between pest
control and host recovery. An untreated control (Treatment
E) was included for comparison. Unlike the treated plots, the
control exhibited a continuous increase in thrips population
(R?=0.97; Figure 3E), confirming the pest’s capacity for rapid
proliferation under greenhouse conditions in the absence of
intervention.

To assess treatment effects on crop productivity, total yield
and yield per square meter were compared with the control.
The integrated approach in Treatment B produced the highest
yield gains, demonstrating that effective pest suppression
directly enhanced crop performance. The average yield per
plot (24 m?) of the different treatment variants was calculated
over a three-year period. The results showed that the A variant
yielded 26.6 kg/m?, the B variant 31.0 kg/m?, the C variant 28.0
kg/m?, the D variant 25.0 kg/m?, and the E (control) variant
22.6 kg/m?. When calculating the average fruit yield per square
meter, the A variant produced 4.4 kg/m?, the B variant 5.2 kg/
m?, the C variant 4.7 kg/m?, the D variant 4.2 kg/m?, and the
E variant 3.8 kg/m?. When evaluating the effectiveness of the
control methods based on the yield per 1 sqm, all treatment
variants produced 0.4-1.4 kg/m? higher yields compared to
the untreated control. This indicates the effectiveness of the
applied control methods. The efficacy of the control methods

was further evaluated based on yield data, analyzed using
SigmaPlot 15 software. The total eggplant yield per treatment
variant (A-E), averaged over three years (2017-2019) showed
that variants B and C produced significantly higher yields than
the untreated control (Fig. 4).
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Figure 4. Total eggplant yield per treatment variant averaged
over three years (2017-2019). Asterisks indicate significantly
higher values compared to the untreated control (Tukey test,
p <0.001). — predatory mite Amblyseius swirskii,
B — A. swirskii + Neem oil; C — Neem oil; D — Neem oil +
plant growth regulator BEB; E — untreated control

Pucynok 4. CymmapHsbIii ypoxkaii OakiakaHa B CPEIHEM 3a
Tpu Toma (2017-2019). 3Be3noukamMu OTMEUCHBI 3HAUCHUS,
JIOCTOBEPHO OTIIMYAIOIITUECS OT HEOOPaOOTAHHOTO KOHTPOJIS
(Tukey test, p < 0.001). A — xwHbIi Kitetn Amblyseius
swirskii; B — A. swirskii + macio uum; C — Macao HUM;

D — macno Hum + perynarop pocra pacrenuii BEB;

E — HeoOpaboTaHHbBIN KOHTPOIH

Discussion

In Mongolia, eggplants are cultivated exclusively under
greenhouse conditions. Among greenhouse pests, tobacco
thrips cause particularly severe damage to crops. Within
the Thripidae family, research has shown that the Western
flower thrips Frankliniella occidentalis Pergande and the
tobacco thrips are the most destructive species in European
greenhouses (Riudavets, 1995). In Mongolia, researchers first
identified T tabaci infestations in 1978-1980 (Chuluunjav,
Undarmaa, 2015). Historically, chemical insecticides have
been used to control the tobacco thrips in greenhouse crops.
However, due to food safety concerns, IPM approaches
with emphasis on biological control have been increasingly
adopted worldwide (Waterhause,1989). Predatory mites from
the Phytoseiidae and Anthocoridae families have shown
particular promise (Wimmer, 2008). European studies by
Wimmer et al. demonstrated that A. swirskii can effectively
control first-instar larvae of both thrips species, achieving 67—
78 % mortality. Amblyseius swirskii has proven to be a highly
effective generalist predator for greenhouse pest management
(Schausberger et al., 2018).

Notably, while combined use of A. cucumeris and A.
barkeri against tobacco thrips showed limited efficacy due to
interspecies competition, A. cucumeris alone demonstrated
active predation and established populations for 9 weeks

post-release (Mouden, 2017). Inaddition, A. swirskii effectively
controlled the western flower thrips, Frankliniella occidentalis
(Pergande), in the plots sprayed with pollen. Within 5 weeks
after the introduction of the mite, the population density of
A. swirskii reached up to three predatory mites (nymphs
and adults) per leaf and they remained in high numbers on
the leaves until the end of the study, even when the prey F.
occidentalis was present in low numbers (Kutuk et al., 2011).
Our pioneering research in Mongolia evaluated 4. swirskii
(applied at 1:5 ratio) against tobacco thrips (7. fabaci) in
greenhouse eggplants, achieving 86.3 % population reduction
(Undarmaa et al., 2015). We further demonstrated that A.
swirskii can be effectively combined with botanical pesticides
(Neem oil), and staggered application (5-day interval between
Neem and mite release) optimizes efficacy. Collectively,
these results demonstrate that integrating the predatory mite
A. swirskii with Neem oil provides the most consistent and
durable yield benefits. Treatments combining biological and
botanical components not only suppressed thrips populations
effectively but also improved crop performance, underscoring
the potential of integrated pest-management strategies to
enhance both pest control and greenhouse crop productivity.
These findings validate that organic eggplant production
in Mongolia is achievable through biologically-based
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IPM strategies compliant with organic farming standards
(Undarmaa et al., 2015). Growing research attention is focused

on Neem, exploring the utility of its products as insecticides
and antibiotics (Bielza, 2008; Benelli et al., 2016).
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Tabaunsrit Tpurc Thrips tabaci — CebCKOXO3SIICTBEHHBIN BPEIUTENb, ITUPOKO PACIPOCTPAHEHHBIN BO BCEM MUDE,
B TOM YHCJIC B TCILJIMLIAX MoHroaun. HCHB JAHHOI'O HUCCJICOOBAHUS 3aKJIHO4YaJIaCh B OIICHKE Bq)(beKTI/IBHOCTI/I XUIIHBIX
KJ'IeH.[Cﬁ U CPECACTB PACTUTCIBHOI'O MPOUCXOXKIACHUA B PETYIUPOBAHUN YHUCICHHOCTH Ta6aquro TpUIICa B IOCaJaKax
GaxnaxkaHa. DKCIIEPIMEHT IPOBOAMIICS B TeIUIUIle TUTonaasio 120 M? Ha 6a3e HCCiIe0BaTeIbCKOTO HIEHTPa «ATporapKy
MOHTOJIECKOTO YHUBEPCHUTETa HayK O JXKH3HH. BBUIO MCIBITAaHO YeThIpe BapHaHTa OOpaOOTKH 3apakEHHBIX YYaCTKOB
OaxyaxkaHa: a) XMIHBIN Kietn Amblyseius swirskii; b) A. swirskii B KoMOMHAIIMK C MAcCJIOM HUM; ¢) Macyio HuM; d) Macio
HUM B codeTanuu ¢ ouoctumynstopoMm BEB (Ha ocHoBe skcTpakTa rpuba Ganoderma lucidum). CpenHve mokasarenu
CMEPTHOCTH TabayHOTO TPUIICA 3a TPU roja BapbupoBaiu oT 45 % mo 93 % npu ucnonb3oBanuu A. swirskii, ot 77 % no
97 % nipu couetanuu A. swirskii 1 macia HAM, oT 75 % 10 96 % npu IpuUMEHEHUH TOJILKO Maciia HUM U oT 77 % 1o 96 %
npu coyetanuu maciia HuM ¢ BEB. Bce BapuaHThI okasain BbICOKYI0 3 (EeKTHBHOCTh B BUI€ 3HAYUTEIBHOM CHU)KEHUU
YHCJACHHOCTH TPHIICOB B YCIOBHUSX Terutuilpl. J[ist oOecrieueHust 3()(HEKTHBHOCTH OMOJOTMYECKOr0 KOHTPOJISI BayKHO
BBIITYCKATh XUIIHBIX Knemef/i HE paHEC, YEM 4Y€PE3 IIATh leeﬁ IMOCJIC NTPUMCHEHHUA PACTUTEIILHBIX MTPEIapaToB, TAKUX KaK
Macyio HuMa. Ha ocHOBaHMM TOJTYYEHHBIX PE3YIBTaTOB PEKOMEHIIYETCS UCTIONB30BaTh A. swirskii Kak caMOCTOSITENBHO,
TaKk ¥ B KOMOMHAIIMM C PAaCTUTEJbHBIMHU IperaparaMi B KadecTBe 0€30MacHOro M 3(GQEKTUBHOTO CPEINCTBA 3AIUTHI
paCTeHI/Iﬁ oT Ta6aquro TpUIICA ITPU BbIpalllUBAaHUN 6aKJ'Ia)KaHOB B TCIVIMYHBIX YCIIOBUAX.
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MONITORING OF OKRA YELLOW VEIN MOSAIC VIRUS
IN THE SARGODHA DIVISION, PAKISTAN
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Okra Yellow Vein Mosaic Virus (OYVMYV) is an important and significant threat to okra production, causing great yield
losses in tropical and subtropical regions. The distribution and prevalence of OYVMYV infection were estimated in the okra
fields of Punjab, Pakistan, during 2020 and 2021. Surveys were conducted across Sargodha division (Sardogha, Khushab,
Mianwali, and Bhakkar districts) to collect symptomatic and asymptomatic leaf samples. The presence of OYVMV was
confirmed through PCR using specific primers. Disease incidence and severity were calculated using established formulas
and rating scales. Significant differences were found in the incidence and severity of OYVMYV infection among the districts
and crop varieties. In 2020, Sargodha had the highest incidence and severity (80% and 52 %), followed by Mianwali and
Khushab, while in Bhakkar, the lowest incidence and severity were recorded (70 % and 47 %). In 2021, Mianwali showed
the highest incidence and severity (73 % and 47 %), followed by Bhakkar and Khushab with Sargodha showing the least
values for both parameters (69 % and 44 %). Among the varieties, Sultan-121 displayed the highest incidence and severity of
the disease, while Sabz Pari had the lowest indices. Heat maps were utilized to visualize spatial variations in the incidence
and severity of the virus infection. These findings highlight the widespread presence of OYVMYV in Sargodha division and
determine a baseline for future control and management strategies intended to mitigate the OY VM V-incurred losses in okra

production.
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Introduction

Okra crop is threatened by many fungal, bacterial and viral
diseases, such as damping off (Matny 2013), leaf spot disease
(Arain et al., 2012), powdery mildew (Gogoi et al., 2013)
and Okra Yellow Vein Mosaic Virus (OYVMYV) (Kumar and
Vashisth 2024). The latter is the major disease in okra fields,
being one of the main yield hindrances in okra production.
OYVMV is a systemic pathogen, broadly transmitted by
the whitefly Bemisia tabaci vector as a considerable threat
to okra cultivation in the tropical and subtropical regions
(Davis, Thompson 2024). OYVMYV infects plants belonging
to several species in the genus Abelmoschus and brings
severe havoc into okra fields (Akinyele, Osekita 2006). Viral
diseases like OYVMYV have become a serious challenge in the
agricultural scenario of South Asia and Africa, contributing
to huge losses (Jamir et al., 2020). It causes symptoms like
vein yellowing, stunted growth and a reduction in fruit yield,
which may lead to total crop failure if management practices

are not employed in a timely manner. Unlike many other plant
viruses, the molecular diagnostics for OYVMV are more
developed and PCR-based techniques have been effective in
detecting the virus even in asymptomatic plants (Shabbir et
al., 2025). Virus-induced damage reported in okra plants of
several divisions in Pakistan and India was associated with
the whitefly transmission (Mubeen et al., 2017). Other means
of disease dispersal is grafting. The infection finally turns
symptomatic with observations like yellowing of veins, leaf
curling, and stunting. It severely affects okra pod quality and
quantity (Shwetha et al., 2024). Research focused on OYVMV
infection in major okra-growing regions, but it remained
noticeably deficient in Pakistan (Ali et al., 2012). Hence, this
study targets monitoring the incidence and spread of OYVMV
in okra fields within important growing divisions of Pakistan,
and as such, aims at developing a baseline for future control
and management strategies.

Materials and Methods

A survey was carried out to collect leaf samples in okra
growing areas of division Sargodha, viz. Sargodha, Bhakkar,
Mianwali and Khushab between 2020 and 2021. Leaf samples
were collected from infected okra fields in all areas. Areas
selected for monitoring and sample collection were Musakhel,
Rokhri, Chasma and Harnoli in Mianwali, Duellewala,
Goharwala, Jhok Mehar Shah and Kotla Jam in Bhakkar,
Jauharabad, Mitha Tiwana, Padhrar and Naushehra in

Khushab along with Chak 104 SB, Chak 128 SB, Chak 136 SB
and Sial Sharif in Sargodha district. Samples were randomly
collected from symptomatic and asymptomatic plants from
okra fields (Fig. 1). Infected samples were diagnosed based on
OYVMYV symptoms (Fig. 2A, B, C, D): yellowing of veins,
leaf curling, stunted growth and reduced fruit yield. Infected
fruits are yellow, fibrous, small and tough (Chaudhary et al.,
2017). These symptoms can be associated with significant

© Shabbir M. A., Mubeen M., Iftikhar Y., Zeshan M.A., Sajid A., 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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Figure 1. Map of the districts under study

Pucynoxk 1. Kapra paifoHOB B uccle1oBaHU

Figure 2. Okra Yellow Vein Mosaic Virus infection symptoms on okra plants

Pucynok 2. CUMNTOMBI 3apa)keHHs] pacTeHUH 0aMHUU BUPYCOM JKENTOMN JKHIIKOBOM MO3auKu OaMHun

yield losses if not managed effectively (Mubeen et al., 2021).  during the sample collection. Hot spots were marked for future
The severity of virus infection (Mubeen et al., 2017) was  investigation. The incidence of viral infection in okra plants
based on a visible manifestation of symptoms by the plants  was calculated based on positive samples confirmed through
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polymerase chain reaction (PCR). Five leaf samples for each
variety were subjected to PCR and the formula is mentioned

as follows:
Number of Diseased Plants

Disease Incidence ( %) = x 100
Total number of Plants Examined

(Mubeen et al., 2017)

The severity of OYVMV infection was recorded as
described by Mubeen et al. (2017) and disease rating scale is
given in Table 1. The DSI was calculated according to the for-
mula given by McKinney (1923).

Severity Scalex Number of Diseased Plants
Disease Severity Index= x100
6x Total number of Plants Examined

Disease incidence and severity data were collected for
the years 2020 and 2021 and analyzed using R programming
language (version 4.4.3). Data were imported from Microsoft
Excel files using the readxl package and pre-processed using

Table 1. Severity rating scale of Okra Yellow Vein Mosaic
Virus infection

dplyr. The mean incidence or severity was calculated as the
arithmetic average while the standard error was determined as
the standard deviation divided by the square root of the sample
size. Visualizations were generated using the ggplot2 and
cowplot packages. Bubble maps were created for each variety
in both years, where circle sizes represented the magnitude of
disease incidence or severity and color gradients were used to
denote intensity levels. The heat map technique was utilized to
illustrate the combined effect of different varieties. A heat map
is defined as the 2-dimensional data visualization technique
which is used to represent the intensity of individual values
within a dataset as a color. The variation of value is as the color
intensity. Blue, grey, green, yellow and red colors of different
intensityshow the values of severity which are being exploited
for comparison in different locations over two years, as well as
for different locations within a year.

Tabauuna 1. [lIxana oreHKH MOpakeHHOCTH BUPYCOM
JKENITOM JKUIIKOBOM MO3auKU OaMHH

Rating Sevoe iy, Symptoms Remarks banbHas Creners o CuMIITOMBI [Ipumeuanus
scale % mKajga | mopaxenus, %
0 0 No symptoms _Imrnune. 0 0 Her cHMITOMOB HeBOCl‘IpI:I-
Few scattered | Highly resist- HMMYMBBINA
1 Upto 10 .
lesions only ant | 1010 OpnuHOYHBIE pa3po3- Bricoxo-
HEHHBIE IOPAKCHUS CTONYUBBII
2 11-25 Visible lesions | YVioderately P Y
resistant Cpenne-
. . 2 11-25 3aMeTHbIC TOpaKEHUS N .
Visible lesions YCTOHYMBBII
3 26-50 without stem Tolerant 3 26-50 [Nopaxxenus 6e3 onosi- | TomepaHt-
girdling CBIBaHHS YeperIKa HBIH
Lesions with Moderately [opaxenus ¢ omnoscel- | CpenHeqyBs-
4 51-60 o . 4 51-60 .
stem girdling susceptible BaHUEM CTeOIst CTBUTEIBHBII
Early vein Hauano noxentenus
. . . UyBcTBU-
5 61-70 yellowing with Susceptible 5 61-70 JKUIIOK ¢ MO3aHMYHBIM G-
mosaic pattern pacnpeneneHueM
Vein yellowing [oxenteHue KAIOK C
6 71-100 with mosaic nghly suscep- 6 71-100 MO3aWYHBIM pacrpere- Bmcoxo‘in-u
pattern and stem tible JICHWEM U OTOSICHIBA- | CTBUTENBHBIN
girdling HHEM YepeniKa
Results

The data was transformed to analyze the incidence and
disease severity statistically. PCR showed that the incidence
was significantly different in all the districts of Sargodha
division. Among the four varieties, disease incidence (Fig. 3A,
B) and severity (Fig. 4A, B) significantly differed. The disease
incidence and severity scores were high in Sultan-121 with
mean values of 83.94% and 55.23 %, respectively, followed
by BS728 (78.88%, 51.62%) and Ujala (76.56 %, 51.43 %).
The least disease incidence and severity were recorded in Sabz
Pari with mean values of 66.56 % and 41.52 %, respectively in
2020.1In 2021, the highest values were found in Sultan-121 with
mean values of 81.81% and 41.52% respectively, followed
by BS728 (72.18%, 47.95%) and Ujala (67.00 %, 42.54%).
The disease incidence and severity were found lowest in Sabz
Pari, with mean values of 61.18% and 36.72 %, respectively.
During 2020, the highest incidence was recorded in Sargodha,
with a value of 80.06 %, followed by Mianwali (79.69 %) and
Khushab (75.75%). The lowest incidence was recorded in
Bhakkar (70.44 %) (Fig.4), Whilein 2021, the highest incidence
was recorded in Mianwali, with a value of 72.88 %, followed
by Bhakkar (71.00%). The least was recorded in Khushab

(69.19 %), at par with Sargodha (69.06 %). The same trend was
found in disease severity. During 2020, the highest severity
(DS) was recorded in Sargodha with the value of 52.02%
followed by Mianwali (51.07 %) and Khushab (49.85 %) and
the least severity was recorded in Bhakkar (46.85 %) while in
2021 the highest Severity was detected in Mianwali with the
value of 47.26% followed by Bhakkar (47.02 %), Khushab
(44.93%) and least was observed in Sargodha (44.04%).
There was a difference in disease incidence and severity
among the same areas and varieties for two years which might
be due to environmental conditions, agronomic practices and
insect vectors. For example, Duellewala displayed red- and
yellow-colored severity bubbles for Sultan-121 in 2020 and
2021, respectively; i.e. the severity was reduced. Heat map
analysis for same year showed that the severity was higher in
Duellewala than in Harnoli. Jhok Mehar Shah exhibited high
severity (over 90%) for the Sultan-121 in both years, being
slightly less intense red in 2020, which became dark red in
the next year. Heat maps of the incidence (Fig. 5) of different
varieties and heat maps of varying severity (Fig. 6) of varieties
are given in this chapter for a clear picture of the situation.
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Discussion

The data analysis revealed the prevalence of infection across
all okra-growing regions of the Sargodha division in Punjab,
Pakistan. While virus detection based on symptomology is
often unreliable and time-consuming (Ali et al., 2005), as it
depends on the visible manifestation of symptoms in indicator
plants, PCR offers a more practical, sensitive and effective
detection method using specific primer pairs (Senevirathna
et al., 2016). This study was the continuation of a previous
study by the authors where OY VM V-infected samples showed
the desired amplification levels when subjected to PCR. Our
results confirmed the presence of virus in the infected samples
in the previous study by Shabbir et al. (2025). The present
study on OYVMV’s distribution across okra-growing areas
agreed with the already published data. Similar survey had
also been carried out in Bangladesh and PCR was applied
to show the presence of the virus OYVMYV (Hossain et al.,
2023). Subsequently, OYVMYV was discovered globally as an
important pathogen of the okra crop. It was first discovered

in the USA in 2010 (Hernandez-Zepeda et al., 2010), though
Venkataravanappa et al. (2015) detailed its genomic features,
with DNA A encoding 5-7 proteins and DNA B encoding two
proteins, providing a total survey of virus sizes ranging from
2.5 to 2.8 kbp (Shuja et al., 2022). It was recorded for the first
time in Sri Lanka by Tharmila et al. (2017) and later reported in
Thailand by Tsai et al. (2013). OYVMYV was detected in 17 of
18 okra genotypes in PCR analysis and resistance was shown
by one genotype (Shabbir 2025). Recent research also covers
the study conducted by Tharmila et al. (2017), which described
a qPCR methodology used in the detection and quantification
of beta satellites linked to OYVMYV. Furthermore, several
studies considered PCR as a significant method to indicate the
presence of OYVMYV in okra plants. Mondal et al. (2015) also
studied image processing techniques to detect and classify the
presence of yellow vein mosaic virus in okra leaves, thereby
solidifying PCR’s reliability as a successful detection method.

Conclusions

Our study concludes that OYVMYV is widely distributed
across all the okra-growing areas in the Sargodha Division,
Punjab. The virus has a significant impact on various okra
varieties with notable differences in incidence and severity
between districts and cultivars. Sultan-121 showed the highest
disease incidence and severity and highlighted its vulnerability
to the virus. The successful detection of OYVMV through
PCR-based methods proved to be a reliable and sensitive
approach which enabled the identification of infected plants
including those with no visible symptoms. This underscores
the importance of early and precise detection in managing the

disease. Regular monitoring coupled with PCR diagnostics
is essential for effective disease management and early
intervention especially in the areas where virus prevalence is
high. The development of resistant varieties, integrated pest
management strategies targeting whitefly vectors and timely
interventions could help mitigate the impact of OYVMYV on
okra crops. Future research should focus on assessing the long-
term impact of OYVMYV on okra productivity and exploring
potential control measures. Overall, this study provides a
foundation for future efforts aimed at controlling OYVMV
and ensuring the sustainability of okra cultivation in Pakistan.
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Ilonnomexcmosas cmamosn

MOHUTOPHUHI BUPYCA XEJITOM XXUJIKOBOM MO3ANKU BAMUU
B OKPYTE CAPJOI'XA, [TAKMCTAH

M.A. lI1a66upt, M. Mybunt, . Ubtuxap*, M.A. 3eman, A. Camxung

Omoen dhumonamonozuu, Konneodxc cenvckozo xosaticmea, Yuusepcumem Capozooxu, Capzooxa, [lakucman

*omeemcmeennslil 3a nepenucky, e-mail: yasir.iftikhar@uos.edu.pk
1A6mopbi ¢ pagHO3HAYHBIM 6KIAOOM

Bupyc xénroit xunkoBoit Mozaukn Gamum (OYVMYV) — BaxHas W 3HauMTeNbHAs yrpo3a IMPOWU3BOACTBA OaMuH,
BBI3BIBAIOIIAs OTPOMHBIC ITOTEPH YpOXKasi B TPOIMUECKUX M CyOTponuueckux pernonax. Pacnpocrpanénnocts OY VMV
OlLIeHMBaJIach Ha oJsix Oamuu B IlyHpkabe, [lakucran, B 2020 u 2021 rr. O6cnenoBanus nposesieHk! B paiioHax Caprorxa,
Xymab, MuanBamu u bxakkap okpyra Capaorxa juisi coopa o0pasIioB JIMCTBEB C CUMITOMaMu 1 0e3 Hux. [Ipucyrcrue
OYVMYV mnoxarsepxxaeHo ¢ momomsio 1P ¢ BumocnenuduunsiMu npaiiMepamu. PacnpoctpaneHHOCTh OONe3HH U
CTENEHb MOPaXXEHHS PACTEHHH PacCUUTHIBAIACH C TIOMOIIBIO OOMICTIPUHATHIX (OPMYN M OaJUTbHBIX OLIEHOK. BEBISBIECHBI
CYIIECTBEHHBIC pa3fIMyMs ITHUX MOKa3areJed NpH CpPaBHEHWH DPasHBIX paifoHoB M coptoB. B 2020 romy HanbGomnbuine
3Ha4YEHMs PAcIIPOCTPAHEHHOCTH OOJIC3HH M CTEeNeH! mopaxeHus pactenuid (80 u 52 %) nabmronanuce B paiione Capiorxa;
3aTeM cienoBadn MwuanBaiu n Xyma0, a B paiione bxakkap Obuim HammeHbmme mnokaszarenu (70 m 47%). B 2021
TOly MaKCHMAaJIbHBIC 3Ha4eHUs oTMeueHbl B MuanBamu (73 u 47 %), muaumanbsHeie — B Caprorxe (69 u 44 %). Cpeau
MPOaHaJIN3UPOBAHHBIX copToB, Cynran-121 mpopeMOHCTPHpOBal HanOoJee BBHICOKHE 3HAYECHUsI PaclpOCTPaHEHHOCTH
Oone3Hn W cTeneHu nopaxeHus pactenuii, a Cad3 Ilapn — HanbGonee Hu3kHe. «TemyoBble KapThD» MCHOJIB30BAHBI JUIS
BU3YaJIM3allMd TPOCTPAHCTBEHHOTO BapbHUPOBAHMUS PAcCHpPOCTPAHEHHOCTH BHUPYCHOM MH(EKLIUHM W CTEIEHH MOPaKEHUS
pacTeHuii. OTU pe3yabTaThl MOAYEPKUBAIOT MIUPOKYIO BcTpedaeMocTs OY VMYV B okpyre Capaorxa u 3a1atoT OTIIPaBHYIO
TOYKY JUIsl TIOCHERyIomeil pa3paboTKu cTpareruii OOpbObI, HANIPaBICHHBIX Ha CHMKEHHE IOTEph IPOM3BOJCTBA OaMuH,
CBSI3aHHBIX ¢ 3apakeHneM OY VMV,

KaioueBnie cioBa: OY VMYV, Oone3Hu pacTeHHi, BCTpEYaeMOCTh, CTENIeHb NopakeHus! pactenuid, Capronxa, Xyao,
Muansanu, bxakkap

Ilocmynuna 6 peoaxkyuw.: 17.05.2025

Ilpunama x nevamu: 10.07.2025
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Kpamkoe cooouwenue

MOBPEXXJIEHHOCTH 3EPHA O3UMOM TPUTUKAJIE
PACTHUTEJIbHOSITHBIMHA KJIONAMHY B TEHUHI PAICKOM OBJIACTH

AM. llInanes*, A.B. KanycTtkuna

Bcepoccuiickuii nayuno-ucciedosamenvckui uncmumym sawumel pacmenuti, Cankm-Ilemepoype

*omeemcmeenHblil 3a nepenucky, e-mail: ashpanev@mail.ru

[MuTanue 3epHOM KyJIBTYPHBIX PACTEHHH Y HEKOTOPHIX BHIOB PACTUTEIILHOSIHBIX KIIOMOB CIIOCOOHO MPUBOAMTH K
3HAUUTEIFHOMY CHMIKEHHIO KOJIMYECTBEHHBIX M KaueCTBEHHBIX MapameTpoB ypoxkas. B Cesepo-3amagHoM peruose
Takoil MpoOJieMbl HE CYIIECTBYET, B TO K€ BpEMs JaHHBIE O IOBPEKIESHHOCTU 3€PEH BO3JENIBIBAEMBIX 3EPHOBBIX
KylnbTyp eauHuuHbl. 1o pe3ynbraram aHanmu3a oOpasloB, BHIOJHEHHOIO C HMOMOILNBIO WH(PPAKPACHOH MHKPOCKOIHH,
ompezieNieHa HU3Kasl 10JI 3€pHa 03UMOM TPUTHKAJIE CO ClIeIaMU MMUTAHUS PACTUTENbHOAIHBIX KI0moB B 20222024 rT. B
Jlenunrpajackoii odmactu. J{omns Takux 3epeH B 00IIei Macce yOpaHHOTO ypoxasi BapbupoBasa mo rogam ot 1.2 1o 4 %.
[Ipeobnananu noBpexaeHus, HaHOCUMBIC Aelia acuminata, Carpocoris purpureipennis u Dolycoris baccarum. BeceHnsis
MOIKOPMKA a30THBIMHU YIOOPEHHSIMH NPUBOJMIIA K YUIMHEHHUIO IIEPUOA CO3PEBAHMSI O3UMOIl TPUTHUKAJIE U YBEIHUYECHUIO
MOBPEX/ICHHOCTH 3€PeH PacTHTENBHOSIHBIME Kilonamu. HauOonbinas nonsi MOBPEXIEHHBIX 3€pEH COOTBETCTBOBAJIA
BapUaHTaM OIIbITA C BBICOKUMH J03aMH1 a30THBIX yI0OpEHHH 1 cocTaBlisuia B pa3Hbie Tojbl oT 1.3 10 5%.

KaroueBnle ci1oBa: o3umast TPUTHUKAJIC, PACTUTCIBbHOAAHBIC KJIOIbBI, MOBPCKACHHOCTL 3€PCH, a30THBIC y,Z[O6p€HI/I$I,

nH}ppaxkpacHasi MUKPOCKOIHUS

Hocmynuna 6 pedakyuro: 17.02.2025

Hpunama x newamu: 17.10.2025

BBenenue

Cpenu BpenuTesel 3epHOBBIX KYJIBTYp 0C000€ MECTO OT-
BOJIMTCSI BHUJAM, MOBPEXKACHHS KOTOPHIMHU MPHUBOJST K 3Ha-
YUTEILHOMY CHI)KEHHIO HE TOJIbKO KOJNIMYECTBEHHBIX, HO U
KaueCTBEHHBIX MapaMeTpoB ypokas. Haubosee n3BeCTHBIM
NPE/CTaBUTENIEM 3TOH TPYIIbI BPEIUTENeH SIBISETCS KIIOI
BpenHas depenamka (Eurygaster integriceps Put.), KOTOpbIit
B CHJIy IIUPOKOTO PaclpOCTPaHEHHUsI U BEICOKOW BPEIOHOCHO-
CTH CUMTAETCS Ype3BbIYaifHO onacHbM BuIOM (Ilepeyens...,
2010). Bpennas uepenaiika BpeAUT IJIaBHBIM 00pa3oM Iiiie-
HUIIC, B HEKOTOPBIX MecTax siumeHro u oBcy (Davari & Parker,
2018; Javahery et al., 2000; Neimorovets, 2020). 13yuenue
COPTOBOM YCTOMUYMBOCTH TPUTHUKAJE K BPEOHOW depenaliku
MOKa3aJl0, YTO MHOTHE U3 T€HOTUIIOB O0JaJlalid TOBBIIICH-
HOMW yCTOWYMBOCTBIO K MOBpexaeHusM KionoB (Najafi-Mirak,
2012). [TomuMo BpeAHOMW uepenaiky, 3HaYUTeNbHbII yiiepo
YPOXKar0 36pHOBBIX KYJIbTYp Ha Tepputopuu Uranuu, Typuuu,
Wpana, Kazaxcrana, Kutas u B HeKoTOphIX pernoHax Poccun
MOTYT HAaHOCHTb W JApyrue BuUibl pona Eurygaster (Bypna-
xa, Karmn, 2015; Pcamues u ap., 2024, Ozkan et al., 2017;
Vaccino et al., 2017; Neimorovets, 2020; Dilmen et al., 2023;
Gibicsar, Sandor, 2023; Ouaarous et al., 2025; Ozgokgee et al.,
2025). MeHbIniee X035MCTBEHHOE 3HAYEHUE B CHITy OMOJIOTHU-
YEeCKHUX 0COOCHHOCTE! U pa3MellleHHs] HAHOCHMBIX IOBPEXK/Ie-
HUH 3epHOBKaM UMEIOT Kiotbl Aelia spp. (Heimoposer, 2010;
Kamenuenko u ap., 2015; barait, JIeicenko, 2016; Salis et al.,
2013; Dilmen et al., 2023; Gibicsar, Sandor, 2023; Wang et
al., 2024), a xnomnsr Carpocoris spp., Lygus spp. u Dolycoris
baccarum L. — Bropoctenennoe (Opinos, 2006; ITapmtomd 1
Ip., 2015; Ualiyeva et al., 2022; Dilmen et al., 2023).

Bpen, nHanocumblii xneOHpIiMU KiIOTIaMU (Eurygaster spp.
u Aelia spp.) 3epHOBBIM KyJIbTypaM, 3aBUCHT OT BHJa KJIOIIA,

MIPOJOJKUTENILHOCTH NMUTAHUS HA 3€pHE U aKTUBHOCTH €ro
MUILEBAPUTENBHBIX (epMeHTOB. Kitonbl-uepenaiiky u 0cTpo-
TOJIOBBIE KJIOIBI 00J1a/IaloT BBICOKOH (pepMEHTAaTHBHON aKTHB-
HOCTBI0, CIIOCOOHOM T'HAPOIN30BaTh BCE PE3EPBHBIC BEIIECTBA
3epHa B Cilydae HAHECEHHUS! HECKOJIbKHUX YKOJIOB Ha 3aKIIIOUH-
TeNbHBIX (ha3ax co3peBaHus KyJabTypbl. B pesynbrare nponcxo-
JIUT CYLIECTBEHHOE YXY/ILICHUE TEXHOJIOIMYECKHUX, TOBAPHBIX,
IIOCEBHBIX M JPYTHX CBOMCTB 3€pHa. B uwacTHOCTH, MpuUCyT-
CTBHE B MapTHH NIIEHUIBI 2—5 % 3epeH, MOBPEXACHHBIX KIIO-
namu-depenamkamu (OxmaH, Bunkosa 1972; Bunkosa u 1p.,
1976; Anexun, 2009; [ynos, llykanosa, 2008; [Tapmtomus u
ap., 2010; Karababa, Ozan, 1998; Hariri et al., 2000; Radjabi,
2000; Armstrong et al., 2019), uau 6onee 10 % 3epen, mospe-
JKICHHBIX ocTporoyioBbiMu kionamu (I'ypoBa, 1976; Bypnaka,
2005; Heiimoposgetr, 2010), Bie4ér 3a cOO0M yXy/IIICHUE XJIe-
OoIeKkapHbIX Ka4eCTB MYKH W MOHM)KEHHE TOBapHOIO Kiiacca
3epHa. [loTepu yposkast OT JaHHBIX BHJIOB KJIOIIOB MOT'YT OBITh
3HAYUTENILHBIMH, OCOOCHHO B TOJIbI BCIIBIIIEK YHCICHHOCTH
WK TIPH OTCYTCTBUM Mep 00pbObl, 1 gocturars 100 % (Kona-
peB, 2020; Aja et al., 2004; Sivri et al., 2004; Armstrong et al.,
2019; Konarev et al., 2019; Dizlek, Ozer, 2021, 2024). Jpy-
rHe BUJIbI KJIONIOB B OOJBIICH CTENEHU OKa3bIBAIOT BIMSHHE
Ha BHEIIHWU BHJ U HATYpy 3€pHa, HEeXeJH Ha ero CBOICTBa,
MOCKOJIBKY aKTUBHOCTh WX IHIIEBAPUTENBHBIX (DEepMEHTOB
3HaunTensHo Hike (Kpaiinos, 1972; Muxaiinosa, 1973; I1as-
JIOMINH H 1p., 2015; Varis, 1991; Wheeler, 2000).

B oTcyTcTBHEM BpenHOM Yepernaliki 1 HeBRICOKON YHCIICH-
HOCTH APYTHX BUIOB PACTHTEIBHOSTHBIX KiomoB Ha CeBe-
po-3amazne Poccun HET TO# 0CTPOTHI TPOOIIEMBI, CBS3aHHOM CO
CHIDKEHHEM KauyeCTBEHHBIX ITOKa3aTeNel ypoxas, KoTopas Cy-
IIeCTBYeT B 00JIee F0KHBIX PETHOHAX BO3IEIBIBAHAS 36PHOBBIX

© IlInauneB A.M., Kanyctkuna A.B. CtaTbs OTKPBITOro HOCTYIa, IyOaukyemas BcepoCcCHiCKUM HHCTUTYTOM 3aIlUThI
b 2
pacrenuit (Cankt-IleTepOypr) u pactpoctpansemast Ha ycnoBusx Creative Commons Attribution License 4.0

(http://creativecommons.org/licenses/by/4.0/).
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KyIbTyp. BmecTe ¢ TeM, B OT/eNbHBIE TOMBI 31€Ch CIIy4atOTCs
MAacCOBbIE Pa3MHOKEHUSI HEKOTOPBIX BHJOB KJIOIOB, KaK Ha-
npumep, srogHoro kiomna B JleHuHrpaackoi oonactu B 2022
r. (Inmanes, Kamyctkuna, 2023). IIpu 3TOoM B nuTeparype,
3a penkuM wuckmodeHueMm (Ilmanes, Kamyctkuna, 2023),
OTCYTCTBYIOT JAHHBIE O IMOBPEXKAECHHOCTU PACTUTEIBHOSI-
HBIMH KJIOIIAMHU 3€PEH BO3JIECTIBIBAEMBIX 3€PHOBBIX KYIBTYpP B
JTAHHOM PETUOHE, BKJIIOYas O3UMYIO TpUTHKale. JTa I[eHHas
3epHO(dypakHast KylIbTypa HIMEET OOJbIIIE MEPCTIEKTHBbI JUIs
BHe/peHHs MMeHHO B CeBepo-3araHOM PErHoHE C Pa3BUTHIM

KUBOTHOBOICTBOM (YcmeHcKkas u ap., 2018). s ee ycrmen-
HOTO BO3JICNBIBAHUS HEOOXOMUMa BCECTOPOHHSSA (PUTOCAHH-
TapHas WHQOPMAIHs, BKIIOYas JaHHBIE O MOBPEKICHHOCTH
3epHa KIIOIIaMHu.

Lenpro mccrmenoBaHus SBISUIACH OLEHKA IMOBPEXKICHHO-
CTH 00pa3IoB 3epHA O3MMOH TPUTHKAJIE PACTUTEIHHOSIIHBIMU
KJIOTIaMH TIPH COIYTCTBYIOIIEM BIMSHUN BECEHHEH MOIKOP-
MKH a30THBIMU YAOOpEHHUSMHU B YCIOBHAX JIEeHWHTpaacKoi

obacTu.

MaTepna.n bl 1 ME€TOAbI

OO0BeKxTOM HccaeqoBaHui ABIUIHCE 18 00pa3moB 3epHa
03UMOH TpHuTHKajle copra HeMunHOBCKUMI 56, 0TOOpaHHBIX B
OTIBITaX C Pa3HBIMH JJO3MPOBKAMH BECEHHUX TTOIKOPMOK a30T-
HBIMH YJJOOpPEHHUSIMH, IPOBEACHHBIX Ha MOJIIX MEHBKOBCKOTO
¢mmana Arpopusnaeckoro HUU (Jleannrpanckas o6iacTs,
IaTuunCckwmii paiton) B 2022-2024 rr. (exeronHo — 6 06pa3nos
o 500 3epen). B kagecTBe yIoOpeHHs HCIIONB30BaIaCh aMMU-
aqHas CeJIMTPa, KOTOPYIO BHOCHIIU Bpy4UHYI0 u3 pacuera 0, 30,
60, 90, 120 u 150 kr n.B./ra, 9TO COOTBETCTBOBAIIO HU3KOMY
(0-30 kr m.B./ra), cpenaemy (60-90 xr a.B./ra) U BBICOKOMY
(120-150 xr n.B./ra) ypoBHSAM a30THOrO nuTaHus. [lnomans
nensHKr cocraimsuia 4.5 m? (1.5 x 3.0 M), IOBTOPHOCTb —
6-xparHas. CpescTBa 3alUThl pACTEHUH B TEUEHHUE BETE€TAllN
03MMOM TPUTHKAJIE HE IPUMEHSIINCE.

OT160p 1pob 1 aHaIN3a TTOBPEXICHHOCTH 3epHa pacTH-
TEJIHOSITHBIMY KJIOTIAMH TPOBOJMIMN B cooTBeTcTBUH ¢ ['O-
CTamu 13586.4-83 “3epHo. MeTonbl onpenesieHus 3apaxkeH-
HOCTH W TIOBpEXIeHHOCTH Bpenutemsivu” u 30483-97 “3epHo.
Merozbl ornpeseneHus o01ero 1 GpakIOHHOTO COAECPIKAHMS
COpPHOM M 3epHOBOM NPUMECEH; COAEPKAHUSI METIKUX 3€PEH U
KPYIHOCTH; COZEPKaHUsl 3€pPEeH IIICHUIbI, ITOBPEXICHHBIX
YepemnamKkon; COIepKaHUsI METaJUIOMarHUTHOH mpuMecH’.
IIJ'IH ONPEACIICHNA KOJIUYCCTBCHHBIX U KaYC€CTBCHHBLIX Iapa-
METPOB MOBPEXKICHHOCTH 3€pHA B KaXKIOM BapHaHTE OIBITA
oroupanocs st ananuza 500 3epen (5 mpob mo 100 3epen).

Juddepenunanns 3epeH MO MOBPEKAESHHOCTH pPa3HBIMU
BUAaMH KJIOIIOB MPOBOANJIACHE HA OCHOBAHWHU HCIIOJB30BaAHUA
JIMarHOCTUYECKUX TPHU3HAKOB, CPEIN KOTOPBIX JIOKATH3AIHS
YKOJIOB, YCTKOCTH UX T'paHUIl U MHTCHCUBHOCTH 3aTCMHCHUSA
1ot “HPPAKPaCHBIM MUKPOCKOIIOM. [IoBpeXIeHus, HaHOCH-
MBbI€ MIPEACTABUTENSIMU poaa Eurygaster, MOTYT BCTpEUaThCs
Ha Pa3HBIX YacTsAX 3ePHOBKH, IPEUMYIIECTBEHHO B Oa3aIbHON
9gacTH (CIMHKA ¥ OOYKH), B TO BpeMs Kak B allMKaJIFHOHN ee Ja-
CTH YKOJIBI OOHAPY>KHBAIOTCSI CPAaBHUTENBHO peaKo. [1pu aTom
HanOoJbIIee KOJIMYECTBO YKOJOB pacIoiaraeTcs Ha HapyxX-
HOH CTOpOHE 3epPHOBKH, HEXeNu BHyTpeHHed. [ToBpexnenus
Ha OPIOIIHOM CTOPOHE 3ePHOBKH OTCYTCTBYIOT. BepxHsis 4acTh
W 3apOABIII 36pPHOBKU HE TIOBPEXIAETCS KJIOMaMU Yepenari-
kamu. [l BunoB popa Aelia XxapakrepHa OrpaHHYECHHAs 30Ha
pa3MelieH s YKOJIOB U, B OTJIMYHE OT KJIONOB poja Eurygaster,
OHU IIPEUMYIIIECTBCHHO U30MPArOT OOKOBBIEC YaCTH 36pPHOBKH B
BEpXHeH ee MoyIoBHHE (TTOOIU30CTH € “XOXOTIKOM”), UX YKOJBI
OTCYTCTBYIOT Ha CIIMHKE. PeIKO YKOIIBI JenatoTcst B 00iacTb
“X0XO0JIKa” ¥ TPUIIUTKOBYIO 30HY 3apOAbIIIA, M HUKOTJA B 3a-
ponei. [TpenMyiecTBeHHOE HAXOXKIEHUE YKOJIOB B BEPXHEH
YaCTH 36PHOBOK 00YCIJIOBJICHO MPEATNOYTEHHEM OCTPOTOIOBBIX
KJIOIIOB pa3MelIarhcs Ha KOJIOCE OMNpe/esIeHHBIM 00pa3oM, a
TakKe 00jIee BBITAHYTOH M y3KoH (opmoit Tema. OrpaHu-
YeHHas 30Ha MHTAHHS OTMEYEHA y OCTPOILICYETO, SITOHOTO,

TPaBSHOTO M XJICOHOTO KIIOTIOB, UTO CBSI3aHO C WX eIe Ooiee
cJ1abbIM TI0 MOIIHOCTH “BOOpY)KEHHEM’ POTOBOTIO armrapara,
HE TMPEIIIoNIaTaloNIM TITyOOKOTO MTPOHMKHOBEHHS B 3€PHOB-
Ky IIpY HAHECEHUM YKOJIOB. Yalle BCero yKojbl, HAHOCUMBI-
MU JaHHBIMH BHIAMH, Pa3MEIaloTcs B OOKOBOHM YacTH 3ep-
HOBKH, T.€. B MECTax, IJiec OHa ciabo 3alUIleHa TOKPOBAMH.
Tak, ocTporurednii KJIoI MATAeTCs MPEUMYIIECTBCHHO Ha Ha-
PYXHOII OOKOBOW CTOpPOHE 3€PHOBKH, HaUMHAsI OT CEPEIUHBI
U BEIIIE, Y BEPIIUHBI OOYKOB YKOJOB 3HAYUTEIHFHO MEHBIIIE.
SIromHBI K0T MPOSIBIISIET YETKYIO U30UPaTeIbHOCTh B OTHO-
LIEHUH CpeJHel YacTH OOYKOB 3€PHOBKH, OJHAKO HAPYKHBIH
00Y0K rmoziBepraercst 6ojee 4aCThIM IIPOKOJIaM 10 CPaBHEHUIO
¢ BHyTpeHHHUM. [loseBoii kironm u30upaet I TUTAHUS CPEl-
HIOI0O W BEPUIMHHYIO YacTH 3€PHOBKH. BO3MOXXHOCTH HaHe-
CEHHMS YKOJOB B BEPIIMHHYIO YacTh 3€PHOBKH CBSI3aHA C OT-
HOCHTEJIBHO MaJIbIMH pa3MepaMu ocodeit ' popMoii ux Terna.
Hane)xxHOCTh IMarHOCTUKY MOBBILIAETCS Onarofapst Apyromy
OTIIMYUTEIHHOMY TIPH3HAKY — TPYHIIOBOMY HIIM OWHOYHOMY
pa3MelIeHHIO YKOIOB. Bce BUIBI KIIOMOB 4epemnameK U MuT-
HUKOB JCTIAI0T OMUHOYHBIC YKOJIBI, KIIOIBI cemericTBa Miridae
— CEpHIO YKOJIOB, pacrojaras ux JIpyr 3a apyrom. [Ipu stom
XJIeOHBIC KJIOMUKU U TPaBSHOHN KIIOI JETal0T B OXHOM MECTe
pasHoe Yuciio ykoioB — 10 20 u He 6ojiee 7 COOTBETCTBEHHO
(ITapmrommH u ap., 2015).

[Nox nH(ppakpacHBIMH JTy4aMu MOBPEXIEHHE, HAHECEHHOE
KIoramu p. Eurygaster, BUTHO KaK MHTEHCHBHO TEMHO-CEPOE
WIA YEPHOE IUIOTHOE MATHO HEMpPaBUIBHON (POpMBI (pemaKo
HUMEET OKPYIITYI0 (OpMy) C YETKO OYEpUCHHBIMHU TPAHUIIAMH.
[oBpexneHne KionaMu-yepenaikaMi —pacipoCTPaHsIeTCs
IyOOKO BOBHYTPH 3€PHOBKH. 30HA IOBPEXICHHUS OCTPOTO-
JOBBIMH KiiomiaMu (pox Aelia) 3aMeTHO CBeTJiee W OOBIYHO
Ceporo WM TeMHO-ceporo IBera. OHa HENpaBWILHON YINO-
BaToil (hOpMBI (pexe OBaIBHOM MM 3Be3A4aTod (OPMEI), 0-
CTaTOYHO IUIOTHAS M PaclpoCTpaHseTcs BIIyOb SHI0CIIEpMA.
[oBpexnenne octpomeunmu kiomamu (pox Carpocoris)
pasnuuHON (OpPMBI M KOH(UTYpauuu, MpH 3TOM HE HMeEeT
YeTKUX TPAHUI]. 30HA TOBPEXKACHUS OCTPOIUICYNMH KIIOTIa-
MU HE PaclpoCTpaHseTcst NyOOKO BHYTpPb M, KaK CIIEJCTBUE,
MMeeT MEHBIIYI0 WHTCHCHBHOCTh 3aTEMHEHHUS IO CpaBHE-
HUIO C OCTPOT'OJIOBBIMH KJIOIIAMH M KJIOIIaMH 4Y€pcraliKaMu
(OT ceporo 10 TEMHOTO-CEpPOro IBeTa). 30Ha MOBPEKICHUS
siromHbIM Koo (D.  baccarum) XapaKTepu3yeTcsi OBajlb-
HOW WJIN OKpYIJIoN (opMoii (peke HETpaBHIBLHONH (QOPMEI),
CJ1ab0i MHTEHCHBHOCTHIO 3aTeMHEHHUsS (OT CBETJIO-CEPOro 10
Ceporo IBeTa), He paclpoCTpaHsIeTCs BIIyOb dHI0ciepMa. Ha
3peyioM 3€pHE TpaHulla MEXJY 3/I0pOBOM M TOBPEKICHHOU
YacThIO JH/OCIIEpPMa BBIIBIIETCS C TPYAOM. 30HA IOBPEXK-
JCHHS IIOJICBBIM M TPABSHBIM KJIOMAMH HMEET YeTKHE TIpa-
HUIIBI, OBaJIbHYIO (popMy 1 c1albyro HHTEHCHBHOCTh OKPAacKH
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(cBeTIo-cepyto WIIM Cepyl0 OKpacKy), HE paclpoCTpaHseTcs
BrTyOB sHocniepMma (BunkoBa u np., 1976; Muxaiinosa, /[Bo-
psiakuHa, 1984; [TaBmrommH u ap., 2015).

Juddepenimannio cTeneHN MOBPEXKACHUS 3€pHa KIIO-
MaMH OLEHMBAIM TO 5-TH OaIbHOW MIKajie, pa3padoTaH-
HOH B 11abOpaTopuy CEITbCKOXO3SHCTBEHHOW 3HTOMOJIOTHA
BU3P, ¢ ucronp3oBaHneM METOOB HWH(PAKPACHOW MHKpO-
CKOIIMM M KOMIBIOTEPHOTO CKAHUPOBAHHSA B COOTBETCTBUU
¢ 'OCTom 33538-2015 “3ammra pactenuil. MeToasl BbI-
SIBICHUSA U y4YeTa MOBPEXKJICHHBIX 3€PEH 3JIAaKOBBIX KYIBTYP
KJIOTIaMH-4epenamKkamu’ .

KOppeKTHI)IC pe3yinbTarbl 1O BPIL[OBOI>'I JUAarHOCTHKC

MOBPEXJICHUNA 3E€pPHOBOK TPHUTUKANE PACTHUTEIBHOSIHBIMU
KJIOTIAaMHU yNAeTCsl MONYyYUTh HCIOJIB30BAHMEM HECKONBKHX
JMarHOCTUYECKUX TIPU3HAKOB (pa3MEIleHHE MECT YKOJIOB,
YETKOCTh UX I'PAaHUI] U UHTEHCUBHOCTh 3aTEMHEHHMS MOJ MH-
(pakpacHBIM MUKPOCKOTIOM), Ka>K/AbIH N3 KOTOPBIX JOTOIHSET
U YTOYHSET IpYyT Apyra.

Crarucriueckas o0paboTKa JaHHBIX 3aKJIIOYaJIach B pac-
4yeTe CPeAHUX 3HAUCHHUH JJONH NOBPEXKIECHHBIX 3€PEH U CTele-
HU UX ITOBPEXK/ICHHS, COIIACHO 0AaJUIOBOM OICHKE, CTaH/IApT-
HOTO OTKJIOHEHHS Ul KaXJOoH M3 mpod ¢ pasHbIMHU J03aMH
A30THBIX YNOOpEHMH, a TakXKe IHCIEPCHOHHOTO aHalW3a W
Kkpurepus [lyHkaHa.

Pe3yJ'll)TaTbl )/ oﬁcymefme

OreHka 00pasioB 03MMOM TpuTHKale copra HemuunHOB-
ckuil 56 mokaszana, 4yro B ycioBusx JleHMHTpanckoi oOma-
CTH CpefHsIS TOBPEKICHHOCTh 3€pHA PACTUTENBHOSTHBIMH
KJIOMIaMH B TOJIbI MCCIENOBaHUM BapbupoBana ot 1.2 1o 4%
(tabn. 1). AGconroTHOE OONBIIMHCTBO 3€PHOBOK IOBPEXK/Ia-
nock B craboii crenienu (1 6amn), B cpenneit crenenn (2 u 3
6amn) — 17.4 n 4.3%, a B cunbHOM (4 1 5 Gayut) — He BBISIBIIS-
JIMCh HU B OJJHOW U3 aHAMH3UPYyeMbIX Mpob. CpeaHeB3BeIICH-
HbIH Oaymt moBpexaeHus coctasisut 0.05, 0.02 u 0.01 B 2022,
2023 u 2024 rT. COOTBETCTBEHHO.

Ha ocHOBe AHAarHOCTHYECKHUX MPH3HAKOB MOBPEKICHHI
MOXKHO 3aKJIFOUYUTh, YTO COCTAB PACTHTEIBHOSIHBIX KIIOIOB,
OCYUICCTBISIOIINX THUTAHHE CONCPKUMBIM 3€PEH B MEPHOJ
MX CO3pEBaHUs, TPEACTAaBICH KaK oiaurodaramu, Tak ¥ MO-
nugaramu. K ducity mepBbIX OTHOCSATCS OCTPOTONOBBIC KIIO-
nbl (Aelia spp.) u BnaromroOuBas uepenamka (Eurygaster
testudinaria Geoffroy), Ko BTOPBIM — OCTPOIUICYHE KIIOIIBI

(Carpocoris spp.), Knonsl IUrycel (Lygus spp.) W SITOAHBIA
knon (D. baccarum). Yame Bcero u ¢ HaMMEHBIINM BapbH-
POBaHUEM IO TOJAM HAHOCWIMCH TOBPESKICHUSA KJIOMAMU
Aelia spp., cpemu KOTOPBIX BCTpedasncs oiuH BUI — Aelia
acuminata L. B o0mieit Macce TIOBPEXICHHBIX 3€peH Ha JIOMI0
xiona Carpocoris purpureipennis De Geer B pa3Hble T'OMbI
MPUXOIMIOCH OT 26.3 1o 52.5% (tabm. 2). B 2024 . yacrora
MTOBPEK/ICHHBIX 3€PHOBOK JIAHHBIM BHJIOM BO3pacTajia MOYTH
B 2 pa3a Mo CPaBHCHHMIO C JAByMs MPEABILTYIUMH TOJaMH, Xa-
paKTepu3yOIMMHUCS 00Jice 3aCyIUIUBBIMU yciaoBusMu. [Ipu
MacCOBOM Pa3MHOXKEHHUU SITOJHOTO Kjomna B 2022 1. Ha A0MII0
MIOBPEXKJICHHBIX 3epeH Mpuxoamiock 36.5 %, Torna Kak B Mo-
cienytomnye roasl B 2 paza menbiie — 18.7 u 11.5% cootBet-
CTBEHHO. BropocTerneHHas: ponb B MOBPEXACHUH 3€PEH 03H-
MO TPUTHKAJIC OTBOIUTCS KIIOMIAM JIUTYCaM M BJIAroIF00MBOMH
Yepernaniky, Ha JJOTK KOTOPBIX B CPETHEM TI0 TOaM MPUXOIH-
moch 3.3 1 6.5%, a8 2023 1. —5.1 u15.2%. Bnaronrobusas

Taoauna 1. [ToBpexIeHHOCTh 3¢pHA 03UMOU TPUTHKAIIC PACTUTEILHOSTHBIMH KIIOTIAMHU
(Jlenunrpanckas obnacts, MO ADU, 2022-2024 rr.)

Table 1. Damage to winter triticale grain by herbivorous bugs
(Leningrad Region, Menkovsky branch of the Agrophysical Research Institute, 2022-2024)

B ToM umcie no 6anmaam CpeaHeB3BelICHHbIH
Ton Jlonst noBpexIeHHbIX 3epeH Y% Including scores 0aJu1 MOBPEXKICHHS
year Quote of grain damage, % I I I v v Weighted average
damage score
2022 4.0+0.2¢ 3.1+0.2¢ 0.8+0.1¢ 0.1+0.05° 0 0 0.05+0.003°
2023 1.8+0.1°5 1.4+0.1° 0.3+0.1° 0.1+0.032 0 0 0.02+0.002°
2024 1.240.1° 1.040.1° 0.2+0.1° 0 0 0 0.01£0.001°

[TpuBeneHs! cpenHIe 3HaYE€HHUS U CTaHJAPTHOE OTKJIOHEHHE. Paznnans Mex 1y BapuanTamMu, 0003HaYCHHBIMH OJJMHAKOBBIMH
OyKBaM¥ IT0 BEPTHUKAIIH, HECYIIECTBEHHEI 10 MHOTOpaHTOBOMY Kputeputo ynkana (p<0.05).

Mean values and standard deviation are shown. Same letters in columns indicate values not different significantly, according to

Duncan’s multiple range test (p<0.05).

Tabauua 2. YactoTa moBpeXIEHHOTO pa3HbIMU BUJIAMU KJIOIMOB 3€pHA 03UMOI TpUTHKAE

Table 2. Ratio of occurrence of damaged grain of winter triticale by different types of bugs

Ton Yacrora TOBPEHK/ICHHEIX 3EPEH PasHBIMI BHIAMH PaCTUTEILHOAIHBIX KIONOB, %
Year Frequency of grain damage by different species of plant-feeding bugs, %
Aelia acuminata | Carpocoris purpureipennis | Dolycoris baccarum | Eurygaster testudinaria Lygus spp.
2022 32.9+8.5¢ 26.3+4.2* 36.5+8.6° 2.243.6° 2.1£2.3
2023 32.546.5° 28.9+8.1° 18.7+8.6° 15.2+8.4% 5.14+4.5°
2024 31.4+7.2¢ 52.5+16.2° 11.5+7.4° 2.243 .4 2.8+4.4°

[IpuBencHBI CpEHKE 3HAYCHHS U CTaHAAPTHOE OTKJIOHEHUE. Pasanuus Mex 1y BapuaHTaMu, 0003HAYCHHBIMHU OTMHAKOBBIMHU
OykBaMH IO BEpTUKAJIH, HECYIIECTBEHHBI 10 MHOTOpaHroBomy kputepuro JyHkana (p<0.05).

Mean values and standard deviation are shown. Same letters in columns indicate values not different significantly, according to

Duncan’s multiple range test (p<0.05).
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yeperalika B IoceBax 03MMOW TPUTHKAJE BCTPEUaIach HAMH
KpaiiHEe PEAKo, TOrAa KakK KIOMBI JIUTYCBI, CPEAM KOTOPBIX
Lygus rugulipennis Poppius u L. pratensis L., oTHOCsTCS K
YHCITy MAaCCOBBIX BHJIOB HACEKOMBIX, IMPEATIOYUTAIONINX ITH-
TaTbCsl COPHOM PaCTUTENBHOCTBIO M 3aCEINATh LICHO3BI APYTUX
KYJIBTYP.

B pesysnbrare omeHKH 3epHa O3MMOW TpPUTHKANE OBLIO
YCT@HOBJIEHO W3MEHEHHE JOJU M CTETEHH MOBPEXICHHOCTH
3epeH PACTHUTEIHHOSTHBIMUA KJIOIAMH B 3aBHCUMOCTH OT KO-
JINYECTBA BHECCHHOTO IMPH MOAKOpMKe a3zora (tadm. 3). Tak,
Ha MPOTSDKCHWH BCETO TEpHOJa MCCIEAOBaHUN Habmonanach
OJIHA ¥ Ta K€ 3aKOHOMEPHOCTD, KOT/Ia C YBEJINYEHUEM YPOBHS
A30THOTO MUTAHMS BO3pacTana MOBPEXKJIECHHOCTh 3€peH KJIO-
namu. B 2022 1. paznuuust B HIOBPEXKAECHHOCTH 3€pEH KJIONaMu
6buTH Hanbosee OTYETIIMBBI, YTO MOATBEPIKIAETCS CTATHCTH-
yecku. [IpoTuBononoxHas cutyauus: Habmroganacs B 2024 r.,
KOT/Ia Pa3jIndMsl MEXIy BapHaHTaMH ObUTH MHUHHMAaJbHBI U
HemocToBepHEL. [IpomexxyTouHoe monoxeHue 3aHuman 2023
I. C IOCTOBEPHBIMH Pa3INn4MSIMH TOJIBKO MEXy KpaltHUMH Ba-
pHaHTaMU 110 a30THOMY IUTaHHI0. [10 ycpeaHeHHBIM 32 TO/BI

HCCIIEIOBAaHUN JTAHHBIM NPH BHECEHUU CPEIHMX J03 a30THBIX
YOOOpEHUI TOBPEXICHHOCTh 3€PHA PACTHTEIHHOSIIHBIMH
KJIonamMu yBenuuuBanack ¢ 1.7 1o 2.3 %, a mpu BBICOKHX J0-
3ax — 10 2.8 %. OObsicHEHUE BBISBICHHOTO 3 deKTa BUANTCS
B Pa3HBIX CPOKaxX CO3peBaHMs O03MMOI Tputukane. Hanbomee
KOPOTKHUH TEepHON CO3peBaHUs HaONMomaics B KOHTPOJIHEHOM
BapHaHTe, HE MPEAyCMaTPUBAIOLIEM BHECEHHsI a30THBIX YJ0-
Openwmii. [lox BIMAHNEM a30THBIX yHOOpPEHUH MEPHOX CO3pe-
BaHUS KyJIBTYpHl M CPOKHM IHUTAaHHSA KJIOMOB Ha 3€pHOBKAX
YIAJIMHSIOTCSA, YTO U HAXOAUT OTPa)XEHUE B YBEJIMYEHUU HX
TTOBPEXKICHHOCTHU KJIOTIAMH.

YacroTanoBpexaeHHbIX 3epeH kitonamu C. purpureipennis
u D. baccarum yMmeHblanach 0 Mepe yBeJIMueHus obecre-
YEeHHOCTH PacTeHWI 03MMOI TpHUTHKaje a30TOM, TOTJa Kak
s BUnoB Eu. testudinaria w Lygus spp. mpocMmarpuBaiach
oOparHas 3aKOHOMepHOCTb. [Ipu 3TOM cTatuctuyeckas odpa-
00TKa JaHHBIX MOKa3aJla OTCYTCTBHE JJOCTOBEPHBIX Pa3IHINN
10 9aCTOTE MOBPEXKICHHOTO 36pHA O3MMOM TPUTHKAJIE PACTH-
TEJIbHOSTHBIMU KJIOTIAMHU Ha Pa3HBIX YPOBHAX a30THOTO MUTa-
Hust (Tadmn. 4).

Taonauuna 3. [ToBpex1eHHOCTh 3epHa 03UMON TPUTHKAJIE PACTUTEIBHOSTHBIMH KIIOTIaMU

Ha pa3HbIX YPOBHAX a30THOI'O MUTAHUSA

Table 3. Damage to winter triticale grain by herbivorous bugs in variants with different levels of nitrogen nutrition

B ToM gmcne mo 6annam CpenHeB3BelIeHHbIH
Tox ‘YpoBeHb a30THOrO nuTanus | J{oyst moBpexXIeHHBIX 3epeH, %o Including scores 0aJuT MOBPEKICHUS
Year Level of nitrogen supply Quote of grain damage, % | I I Weighted average
damage score
Husxuit (Low) N . 2.940.6° 2.1£0.4° 0.8+0.2° 0.1+0.1* 0.04+0.01°
2022 Cpennuit (Middle ) N, o 4.2+0.5° 3.6+0.4° 0.6+0.2° 0 0.05+0.03®
_________________________ Borcownii (High) Npyy gy | S.050.7° | 398060 | 11020 | 0.03£003° | 0.06£0.01°
Huskuit (Low) N 1.1+0.4° 1.3+0.3? 0.3+0.12 0.2+0.1* 0.02£0.004°
2023 Cpennnit (Middle ) N, 1.5+0.32 1.3+0.3% 0.2+0.1* | 0.04+0.04° 0.02+0.003?
_________________________ Borcownit (High) Nyyy iy | 200045 | L6H04 | 048020 | 0045004 | 0.03:0005
Huskuit (Low) N 1.0+0.37 0.9+0.3? 0.1+0.05° 0 0.01+0.003?
2024 Cpennnit (Middle ) N, 1.2+0.3* 1.0+0.2* 0.2+0.1? 0 0.01£0.004°
Beoicoxnit (High) N, o 1.3+0.3* 1.1+0.3* 0.2+0.1* 0 0.01£0.004*

[TpuBeneHs! cpenHe 3HaYE€HHS U CTaHJapTHOE OTKJIOHEHHE. Paznnuns Mexy BapuanTamu, 0003HaYeHHBIMH OJJHHAKOBBIMH
OyKBaMM IO BEPTHUKAIH, HECYIIECTBEHHBI [0 MHOTOpaHTOBOMY Kputeputo lyHkana (p<0.05).

Mean values and standard deviation are shown. Same letters in columns indicate values not different significantly,

according to Duncan’s multiple range test (p<0.05).

TaﬁJmua 4. CooTHOIIIEHUE BCTPEHACMOCTU HOBpe)KZ[éHHOFO 3€pHa 03UMOH TPUTHUKAJIC PACTUTCIIbHOSAHBIMHA KJIOIIaMH
Ha pa3HBbIX YPOBHAX a30THOT'O MUTAHUSA

Table 4. Ratio of occurrence of damaged grain of winter triticale by herbivorous bugs
in variants with different levels of nitrogen nutrition

‘YpoBeHb a30THOTO MU~
TaHUs

YacToTa NOBPEKAECHHBIX 3€PEH PAa3HBIMU BUAAMH PACTHTEIBHOSAHBIX KIIOMOB, %
Frequency of grain damage by different species of plant-feeding bugs, %

Level of nitrogen supply | Aelia acuminata | Carpocoris purpureipennis | Dolycoris baccarum | Eurygaster testudinaria | Lygus spp.
Huskuit (Low) N 28.6+6.9° 41.0+18.5* 24.6+17.8° 4.7+4.7° 1.2+1.8¢
Cpennuit (Middle ) N, 34.1+8.6° 35.1+£17.4% 22.9+12.6° 5.1+10.5° 2.9+3.6°
Beicoknit (High) N, o 33.544.56 31.5+12.0® 19.1+10.2¢ 9.9+8.9° 6.0+4.5°

[IpuBeacHBI CpeaHKME 3HAYCHHS U CTaHAAPTHOS OTKJIOHEHHUE. Pasanuust Mex 1y BapruaHTaMu, 0003HAYCHHBIMHU OJHHAKOBBIMHU
OyKBaMU IO BEPTUKAIIH, HECYIIIECTBCHHBI [0 MHOTOpaHTOBOMY Kputeputo JlyHkana (p<0.05).

Mean values and standard deviation are shown. Same letters in columns indicate values not different significantly,

according to Duncan’s multiple range test (p<0.05).
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3akiarouenne

CyMMapHasi MOBPEKICHHOCTh 3¢pHA O3MMOW TPHUTUKAJEC
PaCTUTENLHOSAIHBIMY KJIOMAMH B TOMBI MCCICIOBAHUI Ha I10-
nssx M® A®U B Jlernnrpaackoi 061acTi OKa3aiach HU3KOU
W He TpeBbImana 5% naxke B YCIOBHAX MAacCOBOTO pa3MHO-
JKEHUS! OTHOTO W3 BUJOB, ciyuuBiierocs B 2022 r. [Ipu stom
B a0COJIFOTHOM OOJBITHHCTBE CIIyYacB 36pPHOBKH OBLIH CIIa00

MOBPEXIEHBI, YTO XapaKTEePHO Ul Mpeoda/laoliX Ha I10-
ceBax 3TOH KynbTyphl A. acuminata, C. purpureipennis u D.
baccarum. BeceHHsSI TIOAKOPMKa a30THBIMH yIOOPEHHUSIMHU
NPUBOJWIA K YIJIMHEHUIO CPOKOB BEr€TalMd U MEPHOAA CO-
3peBaHusl O3UMOM TPUTHKAJIE U, KaK CJIEJICTBUE, YBEINUCHHUIO
TIOBPEXIEHHOCTH 3€PEH PAaCTUTENBHOSIHBIMA KIIOMIAMH.
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Short communication

DAMAGE TO WINTER TRITICALE GRAIN BY HERBIVOROUS BUGS
IN THE LENINGRAD REGION

A.M. Shpanev*, A.V. Kapustkina
All-Russian Institute of Plant Protection, St. Petersburg, Russia

*corresponding author, e-mail: ashpanev@mail.ru

Damage to grains by herbivorous bugs leads to decrease of quantitative and qualitative crop parameters. In North-
Western Russia, this problem is negligible, yet actual data on grain damage are lacking. Based on the analysis using infrared
microscopy, low damage to winter triticale grain by herbivorous bugs was determined in 2022-2024 in the Leningrad
Region. The quote of damaged grains in the total mass of the harvested crop varied from 1.2 to 4% over the years. The
damage caused by the species Aelia acuminata, Carpocoris purpureipennis and Dolycoris baccarum was the predominant.
Spring fertilization with nitrogen fertilizers led to an extension of the ripening period of winter triticale and an increase in
grain damage by herbivorous bugs. The highest proportion of damaged grains corresponded to the experimental variants
with high doses of nitrogen fertilizers and amounted from 1.3 to 5% in different years.

Keywords: winter triticale, herbivorous bugs, grain damage, nitrogen fertilizers, infrared microscopy.
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