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BUMOTEXHOJIOTUA 1 MUKPOBHOJIOI'UA

YIK 577.15:579.83
doi: 10.17223/19988591/51/1

A.B. Cunopos, 10.B. 3aiineBa, O.A. MapakaeB

Apocnasckuii eocyoapcmeennviii ynugepcumem um. 1117 [lemuoosa, e. Apocnasns, Poccus

Bansinue KyJabTypaJbHOM KUIKOCTH ACCOUMATUBHBIX OaKTepuii
pona Pseudomonas na npopacranue, Mop(oretHe3 u poct
Dactylorhiza incarnata (L.) So6 (Orchidaceae) B kyjabType in vitro

Pabora BbinonHeHa npu nopaepxke MunodpHayku Poceun,
rocynapcTBeHHoe 3ananue Spl'Y, padora Ne 0856-2020-0008

Yemanoeneno, umo wmammur b6axmepuil Pseudomonas chlororaphis subsp.
aurantiaca GRP225 u P, brassicacearum GRT221, accoyuuposéanHvie ¢ n0O3eMHbIMU
opeaHamu naivyamoxopenHuka macoxkpacrozo (Dactylorhiza incarnata (L.) Sod),
mybepoudHoll opxudeeti cpednell noI0cyl esponelickoll yacmu Poccuu, cunmesupyiom
U 8vl0enAIOM 8 KVILMYPATbHYIO IHCUOKOCHb UHOOMUL-3-YKCYCHYIO KUCIOMY 8
xonyenmpayuax om 18,2+€1,30 oo 31,1£1,94 me/n. Buecenue xyromypanvhoil
JHCUOKOCTNU ACCOYUAMUBHBIX OAKMeEPUL 8 NUMAMENbHYIO Cpedy 01 KYIbMUSUPOEaAHUS
D. incarnata in vitro cnoco6cmeosano yckopemuro npopacmaHus 3peivix cemaH u
NOBBIUUEHUIO UX BCXOMHCECNU, VYBETUYEHUIO MEMNO8 PA3BUMUS NPOPOCIKOS, TUHEUHbIX
pasmepos  POpMUpYIOWUXCA  OPMOMPONHO20 nobeza U NPUOAMOYHbIX KOpHell,
Haxonienuro cuipoil maccvl. Haubonee evipadxcennoe cmumynupyioujee oeticmeue
ommeueno onsa wmamma P. chlororaphis subsp. aurantiaca GRP225.

KuroueBble cioBa: Pseudomonas; —opxuonvle; NpomoKopm; H6eHUNbHOe
pacmenue; CynepHamanm, UHOONUN-3-yKCYCHAA KUCIOMA.

BBenenue

Baxreprn pona Pseudomonas SBISIOTCS TUITMYHBIMA TIPEICTABUTEIISIMI TTOYBEH-
HBIX MUKPOOPTaHU3MOB B COCTABE aCCOIMUPOBAHHBIX C PACTCHUSIMHU MUKPOOHBIX
coobmectB [1]. OHM 00MaAar0T CIIOCOOHOCTBIO CHHTE3UPOBATH (PUTOTOPMOHBI
[2], BTOpHYHBIE MeTaOOIUTHI [3], BellecTBa ¢ aHTHOAKTEPUATBbHON 1 QPyHT UM~
HOW aKTHUBHOCTSAMU [4]. DT OaKTepHUH TaKKe ONTHUMHU3HPYIOT YCJIOBHUS MHUHE-
paibHOrO muTaHus pactenuit [5]. VX MCHoOnb3yloT B KauecTBE OCHOBBI OMOJIO-
THYECKHUX CPEICTB PErYJAIHUN POCTA M 3aIIUTHl PACTEHHI, pacCCMaTPHUBAIOT Kak
MEPCIeKTUBHBIC areHThl OMOKOHTPOJIs [1]. bakrepuzanms ceMsH U MPOPOCTKOB
CEITbCKOXO3SHCTBEHHBIX KYJBTYp CYCIIEH3HEH Ha OCHOBE Pseudomonas yBemu-
YHBAET MPHUPOCT JIMHEHHBIX Pa3MEPOB U MOBBIMIACT ypokaitHOCTh [6]. Hapsiny ¢
WHOKYJIALIUCH pacTeHUH KUBBIMH KJICTKaMU OaKTepuil B KyJABTYpE in Vitro B Ka-
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9YeCTBE KOMITOHCHTA IMIUTATEIBHBIX CPEIl UCIIOIB3YIOT KYJIBTypaIbHBIC )KAIKOCTH
(KK) muxpoopranusmos [7]. B uccienoBanuu Ha nineHuie noxkasaxo, yto KK
OakTepuit pona Pseudomonas ciocoOCTBOBAIIN YBEIMYCHHUIO YHEPTHH TIPOPACTa-
HUS M BCXOKECTH ceMstH 110 15%, a Tak:Ke TBYKPaTHOMY YBEIHUYCHUIO IIPUPOCTA
JIMHEHHBIX pa3MepoB MpopocTKkoB [8]. M3BecTHO, uTo nmpumenenne KK Oakre-
puit MoxeT ObITh 3 (hEeKTHBHEE, YEM HCIONB30BAaHUE CAMUX KICTOK, OTMBITBIX
ot KX [9].

Cpenu GaxTepuii, acconuupoBaHHbIX ¢ opxuaHbME (Orchidaceae), Taxke BbI-
SIBTICHBI TIPEACTaBUTENN pofa Pseudomonas. OHU 0OHAPYKESHBI Ha TIOBEPXHOCTH
Y BHYTPH HaJ[3¢MHBIX U MMOJJ3EMHBIX OPTaHOB KaK y Tporuueckux BuaoB [10], Tak
u 'y BuA0B ymepennoro knumara CesepHoro nomymapust [11]. MccnenoBanwst mo
CUMOHOTHYIECKOMY MPOPAIIMBAHHUIO CEMSH OPXUIHBIX HAa HUCKYCCTBEHHBIX MMUTA-
TENBHBIX CpPelax paHee MPOBOAWINCE. [lepBast MOmbITKa HHOKYISIIUA CEMSH Op-
XHUJHBIX OaKTepHATbHBIMU KYJIbTypaMu Ipennpunsta Kayaconom B 1922 1. [12].
OnH nokasai, uro 06akrepun Bacillus radicicola yBenuuuBaiu BCXOXKeCTh CEMSH
sruuTHBIX BUNOB Epidendrum u Laelia-Cattleya. B 90-x romax 6bu10 mpose-
MOHCTPHPOBAHO, uT0 Pseudomonas putida, Xanthomonas maltophilia v Bacillus
cereus B KOMIUIEKCE ¢ MHKOPU3HBIMU TPHOAaMH CIIOCOOCTBOBAJIM ITPOPACTaHUIO
cemsiH Pterostylis vittata [13]. I[locnenHne uccnenoBaHus MOKa3aid, 4To Oakre-
pusanus ceMsiH Dendrobium nobile Pseudomonas fluorescens mramMmmamu 0axre-
puit Klebsiella oxytoca, BBIICIIEHHBIMU M3 PACTCHHSA-X035UHA, CIIOCOOCTBOBAJIA
ux mpopacranuto in vitro [10, 14, 15]. OnHako npu UCNOIH30BaHUH KUBOTO HHO-
KyJISITa BOSHUKACT PAJ CIOKHOCTEH: HEBOZMOKHOCTD OTCIIEINTH KOHEUHYIO KOH-
LEHTPALUIO ayKCHHOB B KYJIBTYypaJIbHOMN Cpelie, HEYCTONYHUBOE PAaBHOBECHE B MO-
JETPYeMOi CHMOMOTHIECKON CHCTEME, PAa3IHYHbIH COCTaB MUTATEIBHBIX CPEJ
JUTsl OAKTepPHATIbHBIX M PACTUTENBHBIX KYIbTyp. C MpaKTHYSCKOW TOUKU 3PEHHS
pEIICHUEM STHX MPOOIIEM MOXKET CTaTh PUMEHEHHE OMOCTHMYISTOPOB MHKPOO-
HOTO TPOUCXOMKICHUS OTIENBHO OT KJIeTOK [7]. OHAKO MCCIICNOBAHUSI 10 BIIUS-
auro KK acconnatuBHBIX 6akTepHii Ha POCT W Pa3BUTHE OPXHUIHBIX YMEPEHHOTO
kiMara CeBepHOro MOJyIIapus B KYJABTYPE i1 Vitro 10 HACTOSIIEr0 BPEMEHU HE
MIPOBOAMINCE. MEXTy TeM 3TH pacTeHHs UMEIOT 0COOCHHOCTH OHTOTEHE3a, CBI-
3aHHBIC C ITIUTENLHBIM MMPOPACTAHUEM CEMSH, (POpMHUPOBAHHEM CIICIIM(DUICCKUX
CTPYKTYp (ITPOTOKOPMOB, MPOTOPHU3OMOB), MPOJOIKUTEIHFHON TOA3EMHOMN KHU3-
HBIO POPOCTKOB, BTOPHYHBIM TTOKOEM, 3aBUCHMOCTBIO B IIPUPOJHBIX YCIOBHUAX
oT MUKocuMOHMoHTa W Ap. [16]. MccnenoBanus BmusausS KK acconmaTuBHBIX
OakTepuii Ha 5(pPEKTHBHOCTH ITPOPACTAHUS CEMSH, aHaATOMO-MOP(OIOTHYECKYIO
CTPYKTYPY M (PH3HOJIOTHYECCKHE OCOOEHHOCTH MPOPOCTKOB OPXHIHBIX yMEpEeH-
Horo xmMara CeBepHOTO MOTyIIapHs B KYJABTYPE if Vifro MOTYT CIIOCOOCTBOBATh
pa3paboTke TEXHOJOTUH KyJBTUBHPOBAHMS PEAKHUX U OXPAHSEMBIX BHIOB C HC-
M0JIb30BaHUEM OHOJIOTHUECKU AKTUBHBIX KOMIIOHEHTOB MTUTATEIBHBIX CPE/I.

Lens paGoOTHI — OIEHKA BIHUSHUS IBYX KYJIBTYpaBHBIX KHUIKOCTEH accoIa-
THBHBIX OakTepuii pona Pseudomonas, BBIICICHHBIX U3 pU30C(EpHl TeHepaTHB-
HBIX 0co0eit Dactylorhiza incarnata, Ha mipopacTaHue ceMsiH, MOp(OreHe3 1 pOCT
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MIPOPOCTKOB MATBYATOKOPEHHHUKA MSICOKPACHOTO B KYIBTYPE i1 Vitro Kak OJHOTO
W3 MpeACTaBUTENEH OPXUIHBIX Cpe/IHEN T0JI0CHl eBpoIelickoil yactu Poccun.

MaTepnanbl U METOAUKH HCCTICT0BAHUSA

Dactylorhiza incarnata (L.) So6 (manbuaTOKOpEHHUK MsICOKPACHBIH) OTHOCHUT-
sl K OPXUTHBIM € TyOepOUTHOW KU3HEHHOH (POPMOA, IMMUPOKO pacpoCcTpaHEH Ha
TEPPUTOPUHN CpEHEH MoJIOChl eBporeiickoi yactu Poccun [17], oxpansercs —
BKJIFOYEH B EBpONENCKUI CIMCOK KPACHOKHUKHBIX COCYIUCTHIX pacTenuil, [Ipu-
noxenue I x kousenuu CITES, a Takxke B HeKOTOpbIe pernoHanbHble KpacHble
kuury [18].

Baxrepuu pona Pseudomonas — P. chlororaphis subsp. aurantiaca GRP225
u P. brassicacearum GRT221 BbizesieHbl U3 pu3ochepbl reHepaTuBHBIX 0co0eiH
D. incarnata, mpou3pacTarouX B 0COKOBO-Pa3HOTPABHOM COOOIIECTBE Ha Jep-
HOBO-ITOA30JIMCTOH CYIIIMHUCTOM ITOYBE (COAEpKaHNe TyMyca B KOpHEOOUTaeMOM
cinoe 5,7%, cymMa TOIJIOLIEHHBIX OCHOBaHUM — 14 mr/skB, pH — 6,3) Ha Tep-
putopun SpocnaBckoii obnactu. J{ns MAeHTH(GUKAIIMK ITAMMOB HCIOJIH30Ba-
JIU MOJICKYJISIPHO-TEHETHUECKUI aHallu3 HYKIJIEOTHAHBIX IMOCIIE0BaTebHOCTEN
reroB 16S pPHK. I'enomuas JIHK BeimeneHa ¢ momombsio Habopa ExtractDNA
(EBporen) cormacHo HHCTpyKIMAM mpousBoautens. lenst 16S pPHK awm-
IH(GHUIMPOBAHBl C HCIOIB30BAHWEM YHHUBEpPCAIbHBIX TpaiiMepoB 9F(5)-
GAGTTTGATCCTGGCTCAG)u1512R(5>-ACGGCTACCTTGTTACGACTT).
Pexxum mposenenus [11P: 95 °C — 4 mun; (95 °C — 1 mun; 55 °C — 1 mun; 72 °C —
1 mun 30 ¢) — 30 uuknos; 72 °C — 5 muH. [IpoayKkThl aMIIuQHUKanuy pazaens-
1 B 1,5% arapo3nom resne. @parMeHThl pa3MepoM OKoJIo 1,5 T.ILH. BbIpe3alu u
ounany ¢ nomouipio Habopa Cleanup Mini (EBporeH) cormacHO HHCTPYKIHMAM
npousBonuTens. AMmumduiupoBannbie ¢pparmentsl JJHK neruposamm ¢ JIHK
Bektopa pAL-TA (EBporen). CekBeHHpOBaHHE KJIOHUPOBAHHOM MMOCIE0BaTENb-
Hoctu JIHK mpoBommmm, mcnons3yst yauBepcanpabie M13-mpaiimepsr. Hyxire-
oTHHBIE TocnenoBarensHocTH reHoB 16S pPHK nemonuposansl B GenBank
(MH469936, MH469937). lltamm P. chlororaphis subsp. aurantiaca GRP225
JIETIOHUPOBaH BO Bcepoccuiickol KOJUIEKIMK MPOMBIIIIEHHBIX MHKPOOPTaHU3-
moB (BPL] BKIIM) HUIL] «KypuatoBckuii nacTHTYT» — [ocHMWrenetnka moj
perucTpanuoHHbBIM HoMepoM B—-13158.

bakrepun xynpTUBHpOBanu Ha cpene LB B ycimoBHAX HOCTOSHHOIO mepe-
MelmBaHusl Ha poropHoM Ielikepe ES-20 (Biosan, JlarBus) mpu Temmeparype
30 °C B Teuenne 5—7 cytok. KXK acconmaTuBHBEIX OakTepuil MOMydalld IMyTeM
oTAeNneHus OakTepuanbHOW Macchl LeHTpudyruposanueM npu 5 000 o6/MuH B
teuenue 20 muH nipu 4 °C (Eppendorf 5804R, T'epmanmust). KXX crepunuzoBamu
¢unsTpoBaHueM uepe3 MeMOpanHsblit (puieTp «Milliporey» (CIHA) ¢ nuamerpom
mop 0,22 mxm. Coneprkanve HHAOMHUI-3-ykcycHor kuciaoTsl (IAA) B KK uccre-
JyEeMBIX IITAMMOB OaKTepUil ONpeAeTsUId KOJIOPUMETPUIECKIM METOIOM C PeaK-
tuBoM CanbkoBckoro [10]. Kymerypy OakTepuii BHOCHIHM B MMATATEIBHYIO CPEILy
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Yaneka ¢ 5 mr/n tpuntodaHa U KyJIETUBUPOBAIN Ha poTopHOM mieiikepe ES-20
(Biosan, JlarBus) mpu 180 06/MuH npu temmneparype 28 °C, CyCleH3UI0 LIEHTPH-
¢yruposamu 15 mus nipu 7 000 06/mMuH. K nonyuennoit KK nobasinsinm peakTus
CanbkoBckoro (1:1) u ocrapnsinu B TemHoTe Ha 20 muH nipu 30 °C. AHanOru4HO
MOCTyNaJIM B BAPHAHTAX CO cpenoi Yarneka u AUCTIILIMPOBAHHON Boflon. OnTrde-
CKYIO TUIOTHOCTb XKHJIKOCTH OIpeAessuii Ha crekrpodoromerpe Unico-2802S/VIS
(CHIA) npu 540 am. Konnentpanuto [AA ycTaHaBIMBAIN 110 KaTMOPOBOYHOMY
rpaguKy, IOCTPOCHHOMY Ha OCHOBE pa3Be/ICHUI CTaHAAPTHOTO PACcTBOPA CHHTE-
tuueckoit [AA.

Nzyuenune BnusHus KK acconmatuBHBIX OakTepuil Ha mpopacTaHUE CEeMsH,
Mop(horeHe3 u poCcT MPOPOCTKOB D. incarnata MPOBOIWIN B KYJABTYPE in Vitro ¢
KCIOJIb30BaHUEM MOIUPUIIMPOBAHHON MUTATENIbHOM cpebl KHylcoHa ¢ akTUBH-
pOBaHHBIM yTiieM u TymaroMm Hatpust [19]. B Hee qomonmHUTETSHO BHOCHIIH CTe-
punbsHble KK acconnaruBHbIx OakTepuii B konuuectse 10% ot obuiero odbema
cpensl. 1151 cpaBHEHNUS UCTIONB30BANIN MOAU(DUIIMPOBAHHYTO ITUTATENBHYIO CPEIY
Kuyncona ¢ TAA B konuentpanuu 1,75 mr/a (10 MkM), a Taxke KOHTPOJIb — Ba-
PHAHT C WCHONB30BaHHEM MOIM(UIIMPOBAHHON MUTATENBHON cpensl Kuymcona
6e3 Baecenus KK u TIAA.

[ToceBrl 3penbIX ceMsH KyIbTHBHUPOBAIU in Vitro B TCUCHHE 2 MECSIEB B
TeMHOTe U 16 MecsueB B knmumatuueckoil kamepe KC-200 (CKTB, Poccust) mpu
nHTeHcUBHOCTH ocBemeHus 2000 ok u 16/8 ¢poronepuoxe. Jis momaepkaHuu
BIQXKHOCTH THUTATEIbHON Cpeabl (PIakoHbl 3aKpbIBadd NapadUHU3UPOBAHHOM
mnenkoi. KomnuecTBo mpopocmmx ceMsH ompenemnsin Ha 3-, 6-, 12- u 18-k
MecAlbl KyTbTuBUpoBaHus. O MpopacTaHUM CYIWIU 10 KOJIMYECTBY 00pa30oBaB-
IIUXCST TPOTOKOPMOB. [10JTHYIO BCXOKECTh CEMSIH OTPENCIIIN 110 KONUIECTBY
IPOPOCTKOB uepe3 18 mecsnes nocie nocesa. [Ipu ommucanuu Mopgorenesa
D. incarnata B KyneType in vitro BRIIEISIIN IPOTOCOMY (Ha CTaIusIX IPOTOKOpMa
U IPOTOPU30MA) U IOBEHUIbHOE pacTeHue. Ilox mpoTocoMoii MOHUMAIU CBOEO-
Opa3Hyio (GopMy IMOCTCEMEHHOTO Pa3BUTHS OPXHIHBIX, MPEICTABISIONIYIO CO-
00l MeTaMepHOE MM HEMETaMEpHOE TeJO, Pa3sBUBAIOLICECS U3 AlUKAIbHOIO
MOJTFOCa 3apOJBIIIa, COCTOSIIEeE U3 MPOTOKOpMa (1-s1 cTammst pa3BUTHS MPOTO-
COMBI) U MpOTOpU30Ma (2-51 cTaausl pa3BUTHA MPOTOCOMBI) C 3aKJIAJAKOH Ha €ro
BEpXYIIKE ITOYKH C 3a4aTKaMH IMEPBBIX TUCTheB. KOBCHUIBHBIM pacTeHUEM Ha-
3BIBAJIM KOMIUIEKCHYIO CTPYKTYPY, COCTOSIIYIO U3 MPOTOCOMBI M TIEPBOTO OJHO-
OCHOTO TIo0era ¢ KopHsIMH u TUCThsiME [20]. Mopdodusnonornyeckue mapame-
TPHI (JIUHEHHbIE pa3Mepbl MPOTOCOM, MOOETOB U MPUIATOYHBIX KOPHEH, CHIPYIO
Maccy MPOPOCTKOB) ompenersu Ha 3-, 6-, 12- u 18-i Mecsanpl KynTbTHBHUPOBa-
Hus. B kaxaoMm BapuaHTe mpoaHanu3upoBaHo He MeHee 20 s3x3eMIusipoB. [lo-
BTOPHOCTH OTIBITA TPEXKpaTHASI.

Craructudeckasi 00paboTka pe3yabTaToB MPOBECHA [0 CTaHIaPTHBIM METO-
mukam [21]. JlanHbIe B TaOIMIaX MPUBEACHBI B BUJIC CPESAHEH apr(pMETHICCKON
CO CTaHAapTHOH omubkon (MEm,). Ouenka pasnuuuil BEIOOPOYHBIX CPEIHHX
TpoOBe/IeHA TIPH 3HAYCHHUH JI0BEpUTEIbHOU BeposTHOCTH 0,95.



10 A.B. Cuoopos, I0.B. 3aiiyesa, O.A. Mapakaes

Pe3ynbTaThl Hcciieq0BaHus U 00CYKIeHe

Cooeprcanue UYK ¢ KK uccnedyemvlx wimammos. AyKCUHBI — OAWH W3
BaXHEWUIINX KOMIIOHEHTOB KYJIBTYPalbHON Cpelibl, HeOOXOAMMBIH 7Sl pa3MHOXKeE-
HUS PacTeHUHN B KynbType in vitro. Unponun-3-ykcycnas kucnora (IAA) — Han-
Oonee XapakTepHBIH ayKCHH, MPOAYLHPYeMblii MHOruMu OakTtepusmu [1, 22].
Ox3orenHast [AA KOHTPOIMPYET MIMPOKHUI CHEKTP MPOIECCOB POCTA M PA3BUTHS
pacTeHUi: HU3KUE KOHLIEHTPALUU CTUMYIUPYIOT MEPBUYHOE YAJTUHEHNE KOPHEH,
BEICOKHE — 00pa3oBaHie OOKOBBIX KOPHEH, yMEHBIIAIOT JTHHY TEPBHYHBIX KOP-
Hell ¥ yBenU4YMBAIOT 00pa30BaHUE KOPHEBBIX BOJIOCKOB [22, 23]. M3BecTHO, 4TO
OaKTepuy, CBSI3aHHBIC C OPXHUIHBIMHU, CIIOCOOHBI HPOAYIMPOBATh ayKCHHEI [2,
10, 24]. B Hamux OpeAbLIyLIUX HCCICIOBAaHUAX BIIEPBBIC MOKa3aHO, YTO Oak-
TEPUH, aCCOIMHUPOBAHHBIC C pacTeHHUAMHU poxa Dactylorhiza, Takxe COCOOHBI
MPOAYLMPOBaTh ayKCUHBI [25]. HaMu mpoBeneH CKpUHHMHT OakTepuii, accolu-
WPOBaHHBIX ¢ D. incarnata, Mo uX CIOCOOHOCTH CHHTe3upoBaTh IAA. Haubo-
Jiee aKTUBHBIEC IITaMMBI-IIPOIYLIEHTHI 3TOr0 (PUTOrOPMOHA OBUIN OTOOpPAHBI AJIS
JTanpHeHmux uccnepoBannii. CpaBHUTENBHBIN aHAN3 TTOCIIE0BATEILHOCTH Te-
HoB 16S pPHK nokazan, uto ¢uaoreHeTHUecKH 3TH ITaMMBbl OTHOCSTCS K POLLY
Pseudomonas. Ilpu 3tom ramm Pseudomonas sp. GRP225 Gnnxe Bcero k BUgy
Pseudomonas chlororaphis, nogsun aurantiaca (99,93%), mramm Pseudomonas
sp. GRT221 — x Buny Pseudomonas brassicacearum (99,73%). MakcuManbHoe
xonmuectBO [AA B KK mrtamma P. chlororaphis subsp. aurantiaca GRP225 cocra-
Bwito 18,2+1,30 mr/m, mst P, brassicacearum GRT221 — 31,1+1,94 mr/n. Pu3obaxk-
TEpUH B OCHOBHOM CHHTE3UPYIOT [AA 13 TpunTodana, KOTOPHIA B pa3INYHbBIX KOH-
LIEHTPAIUSIX PUCYTCTBYET B KOPHEBBIX dKCCyarax [22]. B Hammx nccnenoBaHusix
no0apieHue TpunTodaHa 3HAYUTETIHHO YBEINIHMBAIIO KOTMUECTBO CHHTE3UPYEMOTO
aykcnHa. HamBpicuii ypoBeHb npoaykiun [AA moiaydeH npy KyJIbTHBHPOBAHUHT
mTaMMOB B cpesie Yareka, JONONMHEHHOM 5 M/ Tpuntodana npu pH 7 1 uHKyOu-
poBaHuH Ha poTopHOM meiikepe ES-20 (Biosan, JIateus) (200 06/mun) ipu 30 °C
B TEUECHHE 5 THEN.

Ilpopacmanue ceman. Ha mpopactanne 3pembIX ceMsSH OPXUIHBIX OKa3bIBa-
IOT BIUSTHHE IIPUEMBI UX TIPEANOCEBHOM 00pabOTKH, COCTAaBBI MUTATENBHBIX CPell,
pexxuMbl TipopaniuBanus u Ap. [20]. CKpUHUHT OHOCTUMYIISITOPOB MUKPOOHOTO
MIPOUCXOXKJICHUSI, CIIOCOOCTBYIOIIUX CEMEHHOMY pasMHOXEHUIO D. incarnata B
KYJBTYPE in Vitro, MOXeT OKa3aThCs TIOJIC3HBIM JUIS BBIACHEHNUS (haKTOPOB, BIHS-
IOIUX Ha POCT U PAa3BUTHE OPXUIHBIX HA PAHHUX CTAJAHUAX OHTOTE€HE3a.

B mameit pabore moxa3aHo, 4TO K TPEThEMYy MECAIy HpopacTaHHe 3pe-
JbIX ceMsiH D. incarnata cBsi3aHO ¢ HaOyxaHHMeM 3apojblia U (GOPMHUPOBAHU-
€M MHOTOYHCIIEHHBIX pru3onaoB (puc. 1, a). [Ipu atom Ha cpene ¢ KK mramma
P. chlororaphis subsp. aurantiaca GRP225 npopactanue ceMsiH JOCTHTaeT MaK-
cumyMma (21%) u mpeBhIIIaeT 3HaYCHNE B KOHTPOIE B 5 pas, B ombITe ¢ IAA — B
1,8 pa3a (puc. 2).
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Puc. 1. IIpopacranue u popmupoBaHue npopocTkoB Dactylorhiza incarnata B Kynbstype
in vitro: a — npotokopm (3-ii Mecsin); b — mpoTokopM (6-i Mecslr); ¢ — MPOTOPHU3OM
(6-1i Mecsin); d — IPOTOCOMBI C OPTOTPOIHBIM moberom (12-it Mecsil); e — MPOTOCOMBI
¢ mpuaarouHbiMu KopHsimu (18- Mecsin); f— roBeHmnbHbIe pacTenus (18- mecs).
Asrop doro A.B. Cunopos
[Fig. 1. Germination and seedling formation of Dactylorhiza incarnata in vitro:

a - Protocorm (3rd month); b - Protocorm (6th month); ¢ - Protorizom (6th month);

d - Protosoms with orthotropic shoot (12th month); e - Seedlings with additional roots
(18th month); f'- Juvenile plants (18th month). Photo by Andrey Sidorov]
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Puc. 2. Ilpopacranue cemsin Dactylorhiza incarnata B xynsrype in vitro (%)
[Fig. 2 Germination of Dactylorhiza incarnata seeds in vitro (%)]:
- kontpouis (Control); O- 1AA; B r chlororaphis subsp. aurantiaca GRP225;
— P. brassicacearum GRT221.
Ipumeuanue. *CraTucTuyeckasi 3Ha4UMOCTh pazanuuii (p < 0,05) Mo cpaBHEHUIO C KOHTPOJIEM.
[Note. Differences are statistically significant (p < 0,05) compared to the control]
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Panee ykaswsBamack cmocoOHOCTE D. incarnata (10 15% 3penbIx ceMsH) K
MPOpaCcTaHUIO Ha 0E3rOPMOHAJBHBIX MUTATEIBHBIX CPelax B KYIbType in Vitro
[26]. B cayuae ¢ ucnonszoBanueM cpensl ¢ KK mramma P. chlororaphis subsp.
aurantiaca GRP225 3ToT nokasaTesb OKa3bIBa€TCs BBIIIE, YTO MOXKET CBUACTEIb-
CTBOBATH O €€ CTUMYIHUPYIOIIEM ICHCTBUH.

AmnanoruuHnas kapTiuHa otMedeHa Takxke it KOK mramma P, brassicacearum
GRT221, naubosee BeIpakeHHAs ¢ 6-T0 Mecsa (cM. puc. 2). [Ipu atom addek-
TUBHOCTb €€ CTHMYJHUpYoIero BiusHus Ha 27% Huxke, yem y KK mramma
P. chlororaphis subsp. aurantiaca GRP225. K)XX nByx mtamMmmoB B OombInei cre-
MIEHU CIOCOOCTBYIOT NMPOPACTAHUIO CeMsH D. incarnata B KyIbType in vitro 1o
CPaBHEHUIO C KOHTPOJIEM U BapuaHToM ¢ IAA. M3BecTHO, UTO BHECEHHE DK30TCH-
HO [AA B mUTaTENBbHYIO CPEey MOXKET CIIOCOOCTBOBATh YBETUUEHUIO BCXOXKECTH
CeMSH TyOepOHUIHBIX BHIOB OPXHUIHBIX YMEPCHHBIX IIUPOT, XapaKTEPU3YIOIIHXCS
TPYAHBIM NIPOPACTaHUEM B KyabType in vitro [27]. Ilo-Bunumomy, IAA, conepxka-
mrasicst B KOK mramMMoB acconmaTtiBHEIX OakTepuil pona Pseudomonas, oka3biBa-
eT cXoAHOe BiusiHUE. B Hameil pabore MakCUMallbHBIA CTUMYIUPYIOLIHiA 3 dext
BO3JIEHCTBUS HA ceMeHa D. incarnata Bo Bcex BapuanTtax onbita ¢ KK mposiBis-
eTcsl K 6-My MecsILy.

Takum o0pazoM, BEBLIBICHO cTHUMynupyromee Biusaue KK mrTammos
P. chlororaphis subsp. aurantiaca GRP225K u P. brassicacearum GRT221 na
TpopacTaHue 3penbIX ceMsiH D. incarnata B Kyaerype in vitro. Ilpu atom neit-
cTBHE NepBoi Ha 27% 3¢ ¢eKTUBHEE 0 CPAaBHEHUIO CO BTOPOH U BhIpa)kaeTcs B
YBEIMUEHUN KOJIMYECTBA MPOPOCIINX CEMSH [0 OTHOIICHHIO K KOHTPOIIIO B 5 pa3
u k BapuaHty ¢ IAA B 1,8 paza.

Mopgozenes npopocmros. HauannHbie STartsl pocta U pa3Butus D. incarnata
CBsI3aHbI ¢ 00pa30BaHUEM U3 METaMOP(U3UPOBAHHOTO AlMKAJIBLHOIO MOJI0Ca 3a-
POABIIIa MPOTOCOMBIL, TIPEACTABICHHON Ha paHHEW CTAAWU MPOTOKOPMOM. DTO
YTOJILEHHOE OUMNONIsIpHOE 00pa3oBaHue, CIOCOOHOE K JanbHeHmeMy GhopMupo-
BaHHIO CTPYKTYP MPOPOCTKA — PU3OKAOB U mpoTtopu3oMoB [20]. B uccienosan-
HBIX BapUaHTaX OIbITA Y MPOTOKOPMOB D. incarnata B 6a3aabHOI YacTH OTMeua-
JIUCh MHOTOYHCIICHHBIC PU30MJIBI OAHOPSIHOTO ThTa (cM. puc. 1, b). Ha cpemax
¢ IAA n KXX mtaMMOB acconiMaTuBHBIX OakTepUil MPOTOKOPMBI K 3-My MECSILy
KyJIGTHBHPOBAHMS HMEITH O0Jiee BBITSHYTYIO ()OPMY IO CPAaBHEHHIO C KOHTPOJIEM,
KOTOpasi TATOTeeT K OKpynIoi. M3BecTHO, 4TO (hopMa MPOTOKOPMOB OPXHUIHBIX
OTIpeAesIeTCs TEHETUIECKH, 3aBIUCHT OT YCIOBUH KyJIBTUBHPOBAHHMS, AKTHBHOCTH
MeTaboJIMYeCKUX MPOIECCOB B UX KieTkax U ap. [28]. CnocoOHOCTh ayKCHHOB
K MTOJIPHOMY TPAHCIIOPTY, CO3JAHUI0 TPATUCHTOB (PUTOTOPMOHOB TTO3BOJIAET MM
MO-Pa3HOMY U3MEHSTh CKOPOCTH JENICHUS M POCTa KIETOK B 3aBUCUMOCTH OT Op-
raHa v ero MOJIOKEHHS B IpocTpaHcTre [29].

K 6-my mecsy Gonbinasi 4acTh IOCEBOB BO BCEX BAPUAHTAX OIBITA MpEA-
CTaBJCHA MPOTOPU3OMAMH — OOpPA30BAaHHUSAMHU C BHUIOM3MEHEHHBIMH CTCOISIMH,
Pa3BUBAIOLIMMUCS U3 allUKaJIbHON 30HBI IPOTOKOpMa (cM. puc. 1, ¢). Jlons mpo-
TOPH30MOB K 3TOMY BPEMEHH BO3pacTaeT B CIEAYIOMmeM psay: KOHTpoib — KK
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mramma P. brassicacearum GRT221 —IAA — KK mtamma P. chlororaphis subsp.
aurantiaca GRP225 (puc. 3).

YBenumueHne 3TOTo IMOKa3aTells CBHAETEILCTBYET O OoJiee OBICTPBIX TEMITaX pas-
BUTH IPOPOCTKOB. JlanpHeliniee pazsutue D. incarnata COPOBOXKAAETCS POCTOM
arekca U (popMHpoOBaHHEM OPTOTPOITHOTO Tobera (cM. puc. 1, d). K 12-my mecs-
Iy KYJIBTUBUPOBAHUS J0JI1 IPOPOCTKOB C OPTOTPOITHBIM MOOETOM, B TOM UHCIIE
UMEIOIINX YK€ NpUAaTOYHbIe KOpHH, B BapHaHTax ombita ¢ KK nccnemyemsrx
mTaMMOB cocTaBiseT 95-99%, B xontpone — 70% (cM. puc. 3). llpuaarounsie
KOPHH K 9TOMY BPEMEHH CTAHOBSTCS XOPOIIO PA3IIIUMEI ¥ TIPOPOCTKOB BO BCEX
BapHaHTax onbiTa (cM. puc. 1, e). [Ipu atrom Hanbonbmast nomus (80%) pa3BUTHIX
npopoctkoB Ha cpene ¢ KK mramma P. chlororaphis subsp. aurantiaca GRP225.
MuHumanbHoe koau4ecTBO (39%) MpOpOCTKOB C KOPHAMHU OTMEUEHO B KOHTPOJIE
(cm. puc. 3). K 15-my mecsity KyIbTUBUPOBAaHUS y MPOPOCTKOB Ha cpeae ¢ KK
wmramma P. chlororaphis subsp. aurantiaca GRP225 u IAA dopmupyercs Bropoit
MIPUIATOUHBIN KOPEHb, B TO BpeMs Kak B KoHTpoue i Bapuante ¢ KK mramma P
brassicacearum GRT221 npopoCTKH UMEIOT OIMH NMPUIATOYHBIN KopeHb. HeoO-
XOIFIMO OTMETHUTbH, YTO HEKOTOpBIE NMPHUIATOYHBIC KOPHH IIPOPOCTKOB HA Cpeiax
¢ KK uccnenyemsix mrammoB Oaktepuii U IAA paspacTaroTcsi, 4To, BEPOSITHO,
CBSI3aHO C NMPHOOPETCHHWEM HMMU 3aracaroieid GyHKIUH. ITH OCOOCHHOCTH HE
MPOSIBIISIFOTCS. B KOHTPOJIBHOM BapUaHTe.

K 15-16-my mecsmam kyneTuBUpOBaHus y D. incarnata otMedaercst o0pas3o-
BaHME NIEPBOT0 HACTOAIIETO JIUCTA (CM. pUC. 1, f), YTO CBUECTENBCTBYET O IIEPEX0-
1Ie B COCTOSIHUE IOBCHIIIBHBIX pacTeHMi. [IepBrIe pacTeHNs ¢ IMIIOBHIHO-TIHHEH-
HBIM JIUCTOM (POPMHPYIOTCS Ha cpepax ¢ ucciexyembiMu KK Ha 1,5-2 mecsma
paubie, ueM B KoHTpoje u Bapuante ¢ [AA. K 18-my mecsiy m1ons mpopocTKoB
C TIEpBBIM HACTOSIIUM JIUCTOM Ha cpere ¢ KK P. chlororaphis subsp. aurantiaca
GRP225 makcumanbsHa U B 1,8—2 pa3a mpeBbImaeT 3TOT MOKa3areab B BApHAHTAX
c IAAu KX P, brassicacearum GRT221 (cMm. puc. 3). MeHee pa3BUTHI IPOPOCTKU
B KOHTPOJIE, Y KOTOPBIX K 3TOMY BPEMEHH HACTOSIIUE JIHCTHSI OTCYTCTBYIOT.

Takum o0pa3zoM, y IpopocTKoB D. incarnata Ha nUTaTeNbHBIX cpeaax ¢ KoK
OTMEUEHBI 00JIce BHICOKHE TEMITBI Pa3BUTHA. JTO MPOSBISIETCS B Oojiee paHHEM
U aKTUBHOM (DOPMUPOBAHUH NPOTOPU30MOB, OPTOTPOIHOrO Mobera, IepBoro u
BTOPOTO MPHUIATOYHBIX KOpHEH. Y TpopocTKoB Ha cpeaax ¢ KK BoisBieHo ¢op-
MUPOBaHHE 3allacarollliX KOPHEW, OTCYTCTBYIOIIUX B KoHTpoiae. Bausauue KOK
mramma P. brassicacearum GRT221 conocrtaBumo c aeiicreuem IAA. Ha cpene
¢ KX P. chlororaphis subsp. aurantiaca GRP225 x 18-My Mecsily KyIbTUBH-
pOoBaHUSA GOPMHPYETCSI HAUOOIBIIIEE YHUCIIO MPOPOCTKOB € (POTOCHHTEIUPYIOIIUM
JHMCTOM — IOBEHMJIBHBIX PACTEHHI.

Pocm npopocmxos. Haxornnenue ceipoid Maccel D. incarnata B KylbType in
Vitro SIBISICTCA MHTETPAJIBHBIM MapaMeTpoM, OTPAKAIOIIUM HapsIy C BOIHBIM
CTaTyCOM IPOPOCTKOB COAEPKaHUE 00Pa3yIOMINXCS B HAX INTACTHYCCKUX COCITH-
HEHUI1 B IIpoLecce pocra.
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Puc. 3. Bnusaue KX acconmatuBHBIX OakTepuit Ha Mopdorene3 Dactylorhiza incarnata
B KyneType in vitro (%): Ol- MIPOTOKOPMBI; O- TIPOTOPU30MEI; H- MIPOPOCTKA
C OPTOTPOIHBIM TT0OETOM; m- MPOPOCTKH C TPUAATOYHBIMU KOPHSIMH;
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[Fig. 3. Effect of supernatant of associative bacteria on the morphogenesis of Dactylorhiza incarnata

in vitro (%):

- Protocorms; |:| - Protorizoms; . - Seedlings with orthotropic shoot;
- Seedlings with additional roots; . - Juvenile plants]
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HA HAKOIUICHHWE MACChl YBEJIMYMUBACTCS B CICAYIOLIEM PsIy: KOHTpOib — [AA —
KK wtamma P, brassicacearum GRT221 — KK wtamma P. chlororaphis subsp.
aurantiaca GRP225 (tabm. 1).

Tabauma 1 [Table 1]
Biusinne KK accoumaTuBHbIX 0aKTepHii Ha TeMIIbI IPUPOCTA CHIPOIl MaCChI
Dactylorhiza incarnata B KyJabTYpe in vitro
[Effect of supernatant of associative bacteria on the growth rate
of Dactylorhiza incarnata wet weight in vitro], %

Mecst [Month]
Bapuanr [Sample] i o 5 85
Kontposs [Control] 100 289 1117 1 644
1AA 100 310 1519 2 048
P. chlororaphis subsp.
aurantiaca GRP225 100 350 1717 2458
P. brassicacearum GRT221 100 314 1 648 2 386

Macca npopocTkoB, (popMHUpYIOMHUXCS K 18-My Mecslily, COCTaBIsIET Ha cpe-
ne ¢ KK mramma P. brassicacearum GRT221 — 50,143,11 mr u Ha cpene ¢ KK
wmramma P. chlororaphis subsp. aurantiaca GRP225 — 59,0+£3,91 mr. [Ipu sTom
oHa Ha 14-27% Beie, yem B Bapuante ¢ IAA, u Ha 40-50% npeBbllIaeT aHano-
TMYHBIN TI0Ka3aTenb B koHTpode. Ilpopoctku D. incarnata na cpene ¢ KOK mram-
Ma P. chlororaphis subsp. aurantiaca GRP225 oTian4aroTcsi BRICOKMMH 3HAYCHH-
SIMU CBIPOH MacChl U HAMOOJIBIINME TEMIIAMH €€ IPUPOCTA B KYJIBTYpE in Vitro.

Yro xacaercs JIMHEHHBIX pa3MepoB, TO IIEPBbIE TPU MecsLa KyJIbTUBUPOBAaHUS
npoTocoMsl D. incarnata cratucTHuecku 3Ha4uMo (p < 0,05) pazauyanuch ToIb-
ko JunHOU. OHa mpeBbIlIaeT IoKa3aresb B KoHTpose Ha 40% y MpopoCTKOB Ha
cpezae ¢ KK uccnenyembix mrammoB Oaktepuii v Ha 18% y mpopocTKOB Ha cpefie
c IAA (tabm. 2).

Tabauma 2 [Table 2]
Biansinne KK accounaTuBHbIX 0aKkTepuii Ha JuHeHHbIe pa3Mepsbl
Dactylorhiza incarnata B KyJabTYpe in vitro
[Effect of supernatant of associative Pseudomonas bacteria
on Dactylorhiza incarnata linear parameters in vitro] (mm) (M+m,)

P. chlororaphis | P. brassica-
ITapamerp KonTpons
[Parameter] [Control] T1AA subsp. auran- cearum
tiaca GRP225 GRT221
3-ii mecsiu [Third month
Houiza, um 1,0£0,08 1,4+0,12* 1,720,12* 1,7+0,11*
[Length, mm]
upuna, Mm
[Width. mm] 1,0+0,09 0,9+0,08 1,1£0,10 0,8+0,08
6-ii Mecsn [Sixth month]
Houiia, um 3,1£0,16 3,440,19 3,7+0,19* 3,440,17
[Length, mm]
Iupuna, mm %
[Width, mm] 2,1+0,13 2,3+0,13 2,940,16 2,44+0,14
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OxoHuaHue Tabs. 2 [Table 2 (end)]

o K P. chlororaphis | P. brassica-
apamerp OHTPOTIE T1AA subsp. auran- cearum

[Parameter] [Control] tiaca GRP225 | GRT221
Jnuna nobera, MM % "
St lenath. mim] 1,140,11 1,1£0,12 2,340,14 1,640,13

12-ii mecsii [Twelfth month]
Hmana, Mm 9,4+0,82 14,3+1,41% 14,1x1,34% 16,2+1,15%
[Length, mm]
upuna, MM * % *
Width, ] 6,3+0,11 9,140,12 1240,11 9,3+0,14
Jinana nobera, M 29,1+1,93 35,842,18% |  482+2,65* 36,1+2,42*
[Shoot length, mm)]
JlnuHa OpUIATOYHBIX
KOpHEH, MM " " * 4 * i *
e Joeth of 3,0+0,15 11,8+1,09 12,1+1,03 13,2+1,18
adventitious roots, mm]
18-ii mecsin [Eighteenth month]

Hmina, vv 9,4+1,26 15,4+1,50% 14,6+1,69* 16,8+1,18*
[Length, mm]
Iupuna, MM %
Width, ] 724134 92+1,17 9,3+1,08 11,241,25
Amana nodera, mm 4144324 42,9+333 63,5+5,16* 44343,15
[Shoot length, mm)]
JlnvHa NpUIATOYHBIX
KOPHCH, MM 11,10,61 34,8+1,79* 36,2+1,32% 32,0+1,72%
[The length of
adventitious roots, mm]

* CraTucTuueckast 3HauuMocTh paznnuuii (p < 0,05) mo cpaBHEHHUIO ¢ KOHTPOJIEM.
[* Differences are statistically significant (p < 0.05) compared to the control].

K 6-my Mecsily KyJIbTUBUPOBAHUA Y TPOTOPU30MOB MOSIBIISIOTCS PA3IHYHs 1O
mupuHe, KoTopas B Bapuante ¢ KK mramma P. chlororaphis subsp. aurantiaca
GRP225 oxasbiBaercst Oonblie Ha 28%, ueM B KOHTpouse. JIuHelHbIe pazmMepsl
MIPOTOPH30MOB He paznuuaioTcs Ha cpemax ¢ KK mramma P brassicacearum
GRT221 u ¢ IAA, 0HOBpEMEHHO UMesI HECKOJIBKO OOJIBIINE 3HAYECHUS 110 CPaB-
HEHHIO C KOHTPOJIBHBIM BaprHaHTOM. JTmHa GOPMHUPYIOMIEroCs B 3TO BPEMS OpPTO-
TPOMHOro nobera y nmpopoctkoB Ha cpenie ¢ KK P. chlororaphis subsp. aurantiaca
GRP225 oka3piBaeTcsi MaKCHMaJIbHOM U OoJiee 4yeM B 2 pa3a MpeBbIIaeT aHao-
THUYHBIC TIOKA3aTeNId Y TPOPOCTKOB B KOHTpoJie U Bapuante ¢ [AA (cMm. Tabm. 2).

Hambonee cymecTBeHHBIE pa3mHuus JUHEHHBIX pa3sMEpoOB MPOTOPH30MOB
B HCCIIEAYEMBIX BapHaHTaxX OMbITAa OTMEYaroTcs K 12-My mecsiy (cM. Tadi. 2).
Ha cpene ¢ KK mramma P. brassicacearum GRT221 ux mmna Ha 42%, a mu-
puHa Ha 32% Oonbliie MO CpaBHEHHUIO ¢ KOHTposieM. [IpoTopu3ombl Ha cpenax ¢
KK mramma P. chlororaphis subsp. aurantiaca GRP225 u 1AA He pazimyarorcst
0 JJIMHE, OJJHAKO MX mupuHa Ha 24% Oomnbiue B Bapuante ¢ KIK. K stomy Bpe-
MEHH JUTHHA OPTOTPOITHOTO TT00era y MPOPOCTKOB CYIIECTBEHHO yBEIHMINBACTCS
u oxazeiBaeTcsi Ha cpene ¢ KK P. chlororaphis subsp. aurantiaca GRP225 na
40% BrIme, 9eM B KOHTpoJIe. [Ipu aToM mHa OpTOTPOITHOTO TIOOETa Y TIPOPOCT-
koB Ha cpenax ¢ [AA u KK P. brassicacearum GRT221 craTucTu4eck 3HaYUMO
(p <£0,05) He paznmyaercs. [IpuaaTouHbie KOPHU Y IPOPOCTKOB (POPMHUPYIOTCS K
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12-my Mecsty, 1 ux umHA Ha cpee ¢ KOK ucenemyeMbix mraMMoB OakTepwid 1
IAA B 4 pa3a BbIlIe IO CPABHEHHIO C KOHTPOJIEM.

[Ipu nanmpHelmieM KyabTHBHPOBAHWU (K 18-My MecsIly) JIMHEHWHBIE pa3Mepsl
MIPOTOPHU30MOB B MCCIIEJIOBAHHBIX BAPUAHTAX OMBITA MEHSIOTCS HE3HAYUTEIILHO
IIpY aKTHBH3AIIUH TIPOIIECCOB OPTaHOTCHE3a, CBI3AHHBIX C aKTUBHBIM (POPMHUPO-
BaHUEM OPTOTPOIHBIX MOOETOB M MPUAATOYHBIX KOpHEH. Tak, y MpopoCTKOB Ha
cpene ¢ KK P. chlororaphis subsp. aurantiaca GRP225 myimna opTOTpOmHOTO
nobera oKa3pIBaeTCsl MAKCUMAJIBHOM | MpeBbiaeT oosee yueM Ha 30% 3HaueHHs
B JIPyTUX BapHaHTax ombITa (cM. Tabi. 2). TeMIsl mpupocTa U abCOMOTHBIC 3HA-
YeHM JUIMHBI TPUJATOYHBIX KOPHEH BO BCEX OIBITHBIX BapHaHTAaX SIBJIAIOTCS J0-
BOJIBHO CXOJHBIMHU, IIPEBbIIIas KOHTPOJIbHBIE 3HAUEHUs B 3 pasa.

Takum 00pa3oMm, pu3ocqepHble MUKPOOPTaHU3MBI U COETUHEHUS, KOTOpbIE
OHH BBIJEIISIOT, MPEICTABIIIOT CO00I IIEHHBIE OHOCTUMYISITOPEl I UMEIOT CY-
LIECTBEHHOE 3HaU€HUE B PETYISIIUN KU3HeNeATeNbHOCTH pacTenui [1]. Mcmomns-
30BaHKE aCCOIMATUBHBIX OAaKTEpUH W / WM MX DK30METa00JINTOB MOXKET OBITH
3¢ dexTUBHON cTparerueid As YIpaBlieHHs POCTOM M pa3BUTHEM PAcTEHUIl B
KyJbType in vitro. Hamu BriepBble IOKa3aHO MOJOKUTEIbHOE BiIusgHue AByX KOK
accolMaTUBHBIX OakTepuil pona Pseudomonas, BIICIEHHBIX U3 PU30CHEPHI pac-
TEHHSA-X03sMHA, Ha TIPOpAaCcTaHne CeMsH, Mopdorenes u poct D. incarnata B Kyib-
Type in vitro. IlpopacTaHue ceMsH B 3TOM CIydae MPOUCXOIWIO B OTCYTCTBHE
KaKHX-TH00 JK30T€HHBIX PACTHTENHHBIX TOPMOHOB WM CTUMYISITOPOB POCTa,
KOTOpBIE OOBIYHO J00ABISIOT B cpeay. MOXKHO MPEANONoXKHUTh, YTO CTUMYIIUPY-
rommee Brustare KOK G6akrepuit pona Pseudomonas cBSI3aHO C IPUCYTCTBHEM B UX
cocTaBe ayKCHHOB. Kak M3BECTHO, 9K30TeHHast 00paboTKa ayKCUHAMU BBI3BIBACT
LENBIA PsJT I3BMEHEHMI ToKa3aTelnieil pocta. OHHM y4acTBYIOT B CTHMYJISIIMH 00pa-
30BaHUsl MPUAATOUHBIX KOpHEH, (POPMHUPOBAHUH Pa3HBIX THUIIOB UX CUMMETPUHU U
MPOBOIAIIHX cucteM [22, 23]. [To-BuauMomy, 100aBlIeHIE B MATATEIBHYIO CpEILy
KoK acconmaTuBHBIX IITaAMMOB OakTepui, cogepxamux IAA, IpUBOAUT K BBISB-
JICHHOMY B pa0OTe pa3pacTaHuIo IPUIATOYHBIX KOpHEH IPOPOCTKOB D. incarnata
U puoOpeTeHn o UMH 3anacatomeit pynkiuu. [Ipu atom conepxkanue IAA B KK
mramma P. chlororaphis subsp. aurantiaca GRP225 conoctaBuMo ¢ KOHIIEHTpa-
nuelt cuaretndeckoil IAA B koHTpose. Mcnonb3oBanHble koHIIEHTpauu [AA co-
OTBETCTBYIOT TaKOBBIM B Pa0OTax IO CEMEHHOMY Pa3MHOKEHHIO i Vitro TPyTHX
BuJ0B opxuaHbIX [30, 31]. Onnako KXK oka3biBana 6osiee BeIpaxkeHHBIN d3PPEeKT
Ha pocT U pasButue D. incarnata B yCIOBUSX in vitro. BEIABIEHHBIE d(P(EKTHI
MOTYT OBITH CBsi3aHbI ¢ HamuureM B KOK Oakrepuii v HHBIX PU3HONIOTUYECKH aK-
THUBHBIX COCIMHEHU, HAIPIMEp CHACPO(OpOB, aIIITOMOCEPHHIAKTOHOB H JIP.
[1, 3,4, 32].

JlaHHOE HccneoBaHKe PacIIupseT Halllk 3HAHUS O B3aUMOJICHCTBUN OPXHUIHBIX
Y MHUKPOOPTraHU3MOB, MIPEAOCTABIISIET HOBbIE BOBMOKHOCTH NMPUMEHEHHS OaKTepu-
QIBHBIX OHOCTUMYIIITOPOB B CHCTEMAaX KYJIBTUBHPOBAHMS, PA3MHOKCHIS U COXpa-
HEHHUS pelKuX BUIOB. [AA MUKPOOHOTO MPOUCXOXKIEHUS 001aaeT BEICOKHM TO-
TEHLUAJIOM Ul CTUMY/ISILMM POCTa M Pa3BUTHS PACTEHUH B KyJBType in Vifro, ee
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HCTIONTb30BaHKe OoJiee peHTa0eIHbHO 110 CPABHEHHIO C CHHTETHIECKUMK TOPMOHAMH.
3aki0uenne

Takum 06pa3om, BIiepBEIe IPOBEACHO N3ydeHHe BIISTHUS ABYyX KOK accomma-
TUBHBIX OakTepuil pona Pseudomonas, BBIICICHHBIX U3 PU30CHEPbl e HEPATHBHBIX
ocobeit D. incarnata, Ha TIpopacTaHue CeMsiH, MOp(OreHe3 U POCT MaIBIATOKO-
PEHHHMKa MACOKPACHOTO B KynbType in vitro. Ucnons3zoBanue KK acconmarus-
HBIX Oaktepuii — P. chlororaphis subsp. aurantiaca GRP225 w P. brassicacearum
GRT221, BeiaenenHbix u3 pusochepsl D. incarnata, B Ka4eCTBE NOTOTHUTEIb-
HBIX OMOJOTHYECKH aKTHBHBIX KOMIIOHEHTOB MOTU(HINPOBAHHON MUTATEIHHON
cpenbl Kayncona MOKHO cunTarh 3Q(EKTUBHBIM [UIS YCKOPSHUS TPOPACTaHHUS
3pEINBIX CEMSH U TOBBIIICHUS UX BCXOXKECTH, YBEIHMICHHUS TEMIIOB Pa3BUTHS MIPO-
POCTKOB, THHEHHBIX pa3MepoB (OPMHUPYIOLIMXCS OPTOTPOIHOTO 1Mo0dera u mpu-
JIATOYHBIX KOpPHEH, HAaKOTUICHHS ChIpoid Macchl. Hanboee BrIpaKeHHOE CTUMYJITH-
pytoiee aeiicteue ormeueno s KK mramma P. chlororaphis subsp. aurantiaca
GRP225, 910 OTKpBIBAET MEPCHEKTUBEI €T0 IPUMEHEHHS B TEXHOJIOTHH KYJIBTH-
BUPOBAHUS [N Vifro PEAKHX M OXPaHICMBIX BHIIOB OPXMHBIX CPEIHEH MOJOCHI
€BpONENCKON YacTu Poccuu Uit UX COXpaHEeHHs U BOCIIPOU3BOACTBA.
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Effect of supernatant of associative bacteria of the genus Pseudomonas
on germination, morphogenesis and growth
of Dactylorhiza incarnata (L.) So6 (Orchidaceae) in vitro

No studies on the influence of supernatant of associative bacteria on the growth and
development of orchid temperate climate of the northern hemisphere in vitro have been
conducted to date. However, it is necessary to develop technologies for the cultivation
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of rare and protected species in vitro using biologically active components of culture
media. The aim of'this research was to assess the effect of two supernatants of associative
bacteria of the genus Pseudomonas from the rhizosphere of generative individuals of
Dactylorhiza incarnata on seed germination, morphogenesis and seedling growth of
this species in vitro, a representative of orchids in the middle part of the European part
of Russia.

We isolated bacteria of the genus Pseudomonas (P. chlororaphis subsp. aurantiaca
GRP225 and P brassicacearum GRT221) from the rhizosphere of generative
individuals of D. incarnata, growing in a sedge-herb community in the middle zone
of the European part of Russia (Yaroslavl region). Molecular genetic analysis of the
nucleotide sequences of 16S rRNA genes was used to identify the strains. Bacteria
were grown on LB medium with constant stirring for 5-7 days at 30 °C. Supernatant
was obtained by separation of the bacterial mass by centrifugation (5000 rpm, 20 min,
at 4 °C). The content of IAA in supernatant was determined by the Salkovsky method
[Tsavkelova EA et al, 2007]. For supernatant strain P. chlororaphis subsp. aurantiaca
GRP225, this parameter was 18.2+1.30 mg/l, for P. brassicacearum GRT221 it was
31.1£1.94 mg/1. We carried out the study according to the following scheme: 1) amodified
Knudson nutrient medium (control); 2) the same with IAA 1.75 mg/l (10 uM); 3) the
same with supernatant P. chlororaphis subsp. aurantiaca GRP225 (10% of volume); 4)
the same with supernatant P. brassicacearum GRT221 (10% of the volume). Crops of
seeds were cultivated for 2 months in the dark and 16 months in the light (2000 lux, 16
h). Seed germination was judged by the amount of proto-feeds formed. The number of
germinated seeds was determined at the 3rd, 6th, 12th and 18th months of cultivation
by the number of formed protocorms. Full germination of seeds was determined by
the number of seedlings 18 months after sowing. We distinguished a protosome and
a juvenile plant when describing morphogenesis [Kolomeytseva GL et al, 2012]. The
morphophysiological parameters of the seedlings (linear dimensions of protosomes,
shoots and adventitious roots, the wet weight of seedlings) were determined at the 3rd,
6th, 12th and 18th months of cultivation.

We revealed a stimulating effect of supernatant of P. chlororaphis subsp. aurantiaca
GRP225 and P brassicacearum GRT221 for the germination of mature seeds of
D. incarnata in vitro (See Fig. 2). Moreover, the effect of the first supernatant is 27%
more effective compared to the second supernatant and is expressed in an increase in
the number of sprouted seeds in relation to the control 5 times and in the test with [AA
1.8 times. D. incarnata seedlings on nutrient media with a supernatant are characterized
by accelerated rates of development (See Fig. 3). This is confirmed by the early and
active formation of protorizomes, orthotropic shoots and accessory roots. The effect of
the supernatant of the strain P. brassicacearum GRT221 coincides with the action of
TAA. On a medium with supernatant P. chlororaphis subsp. aurantiaca GRP225, more
seedlings with photosynthetic leaf - juvenile plants are formed by the 18" month (See
Fig. If). The growth parameters of D. incarnata seedlings on nutrient media with a
supernatant are high (See Table 1 and 2). For linear sizes of protorizomes, this was noted
from the 3rd month and amounts to 20-30% compared with the control. Orthotropic shoot
growth is most pronounced in seedlings on a medium with supernatant P. chlororaphis
subsp. aurantiaca GRP225. Its length is 30% more than the corresponding values in
other tests. On the same medium, seedlings have the maximum wet weight.

Thus, the use of supernatant of associative bacteria is effective for accelerating
the germination of mature seeds, increasing their germination, the rate of development
of seedlings, the size of the orthotropic shoot and adventitious roots, as well as the
accumulation of fresh mass. The maximum stimulating effect is shown for the
supernatant of P. chlororaphis subsp. aurantiaca GRP225. This opens up prospects for
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its use in vitro cultivation of rare and protected orchid species of the middle zone of the
European part of Russia for their conservation and reproduction.

The paper contains 3 Figures, 2 Tables and 32 References.

Key words: Pseudomonas; Orchidaceae; protocorm; juvenile plant; supernatant;
indole-3-acetic acid.
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0.10. CaoBapena’2 K.I1. KopHes?

! Poccutickuil 2ocyoapcmeentbviil azpapHblil yHusepcumen —
MCXA umenu K.A. Tumupssesa, 2. Mockea, Poccus
? Beepoccutickuii yenmp xapanmuna pacmenut, pn. Beikoso, Poccus

OnpenesieHue aHAJIMTHYECKON crie(PUIYHOCTH METOI0B
P nas naentupuxkauuu Acidovorax citrulli

Bosbyoumens 6axmepuanvroil namuucmocmu moikgeHHwIX Kyivmyp Acidovorax citrulli
(Schaad et al.) — 3nauumvni obvexm 6 obracmu Kapawmuua pacmeruil. Hccrnedosarnue
noceaweHo  onpedenenuro  anamumuyeckou  cneyuguunocmu  (AC)  monexynapHo-
2eHeMU4ecKux mMemooos uoenmuguxayuu pumonamoeena. [JHK 5 wmammos A. citrulli, a
maxkorce 53 6axmepuil, ne omuocawuxca k A. citrulli, u JHK uz 106 obpasyoe mukpobuomut
TNBIKEEHHBIX KVIbIYD mecmuposanu ¢ nomowto TILIP-memooos Acit 1 F/R, Acit 1-probe,
«Acidovorax citrulli-PBy «Cunmony, Acidovorax citrulli-Rt «Aepo/Juaenocmuxay,
ACI58F/AC158R, SEQID 3/4, PLI/PL2uG12AcFwd/G12AcRev. [{nsxasxicoozo memooa
oyenusanu AC, ucxo0s u3z onpeoeneHus maxkux ee Kpumepues, Kax UHKIIOIUBHOCHIb
(omcymemeue — NOHCHOOMPUYAMENLHLIX — Pe3YIbmamos) U IKCKIO3UBHOCHb
(omcymemeue NOHCHONONOHCUMENLHBIX Pe3VIbMAMO8), BbIPANCEHHbIX 6 NPOYEHMAX.
Memoo oyenusanu kax cheyu@uunvlii npu 3HAYEHUAX KaXHCO020 us noxkazameneu 99%
u bonee. Yemanosneno, umo IL[P-PB Acit 1 F/R, Acit 1-probe, nabop peazenmog o
sviaenenua [{HK 6030youmens 6axmepuanvHol NAMHUCIIOCTIU THBIK8EHHBIX KVIbINYD
«Acidovorax citrulli-PBy «Cunmony, Komniekm peazeHmos Oasi OUASHOCMUKU
baxmepuaibHol NAMHUCMOCMU MbIK6eHHbIX Kyabmyp Acidovorax citrulli ¢ popmame
Rt «Aepofuacnocmuxa» u IILP c¢ npaimepamu ACIS8F/ACIS8R ne sgisiiomcs
CHeYUQUUHBIMU 8 CBA3U C HUSKUM 3HaHUeHueM dKcKosusHocmu. Ipu smom IILP ¢
npaimepamu SEQ ID 3/4, PL1/PL2 u G12AcFwd/G12AcRev — evicokocneyughuunvie
Memoobl U MO2Ym NPUMEHsImbCsl ucciedosamensimu 0ns uoenmugurayuu A. citrulli.
Bce anpobuposannvie memoovl nOKA3aAu OMCymcmeue J0HCHOOMPUYAMETbHIX
PE3YALMAmos, Ymo no36oJaem UCHoIb308aMb UX OJiA 6bIAGLEHUA 00PA3Y08, CBOO0OHBIX
om A. citrulli.

KuroueBslie ciioBa: [11[P; kapanmun pacmeHruil; OUA2HOCMUKA PUMONAmozeHos.

BBenenue

Acidovorax citrulli (Schaad et al.) — sTo (QuronaroreHHass OGakrepusi —
B030yauTEeIM OaKTepHANbHOM MATHUCTOCTH THIKBEHHBIX KyIbTyp. IlepBble co-
oOmieHus o ¢puTonaroreHe nosBWIKCH B 1965 1., xorna R.E. Webb & R.W. Goth
[1] ommmcanu Bo3OyauTENs, BEICICHHOTO U3 paccajsl apOy30B. VneHTH(hHKAIIIO
U Knaccuukanuio 6akTepun kak Pseudomonas pseudoalcaligenes subsp. citrulli
npoBen amepukaHckuil yaensiid N.W. Schaad B 1978 1. [2]. B 1992 1., ocHOBEI-
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BasiCh Ha 3KcrepuMeHTax no rudpumusamun JJHK, Willems et al. mpennoxumu
MEPEHECTH HECKOJILKO BUJOB (puTomaToreHHsix Pseudomonas B poxn Acidovorax.
Takum obpaszom, Pseudomonas pseudoalcaligenes subsp. citrulli peknaccuduiu-
poBanu Kak Acidovorax avenae subsp. citrulli [3].

bakrepusa mnaroreHHa B OTHOLIEHUH CIEAYIOIIMX PACTEHUI: CEMENCTBO
Cucurbitaceae: Citrullus lanatus, Citrullus lanatus var. citroides, Cucumis melo,
Cucumis melo var. cantalupensis, Cucumis sativus, Cucumis anguria, Cucurbita
pepo, Cucurbita pepo subsp. ovifera, Cucurbita pepo var. giromontia, Cucurbita
moschata, Cucurbita maxima; cemericTBo Piperaceae: Piper betle [4, 5].

Bckope mocne oOHapyxeHust Oakrepus mpoHukia uz CLIA Ha Tepputopun
crpan Asum, EBponsl 1 Oxeannn. IlpuauHy pacmpocTpaHEHHsS CBSI3BIBAIOT C
MEXyHapOAHOU Toproeieit ceMeHamu [2, 6]. B mocnennue roasl Bce 0omblIIe OT-
MedaeTcs MOBLIMICHNE aTrPECCUBHOCTH (PUTOMATOTCHHBIX OAKTEPHiA B OTHOIICHIH
pactenuii-xo3sieB [7—10], u A. citrulli, B 3aBUCUMOCTH OT YCIIOBUIf OKpYy>KaroIeil
cpelbl, MOKET YHUUTOXKATh 0T 5 10 100% yporkast ThIKBEHHBIX KyibTyp [11].

BBuny toro, uto A. citrulli MOXXeT HAaHOCUTD CYIIIECTBEHHBIN Bpe]] POU3BO/I-
CTBY THIKBEHHBIX KYJBTYp, IPOHUKHOBEHHE U PACIIPOCTpaHEHUE TAaHHOTO (hUTOIIA-
TOT€HA KOHTPOJIHUPYETCs CTpaHamu EBporeickoil u cpean3eMHOMOPCKOH OpraHu-
3aluy 1o KapaHTuHY U 3anure pactenuid (EOK3P). Taxxke A. citrulli mpuctanbHO
W3y4yaeTcs yYeHbIMH N0 Bcemy Mupy. OnHaKo, HECMOTpPS Ha MpeANpHUHUMAaeMble
MepbI KOHTPOJIS, HalJIeH CBEKUI OTYET O BBISBICHUH JAHHOH OakTepwu B €BPO-
neiickux ctpaHax [12]. Takum 0OpazoM, He TepsSeT CBOIO aKTyalbHOCTh MOTPEO-
HOCTB B pa3paboTKe KOMIUIEKCA Mep IT0 KOHTPOIIO PaCIpOCTPAHSHHS BO3OYAHUTE-
neit 6onesneit pacrenuii [13], u, B yacTHOCTH, A. citrulli; IEHTpaIbHBIM 3BEHOM
TAKOTO KOMIUIEKCA SIBIIIETCS CBOEBPEMEHHAs JuarHocTuka [ 14].

[Ipu BeIsIBIEHNN BO30YAUTENS OAKTEPHATBHON MATHUCTOCTH THIKBEHHBIX KYJIb-
Typ HeIeJIecoo0pa3Ho pyKOBOACTBOBATHCS HANUYNEM HIH OTCYTCTBUEM CHMIITO-
MOB, TaK Kak 0OJIe3Hb MOXKET MPOTEeKaTh B CKPbITOi (opme. Cienyer OTMETHTD,
9TO 3a4acTyio MH(EKIUS HE NPETsTCTBYeT 0Opa3OBaHMIO CEMsH, HA KOTOPBIX
CUMIITOMBI 3apa)KeHHs He MposBisaoTes [2, 14]. IlosToMy ocHOBHOI# 3Tan oOHa-
py’KeHHs (PUTOIIATOTeHA TIPOXOAUT B PaMKaX JTA00PaTOPHOH THATHOCTHKH.

CoracHoO CyIIeCTBYIOIIUM HOPMATUBHBIM JOKYMEHTAM, pErJIaMeHTHPYIOLITUM
MpOIeypy AUATHOCTHKU A. citrulli B Poccuiickoit @enepanun — MexayHapo-
Helii crangapt PM7/127(1) [15] u MP 67-2015 BHUUKP, unentudukaius nato-
T'eHa TIPOBOAMTCS B JIAOOPATOPHY C UCIIOJIb30BaHUEM MeTOIOB Ha ocHOBe [P, u
HMMEHHO Pe3yJIbTaThl IPUMEHECHUS TAHHBIX METOJIOB SIBIISTIOTCS OIPEICISTIONINMHU.
B cBs31 ¢ 3THM K HCIIONB3YeMbIM METOAAM TIPEIBABISIIOT CTPOTHE TPEOOBAHHUS
IO OILIEHKE UX MPUMEHHUMOCTH. TaKkoi KPUTEPUid, KaK aHATUTHYESCKAs CrieIu(ud-
HOCTB (AC), MOKa3BIBAIONIHIA CTIOCOOHOCTH TECTa JOCTOBEPHO OTINYATH ISJICBOM
OpPraHu3M OT HEIleNIEBBIX, ABISETCA HEOThEMIIEMOM COCTaBIISAIOMIEH ONpeaeIeHHS
MPUMEHAMOCTH ITUArHOCTHYECKOTO METOa, YTO OTPAKEHO B MeKIyHapOIHOM
crarnapre PM 7/76 (5) 00 ncnonbp30BaHUM AMArHOCTUYECKHUX MPOTOKOIOB [16].
Onenka AC MOJIEKYJISIPHO-TEHETHUECKUX METOJIOB MJICHTH(MUKAIIUNA OaKTEPHiA,
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conracHo MexyHapogHoMy ctanaapty PM 7/98 (3), 6a3upyeTcs Ha ABYX Ta-
paMeTpax — HMHKIIO3UBHOCTB (inclusivity) M 3KCKIIO3UBHOCTH (exclusivity).
VHKITI03UBHOCTE TOKA3BIBAET CIIOCOOHOCTH METO/Ia MACHTH(HUIIPOBATE IITAM-
MBI IeJIeBOI OakTepuu, NMPEACTABISAIOIINE BCE MeHETUUECKOe pasHooOpasue,
pasiamdHOe reorpaduuecKoe MPOUCXOKICHHE W PACTCHHI-X035€Ba. DKCKIIIO-
3UBHOCTb ITOKa3bIBAECT CIIOCOOHOCTh METOJAa OTIMYATh HElEeNeBble OAKTepuu,
0COOCHHO Te, KoTophie MOTYT HaxonuThkcs B JJTHK-maTpuie o6paznoB Mukpo-
OMOTBI pacTEeHUK-X035€B 1eJI€BOr0 MUKpoopranusma [17].

[enp paboThI — OlleHKa aHATHTHYECKOU crienrduarocTd MetonoB [THP ms
unentuukanmu A. citrulli.

MaTepnam,I U METOAUKH HCCJICT0BAHUSA

Onpenenennie AC mpoBoawiIM co mTamMMmaMu A. citrulli, 6akTepruaIbHBIMU
mTaMMaMH, He OTHOCSAIIIUMUCS K BUIY A. citrulli, u obpasnamu JJHK, BeInenen-
HOU U3 pa3IMuHBIX COPTOB U BUJOB pacTeHuil cemelictsa Cucurbitaceae.

B nmamnom wmccienoBanuu omenuBam AC meronos [P, Bunocmenudpuy-
HBIX 1 A. citrulli. BBugy Toro, uro mumensmu g [P sBnsuch paznuy-
HbIC YYaCTKU reHoma A. citrulli, naHHyr0 OaKTEpHIO CIIeAyeT CUYMTATh IEJICBOM.
CnocobHocTs MeTona I[P unenTuuIupoBarsh Bce MTAMMBI LIENEeBOH OaKTepuu
(OTHOIIEHNE YNCIIA TIOJIOKHUTENBHBIX PE3YIBTaTOB K OOIIEMY YHCITy IIPOBEICH-
HBIX T€CTOB, BEIPRXKEHHOE B MPOLIEHTAaX ) XapaKTepU3yeT HHKIIO3UBHOCTh METO/Ia
MLP [17].

Ienernueckoe paznoobpasue A. citrulli B paMKax MCCI€JOBaHUS PEACTaBIe-
HO W30JISTaMH, BbIeJIeHHBIME U3 pactenuid Citrullus lanatus 8 CUIA, Ucnianumn
u Kutas u nozanee 3aioxeHHbIME B Micnanckoii kosuiekiuu puronarorenos Mu-
CTUTYTa CEIbCKOX03iCcTBeHHBIX nccnenoBanuii (IVIA), . Banencus, mog Home-
pamu 51, 2609 u 3000 cooTBeTCTBEHHO, a Takxke mramMmMmamu DLS 1035 u DLS
1456 3 Hemenko# KOJUIEKIIMA MUKPOOPTAaHU3MOB U KJIIETOYHBIX KYJIbTYp (1anee
- DSMZ7).

Bakrepun, He oTHOCsIIMECS K BUAY A. citrulli, ydacTKu TeHOMa KOTOPBIX
He TpeacTaBisuid coboit mumens i [1LP, cunTanu HeleneBHIMH COIIACHO
MexayHnaponHoMy ctanmapty PM 7/98 (3). OTHoIIeHHe Yrca OTPHIATSILHBIX
pe3ynbTaroB K obuiemy yuciy npoBeneHHbIX [1L[P-TecToB, BbIpaxkeHHOE B MPO-
[EHTaX, HOIyYeHHOE NP TSCTUPOBAHUH HEIETICBBIX OAaKTepHid, XapaKTepH3yeT
9KcKIr03uBHOCTD MeToza [TLP. ITpu 5ToM uem Gosnbliiee KOIMYECTBO HELETEeBBIX
OaKTepuil MPOTECTUPOBAHO U YeM OOJIbIIIE HX BHIOBOE pa3HOOOpa3He, TEM BBIIIE
JIOCTOBEPHOCTD OIpe/iesieHus SKCKIto3uBHOCTH [17]. Ins ouenku AC ucmons3o-
Bany 19 mTamMMoB, IOIYYEHHBIX M3 3apyOe)KHBIX KOJUICKIINH, a Takxke 28 Oakre-
PHAIBHBIX M30JIATOB, BBIJCIIEHHBIX B JIabopaTtopuu Oakrepuonoruu Beepoccuii-
CKOTO IIeHTpa KapaHTuHa pactennit (BHUIMKP) B pa3indnbie mepronsl BpeMeHH
W3 Pa3IMYHbIX BUIOB PACTEHUH U 3aJ0KEHHBIX B KOJJIEKIUIO OaKTepUOJIOrHYe-
ckux KyiasTyp BHUMKP.
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Tabnuna 1 [Table 1]
Hcnoab3yemble 0aKkTepUuaabHble H30JISTHI
[Used bacterial isolates]

Ne mramma JTaTa Bbi-
Baxrepus BHUUKP R Pacrenue
[Bacterium] [Ne of strain of . [Plant]
VNIIKR] [Isolation date]
Arthrobacter castelli 0073 30.04.2013  |Solanum lycopersicum
Arthrobacter sp. 0341 16.01.2019 |Citrullus lanatus
Arthrobacter sp. 0342 16.01.2019 | Cucurbita pepo
subsp. ovifera
Bacillus sp. 0320 08.10.2018 | Citrullus lanatus
Burkholderia sp. 0287 06.05.2016 |Musa
Clavzbac?er .mlchlgqnenszs 0049 28.02.2013 |Brassica oleracea
subsp. michiganensis
Clavzbac?er .mzch 1ganensts 0239 26.02.2015 |Solanum lycopersicum
subsp. michiganensis
Enterobacter amnigenus 0047 08.07.2015 |Crataegus oxyacantha
Erwinia billingiae 0044 30.11.2018 |Malus domestica
Erwinia piriflorinigrans 0109 12.12.2013  |Pyrus communis
Erwinia tasmaniensis 0078 29.11.2013  |Prunus persica
Microbacterium 0340 16.01.2019 Cucurbltq pepo
hyllosphaerae subsp. ovifera
Microbacterium sp. 0300 17.03.2017 |Zea mays
Ochrobactrum anthropic 0048 08.07.2015  |Pyrus communis
Ochrobactrum sp. 0043 30.01.2013  |Pyrus communis
Pantoea sp. 0409 17.10.2018 |Glycine max
Pantoea stewa.rltn 0120 15.07.2015 |Zea mays var. rugose
subsp. stewartii
Pseudomonas nitritireducens 0370 07.03.2018 |Glycine max
Pseudomonas putida 0033 18.02.2013 |Trifolium pratense
Pseudomonas syrin- 0222 17.10.2014  |Prunus avium
gae pv. syringae
Rahnella aquantilis 0181 03.10. 2014 |Rosa
Ralstonia 0030 28.11.2017 | Solanum tuberosum
seudosolanacearum
. . e Cucurbita pepo
Sphingomonas paucimobilis 0339 11.01.2019 subsp. ovifera
Xanthf)monas . 0149 06.10.2014  |Prunus domestica
arboricola pv. pruni
Xanthomonaf campestris 0226 20.10.2014 |Brassica oleracea
pv. campestris
Xanthomonas hortorum 0170 30.09.2013 |Pelargonium
Xylella fastidiosa 0306 05.10.2017 |Olea europaea
Xylophilus ampelinus 0050 18.02.2013 | Vitis vinifera

Ilpumeuanue: BHUNKP — Beepoccuiickuii HeHTp KapaHTHHA pacTEHUH.
[Note: VNIIKR - All-Russian Plant Quarantine Center].

Vcrionp30Baiy clieyrolue MTaMMbI U3 3apy0eKHBIX KOJUTeKIHi: Acidovorax
cattleya NBC 430 (DSMZ), Clavibacter michiganensis subsp. sepedonicus
NCPPB 2137 (HanuonanbsHast Komaeknus (PUTONAaTOTeHHbIX OakTepuii (Benuko-
oputanus), naisee — NCPPB), Curtobacterium flaccumfaciens pv. flaccumfaciens
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CFBP 3418 (Kosuteknusi CBsI3aHHBIX C pacTeHUsMH Oaktepuit (Dpanums), na-
nee — CFBP), Dickeya solani DSMZ 28711, Erwinia amylovora CFBP 1430,
CFBP 3025, NCPPB 683T, Ralstonia solanacearum NCPPB 2315, Rathayibacter
tritici CFBP 1385, Pantoea agglomerans DSM 1619 (DSMZ), Pectobacterium
atrosepticum DSM 18077 (DSMZ), Pectobacterium carotovorum subsp.
carotovorum DSM 30168 (DSMZ), Pseudomonas congelans ICMP 9032 (Mex-
JyHApOJIHAS KOJIEKIIAS MUKPOOPTaHU3MOB pacteHuit HoBoit 3enananu u Tuxoro
okeana ICMP), Pseudomonas savastanoi pv. glycinea CFBP 2214, Pseudomonas
savastanoi pv. phaseolicola CFBP 1390, Xanthomonas axonopodis pv. allii CFBP
6369, Xanthomonas campestris pv. raphani NCPPB 1946, Xanthomonas oryzae
pv. oryzae NCPPB 3002, Xanthomonas oryzae pv. oryzicola CFBP 2286. Taxxe
WCIOJIB30BaIN OaKTepuanbHble N30 Thl U3 Kowiekuun BHUMKP (tabam. 1).

s onerkn AC, pyKOBOICTBYSACH MeXayHapOaHBIM cTaHaapToM PM 7/98 (3),
KCIOJIb30BAJIM MAKCUMAJIBHO JTOCTYITHOE KOJMUYECTBO OaKTepuil, OTINYAOIINXCS
BHAZOBOH MPUHAICKHOCTHIO, TEOTPapHISCKUM IIPOUCXOKACHIEM U MIEPHOAOM
M30JISIIIUY, BBIICICHHBIX HE TOJIBKO U3 THIKBEHHBIX KYJIBTYp, HO M U3 IPYTUX pac-
TEHUM.

BrisiBienue u uneHTUQUKALNIO A. citrulli TpoBOIST, B OCHOBHOM, B 00pa3iax
TBIKBEHHBIX KyJbTYp. UeM Oopliee KOTMYECTBO MOTCHIINAIBHEIX PaCTCHUH-XO0-
351€B IIPOTECTHPOBAHO, TEM BBHIIIE JOCTOBEpHOCTH oueHkn AC [17]. B cBs3u ¢
9THM ISl UCCICIOBAaHMS OTOMPANl MAaKCHMAIBHO OCTYITHOE KOIUYECTBO pas-
JIUYHBIX 00PA3I0B THIKBEHHBIX KYIBTYp, CBOOOTHBIX OT A. citrull; Bcero ucmoib-
30Ban 106 00pasnoB, 30 w3 KOTOPBIX — BeTeTaTUBHBIC YaCTH pacTeHHH, a 76 —
CceMeHHOI MaTtepuai (Tadn. 2).

[Ipomecc MOATOTOBKY aHANMUTHYECKUX P00 U3 PaCcTCHHUI 3aKII09acs B cie-
JOYIOLIEM: OT KaKAO0ro oOpasla pacTeHUd oTOupanu 5—7 ¢parMeHToB cTedmeit
1 JINCTHEB M U3MEJBYAII C TIOMOIIbI0 cKanbiens. HaBecky maccoit 2,5-3,0 T ot
MOJTyYeHHOH MpOoOBI MOMENIaNd B IJIACTMAaCCOBBIE eMKOCTH oO0beMoM 120 mur.
Jyis B3BeMMBaHMS ITPOO MCITOB30BAITN BECHI JTabopaTopHbIe 3NeKTpoHHbIe AJH-
4200CE «Vibra» (Anonus). K kaxmoit npode nodasnsanu 20 mi docharao-co-
neBoro oydepa (PBS) [18]. EMKkocTu ¢ ipob6aMu BCTPSIXMBAIHA HA POTAI[HOHHOM
mefikepe Unimax 2010 «Heidolph» (I'epmanust) mpu pexume 200 000poToB B
MUHYTY (00/MUH) B TedeHHE 45 MHHYT. 3aTeM JKUIKOCTh U3 EMKOCTEH Irepeiu-
BaJlM B LIEHTPUQYKHBIC TPoOUpKkH 00beMoM 50 M1, IpommycKas depe3 OyMaxKHble
¢uneTpel «CHHSSL JIEHTa» ¢ pa3MepoM Hop 3—5 MukpoMmeTpos. [Ipobupku meH-
Tpuyruposanu B TeueHue 15 munyt npu pexxume 10000 g, 4 °C, ucnonssys
BBICOKOCKOpOCTHYIO TIeHTpudyry Allegra X-30R «Beckman Coulter» ([lanwus).
CymnepHaTaHT yAalsuid, a 0caJoK pecycrnenauponanu B 1 mia PBS.

AHanmuTr4eckne MpoOBl CEeMSH NOATOTABIMBAIN CISTYIONMM 00pa3oM: OT
KaXJI0ro oOpasia ceMsH oTOMpaau HaBecKy Maccoi 10 1, momemianu B IiacT-
MacCOBYIO eMKOCTh M JTOOABJISITH K Kaxnoi HaBecke 20 mn PBS. Emkxoctu ¢ nipo-
6aMu BCTPSAXUBAIM Ha POTALMOHHOM IlIeiikepe npu pexxume 90 06/MUH B TeueHHe
24 qacoB. 3aTeM XUAKOCTh U3 eMKOCTEH TepelIMBAIN B IICHTPU(YKHBIE TPOOHP-
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KM ¥ NeHTpudyrupoBanu B tedeHue 10 muayT nipu pexume 1200 g, 4 °C. Cy-
MEepPHATaHT aKKypaTHO MEPENIMBAIN B YUCThIE IPOOUPKU U MOBTOPHO LEHTPHUY-
rupoBanu B Tedenue 15 munayT npu pexxume 10000 g, 4 °C. 3arem cynepHarant
yAAJSUIH, @ 0CaloK pecycnenauposaau B 1 mia PBS.

JHK #3 moiy4eHHBIX aHaIATHYECKUX IPOO BBINEISUIN C TOMOIIBIO Habopa
«IIpo6a-I'C» («Arpo/luarnoctuka», Poccus).

[Mocranoky TP mst kaxmoro ucciexyemoro oopasna JIHK, BeiaeneHHoM 13
AHATUTUYECKUX MTPOO THIKBEHHBIX KYJIBTYP, 8 TAKXKE U3 KOJJIEKIIMOHHBIX IITAMMOB
OakTepuil 1 OaKTepHaIbHBIX U30JSATOB, OCYIIECTBIBUIN B 3-KPaTHOM TOBTOPHOCTH
0 KaKAOMY U3 CIEAYIOIIUX METOIOB:

1. ITLIP B pexume «peansHoro Bpemenn» (ITLIP-PB) Acit 1 F/R, Acit 1-probe
(Woudt et al, 2009) [15], rne mumensto sBisercs ydactok [S1002, pacnonoxeH-
HBII B mociienoBareiibHocTd renoma mramma AACO00-1 4. citrull. Tlocnenosa-
TENBHOCTH IpaiiMepoB u 30H7a: Acit 1-F 1S1002: 5°-GAG TCT CAC GAG GTT
GTT-3’, Acit 1-R IS1002: 5’-GAC CCT ACG AAA GCT CAG-3’, Acit 1-probe
IS1002: 5’-6FAM-TGC AGC CCT TCA TTG ACG G-BHQI-3’. Ilpaiimepsl
n 30H1 npousBeneHsl OO0 «EBporen» (Poccust). Kpome ONHMroHYKICOTHIOB,
ITIP-cmech comeprkaia rotoBeiit [TIP-6ydep 5X MasETagMIX-2025 («dua-
nary, Poccrst) 1 TOTOBYIO cMeCh AJIsl TPOBECHUS BHYTPEHHETO TTOJIOKHUTEIIEHOTO
kxouTtpoist (BIIK) («Cunrony, Poccus). ns nposeaenus [1L[P-PB ucnonb3oBanu
amrunukarop nerekrupyronuii J{Trpaiim nponssoactea pupmer OO0 «JIHK-
Texnonorus» (Poccus).

2. Habop pearenToB jis BeisiBiieHus JJHK Bo3OyauTesst OaktepruanbHOM maT-
HUCTOCTH TBHIKBEHHBIX KYJBTYp «Acidovorax citrulli-PBy» «Cuntom» (Poccus)
(manee — Acidovorax citrulli-PB «Cuntony). ITLP npoBoxuim coriacHO HHCTPYK-
MU TPOU3BOAUTENA, HUCIONB3Yys aMmiuidpukaTop Aerektupytomuid JTmopaiim
«JJHK-Texnomnorus» (Poccus).

3. KoMmmiekT peareHToB i AUarHOCTUKU OaKTepHaIbHOM MATHUCTOCTH ThIK-
BEHHBIX KYNbTYp Acidovorax citrulli B popmare Rt «Arpo/lnarnoctuka» (Poc-
cusi) (manee — Acidovorax citrulli-Rt «Arpo/luarnoctukay). I1LP npoBoauu
COTMIaCHO MHCTPYKIWH IIPON3BOIUTEIIS, HCIIONB3YS aMILTH(PHUKATOP ACTEKTUPYIO-
i A Tnpaitm « THK-Texnomnorusa» (Poccus).

4. Kimaccnueckas [P ¢ npaiimepamun AC158F/AC158R (Cho et al., 2015) [19],
Ie LEeIeBOH MoCIen0BaTeIbHOCThIO sBisieTcst Y D-repeat protein. Pasmep IILIP-
mpoxaykra 158 v TlocnenoBarenmsHOcTH TiparimepoB: AC158 F: 5°-CTT GGT
GCT CCATGC TCGA-3’, AC158 R: 5’-GGC TTG GTT GCG AAT TCA CT-3".

5. Knmaccuueckas TP ¢ npaiimepamu SEQ ID 3/4 (Schaad et al., 2000) [15],
rae MuneHsto cayxut yuacTok pIHK BHyTpeHHero cnelicepHoro peruosa. Pas-
Mep npoaykra ammuapukanun 450 H.11. [TocienoBarenbHOCTH TpaiiMepoB: SEQ
ID NO3: 5’-GGA AGAATT CGG TGC TAC CC-3’, SEQ ID NO4: 5’-TCG TCA
TTA CTG AAT TTC AAC A-3’.

6. Knaccuueckas TP ¢ mpaitmepamu PL1/PL2 (Zhong et al., 2015) [20], mu-
meHs — Aave 2768, reH pilL B nocnenoBarensHOcTH TeHoMa mtamma AACO00-1
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A. citrull. Pazmep nponykra amrumpukamun 332 H.ar [locnemoBarelbHOCTH
npaitmepoB: PL1 5°-GTC CGA GCG TAC GTT GAG-3’,PL2 5’-ACG GCA CCT
GAC CCG TTG-3".

7. Knaccuueckas INLP ¢ mpaitmepamu G12AcFwd/G12AcRev (Zivanovic &
Walcott, 2017) [21], mutnens — Aave 2166, npeanonaraemblii TeH 3¢ dexropa
cekpeuuu 3-ro tuna. Pasmep mponykra ammunpukanuu 291 v.a. [locnenosa-
tenbHOCTH TipaiiMepoB: G12AcFwd: 5°-CCGAAGAGATAACACTGCATC-3’,
G12AcRev: 5’-ACG TAC TGC CGATTT TTG C-3".

Jliis mpuroroBneHust Bcex cMeced kiraccuaeckux I[P ncronp3obanu oydep
5X MasPPTagMIX-2025 («duanar», Poccus). [paiimepst npousseneasr OO0
«EBporen» (Poccus). ITLP mporoaunu B ammmudukarope T100 Thermal Cycler
(«Bio-Rad», CIIIA). Ins AeTeKIuy UCIONb30BalIM MeTo dnekrpodopesa B 1,5%
arapo3HOM TeJje, Pe3ylbTaThl aHAIN3UPOBAIN C TIOMOIIBIO TENIbIOKYMEHTHPYIO-
mieii cucremsl «BioRady» (CLLA).

B kadecTBe MoIOKUTENHHOTO KOHTpOdbHOTO obOpasna (ITKO) ams kaxiaoro
metona [TP ucnons3oBanu JHK A. citrulli B xonuenTparmu 10° reneTndeckux
xoruit B 1 mi1. KoHIIEHTpaIuro onpenessuii ¢ IOMOIIBI0 IPHOopa Al u3Mepe-
HUSI KOHLEHTpaLuu HyKJIEHHOBBIX KucIoT NanoDrop-2000 («Thermo Fisher
Scientificy, CIIIA). B xauecTBe oTpHIIATETLHOTO KOHTpOJIBHOTO 00pasia (OKO)
UCTIONIb30BAJIM BOAY.

Pesynwrar Tecta ITLP-PB (Acit 1 F/R, Acit 1-probe, Acidovorax citrulli-PB
«Cuntony, Acidovorax citrulli-Rt «Arpo/luarHoCTHKa») CUUTAIN OTPULATEIb-
HBIM, €CJIM HaKOIUICHHE (IyOPECHEHINH 10 KaHaTy NETCKIHH CIICIH(pUIHOMN
peakuuu ¢ JJHK o6pasua u OKO orcytcrBoBaino, a ¢ JIHK ITKO mnokasbiBano
XapaKTepHYIO SKCIIOHSHINAIBHYIO KPUBYIO; IIPH ATOM HAaKOIUIEHHE (hIIyOopecIieH-
1 1o kanany getekiun BIIK mokaseiBasio XxapakTepHyr0 SKCHOHEHIMAIBHYIO
KpHUBYIO B peaknusax co Bcemu obpaznamu JIHK. Pesynbrar tecta I11IP-PB cuu-
TaJIM TTOJIOKUTEIBHBIM, €CIIH HaKOIUIeHNne (IIyopeclie NN 0 KaHATy JeTeKIUH
cneruduyanoi peakun ¢ JIHK o6pasna u ITKO nokas3piBaio XapakTepHYIO JKC-
MOHEHIUANBHYIO KpUBYI0, a B OKO peakius oTCyTCTBOBAIA.

Pesynbrar xiraccuueckoit I[P (AC158F/AC158R, SEQ ID 3/4, PL1/PL2,
G12AcFwd/G12AcRev) cunTanu OTpUIATENBHBIM, €CIH MPOAYKT aMIUTU(UKa-
nuu ¢ JIHK o6pasna u OKO orcyrerBoBai, a ¢ JIHK TTKO ammmudukaus npu-
BeJa K 00pa30BaHUIO XapaKTEPHOTO IJIS METofa MpoaykTa peakiuu (158 H.I.
st AC158F/ACI58R, 450 nn. g SEQ ID 3/4, 332 w.n. gns PL1/PL2 u
254 n.n. nast G12AcFwd/G12AcRev). Pesynbrar knaccuueckoit [P cunranu
MTOJIOKUTENBHBIM, ecii amruudukamus ¢ JJHK oOpasma npusena k oOpaszosa-
HUIO XapaKTEepHOTO AJISI METOAA MpoaykTa peaknuu, a ¢ OKO npoaykT peakiuu
OTCYTCTBOBAJL

3HaueHre MHKITIO3UBHOCTH Ul Kakaoro merona [ILIP ompenensm kak oT-
HOIIEHHE IOCTOBEPHBIX IOJOKUTEIBHBIX PE3YIBTaTOB K O0IIEeMy YHCIy IpPOBeE-
JIEHHBIX PeaKIuii, BEIpaXKEHHOE B IPOIeHTaX (IpH TecThpoBaHny oopasnos JJHK
A. citrulli).
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3HaueHne SKCKITIO3UBHOCTH OTIPEAEIISUIN KaK OTHOIICHHE JOCTOBEPHBIX OTPH-
LATeJIbHBIX PE3YNBTATOB K OOIEMY YMCITy MPOBENEHHBIX PEaKIui, BBIPAKEHHOE
B TIporieHTax (Impu TectupoBanuu oOpa3noB JIHK Gakrepuii, He oTHOCSIIUXCS K
Buny A. citrulli, a Taxxe npu TectupoBaHuu obpasios JIHK u3 ananutugeckux
po0, cBOOOTHBIX OT A. citrulli).

O1eHKy aHAIUTHYECKOH CIIEM(PUIHOCTH MPUCBAUBAJIHM KaXKIOMY U3 METOZOB,
HCXO U3 aHAIN3a MTapaMeTPOB MHKIIO3UBHOCTH M 3KCKIIO3MBHOCTH. 3aKIIIOue-
HUE 0 CeNU(DUIHOCTH METoJa JeNlalld MPH 3HAUCHHUIX MOKa3aTesieil NHKII03UB-
HOCTH U 3KCKITIO3UBHOCTH 99% Wiy BbIILIE.

W3zomsinuio 6akTepuii MPOBOAWIN U3 AHATUTUYESCKUX MPOO THIKBEHHBIX KYJIb-
Typ, MOKa3aBIIUX XOTSA OBl OAWH TONOKUTEIBHBIA PE3yIbTaT IpPH TECTHPOBa-
HUU JI0OBIM U3 MpHBEACHHBIX Bblie MeTonoB [P (cm. Tabn. 2). BriceBanu mo
100 mx1 100- 1 1000-kpaTHOTO pa3BecHUN aHATTUTHISCKHUX P00 MeToaoM [lpu-
ranbekoro [22] Ha vamku Ilerpu ¢ murarensHo#t cpenoit Kunra b [23]. Yamku
[TeTpu mocite moceBa MIIOTHO 000pauNBAII TepMETH3UPYIOINICH MieHkoi Parafilm
(«Nuova Aptaca», Utanus) u ”HKyOMpOBaJK B TeUEHUE 72 YacOB MPH TeMIIEpaTy-
pe 27 °C, ucnionn3ys uakyoarop MIR-254 («Panasonic (Sanyo)», Anonwus).

OtnenbHbIe OaKTepUANBHBIC KOJIOHUH Pa3IMIHBIX MOP(OTUIIOB BCEX BBIPOC-
X KOJIOHUH TiepeceBaii Ha HOBbIe damiku [lerpu co cpenoit Kunra b, ncnons-
3ysl CTEpUIIbHYI0 MUKpOOHOIornueckyro newno. Yamku [letpu, o6epHyThIe TIeH-
koii Parafilm, nakyOuposanu npu temneparype 27 °C B TeueHue 72 4. 3aTeM OT
Ka)KJJOT0 U30JITa C MOMOIIBI0 OAKTEPUOIOINYECKO eTIn 0TOUpanu OT/eIbHbIE
KOJIOHWM W momenianu B MukponpoOupku ¢ 200 Mk PBS. Takum o6pasom, mo-
nydanu GakTepualibHbIe CYCIEeH3uH, u3 KoTopsiX Bbimensu JJHK mpu momomnru
aBToMaTH3upoBaHHOU cTaHuu Freedom Evo («Tecany, IlIBeiinapus) u Habopos
«M-Cop0Ty0-Asromar-48» («Cunrom», Poccust). Ilomyuennsie obpasusl JHK Te-
cruposanu Metonom [T1IP-PB Acit 1 F/R, Acit 1-probe. O6pa3ust JIHK, BeinenenHoi
13 OaKTepUATbHBIX M30JISITOB, MOJIOKHUTETBHBIX B Pe3yJIbTare TECTHPOBAHUS METO-
nom ITLP-PB Acit 1 F/R, Acit 1-probe, HIeHTHDHITPOBATIA METOIOM CEKBEHHPOBA-
wust. st atoro ¢ JJHK GakrepuanbHeix u3omnstoB nposofwy [P ¢ npaiimepamu
8UA/519B ms yuactka 16S pPHK, pasmep npomykra ammmdukarpm 500 g [To-
cinepoBarensHOCTH TpaiiMepos: SUA: 5-AGA GTT TGA TCM TGG CTC AG-3',
519B: 5’-GTATTA CCG CGG CKG CTG-3" mpomzsosctsa pupmbl OO0 «EBporen»
(Poccust). 1t mpUTOTOBJIEHHS PEAKIIMOHHOM CMECH HCTIONB30BAIM HA OJMH 00pasell:
14 MK DEeMOHM3HMPOBAHHON BOmBI, 5 MKI MacTtep-mukca 5X MasPPTagMIX-2025
nipou3sBoncTBa ¢pupmbl 3AO «uanar» (Poccus), mo 2 MKJI KayKIoro npaimepa B KOH-
neHTpanun 10 kM. 3ateM B MUKpoIipoOHpKy BHOCcHIM 2 MK JIHK-marpuiier oOpas-
na. [Iporpamma ammmdukanmm: HadaiabHas aeHarypauus 96 °C — 10 MuHyT, 3aTeM
35 muksoB 95 °C — 15 ¢, 55 °C —30 ¢, 72 °C — 30 c; ¢unanpHas 1oHTanms 72 °C —
10 munyT. Jnsa ammumdukanmu ucnons3oBamd T100 Thermal Cycler («Bio-Rady,
CIHIA). TTLP-ripomyKThl aHATU3UPOBATIA METOIOM OIIpeleTICHHs HYyKICOTHIHOW IO~
CIIEIOBATENBHOCTHU (CeKBeHUpOBaHust) o CaHrepy [24], ucnone3ys cekeHatop AB-
3500 («Applied Biosystemsy, CILIA, Snonwus).
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Tabauma 2 [Table 2]
Pe3yabTarsl TecTupoBanus oopasuos JHK
M3 CeMsIH ThIKBEHHBIX KyJIbTYp MeTogamu I[P
[PCR results with DNA from plant material of cucurbit crops]

Kynerypa ] i
[Crop] Copt / rubpup [Variety/ hybrid] 11234567

Kpumcrap F1 [Krimstar F1] o Bl e e B e
Kpumcon Pekopn F1 [Krimson Rekord F1] -l =-1-1-1-1-1-
AY Ilpomtocep F1 [AU Prodyuser F1] —
Citrullus  |Oronék [Ogonek] -

+11
I
I
I
I

lanatus  |Caxapubiii Massii [Sugar Baby] +
Kpumcon Cut [Crimson Sweet] - =1=1T=-1=-1=-1T-
Cubupckue oraH [Sibirskiye ogni] +1+]+]1=1=-1T=-1T-

Xonomok [Kholodok]

3onotucras [Zolotistaya] —=1=-1=1T=1=-1-=
Kosnxo3uuia [Kolkhoznitsa]

Cucumis melo

+]1
+] 1
+]1
N
|
\
\

Wckanpaep F1 [Iskander F1]
Kyann [Kuand]

Iykema [Tsukesha]

Sxops [Yakor']

Ponuk [Rolik] —
Bbenonnoausiii [Beloplodnyy]
Cucurbita |Asponasr [Aeronavt]

pepo var.  |benorop F1 [Belogor F1]
giromontia |V3ympyn [Izumrud]

AHHa [Anna]

Kasuau F1 [Kavili F1]
Kamumm F1 [Kamili F1]
CxkBopyuika [Skvorushka]
bercu F1 [Betsy F1]

Ksera Mc [Kveta Ms]

+
+
+
|
|
|
|

+[+[1
+[+] 1
+]+]
|
|
|
|

[+ +]1
+[+|+]1
4
N
[

[

[

+
+
+
|
|
|
|

30HTHK [Zontik]
HJIO opansxeBblii [NLO Oranzhevyy] - =T1=-1=1=1-=-1-
Cannu Jlenaiit F1 [Sunny Delight F1] - =1=1=1=1T=1T-
Bensle 13 [Belye 13] =1 =1T=1T=1T=1=

Cucurbita
pepo subsp.
ovifera

®Popcax F1 [Forsazh F1] =1 =1=1=1=1=
Jlactouka F1 [Lastochka F1] - =1=1=1=1T=1T-
Bsizuukosckuit 37 [Vyaznikovskiy 37] - =T=-1=1T=-1T=-1-=
IIpakTuk F1 [Praktik F1] =]l =1=1=1=1=
Tony6uunk F1 [Golubchik F1] —T=T=1T=1T=1T=1=
®enukc [Feniks] =T =17T=71=1T=1T=
Denmkc [Tmroc [Feniks Plyus] —=1T=T1T=1T=-1T-71-=
Jpyxok F1 [Druzhok F1] — =T =1=1T=1T=71T=<=
3acono4HsIi [Zasolochnyy] - =1=1=-1=-1T=-1T-
Konxkypenrt [Konkurent] —=T=1=1=1T=71T=
Ponuanyok F1 [Rodnichok F1] —=1T+T=1T=-1T=-71-=
Kypasnénok F1 [Zhuravlenok F1] - =1=1=-1=-1=-1T-=
JlaneHeBoCTOUHBIN 27 [Dal nevostochnyy 27] — = =]1=1=1=1=
Amyp 1801 F1 [Amur 1801 F1] == =1=1=1=
Aprucrt F1 [Artist F1]

Actepukc F1 [Asteriks F1]

Bepubie apy3bs F1 [Vernye druz'ya F1]
Becénas cemetika F1 [Veselaya semeyka F1]
Jaunbiii mocon F1 [Dachnyy posol F1]

Cucumis
sativus

+[+]+]1
+[+]+1
[
[
[
[
[
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OxoHuaHue Tabs. 2 [Table 2 (end)]

K}['g‘r’gg]p a Copr / THGpu [Variety/ hybrid] 1(2]3]4|5]6]7
3o3yns F1 [Zozulya F1] —=T=1=1=1=71=
Kanuromka F1 [Kapitoshka F1] + |+ +=]=1]=1=
Konnu F1 [Konni F1] — =1 =1T=1T=1T=1=
Kpecrbsinka F1 [Krest'yanka F1] +|++]=]=]=1=
Jliobumern xo3siiku F1 [Lyubimets khozyayki F11| + | + | — | — | — | — | —

Mautbimu-kapasgamy F1

[Malyshi-karandashi F1]

Maspunk ¢ nanpauk F1 [Mal chik s pal chik F1]
Cucumis  |Mama F1 [Masha F1]

+
+
+
+
I
I
I

+1 1
+1 1
|
|
|
|
|

sativus Mynbru-nyasta F1 [Mul'ti-pul'ti F1]
ITanpuuk [Pal chik] —T=T=1T=1T=T=T1T=
ITepBayok F1 [Pervachok F1] + |+l =]=]=]=1=
Pesanm F1 [Revansh F1] I =1=1=1=1T=1T-=
Hexxunckuii [Nezhinskiy] —=1T=T1T=1T=-1T=1-=
Cupunrep F1 [Sprinter F1] + [+ =1T=1T=1=1T=
Tononék F1 [Topolek F1] + [+ +1=1T=1T=1T=

lycrpen-mononen F1 [Shustrets-molodets F1] | —
Okcnpecc F1 [Ekspress F1] + [+ +1=1T=-1=1-=
Cucurbita |BuramuHHas [Vitaminnaya] — =T =1=1T=1T=1=
moschata |MpaMopHas [Mramornaya] —=T=1T=1T=1T=1=
CrodynToBas [Stofuntovaya] —=T=1T=1=1T=71T=
3umnuss Cnazakast [Zimnyaya Sladkaya) - | -
Ama3oHka [Amazonka] + | +
Cucurbita |Bonbiuoit Makc [Bol shoy Maks] + | +

+ |+

+ 1+

maxima  |3emisiuka [Zemlyachka]
Mapcensesa [Marsel eza]
Ynpi6ka [Ulybka] — |-l =-1-1=-]=-1-
Poccusinka [Rossiyanka] - - =-1=-1=-1-1-
Cucurbita |T'puGoBckas Kycrosas 189

pepo [Gribovskaya Kustovaya 189]
Ipumeuanue [Note]: 1 — Acit 1 F/R, Acit 1-probe; 2 — «Acidovorax citrulli-PB» “Sintol”; 3 —
Acidovorax citrulli-Rt “AgroDiagnostika”; 4 — AC158F/AC158R; 5 — SEQ ID 3/4; 6 — PL1/
PL2; 7 — G12AcFwd/G12AcRev; «+» nonoxurenbusiit pesynsrar [ILP [positive PCR result];
«» orpurarenbHblit peynsrar [IL[P [negative PCR result].

IMony4eHHbIe HYKIJICOTH/IHBIE TOCIIEI0BATEILHOCTH CPABHUBAIIH C MTOCIIEI0Ba-
TEJNLHOCTSAMU TCHOMOB OaKTepHii, pa3MeIleHHBIX B 6a3e JaHHbIX HarmoHansHOTo
neHTpa ouorexHoornueckoi nadopmarmm NCBI.

Pe3ynbTarsl Hcciieq0BaHus U 00Cy:KIeHNe

[Ipomecc muarHOCTHKYM (PUTOMATOTEHOB MPEACTABISET COOOH COBOKYITHOCTH
MOCJIEIOBATEEHO MTPUMEHIEMBIX METONIOB, (DUHATBHBIM JTAIIOM KaXKJIOTO M3 KO-
TOPBIX SIBJISICTCS MHTEPIIPETAIIHS TTOJTyYeHHBIX JaHHBIX. B ciydae momy4eHus mo-
JIOYKUTEITBHBIX PE3YIBTATOB IPUMEHIEMBIX TECTOB BAXKHOE 3HAUCHHE UMEET yCTa-
HOBJICHUE TOYHOU IIPHYUHEI STHX PE3YIBTATOB.

TectupoBanue 5 mrammoB A. citrulli metogamu Acit 1 F/R, Acit 1-probe,
«Acidovorax citrulli-PB» «Cunron», Acidovorax citrulli-Rt «Arpo/lmarHocrtu-
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ka», AC158F/AC158R, SEQ ID 3/4, PL1/PL2 u G12AcFwd/G12AcRev no3Bo-
JIWJIO TIONYYUTH MOJIOKUTEIbHBIE PE3YNBTAThl M0 KaXJIOMYy U3 JTAaHHBIX METOIOB
B TpEX MOBTOPHOCTAX. TakuM oOpa3om, mzydaembie metonsl [1IIP mo3BomstoT
UACHTU(OUIUPOBATH IUTAMMBL A. citrulli pa3lIuYHOTO MPOUCXOXKIECHHS B Clydae
COZIepKaHus UX B 00pasiie B KOHIIEHTPALNH, JOCTAaTOYHON Ay netekuuu. [lomy-
YeHHbIE JIaHHBIE COBMANAIOT C Pe3yJIbTaTaMHU UCCIEI0BaHUN pa3pabOTYNKOB Me-
tomoB [15, 19-21].

B pesynsrate TectupoBanus oopasuoB JAHK, BeIeeHHBIX U3 BEreTaTUBHBIX
yacTell THIKBEHHBIX KYJBTYp, IOJIOKUTEIbHBIN pe3ysbTaT B TPEX MOBTOPHOCTAX
MONTy4YeH TOJBKO AJIsl 00pasiia kabauka copta SKopb MpH UCMOJIB30BAHUU METOJIA
«Acidovorax citrulli-PB» «CuaTom». B cBs34 ¢ TeM, 4TO OMHUM U3 YCIOBUH JaH-
HOTO OTIBITa SIBIISIOCH OTCYTCTBUE A. citrulli B 00pa3liaXx THIKBEHHBIX KYJBTYP,
aHAJMTUIECKYT0 P00y Kabadka SIKOph UCTIOIB30BANIHN IS H30JSIIUH OaKTepHUit ¢
LIEJBbI0 YCTAHOBIICHUS MPUYMHBI IOJTYYEHHUS TIOJIOKUTEIBHOTO Pe3yabTraTa TeCTH-
poBanus MetofioM «Acidovorax citrulli-PB» «Cuaton». TectupoBanue 00pasoB
JHK, BIIeNieHHBIX U3 CEMsIH, MTOKA3aJI0 TOJIOKUTENbHBIE PE3YNIbTaThl C pa3iny-
HBIMH 00pa3IaMy THIKBEHHBIX KYJIBTYp (CM. Tabm. 2).

Takue oOpasibl, Kak copT apOyza Cubupckue orum, kadadok Vckanaep Fl,
Hyxema, ApoHaBT U JIp., IOKa3aJIM IOJIOKUTEIBHBIE pe3ysIbTaThl Ha BCEX TPEX
tectax [1LP-PB — Acit 1 F/R, Acit 1-probe, «Acidovorax citrulli-PB» «Cuntomny,
Acidovorax citrulli-Rt « Arpo/luarHoctukay. OmHako oopasern apOy3a CaxapHbIid
Mansi, xkabadox Kasumu F1 u CkBopyika, maTuccoH 30HTHK U Jp. MOKa3alu
MIOJIOKUTEIBHBIE PE3yIBTaThl TOJIBKO MPH TeCcTHpoBaHUU MeTomamu Acit 1 F/R,
Acit 1-probe u «Acidovorax citrulli-PB» «Cuntony, a obpasen orypua Poganuox
F1 oxasancst mONOKUTENEHEIM TOJBKO MPU TECTHPOBAHUH METOHOM Acidovorax
citrulli-Rt «Arpo/luarHoctuka». TectupoBanue obpasuos JJHK u3 cemsH mo-
Ka3aJlo TaKkKe HaJIMYKME ITOJIOKUTEIbHBIX Pe3yabTaToOB MIPU IETEKIUU POAYKTOB
[P AC158F/AC158R B arapo3Hom reje (Tabi. 3, puc. 1). [IpogykTsl peakuu
¢ JIHK o6pasmoB cemsn kadauka Vickannep F1, benorop F1 u Kamunu F1, a Tak-
ke orypua Manbuuk ¢ MajdbuuK, cOcTosAnu u3 158 .., uTo coorBercTByeT [1IKO
(cMm. puc. 1). be3 TOMOTHUTENBHBIX HCCIIEIOBAHUH YCTAHOBUTD IPUIUHY TIOITyde-
HUS TIOJIOKUTENBHBIX PE3YNbTaTOB HEBO3MOXKHO, MTOITOMY aHAIUTHYECKHE MPO-
OBl CeMsTH, TIOJIOKHUTENFHBIX B Pe3yNbTaTe TECTHPOBAHUS JIFOOBIM U3 H3y9aeMbIX
metozoB [1LIP, ncrons3oBanu ans u3oisiuuy 6akrepuid. Beero i uzonsnuu uc-
TIOJTH30BANN 27 aHAJUTHIECKUX P00 CEMSH.

[IpoBenenue nuzonsauu 6akrepuil U3 00paslia BereTaTUBHBIX YacTel kabauka
copra SIKkops, a Taxke u3 27 00pa3oB CeMH MO3BOJIIIIO BEIICIUTH OaKTepHallb-
HBIE KYJIBTYDPbI, KOJIOHMH KOTOPHIX MOP(HOIOTHUeCKH pazandanuch. OnpeaenuThb
CBSI3b PA3NUUMIL C TEM, YTO BBIICIIEHHBIC OaKTEPUH OTHOCHIIUCH K pa3HBIM BUAAM
WJIH SIBJISTUCH Pa3HbIMH (JOPMaMU OJTHOTO BHJIA, HE IPEACTABISIOCH BO3MOXKHBIM
TOJNBKO JIUIIh HA OCHOBAaHMH MOP(OIOTHIESCKUX XapaKTepHCTHK. [loaToMy Ko-
JIOHUW BCEX TOJYYEHHBIX MOP(GOTUIIOB OTOMpAIU Uil TECTUPOBAHUA METOJOM
[IIIP-PB Acit 1 F/R, Acit 1-probe st oOHapy>KeHHS TEX U30JIATOB, KOTOPHIE CIIO-
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COOHBI IPUBOJUTH K MOIYYCHHIO MOJOKUTEIBHBIX pe3ynbraToB maHHoro [T1IP-
tecta. Cpenu 89 0TOOpaHHBIX U MPOTECTUPOBAHHBIX U30JSATOB TOIBKO 14 moka-
3aJIi TIOJIOKHUTENBHBIC Pe3yabTaThl pH TecTupoBanuu MetonoM [1L[P-PB Acit 1
F/R, Acit 1-probe, mostomy AHK Tonmpko 3Tux 14 00pa3noB UCIOIB30BANU JUIS
nposenenus [P 8UA/519B. [poxykter TP 8UA/519B wucnons3oBaid st
CEKBEHHPOBAHUS U TOCIEAYIOIEeH NISHTU(PHKAINK ITyTeM CpaBHEHHS TOTy4eH-
HBIX HYKJICOTHIHBIX MOCIEIOBATENEHOCTEH ¢ MOCIEIOBaTEIFHOCTIMA TE€HOMOB
6akrepuii, pasmemeHsbx B NCBI. [lns 10 u3 14 momy4eHHBIX HYKJICOTHIHBIX
MOCJIeIOBATEIIbHOCTEN He 0OHapy)xeHo coBnaaenuit B NCBI. /s 4 u3 14 nykie-
OTHJIHBIX TTOCieoBaTenabHocTel coBnaaenus B NCBI oOHapykeHbI, 1 U30JIATHI,
JHK koropsix ucnonbzoBau 1uist [P 8UA/519B u nocnemyroniero ceKBeHUpo-
BaHUS, UISHTUPUUUPOBAHBI Kak Microbacterium phyllosphaerae, Arthrobacter
sp. (2 w3onsTa) u Sphingomonas paucimobilis. JlaHHbIE U30JIATHI TIOKA3aJH T10-
JIOXKUTENBHYIO PeakIuio pu TectupoBanun Metonamu Acit 1 F/R, Acit 1-probe,
«Acidovorax citrulli-PB» «Cuntom» u Acidovorax citrulli-Rt « Arpo/luarHocru-
kay. Ilpu TectupoBanuu merogom AC158F/AC158R naHHbBIE H30ISATHI TaKXkKe
OKa3aJIACh MOJIOKUTEIBHBI (CM. puc. 1). Kpome Toro, H3074T, HICHTHQHUIINPOBaH-
HBlii Kak Microbacterium phyllosphaerae, moka3an MOJOKUTENBFHYIO PEAKIIHIO
nipu TectupoBannn Metonamu SEQ ID 3/4 u PL1/PL2 (cm. puc. 2).

Tonommenbei Hexannep F1 Beiorop F1

KomTpOTBHHHl P {iskander F1] [Belogor E1]
opaver ' * ‘ , .
E B - S - - - - -
[Positive P

100 by
control] DNA ladder

}

-

[—
——
&=
—
-

158bp

Ompmmaren st
xoRTpomBHi
cDéideReda TR
opFl KassmFl(KamiF{]  100BP  Mamuik e namucFl [ egative
] ’ DNA Jadder [Ma)'chik s pal'chik 1] control]

158bp

Puc. 1. lerexuus npoxykros [1L[P AC158F/AC158R ¢ IHK u3 ceMsiH THIKBEHHBIX KYJIBTYp
1 OaKTepHaIbHBIMU H30JIATaMU
[Fig. 1. Detection of PCR products of AC158F/AC158R
with DNA from cucurbit seeds and bacterial isolates]

W3zossat, naenTudumpoBanusid kKak Microbacterium phyllosphaerae, neno-
HUPOBAJIM B KOJIJIEKIUU Oakrepuonorndyeckux Kynsryp BHUUKP nox HomepoM
0340. /IBa uzosnsAra, uaeHTHOUITUPOBAHHEIE Kak Arthrobacter sp., NENOHUPOBAIH
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B KoyiekIuH o Homepamu 0341 u 0342, Sphingomonas paucimobilis — Ne 0339.
Takum 06pa3oM, BBIIEICHBI U UACHTH(OUIIMPOBAHBI OAKTEPUH, ITOTCHIIUATBHO SIB-
JISONIMECS. HCTOYHUKAMU JIOKHOITOJIOKHUTEIBHBIX pe3ynbratoB [1I[P-TecToB Acit
1 F/R, Acit 1-probe, «Acidovorax citrulli-PB» «Cunron», Acidovorax citrulli-Rt
«Arpo/lnarnoctuka», AC158F/AC158R, SEQ ID 3/4 u PL1/PL2. [lanHsie, mo-
JIydeHHBIE ITyTeM TecTupoBaHus mTaMMoB 0339-0342, yurens! npu oueHke AC.

332 bp

-
r—
g
p—
—
p—
-
-——
-

Puc. 2. Jlerexkuus npoaykros [1LIP SEQ ID 3/4 (1) u IILIP PL1/
PL2 (2) ¢ JHK Microbacterium phyllosphaerae
[Fig. 2. Detection of PCR products of SEQ ID 3/4 (1) and PL1/
PL2 (2) with Microbacterium phyllosphaerae DNA]

B pamxax maHHOTO WCCIIEIOBaHUS TECTUPOBAHHE IPYTrUX OakTepuil, HE OT-
Hocsmuxcs K Buny A. citrulli, meronamu Acit 1 F/R, Acit 1-probe, «Acidovorax
citrulli-PB» «Cunrom», Acidovorax citrulli-Rt «ArpoJluaraoctuka», AC158F/
ACI58R, SEQ ID 3/4 u PL1/PL2, noxa3ano oTpULaTeIbHbIE Pe3ynbTaTsl. MeTon
G12AcFwd/G12AcRev nokasai moJIoKUTeIbHbIC PEAKIIUU TOJIBKO TIPH TECTHPO-
BaHWU IITAMMOB A. citrulli, T0XHOTOIOKUTEIBHBIC PEAKIUH OTCYTCTBOBAIH.

Pesynprarel TectupoBanms mrtamMMoB A. citrulli meromamu I[P Acit 1
F/R, Acit 1-probe, «Acidovorax citrulli-PB» «Cunron», Acidovorax citrulli-Rt
«Arpo/lnarnoctuka», AC158F/AC158R, SEQ ID 3/4, PL1/PL2 u G12AcFwd/
G12AcRev wucnonp30Bamy Ui ONpENENICHUS 3HAYCHUS WHKIFO3UBHOCTH (CM.
tabn. 3). Bee ykazannpie Metons! [P mokazamyu MoJIOKUTEIBHYIO PEAKITHIO C
KaXIBIM U3 5 TECTUPYEeMBIX mTaMMOB A. citrulli. TlonydeHHbIE TaHHBIC TIO3BO-
JISIOT CeNaTh BHIBOJA 00 MHKIFO3UBHOCTH yKa3aHHBIX MeTojoB I[P Ha ypoBHE
100% u BO3MOXXHOCTH HX HMpPUMEHEHHS [l uiaeHTUQuKauu A. citrulli BBULY
OTCYTCTBUSI JIOKHOOTPHIIATEIBHBIX PE3YIBTATOB.

PesynbpraTel TecTHpOBaHUS OAaKTEPUANBHBIX IITAMMOB, HE OTHOCSIIUXCS K
Buny A. citrulli, u obpasnos JIHK, BeiieneHHON U3 pa3iIMyHBIX COPTOB U BHIOB
pactenuit cemelictBa Cucurbitaceae, uCIIONb30BaIN AT ONPEAEICHHUS 3HAYCHUS
9KCKJIFO3UBHOCTH (Tal0II. 4).

VeraHoBIE€HO, YTO 3HAUYeHHe SKCKIo3uBHOCcTH MeTomoB Acit 1 F/R, Acit
1-probe, «Acidovorax citrulli-PB» «Cunton», Acidovorax citrulli-Rt «Arpo/lna-
rHoctukay U AC158F/AC158R Hmxe 99%, yCTaHOBIEHHBIX B KaueCTBE KpUTe-
PYSL TS TIPA3HAHMS METOa CIeNn(UIHBIM; CIE0OBaTEIbHO, YKa3aHHBIE METOIBI
HEJb3sl CUUTATh CHeUUupUIHBIME, HecMOTpst Ha 100% WHKITI03UBHOCTH. B TO *Xe
Bpems Metoasl SEQ ID 3/4, PL1/PL2 u G12AcFwd/G12AcRev sBnstorcs crie-
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TUGUIHBIMA (3HAYCHUE IKCKITIO3UBHOCTH Oosiee 99%, 3HaUeHNe HHKITIO3UBHOCTH
100%).
Ta6uuma 3 [Table 3]

3HaYeHUs NApaMeTPOB OLeHKHU aHATUTHYeCKOi cnenuduynocTu meronos IIP
[The values of the parameters for assessing the analytical specificity of PCR methods]

[TapameTp oLleHKU aHANIUTH- Meron ITLIP [PCR method]
YecKoil crierupuIHOCTH
[Analytical specificity as- 1 2 3 4 5 6 7

sessment parameter|
Yucno A0CTOBEPHBIX MO-
JIOKUTENIbHBIX PE3YIBbTAaTOB
MPU TECTUPOBAHUHU IITAMMOB
Acidovorax citrulli /| O6mee unc-
JIO NIPOTECTUPOBAHHBIX HITAM- 5/5 5/5 5/5 5/5 5/5 5/5 5/5
MoB Acidovorax citrulli, mr.
[The number of true-positive
results with Acidovorax citrulli
strains / Total number of tested
Acidovorax citrulli strains, pcs.]
MHKITI03UBHOCTH
[Inclusivity], %
UKo 10CTOBEPHBIX OTpUIIA-
TEJIBHBIX PE3YJILTATOB IPH TECTH-
poBaHUH 00PA3IIOB, HE COAEPKA-
uwmx JAHK Acidovorax citrulli /
Oo61ee uncio 00pasos., IIT.
[The number of true-negative results
when testing samples that did not
contain Acidovorax citrulli DNA /
Total number of tested samples, pcs.]

IRCKIIO3ABHOCTE 81,0 | 79,7 | 86,9 | 948 | 99,3 | 993 | 100
[Exclusivity], %

Ipumeuanue [Note]: 1 — Acit 1 F/R, Acit 1-probe; 2 — «Acidovorax citrulli-PB» “Sintol”; 3 —
Acidovorax citrulli-Rt “AgroDiagnostika”; 4 — AC158F/AC158R; 5 — SEQ ID 3/4; 6 — PL1/
PL2; 7 - G12AcFwd/G12AcRev.

[Tonmyuennsle pe3ynbTarel oueHKH AC HO3BOJSIOT CHENaTh BBIBOJ O TOM,
yro [ILP-PB Acit 1 F/R, Acit 1-probe, «Acidovorax citrulli-PB» «Cuntomn»,
Acidovorax citrulli-Rt « Arpo/luarHoctuka» u [TIP AC158F/AC158R moryT uc-
MOJIb30BATHCS B AMATHOCTUKE A. citrulli TONTBKO B Ka4eCTBE OTOOPOYHBIX METOIOB.
Ha ocHOBaHMY MTOJOKUTENBHBIX PE3YIBTATOB TECTHPOBAHUS 00PA3IOB YKAa3aHHEI-
MH METO/IaMH HeJNb3sl JeJaTh 3aKIIOYeHHe O HaJM4WMU BO30yAuTelNst OaKkTepHab-
HOW MATHUCTOCTH THIKBEHHBIX KYJIBTYp B oOpasiie. B To e Bpems I[P SEQ ID
3/4, PL1/PL2 u G12AcFwd/G12AcRev MOTyT OBITh IPUMEHEHBI B KAUECTBE MOI-
TBEPKIAFOIINX METOIOB TUATHOCTHKH A. citrulli.

Takum 00Opa3oMm, B pe3yabraTe WCCIENOBAHUS NMPOBEJCHA OLIEHKA aHaJIUTH-
YeCKOH CHEHU(PUIHOCTH CYIISCTBYIONIUX MOJICKYJSIPHO-TCHETHIECKUX METONIOB
uaeHTU(UKAE BO30ynuTeNsl OaKTepUalbHON MSATHUCTOCTH THIKBEHHBIX KYJb-
Typ Acidovorax citrulli (Schaad et al.).

100 100 100 100 100 100 100

124/153 [ 122/153 | 133/153 | 145/153 | 152/153 | 152/153 | 153/153
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3akir0ueHne

B pesynwrare TectupoBaHus 5 mraMMoB A. citrulli, a Taxxe 47 GakTepuaib-
HBIX IITAaMMOB, HE OTHOCSIIUXCS K BUAY A. citrulli, u 106 obpasuos JHK, BbI-
JICIICHHOW W3 pa3JIMYHBIX COPTOB W BUIOB pacTeHH# cemelicTBa Cucurbitaceae,
OlICHEHa aHAJTUTHYECKash CHEU(PHUYHOCTh CIEIYIOIUX MOJEKYISIPHO-TeHETH-
YECKUX METOJOB TUATHOCTHKH BO30OYANUTENS OaKTepUAIbHON MATHACTOCTH THIK-
BeHHBIX KynbTyp: Acit 1 F/R, Acit 1-probe, «Acidovorax citrulli-PB» «Cuntomny,
Acidovorax citrulli-Rt «ArpoJluaraoctuka», AC158F/AC158R, SEQ ID 3/4,
PL1/PL2 u G12AcFwd/G12AcRev. YcranoBneno, uto Acit 1 F/R, Acit 1-probe,
«Acidovorax citrulli-PB» «Cunron», Acidovorax citrulli-Rt «Arpo/lmarHocru-
ka» 1 AC158F/AC158R MoryT HCHIONIB30BaThCs B TUATHOCTUKE A. citrulli TONbKO
B KaueCTBE OTOOPOYHBIX METOJIOB BBUTy HU3KOH aHATUTHYCCKON CIIEII(PUIHOCTH.
Ha ocHOBaHMM TOJIOKUTEIBHBIX PE3YJIBTATOB TECTUPOBAHUS 00Pa3I0B YKa3aHHbI-
MH METOHaMH HEJb3sI JAeNaTh 3aKII0UCHNE O HAJTHMIUU BO3OYIHUTEINsT OaKTepralTh-
HOH MSTHUCTOCTH THIKBEHHBIX KyJbTyp B 0o0pasie. IILP SEQ ID 3/4, PL1/PL2 u
G12AcFwd/G12AcRev MOryT OBITH IPUMEHEHBI B Ka4€CTBE ITOATBEPKAAFONINX
METO/IOB IUATHOCTHUKU A. citrulli.

[Mono6Has moaHOMAcCIITa0HAST OIICHKA aHAJMTHYCCKOW CHEeNU(DUIHOCTH JHa-
rHoctrueckux Metonos [P s A. citrulli nmpoBenena Bnepssie. [lomyueHHbIE
JaHHBIE TI03BOJIAT OOJIee JOCTOBEPHO MPOBOAUTH BBLABICHUE M MICHTU(PHUKAIIHIO
A. citrulli B pamkax pabOThblI HCTIBITATENIBbHBIX JIaOOpaTopuil.
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Determination of analytical specificity of PCR methods
for Acidovorax citrulli identification

Acidovorax citrulli (Schaad et al.), the causative agent of bacterial fruit blotch of
cucurbits is a significant object in plant quarantine. The main stage in the detection of
the phytopathogen in the framework of laboratory diagnostics is using molecular-genetic
methods, like PCR, and it is the results of the application of these methods that are
decisive. In this regard, the used PCR-methods impose strict requirements for assessing
their applicability. Applicability criteria such as analytical specificity, showing the
ability of a test to reliably distinguish a target organism from a non-target organism, is
an integral component of the assessment applicability of a diagnostic method. Analytical
specificity is evaluated based on the values of parameters such as inclusivity and
exclusivity. Inclusivity shows the ability of the method to identify strains of the target
bacterium, representing all genetic diversity, different geographical origin and host
plants. Exclusivity shows the ability of the method to distinguish non-target bacteria,
especially those that can be in the DNA of host plants. This study was conducted to
determine the analytical specificity of the PCR-methods for identification of 4. citrulli.
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We detemined analytical specificity with 5 A. citrulli strains, 19 bacterial strains of
other species from international collections, 28 other bacterial isolates (See Table 1) and
106 DNA samples isolated from various varieties and species of Cucurbitaceae plants.
30 samples were plant debris, and 76 were seed samples (See Table 2). The process of
preparing analytical samples consisted in the extraction of microbiota from samples
into phosphate-saline buffer and subsequent concentration using high-speed centrifuge.
Then DNA was extracted from the samples. PCR for each sample was performed in
triplicate for each of the following tests: qPCR Acit 1 F/R and Acit 1-probe according
to Woudt et al [2009], commercial kits for gPCR by “Syntol” and “AgroDiagnostika”
(Russia), PCR with primers AC158F/AC158R according to Cho et al. [2015], PCR
SEQ ID 3/4 according to Schaad et al. [2000], PCR PL1/PL2 according to Zhong et
al., 2015 and PCR G12AcFwd/G12AcRev according to Zivanovic & Walcott [2017].
The value of inclusivity for each PCR test was determined as the ratio of reliable
positive results of the target to the total number of reactions, expressed as a percentage.
The value of exclusivity was determined as the ratio of reliable negative results to
the total number of reactions of non-target, expressed as a percentage. An assessment
of analytical specificity was assigned to each of the test based on an analysis of the
inclusivity and exclusivity parameters. The conclusion about the specificity of the tests
was made with the values of inclusivity and exclusivity of 99% or higher. Isolation of
bacteria was carried out from analytical samples of cucurbit crops that showed at least
one positive result when tested by any of the above PCR methods (See Table 3). DNA
from single colonies was used for PCR with primers 8UA/519B. For identification, we
used the Sanger method for determining the nucleotide sequence, which were, then,
compared with the sequences of bacterial genomes in the NCBI database.

The process of diagnosing phytopathogens is a combination of sequentially applied
methods and tests, the final stage of each of which is the interpretation of the data. In
the case of obtaining positive results of the applied tests, it is important to establish the
exact cause of these results. During the study, PCR tests showed positive results with
samples known to be free of the A. citrulli DNA. Agarose gel amplicon detection also
revealed the presence of reaction products characteristic of 4. citrulli (See Fig. I). Also,
isolated 89 bacterial cultures whose colonies were morphologically different. These
isolates were selected for testing by the Acit 1 F/R, Acit 1-probe in order to detect
those isolates that can lead to positive results. 14 isolates showed positive results. These
isolates were used for PCR 8UA/519B. For 4 of the 14 nucleotide sequences, matches
in the NCBI were detected, and isolates identified as Microbacterium phyllosphaerae,
Arthrobacter sp. (2 isolates) and Sphingomonas paucimobilis. These isolates showed
a positive reaction when tested using Acit 1 F/R, Acit 1-probe, “Acidovorax citrulli-
RV” “Synthol” and Acidovorax citrulli-Rt “AgroDiagnostika”. When tested using the
AC158F/AC158R method, these isolates were also positive (See Fig. I). In addition,
the isolate identified as Microbacterium phyllosphaerae showed a positive reaction
when tested by methods of SEQ ID 3/4 and PL1/PL2 (See Fig. 2). Thus, bacteria that
are potentially sources of false-positive PCR tests were isolated and identified. Testing
of other bacteria not belonging to the species 4. citrulli showed negative results. The
results of testing strains 4. citrulli by Acit 1 F/R, Acit 1-probe, “Acidovorax citrulli-
RV” “Synthol”, Acidovorax citrulli-Rt “AgroDiagnostika”, AC158F/AC158R, SEQ
ID 3/4, PL1/PL2 and G12AcFwd/G12AcRev were used to determine the value of
inclusivity (See Table 4). PCR methods showed a positive reaction with each of the
5 tested A. citrulli strains (100% inclusivity). Test results of bacterial strains not
belonging to the species 4. citrulli and DNA samples isolated from different varieties
and species of Cucurbitaceae were used to determine the value of exclusivity (See
Table 3). We found that the exclusivity values of the Acit 1 F/R, Acit 1-probe,
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“Acidovorax citrulli-RV” “Synthol”, Acidovorax citrulli-Rt “AgroDiagnostika” and
AC158F/AC158R methods are below 99%, established as a criterion for recognizing
the method as specific; therefore, these methods cannot be considered specific,
despite 100% inclusivity. At the same time, the methods SEQ ID 3/4, PL1/PL2 and
G12AcFwd/G12AcRev are specific (the value of exclusivity is more than 99%, the
value of inclusivity is 100%). The results of the analytical specificity assessment
allow us to conclude that Acit 1 F/R, Acit 1-probe, “Acidovorax citrulli-RV”
“Synthol”, Acidovorax citrulli-Rt “AgroDiagnostika”, AC158F/AC158R can be used
in diagnosing 4. citrulli only as screening methods. Based on the positive results of
testing the samples with the indicated methods, it is impossible to draw a conclusion
about the presence of the pathogen in the sample. At the same time, PCR SEQ ID 3/4,
PL1/PL2 and G12AcFwd/G12AcRev can be used as confirmatory diagnostic methods
for A. citrulli. Thus, as a result of the study, we evaluated the analytical specificity
of existing molecular-genetic methods for identifying 4. citrulli. Such a full-scale
assessment of the analytical specificity of diagnostic PCR methods for 4. citrulli was
carried out for the first time. The obtained data will allow testing laboratories to more
reliably identify A. citrulli.

The paper contains 2 Figures, 3 Tables and 24 References.

Key words: PCR; plant quarantine; diagnostics of phytopathogens.
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JI.B. MajnoBnuko, T.K. HKene3znoBa, A.M. 3y6anmnii, A.B. llIBbikoBa

Poccutickuii 2ocyoapcmeenHblil azpapHulii yHUsepcumem —
MCXA umenu K.A. Tumupsasesa, 2. Mockea, Poccus

CoBpeMeHHOE COCTOSTHME KOJIBbYATOM ropauubl Streptopelia
decaocto (Aves: Columbiformes) B CTaBponojibCKoM Kpae

Hccnedosanus sxonozuu konvuamoti copauyst 8 Cmagponoibckom Kpae npogeoervl
6 2008-2019 cze. Ilpoananuzupo8ano co8peMeHHoe COCMOsHUe 6uod: pasmep
NONYAAYUY, NIOMHOCHb HACELEHUs, pacnpeoeienue no meppumopuu Kpas. Aunanu3
OUHAMUKY 0OUNUA U 2HE300601 NIOMHOCMU KOAbYAMOU 20PIUYbl C8UIEmenbCmayem
0 npoepeccupyiowem pacceleHuy u pocme e€ YUCIeHHOCIU 6 pecuoHe. Ycmanogneno,
umo uo npeonoyumaem pauoHsvl C PAGUMbIM HCUBOMHOB0OCNEOM 8 CHEnHOU U
NONYNYCMbIHHO-CYXOCMENHOU 30HAX, M020a KAK 8 1eCOCMent U 0CO6EHHO NPed2opbsx
€20 2He3006as NIOMHOCMb 3Hauumenvho Hudice. Ilokaszana evicokas cmeneib
CUHAHMPORU3AYUU KOLLYAMOU 20PIUYbL: OHU CHE30MCs 6 CEeIbCKUX HACENEHHbIX
NYHKMAx, 20pooax, a makdice 8 JIeCONOLOCax azpolaHOuapmos npeumyujecmeenio
Ha Oepegbax. I He30060u nepuod Oaumcs co 2-ii 0ekaovbl Mapma 00 HA4ana HOAOPA.
Topnuyer Odenatom 3—4 Knaoku 3a ce30H, CpeOHAs GeIUYUHA KIAOKU COCMABIAEm
1,57 auya, cpeonue pazmepor auy — 30,5%24,6 um (n = 25), nocmamobpuonanvras
cmepmuocms — 13,5%. Ommeuenvl ocenne-3umnue kouéexu cmaamu 00 500 ocobeil.
Vemanoeneno, yumo aumumupyrowue paxmopel 0ns euda — eubensb KiaodoK u NMeHyos
OM XUWHUKO8 U HEeNo2oobl, a Makdice 2ubeib 63pOCIbIX NMUY NPU AHOMAILHO HUZKUX
memnepamypax 3umMou u Ha agmooopPo2ax.

KioueBble  CJI0BA:  OUHAMUKA — YUCKEHHOCMU,  NJIOMHOCMb  HACELeHU,
buomonuueckoe pacnpeoenenue; 2He3008asa OUONO2UA,; IKOTO2UYECKUe PaKmopbi.

BBenenue

Komnpuaras ropmuna Streptopelia decaocto Frivaldszky, 1838 — MHOTOUHCIICH-
HBI oc€nmblit BuA CTaBpoIoabCKOTo kpast. E€ maneapkTuueckuil apean 0XBaThl-
BaeT o0IMpHYo TeppuTopHIo EBpasuu: ot bputanckux octpoBos, benbrum, Boc-
TouyHOM Ppanuuu, ceepHoil MTanuu k BocToky 10 Kopelickoro nmomyocTtposa u
FOKHOM yacTh XoWIyHI3sHA; K ceBepy Ao toxxHoi Hopeerun, B lBeruu mo 60-i
rapaJjuieNy, J0 CeBepHOW DCTOHUU, BOCTOUHEE B eBporelickoil yactu Poccun k
ceBepy 10 55-i mapamienu, Boctounee Boiru k ceBepy /10 cpeHei YacTH T0Nn-



Coepezuelmoe cocmosaHue Konpuamou copuybl 47

Hbl Mypra6a B TypkMmeHuu, ceBepHoro Adranucrana, 6acceiina Tapuma, Bepx-
Heil yactu gonunsl Winn, ceBepHoro Oppoca, BOCTOUHEE K CEBEpy MPUMEPHO J0
40-# mapamenu; K 1ory 1o bamkanckoro momyoctpoBa, Mpaka, toxHoro Mpana,
BOCTOYHEE K IOTY 10 OKeaHHueckoro moodepexbst Asuu [1]. [IpupomooxpaHHsIii
cTaryc Buaa, cornacHo cucreme kareropuit MCOII, BrI3pIBaeT HAMMEHBIIINE OTIaA-
cerus (LC), Ho TpeOyeT manbHelIIero u3yueHus U CUCTEMAaTH4eCKOI0 MOHUTO-
punra [2].

Ha CraBpononbe konpiarast ropauna nosisunacs B 1973-1978 rr. [3, 4]. Macco-
Boe paccenenue e€ Hadanochk B 1980—-1990-x rT., u 3a mocneayromme AeCsITHICTHS
OHa IIUPOKO OCBOMJIA BCIO TeppuTopHio kpas. B nmepuox ¢ 1990 nmo 2006 T. THE3-
JIOBast YMCIEHHOCTh BU/Ia B Kpae Bo3pocina B 3,5 paza — ¢ 12,5 mo 47 Teic. map [5].
K HacrosiiieMy BpeMeHH YHCIICHHOCTh YBENIUYMIach emle B 1,3 pasa u cocTaBiser
B cpexHeM 65,5 Thic. map. Majoe 9nciio TuTeparypHbIX HCTOYHUKOB HE TTO3BOJISIET
MPOBECTH CPAaBHUTENILHBIN aHAIN3 MU3MEHEHUH MJIOTHOCTU HACEICHUS KOJIBYaTOH
TOPJINIIBI B PETPOCIIEKTHBE. B mocnennme necaTmwieTns yCIoBus oONTaHMs BHIA
3aMETHO M3MEHWINCh M3-3a MEpenpopUIMPOBAHUS CEIbCKOXO3SHCTBEHHOTO MPO-
m3BozacTBa. B 1990-2000 1T 9nciIeHHOCTH OBEI] M KPYITHOTO POTaroro CKOTa Ha
CraBporoibe YMEHBIINWIACH IIOYTH B 3 pa3a Kak B KPYIHBIX CEJIbXO3MPEINPHUITH-
SIX, TaK M Ha 9aCTHBIX MOABOphsX [6]. K 2015-2019 . mpouzonuio yBenmdeHNe
IUTOMIAIEH CeNTbCKOX03SIHCTBEHHBIX KYIIBTYP, IPEXK/IE BCETO 36pPHOBBIX, 3@ CUET pac-
TIAIIKY TAaCTOUII B 30HE TPEKHETO JOMUHUPOBAHHUS )KUBOTHOBOZICTBA [ 7, §].

Marepuaiibl IO YUCIIEHHOCTH M PAaCIpeeNICHHIO KOJIBYaTONH TOPIHUIIBI, TOTY-
YCHHBIE B Pe3yNbTaTe MPOBEAEHHBIX HAMH HCCIICIOBAHHIA, IOCITY>KaT OCHOBOI IS
JIONTOBPEMEHHOTO MOHUTOPUHTA BHUJIA, KOTOPBIH, C OJJHOM CTOPOHBI, AEMOHCTPH-
PYET IpUMep CTPEMHUTEIFHOTO PACIIMPEHIS apeaa, a ¢ Ipyroi — ero MylIbCaui
T10 HE BITOJTHE IOHATHBIM NpuunHaM. KomyecTBeHHbIEe XapaKTEPUCTHKH IIOTHO-
CTH HACEJICHUS U PacIpeeNIeHHS KOJTBIATOH TOPIIHITBI MOTYT HUCIIOIB30BATHCS KaK
BaXKHas COCTABIISAIONIAs! P OLIEHKE BO3JEHCTBUS PA3IMYHBIX aHTPOIIOTCHHBIX U
MIPUPOTHBIX (PAKTOPOB, a TAKKE TO3BOJIIOT IIPOTHO3UPOBATH HajlbHEHININE H3Me-
HEHMs YUCIICHHOCTHU BHJIa U BEKTOPOB €T0 PACCEICHUS.

Lens paboTH! — M3y4eHIE COBPEMEHHOTO COCTOSHHS YHCICHHOCTH, pacIpeze-
JIEHUSI ¥ DKOJIOTUH KOJIBYATOM TOPIHIIbI Ha TeppuTopru CTaBpOIIOIBCKOTO Kpasi.

MaTepnam,I U METOAUKH HCCTICT0BAHUSA

CTaBpoOmoNbCKUi Kpail pacroiiokeH B LEHTpanbHON wacTu [IpemkaBkasbsi
u Ha ceBepHOM ckioHe bompmioro Kaskasa. I[IpoTspk€HHOCTE Kpast COCTABIISET
285 kM c ceBepa Ha 1or 1 370 kM ¢ 3amaga Ha BocTok. OH 'paHUYMT Ha IOTE C
pecnyonmukamu CeBepras Ocerusi, Kabapnauno-bankapckas, YeueHckas, Ha 3a-
naze — ¢ KpacHomapckum kpaem, Ha ceBepe — ¢ PocToBckoit obnacteio u Peciy-
omukoit Kanmmbikust, Ha BocToke — ¢ PecryOnukoii larectan [9].

CenbCKOX03sHCTBEHHBIE YTOAbsI COCTABISIIOT 86% 3eMeNbHBIX PECYPCOB Kpasl.
[Mamau 3anuMaoT okoio 61%, macrouria — 24%, necononaocs! — 1,5%, Hacenén-
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HBIE IyHKTHL — 7% [7, 8]. CTaBpoIoiane OTHOCHTCS K MAl0OOJIeCEHHBIM PErHo-
HaM, 00Ilas IIOIIaab JIecoB o cocTosHuio Ha 2018 r. — 130,1 TeIc. ra. VI3 HUX
JIeca, paclojoKEeHHbIE Ha 3eMJIIX TOPOACKUX U CEIbCKUX IOCEIEHUH, COCTaB-
nst0T Beero 15,6 Teic. ra. [lnomaay ectecTBEHHBIX JIECOB HE3HAUYUTENBHO TMpe-
BBIIIAIOT JIeca MCKYCCTBEHHOTO IpoucxoxaeHus [8]. CTemHoe necopa3BeneHne
B Kpae Hayanock B koHIe XIX B., o1HAKO 0 cepenuHbl XX CTONETUs 3TH pado-
TBI HE HOCHJIM MAaccoBOTO xapakrepa. [lomaBmsioniee GONBIINHCTBO 3alIUTHBIX
JIECOHACAX/ICHUI B Kpae CO3[aHo IMocie mpuHsaTus B 1948 . Tak Ha3bIBaeMOro
«CrannHCKOTO TIaHa npeodpa3oBaHus TpUpoasn. OCOOEHHO MHOTO JIECOTIONOC
CO3/1aBajIoCh ¢ KoHNa 1960-X IT., KOrjja 0TMEUaIUCh CHIIBHBIE BIIBHBIE OYPH.
Teppuropus CTaBpONOIBECKOTO Kpasi moapasnensieTcs Ha 4 maHamadTHBIE
MIPOBUHIMH: TTOJIYIYCTBIHHO-CYXOCTEIHYI0, CTEIHYIO, JECOCTENHYIO U MPEarop-

Hyto [9] (puc. 1).

Puc. 1. Kapra CtaBpomnonabpckoro Kpasi ¢ ykazaHHeM MYHHLIUITAJIbHBIX PaiiOHOB
¥ TIpeo0IaJarouX JaHAMAPTHEIX TPOBUHLIUH.

JKénterit uBeT — MaHAIAQTHI MOTYMYCTHIHD U CyXHX CTETel; MyHHIIUIaIbHbIe pailoHbl 1-9.
KopuuHeBslii 11BeT — cTenHble JaHAmAa(TH; MyHIIUNOATBHBIE paiionsl 10—17.
3eTeHbli [BET — JIECOCTENHBIC JIAHAMIA(TH; MyHUIUIIaIbHbBIE pailoHbl 18-22.

Ceppiii 1BeT — MaHAMA(TH IPEArOPHI CTENeH H JIeCOCTenel; MyHUIUIaIbHbIe paiioHbl 23-26.
O0603Ha4eHUs palioHOB cM. Taom. 1
[Fig. 1. The map of Stavropol Region with the municipal districts and the prevailing landscapes
Yellow color - Landscapes of semi-deserts and dry steppes; municipal districts 1-9.
Brown color - Steppe landscapes; municipal districts 10-17.
Green color - Forest-steppe landscapes; municipal districts 18-22.
Gray color - Landscapes of foothills of steppes and forest-steppes; municipal districts 23-26.
For municipal district designations see Table 1]
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[omymycTeHHO-CyX0OCTeIHAs JaHAMA(THAS MIPOBHHINSA MIPOCTHPAETCS II0-
JIOCOM Ha CEBEPE U BOCTOKE Kpasd. Y 03. MaHbIU OHA y3Kas, a C IPOJBUKECHUEM
Ha BOCTOK PACHIMPSIETCS B I03KHYIO CTOPOHY. [10Iy My CThIHM pacionoKeHsl BAONb
Kymo-Manbruckoii BriauHbl Ha ceBepe Kpasd 1 Tepcko-KyMcKkoll HU3MEHHOCTH Ha
BocTOKe. [IpOBHHIMSA CTETTHBIX JIAaHAMA(TOB PacHoONIOKEHA B CEBEPO-3aaTHON 1
LEHTPAJIBHOI 9acTsIX Kpasi, 0 KOTOPBIM NPOTEKatoT peku Eropneik, Tama, Una,
Kanayc, Kapambik, Afirypka. JlecoctenHas nanaadTHas IPOBUHIINS 3aHUMAET
CTaBpoOmnoIbCKYH0 BO3BBIIIEHHOCTh B OKpeCTHOCTAX I. CraBponosns, B lllnakos-
ckoM u ['paué€Bckom paiionax, IIpukamaycckue BBICOTHI B AJIEKCAaHIPOBCKOM U
AHZIpONIOBCKOM paifoHax. JlaHamagTel npearopHoil NPOBUHINHU PACIOIOKEHBI
Ha CaMOM Iore Kpas — Ha 3TOM TEPPUTOPHUM PACIOIOKEHBI MHUHEPATOBOACKUN,
IIpenropusiii, Kypckoii, I'eopruesckuii palioHbL.

Hamm uccnenoBaHust oXBaTWIM BCE MPHUPOIHBIE 30HBI M MYHUIMIAIBHBIE
paiionsl kpasi. [IppopuTeTHbIE MapHIPYTHI IPOIOKEHBI ¢ YUETOM 3KOJIOTMIECKUX
0co0EHHOCTEH BU/a ¥ 33/1a4 MOHHTOPUHTA €TO COCTOSIHUS Ha paHee 00CcIen0BaH-
HBIX TEPPUTOPUSAX (HA OCHOBAHUHU KaK COOCTBEHHBIX JAHHBIX, TaK U OITyOJIHKO-
BaHHBIX B Pa3HbIE NTEPHO/IBI MATEPHAIIOB IPYTHX HUCCIIEN0BATEINEH).

Marepuain 1o 61oJI0ruu Koas4aToil ropnuisl coopan B 2008-2019 rr. Bee-
ro npoBeneHo Ooiee 140 y4éroB nTuil Ha Bceil Tepputopun CTaBpOIOIBCKOTO
Kpas (B mpeaenax reorpapuueckux koopaunar 43°43'-46°14'N, 40°51'—45°43'E)
B Pa3IMYHBIX OMOTOIAX: CEIECKHUX TOCEICHHUSX, KOIapax, MPOMBIIUICHHBIX U Ce-
JUTEOHBIX 3aCTPOIKax, CAHATOPHSIX, JIECOIoNocax, Oaifpadnsix necax u T.1. O06-
mast MPOTSHKEHHOCTD MEMNX MapIIpyToB coctaBmia He MmeHee 500 kM; yaEToB ¢
aBToTpancnopra — 42 000 kM. ABTOMOOUIIbHBIE YUETHI, TOMUMO OXBaTa OOJIBIIUX
TEPPUTOPHIA, TIO3BOJIMIIH OLIEHUTH IIPUYPOIEHHOCTD NTHI] K IMHEHHBIM 00BEKTaM
aHTPOIOTeHHbIX JaHAmadToB (aBToMOOMIBHBIE fopory, JIDIT). B nanHslil 06-
30p BKJIIOUEHBI TAKXKE PE3YNIBTATBhI, IOJY4YEHHBIE IPU IPOBEIEHUN YUETOB IITULL B
CraspomnonbckoM kpae B 2015-2018 rr. B pamkax mporpaMMbl co3iaHus ATiaca
rHe3asmuxcs ntul] EBporner. O6cnenoBano 39 kBaaparoB pazmepoM 50x50 k.
Kpyrioronuusslie MapIpyTHbIE YUETHI IPOBEAEHB! C IPUMEHEHHEM OOIIETPUHS-
THIX B OPHHATOJIOTUY METOAMK MOJEBBIX uccienoBanmii [ 10—12].

OOHapyXeHHbIE JKUbIe THE3/IA KONBUAThIX TOPIIUL] KapTUPOBAIU U OMHUCHI-
BaJIM TI0 CIEAYIONIMM IIapaMeTpaM: JlaTa, MOTOAHBIE YCIOBHs, OHOTON, Mopona
U BBICOTA JIEpEBa, BBICOTA PACHONOXKECHUS THE3/a, CTPOUTENBHBIN MaTepua, co-
Iep>KMMOe THe3/1a, HAIMIUe U ONMM30CTh THE3M IPYTHX BHAOB, 0COOCHHOCTH MO-
BE€/ICHUsI ITUI] B THE3[I0BOM U BHETHE3/JOBOM IEPHO/BI, (DAKTHI JIUMHUHAIIUU U JP.
OueHnBaIy TakKe XapakTep OMOLCHOTHUECKHX CBsI3el BHIa (IIEPEeKPHITHE THE3-
JIOBBIX YYaCTKOB C JPyTUMHU BUIAMU MTHUI]) U NOBEACHHUE B YCIOBUSX ypOAHU3U-
POBaHHBIX JAHAMA(TOB. YCIENTHOCTh Pa3MHOKCHNS THE3ISIIUXCS Map U3ydalin
OT HauaJla OTKJIaJIKU SIMII 10 BeIJIETA ITEHIIOB U3 THe3/1a. Beero 3a nmepuon uccie-
JoBaHUH BBIABICHO 1 167 THe3aAMMXCS Nap, 00OHapy)eHo u onrcaHo 490 rué3n,
noApoOHbIe HAOMIOACHNUS TPOBEIeHHI 3a 58 rué3namu. Habmonenus 3a cyTo4HOM
aKTHBHOCTBIO OIHOW HACHKUBAIOLIEH CaMKH IIPOBEIH B JETCKOM 0310POBUTEIb-
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HOM Jlarepe « CTEeIMHSIYI0K» B Ap3rUpcKoM paiioHe [13], uX o0Iiast mpoJonKUTeNhb-
HOCTbh cocTaBmiia 35 4 12 MuH.

PesysabTarsl Hccaeq0BaHuS U 00CYKICHTE

Teppumopuanvroe pacnpedenenue u obuiue. 3a TEPUOJ] HUCCIEIOBAHUN
KoJpYaTasi TOpNWIla OTMEYEHa BO BCEX aIMHUHHCTPAaTHBHO-TEPPUTOPHAIBHBIX
enuHuax CTaBpONOIbCKOTO Kpas (MyHUIIUIAIbHBIE PalOHBI, TOPOa KPaeBoro
3HaueHMs1 — ropoxckue okpyra Hesmanomsbicck, Knucmosonck). 1o pesymeratam
uccieJ0BaHUM 00Iasi cpeJHEro0Basi MIOTHOCTh HACETIEHUs BUJA B Kpae COCTa-
Buia 38,6 0cobu/kM?, 9TO HECKOIBKO BEIIIE, yeM B 2006 1., — 32 ocobu/km? [5].
OneHouHasi COBpeMEHHAs THE3/I0Basi YUCIEHHOCTh Ha 00CIeI0BaHHON TEPPUTO-
pHYU cocTaBmIa OKoJIo 65 TrIc. map, uto B 1,3 pasa Beimie mo cpaBaernio ¢ 2006 .
(47 Thic. map) [5]. UMeroT MecTO MEXTOIOBBIE Pa3uyMsl YHCIa THE3IAMINXCS
map: ¢ 2015 mo 2018 1. pa3Mep NOMyISANUN KOJIBYATON TOPIHUIIEI B Kpae BapbUPO-
Baj oT 11 949 no 119 100 (B cpeanem 65 524) rHe3agmMXCs map.

Bua o Tepputopun Kpast pactipenenéH HepaBHOMepHO. HanbGombias rHe3noBas
IUIOTHOCTh HacesieHust (42,7 mapbl/kM®) OTMEUCHA Ha CEBEPE U CEBEPO-BOCTOKE Kpast
— B 30HE ¢ Ipeo0IIaJaHreM )KHBOTHOBOJICTBA: ATTaHACEHKOBCKHH, JIeBokymckuit, Typ-
kMeHckui, CrenHOBCKU, Kypckoii paiioHs! (30Ha 1, puc. 2), e *UTeIu CoIepKar B
YaCTHBIX TIOABOPHSIX MHOTO CKOTA ¥ IITHITEL. B F0KHO# ¥ 3amagHO JacTsx Kpas (30Ha
2, puc. 2), rae rofoBas cymmMa ocaikoB Bbiie 400 MM, B CTPYKType X035iCTBa Ipeod-
JIaJaeT PACTEeHUEBOICTBO, THE3IOBAS IUIOTHOCTH HIke — T 20 10 13 map/km?.

Puc. 2. Kapra CTaBpoIoabpckoro Kpas ¢ IelIeHHEeM TePPUTOPHH
10 XO3SICTBEHHOMY IPUHLUILY: / — 30Ha ¢ MpeobIagaHueM KUBOTHOBOJCTBA;

2 —30Ha ¢ peolagaHueM pacTeHHUEBOACTBA. JKUpHO# yepToil 0003HaueHa
W30JIMHUS, XapaKTepu3yIolias ypoBeHb arMmocdepHbix ocaakos 400 MM B rox
[Fig. 2. Stavropol Region map showing areas with prevalence of different economic activities:
1 - Area with prevalence of animal husbandry; 2 - Area with prevalence of plant growing.
The bold line is a precipitation isoline, 400 mm per year]
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Yro kacaercst TaHAMA(THOTO paclpeAeieHus BHOA, TO B HONYITyCTHIHHON
CTEINHU CO CBETIO-KAIITAHOBBIMH MOYBAMH U CYXOW CTENHU C TEMHO-KAITaHOBHI-
MU U KalITaHOBBIMM Io4YBaMH [ 14] konp4aTasi ropjauia MHOTOYMCIIEHHA U IIOBCeE-
MECTHO THE3/IUTCS B HACEIEHHBIX MyHKTaxX. ClleyeT OTMETUTh, YTO B 3aCyIIIHU-
BBEIX gacTsaX Aparupckoro n Hedrekymckoro pafloHOB POCT YHCICHHOCTH BHIA
JUMHUTHPYETCSI HEJIOCTATKOM JIPEBECHOM PacCTUTENBHOCTH Ha apUIHBIX MacTOU-
max. B cTenHoil npOBUHINH, PUMBIKAKOLIEH K IPEABIAYIIEH, BU NUMEET TaKKe
BBICOKYIO TJIOTHOCTH (42 mapbl/km?). B JecocTeny mioTHOCTh HACEICHHUSI HHXKE B
1,5 pa3a u cocraBmsier 31 maper/km?. Camasi HU3Kast B Kpae IIOTHOCTh HACEJICHHS
KoybaToi ropiuikl (13 map/km?) 3auKCcUpoOBaHa B IPEATOPHOM JTaH A THOMI
MIPOBUHIINY, [1I€ OTCYTCTBYET TPaIULMsI HIOABOPHOTO )KHUBOTHOBOACTRA, — B [Ipen-
TOPHOM U MHHEPaloBOACKOM pailOHaxX.

buomonuueckoe pacnpedenenue. Konpuaras ropnuna — NTUANA KyTETypHBIX
naamadroB. O0UTaeT NPEUMYIIECTBEHHO B HACEIEHHBIX IyHKTaX — Kak B He-
OoNMBIINX TMOCENKaX, TaK U B KPYHHBIX TOpofax. 3aceisieT yJacTKH C XOpPOIIOo
Pa3BUTOHN BBICOKOH IPEBECHOM pacTUTENBHOCTHIO. Hallle BCEro HacesieT cTaphle
MapKu, KIag0uIna, CKBephl, y9aCTKU KHUJIOH 3aCTPOUKU C TBOPOBBIMH HacaxIe-
HUSIMH, YIUYHBIE ajuied. M30eraer cenuThes B DIyXUX MAaJlONOCEIIaeMbIX Map-
Kax u Jeconapkax [15—17]. B mporecce paccenenus By MOSIBISIETCS] CHadasIa B
KPYIHBIX TOPOJaX, 3aTeM IMOCTENEeHHO 3aceisieT HeOOoblIne HacenEHHbIe MyH-
KTbI, IIOCJI€ YETO PaCIPOCTPAHSIETCS IO MEJIKUM JIEPEBHAM, XyTOpaM, OTAEIbHBIM
KOp/IOHaM, a TaKKe JIECOMOJIOCaM U JIECHBIM MecToobouTanusm [18, 19].

Cuuraercs, 4TO TOJYKOM K 3KCIIAHCUM BUJA SIBWIACh CMEHA MECT THE3/0Ba-
HUS: U3 JIECHBIX MECTOOOUTAHUI TOPIUIIBI IEPELTH B TOPOJCKUE TAPKU U CKBe-
pet [20, 21]. CrocoOcTBOBAIO ATOMY M HUCKYCCTBEHHOE paccelieHHe TOPIIHIL B
Typuuu u bonrapuu. BeposTHO, fanbHelIIee pacceleHre BU1a Ha CEBEPO-BOC-
TOK U BOCTOK €BpOIENCKON 4yacTh Poccuy MpHOCTaHOBUIIOCH U3-3a KIIMMaTH4e-
CKHUX (paKTOPOB, MPEXK/Ie BCETO CypOBBIX MHOTOCHEXHBIX 3UM [16]. Ha CeBeprom
Kagxkaze xonpyaras ropnuna nosisuiach B 1973—1978 . B nacTosiiiee Bpemst oHa
SIBIISICTCS] OOBIYHOM MJIM MHOTOYUCIIEHHONH CHMHAHTPOIHOM NTUIlel ypOaHU3Upo-
BaHHBIX Tepputopuit Llentpansuoro [Ipeakaskassps [3, 5].

B xaxxoM cenbCkoM Hacen€HHOM MyHKTe CTaBpOIOIBCKOTO Kpasi THE3IATCS
ot 30 mo 100 map xompuaroit ropauisl, B ropogax — ot 100 mo 300 map. Ecnu
y4ecTh, YTO B Kpae HacuuThiBaeTcsa 19 ropogos, 7 MOCEIKOB FOPOJICKOTO THIA U
736 cenbCKUX HACeNEHHBIX IMyHKTOB, TO MOYKHO IPEAIION0KHUTb, YTO THE30Bas
YUCIEHHOCTh COCTABIIACT OKOJIO0 62 Thic. ap. Emie okoio 2 Thic. map BCTpedaroT-
Csl TIO JIECOTIONIOCaM 1 Ha TEPPUTOPHH ACHCTBYIONTNX 1 3a0pOIICHHBIX IDTOIOBBIX
CaJIoB, OKOJIO 1 THIC. — HA KoIIapax, I/ie €CTh XOTs OBl OJJHO AE€PEBO.

Kaxk moka3zanyu Hammm nccienoBaHus, OCHOBHBIM THIIOM MECTOOOUTAHMUI KOJIb-
yaroii Topiuiel Ha CTaBpOMoJbe ABJISIIOTCS CEJIbCKUE HACEIEHHBIE YHKTHI, Jie-
COTOJIOCHI (TIOJIE3aIUTHBIC, IPUIOPOKHBIC) U JIECOMOCATKH (HACAXKICHHS HEIH-
HeHHON KOH(Urypaluu pa3iTuvHON TUIomaan) B arponanamadrax. Benencteue
OOMITHSL KOPMa Ha XO03ABOpaxX CEJ U XyTOPOB IITHIEI HE HCIIBITHIBAIOT TPOQIde-
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CKOM KOHKYPEHIIHH, YTO TTO3BOJISIET UM CTPOUTH THe3/a Ha pacctosanu 300400 m
Jpyr ot apyra. O4eBUHO, TAKUE YCIOBUS JUIS BUJIA SABJISIIOTCS. ONTUMAIbHBIMU.

[puypodeHHOCTh KOJNIBYATON TOPIHIB! K JIECONOJIOCAM B Pa3IHYHBIX JIAH[-
mra)THBIX NMPOBUHLMAX TpencTaBieHa B Tabnm. 1. Cama BO3MOXHOCTBH €€ 00H-
TaHHA B JIECOMNOJIOCAX U INIOTHOCTh HACEIECHUs ONPEAENAIOTCS, IPEX/IE BCETO,
OINITHMAJIbHBIM COYETAaHHEM KOPMOBBIX U 3aLIUTHBIX CBOMCTB yrogui. Jlist Koib-
4aTOW TOPIHIBI KaK 3€pPHO-CEMEHOSTHOTO BHA JIECOIOIOCH BAOIb IMOeH, 3a-
CCSIHHBIX TIOJICOTHEYHUKOM, KyKypy30H M IIPOCOM, IpPUBIEKATEIbHBl TEM, YTO
Ha 9THX MOJAX CO3maércs oNTUMaibHas KopMmoBasg 6asza. Cyns Mo BH3yalbHBIM
HaOMIONEHUSM, NTUIBI IPEIIOYNTAIOT CEMEHa KYIBTYpPHBIX pacTeHuit [22, 23].
M5I Takke HEOTXHOKPATHO HAOIONANN MOEAaHNe TOPIUIAMH CEeMSH IIICHHIIH,
KyKYpy3Bbl, TOpPOXa, IOJICONHEUHHKA.

Tabmuna 1 [Table 1]
IL1oTHOCTH HaceJIeHUsI KOJbYATOMH ropJIMiubl B JIECOMO0JI0CAX
pa3Iu4HbIX JaHAmMAa(THLIX npoBuHIuU (JIIT)
[Population density of the Streptopelia decaocto in the forest belts
of various landscape provinces (LP)]
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1 |AnanaceHKOBCKHIA [Apanasenkovskiy] 17 42,5 85 23 0,27 8
2 |Aparupckmuii [Arzgirskiy] 9 22,5 27 10 0,37 6
3 |JleBokymckuii [Levokumskiy] 11 27,5 33 12 0,36 7
4 |Hedrexymckuii [Neftekumskiy] 3 7,5 9 7 0,78 2
5 |Cosetckuii [Sovetskiy] 13 32,5 39 18 0,46 4
6 |bynenHoBckuii [Budennovskiy] 19 47,5 95 12 0,13 3
7 |Kypckwii [Kurskiy] 13 32,5 65 7 0,11 3
8 |Kuposckuii [Kirovskiy] 8 20 40 5 0,13 1
9 |CrenHOBCKHI [Stepnovskiy] 19 47,5 57 21 0,37 7
Hroro B monynycroinnoii JIIT
[Total in the semi-desert LP]: 12 280 450 115 0,256 41
10 |AnekcanapoBckuii [Aleksandrovskiy] 10 25,5 51 2 0,04 1
11 |MmaroBckuii [Ipatovskiy] 7 17,5 21 23 1,10 0
12 |bnaropapuenckuii [Blagodarnenskiy] 5 12,5 15 10 0,67 3
13 |TypxmeHnckuit [Turkmenskiy] 8 20 40 17 0,43 4
14 |ITeTpoBckuid [Petrovskiy] 8 20 24 4 0,17 1
Kpacuorsapneiickuit
15 [Krasnogvardeyskiy] 7 17,5 21 3 0,14 2
HoBoanexcanapoBckuii

16 [Novoaleksandrovskiy] 9 22,5 45 4 0,09 0
17 |TpyHOBCKuii [Trunovskiy] 9 22,5 45 7 0,16 2
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OxoHuanue Tabn. 1 [Table 1 (end)]
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Hroro B crennoii JIII
[Total in the steppe LP]: 63 158 262 70 0,267 13
18 |IIImakoBckuii [Shpakovskiy] 9 22,5 45 4 0,09 1
19 |I'paueBckuii [Grachevskiy] 11 27,5 33 2 0,06 0
20 |KouybeeBckuit [Kochubeevskiy] 7 17,5 35 1 0,03 0
21 |M300unbpHEeHCKHH [Izobil'nenskiy] 11 27,5 55 3 0,05 1
22 |HoBocenmukwuii [Novoselitskiy] 6 15 18 10 0,56 3
Hroro B secocrennoii JIII
[Total in the forest-steppe LP]: 44 110 186 20 0,108 5
23 | AnpponoBckuii [Andropovskiy] 5 12,5 25 2 0,08 1
24 |I'eoprueBckuii [Georgievskiy] 5 12,5 25 1 0,04 0
25 |I[Ipenropuslii [Predgornyy] 7 17,5 21 0 0,00 0
26 |MunepanoBojckuii [Mineralovodskiy] 10 25 50 3 0,06 0
Hroro B npearopuoii JIIT
[Total in the foothill LP]: 27 67,5 121 6 0,050 1
Bcero [Total]: 246 | 6155 | 1019 | 211 | 0,207 60

Ha cenbckox03giCTBEHHBIX YTObsX, IUIOMIAAb KOTOPIX B JIECOCTEITHON U NPeA-
TOPHOM MPOBHUHIIMSX BEIIIE, YEM B CTEITHBIX U MTOTYITYy CTHIHHBIX, JOCTYITHOCTH KOP-
MOB MeHbIIIe. BO3MOXKHO, 3TO CBSI3aHO € UCIIONB30BAaHUEM B OOJIBIINX KOTUIECTBAX
BBICOKOA((EKTUBHBIX STOXUMHIKATOB TIPH BHIPAIIMBAHUY CETCKOXO3IHCTBEHHBIX
KyNbTyp (TaK Ha3bIBAEMbIE «HYIIb-TEXHOTIOTUW») [7, 24]. Ha cnalyto 3acenéHHOCTb
TOPITHIIEH STHX JTaHAIIA()THEIX IIPOBUHIMHN TaKKe TOBIUSITN H I3MEHEHHUS B CTPYK-
Type ceBOOOOPOTOB: MEPEXO]] Ha BBIpAIMBAHHUE [IPEUMYIIECTBEHHO MOHOKYIIBTY-
PBI — 03uMOH TeHUIB. OTHOBPEMEHHO CHIIFHO COKPATUIIACH IUIONIA b, 3aHIATas
MOZICOTHEYHUKOM U KYKYPYy30il — 0CHOBHBIX KOPMOBBIX OOBEKTOB BUA [7, 8].

Takum 00pazoM, B HacTOsIIEe BpeMsI THE3IOBAsI INIOTHOCTH KOBYATOH TOpIIH-
16l 3HAYUTEIIHHO BBIIIE B JIECONOJIOCAX HA CEBEPE U BOCTOKE Kpasi B MOy CThIH-
HO-CYXOCTEIIHOM W CTEIHOM JIaH A THHIX MPOBUHIIAAX, YEM B JIECOCTCITHON U
MPEATOPHON MPOBUHIUAX. DTOT TPEHJ, BBISIBICHHBINA JIS JIECOMOIOC, B LIEIOM
COBITAJIACT C OOIIMMH 3aKOHOMEPHOCTSIMH JIAHAIIA(QTHOTO pacipeaeIeHIs BUAA.

Tne3006asa dbuonocua. B Tabn. 2 mpuBefeHbl TaHHBIE 110 YUCIY THE3M B pas-
JUYHBIX aIMUHHUCTPATHBHO-TEPPUTOPHATBHEIX 00pa30BaHISIX CTaBpPOMOIBECKOTO
Kpast. BunHo, 4T0 HaceneHUe KOJIBYATON rOpIUIbl UMEET HaUOOBIIYIO THE3/10-
BYIO IUIOTHOCTH B CETUTEOHBIX MECTOOOMTAHHSIX aIMUHUCTPATHBHBIX PAiiOHOB,
PACIONIOXXEHHBIX B IONYIyCTBIHHO-CYXOCTEITHON JaHAMA()THON MNPOBUHLUU
(AmanacenkoBckui, JleBokymckuid, Kypckuid, TypKkMeHCKHI paifoHBbI).
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Tabnuna 2 [Table 2]
Yuc/10 THe3ASAIMXCS Nap KOJIbYATOl ropjunbl B HaceJEHHbIX MyHKTax (2006-2019 rr.)
[The number of the detected breeding pairs of Streptopelia decaocto in settlements (2006-2019)]

N MyHunMnaabHbIN paioH / Yucno nap Hons
o OT OOIIIEro Yucia
ropoj KpaeBoro 3Ha4YeHus [Number of the
n/n [Municipal district / city of regional significance] breeding pairs] [Share of the total
P Y & & number], %
T'opon-kypopt KucnoBoack
! [Resort city of Kislovodsk] 82 7,03
2 [IIpearopuslii [Predgornyj district] 34 291
ATlaHaCEHKOBCKUU
3 [Apanasenkovskiy district] 124 10,63
4 |[M306unbHeHCcKui [Izobil'nenskiy district] 55 4,71
5 |JIeBokymckwii [Levokumskiy district] 127 10,88
6 |CrennoBckwii [Stepnovskiy district] 114 9,77
7 |Kypckuii [Kurskiy district] 145 12.43
8 |Typxmenckuii [Turkmenskiy district] 123 10,54
9 |IlImakoBckuii [Shpakovskiy district] 33 2,83
10 [MunepaioBoackuii [Mineralovodskiy district] 13 1,11
11 |I'paueBckuii [Grachevskiy district] 42 3,60
12 |[TleTpoBckuii [Petrovskiy district] 51 4,37
13 [MnaroBckuii [Ipatovskiy district] 61 5.23
14 |Hedrexymckuii [Neftekumskiy district] 51 4,37
15 |AnekcanapoBckuii [Aleksandrovskiy district] 35 3,00
T'opon HeBuHHOMBICCK
16 [City of Nevinnomyssk] 77 6,60
Hroro [Total] 1167 100

AHanmm3 OHOTONMYECKOTO PACHpPEACTICHUS THE3MOBBIX YYAaCTKOB KOJIBIATON
TOPJIHIIBL, BRICOTHI U XapaKkTepa pacloNOKeHUs THE3] MOKa3all, YTO OHA THE3IUT-
Csl IPEUMYIIIECTBEHHO B CEIbCKUX HACENEHHBIX MYHKTAaX, a TAKXKE Ha yIaCcTKax
JPEBECHBIX HACAXKICHUM rOPOJIOB; A0JIS THE3M, PACIIONIOKEHHBIX B JIECOMOIOCAX
U CalloBO-AYHBIX yYacTKaX, CylecTBeHHO Hike (Tabu. 3). [ITuibl nenons3yror
JUTs TOCTpoiku THE3N 20 BUIOB IEPEBHEB, IIPU 3TOM HanbOJIEe MPEIIOYNTACMbI-
MU SBJISIOTCS XBOMHBIE TIOPOIBI C TYCTOM KpoHOM — Tysl BoctouHas (Platycladus
orientalis (L.) Franco) u ens oObikHOBeHHast (Picea dbies (L.) H.Karst.). Ycra-
HOBJICHO, YTO NITHUIIBI MPEATIOYUTAIOT pacIojararb THE3IA Ha BEICOTE OT 3 10
6 M (80,4%; n=454); nonst THE3A, PACTIOIIOKEHHBIX BBIIIE 9 M, HE3HAUYUTEIbHA
(9,1%).

[He3msATCS TOPIUIIBI OTJCTBHBIMU TAPAMHU B OTHOCHUTEIBHOW ONHU30CTH IPYyT
oT npyra. 'He310 0OBIYHO YCTpauBaloT Ha MIPOYHBIX TOPH30HTAIBHBIX BETBSIX JIe-
PEBBEB W B pa3Buiike. Bech Marepuan /uis rHe31a MpUHOCUT caMell, YKIIaIbiBa-
eT ero camka. [1o HaONFOICHUAM 32 MPOIECCOM CTPOUTEIBCTBA 5 THE3 B XyTOpE
[Momepeunom TypKkMeHCKOTO paioHa, ITUIBI COOMPANTH MaTepuall B pajguyce He
ooiee 100 M oT THE310BOTO AepeBa. [ He3o npeacTaBisieT OO0 PHIXIIBIN, TOYTH
BCEI/Ia IMPOCBEUMBAOIIHI HACTUII CYXHUX BETOK C OYCHB TIIOCKKUM JIOTKOM. OnHa-
KO paHHHE THE3/IA, IIOCTPOCHHEBIE B MapTe, U MO3IHIE, IOCTPOCHHBIE B OKTSIOpe—
HOSIOpE, UMEIOT OoJIee IIOTHYI0 KOHCTPYKIUIO U3 IIPYTHKOB U CYyXO# TPaBbl, 4TO,
BHANMO, YITy4IIaeT TeTUIOM30IIIIHIO.
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Tabnuma 3 [Table 3]
CranunaJjbHble IAPAMETPbI PACIIOI0KEHH THE3]
KO0JILYATOH ropJiMIbl B Pa3IHYHbIX 0HOTONAX
[The parameters of the habitat location of Streptopelia decaocto nests in various biotopes]

B Yucio raésn B OOmree
BICOTA PACIIONO-
Ppa3HbIX OuoTOMmax YHUCIIO
.)KCHIM FHeSHa’. M [Number of nests in THE3T /
[Height of nest location, m] . . o
various biotopes] Tloist ot
Ne Mecto pacmosno- o61iero
i JKEHHS THE3/1a qHcIa
[Placement of nest location] [Total num-
M+m, CV, % 1 II OI | ber of nests
/ Share of
the total
number], %
| |Platyeladus orien- 3,33¢0,037 | 1125 | S8 | — | 47 | 1051214
talis (L.) Franco
2 |Picea abies (L.) H.Karst. 4,30+£0.,105 16,61 29 — 18 47/9,6
3 |Robinia pseudoacacia L. 6,31+0,723 66,78 19 3 13 35/7,2
4 |Juglans régia L. 6,13+0,537 46,29 16 1 12 29/5,9
Prunus subgen. Cerasus
5 (MilL) A.Gray 4,36+0,141 16,46 22 3 2 27/5,6
6 |Prunus doméstica L. 3.90+0,168 21.48 18 1 7 26/5.4
7 |Prinus armeniaca L. 3,89+0,190 23.42 15 4 5 24/4.9
8 |Salix L. 4,28+0.,181 18,39 7 3 10 20/4,1
9 |Fraxinus lanceolata L. 5,73+0,466 34,52 3 2 14 19/3.8
10 [Acer platanoides L. 5,06+0,644 50,83 5 4 8 17/3.5
11 |Betula L. 6,74+0,557 33,11 9 1 7 17/3,5
12 |Gleditsia triacanthos L. 9,78+0,884 33,82 6 5 4 15/3,1
13 |Ulmus parvifolia Jacq. 6,37+0,633 37.21 8 3 4 15/3.1
14 |Aésculus hippocdstanum L. | 4,78+0,841 49.78 9 — — 9/1,8
15 [Malus domestica Borkh. 4.32+0,271 17,76 8 — 1 9/1.8
16 |Pyrus communis L. 4.26+£0,221 13,73 3 2 3 8/1,6
17 |Populus nigra L. 9,76+1,964 53,23 3 1 4 8/1,6
g |Catalpa speciosa 4,04+0,280 | 18,34 — -] s 8/1,6
Warder ex Engelm.
19 |Hippophae rhamnoides L. 2.81+0,148 12.88 — 6 1 7/1,4
20 |Sorbus aucuparia L. 4.00+0,359 21.98 1 1 5 7/1.4
Omnopsr JIDII
21 [Pylons of power lines] 15 2 1713,5
JIrocTphl MO HABECOM
22 [Ceiling lights] 6 6/1,2
Bunorpaznnas 6ecenka
23 [Grape arbors] 6 6/1,2
24 |bankoH [Balcony] - - 3 - - 3/0,6
25 |Capaii [Shed] - - 3 - - 3/0,6
Taunp snexTpuyeckas
26 [Electric hoists] 2 2/04
BeprukansHas acbectoBas
27 TpyOa [Vertical asbestos pipe] ! 10,2
Hroro [Total] 4,81 — 275 40 | 175 | 490/100

IIpumeuanue: 1 — cenpckue HacenEHHbIE MYHKTHI; 11 — 1econonocsl, ca0Bo-Ja4uHble y4acTKU;
III — o3eneHEHHBIE TEPPUTOPUH CETUTEOHBIX 30H TOPOIOB.
[Note: I - Rural settlements; II - Forest belts, garden plots; I1I - Greened residential areas of cities].
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B 3apy0eXHBIX M OTEUECTBEHHBIX HAYYHBIX IyOIHKAIHAX BCTPEUAIOTCS YIIO-
MUHAHHUS O HETUIIMYHOM THE3/J0BaHMM KOJBp4aToW ropnuusl [19, 26-28] — Ha
PA3NMYHBIX JKIWIBIX 3MAHMAX, OMOpaxX 3JICKTpoIepenad U APYTHX TEXHHICCKHUX
coopykeHusx. Yaire BCero Takue HETUIMMYHBIC MECTa MTHIBI UCTIOIB3YIOT IS
MTOBTOPHOTO THE3OBAHHS IIOCIIE Pa30PEHIsSI IEPBBIX KIAIO0K XUITHAKAMH, B OC-
HOBHOM Komkamu [26]. B nemnom 3a nepuoa 2008-2019 rr. Hamu 3aduxcuposa-
HO 36 (7,7%) cilyyaeB HETHITMYHOTO THe3moBaHUsA (cM. Tabm. 3). MHTepecHsbIi
cinydail ormeued 5 mas 2020 1. Ha xyTope Ilonmepeunom TypkmeHckoro paiioHa
(45°25'N; 43°16'E). 3nech 0OHapYKEHO PHIXJIOE, COCTOSINEE U3 HECKOJIbKUX Be-
TOYEK THE3/I0 KOJBYATOM TOPIIHIIBI, PACIIONIOKEHHOE Ha BhICOTE Beero 120 cM Ha
ceTyaToM 3abope OKoJIo cobaubeid KoHyphl. CrycTs Henmenro, 12 Mas, camka B
5TOM THE3/Ie TUIOTHO HACHKUBAa 2 sina.

[Ipu oOcienoBaHUU pa3IMYHBIX THIIOB OMOTOIIOB OTMEYEHBI (DAaKThI YaCTHY-
HOTO WJIA TOJHOTO IEPEKPBITHS THE3IOBBHIX YYACTKOB KOJBYATON TOPIHUIBI C
Y9acTKaMH JPYTHX BHIOB ITHUI. 3a(UKCHPOBAHEI CIIydad THE3IOBAHUS KOJIBIa-
TOU TOPJIMILIBL:

— B 3acen€HHbIX rpadeBHUKax Corvus frugilegus (ATIaHACEHKOBCKHN palioH,
c. Manas Jxanra (46°01'00"N; 42°45'00"E) 26 anpens 2012 r.; Aparupckuii
paiioH, c. PogaukoBckoe (45°26'19"N; 44°05'38"E) 8 utons 2012 t.; JIeBokyM-
ckuif paitoH, c. Typkcan (45°13'03"N; 44°52'48"E) 16 mas 2014 1.);

— B KOJIOHHH YEPHOTPYIOro BopoObsi Passer hispaniolensis (JIeBOKyMCKwHiA
paiioH, c. BenmmuaeBckoe (44°56'47"N; 45°08'16"E) 30 urons 2006 r.);

— BOJIM3M THE3/a YepHOI000r0 copokoryTa Lanius minor (M300MnbHEHCKHIA
paiioH, noc. Perzassianbiii (45°15'38"N; 41°50'46"E) 16 mas 2015 1., paccrosnue
50 M u c. [Itruse (45°31'23"N; 41°42'55"E) 18 mas 2015 ).

OTMeueHO THEe3/I0BaHUE KOJIBYATON TOPIHIBI BOJIM3K THE3 XUIHBIX MTHII:

— MorunbHEKA Aquila heliaca (IlmakoBckuit paiion, moc. Hoeerit bemmarup
(44°56'28"N; 42°21'52"E) 17 utons 2012 r., paccrostHue Mexay raésnamu 100 m);

— 0OBIKHOBEHHOM yCTeNbI® Falco tinnunculus (Ap3rupckuii pailoH, JeTCKHA
0310poBUTENbHBIN Jarepb «CremHsuok» (45°32'18"N; 44°21'68"E) 20 urons
2015 1., paccrostaue 7 M; Kypckoii paiton (44°03'19"N; 44°30'10"E) 2 uroHs
2017 r., paccrosinue 40 M; M300unbHEHCKUH palioH, okpecTHOCTH noc. ConHeu-
HOIOJBCK (45°18'11"N; 41°30'31"E) 24 mas 2017 r., paccrosiaue 20 m);

— opnaHa-6enoxsocta Haliaeetus albicilla (CtenHOBCcKui paifon, praxius-
ckuii 3aka3HuK (44°19'29"N; 44°44'00"E) 12 urons 2019 r.,, paccrosaue 50 m),
TaM ke ObUTM OTMEYEHHI 2 THEe3/]a YePHOI000r0 COPOKOIyTa B S 1 12 M.

Hanbonee pannee mosiBIeHNE KOJIBFIATOH TOPIUIEI HA YIaCTKaX THE3OBAHMS,
OTYETIUBBIC MPOSBICHHUS TOKOBAHMS OTMEYANH C CEpeAUHBI (eBpays — Hayaia
MapTa. Hagano crpoutenncTBa rHE3 MPOUCXOOIIIO BO 2—3-i neKagax Mapra H
Hauase anpens (16.03—4.04).

B CraBpormonnpckoM kpae KossdaTasi TOpJIUIia 3a Ce30H B OOJIBITHHCTBE CIIyda-
€B JIeNaeT 3 KIAIKH, MPEANOoIaraeTcs TAKKe BOSMOKHOCTh 4-i KIIAIKU B Cliy4ae
rubenu npenpirymei [5, 28]. 3a meprox Hamx HAOIIOIESHWA 3apeTUCTPHUPOBAHBI
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6 ciayuaeB 4-T0O IUKIIA Pa3MHOXKEHHS, 2 U3 KOTOPHIX OKOHUMJINCH HEyAadeH, 4To
CBSI3aHO C HEOIAaroNpUATHHIMU MOTOAHBIMU YCIOBUSMHU (CUIILHBIN BETEP, JOXKIb).
Hamm waOmioneHus MOATBEP)KAAIOTCS JINTEPATYPHBIMU TAHHBIMU: TOSIBIICHIE
MEPBBIX KJIaJOK MPUXOIUTCS Ha 1—2-10 IeKaJIbl alpeisi; TAKyKe ONKCAHBI 2 caydast
4-ro NWKIIa Pa3MHOXKEHHS, OTMH U3 KOTOPBIX OKa3alics HeylnadHbIM [28].

Haubonee pannue kianku Haiigensl: 15 mapra 2018 r, 17 mapra 2019 r,
20 mapta 2012 1. U3 panamx rHE3x B 21 cimydae oTMeYeHBI KIAAKH, B KOTO-
pBIxX O0bUT0 07HO (42,85%, n = 9) mubo aBa situa (57,15%, n = 12), B cpeanem —
1,57£0,15, 9To cormacyercsi ¢ JaHHBIMHU TPEIBITYIIAX UCCIECTOBAHUHA B PETHO-
He [5, 30]. Camble no3aHue KIaaku oOHapyskeHsl 2 Hoa0ps 2019 1., 24 okTs10ps
2016 1., 13 oktsa0ps 2011 1., 9 okTs16ps 2016 1. B IlenTpansHom [IpenkaBkasbe
W3BECTHBI HEYJJauHbIe TIOMBITKYA 3MMHET0 THEe3/10BaHus Buaa [29].

lopnuibl OTKIAMBIBAIOT IO SIHITY B CYTKH, peke depes cytku [22]. Kmagka
O0OBIYHO COCTOMT M3 JIBYX fUII, pexe U3 ogHoro [3, Hamu naHHble]. Tak, U3 mpo-
BEpPEHHBIX HAMH 58 KIIaJI0K B anpese, Mae v UioHe, TOJIbKo B 11 rHé3nax HalAeHo
o onHOMY siifily. HacmkuBaHMe HauWHaeTcs ¢ OTKIIAJAKH MEpBOro sina, o 4ém
CBHIIETEIHCTBYET HEOMHOBPEMEHHOE BEUTYIUIEHHE MITCHIIOB. BTOpOIi ITeHeI BHI-
JyIUIeTCs Ha CyTKH, PexXe — Ha IBOE TI03Xe NepBoro [3, 22, Hamu nanxele]. [Ton-
HBII THE3IOBOM ITMKJI C MOMEHTA OTKJIAJIKU TIEPBOTO SiIIa 10 BRIJICTA ITCHIIOB U3
rHe3/1a y Topiuiibl cocTaBnseT 36—41 (B cpennem 38) neHs [28, HalM JaHHbIE].

[To mureparypusim manabM [30], pazmeps! stvr KoasaaToi ropiuiisl B CTaBpo-
MOJILCKOM Kpae coCTaBIAoT 33,5%25,3 —28,6%21,9 MM; B cpeqreM — 30,9%24,1 mm
(n = 12). Bt0 cormacyercs ¢ HammuMu pomepamu: 31,6%25,0 — 29,1x23,8 mm, B
cpeadeM — 30,5%24,6 MM (n = 25).

[lo HaOmrofeHHWsIM 3a CYTOYHOHW AKTUBHOCTHIO HACYDKHBAIOMICH CaMKH
(puc. 3), mpouecc uakyOanuu 3ausi 91,5-97,4% obuiero BpeMeHH, MpephIBasiCh
TOJILKO Ha 52—74 MUHYTHI TIPH TIPOJOJDKUTEILHOCTH HaOMoaeHui 6osee 14 Ja-
COB B CYTKHU U Ha 26 MUHYT 3a 6 4acoB HaOJt0ICHUH (B IUarpaMMe OTPaKEeHO Kak
MOKAa3aTelb «KJIanka 0e3 HaCIKUBaHU). [IpHu 3TOM B mepephIBax MEXIy HACH-
KUBaHHEM NTHIIa HAXOAUIACh TPEUMYILECTBEHHO PsiioM ¢ THe310M. [loBeneHue
CaMKH 3aBHCENIO OT IOTOIHBIX yCIOBHHA. OHa gale IMOKHAaNa THE3IO B SICHYIO
Y COJIHEYHYIO TIOTO/Y, HEXENU B MACMYPHYIO U JOXK/UIMBYIO. Pa3nuyHbie BUIIBI
TITUI] YaCTO MPOJIETAN HaJ €€ THE370M WM CUJICIH psiioM ¢ Hel (puc. 4). [pu
9TOM TOpJIUIA IJIOTHO HACHKMBANa KKy, HE pearupys Kak Ha MeJIKHX TTHII,
TaK ¥ Ha KPYITHBIX XUITHAKOB. OHAKO MIPH IOSIBICHHUH JIFONEH CAMKH ITOKUIAIOT
rae310 [29]. B Hamux ucciieoBaHUAX OTMEYEHO, YTO PEaKkiys Ha Haloaare-
751 Y HACIDKUBAIOIICH CaMKH MPOSBISUIACEH TIPH €r0 NPUOIIKEHNN K THE3Iy Ha
pacctosinue Menee 3 M. Ilpu 3ToM oHa He3aMETHO MOKHAaja THE30 U CIYCTS
HEKOTOpOE BpeMsI TaKKe HEe3aMEeTHO Bo3Bpamanack. Camer Bcerma HaXOmWIcs
PAIOM ¢ HaCHXKMBAIOIIECH caMKOW M oXpaHsul ee. ToJaepaHTHOCTb, MpOsABIseMas
KOJIBYATOH TOpIHIed K JpyTUM BHIAM IITHII, II0-BHIUMOMY, SIBIISETCS ITOBEICH-
YeckoW ajmanTalueil, o0ecreyuBaloeil BUy BBICOKYIO CTENEHb YCHEIIHOCTH
Pa3MHOKCHHS.
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= Toprnma Ha reesge [Collared dove on the nest]
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CamKa i camel| Ha rHe30BoM aepese [Female and male on the nesting tree]

Puc. 3. XpoHoMeTpak CyTOYHOM aKTUBHOCTU HACHKUBAIOLIEH CaMKU

(21-23.05.2017 r.; ob1mias npomOKUTEIBHOCTD HabmoneHui — 35 1 12 MuH)

[Fig. 3. Daily activity timing of incubating Streptopelia decaocto

(21-23.05.2017; total duration of observations is 35 hours 12 minutes)]

O6BekT [Object]
Milvus migrans
Aguila heliaca
Luscinia luscivia
Passer montanus
Apus aqpus
Oriolus oriolus
Emberiza melanocephala
Corvus frugilegus
Yenosex [Himan]
Motacilla alba
Phylloscopus trochilus
Streptopelia decaocto
Sturnus roseus
Hirundo rustica
Lanius minor

HaGIIOJIEHHH;, MHH.
[Incubation; duration of research, min]
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Puc. 4. Peructpanus pa3audHBIX BUIOB IITHI[ M Y€JIOBEKa BO3JIE THE3/a TOPIHIIBI
(21-23.05.2017 r.; o6mast IpOROIKUTENIBHOCTD HabmoneHuit — 35 1 12 mun. Obmmee
KOJIMYECTBO YUTEHHBIX NTHL — Gomee 600, ¢ yaeTOM MacCOBBIX TPYIII U CTait)
[Fig. 4. Log of various bird species and humans observed near the Streptopelia decaocto’s nest

(21-23.05.2017; total duration of observations is 35 hours 12 minutes.

Total recorded number of birds (including mass groups and flocks) is more than 600)]
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[NocTamOproHanbHAs CMEPTHOCTH KOJBIATON TOPJIHIBI B CPETHEM 3a IIEepH-
ox 2008-2019 rr. coctasuna 13,5% (u3 490 ruésn norubmu 66). Kak mpasuio,
THOHYT paHHHE W IO3JHUE KIaJKd. B 4acTHOCTH, OTMEYEHO pa3opeHue KIagoK
B MapTe U ampelie, KOrjaa JepeBbs elié He OOMUCTBEHbI, U THE3IA XOPOLIO 3aMeT-
Hbl. Tak, B yKa3aHHBIA TIepro]] 3aUKCHPOBAHO pa3opeHHe THE3 B 49 cirydasx
komkamu (B c. Mpraxiel — 12 rHesn, B ¢. IItuuse — 23, B xyT. CpegHem — 14); B
15 cnygasx — cepeimu BopoHamu (xyT. [lomepeunsriit — 11 raesn; moc. Yorpaii-
ckuii — 4 rHe3na). [lo ogHomy rHe3ny B I. CtaBponone u B moc. bopoasiHOBKe
MuHepaioBOJCKOTO paiioHa pa3opeHbl coiikoi. B 2019 r. okTa0pb M HOIOPH Ha
CraBpornojibe OTIHYAINCH MPOXJIAJHON U JOXKITMBON MOTOAOH, U MOCTAIMOPHO-
HaJbHAs CMEPTHOCTH MO3IHUX KJIAJOK (OKTSOph—HOSIOPH) OKa3anach BHICOKON —
87,4%. Takum 00pa3oM, ycrex pa3MHOKEHHUS! KOJBYAaTON TOPJIHIIBI 3aBHCUT OT
CPOKOB Hadaja PernpoxyKTHBHOTO IEPHOIA, XapakTepa IOTOAHBIX YCIOBHH U
BIIMSIHUA XHUITHUKOB (B OCHOBHOM, KOIIEK U CEPHIX BOPOH).

Kouéexu u muepayuu. VI3BecTHO, UTO y TOPIIUI], HECMOTPS HA UX OCEIIOCTD,
UMeeTCsl TeHCHIIUSA K pasznéraM Monoauska — 0 700 kM oT MecTa, T/ie OHH BbI-
Benuch [31]. OceHblo YacTh NTHI] 00Pa3yIOT KPYIHbIC CKOIUICHUS M, OYEBUIIHO,
COBEPILAIOT JaJbHUE KOUEBKH B BOCTOYHOM HarpaBieHHH. Kou€BKU KOIBUATHIX
TOPIIMIL OMHCaHbI B TuTeparype [32]: B mepBbIe TOABI OSBIEHUS B Topogax Boc-
TOYHOU YKpauHbI OHU BeJIU OCEATBII 00pa3 >KU3HU, PEe3KHe CE30HHbIE Koeba-
HMS YHCIIEHHOCTH CTaJIM OTMEYaThCsl TOJIBKO B 3UMBI 1975/76, 1976/77 rT. Vike
aJIalITUPOBABILIASCS YaCTh MOMYIIALUU COBEPILIAET HEPETYIAPHbIE OTKOUYEBKH U3
OXBaUCHHBIX CHJIBHBIMHU TIOXOJIOIAHUSIMH MECT B OoJiee I0)KHBIe paioHbL. Jlpyras
e YacTh KHUBET OCEAI0, THOHET B MOPO3HBIE 3MMBI, YTO CBHIETENLCTBYET 00
OTCYTCTBUY aIalITAllUH K HOBEIM YCIIOBHAM. He MCKITIOUeHO, 9TO 9TH 0COOH — HO-
BOBCEJICHIIbI, TIOMOJTHUBILINE MECTHYIO MOMYJIALMIO U3 YHCTIA MTUL, POAOIIKAIO-
IIUX OIUPOKUM (PPOHTOM CBOE paccelieHre Ha BOCTOK.

Hamm wuccnenoBanusi moATBEPXKIAIOT MOAOOHBIE TEHACHUWHU. Tak, Mbl Ha-
omomamu 23 centsaops 2009 1. okono 350 KOIBIATHIX TOPIUI] HA TPOBOJAX OKOJIO
c. 3umusia CraBka (44°55'N; 45°20'E); 5 oxta6ps 2011 1. cras u3 170 ropnui cuze-
11a Ha poBojax y ¢. HoBocemuikoro (44°45'N; 43°26'E); 12 okts16pst 2016 1. okoo
200 ropmun oTMedeHO Ha mpoBojax y c. Mpraknsl (44°22'N; 44°45'E); 29 cen-
Ts0ps 2019 1. Ha yyacTke ot ¢. HoBocenuikoro Jo ¢. BennyaeBcKoro 0TMEYeHBI
ckorutenus u3 50-200 ocobeit (870 nruw Ha 150 kM). Bee BcTpeun ykasbiBayiu Ha
TO, YTO TOPJHIIBI TIEPEMEIIATHCH B BOCTOYHOM HaIlpaBJIeHUH B cTopoHy Kacmmii-
CKOTO MODSL.

3uMyeT TaHHBIA BUA, KOHIIEHTPUPYSCH Y 3JIE€BaTOPOB, 36PHOTOKOB, BIOJb J10-
por. KopMuTtcs yacto Ha mpuycaieOHbIX X034UCTBax ¢ foMalnHen ntuneil. [loutn
BO Bcex paiioHax CTaBpOIOIIbS UMEIOTCSI KPYITHBIE 3JI€BATOPHI, 3UMON CKOTUICHHS
NITUI] HAa HUX HaOmoxanu B ropoaax MzobunsHoMm, Ceemnorpane, HoBoanekcan-
nposcke, MmaroBo, brarogapraom, 3eneHokymcke u cémax Aparup, JIeBokymckoe,
CotHuxoBckoe. B HekoTopsle nHU 31ech ckamuBanoch oT 200 1o 500 ocoOeii.
YacTp ropiuil BHIOUPAET BBHICOKHE M T'yCThIC XBOWHBIE AEPEBhI — €I M TyH, Ha
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KOTOPBIX OHH HOYYIOT CKOIUTEHUsMH 110 150 ocobeit. lHTepecHbIl GakT yaanoch
orMeTuTh B siHBape 2011 . B . CraBporiosie: 5 KoMbuaThIX TOPIHIL UCTIOIb30BaJH
JUTS HOYEBKY KPYITHBIE Iapbl oMebl Oenoit (Viscum dalbum L.).
Jumumupyrowue gaxmopsi. Ilo HamuM HAOMIOAEHUAM, OIHUMHU U3 OCHOB-
HBIX €CTECTBCHHBIX BPAaroB KOJBYATOW TOPJIHIEI HA HCCIEAYEMOW TEPPUTOPHH
SIBIISIFOTCSL IOMAIIIHUE KOIIKH, cepas BOPOHA, COMKa, TETePEBATHUK, IEpEeNsT-
HUK, e, MBI HEOTHOKPAaTHO HAOIIONANH, KaK TOMAITHHE KOIIKU Pa3opsIioT
rHE3/Ia TOPIHUI] C NITCHLAMH, 0COOEHHO B 4acTHOM cektope. Bomusu c. Kueska
ATmlaHaceHKOBCKOTO paiioHa 23 utoHs 2015 r. HalieHa norudInas caMka Bo3Jie eé
THE3/1a C MOBPEKICHUSIMHU TOJIOBBI, XaPAKTEPHBIMU IS HANIA/ICHUS TETEPEBITHU-
Ka. AHAJIOTHMYHBIN cIy4yail oTMedeH B Jecononoce y XyT. [lonepeunoro Typkmen-
ckoro paitoHa 18 mas 2016 . B necononoce y c. Kueka oxora TeTepeBITHHUKA
Ha KOJBYATHIX TOPIUI] 3apETUCTPUPOBaHa ABaXKAbI B uione 2014 . u Tpmwxasl B
utoHe 2015 1. [TepenensaTHUK, KOTOPBIM OXOTUTCS IPEUMYILIECTBEHHO Ha roIyoOeH,
OKa3bIBaeT Ha KOJBYATHIX TOPIHI] emIé OoJbiee BIMsSHIE. MBI HaOIIOOamH, KaK
12 mas 2016 r. Ha Kkpato yeca y p. Kyma B 3 kM oT ¢. Bennuaesckoe JleBokym-
CKOTO paifoHa XUIMHUK cOM ropiuiy. @parMeHThl KOCTEH U TIepheB KOJIBIATOM
ropnuisl oTMeueHs! 23 utoHs 2018 1. B morajkax ¢unuHa, coOpaHHBIX B 1oc. Sc-
Hbll TypkMeHCKoro paiioHa. B menom, ycuneHne npecca TETEpEBATHHKA U JIPY-
IHX XMIIHAKOB OKa3bIBACT HETaTHBHOE BIMSHKE HA NTHUI[ B YPOAHU3UPOBAHHBIX
nmaaamadrax [33].
3HaYUTEIBHOE BO3ICHCTBYE Ha KOJIBIATHIX TOPIIHULl OKa3bIBAIOT U MTOTOJHO-KIIH-
Marmdeckne (akTopel. B nmTeparype ecTh CBeAEHMs, YTO TOPJHIHI B YCIOBHSX
Boctounoro Kazaxcrana HopmasnbHO niepeHocsT Mopo3bl —30...—40 °C, a 0T yacThIx
BETPOB YKPBIBAIOTCSI B XO3SIMCTBEHHBIX TIocTpoikax [34]. Omnako Ha rore Poccun
3uMoii ke mpu —15 °C Hamu oTMeudeHsbl orudiue NTuisl (B Ap3rupckom, Co-
BeTckoM, Hedrekymckom u TypkmeHckoM paiioHax CTaBpOIIOIbCKOTO Kpasi).
Taroke BBISBICHO, YTO Y KOJBIATBIX TOPJIUI] PAHHUE U MO3THUC KIIAJKU U ITCHIIOB
9acTo CIAyBAaIOT CHJIBHEBIEC BETpa Kak B CEJNaX, TAK U B JIECOIIONOCAX, OCOOCHHO B BOC-
TOYHBIX U CEBEPO-BOCTOUHBIX paifoHax. B koHIe utoHs — Hadane urois 2019 & Mel
OTMEYaIT! THOEINB NITSHIIOB B IIEPUOJT 3HAYNTEIIFHOTO ITOBBIIIEHIS CKOPOCTH BETpa,
MOHIDKECHUS CPETHECYTOUHOM TeMIIepaTyphl U MPOJODKUTENBHBIX 0CaIKOB.
Kpome Toro, kak moka3bIBatOT HAITK HAOMFOJCHHUS, OOJIBIIIOE YHCIIO TOPITUI] THO-
HET OT CTOJIKHOBEHUS C ABMXKYIIMMCSI aBTOTPAHCHOPTOM: YAIlle 3TO MPOHCXOMUT
B CepelyHEe JeTa W OCCHBIO, KOIZa HAYMHAETCS TPAHCIOPTHPOBKA 3epHa. [ITHIbI
B 3TOT HEPUOJ] KOHIICHTPUPYIOTCS Ha 000YMHAX JOPOT U MOMAAA0T MOA Konéca
aBTOMOOMIIEH MK pa3duBaroTcs 0 JJ000Boe cTekio. Beero B mepron 20082019 rr
OTMe4eHO 14 cityyaeB ribesy ropiuil Py CTOIKHOBEHHU ¢ MAIIHHAMEL.

3ak0uenne

Takum 00pa3om, THE3J0Bask YUCIIEHHOCTD KOJIBYaToi Topyuisl B CTaBpOIIONb-
CKOM Kpae OOHapy>XHBaeT CYIIECTBEHHYIO MEKTOIOBYI0 M3MEHUMBOCTh. YCTa-
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HOBJICHO, YTO JUIS Kpasi 3apeTHCTPUPOBAH MOUYTH 1,5-KpaTHBIN pOCT THE3MO0BOU
yucneHHocTH Buja ¢ 2006 no B 2019 . — ¢ 47 1o 65 Teic. map. Bun aBHO TAr0-
TEeT K paiioHaM Kpas ¢ Pa3BUTHIM JKUBOTHOBOACTBOM. C MaHIMA(THOW TOUKH
3peHusl BUJ] IPEANIOYUTAET CTEIHYIO MPOBUHINIO, a TAKXKe MOTYITYCTHIHHO-CYXO-
CTEITHYIO; HIDKE ITIOTHOCTH THE3I0BOTO HACEJICHUS B JIECOCTEIH; CaMble HU3KHE
MOKa3aTeIn XapaKTepHbI AJS NPEAropHbIX pailoHOB. OCHOBHBIE MECTOOOUTAHHUS
BHJA — CENBCKIE HACENEHHBIC MYHKTHI, yYaCTKU JPEBECHBIX HACAXKICHUH B TO-
ponax, a TakXke JIecOnojiockl B arpoianamadrax. [ITuibl rHe3aarcs npeumy-
IIECTBCHHO Ha JICPEBBSIX, YCTAHOBICHBI U CIyYad HETHUIIMIHOTO PACIIONOKEHHS
ruésn. Konpuaras ropiauna aenaet 3—4 KJIaAKU 3a CE30H, IPU ITOM 4acTh U3 HUX
MOTYT OBITH IIOBTOPHBEIMH B ClTydae HEOIAromoayIHoro rHe3noBaHus. [loctam-
OpuoHaJbHAA CMEPTHOCTH cOCTaBiAeT B cpenHeM 13,5%. OTMedeHbl MacCcOBbIE
OCCHHE-3UMHHE KOUEBKH ITHIIL, TIPH 3TOM BelTM4nHA cTail mocturana 500 ocobeid.
YcTaHOBIIEHBI JIMMUTHPYIOIUE (DaKTOPHI AT BUJIA: THOEIb KIIaJ0K U MITEHIIOB OT
XHITHAKOB ¥ HETIOTOJIBL, a TAK)KE THOEIh B3POCIIBIX IITHII IPH aHOMAJIbHO HU3KUX
TeMIIepaTypax 3UMOI U Ha aBTOJOPOrax.
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Lubov V. Malovichko, Tatiana K. Zheleznova, Anastasiia M. Zubalii, Anna V. Shvykova

Russian State Agrarian University — Moscow Timiryazev Agricultural Academy,
Moscow, Russian Federation

Current status of the Streptopelia decaocto (Aves: Columbiformes)
in Stavropol region

The Eurasian collared dove Streptopelia decaocto is a Palearctic species that
demonstrates an example of intensive and rapid dispersal across Eurasia. At the same
time, the expansion of the area is combined with its pulsation, and the reasons for this
phenomenon are not completely clear. The Eurasian collared dove shows synanthropic
tendencies and prefers to occupy residential habitats and agricultural landscapes when
settling. Conservation status of the species according to the [IUCN category system is
LC: of least concern, but requiring further study and systematic monitoring. All of the
abovementioned makes the study of the species very relevant. The aim of our research
is to study the current state of the number, distribution and ecology of the Eurasian
collared dove in Stavropol region.

The studies were carried out in Stavropol region in 2008-2019 within geographical
coordinates 43°43'-46°14'N, 40°51'-45°43'E in semi-desert, steppe and forest-steppe
zones and foothills of the southern areas (See Fig. 7). We used methods of walking
(over 500 km) and driving (42 000 km) route counts to estimate the population density,
numbers of nesting birds, and their landscape distribution. This review also includes
our results obtained during bird counts in Stavropol region in 2015-2018, as part of the
program of the Atlas of breeding birds of Europe. In the course of this work, we examined
39 50%x50 km squares. We studied the nesting biology of the species on the basis on
discovering of 1167 breeding pairs, surveys of 490 nests and detailed observations of
58 nests. We conducted mapping of residential nests. Describing nesting structures, we
noted the biotope, the species and height of the tree, the height of the nest location, the
building material, the content of the nest, the presence and proximity of nests of other bird
species, and we performed standard egg measurements. We determined if the breeding
was successful by observations of nesting pairs in the period from the beginning of egg
laying to the departure of chicks from nests. We studied the daily activity of the birds
during the incubation period by visual observations for as long as 35+ hours.

The Eurasian collared dove Streptopelia decaocto appeared in Stavropol region in
1973-1978 of the last century and has digested the entire area of the region as a result
of intensive settlement. In general, we noted an increase in the nesting population of the
species by almost one and a half times over a decade (47 thousand pairs in 2006 to 65
thousand pairs in 2019). The highest nesting population density of the Eurasian collared
dove was recorded for the North and North-East of Stavropol region where animal
husbandry predominates (See Fig. 1 and 2; Table ). From the landscape point of view,
the species clearly prefers the steppe province (0.27 pairs/ha), as well as semi-desert-
dry-steppe (0.25); the density of its breeding population is lower in the forest-steppe
(0.1); the lowest indicators are typical of foothill areas (0.05) (See Fig. 1, Table 1 and
2). As we showed in our research in the species’ biotopic distribution, the main types of
its habitat are rural settlements, forest belts (protective, roadside) and forest plantations
(plantings of nonlinear configuration of different areas) in agricultural landscapes. The
Eurasian collared dove prefers eastern spruce (Platycladus orientalis) (21.4%) and
common spruce (Picea abies) (9.6%) for nesting; in total, 20 species of tree species
were used. At the same time, we observed atypical cases of nest placement (7.7% of
all examined nests) on various residential buildings, power poles and other technical
structures (See Table 3). We found the earliest clutches in the second decade of March,
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and the latest ones in late October and early November. The value of clutches amounted
to an average of 1.57 eggs. The average size of the egg was 30.5 mmx24.6 mm (n=25).
When observing the daily activity of the incubating females, we found that they spend
97.4% of the time on the incubation process (See Fig. 3 and 4). The Eurasian collared
dove can make three or four clutches per season, while some of them may be repeated
in case of poor nesting. Post-embryonic mortality in our studies was averaged 13.5%,
often due to nest destruction by predators (mainly cats and grey crows), as well as
due to adverse weather conditions. The Eurasian collared dove belongs to sedentary
species, but at the same time, we observed mass autumn-winter roamings of the birds
with the size of flocks of up to 500 individuals. We found that the limiting factors for
the species are loss of clutches and chicks from predators and bad weather, as well as
death of adult birds on the roads and as a result of abnormally low temperatures during
winter. The results of our study confirmed the steady territorial expansion and growth of
the Eurasian collared dove population in Stavropol region, mainly, due to the processes
of synanthropization and urbanization and assimilation into agricultural landscapes.

The paper contains 4 Figures, 3 Tables and 34 References.

Key words: population dynamics; population density; biotopic distribution; nesting
biology; environmental factors.
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Cryptic species of Anopheles messeae sensu lato (Diptera:
Culicidae), their identification, features and nomenclature

The paper describes the change in perspective in the composition of the A. messeae
taxonomic unit. Initially, based on the disequilibrium of natural populations, the species
was differentiated into A and B forms using chromosomal inversions as markers.
The positive assortative mating, as well as the ecological features and geographical
distribution of these forms, made it possible to give them the status of species in statu
nascendi. Later, we additionally investigated the EcoRI restriction fragments of the
genomic DNA and the ITS2 nucleotide sequences in the A and B A. messeae species.
Unambiguous differences between the species in the former marker and semi-quantitative
differences in the latter one, alongside with the absence of hybrids in the populations
studied, led us to conclude that A. messeae s.l. is comprised of two homosequential
cryptic species with parallel chromosomal polymorphisms. Unequivocal parallels
between A. lewisi Ludlow, 1920 and A. messeae B in regards to their features, as well
as the identity of A. daciae Linton et al., 2004 to A. messeae A in its ITS2 sequence,
and to A. messeae Fall. in diagnostic chromosomal inversions, allowed us to consider
A. lewisi Ludlow, 1920 and A. messeae B as two names of the same biological species,
and A. messeae Fall., 1926, A. messeae A, and A. daciae Linton et al., 2004 as three
names of the other one. Both are members of the palaearctic group of the Maculipennis
complex under the names Anopheles (Ano.) lewisi Ludlow, 1920 and Anopheles (Ano.)
messeae Falleroni, 1926, respectively.

The paper contains 5 Figures, 4 Tables and 42 References.

Key words: Anopheles; cryptic species; ITS2; maculipennis; polymorphism;
taxonprint.
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Introduction

Anopheles messeae Fall. belongs to the Palaearctic group of sibling species of
the Maculipennis complex. Its range extends from the British Isles in the west to
the Zeya-Bureya Plains in the east, and from the Arctic Circle to the Transcaucasia
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and northern China [1, 2]. Its widespread occurrence creates conditions for a
significant epidemiological threat. The study was motivated by the identification
of two genetically and ecologically different cryptic species in A. messeae
Fall. [3, 4], the isolation of a new species A. daciae [5] and the uncertainty of
taxonomic relationships between A. messeae Fall. and the previously described
A. lewisi [6]. Another incentive for this publication is the fact that a number of
authors [7-13] adhere to an alternative point of view and study A. messeae as a
single species even after the evidence on the complex nature of 4. messeae s.1.
taxon was obtained. We are sure that the complex composition of the A. messeae
Fall. taxonomic unit and significant physiological differences between its cryptic
species, which likely confer different vector abilities, call for its comprehensive
analysis. The development of effective control measures depends on the accurate
identification of vector species i.e. on whether the taxonomy appropriately reflects
the biological reality. Precise species identification should help determine their
potential roles in the transmission of pathogens, elucidate larval ecology and the
behavior of adult insects, as well as assess their resistance to insecticides.

Materials and methods

This study is based on published research works [4, 14-26] and analysis of
samples from Tomsk (08/18/1999) and Teguldet (07/08/2000), which is presented
here for the first time. Preparation of chromosomes for analysis, cytogenetic
investigation and calculations were carried out as described in these publications.

Results and discussion

The history of identification. Anopheles messeae was first described by
Domenico Falleroni in 1926 [27], based on the egg coloring, in samples from
central Italy. This feature varies slightly between and inside populations but differs
drastically from that of other Palaearctic species of the Maculipennis complex.
The Pontine Marshes located 40 km south-east of Rome are considered to be the
typical locality for the species [28].

Cytogenetic analysis of polytene chromosomes is a technique, which
revolutionized the field of mosquito sibling species analysis. Guido Frizzi in
1947 [29] was the first to investigate the chromosomes of the salivary glands
of Anopheles maculipennis s.1. larvae and construct polytene chromosome maps
for A. maculipennis var. atroparvus van Thiel that have become a standard in the
field. Kabanova and co-workers [30] initiated the studies of the West Siberian
populations of A. messeae in the USSR. Following the principles laid by Frizzi
[29] and Kitzmiller et al. [31], chromosomes are numbered 1 to 3, in the ascending
order of length; long arms are marked with the letter R and short ones are denoted
with the letter L. The polytenic complex of 4. messeae is comprised of five
elements, namely 1L, 2R, 2L, 3R and 3L (the right arm of the chromosome 1 is
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not polytenized), and is divided into 39 sections, with each section being further
divided into two to four segments. Kabanova et al. [32] identified five paracentric
inversions in chromosomes within natural mosquito populations. The inverted
disk sequences are labeled as 1L1, 1L2, 2R1, 3R1, and 3L1 [2, 32]. Stegnii et al.
[14, 15] created more practical photomaps of polytene chromosomes (Fig. 1) and
investigated the geographical distribution of inversions [33].
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Fig. 1. Photomaps of polytene chromosomes of the salivary glands of
Anopheles messeae s.1. larvae. Parentheses indicate chromosome regions
involved in the inversions. From Stegnii et al. [14], with modifications

Polymorphisms in the sequences of all three chromosomes appeared to be
widespread in the species natural populations. Alongside with the standard chro-
mosomal variants, heterozygous and homozygous combinations of sequences that
differ in the order of disks were identified. Six chromosome 1 variants (sex chro-
mosome, heterozygotes: 1L/1L1, 1L/1L2, 1L1/1L2, and homozygotes: 1L/1L,
1L1/1L1, 1L2/1L2) were described in females, while males have only three hemi-
zygous variants (1L/—, 1L1/—, 1L2/~, where the symbol ‘" denotes chromosome
Y). Variants of polymorphic arms of chromosomes 2 and 3 (autosomes, three of
each) were also described: 2R/2R, 2R/2R1, 2R1/2R1; 3R/3R, 3R/3R1, 3R1/3R1;
3L/3L, 3L/3L1, 3L1/3L1 (Fig. 2).

Combinations of arm variants of different chromosomes in the processes of re-
combination and fertilization allow generating a large variety of karyotypes: 162
karyotypes for females (6x3%3x3) and 81 for males (3x3x3%3) [18]. To shorten
karyotype descriptions, we have adopted numeric symbols, first used by Novikov



72 Yuri M. Novikov, Alexander 1. Shevchenko

and Shevchenko [4]: sequence variants of arm 1L are denoted by /, 2, 3; stan-
dard and inverted sequence variants of arms 2R, 3R and 3L are denoted by / and
2, respectively. Thus, we describe a female with the standard karyotype 1L/1L-
2R/2R-3R/3R-3L/3L as 11°11’11°11, a female heterozygous for four inversions
1212’12’12, and a male with the karyotype 1L1/~-2R/2R-3R1/3R1-3L/3L1 as
2—-"11°22’12. We adopted the following numeric symbols for individual inver-
sions and combinations that do not include all the elements of the complex: .72..
for the 2R/2R1 heterozygote; ..22. for the 3R1/3R1 homozygote; .22°11. for the
2R1/2R1-3R/3R combination. In the digital description of the karyotype, the dot
indicates the degree of freedom. Therefore, dot can be preceded or followed by
any variant of a polymorphic arm.
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Fig. 2. Variants of polymorphic chromosome arms 1L, 2R, 3R and 3L. Arrows indicate
the centromere areas. Numerical designation of variants is described in the text.

Analysis of mosquito populations using inversions as markers showed that neither
the Hardy-Weinberg equilibrium nor equilibrium at the level of double-inversion com-
binations is typical of the central and western parts of the taxon range (Table 1).

In these areas, the karyotype pool appeared to be split into two associative
groups of ‘co-adapted’ chromosomal variants, as it was proposed at the time (Fig.
3)[17, 18, 21]. The composition of the groups was as follows: the firstis 1L/1L1,
1L1/1L1, 2R/2R, 3R1/3R1 and 3L/3L; the second is 1L/1L2, 1L2/1L2, 2R/2R1,
2R1/2R1, 3R/3R, 3L/3L1 and 3L1/3L1.

Variants of each group of karyotypes occurred together significantly more of-
ten than it is expected with random combinations. The degree of linkage disequi-
librium (d) between different variants fluctuated significantly. As we subsequently
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discovered, this fact and the fact that the 1L/1L and 3R/3R1 variants combined
almost independently were statistically determined, namely by the degree of dif-
ference of cryptic species in the frequencies of the same inversions. Populations
inhabiting the east of Krasnoyarsk, Altai region, and Kazakhstan with significant
frequencies contained variants 1L/1L, 2R/2R and 3R/3R belonging to different
associative groups, and most often were in equilibrium. At the next stage, we de-
tected positive assortative mating of individuals in a natural population from the
middle of the 4. messeae range (Table 2) [18].

Table 1
Observed (n ) and expected (n ) numbers of variant combinations of the 2R
and 3R chromosomal arms in the individual karyotypes in natural populations
of Zelenodolsk (G, 55°51" N, 48°31" E; 07/08/1973), Kolarovo (K, 56°20°N;
84°56°E; 08/11/1975), Tomsk (Beloe Ozero; W, 56°50°N; 84°96°E; 08/18/1999)
and Teguldet (T, 57°18°N; 88°10°E; 07/07/2000); G and K; by: Novikov [18])

Populations Combinations of variants D
P A1 11'12.].11'22.1.12'11.).12'12.|.12'22.1.22'11.|.22'12.|.22'22.
G n 13 25 13 15 29 7 5 9 2 118
n 14.8 | 24.6 | 10.2 | 16.1 | 26.7 | 11.1 | 4.4 7.2 3.0 118.1
K n 24 35 20 49 25 4 19 22 2 200
n_ | 308 | 31.0 | 7.8 | 42.8 | 43.1 | 109 | 149 | 15.0 [ 3.8 200.1
T n 9 24 55 1 2 5 92 144 66 398
n 47 110.6 | 6.0 | 31.2 | 70.5 | 39.8 | 51.9 | 117.2| 66.1 | 398.0
W n 52 362 | 784 28 27 12 23 21 1 1310
n | 64.0 14164 1677.2| 82 | 53.1 | 86.3 | 0.3 1.7 2.8 [1310.0
Note: d;=0.0133; d, = 0.0311; d = 0.0533; d,, = 0.0273; p < 0.001 for populations K, T, W;

p > 0.05 for G; where d is a measure of linkage disequilibrium.

Fig. 3. Interactions of chromosome variants in the 4. messeae populations from the central
part of the range. Positive and negative interactions are indicated by straight lines and arcs,
respectively. Variants of the first and the second associative group are presented at the top
and at the bottom, correspondingly (from Novikov and Kabanova [21], with modifications)
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The deviations of the observed frequencies of chromosome variant combina-
tions from the expected frequencies assuming random pairing (Table 1) are in full
agreement with the deviations from the random pair formation in the population
(Table 2). In the Kolarovo population, 20 out of 200 individuals had the .//°22.
combination of variants, whereas if combined independently, the number of car-
riers of such combination would be 7.8. In the same population, out of 122 pairs,
26 Q.11.. x & ..22. pairings were registered, while only 12.2 were expected in the
panmictic population. Further, among the same number of pairs, 25 @ ..22. x &
.11.. pairings were observed, while only 15.0 were expected.

Table 2
Observed (n ) and expected (n ) numbers of combinations of the 2R and 3R variants
in the Kolarovo population of Anopheles messeae during mating (by: Novikov [18])

34
R Al 2. 22.. A1 .12, .22,
1 n 44 7 4 10 19 26
o n 28.4 17.7 9.9 21.2 21.6 12.2
12 n 14 17 11 23 18 1
T n 21.7 12.7 7.6 16.2 16.5 9.3
2 n 5 13 7 14 11 2
o n 12.9 7.6 4.5 9.6 9.8 5.5
1 n 13 16 12 23 16 2
T n 21.2 12.4 7.4 15.8 16.1 9.1
12 n 25 19 8 19 23 10
T n 26.8 15.8 9.4 20.0 20.5 11.5
2 n 25 2 2 5 9 15
T n 15.0 8.8 52 11.2 114 6.4

Note: 122 pairs were analysed, df in all 4 cases is 8 (p < 0.001).

The above data indicate the lack of homogeneity within the 4. messeae Fall.
taxonomic unit, a phenomenon clearly associated with the sexual behavior.

Features of the ‘forms’ identified within the A. messeae Fall. Inversion chro-
mosomal variants, which constitute the first and second associative groups, were
found to be confined to different regions of the taxon range. Those in the first
group demonstrated higher frequencies in the populations of the western part of
the range, whereas those in the second associative group were encountered with
high frequencies in Siberia, up to the Transbaikalia region, as well as in the Altai
and in Kazakhstan. The widely spread 1L/1L, 2R/2R and 3R/3R1 variants did not
comply with the predicted patterns. Despite some regularity in the distribution
of chromosomal variants over the species range, there was no reason to isolate
the ‘northern’ and ‘southern’ karyotypes proposed in many studies. For instance,
the ‘northern’ heterozygotes 2R/2R1 and homozygotes 2R1/2R1 had increased
frequencies not in the northern regions, but rather in humid floodplains of major
rivers in the central part of the species range [3].

Analysis of the seasonal dynamics of associative groups of inversion chro-
mosomal variants showed that in the Tomsk suburbs (Kolarovo village), the
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frequency of carriers of the first group increased early in the breeding season,
dropped after 10 days and increased again by mid-August. Carriers of the second
group of variants were found to have several peculiar features: during August,
they disappeared from the territory of the settlement, being absent among winter-
ing females in the cattle barns, houses and other buildings, and also in the first
fraction of overwintered females emerging in the cattle barns in late April. How-
ever, they made their appearance among overwintered females in early May. Such
dynamics could only be explained by an assumption that mosquitoes within the
second group of chromosomal variants overwinter in wild habitats. We managed
to collect a small number of mosquitoes in abandoned bath-houses (‘banyas’)
and cellars located outside houses in the settlement. All of them had variants of
chromosomes of the second group in their karyotypes or belonged to A. beklemi-
shevi [20]. It became obvious that A. messeae Fall. taxon is deeply differentiated,
which is manifested in the genetic, environmental, physiological and behavioral
features. Based on these facts, we came to a conclusion of the existence of two
‘forms’, or species A and B, in statu nascendi within 4. messeae Fall. [3]. The
relatively rapid increase in the proportion of the first species from 12% in 1974
to 98% in 1994 and the respective decline of the second one from 88% to 2% in
Tomsk region due to global warming was one of the striking pieces evidence in
favor of their ecological differentiation [34].

Coluzzi et al. [35], while assessing the significance of disequilibrium in the
populations of Anopheles gambiae and being able to estimate the degree of as-
sortative mating only using indirect data, confidently interpreted the situation as
the initial stage of the speciation process. However, our findings on divergence
and specification in 4. messeae s.1., confirmed by molecular genetic studies, were
hushed up for many years [7-13].

Molecular genetic analysis of the identified species was initiated in order to
bring additional arguments in favor of the existence of the two species. With the aid
of the diagnostic combinations of chromosomal variants, we selected individuals
of both cryptic species from several geographically distant populations; in paral-
lel, using the same means of selection, pure ‘strains’ of species (isofemale broods)
were assembled. Samples from these populations and isofemale broods were ana-
lyzed by taxonomic typing of restriction fragments of genomic DNA [4, 23].

Three patterns were observed in EcoRI taxonprints of the 4. messeae
individuals examined (Fig. 4):

1) major fraction (MJ) 170 bp (lanes 1, 2, 5, 6, 7, 11, 12, 14, 15);

2) MJ 110 bp and MJ 65 bp, minor (MN) 170 bp (lanes 3, 4, 8, 9);

3) MJ 170 bp, MN 110 bp and MN 65 bp (lanes 10, 13).

The repeats detected in taxonprints are likely to represent an integral part of a
bigger, more complex monomeric unit [23]. The first and second patterns are typi-
cal of the 4. messeae B and A. messeae A, respectively. The absence of intermedi-
ate patterns in the co-habitat zones for these cryptic species can be considered as
the proof of their reproductive isolation and of their genuine species status. In the
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Altai and Kazakhstan populations, 85% of individuals had pattern 1, character-
istic of 4. messeae B, and 15% showed pattern 3, containing the major fraction
typical of A. messeae B and two minor fractions were resembling repeats 110 bp
and 65 bp of A. messeae A. The monomorphism in the 170 bp fraction and the
population equilibrium revealed using chromosomal inversions as markers justi-
fied the classification of both groups of individuals as belonging to A. messeae B.

13 14 15
g .d

Fig. 4. Taxonprint of EcoRI DNA digests of Anopheles messeae individuals from natural

populations: 1, ‘Cherga’; 10, 11, “Voevodskoe’ (Altai); 2, 12-15, ‘Pavlodar’ (Kazakhstan);

3,‘Kireevsk’; 4, 5, ‘Chernilshchikovo’; 7-9, ‘Teguldet’ (Tomsk region); 6, Yakutsk’. Ar-
rows indicate the positions of DNA size markers. From Shevchenko and Novikov [24]

7 8 9 10 11 12

65bp —»> . —

Within both species, individuals with different combinations of inversion
chromosome variants had identical electropherograms. On the other hand, a frac-
tion of individuals featuring identical karyotypes belonged to different species [4,
23]. For example, females with a karyotype// /1’11’11 (1L/1L-2R/2R-3R/3R-
3L/3L) or males with a karyotype /—'11°22’11 (1L/—-2R/2R-3R1/3R1-3L/3L)
can equally belong to any of the two species. This finding indicates that isolation
of ‘northern’ and/or ‘southern’ karyotypes is unsubstantiated. Consequently, the
discrete differences of species A and B of the 4. messeae Fall. taxon in repeated
DNA sequences confirm their divergence at the genomic level but are not directly
related to their inversion polymorphisms. Thus, even back in 2001, the taxonprint
DNA analysis for the first time allowed to accurately identify the species for any
A. messeae s.1. individual, regardless of its karyotype. This method strongly sug-
gests that 4. messeae A and A. messeae B represent cryptic homosequentical spe-
cies characterized by parallel inversion polymorphisms but significantly different
in the frequencies of inversion variants of chromosomes (Table 3).
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Table 3
Frequencies of inversion chromosome variants in cryptic
species A and B of the Anopheles messeae s.1. taxon

Variants | 1L | IL1* | 101+ | 1L2* | 2R 2R1 3R 3R1 3L 3L1
A 0.6-0.9{0.4-0.1| - - 10.9-1.0/0.1-0,0/0.1-0.50.9-0.5/0.9-1.0{ 0.1-0.0
B 0.8-1.0] - 10.2-0,0{0.2-0,0]/0.2-1.0/0.8-0.0{0.4-1.0/0.6-0.0]0.4-0.9/0.6-0.1

Note: Approximate frequencies for all geographically distant populations studied are given;

1L1* and 1L2* are diagnostic sequences for A and B species, respectively; 1L17 is the se-
quence of A. messeae B often found in the Altai and Kazakhstan populations, which is syntypic
to 1L1 4. messeae A.

In the European part of the Russian Federation, in the Urals and in Western
Siberia, hetero- and homozygotes 1L/1L1 and 1L1/1L1 are considered diagnostic
for the species A, especially in combination with the homozygote 3R1/3R1. In the
Altai and Kazakhstan populations of 4. messeae B, 1L1 sequence is very similar
or identical in its structure to 1L1 of A. messeae A; however, it randomly com-
bined with all other sequences, including 1L2. In these populations, the frequency
of 3R1/3R1 homozygotes is typically relatively low. The syntypical sequences
(1L1* and 1L17) of different species are likely to belong to isolated genotypic
environments. Notably, the more pronounced polymorphy of 4. messeae B, as
compared to its sibling [4, 23], is in line with its larger range and wider ecological
potential with respect to abiotic factors. It has been suggested that the Altai and
Kazakhstan populations of the species on one side and Siberian populations on the
other side are somewhat isolated [23].

In order to expand the panel of genomic markers that allow identifying in-
dividuals of the A and B species, restriction analysis of nucleotide sequences of
the PCR products of their ITS2 was carried out [22]. Digestion of the PCR prod-
ucts with 14 restriction enzymes revealed differences between the two species
at 15 recognition sites of the ITS2 sequence. The A and B species were found to
have 33 and 28 such sites, respectively. Among these, 23 sites were common for
both species; while ten sites in A and five ones in B were specific. These finding
has improved our understanding of the degree of genomic divergence between the
cryptic species of 4. messeae A and 4. messeae B.

Sequencing of the ITS2 of the two species revealed differences in five posi-
tions (Figure 5a). DNA samples studied originated from the same populations as
the samples selected for taxonomic typing analysis of restriction fragments of
genomic DNA (Tomsk region, Altai, Yakutia, Kazakhstan). Each of the twenty
DNA samples used for sequencing of ITS2 PCR products was previously ana-
lyzed using EcoRI taxonprint to establish its species identity. ITS2 samples from
Kazakhstan, Yakutsk and some of Tomsk populations corresponded to sequences
of individuals identified as 4. messeae B; the remaining Tomsk samples belonged
to A. messeae A. The ITS2 PCR product was absent in the samples from the Altai
region populations, apparently due to a mutation in one of the primer sites, which
was affixed in all copies of ITS2 as a result of a concerted evolution process. In all
five diagnostic positions of the ITS2 PCR products of A. messeae B individuals,
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the nucleotide electropherograms of sequencing reactions were defined unequivo-
cally (a single peak detected in each position of all electropherograms) (Figure 5a,
samples Ya-B, P-B, C-B).

a LACACETCCTCTT AGAGIGITACAA GAC Ca GCTCETAGCHGCEEGJ

Ya-B

A0
AEAETAEAAEACEIEETECTAEEDEEEEA

AGAGEI’IACAA GACCA GCTCCTAGCHGC GGGA
C-B

Y

AEAGETAEAA GACCAGEC TCC T.IGEGC GG GA

ARCAC QAT CC[TITITITCTT
T Al |C

C-A

L

""C‘CETCCTTETT AEAEHTAEAAEAEEA GC TCETAEEEEEEEA
K-A

=
b Positions
11133 22244
66668 11213
15722 48166
An. messeae A WWYRC AATAC An. daciae
An. messeae B TTCGG TTCGG An. messeae s.s.

(W:A,T; Y:C,T; R:A,G)

Fig. 5. Differences of ITS2 sequences within Anopheles messeae s.1. taxon:
a — Fragments of electropherograms of the sequencing reactions for A and B
A. messeae ITS2 sequence. Rectangles highlight the fragments used to establish differ-
ences between the two species. Results for 4. messeae B: Ya-B (Yakutsk, MN481112),
P-B (Pavlodar, MN481113), C-B (Chernilshchikovo, MN481111), and 4. messeae
A: K-A (Kireevsk, MN481110), C-A (Chernilshchikovo, MN481109) are shown in
lanes 6, 2, 5 and 4, 3 of Figure 4, respectively; b6 — Summary of ITS2 sequence sub-
stitution described in A and B A. messeae, A. messeae s.s., and A. daciae

Consequently, almost all ITS2 copies in the 4. messeae B genome are uniform.
In contrast, in A. messeae A, in all ITS2 diagnostic positions, except the last one
(i.e. 4 of 5), two peaks, major and minor, were revealed in each case (Fig. 5, a,
samples C-A, K-A). The major peaks correspond to the nucleotides unique to
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A. messeae A in these positions. This means that the major fraction of copies fea-
tures the ITS2 pattern typical of this species. The minor peaks correspond to the
nucleotides that are located in these ITS2 positions in 4. messeae B. This means
that the minor fraction of the ITS2 copies of A. messeae A corresponds to the
ITS2 pattern of A. messeae B [23]. In other words, in four out of five diagnostic
positions, the differences between the species A and B are semi-quantitative [24].
This circumstance led some authors to doubt the validity of isolating two distinct
sibling species within the 4. messeae s.1. taxon [36]. Another group of researchers
[5] found the differences in the ITS2 sufficient to isolate the new species A. daciae
Linton et al., 2004 despite the semi-quantitative nature of these differences (Fig.
5b). As an additional argument, the authors referred to the differences between the
species in the color of the egg exochorion and the sequence of the mitochondrial
marker COI. We made several attempts to find differences between the species in
the color of exochorion on the single species strains, which were proven futile due
to the interfamily and intrapopulation variability of this marker. The COI marker
also proved impractical for the species identification [25, 37]. We believe that it
is important to take the following into consideration: is it possible to describe
any traits in individuals of any species; however, will it be possible to identify
individuals of this species in subsequent studies by analyzing these traits? Thus,
given the variability of the ITS2 sequence, it can be concluded that differences
in its positions indicated above can only be considered as an additional evidence
of the independence of the A and B A. messeae species. In addition to the genetic
differences between the cryptic species 4. messeae A and A. messeae B, as a result
of observations and experiments carried out over many years, we have identified a
deep differentiation between them in physiology, ecology and behavior (Table 4).

Table 4
Biological and ecological features of the cryptic species Anopheles messeae A and B

Species

Anopheles messeae A

Anopheles messeae B

Species range

From the British Isles and
Atlantic coast of France
to Krasnoyarsk; from
Karelia to the Caucasus

From the British Isles and Atlan-
tic coast of France to the Zeya-
Bureya Plain; from the Arctic
to Iran and northern China

Landscapes

From southern taiga
to forest-steppe

From tundra to steppe

Connection with
settlements

Very tight. Inhabits settle-
ments and farms

Inhabits both settlements
and wild habitats

Propensity for
exophilia

Virtually absent

Clearly manifested.

Wintering places

Cattle barns, residential build-
ings and other above-ground
buildings in settlements

Natural shelters on/in the ground,
in villages — analogues of natural
shelters and abandoned buildings.

Response to glob-
al warming

Extends the range to
the north and east

See next position
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Table 4 (end)

Species

Anopheles messeae A

Anopheles messeae B

Dynamics in the
warming process

In regions of sympatry with
B and A. beklemishevi,
its frequency is rising

In regions of sympatry with
A the frequencies of B and 4.
beklemishevi are declining

Potential
epidemiological hazard

Hard to establish because
of the widespread sympathy
with B and/or 4. atroparvus

High. Outbreaks of malaria are
significant in the regions inhabited
by species B only, or where its share
is high as compared to species A

Aggressiveness Moderate High
Female usually receives the Female ordinarily makes
Blood sucking full portion of blood from one deep puncture and sucks
several shallow punctures the full portion of blood
Painfulness of bites High Moderate
Fecundity in cult.ure 166.8 186.8
(eggs per egg laying)
n, / n, in
overpopulated 0.6 0.4

larvae cultures
Vitality in single
species cultures
Duration of

Larvae — A > B; adults (females) - B > A

development A>B
Size of females
grown up under the A>B

same conditions
Larvae

competitiveness in
mixed cultures

A. messeae A > A. beklemishevi > A. messeae B

Species nomenclature. Let us consider the situation with the nomenclature
of the cryptic species of the 4. messeae s.1. taxon. Given the major peaks in the
ITS2 diagnostic positions of 4. messeae A and the differences in alignments per-
formed by Novikov et al. [22] and Nicolescu et al. [5], it is easy to verify that the
sequences ITS2 A. messeae A (AATAC) and A. daciae are identical. The second
marker haplotype (TTCGG) was attributed by Nicolescu et al. [5] to the second
cryptic species, named A. messeae s.s. Let us analyze this confusing situation.

Comparison of the ITS2 sequences which we carried out for 4. messeae A
and A. messeae B with samples of A. messeae from the UK (AF452699, Italy
(Z250105), AF452700), Greece (AF342711, AF342712), Iran (AY050639), China
(AF305556), published in the DDBJ (http://www.ddbj.nig.ac.jp/), showed that the
ITS2 sample, defined as aligning to species A, is most similar to the sample from
Italy [22]. All other ITS2 samples were similar to the ITS2 of 4. messeae B. Di
Luca et al. [37] found that the two ITS2 haplotypes absent in the Balkan Peninsula
and in Kazakhstan are frequent in Italian populations of 4. messeae. Furthermore,
structural chromosomal identity of 4. messeae A (and therefore A. daciae) and
A. messeae Fall., 1926 argues for their conspecificity. Cryptic species A. messeae
A is characterized by chromosomal sequences 1L, 1L1, 2R, 3R1 and 3L. More-
over, everywhere except Kazakhstan and the Altai, where in the 4. messeae B
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populations an inversion formally similar to 1L1 of 4. messeae A is present, the
combination of 1L1 and 3R1, the frequencies of which are highest in the west of
its range, is the diagnostic combination. The 3R1 sequence of 4. messeae Fall. is
inverted with respect to the disk order in the 3R chromosomal arm of 4. atropar-
vus. Frizzi [29], having studied a sample of larvae from the Pavia province (north
of Italy), described the polytene chromosomes of A. messeae, as compared to
A. atroparvus van Thiel in the following way: ... messeae has a small inversion
in the X-chromosome and a large inversion in the right arm of chromosome III’.
Frizzi [38, 39] also described polymorphisms of these arms. Similarly, Stegnii
[7] also described, the variants of chromosome arms 1L and 3R which are typical
of western populations of A. messeae Fall., as compared to A. atroparvus. Thus,
on the one hand, A. messeae A is identical to A. messeae Fall., 1926 based on the
structure of chromosomes, while on the other hand, 4. messeae A is identical to
A. daciae Linton et al., 2004 based on the ITS2 nucleotide sequence. Therefore,
A. messeae Fall., 1926 and A. daciae Linton et al., 2004 are identical in both
chromosome structure and nucleotide sequence in the ITS2. In other words, we
are dealing with three different names of a single biological species. In agreement
with the results of Sharakhova et al. [40], chromosomal variants of 4. daciae
are identical to those of 4. messeae A. Therefore, the authors of the above study,
similar to Nicolescu et al., 2004, name the second cryptic species 4. messeae
s.s., recognizing its identity to the A. messeae B. In this case, there is no place
for A. messeae s.s. in the 4. messeae s.1. taxon, because the name A. lewisi (syn.
selengensis) Ludlow, 1920 takes precedence over A. messeae Fall., 1926 [2, 41].
We note that Aitken knew the distribution of 4. messeae Fall. but refrained from
recognizing its synonymy with A. lewisi until more detailed information about the
species became available [41].

Cryptic species of A. messeae s.1., whilst showing some variation of their fea-
tures, do not differ morphologically at all stages of development. A Diptera expert
A.V. Danilov did not find any differences between the larvae A and B species at
the 4™ instar we passed to him in 1986 (personal communication). Similar to Ait-
ken [41], he did not find differences between the imago of 4. messeae Fall. and
A. lewisi Ludlow [2]. Analysis of over 500 individuals from a number of malaria
mosquito populations of the Transbaikalia region [20] showed that, the geograph-
ical area of typical locality for A. lewisi (near the city of Ulan-Ude), is only in-
habited by the cryptic species A. messeae B. Its presence in the extreme northeast
region of the taxon range (Yakutsk) was confirmed by taxonprint analysis [4]. It
is important to note the correspondence of the cytogenetic structure of the Yakut
and Transbaikalia populations of 4. messeae B. These facts and arguments allow
us to consider the names A. lewisi and 4. messeae B as belonging to a biological
species other than A. messeae Fall. and to return 4. lewisi from the nomen oblitum
status [42] to the status of a valid (an existing) taxon. Thus, the Anopheles mes-
seae s.l. taxon includes two homosequentical cryptic species, namely Anopheles
(Ano.) lewisi, Ludlow, 1920 and Anopheles (Ano.) messeae Falleroni, 1926.
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Conclusions

In this study, we state that Anopheles messeae s.1. taxon includes two homo-
sequentical cryptic species with parallel chromosomal polymorphisms. In our re-
search, we termed the cryptic species A. messeae A and 4. messeae B. However,
other names, particularly 4. lewisi Ludlow, 1920; A. messeae s.s. Fall., 1926 and
A. daciae Linton et al., 2004 are also known to refer to the species. Considering
data on chromosomal polymorphisms in paracentric inversions, ecology diver-
gence, geographic distribution and molecular markers, we concluded that 4. mes-
seae s.s. Fall., 1926, A. messeae A and A. daciae Linton et al., 2004 are synonyms
for one of the cryptic species, while A. lewisi Ludlow, 1920 and 4. messeae B are
synonyms for the other one. It means that despite the current trend it is not cor-
rect to name the cryptic species 4. messeae Fall., 1926 and A. daciae Linton et
al., 2004, because in fact they are the same biological species. Thus, we propose
to term the two homosequentical cryptic species as Anopheles (Ano.) lewisi, Lud-
low, 1920 and Anopheles (Ano.) messeae Falleroni, 1926.
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Kpwvivckuii pedepanvruiii ynusepcumem um. B.1. Bepnaockoeo, 2. Cumgpeponons, Poccus

OcobenHocTy u3MeHeHnid Tera-purma I
NP BOCIIPUATHHU PeYH y JeTeii-CHPOT paHHero Bo3pacra

HccnenoBaHue BBINOIHEHO B paMKax IOAIEPKaHHOTO (eiepanbHbIM rocyJapCTBEHHBIM
ABTOHOMHBIM 00pa30BaTEIbHBIM YUPEKACHHEM BBICIETO 00pa3oBaHus « KprIMCKUiA
¢denepanbhbiil yauBepcureT umern B.V. Bepuanckoro» rpanta Ne BI'12/2018.

Hccnedosanvt  ocobennocmu  peaxyuil - anexkmposuyepanocpammor  (931) 6
UHOUBUOY AILHO ONPEOeleHHOM OUANA30He MEeMa-pUmma npu OCNPUAIMuUY peduy oemetl,
B0CNUMBIBAIOWUXCA 8 PASHBIX COYUATLHBIX YCA08UAX: 54 pebenka, nposxcusaromux 6
Odemckom 0ome, u 53 — 6 buonozuueckux cemvax. D3I pecucmpuposanu 6 12 omeedenusnx
6 COCMOAHUU OMHOCUMENbHO20 NOKOA ((POHO8AA 3aNUCh) U NPU NPOCIYUUBAHUU
eCmecmeeHH020 U PesepCupoBaHHoz0 peuesvlx cucHanos. OOHApYsHCceHo, H4mo npu
60CHPUAMUL eCIMECMEEHHOU pedu CIMAamucmu4ecku 3Hayumvle peakyuu y oOemel,
B0CNUMBIBAIOWUXCA 6 CEMbAX, NPeOCMAasnenbl KaKk pocmom (6 4 omeedenusx), max
u naoenuem (8 4 omeedenusx) mowHocmu mema-pumma. Y oemeti-cupom OauHas
IKCNEPUMEHMANLHASL CUNYAYUS BbISLIBANA YEETUYEHUe MOUWHOCIU UL 8 BUCOUHOM
omeedenuu npagozo nonywapus (T6). Ilpu npocaywusanuu pesepcuposanHozo
CUSHANA BbIAGNIEHA OONLUIAS BLIPAHCEHHOCHb YEENUUEHUS MOWHOCIU Mema-pumma
NO CpAsHeHUIo ¢ cumyayuei BOCHPUAMUsL eCIECMBEHHO20 PeYesoeo cueHad y oemel
obeux epynn. B omeem Ha maxoil cucHan ygenuueHue MOWHOCMU Mema-pumma
O0OHapysceHo y Oemell, 60CRUMBIBAIOWUXCA 8 CeMbaX, 8 8 omeedeHusax, a y oemeli-
cupom — 6 4. BuviseiieHbl Omauyus 6 CmeneHu 6blPpaAdCeHHOCMU U HANPAGIEHHOCIU
peakyuil uccrnedyemozo pumma DI npu eocnpusmuu peuesvix CUcHAN08 y Oemell,
60CNUMBIBAIOWUXCA 6 DAZHBIX COYUATbHBIX YCIL08UAX. BblOBUHYMO npeononoscenue, umo
MEHbULA PEAKMUBHOCb MeMa-pUumma y 0emeii-Cupom yKasvléaem HA CHUNCEHHbLE
CHOCOBHOCIU K B06TIEYEHUIO KOZHUMUBHBIX PECYPCOB 8 NPOYECC BOCHPUAMUS PEYU, UMO
00yc106/1€H0 OMCYMCmEUeM 00CHamodH020 06beMa COYUANbHBIX 83aUMO0eUCBUlL CO
«BHAYUMBLMU B3DOCTLIMUY.

KuiroueBsbie cioBa: socnpusmue peuu; 991, mema-pumm,; ecmecmeeHHas peyn,
pesepcuposannas peus,; JJom pebenka.

BBenenue

B nacTosiiee Bpemst B Poccuiickoit @enepaiuu, HECMOTPS Ha €5KETOAHOE CHU-
JKEHHUE, 0CTAETCS BRICOKUM YHCIIO JIETEH-CHPOT, MPOKUBAIOIINX B IETCKUAX AOMAX.
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W3BecTHO, 9TO y AETEH-CHPOT MOTYT HAONIONATHCS OTKIOHEHHS B COLUAIBHO-
SMOIIMOHAIEHOM U KOTHUTUBHOM pa3BuThH [ 1-3]. [IpuurHaMu Takux HapyIICHUH
Yarie BCero CINTAIOT MATEPUHCKYIO ACTIPUBALINIO, OTCYTCTBHE «3HAYMMOTO B3pOC-
JIOTO», PAHHUE CTPECCHI, OOCTHEHHYIO CEHCOPHYIO Cpely M CIEHU(HUKY BOCIIH-
TaHUS B TPYyMIIax B CHEIHAIN3NPOBAHHBIX yupexaeHusx [4—6]. [lepeuncnennsie
HeraTHBHbIE (PaKTOPHI IPH BO3JEHCTBUU B paHHUE KPUTUYECKHE M CEHCUTHBHBIC
MIEPUONBI TTOCTHATAIBHOTO CO3PEBAaHMS MO3Ta TOBBIMIAIOT PHCK BO3HUKHOBEHHS
HEPBHO-TICUXUYECKUX PACCTPOMCTB U 3a/IeP’KEeK B pa3BUTHH, KOTOPbIE MOTYT CO-
XpaHAThCA U B Ooliee crapIieM Bo3pacTe [7]. YCTaHOBICHO, YTO NMPEOBIBAHUE JIe-
TE-CUPOT B JIETCKOM JIOME B MEPBBIE T'ONBI )KU3HU, HECMOTPS Ha MOCIeNyoIIee
BOCIIUTaHUE B OJIATOMIONYYHBIX MPUEMHBIX CEMBSX, IIPHBOJUT K M3MCHEHHSM B
CTPYKType U GYHKIMOHUPOBAHUH MO3Ta BO B3pOCIIOM Bo3pacTte [8, 9].

[epBBIe TONBI JKU3HU SABISIOTCS KPUTHYECKIM TIEPHOOM IS PA3BUTHSI KOT-
HUTHUBHBIX (YHKIMH, B 4acTHOCTH, ocBoeHMs peud [10]. Ilpouecc ocozHanus
CMBICTIa IIETIOCTHOTO PEUeBOTO COOOIICHHUS SIBISICTCS KITFOUEBBIM DIICMEHTOM pe-
yeBo# neaTenbHoCTH pedenka [11]. [Tpu aToM criocoOHOCTh K TOHUMAaHUIO MIpeI-
JIO’KEHUH TMPOXONT B OHTOTEHE3E PSIT KITF0UeBHIX ATanoB. Cuutatot [12], uto ans
00y4eHHUs1 BOCTIPUATHIO (D)OHEM POTHOTO SI3bIKa KPUTUYECKUM SIBIISIETCS TEPBBIH
TOJI XKHU3HHU peOCHKa, TOT/Ia Kak 00ydeHHe BOCIPUATHIO IPENIOKESHUS (OCBOCHHUE
CHUHTAKCHCa) MPOUCXOIUT B BO3pacTHOM repuone ot 18 go 36 mecsaues. bypHoe
pa3BUTHE CIOBApHOTO 3araca HadMHaeTcs B 18-mecssaHoM Bo3pacte. braromaps
9TOMY B BO3pAacTe NIBYX JIET JIETH YK€ BOCIPHUHUMAIOT LEJIOCTHBIA CMBICH MPO-
CTBIX BBICKa3bIBaHWH. [IpemnmokeHuss HECYT KaK CHHTAKCHUYECKYIO (POJIb CIIOB B
MPEUIOKEHUH U UX TOPAJOK), TAK U CEMAHTUYECKYIO (CMBICIOBYIO) COCTaBIISIO-
mryto. JI7st BOCTIpHATHSI M OCO3HAHMS CMBICIIA TIPEUIOKEHHUS] HE0OX0arMa OHO-
BpeMeHHasi 00paboTKa Pe4eBOTro CUTHaA KaK Ha ypoBHE (DOHEM, TaK U Ha YPOBHE
OT/ICNBHBIX CIIOB, & TAK)KE YTOUYHEHUE 3HAYCHUS STHX CJIOB B MX B3aUMOACHCTBHI
U B COOTBETCTBHHU C 3aHHUMAaeMbIM MECTOM B mipeioxkernd [13]. B nanHOM mpo-
[[eCCe YYacCTBYIOT OOIMIMpPHBIE PETHOHBI KOPEI, BKIIOUas aCCONMATUBHEIE, MOTOP-
HBIE 1 CEHCOMOTOPHBIE 00nacTi 00oux nonymapuii [ 14]. Panee namu [15] u npy-
TUMU uccienoBarensiMu [1, 16] ¢ mpuMeHeHneM pa3TUYHBIX TECTOBBIX METOIUK
BBISIBJICHBI 33JIEPKKU B PA3BUTHH PEUH Y AETEH-CUPOT. MOXKHO MPENOiI0XKUTh,
YTO BO3JICUCTBUE PAHHEHN ICUXOCOIMATIBHOMN IETPUBALIMU B YCIOBUSAX BOCIIUTA-
HUS B CHIEIIMATTM3UPOBAHHBIX YUPEXKICHUSIX HapyIIaeT THTUYHOE CO3pEeBaHKe 00-
Jacteif Mo3ra, CBSI3aHHBIX C PEUEBBIMHU (DYHKIHSIMH.

OOBEKTUBHBIMU METOJJAaMH OLIEHKH YPOBHSI BOCIPHUSATHS peud y eTeil B paH-
HEM BO3PACTE SIBISIOTCS KaK TECTOBBIE METOANKH, TAK M aHAIIN3 PUTMOB OCIMIIIS-
TOPHON aKTUBHOCTH MO3Ta, PETUCTPUPYEMOIl B BUJIe MATHUTO- U 3JIEKTPO3HIIE(Da-
nmorpamm (331) [17-20], a Takke KOMIIOHEHTOB BBI3BAaHHBIX DD -TIOTEHITNATIOB
[21-23]. Ananu3 ocobeHHOCTEl BbI3BaHHBIX IOTEHIIMANOB B OTBET Ha MPEABAB-
JICHWE COYETAHUH CIIOTOB y eTel BechbMa HH(OPMATHUBEH, TaKk Kak oOecrednBa-
€T PaHHIOK TMAaTHOCTHKY PEYEBOTO PA3BUTHA M MO3BOJIET MpECcKa3aTh yCHell-
HOCTh OyJyIiero ocBoeHus pedu pedenkom [12, 24]. OmHako IUIsl perucTpaun
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TaKUX IMOTEHIINAJIOB IIyTEM yCpeTHeHUs oTpe3koB D3I TpebGyeTcss MHOTOKpaTHOE
MpeIbsIBICHNE OAHUX U TEX e M0 BOBMOXXHOCTH KPaTKHX CTUMYIIOB. B cBsizu C
9THM TIPH U3yUCHUH BOCIIPHATHUS PEUCBBIX COOOIICHUH, COCTOSIINX M3 OTICIIb-
HBIX CJIOB MJIM TPEASIOXKEHUH, Oosnee MH(OPMATUBHBIM SIBIISIETCS aHAJIU3 TEKY-
meit D01 [18-20, 25, 26]. Cormacuo C. Krause, npenpsiBIeHne €CTECTBEHHON
(HaTUBHOM) peuH U 3aIKCHU PEUU B PEBEPCHOM peXUME (pedernofo0HbI CUTHAT,
JIUIIICHHBIA CEMAaHTHKH S3bIKa) IMO3BOJISET OIIEHUTh OCOOCHHOCTH peakiuii 991
B OTBET Ha CMBICJIOBBIE cooOmIeHus [27]. Panee HaMu aHaMU3UPOBAIKCH OCOOEH-
HOCTH JIEKTPHYECKOM aKTUBHOCTH MO3Ta IIPH BOCHPHUATHN €CTECTBCHHOW H pe-
BEPCUPOBAHHOW peur y AeTeil paHHero Bo3pacta [15]. B nanHol pabote ObL1O
MTOKa3aHO, YTO BOCHPHUATHE ECTCCTBEHHOM PEUH COIPOBOXKAACTCS IECHHXPOHU3a-
uueit anba-, 1 CHHXpOHHU3alMel TeTa-, 0eTa- U TaMMa-pUTMOB, a IPOCIIYILINBA-
HHUE 00paTHON pPedr BHI3BIBACT Y YYACTHHKOB MCCIECIOBAHMUS MIPEUMYIIECTBCHHO
necuHxpoHu3anuio Bcex putMoB D01 IIpu aToM y aerell, BOCIUTHIBAIOIINXCS B
JETCKOM JIOME, KOJTMUECTBO OTBEICHUI CO 3HAYMMBIM YBEITHUECHHEM TaMMa-pUT-
Ma [pH IPOCITYITUBAHUN €CTECTBEHHON PeUH, OTHOCUTENLHO CUTYalluy BOCTIPHSI-
THSI PEBEPCHUPOBAHHOTO PEUCBOTO CHT'HAJA, OBLIO CYIIIECTBEHHO MEHBIIIE IO CPaB-
HEHUIO C JIETbMHU, BOCTIUTHIBAIOIIUMHUCS B ceMbsiX. OJJHAKO HAMH HE YUUTHIBAJIUCh
WHINBUIyaJIbHBIE YaCTOTHBIE IUAMA30HBI PUTMOB DI, KOTOPEIE, COMIACHO CO-
BPEMEHHBIM JIaHHBIM, MOTYT OTJIUYAThCA Y KKIOT0 peOeHKa B 3aBUCUMOCTH OT
BO3pacTa W MHAWBUAYAITBHBIX ocobeHHOCTer passutus [THC (cM. 0630p [28]).
C ydeToMm 3TOro B HefaBHEH paboTe HAMM aHAIM3UPOBAJINCH OCOOEHHOCTH pe-
akuit O30 B MHANBUTYaIbHO OIPENEIIEHHOM YaCTOTHOM JMana3oHe MIO-pUTMa
P BOCIPUATHH MPSIMOI M PEBEPCUPOBAHHON PEUH y JETEH-CHPOT paHHETO BO3-
pacta [29]. OnHako HeWPODHU3HOIOTUICSCKHE ITPOIIECChI, MPUHUMAIONIHE YIacTHE
B BOCIIPUATHH PEUH, MOTYT OTPAXKAThCS B U3MEHEHUAX MOIIHOCTH DI B MHIU-
BHAYaJbHOM YaCTOTHOM IHANa30HE HE TOJIBKO CEHCOMOTOPHOTO, HO M TETa-PUT-
Ma. CHHXpOHHU3ALIMIO JAHHOTO PUTMa MPEUMYIIECTBEHHO HaJl aCCOLMAaTHBHBIMU
obnacTsIMu KOpHI (TeMEHHBIMH, BUCOYHBIMH B ()POHTATBEHBIMH) CBSI3BIBAIOT KaK
C HMOLIMOHAJILHBIMHI COCTOSHUSIMU, TaK U ¢ KOTHUTUBHOU Harpyskoil. E.B. Ope-
XOBa M COABT. BBISBIUIH, YTO y MIIAJICHIICB U JOIIKOIEHUKOB CIICKTPaIbHASI MOIII-
HOCTb TeTa-puT™Ma DI yBenn4ynBaeTcs B CUTyallid BOCIIPUSTUS PEOSHKOM PeUH
B3pOCJIOTO B 3aTHUIOYHBIX, TCMEHHBIX ¥ BUCOYHBIX OTBEICHUSX, a TAKKE TIPH UC-
CJIEZIOBAaHUH JIETbMU UTPYIIEK MPEUMYIIECTBEHHO HaJ 3aJIHEH BUCOYHON KOO
[26]. JIpyruMu aBTOpaMHu NpH HCCICIOBAaHUU OCOOCHHOCTEH TeTa-puUTMa y Jie-
Tell YeThIpex JIET BBISBIEHA OoJbIas MOIHOCTE DI B 4aCTOTHOM JHUana3oHe
3-6 I'n Hax ppoHTOMETHAEHOM 00JIACTHI0 HEOKOPTEKCa BO BPEMsI BBHITIOTHEHHS
pa3IMYHBIX KOTHUTUBHBIX 3a7a4. [Ipu 3TOM MOBBIIIEHHE MOLTHOCTH TETa-PUTMA
HaOMIONAT0Ch B TOOHO-BUCOYHBIX OTBEICHHAX JICBOTO MOITYIIAPHS BO BPEMsI BEI-
MOJTHEHHS peyeBO 3ajjauu (Ha3blBaHUE 1IBETA) MO0 CPABHEHUIO C JIBUTATENbHOM
3amadeit (mmutanus aprokeHus) [30].

Hcxons 3 BBHIIEU3TOKEHHOTO, MOXKHO TPEATIONOKHUTh, YTO YCIOBHUS MICUXO-
COIMAJIbHOM AETPUBAIINH, B KOTOPBIX HAXOISTCS NETH-CHPOTEI, MOTYT OKa3bIBaTh
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BIHSIHHE Ha (OPMHPOBaHUE W (DYHKIIMOHUPOBAHUE HEUPOPH3MOIOTHISCKUX Me-
XaHU3MOB BOCIIPHSTHS pedr. B cBOIO ouepesib, 3TO MOKET OTPaXKATHCS B U3MEHE-
HUSX MOIIHOCTH DI IIpH BOCTIPHATHH PEIEBOTO COOOIICHHS B MHINBHIYAIEHO
OIIpeJIeNICHHOM YaCTOTHOM Jiaria3oHe TeTa-puTMa.

Lens maHHOTO HCCIEZOBAaHUS — aHAN3 PEAKTUBHOCTH MomHOCTH DO B
WHIMBUyaJbHOM YaCTOTHOM [UAla30HE TETa-PUTMA HPU BOCHPHUITUU €CTe-
CTBEHHOW U PEBEPCUPOBAHHON pEUM Y AETEH-CUPOT PAHHETO BO3PACTa, BOCIIUTHI-
BAIOIIUXCS B JIETCKOM JIOME, IO CPABHEHHIO C UX CBEPCTHUKAMU, BOCIIUTHIBAIO-
IIMMUCS B CBOMX ONOJIOTHIECKHUX CEMBSIX.

Marepuajbl 1 METOAUKH HCCJIEI0BAHUS

Bcero B uccnenoBanun npussumm ydactue 107 mereit B Bo3pacte oT 24 n0
42 mecsues. OcHOBHas Tpymnmna Biitodana 54 pedenka (19 nesouek u 35 Manbun-
KOB), KOTOpbIC BOCIIHTHIBAIUCH B Jlome peberka . Cumdeporons (rpymma JIP).
KonTponbHyto rpymiy coctaBuiu 53 pebenka (21 neBouka u 32 mManbpdvKa), KO-
TOpPBIC BOCIUTHIBAIIMCH B POIHBIX OHONOTHYecKrX ceMbsx (rpyrma bC). Cpennmii
BO3pacT B 00eux rpymmax cocraBui 33,5 + 0,5 mecsiua B rpymnme JIPu 31,9+0,7 -8
rpymme bC (3aech u nanee IpuUBOAATCS CPEAHNE 3HAYCHUS U CTaHAapTHAs OIIHO-
Ka cpennero (M+m,)). CTaTuCTHYECKH 3HAYMMBIE PA3IMYHUs 110 TOMY TIOKa3are-
1m0 oTcyTcTBOBaIH (p > 0,05). Micnop30BaHbI ClIeMYIOIIAE KPUTEPHUH BKITFOUCHUS
JIeTel B TPYIIBI: Macca Tella PHU POXKACHUU HE MeHee 2,5 KI, OTCYTCTBUE TeHe-
THYECKHX 3a0ojeBanui, 3a0oneBanuii [IHC, 3apeructprpoBanHoro GeraibHOTO
AJIKOTOJILHOTO CHH/POMA, a TaKKe O4YEeBHUIHOE MpeoliiajaHre MPaBor PyKH MPH
MaHUIYJIALUAX C IpeIMeTaMU U IIpU PUCOBAaHUU.

[IpoBenenue nccnenoBanuii 0100PEeHO ITHUECKUM KoMUuTeToM KpbiMckoro de-
nepansHoro yHUBepcuteTa (KOY) M. B.M. BepHanckoro. VccnenoBanue nereid-
CHPOT MPOBOIMIIA HA OCHOBaHUH O(UIMATIBHOTO pa3pelieHus pykoBoauTens Jdoma
pebeHKa ¥ B MPUCYTCTBHUHU IICHXOJIOTa JaHHOTO yupexneHws. Poxurenn nereit u3
rpymnnsl BC nanu nucbMeHHOe coracue Ha y4acThe peOeHKa B SKCIIEPHUMEHTAaX.

D0I" perucTpupoBay ¢ UCIOIB30BaHUEM AekTpodHTIedanorpada « TREDEX»
(r. XapokoB) Bo (pontansubix (F3, F4, F7, F8), uenrpansurix (C3, C4), Bu-
counbix (T3, T4, TS5, T6) u temennnix (P3, P4) orBenenusax. B kauecte pede-
PEHTHOTO UCIOJIb30BAJICS BUPTYAIbHBIH 3JIEKTPOJ], CUTHAI KOTOPOTO ObUT paBeH
YCPEIHEHHOMY I10 BCEM OTBEIEHUSIM MOTEHIMaTy. 3allUCh IPOBOJMWIACH B TPEX
9KCIIEPUMEHTAIBHBIX CUTYAIHIX:

1) B CHIOKOITHOM COCTOSIHUH MPH OTKPBITHIX razax (¢oHoBas D3I, nponon-
)KuUTenpHOCTh 3anucu 20-30 ¢);

2) IpHu IPOCTYIINBAHAN €CTECTBEHHON peun (CTUXOTBOPCHHE, IIEPCOHAKA-
MH KOTOPOTO SBJISUIUCH )KUBOTHBIE, TPOJOIKUTENBHOCTD 20 C, ®KEHCKUN TOJI0C);

3) mpu TPOCIYIIMBAHWN 3aMMCH TOW XK€ PEYH, PEBEPCHPOBAHHON C TIOMO-
1IbI0 KOMITBIOTEPHOI nporpammbl « Wave Editor» (peBepcupOBaHHAs PEUb).

YepenoBaHre BTOPOH U TPEThEH CHTYAIIHi ONIPEACISUIOCH CITyYaifHBIM 00pa3oM.
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OnnoBpeMeHHO ¢ 3amuchio D3I Benmach ayino- v BUACOPEruCTpaIus. YdacT-
ku 3ammceit D01, coneprkamue apredakTsl ¢ aMIIuTyaoi 6onee 250 MxkB u mo-
MEXH, CBA3aHHBIC ¢ akTHBanued IMI MbIm Jida, a TaKKe COMPOBOMKTAIONITHECS
MHOTOYHCJICHHBIMU JIBM)KEHUSIMH I71a3 (3aMETHBIMU Ha BUIC03AIHMCH ), UCKITIOYa-
uch U3 00padotku. bezapredakrHoie orpesku I pazOUBaIUCh Ha SMTOXH JTH-
TEJIBHOCTBIO 110 5 C.

BepxHroro rpaHuily TeTa-puTMa BELSIBISUTN HHANBHIYAIBEHO IS K&KAOTO pe-
Oenka B Tecte «BocmpusitTre u moBTopeHue aerctBus» [31] (B maHHOM cTaThe
PE3YIBTaTHI ATOTO TECTA HE aHATM3HPOBANUCH). [Ipn HaOMI0neHNH U BEITTIOTHEHUHN
peOCHKOM JICHCTBUM 4aCTOTHBIN AUANa3oH, B KOTOPOM HaONIIONAN0OCh CHUXKCHUE
aMIDIATYIB B oTBeieHNH C3, MpUHUMANCS 32 WHAWBUAYAJIbHBIA THAITa30H MIO-
putMa (moxpobHee cM.: [29]), a 3HaueHHe YacTOThI, HIKE KOTOPOH HAaOII0IaI0Ch
MTOBBIIICHAE aMIUIUTYIBI B JAHHOM OTBEJCHUH, — 32 BEPXHIOIO TPAHUILY TETa-PUT-
Ma. Takoii crioco0 MO3BOJIMI BHISIBUTh MHIMBUAYAIbHBIE YACTOTHBIE AUATIA30HBI
MIO- U TeTa-putMoB DDI. B KkauecTBe HIDKHEH TPaHUIBI YaCTOTHOTO JHAra3o-
Ha TeTa-puT™Ma Ha ocHoBaHuM DI -uccnenoBaHus aAeTeil Muaame cemu Jet [26]
npuHUMaNock 3Hadenue 3,8 ['m. [ 9acTOTHOM MONI0CH TeTa-pUTMa PACCUUTHI-
BaJach CPeAHss CHEKTpabHas MIOTHOCTh MouHocTH (CIIM), koTopas moasep-
rajgach Jiorapu(pMHPOBAHMIO /ISl HOpManu3aiuu pacupeneinenus (1g MxB%/T'm).

Jns cpaBHEHUs peakTUBHOCTH MOIIHOCTH D3I B Juana3oHe TeTa-purMma y Jie-
Tel 00EUX TPYII PacCUMTHIBAIN MHJEKC peaktuBHOcTH (MP) B KaxkmoM U3 mccie-
JyeMbIx orBefeHuit o gopmynam: P = 100% x [1gCIIM(peus) — 1gCIIM(¢on)] /
1gCITM(¢on), tre 1gCIIM(peus) — storapudm cpemHeld MOIHOCTH TeTa-putMa DI
IpH BOCHIPHUSATUY €CTECTBEHHOHN WM peBepcupoBaHHON peu, 1gCIIM(¢on) — sora-
pudM cpemreit MorHOCTH TeTa-putMa DI, 3aImicaHHON B CUTYaIM OTHOCHTEITHHO-
ro nokost. [TonoxkurensHble 3Ha4eHus1 VIP cBuaetenscTBoBamu 00 yBenmuenun CIIM
tera-putMa D3I 1o cpaBHEHHIO ¢ (POHOM, a OTPHIIATEILHBIC — O CHI)KCHUH.

Ocobennoctu CIIM teta-putma D01 npu NpOCITyIIUBAaHUU €CTECTBEHHOI
WM PEBEPCUPOBAHHON PEUH II0 CPAaBHEHUIO ¢ (HOHOM Y JeTeil 00enX TPy BEISB-
JISUTA C UCTIOJIb30BaHUEM IUCIIEPCHOHHOTO aHAIM3a C TOBTOPHBIMU HU3MEPEHUAMU
¢ yueToM BHYTpUrpymmoBbiX GpaktopoB CTUMVIJI (2 ypoBHS: ecTecTBeHHAs Pedb
u ¢on, pesepcupoBanHas peus U pon) u OTBEJIEHUE (12 oTrBeneHnuii), a Takxe
YYHTHIBAJIOCH BIMSHUAE MEeXTpyIoBoro dakropa [10JI (2 yporHs). Mexrpymmo-
Bble pa3nuuus B VP aHaIM3MpoBamuCh C yU4eTOM BIHMSHUS MEXIPYIOBBIX (ak-
topoB CEMbS / AETAOM (2 ypoens: netu bC u JIP) u [10J1, a Taxxe BHyTpH-
rpymnnoBoro ¢gakropa OTBEJAEHUE. /Iy pacueTa CTaTUCTHUECKOM 3HAUMMOCTH
U3MEHEHHH TeTa-piUTMa B KaXKJJOM OTBEICHUH HCIIOIH30BAJICS METOJ allpHOPHBIX
KOHTPACTOB. 3aTeM NPOBOAMIACH KOPPEKIMS HA MHOXKECTBEHHBIE CPABHEHUS C
HCTIOJIh30BaHUEM ITOTIpaBku boH(peppoHu Ha KomHuecTBO oTBeneHni DOI.

Pa6ora BeimonHeHa Ha o6opynosanuu LIKII HayuHeIM 000pynoBaHuEM «DKC-
MepuMeHTaIbHAs pu3nonorus 1 onopusnkay (KpbeiMckuil (henepalibHbIl YHU-
BepcuteT uM. B.M. Bepnanckoro, . Cumdeponons, Poccus). OcranbHble oco-
OCHHOCTH METOJIMKH OIMCaHbI paHee [29].
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Pe3y.]1])TaT]>l HCCJIeA0OBAHUSA

Ocobennocmu wacmomol mema-pumma 331, YCTaHOBICHO, UTO CPETHUE 3HA-
YeHHs BepxHer rpaHunbl Teta-putMa I31 y neret rpynmsl bC cocraBunm 6,4 +
0,1 T, ay gereii IP — 6,3 £ 0,1 I'u. laHHbIi MOKa3aTeqb HE OTIIMYAJICS CTaTHCTH-
yecku 3HauuMO (p = 0,62) y neTeid uccnemyeMbix rpym. J{ist Bcelt coBOKyIHO-
CTH UCTIBITYeMbIX MUHUMAJIbHBIE 1 MAKCUMaJIbHBIE TIOKA3aTeNN YaCTOTHI BEpXHEH
rpaHuIbl TeTa-puTMa coctaBuiu 5,0 u 7,6 ['m cooTBETCTBEHHO.

Hzmenenue mema-pumma 331 npu npocayuiueanuu ecmecmeeHHou u
Ppesepcuposannoil peuu. [IncTiepCHOHHBIN aHAIN3 TIO3BOJIII BEISIBUTH XapaKTep-
HbI€ U3MEHEHM MOIIHOCTU TeTa-putMa D3I mpH MpoCIylIMBaHUU €CTECTBEH-
HOW W PEeBEPCUPOBAHHON pedr MO CpaBHEHHIO ¢ (OHOBOH 3amuchio y nereit bC
u [P (tabn. 1). U3 Tabmuusl BUAHO, YTO y IeTeil 00eux TPyl Ha Peakiud B
IFania30He TeTa-pUTMa IIPH BOCTIPHSITHH €CTECTBCHHON PEUr CTaTHCTUIECKH 3Ha-
yumo Businu paxkropsl OTBEJIEHUE (p < 0,001) u B3auMoneiicTeue GpakTopoB
OTBEJIEHUE x CTUMVII (p < 0,001). ®akrop CTUMVYJI oka3biBaji CTaTHCTH-
yecku 3HauuMBbIH (p = 0,02) adpdext mums quis rpynmnst JP. [Tpu Bocnpusituu pe-
BEPCHUPOBAHHOHN peUH BIHMSHUE YKa3aHHOTO (DaKTOpa JOCTUTAIO CTaTHCTHYECKOM
3HaYUMOCTH (p < 0,001) 1 U3MEHEHUI MOIITHOCTH TeTa-pUTMa y JeTeld 00enx

rpymiL.

Ta6uuma 1 [Table 1]
Pe3yJbTaThl AMCIIEPCHOHHOTO AaHAJIN3a MOLIHOCTH TeTa-put™a 3T
NPHU NPOCIYIIHBAHUM €CTECTBEHHOI U peBepPCHPOBAHHOM peun

y AeTeii u3 Guosiornyeckux cemeii u loma pedénka
[ANOVA results for the EEG theta rhythm powers in children reared in biological
families and the orphanage, when listening to normal and reversed speech]

CpaBHHMBaeMbIE CTUMVII OTBEJIEHUE CTUMVII x OTBEAEHUE
CHTYaIlUH [STIMULUS] [LOCUS] [STIMULUS x LOCUS]
[Compared Jetu u3 Ouonornyeckux ceMeit [Family-reared children]
conditions] F p Fl s 4 s P
EP u pon

NS vs baseline] 0,10 0,750 19,66 <0,001 19,69 < 0,001
PP u q)og 65,17 <0,001 24,60 <0,001 11,80 <0,001

[RS vs baseline]

Jetn u3 Jloma pe6énka [Institution-reared children]
F, .. p F 2 F 2
EP u (bog 5.79 0,020 46,79 <0,001 9,50 < 0,001

[NS vs baseline]

PP u (pog 26,59 <0,001 66,20 <0,001 3,30 < 0,001

[RS vs baseline]

Tpumeuanue. Cutyauun: Gpon — ncxonHas 3annck; EP — ectectsennas peus; PP — pesepenpo-

BanHas peus; OTBEJIEHUE — 12 orBenenuit 901
[Note. Conditions: baseline - Baseline record; NS - Normal speech; RS - Reversed speech; LOCUS - 12
EEG sites].

J71s1 OLIEHKY CTaTHCTHYECKOM 3HAYNMOCTH M3MEHEHHH MOIITHOCTH TETa-pUTMa
MIpH ICUCTBUH PEUEBBIX CTUMYJIOB [0 CPABHEHUIO C €€ 3HAYCHUSMHU B YCIOBHUAX
TMOKOSI B KakaoM w3 12 orBemennii D3I paccYuTHIBANUCH aliprOpHBIE KOHTpPA-
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cThl Ha ocHOBe F-craructuku (prc. 1). MomHoCTh TeTa-put™Ma y neteid rpymmbl bC B
OTBET Ha €CTECTBEHHYIO pe4Yb MU3MEHIACh PA3HOHAIIPABICHHO — POCIA B YETBIPEX U
ajiajia Takke B YEThIPEX OTBEJECHUSX JIEBOTO U IpaBoro nomymapuil. [Ipenbsasienue
PEBEPCUPOBAHHOM pedu MPUBOAUIO K CTATUCTUYECKU 3HAYMMOMY POCTY TeTa-aKTHB-
HOCTH B BOCEMU OTBEJICHUSIX 000MX moiymapui. Y aereit JIP n3ameHenus tera-purMa
MeHee BbIpaxkeHbl. IIpenbsaBiaenye eCTeCTBEHHOM pedu IIPUBOIUIO K CTaTUCTHIECKU
3HaYMMOMY MU3MEHEHHIO JAHHOTO puTMa B Bujie npupocta CIIM muiis B 3aqHeBUCOY-
HOM OTBEJIEHUM IIPaBOro NoIylapus. BocnpusaTue peBepcupOBaHHON pedu COIPOBO-
KIAaJI0Ch POCTOM MOIIHOCTH TE€Ta-PUTMA B YETHIPEX OTBEACHMSIX 00OWX ITOTYIIAPHH.
Craructuuecku 3HaUMMBIX 3(h¢ekToB haxropa ITOJI He BBISIBIICHO.
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Puc. 1. Mommocts 93T (P, 1g MkB*T'w; M+m ) B uana3oHax TeTa-putMa
y JeTel 13 OHONorHYecknx ceMei (4) 1 AeTei-CHpOT, BOCIUTHIBAIOIIIXCS
B JIETCKOM JioMe (B), B CUTyalUsX OTHOCUTEIBHOTO MOKOsI ((DOH) U MPH BOCTIPUATHH
peueBbix cTuMyIoB. [ludpaMu yka3zaHbl SKCIIEPUMEHTATBHBIC CUTYAIINH,

B KOTOPBIX Mpoucxoauia peructpaiust 90 1 — hoH, 2 — BOCHPUATHE €CTECTBEHHON
peun, 3 — BOCTIPHUSATHE PEBEPCUPOBAHHOM peun (Oelbie, cepbie U YePHBIE CTONOIIBI
COOTBETCTBEHHO). 3BE3/I0YKAMH OTMEUCHBI CITyYan CTATUCTHUCCKU 3HAUUMBIX Pa3THIHi
TI0 CPABHEHUIO ¢ (POHOM, BBIIBIICHHBIE METOJIOM allPHOPHBIX KOHTpacToB (*p < 0,05; **p < 0,01)
[Fig. 1. Theta rhythm powers (P, Ig uV2/Hz; M+m, ) in family-reared (4) and institution-reared
(B) children under conditions of a wakeful rest (baseline) and when attending to speech stimuli.
Numbers indicate certain experimental conditions: 1 - Baseline, 2 - Attending to normal speech,

3 - Attending to reversed speech (white, gray and black columns, respectively). Significant differences
(assessed by a priori contrasts) relative to baseline are marked by asterisks (*p < 0.05; **p < 0.01)]

Ocobennocmu HP mema-pumma I3I' y demeii-cupom no cpaenenuro c
dembmu u3 cemeit. Jlyis BoisiBIeHUs pasnuuuil B usmeHeHusax CIIM teta-putma
O0I" mpu BOCTIPUSATHN €CTECTBEHHOW M PEBEPCHUPOBAHHOMN PEeUYH M0 OTHOIICHHIO
K (oHOBOH akTHBHOCTHU y AeTed u3 BC, mo cpasHeHHto ¢ nerbmu u3 P, mposo-
JAIICS aHam3 nokasarene P (tadm. 2). Ha P TeTa-putMa craTHCTHYECKH 3HA-
yumo Biusinu paxrop OTBEJIEHUE (p < 0,001) u B3aumoneiicTeue ¢Gpakropos
OTBEJEHUME x CEMbS / AET/IOM (p < 0,001).
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Tabnuna 2 [Table 2]
Pe3ynbTaThl JUCHIEPCHOHHOIO AHAJIN32 HHICKCOB PEAKTHBHOCTH TeTa-putma I3
NPH BOCIIPUSITHH €CTECTBEHHOI M peBepCUPOBAHHON peun y aAeTeil
u3 OnoJsiornyeckux cemeii u Jloma pedGéHka B 3aBUCHMOCTH OT OTBeJeHUS
[ANOVA results for the EEG theta rhythm reactivity indices in children reared in biological

families and the orphanage, when listening to normal and reversed speech, depending on EEG loci]

CEMBS1 / IETJIOM OTBEJIEHUE CEMb3/ IETIIOM ~

OTBEJJEHUE
FAMILY / ORPHANAGE L

[ /o GE] [LOCUS] [FAMILY / ORPHANAGE x LOCUS]
IIpu BOCHIpUSTHH €CTECTBEHHOM peun [Attending to normal speech]

Fl 105 p F]I 1155 p Fll 1155 p
3,436 0,066 12,716 <0,001 17,903 <0,001
IIpu BOCIIpHUITHU PEBEPCUPOBAHHOM peun [Attending to reversed speech]
1::l 105 p Fll 1155 p Fll 1155 p
0,0001 0,990 7,804 <0,001 7,388 <0,001

Ipumeuanue. CEMbS/JJIET/IOM — npunamnexxnocts Aereit k rpynmnam bC nmm /1P, OTBE/IE-
HUE — 12 orBenenmii DT

[Note. FAMILY/ORPHANAGE - Groups of children: family-reared vs institution-reared; LOCUS - 12
EEQG sites].
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Puc. 2. Mnnexcel peaxtusroct (UP; M+m, ) putmos D01 B 4acTOTHOM JMana3oHe Te-
Ta-puUTMa MIPHU BOCIIPUATHH €CTECTBEHHOU (/, 2) U peBepcupoBaHHOM (3, 4) peun y ae-
Teil u3 buonornyeckux cemeit (Oensie ctonbpl) U Jloma pebeHka (TeMHBIE CTONOIIBI).
3Be310YKaMi OTMEUEHBI CIy4au CTAaTUCTUYECKH 3HAYMMBIX MEXIPYIIIOBBIX Pa3Indui,

BBISIBJICHHBIE METOZIOM allpHOPHBIX KOHTpacToB (*p < 0,05; **p < 0,01)

[Fig. 2. EEG theta rhythm power reactivity indices (RI; M+m,,) when attending to the normal
(1, 2) and reversed (3, 4) speech stimuli in children reared in biological families (white
columns) and in the orphanage institution (dark columns). Significant inter-group differences
assessed by a priori contrasts are marked with asterisks (*p < 0.05; **p < 0.01)]
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Hcnosnp30BaHre METO/a allPUOPHBIX KOHTPACTOB BBISIBUIO OTBEICHHS, B KO-
Topbix BenuunHa UP y neteit 00Cie0BaHHBIX TPYIN CTATHCTHYSCKH 3HAYAMO
ommJanack (puc. 2).

B rmumamaszone TeTa-pUTMa CTATHCTHYCCKH 3HAYUMBIC PaA3IHYIH MEKIY
rpynnamu B VIP mpu BOCHIPUSTHH €CTECTBEHHON PEUYH BBISBICHBI B BHCOYHBIX
U TEMEHHBIX OTAENaX 000MX MONYLIAPHUi, & TAKKE B IEHTPAIbHOM OTBEIACHHUH
npaBoro nojyuapus. [Ipu BOCIPHATHH PEeBEPCHPOBAHHOTO CUTHAJIA TaKXkKe 00HA-
PYKEHBI CTATUCTUYECKU 3HAUUMBIC Pa3IHYusl, JIOKATU30BaHHBIE B OCHOBHOM BO
(GpOHTANBHBIX M [IEHTPAIBHBIX OTBEJCHHUSX. B Cilyyae cTaTHCTHYECKU 3HAYMMBIX
MEKIPYIIOBBIX pa3nuuuii P mpu BoCIIpUATHH €CTECTBEHHOW U PEBEPCHPOBAH-
HOHM pevr UMeH IPEUMYIIECTBEHHO IIPOTHBOIOIOKHYIO HAIIPABICHHOCTb.

O06cy:xneHue pe3yabTaToOB UCCJIAETOBAHUS

IIpu ananu3e nmokasarenei 4aCTOTHI BEPXHEW FPAHUIBI TETa-pPUTMA OTIpeee-
Ha JIOCTAaTOYHO BBICOKAs BAPMATUBHOCTH JAHHOTO MOKa3aTeNs y JIeTel B paHHEM
BO3pacTe. DTH JaHHBIC TOATBEPKAAIOT PE3YABTATHl MPEABIIYIIHX HCCIIEIOBAHIH
0 HEOOXOJUMOCTH BbIJICIICHNS HHANBH Iy aJIbHBIX YACTOTHBIX IMAa30HOB PUTMOB
33T y mereii [29, 32].

[Ipu BoCTIpUATHH €CTECTBEHHOH peur OOHapy>KeHbI CTaTUCTUYECKH 3HAYU-
MEbIE, HO pa3HOHAINpaBICHHBIE H3MEHEHHs TeTa-put™a y aerer rpymmsl bC. Ero
MOIIHOCTB pociia BO (PPOHTAIBHOM OTBEJICHUH CIIpaBa, MEPEAHEBUCOYHOM OTBE-
JICHUY CJIeBa M TEMEHHBIX OTBEICHMSAX OOOWX IMOMyIIaphi, mmajanxa — BO (poH-
TaJbHOM OTBEJCHUU JIEBOTO MOJYIIAPUs, B 33 JHEBUCOUHOM OTBEIEHUH TOTO XKe
MOJTyIIApHs, B IEHTPAIEHOM U 38 THEBHCOYHOM OTBEACHUIX IIPABOTO IOy IIAPHS
(cMm. puc. 1, A). PocT MOIHOCTH TeTa-puUTMa MPH CIYXOBOM BOCHPHUSITHU ObLI
BEISIBJICH IPYTHMH aBTOPaMH Y MIIAJICHIIEB B BO3pacTe J0 Tofia M TOUIKOJIHHUKOB
yeTbIpex-ceMu Jet [26], aeteit 10-12 [19, 20] u 13 et [27], a TakxKe y B3pOCIBIX
HCTIBITYEMBIX TIPH BU3yaJbHOM TPEIBSIBICHUN BepOAIBHBIX CTHMYJIOB [33-37].
W3meneHust MoIHOCTH AaHHOTO puTMa M. Bastiaansen u coaBT. [33] cBA3BIBAIOT
C IByMs TpyINIIaMHA KOTHHTHBHBIX OIIEPALHil P BOCIPUSATHH PEUH: IIOWCKE B
pecypcax namsaTi (OHOIOTUYECKHIX, CHHTAKCHYECKIX U CEMAaHTHYECKUX CBOHUCTB
BOCTIPHHUMAEMBIX CJIOB, a TAK)KEe HHTETPAIINH CIIOB B IEIOCTHOE coobmieHne. Kak
0TMeuasocsk, y aereit rpynmsl bC BrisiBiaeH poct CIIM TeTa-puTMa B epeiHeBU-
COYHOM 00JIaCTH JICBOTO MOTyIIApus. PsgoM aBTOpOB MMOKa3aHO, UYTO Y B3POCIBIX
HCIBITYEMBIX TIPU BOCTIIPUSATHH PEUU TaKkKe HaOMIONAeTCsl pOCT MOIIHOCTH TeTa-
pUTMa B JAaHHOM PETHOHE, MPUYEM MMEHHO 3[eCh OH JOCTHraeT HamOONBIINX
3HA4YEeHUH, YTO CBS3BIBAIOT C aKTHUBAIMEH B yKa3aHHON KOPKOBOH 00JacTu mpo-
1eccoB Jiekcudeckoro moucka [33, 34, 38]. Takrxe HaMU BBISIBJICH POCT MOIITHOCTH
TeTa-pUTMa B TEMEHHBIX OTBEJCHHUAX. YCUJICHUE TE€Ta-pUTMa B JAHHOH 00JIacTH
TIpH BOCTIPUSITAN PEUM paHee 00HapyXKeHo [26] y aereit yeThlpex-cemu Jet. [1o-
CKOJIbKY TEMEHHOW PErnOH HEOKOPTEKCa UMEET TECHbIE CBSA3H C 3aHEH MOSICHOM
W3BWJIMHOM, BXOISIIEH B COCTAB JIMMONYECKON CHCTEMBI, aBTOPHI YKa3aHHOTO HC-
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CJIEZIOBAHUs CBA3BIBAIOT Takue M3MeHeHHs DI JOIIKOIBHUKOB C BOCIPUSATHEM
SMOIMOHATIBHO 3HAUUMOI1 HHpOpMaUy.

Bruseriennoe B rpymme bC mageHre MOITHOCTH TeTa-puT™Ma BO (PPOHTAIBHOM U
3aJIHEBUCOYHOM OTBEJICHUAX JICBOTO MONYLIAPUS, a TAKXKE LIEHTPAIBHOM U 3aJIHE-
BHCOYHOM OTBEIECHUSX MPABOI0 MOMYLIApUs OTIMYAETCSA OT PE3yJIbTaToOB, KOTOPbIE
ObLIM MOJNyYEHB! paHee MPU aHAIU3e TeTa-pUTMa O3 ydeTa WHIUBUIYAIbHOTO Ya-
CTOTHOTO JIMaIia30Ha IPH MPOCIYIIHBAHUY JISTEMH ecTecTBeHHOU peu [15]. B 00-
30pe N.A. Herweg u coaBrt. [39] oOcyxaaeTcs poib Kak YBEIUUSHHUS, TAK U CHHU-
YKEHUsI MOLITHOCTH TETa-pUTMa B pealn3aliiy IPOLECCOB SIM30IUUECKON MaMsATH
U TIPOCTPAHCTBEHHOM opueHTanuu. I1pu 3ToM, ¢ OAHOM CTOPOHBI, POCT MOIIHOCTH
TEeTa-pUTMA CBS3BIBAIOT C (POPMHUPOBAHUEM W U3BJICUCHUEM M3 TaMSITH SIH30ANYIC-
CKHMX BocrnoMuHaHui. C Ipyroi CTOPOHBI, YKa3bIBAIOT, YTO CHIXEHHE MOIIHOCTH
TETa-puTMa B OIPEAEIECHHBIX PETMOHAX HEOKOPTEKCA M MOBBIIIEHHE MOIIHOCTH B
BBICOKOYACTOTHOM JAuanazoHe DI oTpakaroT Mpolecchl BHUMAHUS, TaK KaK 3TH
HM3MEHEHHUS MOJIOKUTENILHO CBSI3aHbl KaK € YCHEHUIHOCTBIO 3alIOMUHAHUS U BOCIIPO-
u3BeJeHUs MHGOPMAIUY, TaK U C ayAUOBU3YaJIbHBIM BOCHPHUATHEM, JIBIXECHUIMU
PYK U pemreHreM apudMeTHdecKux 3anad. IIpeamonararot, 9To B mporecce oopa-
00TKHM HOBOI HH(OPMALIUY CUHXPOHU3HUPYETCS JIMIIb YaCTh TUINOKAMIIAIBHO-KOpP-
KOBBIX TIETENTb OOPATHOM CBSI3H, IMOCKOJIBKY TETa-aKTHBHOCTH BO3HHUKACT M30Mpa-
TEJIBHO TOJIBKO B HEKOTOPBIX 00JIACTAX KOPBI, IJIe MPOUCXOAUT KOIUPOBAHUE HOBOH
MH(POPMAIIUH WK U3BJICUYCHHE HelaBHel HH(popManyy u3 mamsty [40].

Takum 00pa3oM, BEpOSITHO, BOCHPUSTHE PEUH y THIUYHO Pa3BUBAIOIIUXCS
JeTeil CBA3aHO KakK C MPOIEccCaMy IMOHNCKA B MaMATH (POHOJIOTUIECKHUX, CHHTAK-
CHUYCCKHUX U CEMAaHTUUECKUX CBOMCTB BOCIIPUHUMAEMBIX CJIOB U UX UHTETpalliy B
[EJIOCTHOE COOOIIeHNE, TaK U C MPOIECCaMy aKTHBAI[MH BHUMAHUS, YTO COIPO-
BOX/IACTCS YBEIMUEHUEM U CHIDKCHHEM MOIIHOCTHU TeTa-putMa D3I B paziaud-
HBIX 00JIACTSIX KOPHI MO3Ta.

Hamu BiepBbIe 00HApYKEHO, YTO MO CPABHEHUIO C €CTECTBEHHOI pEUbIO MPeb-
SIBJICHAE PEBEPCHPOBAHHOTO CHTHAJa BBI3BIBACT OOJice BBHIPAKCHHOE ¥ ITHPOKO
MPE/ICTaBICHHOE B PA3HBIX PETMOHAX KOPbI yCUIICHUE TeTa-aKTUBHOCTU. ITockob-
Ky 4eM CIIO)KHEe BOCIIPHHAMAEMOE COOOIIeHNe, TeM OOJIbINe Y AeTeH yBeIMInBa-
eTcsl MOIHOCTB TeTa-putma [20, 27], TOrHYHO NPEATION0XKUTE, YTO O0HAPYKEHHbIH
HaMU (peHOMEH CBsI3aH ¢ YCHICHHEM Harpy3K{ Ha PeCypCHI ITaMsITH MPH MOMBITKAX
OIIO3HATh B PEBEPCUPOBAHHOM 3BYKOBOM CHTHAJIE 3HAKOMBIE CIOBA.

B nenom npu BocnpusTHN KaK €CTECTBEHHOM peuH, TaKk U peBEPCUPOBAHHOIO
CHUTHajIa y JieTeil, BOCIIUTHIBAIOIUXCS B IETCKOM JIOME, CTATUCTUYECKU 3HAYMMBIE
HM3MEHEHMsI MOIIHOCTU TeTa-pUTMa BBIABIIAIOTCS B MEHBLIEM YMCIE OTBEICHUH,
yeM y jereit rpynnsl BC. V gereit rpynnst JIP npu BocpHUSTHH €CTECTBCHHOM
peuu BBIABISUIOCH CTAaTUCTHYECKU 3Hauumoe yBenuueHue CIIM nuip B oqHOM
OTBEJICHUH, a IIPU BOCTIPUATHH PEBEPCUPOBAHHOIO CUI'HAJA — TOJIBKO B UETHIPEX
(cm. puc. 1, B). CpaBaenue WP TeTa-puT™Ma mpu BOCHPUATHH €CTECTBEHHOW H
peBepcupoBaHHO# peun y aeteil rpynn bC mo cpaBHenuto ¢ [IP Takxke BBIIBUIO
OOIBIIIOE KOJTMYECTBO CTATUCTUIECKH 3HAYMMBIX PasIHYNi JaHHOTO ITOKa3aTells
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B Pa3HBIX OTBEACHHAX (CM. pHC. 2). AHANM3UPYs YKa3aHHBIC PA3IHIHS U yIUTHI-
Basi CBSI3b TE€TA-OCHWIISIMI ¢ IpolLeccaMu MaMsITH [36], MOXXHO 3aKITIOUYUTh, YTO
MIPEeICTaBUTENIBCTBO MAMATHBIX CIEHOB PEUYH B PA3HBIX PETHOHAX HEOKOPTEKCa y
JeTell yka3aHHBIX TPYMII 3HAYUTENIFHO OTIMUYaeTcsl Onarogapsi pa3nuyHOMY OIIbI-
Ty uX (OPMHpPOBaHUA IIPH BOCIIUTAHUU B ceMbe U Jlome pebenka. Kpome Toro,
MEHbIIIast pEaKTUBHOCTh TETA-PUTMa Y BOCIIMTAHHUKOB JJETCKOTO I0Ma MO3BOJISECT
BBIJIBHHYTH CIIEAYIOIIee MPEIIIONOKeHNE: TP OTTO3HAHWH HIIH TTOMBITKAX OMO3-
HaHMS OTJEIBHBIX CIOB, CMBIC]IA U SMOIHMOHAIBHOM 3HAYMMOCTHU NPEIOKEHHUH
nety Tpynmsl [IP BOBIEKAaOT CYIIECTBEHHO MEHBIINE KOTHUTHBHBIE PECYpCHI,
geM getu BC. BeposiTHO, 3TO OTpakaeTcsi Ha YPOBHE Pa3BUTHS PEUH Y TaKUX
neteid. Panee HaMu OBIJIO YCTaHOBJICHO, YTO Y JETEH-CHPOT, BOCIIATHIBAIOIITIXCSI
B JIETCKOM JIOME CHIDKEH YPOBEHb MOHMMAaHMS U TeHepauuu peud [15, 29]. Met
CUMTAEM, YTO MOHIKEHHAs CIIOCOOHOCTH K BOBJICUCHHIO KOTHHTHBHBIX pECyp-
COB B YKa3aHHBIX CUTYyallUsX U KaK CIEACTBUE CHIDKCHHBIM ypOBEHb Pa3BUTUSA
pedn 00yCIIOBIICHBI OTCYTCTBHEM Y JETEH-CHPOT IOCTaTOYHOTO 00beMa TECHBIX
COIMATIBHBIX B3aMMOJECUCTBUN CO B3pOCIBIMHU. B OHOIOrMYECKHX CEMbsIX MpU
aKTUBHOM OCBOCHHH HOBBIX CIIOB U CIIOBOCOYETAHMI JETH IHONYJal0T TO3UTHB-
HO€ HMOIIMOHANBHOE MOoAKperieHue oT poauteneit [21]. K coxanenuro, B gomax
pebeHKa Ha OTHOTO BOCIHTATENS, KaK IPABIIIO, IPHUXOANUTCS CIUIIKOM OOJIBIIOE
Koiu4ecTBo aeTei (1o 10 u 6onee). BocnuraHHMKaM PEeAKO MPUXOTUTCS 0OIIATh-
CsI ¢ B3POCIHIBIM OAWH Ha OAWH, TPyAHEE MONTYyYHTh SMOIHOHAIBHYIO TOIIEPKKY,
YTO CHMXXAET MOTUBALUIO K 00y4eHHIO0. B COBpEMEHHBIX YCIOBUSAX KOIUYECTBO
JeTeH-cupoT B AETCKHUX JOMaX MEIUICHHO, HO BEPHO CHIDKAeTCs, 4To, Oe3yCIoB-
HO, SIBISETCSI OTPaKCHHEM ONaronpHsTHBIX M3MEHEHHUH B obmiectBe. OgHAKO
HEOOXOIMMO OTKa3aThCs OT MPAKTHUKH MapajuIeIbHOTO YMEHBIICHUS YHCIa BOC-
nutarenei. B qomax peOeHKa JOMKHO OBITh TaKOE KOJHMUYECTBO MEAArOrH4eCcKuX
COTPYIHHUKOB, KOTOPOE ITO3BOJIHT YAEIUTh JOCTATOYHO BHUMAHHS M SMOIIMOHAIb-
HOTO TeTIa KaxaoMy pedeHky. KoneuHo, Jaske B 3TOM ClIydae BOCIIUTATENb HE 3a-
MEHUT IIOTHOIEHHYIO CEMbIO, HO BEPOSITHOCTH TOTO, YTO BOCHUTaHHHUK ITOTYIUT
HMOAJICPAKKY «3HAYUMOTO B3POCIOro», 0e3 KOTOPOil HEBO3MOXKHO IMOTHOIIEHHOE
pa3BHUTHE IICHXHKH, OyAeT HAMHOTO BBIIIE.

BoIBOABI

1. YV nmereii, BOCIHTHIBAIONINXCA B CEMBSX, MPOCIYIIMBAHUE €CTECTBEHHON
peun BBI3BIBAET pa3sHOHAIpaBICHHbIE U3MEHEHHS MOUIHOCTH TeTa-putma D01
BO (DPOHTAIBHBIX, IICHTPAILHBIX, BACOYHBIX U TEMEHHBIX OTBEICHUAX. Y JeTeH,
BOCHHUTHIBaroIIuXxcs B Jlome pebeHka, BOCIPUATHE €CTECTBEHHON PeYH COMPOBO-
JKIAIOCh YBEITMYEHUEM MOITHOCTH TE€Ta-pUTMa JIUIIG B 33 JHEBUCOYHOM OTBEJIE-
HUU TIPABOTO MOTYIIAPHUSL.

2. llpenbpsBieHUE pEBEPCHPOBAHHOTO PEUCBOTO CUTHAIA COITPOBOXKIAETCS 00-
Jiee BBIPAKEHHBIMHU M3MEHEHUSIMU MOIITHOCTH TE€Ta-PUTMA MO CPABHEHUIO C BOC-
MPUSATHEM €CTECTBEHHOW PEUH y JeTeld 00erX rpyIl.
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3.V BocniutaHHUKOB J[oMa peOeHKa IIPH BOCIIPHUSITUN €CTECTBEHHOU M peBep-

CHUPOBAHHOH peul XapakTep peakluil TeTa-puTMa CYLIECTBEHHO OTIMYAETCS MO
BBIPOKEHHOCTH W HAIPABIIEHHOCTH W3MEHEHHU 10 CPaBHEHWIO C JIETbMH, BOC-
MUTHIBAIOIIMMUCS B OMOJIOTHUECKUX CEMbSIX, YTO MOXKET OBITh CBA3aHO C OTCYT-
CTBMEM JIOCTATOYHOIO OOBEMAa COIMAIBHBIX B3aMMOICHCTBHMM CO «3HAYMMBIMH
B3POCIBIMIY.
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Anna A. Mikhailova', Vadim V. Belalov’, Yuliya O. Dyagileva', Vladimir B. Pavlenko'

V.I. Vernadsky Crimean Federal University, Simferopol, Russian Federation

Patterns of the EEG theta rhythm modulations when
attending to speech by orphans in early childhood

The first years of a child’s life are a critical period for the development of cognitive
functions, in particular, a capacity for speech. Rearing conditions when applied to
orphans may have an effect on neurophysiological mechanisms underlying their
speech understanding, which is reflected in the EEG theta rhythm power changes.
Individual theta rhythm frequency ranges are to be determined first, as they may vary
for each child depending on age and individual characteristics of the central nervous
system. The aim of our work was to analyze the EEG theta rhythm power reactivity
in its individually determined frequency ranges when institutionally reared early-aged
orphans attended to normal speech and speech-like signals, compared to their peers
reared in their biological families.

The study involved 107 children aged 24 to 42 months. The main group included
54 children (19 girls and 35 boys) brought up in the orphanage. The control group
comprised 53 children (21 girls and 32 boys) reared by their biological parents. The
EEG was recorded at frontal (F3, F4, F7, F8), central (C3, C4), temporal (T3, T4, TS,
T6) and parietal (P3, P4) sites in three experimental conditions: in a wakeful rest state
with open eyes (baseline EEG, duration 20-30 s); when listening to a normal speech
(a verse with animal-characters, duration 20 s, female voice); when listening to the
same speech reversed with the help of the Wave Editor software application (reversed
speech). The order of presentation for the second and third conditions was randomized.
To determine individual theta rhythm frequency bands, we calculated means of spectral
density power, first log-transformed to help normalize distributions. To compare the
EEG theta rhythm power reactivity when children in both groups attended to the normal
and reversed speech stimuli relative to the baseline condition, power reactivity indices
were calculated for each of the EEG sites. Significance of changes in the EEG theta
rhythm power when attending to the normal or reversed speech relative to the baseline,
as well as inter-group differences in reactivity indices, were assessed with the repeated
measures ANOVA.

The study revealed the patterns of the EEG theta rhythm power changes depending
on experimental situations and EEG sites characteristic for children in both groups (See
Table 1). We found ssignificant theta thythm power changes yet of opposite directions
for the control group under the normal speech condition. Theta rhythm power increased
in the right frontal locus, the left anterior temporal locus and the parietal loci in both
hemispheres, and decreased in the left frontal and posterior temporal loci and the right
central and posterior loci (See Fig. 1, a). It seems plausible that the process of speech
perception in typically developing children is associated both with searching one’s
memory for phonological, syntactic and semantic features in heard words and their
integration into a holistic message, and with attentional processes, associated with
increases and decreases in theta rhythm power in different areas of the cerebral cortex.
Compared to normal speech, presentation of a reversed signal to the control group
children caused a more pronounced and widespread theta activity growth in different
cortex areas. This phenomenon is likely to be associated with an increase in load on
memory when children tried to recognize familiar words in a reversed audio signal.
In the group of institution-reared children, when they attended both to the normal and
reversed speech stimuli, significant changes in theta rhythm power were found at fewer
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sites compared to the control group children. When they attended to the normal speech,
a significant power increase occurred only at the right posterior temporal site. When
attending to the reversed signal, theta rhythm power increased in the frontal (F3, F8) and
posterior temporal (TS5, T6) loci (See Fig. 1, b). We found differences in theta rhythm
reactivity indices under conditions of attending to the normal and reversed speech in
children as depending on group and site factors (See Table 2). Theta rhythm reactivity
when attending to the normal and reversed speech in the main group compared to the
control revealed a large number of significant differences at different sites (See Fig. 2).
It is suggested that when recognizing or trying to recognize individual words, meaning
and emotional load in sentences, institutionally reared children tend to contribute
considerably less cognitive resources than family-reared children. We consider the
reduced orphans’capacity to engage cognitive resources in mentioned situations to
be the result of insufficient experience of close social interactions with adults. Given
the established association between theta oscillations and memory processes, we can
assume that speech memory traces in children belonging to the studied groups are
represented differently in various neocortex areas due to a different experience of their
formation when raised in the family and the orphanage.

The paper contains 2 Tables, 2 Figures and 40 References.

Key words: speech perception; EEG; theta rhythm; normal speech; reversed
speech; Orphanage.
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®U3NO0JIOT A U BUOXUMMUS PACTEHUI

VJIK 581.1
doi: 10.17223/19988591/51/6

FO.E. Koaynaes"?, A.U. Koxopes', M.A. llIkasipeBckuii’

! Xapvkosckuil HAYUOHAIbHBIL AZPAPHBILL YHUSEPCUMEN
um. B.B. Jloxyuaesa, 2. Xapvkos, Yxpauna
2 Xapwrosckuil nayuonanvhuill ynueepcumem um. B.H. Kapasuna, 2. Xapvros, Ykpauna

KanbuuiizaBucumoe n3MeHeHHe AKTHBHOCTH AHTHOKCHIAHTHBIX
(pepMEeHTOB U TENJIOYCTOMYMBOCTH IIPOPOCTKOB
NIIEHUIBI 0] BJAUAHHEM JK30IeHHOI0 yTPecuuHa

Tonuamunvl — eadicHvle cmpeccosvie Memabonumvl pacmeHull, Yy4acmeyowue 6
pezynsyuu. peOOKC-2OMeoCmasa U CUCHATbHBIX npoyeccax. Hccnedosanu yuacniue uoHO8
Ca** 6 npoyecce uHOYYUPOBAHUA AHMUOKCUOAHMHOU CUCTEMbL U MENIOYCMOULUBOCHIU
npopocmkos nuienuyvl (Triticum aestivum L.) 9K302eHHbIM OUAMUHOM NYMPECYUHOM
C UCNOTB30BAHUEM AHMASOHUCIO8 Katbyus. OmMeYeHO CYWecmBeHHOe HNOBbIUUEHUEe
COOEPAHCAHUS NEPOKCUAA 8000POOA 8 KOPHSIX Yepe3 2 4 nocie Hauana 00pabomKu npopoCcmKo8
1 MM pacmeopom nympecyuna. dmom 3@dexm NOTHOCHbIO YCIMPAHANCA Xelamopom
BHEKNEMOYHO20 Kby —  IMULEHSIUKONb-OUC(2-AMUHOIMUT-dDUD)MempPayKcyCHO
xkucnomou (OI'TA), HO He uneUOUMOPOM NOCMYNIEHUA KATbYUs U3 6HYMPUKIENOYHBIX
Komnapmmernmos Heomuyurom. OOpabomka NpopoCcmKO8 NYMPECYUHOM  Bbi3bIBANA
NOBbIUEHUE AKMUBHOCHIU CYNEPOKCUOOUCMYMA3bL, KAMANA3bL U 28AAKOINEPOKCUOU3bL 6
KODHAX U CnOCODCMBOBANA COXPAHEHUIO AKMUSHOCMU AHMUOKCUOAHMHBIX (DePMEHMOs
nocie nospexcoaroujeco npoepesa npopocmkos (10 mun npu 45 °C). II'TA ycmpansn
UHOYYUpyemoe NympecyuHoM NOBbIUEHUe AKMUBHOCMU 6CeX Mpex UCCeoyemMblX
AHMUOKCUOAHMHYBIX hepmenmos. Heomuyurn cHuman sg@exnvl nosbluleHUs akmusHOCmu
Kamanassl U  260sKOINEPOKCUOA3bl 8 KOPHAX NPOPOCMKOS NUIEHUYbI, Bbl3bIBAEMbIE
Oeticmseuem  nympecyura. Obpabomxa NpopOCHIKO8 NYMPEeCYuHoOM CHOCOOCMBO8ANA
COXDAHEHUIO  YEeNOCMHOCMY  MeMOPaH KIemOK KOPHell U  NOBbIUANA  BbIHCUBAHUE
NPOPOCHIKOB NOCTIE NOBPENCOaIoue20 npozpesa. AHMALOHUCHIbL KAlbYUst YCPAHAIU MU
agpgpexmpi. O6cysHcoaemcs poib paTUYHLIX Y108 KATbYUsL 8 UHOYYUPOBAHUU 00PA306AHUS
AKMUBHBIX hOPM KUCTIOPOOA 8 KNEMKAX KOPHell, pe2yisiyui peOOKC-20Me0Ccnasd U pa3eumuu
VCMOUYU80CmU K MENI080MY CHIPECCy HoO Oelicmeuem nympecyud.

KuroueBble cuoBa: Triticum aestivum; NOTUAMUHbL,  NYMPECYUH, PEOOKC-
20Me0Ccmas; Kanbyutl, menioycmouyugoCnis.

Coxpamenuns: AOK—axrusabIe popmbikurciopona; COJ]—cymepokcuaancmyTasa;
OI'TA — 3THUIICHIITNKOIB-01C(2-aMUHOATHI-3(HP ) TETpayKCyCHAs KHCIIOTA.

BBenenue

[TommaMHUHBI OTHOCST K CTPECCOBBIM MeTabonuTaM pacTeHwii [1]. B 0ObraHbIX
YCIIOBHSAX OHH COICPIKATCS B PACTUTEIBHBIX TKAHAX B KOHIICHTPALUX, OMM3KUX
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K ¢uroropmoHanbHbM, — 10°—10" M [2]. OxHako mpu AeHCTBHE CTPECCOPOB
Pa3IMYHON MPUPOIBI UX KOJHMYECTBO MOXKET YBEIHMYUBATHCSA B HECKOIBKO pa3 U
naxe Ha opsnok [1, 3, 4]. Cunuraercs, 9To yBelInYeHHE COAEPKAHUS TTOTHAMHU-
HOB SIBIISIETCS HE CTOJILKO OTOOPaKEHHEM BBI3BIBAEMOU cTpecc-(hakTopamMu aKTH-
BaIlX KaTaOOJIMIECKOTO MOTOKA, CKONBKO BaKHON CTpPECC-TIPOTEKTOPHOH peak-
uueit pactenuit [5, 6]. JocraTouHo JaBHO Moka3aHa 00yCIIOBIEHHAS KaTHOHHBIM
COCTOSTHHEM ITOJIMaMHIHOB CIIOCOOHOCTH OKa3bIBaTh CTAOIIIM3HPYIOIIee NeHCTBIE
Ha OTPHULATENIBbHO 3apsHKEHHBIE MAKPOMOJIEKYIbI OETTKOB, HYKJIEUHOBBIX KUCIIOT, &
TakKe Ha MeMOpaHHbIe cTPYKTYpHI [2]. [lo3aHee ObLTO yCTaHOBJIECHO, YTO MOJH-
aAMHUHBI MOTYT BOBJIEKAThCS B CJIOKHBIE CUTHAJIBHBIE ITPOLECCH B PACTUTEIBHBIX
kieTkax. Takue 3PeKTh 0TYaCTH MOTYT OBITH 00YCIIOBJICHBI 00pa30BaHUEM aK-
TUBHBIX (hopM kucnopoaa (ADPK) u okcuaa azora npu MeTaboan3Me OJIMaMHUHOB
[7]. C apyroif CTOPOHBI, TOJIMAMUHEI MOTYT BIIUATH Ha PEIOKC-TOMEOCTa3 MyTeM
CBSI3bIBaHUS CBOOOIHBIX PaIUKaNoB [8] U y4acTusi B perysiuy IKCIIPECCHH Te-
HOB aHTUOKCHJAHTHBIX ()epMEHTOB [7, 9].

OtnenpHON cocTaBmstoniel (pU3MOIOTHUECKO aKTUBHOCTH TOJIMAMUHOB
MOXET OBITh UX BIHSHHE Ha COCTOSHIE MOHHBIX KaHaIoB. DeHOMEHOMOTHS Ta-
KHX 3 (PEKTOB 3aperucTpUpoBaHa AocTarodHo gaBHO [10]. CornmacHo coBpeMeH-
HBIM MOJIEJISIM, [TOJIMaMUHBI OKa3bIBaIOT CJIIOKHOE U HEOJHO3HAYHOE BIUSAHHE Ha
WOHHBIE KaHaJbl Pa3UYHbIX THUIOB. Tak, €cTh cBeJeHUs 00 MX CIOCOOHOCTH
WHTUOMPOBATH KaJMEBBIE M HECTEMUPHICCKUE TOTCHIINATHE3aBUCUMBIE KaTH-
onnble KaHansl [11]. C apyroi CTOPOHBI, MOKa3aHO, YTO MYTPECIHH CIIOCOOEH
BBI3bIBAaTh MTOBBIIEHIE KOHLIEHTPALMH LIUTO30JbHOTO KaJbLUA B PACTUTEIbHBIX
kietkax [12]. ITo kpaifHelr Mepe oT4acTu Takoi 3P heKT MOXKET ObITH CBS3aH C
ycmnerneM obpazoBarus ADK mpu perpamarnuy myTpeciHa THaMIHOKCHAA30i
U KaK CIIe/ICTBUE OTKPhIBAHMEM YYBCTBUTEIBHBIX K IEHCTBHUIO MEPOKCUAA BOJIO-
polia ¥ THAPOKCUIHBHOTO paJrKajia HECEIEKTUBHBIX KabIMEeBbIX KaHAOB [11].

N3BectHO, uTO Mexny ADPK u MOHaMU KajblUsl KaK CUTHAJIIBHBIMHU MOCPE-
HUKAMH CYIIECTBYIOT cllokKHBIE CBsi3H [13]. C oHOW CTOPOHBI, COCTOSIHUE Kallb-
LUEBBIX KaHANOB (KaK MOTEHIMAN3aBUCUMBIX, TAK U MEXaHOYYBCTBUTEIIbHBIX)
3aBucuT OT copepkanuss ADK [14-16]. C npyroit — AOK-renepupyromue dep-
MeHTHI, pexe Bcero HAIOH-okcnaasza, MOryT akTHBUPOBATHCS KaJibiyeM [ 17,
18]. Omnako pyHKIIMOHAIEHOE B3anMojericTBre Mexny ADK v mnoHaMH KaJbIHs
pu peaiu3anuu 3h(HeKToB NOIMaMUHOB Ha paCTUTEIIbHBIE KJIETKH U3yUEeHO MOKa
oueHs cnabo. Tem Goee ocTaeTcst OTKPBITHIM BOIIPOC O POJIM TaKUX B3anMOJeH-
CTBHH B pean3aliuil CTPeCC-MPOTEKTOPHBIX 3()(HEKTOB MOTUAMHHOB.

OK30reHHBIE TTOTMAMUHEI, B TOM YHCIIE JUaMHH ITyTPECIHH, 00IaIaoT CIo-
COOHOCTBIO TIOBBIIIATh YCTOMYMBOCTh PACTEHHH K aOHMOTHYECKHUM CTpEccopam
paznuaHoi mpuponst [7, 19], B wactHocTH, kK TEneprepmun [20]. Panee namn
nokazaHo yuyactue ADK B MposBICHHUU CTpecC-NMPOTEKTOPHOTO NEHCTBHS IIy-
TpeCIIMHA Ha MMPOPOCTKH MIIEHUIIBI TIPU TTOBpeskaatoieM Harpese [21]. Jannsre
MHTUOUTOPHOTO aHalu3a yKasblBaIu Ha ydactue kak HAJIDH-okcunasel, Tak
U IMaMHHOKCHA3Hl B (DOPMHUPOBAHWHU CHTHAIBHOTO ITyJa MEPOKCHAa BOZOpPOIa
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B KOPHSX MPOPOCTKOB MIIeHUIBl. ONHAKO HEHUCCIIEAOBAaHHON OCTaBajlach POJb
KanbIusl Kak B oOpasoBaHun ADK mpu aelcTBUM MyTpeClMHA, TaK U B aKTH-
BallM 3AIUTHBIX PeaKUui, B YACTHOCTH, KOMIOHEHTOB aHTHOKCUAAHTHOU CH-
cTeMbl. B CBA3M ¢ 3TUM 1eNbi0 paboThl SIBIJIOCH UCCIIEOBAHUE MHTHOUTOPHBIMU
METOJAMH yYacTHs Pa3IMYHbIX ITYJIOB KAJIBIHS B PETYISINN 00pa30BaHUs MEPOK-
CU/Ia BOJIOPOJIa, aKTUBHOCTH aHTHOKCHAAHTHBIX ()epPMEHTOB M MHIYLHPOBAHUH
Iy TPECLUHOM TEIUIOYCTONYHUBOCTH IIPOPOCTKOB MIIEHUIIBL.

Marepuajbl 1 METOANUKH HCCJIEI0BAHUS

OOBeKT ucciaeOBaHUs — STHONHPOBAHHBIE IPOPOCTKU MATKOH O3MMOH IIIIIe-
uuusl (Triticum aestivum L.) copra JlockoHana, moidy4deHHble U3 Koyutekiuuu VH-
ctutyta pacterneBoacTBa uM. B.S. FOpreBa HAAH VYkpawnsl, penpomykius
2019 r. 3epHOBKM MOBEPXHOCTHO 00e33apakuBany B TeueHue 30 MuH B 6% pac-
tBope H,O, u mpopammsanu npu temneparype 20-22 °C Ha Boze, OYMLICHHOM ¢
WCTOJIb30BAHUEM CUCTEMBI BOJIOTIOITOTOBKH, BKITFOUatolIei B ce0s hpuiabTp mexa-
HUYECKOH OYHMCTKH, YTONBHBIN (QUIBTP U MOIYTIPOHULIAEMYIO 00PaTHOOCMOTHYE-
CKyr0 MeMOpaHy ¢ pa3mepoM siueek 1 HM. Ha TpeTbu CyTKH npopamuBaHus CEMsH
B cpey JOOABISUTH Iy TPECIMH B KOHIIEHTpanu# 1 MM ¥ BBIAEPKUBAIH IIPOPOCT-
KH Ha €r0 pacTBOpEe B TEUEHUE OTHUX CYTOK, IPOPOCTKH KOHTPOJIBHOTO BapUaHTa
MIPOIOJDKAT WHKYOMPOBAaTh Ha OYMIIEHHON BOIOMPOBOAHOI Bone. Konmenrpa-
s MyTpecuuHa, HHAYIUPYIOIasd MaKCUMAJIbHOE Pa3BUTHE TEIIOYCTOHYUBOCTH
MIPOPOCTKOB, ycTaHOBJeHa paHee [21]. B oTnenpHBIX BapraHTax OMbITa MPOPOCT-
KH B TeueHHue 26 4 oOpabarsiBajy aHTaroHuctamu kamsius — 500 MM DI TA
(xenmarop BHekimerogroro Ca*") u 200 MkM HEOMUITHHOM — HHTHOUTOPOM 3aBHCH-
Moro ot ¢ocdonumnazsl C NOCTYMIICHNUS KAJbIUSA B IIUTO30JIb U3 BHYTPUKIIETOY-
HBIX KOMIIAPTMEHTOB. B BapHaHTax 1o m3y4eHHI0O KOMOMHIPOBAHHOTO JCHCTBHSA
MyTPECIHA ¥ aHTArOHUCTOB KaJbLIMA MMOCIEHIE BHOCWIM B CPEAy UHKYOAIuu
MIPOPOCTKOB 3a 2 4 70 100aBJIeHNUs B Hee MyTpeciuHa. KoHIeHTpamy aHTaroHu-
croB Ca*', cymecTBeHHO Momuduimpyronme 3Qp(eKThl IK30reHHOTO My TPECIH-
Ha, HO HE BBI3BIBAIOIINE 3aMETHBIX TOKCHYECKUX dPPEKTOB, BEIOUpAIU B IIpE/I-
BapHUTEJIbHBIX OIBITAX.

Bce Omoxmmmdeckue IMOKa3aTelIH ONPENeIUIM B KOPHSIX MPOPOCTKOB, IO-
CKOJIbKY OHU 00Jie€ YyBCTBUTENIbHBI K BO3JECHCTBUAM SK30T€HHBIX COEIMHEHUH
u HarpeBa [22]. CoxaeprkaHne MEPOKCHIa BOAOPOAA B KOPHSX OMpPEIEIUIA Yepes3
2 4 mocie Hadana ux oOpaboTku myTpeciuHoM [21] mubo uepes 4 4 OT Havana
00pabotku antaronuctamu Ca**. Konuuectso H O, ananusupopaiu ¢ noMomibio
(heppoTHOLMaHATHOTO METOAA, SIKCTPArupys MEePOKCU BOJAOPOJa U3 PaCTUTEIh-
HOI'o Marepuaja Ha JIby 5% TPUXJIOPYKCYCHON KUCIIOTOM [23].

AKTHUBHOCTb aHTHOKCHJAHTHBIX (DEPMEHTOB ompenensaan yepes 4 u 24 4 no-
CJle Hayalla UHKYOAaIluH IPOPOCTKOB HA PacTBOPE My TPECIMHA, a TakXKe depes 5 1
MoCJIe MOBpeXkAatolIero nporpesa npopoctkos (10 mun npu 45 °C). B Bapuantax
¢ m3ydeHneM 3(p(eKToB KaNbIINEBBIX aHTaTOHUCTOB BpeMsI HHKyOani KOpHEH B
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WX PacTBOpax, a TAK)Ke B pacTBOpax MyTpecIMHa 1 ero komOuHaImi ¢ DT TA umu
HEOMHUIIUHOM COCTABIISIIO 24-26 4.

[Ipu ompenenrcHWH aKTHBHOCTH AaHTHOKCHIAHTHBIX (EPMEHTOB HaBe-
CKHM KOpHell romoreHmsupoBaiu Ha xonozae B 0,15 M K, Na-docdarnom Oy-
depe (pH 7,6), conepxapiem ITA (0,1 MM) u autroTpeiiton (1 MM) [24].
Jns aHann3a MCHOJIB30BaNM CYNEPHATAHT MOCHE HEHTPUPYTHpOBaHUS TOMO-
rerara pu 8000 g B teuenue 10 mun npu 4 °C Ha nentpudyre MPW 350R
(«MPW MedInstruments», Iloabia). AKTUBHOCTh IIUTO30JIbHOM CyNEPOKCU/I-
mucmyTtassl (COM, K® 1.15.1.1) onpeaensmu npu pH 7,6, ucnonb3ys MeTon, B
OCHOBE KOTOPOTO CIOCOOHOCTh (hepMeHTa KOHKYPHPOBATh C HUTPOCUHUM Te-
TPa30JIMeM 3a CYNEePOKCHIHBIE aHHOHBI, 00pa3yIoMHecs BCIEACTBHE adpOOHO-
ro B3aumozeicteus HAJIH u penazunmerocynbdaTa; ONTHUECKYIO INIOTHOCTD
onpexaensau npu 540 HM Ha cniektpodoromerpe CD-46 («JIOMO», Poccus).
AxtuBHOCTh Katajia3el (KO 1.11.1.6) ananuzuposanu npu pH 7,0 mo xonnye-
CTBY IEpPOKCHJAa BOAOPOAA, PA3JIOKUBILIETOCSA 3a €IMHUIY BPEMEHHU. AKTHUB-
HOCTH TBasikonepokcuaassl (KO 1.11.1.7) onpenensiiy, uCronb3ys B KauecTBe
JIOHOpa BOAOPOIA TBASKON, B KauecTBe cyOcTpaTa — mepokcua Bogopoxa. Om-
TUYECKYIO TUIOTHOCTh MPOAYKTA OKUCIICHHsI TBasiKoJia onpeaessuiu npu 470 HM.
AxtuBHOCTh CO/J] BRIpaXXayid B yCII. €/1./(T CBIPO MacChl X MUH), KaTajiasbl — B
mmoutb H,O,/(T chIpoii Macchl X MUH), TBasAKOJIIIEPOKCU/Ia3bl — B MMOJIb BAsKO-
na/(T chIpOi Macchl X MHUH).

st onpeneneHus TEMI0yCTOMYUBOCTH IPOPOCTKOB UX MOJBEPraliv MOBPEXKIA-
[OIIIeMy TIPOTPEBY B BOASIHOM yJBTparepMocTare mpu temmeparype 45,0 + 0,1 °C B
teuenre 10 muH. [Tocne 3TOro mpopocTku Bcex BApUAHTOB NEPEHOCUIIN Ha OUH-
LIeHHy1o Boay. Uepe3 3 CyTOK OLIEHMBajIl OTHOCUTEIbHOE KOJIUYECTBO BBIKHUB-
HIUX IPOPOCTKOB [22].

Cocrosinre MeMOpaH KJIETOK KOpPHEH OIEHMBANN Yepe3 S5 U mocje MOBPEXK-
JIAIOIIET0 IPOrpeBa MO BHIXOAY BEIIECTB, MOIMVIOMIAIONINX B YABTPaQHOIETOBOM
obiacT criektpa (MIPEeUMYIIECTBEHHO CBOOOAHBIX HYyKJIeoTnaoB) [25]. Kopu
WHTAKTHBIX IIPOPOCTKOB MOTPYKAIH B CTAKaHUYMKHU C TUCTHIUIMPOBAHHON BOMIOM
Ha | 4, mocie yero oTAeINsIN OT IPOPOCTKOB U B3BemMBaiIl. ONTUYECKYIO MJIOT-
HOCTh MHKYOAIIMOHHOTO PacTBOpa ONpPENEsi pu A, U A, , Ha CIeKTpodHoTO-
Metpe CD 46 («JIOMO», Poccust). Bbixon BemecTB pacCUMTHIBAIN KaK OTHO-
LIeHUEe YCPEIHEHHON BEIMYMHBI, U3MEPEHHOH NPU yKa3aHHBIX JUIMHAX BOJIHBI, K
Macce KOpHEH U BbIpa)kaju B IPOLEHTAX K BEJIMYMHAM, BEIYMCIEHHBIM IS KOp-
HEl MPOPOCTKOB, HE MOJIBEPTHYTHIX MOBPEKIAIOIIEMY TTPOTPEBY.

OnBITEI IPOBOJMIN B S5-KpaTHOW OMOJOTHYECKOH TOBTOPHOCTH M KaXIBI
HE3aBHCHUMO BOCIIPOM3BOAMIM JBa pa3a. Ha pucyHkax u B TaOnuIle NPUBEACHBI
cpeHue apu(pMETHIECKHE BEMYMHBI M KX CTaHAapTHBIC ouOku (M £ m, ). Cra-
TUCTHYECKYI0 3HAUMMOCTD Pa3IMuUil OMpeaesIsiiii C HOMOIIbIO #-KpuTepus CThio-
neHta. Kpome cnienmaabHO OTOBOPEHHBIX ClTydaeB, 00cyxnatorces 3G dekrsl, 3Ha-
yuMele pH p < 0,05.
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Pe3y.111,TaT1>1 HCCJIeA0OBAHUSA

[IpoBenenHoe HaMu paHee MCCIEIOBaHNE TUHAMUKH COCpP KaHHS IEPOKCHIA
BOJIOpOJIa B KOPHAX MPOPOCTKOB MIICHHUIIBI TPU 00padoTke 1 MM myTpeciuHoM
HOKa3aJo, 9To yike uepes 1 4 nocye ee Havana konudaectso H O, yBenmmuusanocs.
MaxkcumanbHOe TIOBBIIIEHHE €ro cofepKaHus HabIroaanocs uepes 2 4, yepes 4 4
CoZIepKaHne TIEPOKCHIA BOIOPOAA B OIBITHOM BapHaHTE HECKOIBKO CHIDKAIOCH,
XOTA U CYHIECTBEHHO MPEBBIIIANO0 3HAYCHUSI KOHTPOJIA, a K 24 4 OT Havaja oOpa-
OOTKH ITOYTH BO3BPANIATIOCH K BEIMYMHAM KOHTPOJIBHOTO BapuaHTa [21]. B cBs3n
C OTHM BIUSTHHE aHTAarOHHCTOB KalbliMs Ha MposBieHUE dPQeKTa HAKOTUICHHS
MIEPOKCHIa BOAOPO/IA, BHI3EIBAEMOT0 00pabOTKOM IMyTPECIIHOM, OIICHUBAIH de-
pe3 2 4 mocie ero Bo3AeiCTBUS Ha KOPHU IIPOPOCTKOB. B 3T0 Bpemsi B BapuaHTe ¢
MyTPECIMHOM OHO yBEIH4YHBaJIock Ooiee ueM Ha 30% (puc. 1).

018

0,16 F

a
0,14
b b b
0,12 {‘
C
0,10 F ’_[_‘
0,08
1 2 3 4

5 6

Puc. 1. Cozmeprxanue nepokcuaa Bogopoaa (MKMOJIB/T CBIPOH Macchbl) B KOPHSIX
MPOPOCTKOB MIIEHUIIBI TPU 00paboTKe MyTPECIIHHOM U aHTarOHHUCTaMH KaJbIHs
(M £ m,): 1 —xontpons; 2 — mytpecuus (1 MM); 3 — OI'TA (500 MxM); 4 — myTpecuuH
(1 MM) + BI'TA (500 MxM); 5 — mHeomunuH (200 MxkM); 6 — myTpecuus (1 MM) +
HeomuyH (200 MkM). OMHAKOBBIMH JIATHHCKUMHU OyKBaMH 0003HAUCHBI BEJIH-
YHHBI, Pa3IM4YUI MEXKAY KOTOPBIMU CTaTUCTHUECKH He 3HauuMsblI (p < 0,05)
[Fig. 1. The content of hydrogen peroxide (imol/g of fresh weight) in the roots of wheat seedlings
when treated with putrescine and calcium antagonists (M+m, ). 1 - Control; 2 - Putrescine (1 mM);
3 - EGTA (500 uM); 4 - Putrescine (1 mM) + EGTA (500 uM); 5 - Neomycin (200 uM); 6 - Putrescine
(1 mM) + neomycin (200 uM). The data are expressed as the mean with standard error using Student’s
t-test. The same Latin letters denote quantities between which differences are not significant (p < 0.05)]

MKMOJIB/T CBIPOI Macchl
[nmol/g of fresh weight]

O06paboTka KOpHEH MPOPOCTKOB XEIaTOPOM BHEKJIETOYHOro Kambius O TA
cama 1o cebe BbI3bIBaja HeOONbIOE, HO CTAaTHCTUYEeCKH He 3HaunMoe (p < 0,05)
cumwkenne conepxanus H,O, B xopusx. Ilpu xoMOMHMpOBaHHOW 00paboTKe
OI'TA ¥ myTpecIMHOM KOIHYECTBO HMEPOKCHIA BOMOPOAA B KOPHIX HE OTIIMYA-
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JIOCh OT BEIIMYHMHBI KOHTpOJIA. MHBIME ciioBamu, o0padoTka DI TA ycrpansia
s dexr noebiuenus conepxanust H,O, B TKaHAX KOPHEH, BHI3BIBAEMBIH [I€HCTBH-
eM mytpecunHa (cM. puc. 1). [log BIusHHEM APYroro aHTAaroOHMUCTa KaJbIUSI —
HEOMHIIMHA — KOJTMYECTBO MEPOKCHIA BOJAOPOAA B KOPHAX HE U3MEHSIIOCH. DTOT
WHTUOUTOpP TOCTYIUICHHS KaJbIXs B IIUTO30JIb M3 BHYTPHUKICTOYHBIX KOMIIAp-
TMEHTOB HE YCTPaHsUI U MOBbIIeHKE coaepxkanus H,O, B KOPHAX B IIPUCYTCTBUH
myTpecnuHa. TakuM oOpa3oM, ycmiieHne o0pa3oBaHUS MEPOKCHIA BOAOPOIA B
KOPHSIX, IPOHUCXOJIAIIee IPU UX 00padOTKe MyTPECLMHOM, 3aBUCENIO B OCHOBHOM
OT IOCTYIUICHHUS KaJIbIHS B IUTO30Jb U3 BHEKJICTOYHOTO IPOCTPAHCTBA.

OO6paboTKka MPOPOCTKOB IMyTPECIMHOM BbI3bIBAJIa U3MEHEHHUE AKTHMBHOCTH
AQHTHOKCHIAHTHHIX (PEPMEHTOB B KOpHsX. Tak, yxe uepes 4 4 mocie Hayaiaa oopa-
00TKM oTMedasioch nmoBbilieHne akTuBHOCTH COJl, karana3sl U rBasKOJIEPOKCH-
na3el (Tabnuia). Eme 6osiee Beicokne 3HaueHUs akTHBHOCTH COJ] MposBIISITUCH
yepes 24 4 HHKyOaluu MPOPOCTKOB B CPE/Iie C MyTPECUUHOM. AKTUBHOCTD JIPYTUX
HCCIIeyeMBIX (PepMEHTOB B 3TOT MEPHOJ TAKKE OBLITA TOBBIIICHHO.

Uepes 5 1 mocie noBpexaatoiiero nporpesa aktuBHocTh COJl 1 katanassl B
KOPHSX IMPOPOCTKOB KOHTPOJIBHOTO BapHaHTa CHIDKAJACh, a TBAsKOJIICPOKCH A~
3Bl — CYIIECTBEHHO HE M3MEHsIach (CM. TabiuiLy).

AKTHBHOCTH aHTHOKCHAAHTHBIX q)epMEHTOB B KOPHAX NMPOPOCTKOB IIIIe-

HHIIBI IPU 00padoTKe MyTPECHMHOM H /I CTBUH TEILUIOBOIO cTpecca
[The activity of antioxidant enzymes in the roots of wheat seedlings

during treatment with putrescine and the action of heat stress] (M=+m, )

®Pa3a skcriepuMenTa [Experiment phase]

Uepes 4 u nocie Uepes 24 1 nocne q
epe3 5 4 rocie
Havaia 00paboTKu Havaa 00paboTKu T —
Bapuant [Sample] [y TPECIUHOM Iy TPECIUHOM P
[4 hours after the [24 hours after the 5 fl(;ulzf ;)EE f];:m-
start of treatment start of treatment .
with putrescine] with putrescine] aging warm-up]
CO/l, yca. en./(r ceipoit Macchl * MuH) [SOD, con. u./(g of fresh weight * min)]
KonTpons [Control] 22,8 £ 0,64 b* 22,6 £0,52b 18,2+ 0,62 ¢
[yrpecian (1 MM) 27,7+0,71 a 29.8+0,76a 22,64 0,66 b

[Putrescine (1 mM)]

Karanasa (Mmmons H O, /(T cbipoii Maccel * MuH) [Catalase, mmol H O /(g of fresh weight » min)]
KonTpons [Control] 0,83 +0,05b 0,80 £ 0,04 b 0,67 +0,03 ¢
IIyrpecuun (1 MM
[Pztrgscine (l(mM)] ) 1,120,042 1,17 +0,06 a 0,96 + 0,06 ab

Iepokcuaasa, MMOJb TeTparBasikona/(r ChIpOi MacChl * MHH)
[Peroxidase, mmol tetra guaiacol/(g of fresh weight * min)]

Kontpons [Control] 0,110 + 0,005 b 0,122 + 0,004 b 0,104 £ 0,006 b
Iyrpecums (1 MM) 0,143 £ 0,006 a 0,148 = 0,004 a 0,139+ 0,003 a
[Putrescine (1 mM)]
* OMHAKOBBIMH JIATHHCKMMHU OyKBaMH 0003HAYEHBI BEIMIHMHBI, PA3ITHUUS MEKITY KOTOPHIMU
He 3Ha4uMsbl 11pu p < 0,05.
[The same Latin letters denote quantities between which differences are not significant for p < 0.05].
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Puc. 2. AxtuBHocts CO/] (a), xaranassl (b) ¥ TBasKOINEPOKCHIA3E (¢) B KOPHAX
MPOPOCTKOB MIICHUIIBI IIPY 00paboTKe IMyTPECIIHHOM U aHTarOHHCTaMH KaJIbIHs
(M=Em,)): 1 — xonTpONk; 2 — myTpecuut (1 MM); 3 — OT'TA (500 MkM); 4 — myTpectmn
1 MM) + OI'TA (500 MxM); 5 — neomunuH (200 MKM); 6 — mytpectus (1 MM) + HeoMUIIH
(200 MxM). OnMHAKOBBIMH JIATHHCKVMU OyKBaMH 0003HAUCHBI BEJTMYMHBI, Pa3JINIHs
MEXy KOTOPBIMU CTaTHCTHYECKH He 3Ha4nuMslI (p < 0,05)
[Fig. 2. SOD activity (a), catalase (b), and guaiacol peroxidase (c) in the roots of wheat seedlings
when treated with putrescine and calcium antagonists (M+m, ). 1 - Control; 2 - Putrescine (1 mM);
3 - EGTA (500 uM); 4 - Putrescine (1 mM) + EGTA (500 uM); 5 - Neomycin (200 pM);
6 - putrescine (1 mM) + neomycin (200 pM). The same Latin letters denote
quantities between which differences are not significant (p < 0.05)]

MAcchl © MHH)
[mmol tetraguaiacol/(g of fresh weight ¢

E, MMOITb TeTparBasgkoa/(T chIpoit
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[Ipu sTom B BapuaHTe ¢ 00pabOTKOW IyTPECIIMHOM 3HAYECHHS aKTHBHOCTH
BCEX TPEX UCCIIEAYeMbIX ()EPMEHTOB CYIECTBEHHO MPEBBILIAIN COOTBETCTBYIO-
L11€ BEIMYUHBI KOHTPOJIS.

200
a

180 | } 4 _}

160 |

140 } b

% K KOHTpoIto [% to control]

70 F

40

Puc. 3. Brixon BemiecTs, moromarmux B YP-00macTu ciekTpa, u3 KOpHEH MPOPOCTKOB
NIIEHHIIBI (@) ¥ BBDKHBAHKUE IIPOPOCTKOB () MOCIe MOBPEXAaromero nporpesa (M +m, ):
1 — xoHTpONK; 2 — myTpectuH (1 MM); 3 — OI'TA (500 MxM); 4 — myTpecuH
(1 MM) + OI'TA (500 MmxM); 5 — Heomuua (200 MKM); 6 — My TpecuH
(1 MM) + seomunue (200 MkM). OTUHAKOBBIMU JIATHHCKUMH OyKBaMH 0003HAUCHBI
BEJIMYMHBI, Pa3In4Ms MKy KOTOPBIMU He 3Ha4uMBI TIpH p < 0,05
[Fig. 3. Yield substances, absorbing in the UV region of the spectrum, from the roots of
wheat seedlings (a) and seedling survival (b) after a damaging heating (M +m,)). 1 - Control;

2 - Putrescine (1 mM); 3 - EGTA (500 uM); 4 - Putrescine (1 mM) + EGTA (500 uM);

5 - Neomycin (200 uM); 6 - Putrescine (1 mM) + neomycin (200 uM). The same
Latin letters denote quantities between which differences are not significant for p < 0.05]

[ OLleHKH 3aBUCHUMOCTH WHIYLUUPOBaHHMS aHTHOKCHUIAHTHBIX (PEPMEHTOB
MYTPECIUHOM OT KaJIbIIMEBOTO rOMEOCTa3a U3ydalld BiusiHue aHtaroHuctos Ca?t
Ha BEJTMYMHBI NX aKTUBHOCTH 4epe3 24 1 mocie Hayasia 00paboTKH My TPECIITHOM
WM 9epe3 26 9 BO3ACHCTBUS aHTaroHUCTOB Kajbimsa. O0paboTka kopHei DI TA
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CYIIECTBCHHO HE BIMsIIa Ha HaOmiomaemble BennmunHb! akTuBHOCTH COJl, Kara-
Ja3bl ¥ TBasKoJIepokcuaassl (puc. 2). B 1o jxe BpeMs XenaTtop HOHOB KaJbLIU
MOYTH TOJHOCTBIO YCTPAHSIT BBI3BIBAEMBIH IyTPECIIMHOM S(P(PEKT IOBBIIICHHUS
aKTUBHOCTH BCEX TPEX HCCIIeyeMbIX ()epMEHTOB.

O06paboTKa MPOPOCTKOB HEOMHUITMHOM caMa T10 cebe CYIIECTBEHHO HE BIIHSIIA
Ha aktBHOCTh CO/l, Karaia3sl ¥ rBasKOJIIEPOKCHIa3bl. DTOT HHTHOUTOP MOYTH
HE B U Ha mposBieHue ddekra mopsimenns aktusHoctd COJl, BBI3bIBac-
MOro myTpecuuHoM (cM. puc. 2). OpHaKO HEOMHUIIMH MPAKTHYECKH MOTHOCTBIO
HHUBEIMPOBAT BEI3BIBAEMOE ITYTPECIITHOM MOBHIIICHNE aKTUBHOCTH KaTajas3bl U
I'BasIKOJINEPOKCUIA3HI.

JeiicTBrEe Ha TPOPOCTKHU TEIUIOBOTO CTPECCa BBI3BIBAJIO MOBBHIMICHHUE BBIXO-
Jla U3 KIETOK KOpHEH BeIecTB, MOMIoImaIuX B odmactu Y@, noutu Ha 60%
(puc. 3, a). O6paboTKa IMyTPECIIUHOM CIIOCOOCTBOBAIA COXPAHCHHIO IEJIOCTHO-
ctu OuomemoOpan. [lon BiusHUEM aHTaroHHCTOB Kanblusd O TA U HeOMUIIMHA
OoTMeYaach TEHACHIMS K YCHICHUIO TTOBPEXKICHUH MeMOpaH, X0Ts 3TOT 3 dext
Obu1 cTaTucTHYeckH He 3HauuMbIM (p < 0,05). Ilpu stom kak OI'TA, Tak u He-
OMHIIMH HHUBEIHPOBAIHN dP(PEKT CHIDKCHUS BBIXOIA BEIIECTB, MOIVIOMAIOMINX B
Y®-B, BoI3bIBaeMblii 00pabOTKON POPOCTKOB My TPECLHHA.

AHTaroHHUCTHI KaJBIHS CAMH TI0 Ce0e B YCIIOBHAX HAIINX SKCIIEPIMEHTOB IPaK-
THYECKHU HE BIUSUIM HA TEIJIOYyCTOMYMBOCTD POPOCTKOB MIIEHUIBI (puc. 3, b). Ox-
HAKO OHHU HPaKTHYECCKH ITOTHOCTHIO CHUMAIH 3()(hEKT TOBBIIICHIUS BEDKABACMO-
CTH IIPOPOCTKOB MOCJIE CTPECCa, BBI3BIBAEMBIN 00pab0oTKOM MyTpecuuHoM. Takum
obpa3zom, 06a anTaronncTa Kanblusd (DI TA ¥ HEOMUIIMH) YCTPAHSITH TTOJIOKH-
TEeNIbHOE BIIMSHHUE ITyTPECIHAa Ha COCTOSIHUE MeMOpaH M BBDKHMBaHUE IPOPOCT-
KOB II0CJIE TETUIOBOTO CTpecca.

O06cy:xneHue pe3yaibTaTOB UCCJIAETOBAHUS

[Nomy4ennsple pe3ynbTaThl CBUAETENBCTBYIOT 00 YUaCTHU KaJbLUS KaK CHT-
HAJILHOTO MOCPEHUKA B PEaTn3alliK IPOTEKTOPHOTo JACHCTBUS MyTpPeCcluHa Ha
MPOPOCTKH MIICHUIIBI ITPU TEIIOBOM crpecce. [1o-Buanmomy, nonsl Ca’" 3aeii-
CTBOBAHBI B IIpoliecce YCHIICHUS 00pa30oBaHUs MEPOKCHIA BOJIOPOAA, IPOUCXO-
JiSIIero mpu oopaboTke KopHel myTpeciimHoM B popmupoBanun ADK-curHana.
OO0 3TOM CBHICTENBCTBYET YCTPAHCHHUE MHIYIIUPOBAHHOTO MyTPECIIMHOM ITOBBI-
wenus conepxanusa H,O, xenaropom kanbuust I TA (cm. puc. 1). [Ipumeuarens-
HO, YTO JIPYrOf aHTArOHUCT KaJbIUs — HEOMHIIMH, KOTOPBIH, HHruOupys doc-
¢ommmazy C, yrHeTaeT NOCTYIUICHHE KANBINS B IUTO301b U3 BHYTPUKICTOYHBIX
KOMITapTMEHTOB [26], He BIMsI Ha 3¢ (EKT NOBBIIIEHHUS COACPKAaHUS TIepOKCcHUIa
BOJIOpOJIa B KOPHSX MpH 00pabOTKE MyTPEeCIIUHOM.

B nuTeparype uMEIOTCS HEMHOTOYHCICHHBIE U BeChMa HEOTHO3HAYHBIC CBE-
JCHUS O BIUSHAHW ITOJMAMUHOB, B TOM YHCIIE ITyTPECIMHA, Ha KAIBIUEBEIA TO-
Meocta3s. Tak, IoKa3aHo, 4TO STOT MOJTHUAMHH MOXET akTHBHUpoBaTh Ca’ -HacoChI
IUTa3MaJIeMMEI U TEM CaMBIM YCHIIMBATh BBIXOJ] KaJbLIUS U3 IIUTO30IIS1 BO BHEKJIIE-
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ToYHOE TIpocTpaHcTBO [27]. C apyroii CTOpOHBI, KaK OTMEYAIOCH, IPOUCXO/ISIIAS
MIPHU YBETTUUEHUH COJCPKAHUS TOJIMAMUHOB aKTHBALUS THUAMHUHOKCHIA3bI U T10-
JTHMaMUHOKCHIA3bl IPUBOIUT K ycruteHuio oopazoBanus ADK 3a cuer oxucieHus
nonuamMuHOB [ 11]. TIpu 5ToM nepoKkcu BOAopoa v 00pa3yroIIuiics B pe3yabraTe
He(epMEHTATUBHBIX PEaKIUN THAPOKCHIBHBIA paJlKal MOTYT CIIOCOOCTBOBATh
OTKPBIBAaHUIO HECEJICKTUBHBIX KaJBIEBBIX KAaHAJIOB U MOCTYIJICHUIO KalbLIUs B
nuTo30ib. Ciaenyer OTMETUTD, YTO paHee HaMU [T0Ka3aHO yCTpaHEHUE BbI3bIBae-
MOTO MYTPECUUHOM yCUJIEHH 00pa30BaHUs IEPOKCHIA BOIOPOJa B KOPHIX MPH
ux 00paboTke HHTHOUTOPOM JANAMHHOKCHAA3Hl TYaHHAWHOM, YTO YKa3bIBaeT Ha
3HAYUTENBHBINA BKJIAJ 3TOro hepMeHTa B HHAYLUPYEMYIO MyTPECIIMHOM TeHepa-
o ADK kneTkamu KOpHEH MpOpOCTKOB MIeHUIsI [21].

Brnusiaue xanplus Ha aKTUBHOCTh TUAMUHOKCH/IA3bl Y PACTEHUH UCCIIEIOBAHO
ciabo. X0oTa B KOPHAX H 1mo0erax MpopoCTKOB TOpoXa 3aperuCTPHPOBAHO MOBEI-
HIEHHE €€ aKTHUBHOCTH Mpu 00paboTtke sk3oreHHbM Ca’™ (10 MM) [28]. TToxoxue
3¢ EKTH IO BIMSHAEM 3K30T'€HHOTO KaJIBIHS OOHAPYKECHBI M Yy CEMSIOIBHBIX
JUCTBEB COM [29], MPOpPOCTKOB KOHCKUX 60008 [30], KIIETOK KOPHEILION0B MOPKO-
Bu [31]. [IlmamMmuHOKCHAA3a, TEHEPHUPYIOMIAsl MIEPOKCHI BOAOPOAA, JTOKAITN30BaHA
B KJIETOYHBIX cTeHKax [32]. He uckito4eHo, 4TO B e aKTUBAIMH 33JeiiCTBOBaH
KaJIbLMi, TONaJaoMi B allOIUIACT [P aKTUBALIUY [Ty TPECIIMHOM €T0 BBIX0O/A U3
kieTok [27]. Kpome Toro, u3BeCTHa CHOCOOHOCTH ITOTUAMHHOB BBITECHATH Kallb-
WA W3 €ro KOMIUICKCOB C MICKTHHOBBIMH BEIIECTBAMH KJIIETOYHBIX CTEHOK [33].
TeM He MeHee BO3MOKHOCThH MPSIMON aKTHBALMU JTUAMHUHOKCHAA3bl KaJlbIHEM
MOKa He JJOKa3aHa. B CBs3W ¢ 3TUM A7 BBIICHEHHUS BOIIPOCA O TOM, TpeOyeT Ju
BBI3bIBAEMBIii Iy TPECIIUHOM TPOLIECC aKTUBAIIMHM JTUAMHUHOKCH]Ia3bl HOHOB Kallb-
Us1, HeOOXOAMMBI CTICIHAIbHBIE NCCICIOBAHNS.

Hpyrum ucrounukom ADK, renepupyemsIx Ipu 00paboTke KOpHEi MpopocT-
KOB MIIEHUIBI TYTPECIUHOM, O04eBHAHO, siBisieTcss HAJ[OH-okcnnaza. Ha ato
yKa3bIBaeT CYIIECTBEHHOE YTHETEHUE BBI3BIBAEMOTO MyTPECHUHOM YBEIHUYCHHUS
CONlepKaHUA H202 B TKaHSAX KOpHEH oI ACWCTBUEM MMHIa30ja — HHTUOUTOpa
HAJI®H-okcuaassl [21]. BrioiHe BepoATHO, YTO OTKPBIBAHKE YACTH KAJIBIIUEBBIX
kaHanoB nox BiusHEEM A®DK, 00pa3yromuxcs: BCIeICTBUE OKUCICHUS ITyTpec-
LIMHA JHaMHUHOKCUAA30M, MoXeT mpuBoAuTh K aktuBauun HAJIOH-okcunassl.
Kak m3Bectno, HAJI®H-okcnmaza MoXeT HETOCPEACTBEHHO aKTHBHUPOBATHCS
WOHAMHU KaJIbIMsI TPU WX MPUCOCIMHEHUHU K KaJbIUHCBI3BIBAIONINM JIOMEHAM,
JIOKaJIM30BaHHBIM Ha IIMTO30JIBHOHM cTopoHe Oenka [17, 34]. IlokazaH 3¢ dekr
axtuBauuu 3asucumMon or HA JIOH-okcugassl renepanuu CynepoKCUIHOIO aHU-
OH-paJInKaJia KIETKaMU KOJICONTIIIEH MIICHHUIIBI IPH NX 00paboTKe KaJbIIHEBBIM
nonopopom A23187 [18]. [Tockonbky, kKak 0OHapYKEHO paHee, MOBBIIIEHHE CO-
JepXKaHUs IepoKcHa BOJOPOAa B KOPHSX IO BIMSHUEM IIyTpeCLHHA pa3BUBa-
€TCsl BO BPEMEHH TMOCTENEHHO, MOXKHO MPETONIOKUTh Y4acTUe B 3TOM Ipoliecce
IByX (epMeHTOB — nuamuHOKcHIa3bl 1 HAJI®OH-okcunassr [21]. Kak yxe ymo-
MHUHAJIOCh, O pOJIH ABYX (hepMeHTOB B npouecce renepannu ADK cBuneTenscTBy-
IOT ¥ pe3yNbTaThl HHTHOUTOPHOTO aHann3a (YrHeTeHHEe 00pa30BaHUS ITEPOKCHIA
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BOJIOpOJIa TIOJI BIIMSTHUEM UHTHOUTOPOB TuaMuHOKchaa3sl 1 HA JIOH-okcnnasser).
B nenom monmyueHHbIE pe3yabTaThl CBUAETEIBCTBYIOT, [0 KpaiiHed mepe, o 3a-
BUCUMOCTH npoliecca ycunaeHus reuepaunu AOK nox BiusHueM myTpecuuHa oT
KaJIbIIEBOTO FTOMEOCTa3a.

Ilo-BunuMoMy, KalbLMil 3aI€MCTBOBAH U B MOCIEAYIOIIMX IIpoLeccax Io-
BBIIICHUS] aKTUBHOCTH AHTUOKCHUJAHTHBIX (DEPMEHTOB B OTBET Ha 00pPabOTKY
mMyTpecuuHoM (cM. puc. 2). [IprMedarensHo, 9TO BEI3BIBAEMOE SK30TCHHBIM ITY-
TpecurHoM ToBbIieHUe akTuBHOCTH CO/] monHocThi0 yeTpansocs DI TA, HO
HE HEOMHUIIMHOM. BeposTHO, JaHHBIM mpolecc 3aBUCUT B OCHOBHOM OT IIOCTY-
IJICHUS KaJIbIUS U3 BHEKJIETOYHOTO MPOCTPAaHCTBa. B TO ke BpeMs myTpecluH-
WHIYyIHPOBAHHOE MTOBEIMICHAE AKTUBHOCTH ABYX APYTHX aHTHOKCHIAHTHBIX (ep-
MEHTOB — KaTajia3bl ¥ TBasKOJIMIEPOKCHIa3bl — YTHETANOCh He Tolibko DI TA, HO 1
HEOMUIIMHOM, YTO YKa3bIBa€T Ha 3aBUCUMOCTb 3TOTO IIPOLEcca OT MOCTYIIEHUS
KaJbIHsI B IUTO30JIb U3 BHYTPUKIIETOYHBIX KOMIIAPTMEHTOB.

Haxonen, m3MeHeHne WHTETPATIBHBIX IMOKa3areneil (crabuinbHOCTH OHOoMeM-
OpaH ¥ BEDKHUBAHUSI IPOPOCTKOB MOCTIE MOBPEKIAIOMIETO POTPEBa), BBI3HIBAEMOE
9K30T€HHBIM IIyTPECLIMHOM, TaKOKe 3aBUCUT OT IOCTYIUIEHUS KaJIbLUS B LIUTO30J1b,
MPUTOM KaK M3 BHEKJIETOYHOTO MPOCTPAHCTBA, TaK M M3 BHYTPEHHUX KOMIMap-
TMEHTOB. Ha 3TO yka3plBaeT NMpakTUUECKU IIOJHOE HUBEJIMPOBAHUE IIPOTEKTOP-
HBIX 3¢ ¢exToB myTecuuHa kak OI'TA, Tak 1 HeoMuIHOM (cM. puc. 3). Cnegyer
OTMETHTH, YTO ()EHOMEH IMOBBIIICHUS CTAOMIHLHOCTH OHOMEMOpPaH TIPH TEITIOBOM
CTpecce TMoJ BIUSHUEM 3K30T€HHOTO MyTpEeClHHA COIVIaCcyeTcsl ¢ pe3ylibTaTaMu
pabotel [20], B KOTOpO¥ TIOKa3aHO TIOBBIIICHHUE COMICPKAHNS HU3KOMOJICKYIIIPHBIX
AHTUOKCHUJIAHTOB B KOPHSX U CHHKEHUE B CTPECCOBBIX YCIIOBUSAX KOJIMYECTBA MPO-
JOyKTa IIEPOKCUIHOTO OKUCIIEHUS JIMITUI0B MaJIOHOBOTO JUaIbAETHIa.

Wrak, uHAyIMpOBaHUE TEIJIOYCTOWYMBOCTH MPOPOCTKOB MIIEHMIIBI MMyTpec-
IIMHOM 3aBUCHT OT (DYHKIIHOHAJIFHOTO B3aUMOJICHCTBHUS MEXK Ty HOHAMHA KaJIbITHS
1 ADK kak CUTHAJIbHBIMH ITOCPETHUKAMH.

3akrouenne

[ocnenoBarenbHOCTh Pa3BUTHS MPOLECCOB B TKAHAX KOPHEH MPOPOCTKOB
MIICHUIEI B OTBET HAa 00pabOTKy IyTPECIIMHOM MOXKHO IPEACTAaBUTH B BUIE
CIeAyIoUIel TUMOTETUUECKOW CXEMBbI: MOBBIIICHUE KOHLIEHTPAUU MyTPECIHA
BO BHEKJIETOUHOM IPOCTPAHCTBE — aKTHUBALUS JUAMHHOKCHIA3bl U U3MEHEHHE
cofiep KaHus KaJblUA B anorJiacte — MoBblieHue conepxkanus ADK B anomna-
CTe — OTKPBIBAHME KaJbIMEBBIX KaHAIOB — noBbimenue [Ca™] —— ysennde-
Hue aktuBHOCTH HAJI®H-okcunassl — ycunenue revepannu A®K u nocryme-
HHE X B IIATO30J1b (B IEPBYI0 odepens H,O,) — nononnuTensHas MoupuKanus
KaIbLIHEeBOro roMmeocrasa — Gopmuposarne Ca**- 1 AOK-curuanos, ycuanBao-
IIUX AKCIIPECCHIO TEHOB aHTHOKCHIAHTHBIX (PepPMEHTOB — aKTHUBaNus (pepMeH-
TaTMBHON AHTHOKCHIAHTHOM W JPYTUX MPOTEKTOPHBIX CHUCTEM —> TOBBLIIICHHUE
TEIUIOYCTOMYMBOCTU. be3ycloBHO, I NOATBEPKACHUS TAaKOW IOCIEAOBATEIb-
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HOCTH Pa3BUTHUS COOBITHI HEOOXOMUMBI CIIEIIMATIbHBIC UCCIICIOBAHHMS, B YACTHO-
CTH, HEMOCPEICTBEHHOE M3yYE€HHE JNUHAMHUKH aKTHUBHOCTH JTHaMHUHOKCUAA3bl U
HAJI®H-okcuaasbl, neclieJOBaHNE MEXaHI3Ma BITMSHUS KaJIbIHs Ha aKTHBHOCTD
JUAMHHOKCHJIA3bl, OTIpe/ieTIeHHe SKCIPECCUU TeHOB aHTUOKCUJAHTHBIX (hepMeH-
TOB M €€ 3aBUCUMOCTH OT KaJIBIINEBOTO TOMEOCTa3a MPH JICUCTBHH ITyTPECIMHA.
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Calcium-dependent changes in the activity of antioxidant enzymes and heat
resistance of wheat seedlings under the influence of exogenous putrescine

Polyamines are important stress plant metabolites involved in the regulation of redox
homeostasis and other signaling processes. Polyamines can affect redox homeostasis
by binding free radicals and participating in the regulation of gene expression of
antioxidant enzymes. However, their metabolism produces hydrogen peroxide and
other reactive oxygen species (ROS). A separate component of the physiological
activity of polyamines may be their effect on the state of ion channels. It is known that
there are complex bonds between ROS and calcium ions as signal mediators. However,
the functional interaction between ROS and calcium ions in the implementation of
the effects of polyamines on plant cells has been studied very poorly. Moreover, the
question of the role of such interactions in the realization of stress-protective effects of
polyamines remains open. The aim of this research was to study the inhibitory methods
of the involvement of different pools of calcium in the regulation of the formation
of hydrogen peroxide, the activity of antioxidant enzymes and inducing putrescine
thermostability of wheat seedlings.

The object of the study was etiolated seedlings of soft winter wheat (Triticum
aestivum L.) of Doskonala variety. Three-day-old seedlings were treated with putrescine
at a concentration of 1 mM. In certain experimental variants, the seedlings were treated
with calcium antagonists - EGTA (Ethylene glycol-bis(2-aminoethylether)-N,N,N’,N'-
tetraacetic acid - extracellular Ca?* chelator) and neomycin - an inhibitor of phospholipase
C-dependent calcium intake into the cytosol from intracellular compartments, as well
as with the indicated inhibitors in combination with putrescine. In the roots of seedlings
some time after treatment with test compounds, we determined hydrogen peroxide
content and the activity of antioxidant enzymes. One day after seedling treatment with
putrescine, calcium antagonists and a combination of effectors, the seedlings were
subjected to damaging heating in a water thermostat (10 min at 45 °C). 5 hours after
heating, we assessed damage to the root cell membranes by the yield of compounds
absorbing in the UV-B, as well as the activity of antioxidant enzymes.

2 hours after the start of root treatment with putrescine, we noted a significant
increase in the content of hydrogen peroxide in them (See Fig. I). This effect was
eliminated by treatment with EGTA, but not with neomycin. The treatment of seedlings
with putrescine caused a change in the activity of all three studied antioxidant enzymes in
roots (superoxide dismutase - SOD, catalase, and guaiacol peroxidase) (See Table). The
increased activity of these enzymes in the roots of seedlings treated with putrescine was
also observed after damaging heating. The calcium ion chelator completely eliminated
the putrescine-induced effect of increasing the activity of all three studied enzymes (See
Fig. 2). Neomycin almost did not affect the manifestation of the effect of increasing the
activity of SOD, however, it neutralized the increase in the activity of catalase and guaiacol
peroxidase caused by putrescine. The effect of heat stress on the seedlings caused an
increase in the yield of substances absorbing in the UV from the root cells. Treatment with
putrescine helped preserve the integrity of biomembranes. Calcium antagonists EGTA
and neomycin leveled off the effect of reducing the yield of substances absorbing in the
UV-B caused by putrescine (See Fig. 3). They also almost completely eliminated the
putrescine-induced increase in survival of seedlings after stress.
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We can conclude that the induction of heat resistance of wheat seedlings by
putrescine depends on the functional interaction between calcium ions and ROS as
signaling agents. The activation process of the enzymatic antioxidant system, necessary
for the formation of heat resistance of plants, depends on the formation of ROS, which
occurs with the participation of diamine oxidase and NADPH oxidase. At the same
time, the accumulation of the signal pool of hydrogen peroxide is dependent on the
influx of calcium into cytosol from extracellular space. The further activation process
of the antioxidant enzyme complex under the influence of putrescine treatment also
depends on the influx of calcium into cytosol, not only from extracellular space, but
also from intracellular compartments.

The paper contains 3 Figures, 1 Table and 34 References.

Key words: Triticum aestivum,; polyamines; putrescine; redox homeostasis;
calcium; heat resistance.
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Hayuonanvuvuii uccnedosamenvcxkuii Tomckuti 20cyoapcmeentviil yHugepcumenn,
2. Tomck, Poccus

CpaBHenue metonoB dkcTpakuun PHK u3 pacrenus
kaprodens nias nposenenus [IIP B peanbHoM BpeMenn

Pabora nognepxana rpanrom PODOU Ne 20-34-90094.

OKempakyus HyK1euHO8bIX KUCIIOM — OCHOGHOU 2Man MONeKYIAPHOU OUOoN02UlU.
B nacmosuwee spemsa cyujecmayem 601bu10e KoMuuecmeo npomoroios u Memooudeckux
pexomenoayuu ons sxkempaxyuu PHK u JIHK u3 pasueix epynn opeanusmos. Om
evibopa coomeemcmeyiouwyeco Memooa u 6 KoHeunom umoze xaiecmea npobvr PHK
Hanpamyio 3agucum pe3yibmam npoeeoeHUs BblCOKOYYECMBUMENbHBIX Meno008,
Hanpumep NOAUMEPA3HOU YenHou peaxyuu 6 peanvhom epemenu (IIL{P PB).
Croocrocmu, goznuxaiowue npu sxempaxyuu PHK uz pacmumenvnoil mxanu, césasamsl
¢ npucymcmeuem 6 pacmeHusx O0NbU020 KOIUYeCmea GMOPUHHLIX Memabonumos
u nonucaxapuoos. Ilposedeno cpagnenue mpex memoodos sxcmpaxyuu PHK uz
aucmoes pacmenuti kapmoghens (Solanum tuberosum L.) copma Jlyeoeckoil ¢ yenwio
OdanvHeluezo ucciedosanus sxcnpeccuu 2enos. Kavecmeo sxcmpazupyemou PHK u
ee KOMU4ecmeo OYeHUuBau cnekmpogphomomempuiecku, ¢ noMowblo snekmpogopesa
6 azaposHom 2ejie U npumeHeHus Memooa Kpamuvix paseeoenuti ons IIL[P ¢ peanvrom
epemenu. ITokazano, umo 05t pacmenuil Kapmogheist Haubonee NOOXOOAUUM SL6/ISLeMCsL
Kommepyeckuii Habop pupmuvl Qiagen u3z-3a HAUMeHbULE20 UHSUOUPYIOU €20 6TUAHUA HA
npomexanue I1LP, Opyzue npumensemvie Memoobl HYHCOAIOMCA 8 MOOUDUKAYUAX NO
ouuwenuro obpasya PHK om uneubumopoe peaxyuu.

KuroueBble cioBa: Solanum tuberosum L.; PHK; @enon; anexmpoghopes;
nanocnexmpogomomemp, I1L[P 6 pearvHom epemeHnu.

BBenenune

[IpumeHeHne MOJEKYISPHBIX METOJOB IMO3BOJISET pelarh Kak (yHIaMeH-
TaJNbHBIE, TaK ¥ IPHUKJIaTHBIC BOIIPOCH OMonorud. JJaHHOE HarpaBiIeHUE B METO-
JIOJIOTHH TIOSBUJIOCH CPAaBHUTENBHO HegaBHO — B 1950-x rr. [1]. K HacTosmemy
BPEMEHH JIOJISI MOJICKYIISIPHBIX HCCIIEIOBAHUH MIPOIOIDKACT CTPEMHUTEIBHO YBEIH-
YMBATHCS, B TOM YHUCIIE B 00JacTu 00TaHUKHU U (pusnosnoruu pacreHuit. Mcemomns-
30BaHUE JTAHHBIX IIOIXOJ0B MO3BOJISIET ONPENCITUTh HE TOIBKO CHCTEMAaTHIECKOE
MOJIOKEHHE OpTraHu3Ma, HO U BBIABUTH AU(D(epeHIHaTbHYI0 IKCIPECCHIO TEX
WJIM WHBIX TPYII I'eHOB B OTBET Ha JIEHCTBHE PETYIATOPHBIX PakTopoB [2]. [Tpo-
necc 3kctpakiuu PHK moxgpasymeBaer crepyronue OCHOBHBIE 3Talbl — JIU3UC
(pa3pyiIeHne) KIETKH, SKCTPaKIuio Makpomoiekyn u ounctky PHK. OcHoBHEIE
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crocoObI X MmpoBecHUs onucanbl emé B 1987 1. [3]. OqHako u3-3a HU3KOM I10-
BTOPSIEMOCTH SKCIIEPUMEHTOB MOTPEOHOCTh B (JOPMHUPOBAHUM OLIEHKH KauecTBa
MOTYYEHHOTO Mpenapara HyKIEHHOBONH KHCIIOTHI JUIS MCCIETYEMBIX 00pa3IoB
nosiBIIIach ToNbKo B Hadase 2000-x rr. [4—8]. B 2009 r. pa3paboTaHbl MUHUMAIIb-
HbIe TpeOOBaHMA JUIsl OIMyOnuKkoBaHUs pe3ynsratoB [11[P B peanbHOM BpeMeHH
(ITIIP PB) — MIQE (Minimum Information for publication of Quantitative real-
time Experiments), B KOTOPBIX TaKk)Ke NPONHCaHbl TpeboBanus K oopasmam PHK
u JJHK: nomyctuMoe mpucyTcTBre MpuMeced OSJIKOB U MoIrcaxapuaoB, KOHIIEH-
Tpamus ¥ IeJ0CTHOCTh npemnapara [9]. Okcrpakuus PHK HeoOxonmnma He TOIBKO
s nposenerus I[P PB, Ho u ams psaa Apyrux MaHUMYISIUNA (CEKBEHUPO-
BaHMeE, OTpe/eNICHHe BUPYCHOM HArpy3KH W T.J.), B XO/I€ BBITIOJHEHUST KOTOPBIX
pPEKOMEHIIAaIIMK MOTYT OBITH JOMONHEHBL. K mpumepy, uid peanu3anuu 3ajad,
CBSI3aHHBIX C M3yYEHHEM IOIHOTO TPAHCKPHUIITOMA, HEOOXOIMMO TIOTydeHUE 00-
pasia, XxapakTepHU3YIOIIErocs He TOIbKO BEICOKUM conepxanrneM MPHK u kopot-
KX HHTEPPEPUPYIONINX TOCIEA0BATENFHOCTEN, HO M OTCYTCTBAEM pHOOHYKIIEa3
(PHKa3) u uaru6uropos I1LP [10]. M3BecTHO, 4TO CITOCOO OCYLIECTBICHHS dTa-
TIOB AKCTPaKINH HyKIenHOBBIX KucioT (HK) nampsimyro onpenensier mapaMeTpsl
nonyyaemoro obpasua PHK [3, 9]. Cpenu MeTonuueckux crarei, moCBsIIIEHHBIX
MOJICKY/SIPHBIM HCCIICOBAHHMSAM B 0ONAacTH (DM3UOIOTHH PACTCHUI, OCHOBHOM
UHTEpec yrenseTcs crnocodam skerpakuuu TotansHoit PHK ¢ ncnonezoBanuem
9KCTPAKIIMOHHOTO Oydepa ¢ CHIEHBIM OKHACIUTENIEM — I'yaHHTMHTHOIIOHATOM H
(enonom (Hampumep, pearentoB TRIzol™ u Tri Reagent® (Invitrogen, CILIA))
[11, 12], LiCl u/wimm NaCl [13, 14], a Takxke JHOKCH]IA KPEMHHUSI, BKITFOUask KOJIOH-
KM A7 HeHTpudyrupoBanus (fanee cnuH-KooHKH) pupm Qiagen (I'epmanus),
Norgen Biotek (Kanana) n Invitrogen (CILA)) [15-17]. B ocHOBHOM mipu 3Kc-
TPaKIHH KOPOTKUX MOCTENOBATEILHOCTEN U3 TKaHEH pa3iuyHOro MPOUCXOXKIe-
HUS OLICHUBAIOT 3()(HEKTUBHOCTH METOIOB, B KOTOPHIX MMPUMEHSIOTCS WK (HEeHOT
B cocTaBe Oydepa ¢ kuciabiM pH, WM CIUH-KOMOHKH, WM MUX COBMECTHOE HC-
mons3oBanme [18-23].

CrnoxnocTh 3kcTpakiun HK onpenensercs XUMHUYECKUM COCTaBOM PACTCHUH,
B CBA3M C YEM YHUBEPCAJIbHBIX METOAOJIOTHYECKUX PEKOMEHIAIMI Ul KaXK10T0
BUJA pacTeHuil He cymiecTByeT. HeoOxoauMo IpoOBOAUTE CpaBHEHHE METOJOB
9KCTPAKIHHU AJISI OOBEKTOB-HHTEPECAHTOB ¥ IIPH HEOOXOAMMOCTH OCYIECTBIAT
MOIU(UKAIMU 3TANIOB, HANIPABJICHHBIE HA YITyUYIIEHHE KaueCTBA SIKCTPArupyeMbIX
npenaparoB HK; cTeneHnp 4MCTOTHI OCIEIHUX ONpEAeseT KOPPEKTHOCTb U A0-
CTOBEPHOCTb PE3yJbTaTOB MOJEKYIAPHBIX HMCCIEJOBAHUN M MX MPAaKTUYECKUX
npuioxenuit [6, 17, 24-28].

OTHOCUTENBHO pacTeHHil KapTodess Ha JaHHBIH MOMEHT HE CYyIIECTBYET
CTaHJIaPTHOTO METO/a HKCTPAKLUU HYKJIECHMHOBBIX KUCIOT. B TO ke Bpems kap-
To(penb, SBISAACH OMJHUM M3 BaXKHBIX OOBEKTOB MCCIEIOBAHUA, OTIIMYAETCS BbI-
COKHMM COZEp>KaHUEM IOJUCaXapuoB, B CBA3U C YEM YCIOKHAETCS SKCTPAKLUA
PHK BbIcOKOTO KadecTBa U3 ero TkaHeil. Hamu BriepBbie BBIIIOJHEHO CPAaBHEHNE
a¢ddexTHBHOCTH TPEX MeTonoB 3kcrpakimu PHK u3 nuctheB pacreHmii kapTo-
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(ens B coorBercTBUH ¢ pekoMeHaanusamMu MIQE [9] u ¢ menpio ganpHe#ero
nposeznenus 1P PB.

MaTepnam,I U METOAUKH HCCTICT0BAHUSA

B ocHoBe nccneoBaHus Jexalu Hanbosee pacnpocTpaHEHHbIE METOJIBI IKC-
tpakiuu PHK u3 nmucteeB pacrenwuii: ¢ ucrnonb3oBanueM (1) momenuicynbdara
narpus (SDS) u xmopuna nutus [13, 29], (2) kommepueckoro Habopa RNeasy®
Plant Mini Kit [30] u (3) ¢eHONA C TYaHHTUHTHOIIMOHATOM B COCTaBE pearcHTa
TRIzol™ [11, 12].

Mertonst skcrpakimu PHK onenenbl ¢ Touku 3peHHs] KOMMYECTBEHHOTO BBI-
X0Jia Tpernapara, KadecTBa MOoJIyJyaeMbIX HyKIEHHOBBIX KHCIOT U IPUCYTCTBUS B
obpasnax uaruouropos [1L[P. Briseienne kauectBa PHK 1 ee konmuecTBEHHOTO
BBIX0Ja IPOBEACHO C IIOMOIIBIO CIIEKTPO(OTOMETPUIECKUX KPUTEPUEB, INEKTPO-
(opeTtrueckoro ananusa u [1L[P B peanbHOM BpeMeHHU.

Hccnenosanust IpoBeIEHBI HA IBYXHEENBHBIX pacTeHUsIX Solanum tuberosum L.
cpeanectesnoro copra Jlyroscko (uneHtudurarop 8301891). Tkanp nucra us-
MeJIBIAIIH B XKUJKOM a30Te, Iocie yero ToranbHyo PHK skerparupoBanu tpems
METOIIaMH.

[epssiit MeTon omucan Manickavelu et al. [13] u npeacraenen B moaudu-
kanuu Zlobin et al. [29] (nanee metox Manickavelu et al.). Tkans mucra (0,2 1)
MepeHoCcun B IpoOupky u nobasisutu 800 MK 3kcTpakimonHoro oydepa (0,1 M
Tris-HCI (pH 9,0), 0,1 M LiCl, 1 MM 3TA (pH 8,0), 1% SDS), nepemenmBanu
Ha neHtpudyre-soprekce Mukpocnun («BioSany, JlarBus) B TeueHue 1 MuH, a
3aTeM MHKyOmpoBanu 10 MHH IIpH KOMHATHOW TeMIIepaType, IepHOIUIECKH Te-
pememuBasi. 3areM nodasisinu 600 MK cMecH (HeHONI-XI0POoPOPM-U30aMUITOBBII
crupt (OXM) B cooTHONIeHNH 25:24:1, mepeMenIBaid 1 HHKYOHPOBAIH HEIPO-
JOJDKUTENIBHOE BpeMs IIpH KOMHATHOU Temmneparype. [IpoOs! neHTpudyruposamu
10 mun mpu 15 000 g (4 °C) («Eppendorfy, 'epmanus). Hagocanounyro xum-
KocTh (450 MKJI) IEpPEHOCHIIN B HOBYIO IPOOHPKY U JOOABISUIH PABHBIA 00BEM
O XU, mocre dero cMech nepeMenuBainy u neHTpudyruposamu 15 000 g (4 °C).
CynepHarant (450 MKJI) NEpEHOCHIN B YUCTYIO IPOOUPKY U J00aBISIIH 45 MK
3M NaOAc u 1 350 mxn 100% 3Tanosna, mocse 4ero nojgy4eHHbIH pacTBOp BbI-
nepxxuBanu 3 u npu —20 °C.

O6pasnel neaTpudyruposamu 20 mud npu 15 000 g (4 °C), k ocaaky jao-
6aBmsmn 1 ma 75% sTtaHona u uHKyOupoBanu B TeueHue 20 muH mpu —20 °C.
[Tocie atoro nieatpudyruposaim 5 muH 7 000 g (4 °C). Ocanok, coaepxamuit
PHK, noxcymuBanu Ha Jpdy. 3aTeM OCaJOK pacTBOPSUIU B 45 MKI BOJBI, LI€H-
tpudyrupoBanu 15 mun 15 000 g (4 °C), oroupanu 40 MKII CyliepHaTaHTa U Tie-
PEHOCHIIM €r0 B HOBYIO NPOOUPKY, B KoTopyto fo6asmsiau 11 mxn 3 M NaOAc
u 100 mxir 80% sTaHONa, MHKYOHpOBa K 45 MHUH M HEHTPU(PYTHPOBaIH 15 MUH
15 000 g (4 °C). IlpomeiBanu ocagok 1 mi 80% sTaHONA, LEHTPUPYTUPOBATIH
5 mun 7 000 g (4 °C). INoacymmBanu ocanok npu 4 °C U pacTBOPSUIN €T0 B BOJIE.
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Monmudukanuu Metona [29] 3akirodainuch B (1) mocieaoBaTeIbHOCTH J00aBICHUS
(heHon-x0podopma 1 IKCTPaKIUOHHOTO Oydepa K pacTUTETbHOMY 00pasiyy (B Me-
tome Manickavelu et al., pacTeHus HaPSAMYIO ITOIBEPTAIHCH JIN3UPYIOIIEMY JeH-
cTBUIO (peHon-xIopodopma); (2) U3MEHEHUH TeMIIepaTypHOTro peKMMa Ha dTare
ocaxxaernst PHK, ¢ —80 °C na —20 °C u yBenu4eHUH TIPOIOIHKUTEIHHOCTH 3Tara
¢ omHoro yaca 7o Tpéx; (3) uckiroueHuu craauu nodasnenus LiCl k ocaxnéHHoi
PHK; (4) no6aBnen stan nonomauTenbHOM ourictkd PHK mocne e€ sxcrpakimy,
MO3BOJISIONINI CHU3UTD COJICPIKAHUE HEPACTBOPUMBIX IpuMecei. [IpomomKuTesb-
HOCTB 3KCTPAKIMH JaHHBIM METOJIOM COCTAaBJISIET OKOJIO 6 1 iyist 1—-6 1po0.

Bropoii aHanu3upyeMelii METOJI OCHOBAaH Ha MPUMEHEHHU KOMMEPYECKOTO
Habopa RNeasy® Plant Mini Kit [30] ¢upmsr Qiagen (I'epmanus). K pactep-
Toii pacturenbHOi Tkanu (0,1 ) mobasmsu 450 MK 3KCTpakIMOHHOTO Oydepa
(RLT mmu RLC) u TmarenpHo nepeMeniuBaini. [IpoOy nepeHocHn Ha KOJIOHKY
QIAshredder spin, uenrpudyruposanu 2 muH 15 000 g (4 °C). Hanocapounyro
KHUIKOCTH TIEPEHOCHITN B HOBYIO MPOOUPKY U N00aBIsuIH 96% 3TaHona 00seMoM
B JIBa pa3a MCHBIINM, YeM 00beM CylepHATaHTa, U 3aTeM munetupoBanu. [1po-
Oy aKkKypaTHO rmomemaiy B kojJoHky RNeasy Mini spin, neaTpudyruposamu 15
¢ 8 000 g. Kononky cHauana npomsiBanu 700 mxi 6ydepa RW1, motom aBax st
500 Mk 6ydepa RPE; B X071 Kask710r0 IPOMBIBaHUS KOJIOHKY IIEHTPU(YTHPOBAIH
15 ¢, 15 ¢ u 2 mun coorBercTBeHHO IIpH § 000 g. KoOHKY EpeHOCHIIH B YHCTYIO
poOupKy Ha 2 Mt u nieHTpudyruposaiu 1 mun 15 000 g (4 °C). Cesa3aHHy!O C
MemOpanHoit PHK amronposanu 1 mus 8 000 g. JlaHHBII MeTO/ TO3BOJISET HOMTY-
yath ToToBbIN poaykT PHK 3a 30 MuH, BO3MOXXKHA OAHOBpEMEHHAsT SKCTPAKIIUS
OOJIBIIIOTO KOMUYECTBA POO, OTPAHMYCHHOTO BMECTUMOCTRIO IIEHTPU(YTH.

Tpetuit meton (nanee — TRIzol™) ocHOBaH Ha peakuu QeHOJA C TyaHUINH-
THOIIMOHATOM, cocTaB Oydepa mpeanoxeH Chomczynski u Sacchi [17], meto-
JIUYEeCKre PEKOMEH AU TIPUBEICHBI B cienyromen cepuike [18]. [ms axcrpak-
nun PHK ¢ ucnons3oBanuem pearenta TRIzol™ HaBecky pacTUTENbHON TKaHU
(0,2 1), mepenocunu B podupky u godasmsmm 0,5 mi Oydepa (38% ¢enom, Bo-
nabIi 0,8 M ryaHuauHTHOLMOHAT, BoAHBIN 0,4 M aMMOHUHTHOIIMOHAT, BOAHBII
0,1 M anerar Harpus (pH 5), 5% rmunepun). [lepemermiBainy Ha HeHTPUPYTE-BO-
prekce MukpocnuH («BioSany, Jlarsus) 1 no6asisiiu nosTopHo 0,5 Mi1 peareHra.
NukyOuposanu npu koMHaTHOU Temneparype 10 mun. Jlo6asnsumm 0,2 M1 cMecH
xsopodopMa ¥ M30aMUIIOBOTO CIHPTA B COOTHOIICHUH 24:1, TepeMeIInBaig 1
nHaKyOupoBaym 2-3 muH. llentpudyruposamu 15 munr 12 000 g (4 °C). Ilocne
pasaenenus ¢pakuuii BEpXHIOW Tpo3padnyio ¢azy (~500 M) nmepeHocHIn B
YUCTYH0 MPoOupKy, mobarismu 50 M 3 M NaOAc u 500 MK OXJTaXXJISHHOTO
n3onponanona. Muky6uposanu 20 mun npu —20 °C. Ilocne 3T0ro conepxumoe
MPOOUPKH aKKypaTHO IepeMemuBaid 1 neHTpudyruposamy 10 mua 12 000 g
(4 °C). Ocagnok (PHK) mpomsbiBaiu 75% stanonom. Lentpudyruposanu 5 Mun
7 500 g (4 °C). lannyro mpoueaypy HOBTOpsuTd aABakabl. [loxcymmBamu PHK
npu 4 °C. Ocanok pactBopsutu Bofoil. [l oqHoBpemenHoi sketpakuuu PHK (1o
12 1ipo0) maHHBIM MeToJI0M TpedyeTcs He MeHee 1,5 .
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Konnenpanuio PHK n npumeceit (6enkoB, morcaxapuaoB) ONEHUBAIN TIPH
nomonu crekrpodoromerpa («Impleny», I'epmanust) npu aaunax BonH 230, 260
u 280 HM.

OnexTpoopeTHIecKoe pas3siesieHHe SKCTPArHPYEMbIX HYKICHHOBBIX KHCIOT
npoBomwn B 1,5% araposznom rene Ha ocHoBe TBE Oydepa (Tris base, GopHas
kucnora, IITA, pH 8,0) ¢ nobasnenuem 2,5 Mk 6pomuctoro stuaus (10 mr/mo).
B nyHkm BHOCWIM pa3zbaBiieHHBIH B 5 pa3 pactBop PHK (cymmapHo 10 M) u
2 Mk1 okpamuBaroniero oygepa (6X DNA Loading dye «Fermentas», JlaTBus).

Jliis mpenoTBparienus koaramMmuHarmu oopasinoB PHK remomuoit JIHK mpo0Ost
obOpaboransl DNase I, RNase-free («Thermo Fisher Scientific», CILIA). Peakmus
MPOBE/ICHA COTIACHO TPOTOKONY Tpou3BomuTess: 2 Mka mpoosl PHK (2 mkr),
2 mxa JAHKa3sl, 2 Mxn Oydepa, cmech poBoawiau A0 ob6bema 20 MKIJI BOIOH H
nakyOoupoBaim 30 MuH ipu 37 °C, mocne gero gobasmsuim 2 Mk 25 MM DJITA u
unKyoupoBanu 10 mun npu 65 °C. Cuntes k/IHK mpoBeaeH ¢ HCHoONb30BaHUEM
HabopoB peaktuBoB MMLYV RT kit («kEBporen», Poccust) mpu moMoinu npaiimMepa
Oligo(dT),,. B mpobupky Brocumu 5,5 mxn PHK, panee ounmennoi IHKa3oi,
1 mxn npaiimepa Oligo(dT),, B konnenTparuu 20 MKM, HepeMENHBAIIA B OCAK-
Jlany Ha neHTpudyre-soprekce Muxpocnut («BioSany, Jlareus). MHKyOupoBa-
mu 2 muH nipu 70 °C, oxnaxxaanu B TepMocrare («Biosany, JIaTBus) n ocaxxaanu
koHaeHcar. obasmsumm 11 Mk cMecu, coctosieit u3 4 Mk 5x Oydepa st 00-
parHoit TparckpunTassl, 2 Mkl ANTP (10 MM kaxmaoro), 2 Mk DTT (20 MM), u
2 MKn o6partHo#t TpaHckpuntassl MMLV (100 en./mkir). CMech epeMenIuBaiy 1
nHKyOupoBasm 60 MuH rpu 42 °C; peaklliy CHHTE3a OCTaHABIIMBAIN HarpeBaHU-
em ripu 70 °C B Teuenue 10 MuH.

s nposenenus [P B peasibHOM BpeMEHU UCIIOIB30BAIH IPAMEpPHI IJIs FeHA
MPOIMHAETUIPOTEHA3b], XapaKTEPU3YIOLIETOCSI OTHOCUTEIBHO BBICOKMM YPOBHEM
9KCIIPECCUH B CTAHAAPTHHIX YCIOBHAX. TPpaHCKPHUIT JaHHOTO T€HA MIMEET CPaBHU-
TeNIbHO HeOonbIoi pazmep — 2 000 m.H. HykineoTHHyt0 0CIeA0BaTeNbHOCT F'eHa
nerpananuu nporraa PDH momyyanu u3 6a3e1 qanasix NCBI (The National Center
for Biotechnology Information, USA). Cneunduueckue npaiimepst (F (5°-37) —
ATAACTGCAATTTGTACACCA; R (5-3") — GGCGAAAAGTGGAAGCG)
koHCTpyupoBainu B iporpamme Vector NT1 11 (Invitrogen, CILIA), cnenudgpuaHOCTb
oleHnBaM Ha BeO-1argopme Primer-BLAST [31].

OneHka ypoBHEH TPaHCKPHUITOB F€HOB NPOBEIEHA METOIOM MOJIMMEpa3HOil
[IEMTHOM peakIluy B peajbHOM BPEMEHH 1ociie 00paTHOH Tpanckpuniyu Ha [TL[P-
ammudukarope LightCycler'96 («Rochey, llBeitnapus). PeakunonHas cmech
o6bémom 20 Mk conepxana 4 Mk qPCRmix HS SYBR («EBporen», Poccus),
matpuny kIHK (4 M) npeanonoxutenbHoit koHuentpanuu 1, 10 u 100 Hr B
pacuére Ha onHy peakiuio; 0,3 MKM mpsMoro u oOparHoTO paiiMepa. B xade-
CTBE OTPHUIATENBHOTO KOHTpoJd BMecTo Marpulel k/IHK ucnons3zoBanu Boxy,
monoxureasaoro — JJHK.

Okctparuposanue PHK kaxapiM U3 3 aHaIU3UpyEMBbIX METOAOB IPOBEICHO B
2—4 TIOBTOPHOCTSX HAa ABYX IPYIIIaX PaCTCHUH KapTOQes, COCTOSIINX He MEHee,
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yeMm u3 3 nmctheB cpenHero sipyca. [II[P-PB npoBeneno B TpexkpaTHOi aHaH-
TUYECKOW MOBTOPHOCTH ISl KXKJIOTO U3 Pa3BEACHUN: HCXOIHAs KOHIICHTpAIUs
kJIHK (100 ur), pa3sBenenHas B ecATh U CTO Pa3 COOTBETCTBEHHO.

CpaBHeHHE METOIOB OCHOBBIBAJIM Ha MOKA3aTENIAX KayecTBa Mpenapara u Ko-
nudecTBa dkctparupyemoit PHK; TILP B peastbHOM BpeMeHu (METO/ IECATUKPAT-
HBIX pa3BelleHHiT) NCIIOIb30BaJM 1J1s BhIsABNIeHU B npenaparax PHK nnruduro-
POB peaKLyy, B KaueCTBE KOTOPhIX MOT'YT BBICTYIIAaTh Pa3IMYHbIE [TOJUCaXapubl,
metaiuisl 1 PHKa3b1

PesysabTarsl Hccaeq0BaHuS U 00CYKIeHTE

Hamu onenens! Tpu Metona skerpakuun PHK, nepsblif ocHOBaH Ha crioco0-
HOoCcTH SDS M Xjopuna auTrus HHruOupoBarh akTuBHOCTh PHKas3el, Bropoii — Ha
B3aumoneicteun HK ¢ nuokcumaom KpeMHuUs: B KOMMepUecKrX KojoHKax (Qiagen,
Iepmanus), Tpetnit — ¢ npuMeHneHueM peareHta TRIzol™ (Invitrogen, CIIIA),
B KOTOPOM CHJIbHBIN OKHCIHUTEIbh TYaHUJUTHOIMOHAT COBMECTHO C (JEHOJIOM B
coctaBe Oy(epa BBICTYINAIOT KaK JIM3UPYOMUi areHT u uaruountop PHKa3. Us-
BECTHO, YTO (DEHON JOMOTHUTEIHHO HHTHOUPYET HyKJIea3bl U YIPOIIAeT ACMpo-
TEHMHU3AIMIO0 HYKJICMHOBEIX KHCIIOT, HO BMecTe ¢ TeM co3naet ¢ HK ycroitunBeie
(heHON-XUHOHOBBIE KOMILIEKCHI, KOTOPBIC BBINAJAIOT B 0CAJ0K Ha 3Tare 0cax/e-
uus PHK [32, 33] 1 TeM caMbIM CHIDKAIOT €€ OOIIHIl BBIXOI.

AHanu3upyemble HaMH METOJIbI, IPEXK/IEe BCETr0, OTINYAIOTCS MPOJOTKUTENb-
HocThI0 3kcTpaknnu PHK n npumensiembimu peareatamu. Hanpumep, B mepBoM
METOJI€ U3-3a TIOBTOPEHHUS TAIIOB OTMBIBAHUS 00pasIia OT CoNel XJIOpuaa JIUTUS
STAHOJIOM ¥ M30TPOIIAHOJIOM 3HAYUTENHHO YBEIMYNBACTCS IPOIOIDKUTEIHHOCTD
SKCTPAKLUU; IS yAaJIeHHs OSJIKOB HCIIONb3yeTcsl (heHOTI-XJI0pOPOpPMHAs CMECH.
Bo Bropom metone as sxctpaknuu PHK ncnons3obanu komonku (QIAshredder
spin, RNeasy Mini spin, Qiagen, ['epmanus). JlaHHBII METON SABJISIETCA CaMbIM
MaJI03aTPaTHBIM 110 BPEMEHHU U UCKITIOYAET CAMOCTOSATENFHOE IPUTOTOBICHHE pe-
AKTUBOB, YTO CHM)KAeT PUCK 3arpsi3HEHUS MaTepuaia puOOHyKIea3aMu.

Tperuii meron skcrpakimu PHK ¢ pearentrom TRIzol™ ocHoBEIBacTcs Ha
npuMeHeHnH (eHoNa, cpelrd KOMIIOHEHTOB Oydepa mpUCYTCTBYIOT Takxke rya-
HUIWHTAOIMOHAT U AMMOHHMUTHOIIMOHAT, KOTOPHIE SBISIOTCS CHUIBHBIME OKHC-
JTUTENSIMU 1 UHTHOUPYIOT BHYTPUKIIETOUHbIe U BHeKieTounble PHKa3p1. JlanHas
METOIMKA XapaKTePU3YyeTCs CPEIHEH IPOIOIDKUTENFHOCTHIO SKCTPAKIIHH.

Pacnipoctpanénnsie kputepun kadectBa PHK 3akimodarorcst B olieHKe HyKIIe-
HWHOBBIX KHCJIOT METOIOM dJIeKTpodopesa B arapo3HoM reine. O BEICOKOM Kade-
CTBE Iperapara CBUACTEIbCTBYET MPUCYTCTBHE TPEX BBIPAXKEHHBIX Moioc. J[is
sykapuotndeckoir PHK BepxHss mosoca mpezacrapiser coboi 6obInyr0 puodo-
comanbhayto PHK 28S/25S (pPHK) anuHoi okoio 4,8 T.ILH.; cpedHsis mojoca
sisiercst 18S pPHK (oxorno 2,0 T.mH.) u Tpetbs monoca — 5,8S (154 u.) u 5S
(117 u.) PHK. Tpancnoptasie PHK (73—93 H.) MOT'YT Bu3yanbHO U HE OOHAPYKH-
Barbesl. Hamiaue B reyie HEUETKUX ITOJIOC MITH OTHOIIEHHE HHTCHCHBHOCTH TI0JIOC
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28S:18S mensbmre 2:1 yka3pBalOT Ha HU3KOE KAa4€CTBO BBIJEICHHOTO Mpemnapara
PHK [34].

OTCcyTCTBHE BU3YaJIBHOTO TpeoOiaaHus MoJIOChl prdocoManbHon 25S/28S
PHK nang 18S mns mpenaparos PHK, skcTparupoBaHHBIX HEpBBIM METOAOM
(Manickavelu et al.), a Takxke Js 0OJHOH U3 MPOO, MTOIYIESHHON C IIOMOIIIBIO KO-
noHok RNeasy, cBuaerenscTBytoT 0 Hu3koM kadectse PHK (puc. 1). B To xe
BpeMsI IIEPBEII METO]I MTOCTIE IPOBEACHUS MEKTPodhope3a MO3BOIMI OOHAPYKUTD
Ha rejie OTACIbHBIEC MONIOCH], KOTOPhIE MO CBOEMY pa3Mepy MPEIIOoN0OKHUTENEHO
cootBercTBYIOT TPHK, 4TO, BO3MOXXHO, CBHIETENBCTBYET O MIAMAIIEM BO3JEH-
CTBMU peakTHBOB Ha npenapar PHK umu o nposenennu 6onee MonHON SKCTpak-
uuu. K HegocraTkaM nepBoro Meroaa oTHocuTcs Bbicokoe 3arpssHenue PHK re-
HoMmHoi JIHK, koropas Bnocnenctsuu paspymanacsk Ha 3tane JJHKasuposanus.
Omupasics Ha cooTHOIIeHHE 28S:18S, MOXKXHO MPEATIONOKHATD, YTO TPETHH METOT
croco0OCcTBOBAJ HKCTparupoBanuto Hanbosnee kauectBeHHoit PHK. O6 sTtom cBu-
JIETEIBCTBYET M YETKOE pasTrpaHWueHHe Ha arapo3HoMm rene tpex tunos pPHK
(28S,18S u 5S), uTo XapaKTepHO TAKXKE U JJIs IIperapara, MoJy4eHHOTo HabopoM
RNeasy® Plant Mini Kit.

DNA —

s, — (R —
185 rRNA —> . " .
1 1 8 C we

e
1

R
o <
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Puc. 1. Dnexrpodopes HyKIENHOBBIX KHCIIOT B 1,5% arapo3HoMm rene:

1 — PHK, sxcrparupoBanHas coriacHo Metogxy Manickavelu et al.; 2 — PHK,
9KCTparupoBaHHas ¢ ucronb3oBanueM RNeasy® Plant Mini Kit
(axcrpaknuonnstii Oypep RLT wim RLC); 3 — PHK, skcrparupoBannas pearentrom TRIzol™
[Fig. 1. Nucleic acid electrophoresis in 1.5 % agarose gel: 1 - RNA extracted
by Manickavelu et al. method; 2 - RNA extracted by RNeasy® Plant Mini Kit
(extraction buffer RLT or RLC); 3 - RNA extracted by TRIzol™ reagent]
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JlomomHUTENBHBIHN (haKTOP, BIUAIONIMIA Ha eocTHOoCcTh PHK, — Hanmmane koH-
TaMuHaluK obpasua pudonykineasamu. PHKa3bl aktuBupyrorcs npu paspyuie-
HUH KJIETOK, UX HHTHONPOBaHNE BO3MOKHO HU3KIMH OTPHLATEIEHBIMH TEMIIEpa-
Typamu [22]. Jlns oGHapyskeHus IpuMeceil OeKoB U MOoNUcaxapuioB B 0Opasie
PHK ucmons3yioT crekTpooToOMETpHUECKUE XapaKTEPUCTHKHA — IOTVIOMICHIE
pactBopa PHK mpu 230, 260 u 280 um [35, 36].

Komnuectso PHK u crenenp e€ 3arpssHeHus (Tabn. 1) olmeHUBAIN C TIOMO-
mibto criekrpodoromerpa Implen 300 (I'epmanus). B kadecTBe KOHTPOJIS HCIIONb-
3oBanu ouynineHnyio or PHKa3 Bomy.

Tabauna 1 [Table 1]

Konuentpauuu npenaparoB PHK u onenka kayecrBa
[Concentration and quality of RNA]

CrnektpodoTomMeTpu-
KonuenTpanus YECKHUE I10Ka3aTe/In OO6uIHi BBIXO
Mertons! PHK, Hr/MKn kayectBa PHK PHK, Mkr
[Methods] [Concentration of [Spectrophotometric qual- | [The total yield
RNA, ng / ul] ity indicators of RNA] of RNA, mcg]
A260/280 A260/230
Manickavelu et al 2076 1,970 2,307 41,52
) 2332 1,950 2,327 46,66
RNeasy® Plant | RLT 1 980 2.089 1,725 49.50
Mini Kit RLC 750 2,083 2,404 18,75
1344 1,931 1,626 80,64
1720 1,955 1,614 103,20
™ L} L)
TRIzol 1482 1.966 1.843 88.92
1436 1,935 1,693 86,16
* — Ouumiennas PHK nmeeT BeuuuHbI: Ao = 172,05 Ay = 2,0-2,2.
[* - Expected values for pure RNAis A, . = 1.7-2; A, . =2.0-2.2].
3Ha4ueHus COOTHOmMEHnH A, M A, OTPaKaroT COCTaB MOJyIEHHOIO 00-

pasua PHK. Coornowenune A, - CBUIETENCTBYET O CTENEHH 3arPA3HEHUSA IPO-
ObI OeslkamMm, COOTHOMIEHHE A, . — TIONMCaxapuaMu. benku u momucaxapuipl,
ces3biBasick ¢ PHK, ocaxxnatot e€, ymensmas o6muii Beixogq PHK u unrubupys
MPOXOXKICHUE ToMepa3Hoit niemHoit peaknuu (IT1P) [32, 33]. Anaim3 coor-
HOIIEHUH A, o M A, . TOKA3bIBAECT, YTO MEHBIIE BCETO OENIKOB M MOJMCAXa-
punoB coaeprxar npenaparsl PHK, akcTparupyemMslie nepBsIM METOOM; BBICOKAs
CTEINEHb 3arps3HEHUs OeNKaMU U MOoNHCaxapuAaMH XapakTepHa A 00pa3loB
PHK, skctparnpoBaHHBIX TPETHUM METOAOM. B CBSI3M C 3TUM MOXHO OTMETHUTH
MPEUMYIIECTBO MEPBOrO METOAA — OTCYTCTBUE HEMOCPEJCTBEHHOTO KOHTAaKTa
(eHoNma ¢ pacTUTEIHHBIM MaTEPHAIIOM, YTO TIO3BOJISIET MOBBICUTH Ka9€CTBEHHBIN
BBIXOJ IpoAykTa. KonndecTBeHHas! OIleHKA IOKa3aua, YTO HauOONBbIINI BBIXOA
PHK monyuen npu ucnosib3oBanuu pearenta TRIzol™,

Crenyromuii cioco6 orenku kauectsa PHK — nposenenne kommuecTBeHHOM
[P ¢ k/IHK B paznuuHbIX KpaTHOCTSAX pazbarieHus [38]. CreneHb HHTHOUPO-
BaHu I11[P nokazana Ha rpadukax (puc. 2), 3Ha4€HHsI HIOPOTOBIX LIUKJIOB MPE-
CTaBJICHHI B Ta0I. 2.
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Puc. 2. Kpusas ¢uyopecuenimn: 4 — merox Manickavelu et al.; B — RNeasy® Plant
Mini Kit (RLT); C — pearent TRIzol™; u€pHoii tuHne o603HaueHa LenbHas
KOHLICHTpaLus; MyHKTUpHOHU — pa3Besnenue B 10 pa3; cepoii — pazsenenue B 100 pa3
[Fig. 2. Fluorescence curve: A - method of Manickavelu et al.; B - RNeasy®
Plant Mini Kit (RLT); C - TRIzol™ reagent; the black line indicates the native
concentration; dashed line is 10-fold dilution; gray line is 100-fold dilution]
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Touka mogséMa KprBOH (DITyOPECIICHIINH OT OCH X SBJISICTCS HAYaJIOM CTa X JKC-
MOHEHIUAIBHOTO POCTa, TAHHOE 3HAYEHHE Ha OCH aOCIICC HA3BIBAIOT MOPOTOBBIM
mukiioM (Cq); och OpIUHAT OTOOpaKaeT YPOBEHB (DIIyOPECIICHIINH, TIPEBBIIIAIOINI
(hOHOBYIO ISl TAaHHOTO TPHOOpa U OTOOPAKAIOLMK HAKOIUIEHHE JIBYXIENOYEUHBIX
crpyktyp (N). HagansHoe komagectso marpuiib (N ) COOTBETCTBOBAJIO LIENBHOM KOH-
LEHTPALIMH, JUIs KOTOPoi onpezienenbl Cq, 3Ha4eHus moporosoro mukia st K HK u
npu paszbasnerun B 10 (Cq,) n 100 (Cq,) pa3 npencTasieHb! Hibke (CM. Ta0iL. 2).

N =N, x2% M

Henenne N Ha 10 COOTBETCTBYET Pa3sBEIECHHUIO KOHIIEHTPALIMH, CIIEI0BATEb-
Ho, N, HeoOXxonuMO yMHOKHUTH Ha 10 niv Ha 2 B crenenu 3,3:

N=2opcaa, )
10
OCHOBBIBasICh Ha TEOPETHIECKUX pacuéTax, pa3BeeHNE HaYaIbHON KOHIICH-
tparuu Matpulls! k/IHK B 10 pa3 npuBoguT K CMEILIEHUIO TOPOrOBOTO IUKJIA B
HOpMe Ha 3,3. Hamm sMmupuyeckue gaHHbIe (pasHuma (A) MEXIy TOPOTOBBIMH
LUKJIaMH) TPOAEMOHCTPUPOBAHBI B Ta0M. 2.

Ta6uuma 2 [Table 2]
Biusinue KpaTHOCTH pa3BeJieHUs] HA BeJIMYUHY ITOPOroBOIo HUKJIA aMIIM(UKALMT
[The effect of multiple dilutions on quantitative cycle value]

Pasnuna (A) Mexay
M HOPOTOBBIMH LIUKIAMU
€TOIbI The difference (A) between
C C C [The A
[Methods] 4 % % quantification cycles]
Aqu-CqZ ACq2-Cq3
Ma“;f‘;fvelu 18,200,05| 22,6140,1 |26,43+0,08 4,32 382
RNeasy® Plant| g 43,0 09(23,2140,03|27,06£0,07 3,78 3,85
Mini Kit
Trizol™ 18,184+0,02(22.58+0,05[26,3440,11 4.4 3,76

Ipumeuanue. TToporoBpI WIN KOJTMYCCTBEHHBIM UK oO0o03Hayaercs Cq wiu Ct. MHmekch
yKa3bIBaloT Ha creneHb pasBenenus kJJHK: (1) — 6e3 passenenus, (2) — 10-xparnoe, (3) —
100-kpatHOE.

[Note. Threshold or quantification cycle is denoted by Cq or Ct. Indexes indicate the degree of cDNA dilu-
tion: (1) - without dilution, (2) - 10-fold, (3) - 100-fold].

OTKIIOHEHHE B pa3IMuMK MEXy TOPOTOBBIMHU LIUKJIAMH OT 3HaYeHHd 3,3 CBU-
JIETETBCTBYET 0 HapyleHuu npoxoxaeHus 1P u, cienoBarensHO, NpUCYTCTBUU
JIOTIONTHUTENBHBIX COEIMHEHUH, BIMSIOIINX HA IPOTEKaHUE peakuuu. Yem Bbile
rxonneHTpanus kJJHK, ncnone3yemas B [1L[P, Tem Gonbiie HHrHOMTOPA TPUCYT-
CTBYET B PEAKIIMOHHON CMECH, TOATOMY IPH MOCIEAYIOIUX Pa3BEACHUAX MM0/1a-
BJIEHHE IIOJIMMEPa3HOM LIETTHOM peaKkuy CHIKAI0Ch.

Paznuuus mexay nmoporoBsIMu IUkiIamu 11 npenapara PHK, nonydyenHoro
komMepaeckuM Habopom RNeasy® Plant Mini Kit, B MeHbIIIeH CTEIEHN OTKIOHS-
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nuck oT 3HadeHus 3,3 npu passenennu kJ{HK, ciemoBarensHO, sSkcTparupyemas
PHK umena Mmensie npumMeceil B pactsope. O6pasiibl, MOTy4eHHBIE IBYMS Ipy-
THMH METOZAMH, XapaKTCPH30BAIINCh 3HAYHTCIBHEIM OTKIOHCHHEM OT A, .\ ),
YTO CBUAETEILCTBYET O IPUCYTCTBUH B 00pa3liaX OCTATKOB pEarcHToB — (peHoma
HAIU COJIEH.

Takum oOpa3zomM, Metoq Manickavelu et al. mo3BonseT momyduTh Mpenapar
PHK w3 pactenuii xaprodens ¢ caMoil BRICOKOW CTETICHBIO YUCTOTHI (ITO COOT-
HOIIEHUAM A, o U A . . ), HO OTHOCUTEILHO HU3KUM KOJIMYECTBEHHBIM BbI-
xonoM (B cpexreM 220 MKr u3 1 T pacTuTenbHOM TKaHN). [IpuMeHeHue pearenTa
TRIzol™ cnocobcTBOBaIO SKCTpakuuu 6onbiroro konndectsa PHK (B cpenHem,
450 Mkr u3 | T pacTUTENPHON TKaHH ), OTHAKO 3HAYUTEIHFHO YCTYTAJO 1O CTETICHA
OYMCTKH JPYyTrUMU MeTofaMu. KauecTBO M KONMYECTBO HYKJIEHMHOBOM KHCIOTHI,
JKCTparupyemMoir kommepueckuM Habopom RNeasy® Plant Mini Kit, onpenens-
nock ucnonb3yeMbiM Oypepom (RLT nnu RLC), cpeannit Berxon PHK u3 1 r pac-
TUTENbHON TKaHU cocTaBisil 340 MKL.

3akr0uenune

[IpoBeneno cpaBHenue >dpdexTuBHOCTH dKcTpakuuu PHK u3 mucteeB kap-
To(ernss TpeMsi MeTOaMH, OCHOBBIBAsICH Ha KaUe€CTBEHHBIX M KOJIMYECTBEHHBIX
XapaKTepUCTHKaX MmoiaydeHHoro npenapara HK. Metonsl, Tpedytomue caMocTo-
SITEJILHOTO MPUTOTOBJIEHUS PEAKTUBOB, OTIIMYAJIUCH BPEMA3aTPAaTHOCTBIO U 3HA-
YUTEJIHHBIM PUCKOM KOHTAMHUHAIUH, HO SBJISUIMCH SKOHOMUYECKH (P PEKTHBHBI-
Mmu. [TokazaHo, 4T0 MpUMEHEHHE METO/Ia C UCIIONIb30BaHueM peareHta TRIzol™
HY>KJaeTcs B IOMOJIHUTENbHBIX ciocobax ounctku PHK ot npumeceii, koTopbie
U3MEHSIOT COOTHOIEHu A, . U A, . juisa npenapara PHK u nerarusHo Biu-
stoT Ha nporekanue I[P PB. Mcnons3oBaHue KONOHOK KOMMEPUYECKOro Habo-
pa RNeasy® Plant Mini Kit 3HaunTenpHO cokpaimaeT BpeMs skcTpakunu PHK u
croco0cTByeT Hanbojee ONTUMAIFHOMY MPOTEKAHUIO PeaKIUK aMIUTH(UKaIuH,
OJTHAKO HE TOAXOAMT JJisl dKCTpakiuu kopoTtkopazmepubix MPHK. IIpousBonu-
Tenb Qiagen mpemycMoTpen oTAenbHble HaOopsl s akcTpakiuun PHK mimHoi
Menee 200 HykieoTuaoB, HapuMep MiRNeasy Mini Kit. Meroj, onmucaHHBII
Manickavelu et al., ¢ MmogudukanusiMu, HECMOTpPSI HA €r0 MPOAOIKUTEIHHOCTB,
MTO3BOJISICT CHU3UTH CTETIeHb 3arps3Henns npenapara PHK 6enkamu n nmonmcaxa-
puaamMu, a TaKxke BuzyanusupoBarh mansie PHK B arapos3nom rene, uto cBuje-
TEJIBCTBYET O MIA/SAIIEM BO3/IEHCTBUN peakTuBoB Ha mpemapar PHK, mo3Bomsto-
IeM COXpPaHHUThH IETOCTHOCTh MOJIEKYJI, UJH 00 OCYyIIECTBIEHUH Oosiee MONMHOM
sKkcTpaknui. OMHAKO UL JAHHOTO METoa TPeOyeTcsl JOMOIHUTENbHAS OYNCTKA
OT cocTapJstomUX Oydepa u / Wiu APYTHX peareHTOB, yUYaCTBYIOIIUX B DKCTPaK-
WU, YTOOBI HCKITIOUNTE MHrHOupoBanue [1L[P PB.
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Comparison of methods for RNA extraction
from potato plants for real-time PCR

Molecular methods allow solving both fundamental and applied problems of biology.
The use of these methods makes it possible to determine not only the systematic position
of the organism, but also to reveal the differential expression of certain groups of genes
in response to the action of regulatory factors. RNA extraction involves the following
main stages: cell lysis (destruction), deproteinization and RNA purification. The main
methods for their implementation were described in 1987, and in 2009 the minimum
requirements for publishing the results of real-time PCR (RT-PCR) - MIQE (Minimum
Information for publication of Quantitative real-time Experiments) were developed.
There are requirements for RNA samples and DNA— allowable presence of protein and
polysaccharide contaminants, concentration and integrity of the nucleic acid sample.

Nucleic acid extraction is a major step in molecular biology. Currently, a large number
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of protocols and guidelines for the extraction of RNA and DNA from different groups
of organisms are described. Among the methodological articles devoted to molecular
research in the field of plant physiology, interest is mainly focused on methods for the
extraction of total RNA using phenol in a buffer with a low pH value (for example, TRIzol
™ and Tri Reagent® reagents (Invitrogen, USA)), chloride lithium and / or sodium
chloride, as well as silicon dioxide (including columns for centrifugation from companies
such as Qiagen (Germany), Norgen Biotek (Canada) and Invitrogen (USA)).

The complexity due to extraction is directly determined by the general chemical
composition of the plant. There are no universal methodological recommendations
for each type of plant; therefore, researchers are forced to carry out comparative
analysis of extraction methods based on their own research objects and, if necessary,
carry out stage modifications aimed at improving the quality of the nucleic acid
preparations released, since their purity depends on the correctness and reliability
of the results of molecular studies and their practical applications. The high content
of polysaccharides in plants complicates the isolation and purification of total RNA.
Their excessive content in RNA disrupts the optimal real-time PCR and can lead to
an erroneous assessment of the level of expression of target genes. There is a need
to assess the quality of the obtained nucleic acid preparation for the test samples
due to the low repeatability of the experiments. Regarding potato plants, there is
currently no standard method for extracting nucleic acids. At the same time, potato,
being one of the important objects of study, is characterized by a high content of
polysaccharides, which complicates the extraction of high-quality RNA from potato
tissues. In this connection, for the first time, we compared the effectiveness of the
three methods of RNA extraction from the leaves of potato plants with the aim of
subsequent real-time PCR in accordance with the recommendations of MIQE. The
first method is based on the use of a surfactant - SDS and a monovalent metal salt
- lithium chloride to inhibit the activity of Rnase. This method was described by
Manickavelu et al. in 2007 and modified by a team of scientists from the Institute of
Plant Physiology of the Russian Academy of Sciences in 2020. The second is based
on the mechanism of binding nucleic acids with silica gel membrane in commercial
columns RNeasy® Plant Mini Kit (Qiagen, Germany) in the presence of chaotropic.
The third is based on using the TRIzol ™ reagent in which phenol with a strong
oxidizing agent - guanidine thiocyanate is included in the extraction buffer and act as
a lysing agent and an RNase inhibitor.

To assess the quality of total RNA, the following was used: (1) agarose gel
electrophoresis, which demonstrates the integrity of RNA; (2) measuring the concentration
of RNA and evaluating the ratios (A, ., and A, ..)) with a spectrophotometer, which
indicates the RNA yield and the degree of purification of the sample from proteins and
polysaccharides; and (3) real-time PCR using the ten-fold dilution method to detect the
presence of additional compounds in RNA samples that affect the functioning of the
enzymes and as a consequence, the efficiency of the reaction.

In the process of choosing the method of RNA extraction, it is important to take into
account not only the chemical composition of the reagents, but also the requirements for
the method, such as the quantitative yield of the obtained RNA, duration of extraction,
throughput, or quality of the final reaction product.

Methods requiring self-preparation of reagents, the first (Manickavelu et al.) and the
third methods (using the TRIzol ™ reagent), were time consuming and had a significant
risk of contamination, but were more cost effective. In addition, they were distinguished
by the need to use phenol, which forms stable complexes with nucleic acids as a result of
the oxidation reaction. These compounds can lead to darkening of the sample, reduce the
total quantitative yield of RNA and inhibit key enzymes for real-time PCR.
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During our research, we demonstrated that the use of the TRIzol™ reagent needs
additional steps for RNA purifying from impurities, which negatively affects the ratios
A noand A, for the RNA (See Tuble 1) and optimal real-time PCR (See Table 2 and
Fig. 2). The use of the commercial RNeasy® Plant Mini Kit spin-columns significantly
reduces the time of RNA extraction and contributes to the most optimal amplification
reaction (See Table 2 and Fig. 2), but is not suitable for the extraction of short-sized
mRNAs. The Manickavelu's method, despite its duration, allows to reduce the degree
of contamination of the RNA with proteins and polysaccharides (See Table 1), as well
as visualizes small RNAs in an agarose gel (See Fig. I), which indicates the sparing
effect of the reagents on the RNA and allows to preserve the integrity of the molecules
or a more complete extraction. However, this method requires additional purification
from the components of the buffer and/or other reagents involved in the extraction in
order to exclude inhibition of real-time PCR.

The paper contains 2 Figures, 2 Tables and 38 References.

Key words: Solanum tuberosum L.; RNA; phenol; electrophoresis;
nanospectrophotometer; Real-time PCR.
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P.X. I'mausaryaaun', 3.5. BakTbi6aena’

! Vpumcxuii Hnemumym 6uonocuu — 060cobnennoe cmpyknypHoe noopazoeieHue
Yepumcrozo ghedepanvrozo uccnedosamenvckozo yenmpa PAH, 2. Yepa, Poccus
2 Vpumeruii nayurno-ucciedogamensCKuil UHCIumym Meouyunsl
mpyoa u sKono2uy yenosexa, e. Yea, Poccusa

OcobennocTn Hakomennsi Cd u Ni simcrBennunnei CykaueBa
(Larix sukaczewii Dyl.) B ycj10BHSIX TEXHOTeHe3a

Pabora BeImONHEHA B paMKaX TOCYAapCTBEHHOTO 3aJaHusi MuHOOpHayKu
Poccrn Ne 075-00326-19-00 mo reme AAAA-A18-118022190102-3.
YacTb pe3yabTaToB MOMy4YeHa C NCTIOIb30BaHUEM 000PYIOBaHUS
PernonanbHOro IEHTpa KOJUIEKTUBHOTO MONB30BAHUS « ATHIEIBY.

H3yuenvl 0cobeHHOCMU HAKONAEHUS U PACNPEOeNeHUs MANHCENbIX MEMANlos
(Kaomus u HUKens) 8 HA03eMHbBIX U N003eMHbIX opanax aucmeennuyvl Cykauesa (Larix
sukaczewii Dyl.) 6 ycnosusax Cmepaumamaxckoz2o npomvliuienHozo yenmpa. [lpogedena
CPABHUMENbHASL OYEHKA OMHOCUMENbHO20 HCUSHEHHO20 COCMOSHUA CAHUMAPHO-
3AUUMHBIX TUCHIBEHHUYHBIX TECOHACANCOEHUI, PACNONIOHCEHHBIX 8 HENOCPEOCMEEHHOU
OU30CMU OM NPOMBIUIEHHOU 30HbL 20p00A U 8 30HE YCIOBHO20 KOHMPOas. Beiasieno,
umo nosviuleHue KOHYEHMpAayuu Memaiios 6 Noyee NpUooum K YEeiuyeHur
UX CcOoOepocanus 8 Xeoe, 6emeéAX U KOPHEeBOlU cucmeme oOepesves. B noodsemmoil
4acmu HUKelb 6 OCHOBHOM AKKYMYAUPYEMC NONOWAIOWUMYU KOPHAMU, KAOMUL —
NO2NOWAIWUMU U NOTYCKeNeMHbIMU. B Had3emHoil yacmu KoHyenmpayus Memanios 6
6emesx evlule, yem 6 xgoe. B mo gwce epems y 300posuvix depegbes coxpanena bapbepHas
@DYHKYUS KOPHEBOU Cucmemvl, NPensmcmeylowas u30blmouHoOMy NOCIMYNIEHUIO
NOINIOMAHMO8 8 HAO3EMHblEe OP2aHbl, Y 0CIADIeHHbIX depesbes bapbepHas YHKYUA
CcHudicena. H3yuenue KOpHEHACHIWEeHHOCTNU NOYBEHHO20 NOKPOBA NOKA3AIO, YMO 6 30He
YCI06HO20 KOHmMpOAA Ha enybune 0-20 cm macca no2nowarwux KopHeil oocmuzaem
78,5144,10 2/m°. B 30mne enusnuss Cmepiumamarkcko20 NPOMbIUILEHHO20 YEHmMpa C
NOBbIUUEHUEM YDPOBHSA MANCENLIX MEMANI08 8 SPYHME NPOUCXOOUM CHUNCEHUE O0aU
nozanowjarowux KopHeti: y 300posuix oepesves 6 2 pasa, y ociabnennvix — ¢ 2—3 pasa.
Ha 3azpsasnennom yuacmke HaOnOOAIOMCs 6HeUHUe NPUSHAKU YZHEMEHUs 0epesbes:
ymenvuenue cycmomul Kpoust Ha 20-25%, ysenuuenue konuuecmea mepmeauix gemeel
0o 25-30%, nopasicenue accumMuiAyuoHHO20 ANNAPAMA XA0PO3AMU U HEKPO3aAMU
0o 15%. Jlepesvs, omHocawueca k kamezopuu «ociabnennviey, cocmagiirom 55%
opegocmosi, a cyxocmoti docmueaem 10%.

Kirouesbie cjioBa: msagcenvle  Memannsl; CAHUMAPHO-3aUUMHbLE
JIECOHACANCOEHUS,  OMHOCUMENbHOE — JCUSHEHHOe — COCMOAHUe  Opesocmosi,
KopHeHacvluyjeHnocms — nousvl;,  CMepiumamakckutl  npoMblUIEeHHbI  YeHmp;
Ilpeoypanve.
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BBenenune

Cpenu 3arpsi3HUTENEH MTPOMBIIIJIEHHO Pa3BUTHIX TEPPUTOPUE 0coOyro omac-
HOCTB TIPENCTABIIOT TshKeIble MeTayutel (TM), Tak Kak B OTIIMYNE OT OpraHmde-
CKHUX BEIIECTB OHU HE MOJBEPraroTCs NpoleccaM pasioKeHHUs U JIETKO epeXOasT
W3 OHOM cpenbl B ipyTyio [1]. B cocraBe BeIOpocoB TM crmocOOHBI paccenBaTh-
Csl Ha JECSITKH KUJIOMETPOB M 3aT€M OCelaTbh, 3arps3Hss MOYBEHHBIA MOKPOB.
JanpHelmas MUrpanys W IepepacrpeelicHue IOUTIOTAaHTOB B KOMIOHEHTAX
HKOCHUCTEM 3aBHUCAT OT MHOTHX HPUPOIHBIX (HAaKTOPOB, & TAKXKE OT HHTCHCHBHO-
cTH TexHoreHe3a. C MOBHIIICHHEM KOHIICHTPAIHH TSDKEIBIC METAIIIBI CTAHOBSITCS
TOKCUYHBIMH I AKHUBBIX OPraHU3MOB [2, 3].

OnanM 13 3G (HEKTUBHBIX CITOCOOOB 03IOPOBICHHS OKPYKAIOIICH cpesbl 3a-
TPA3HEHHBIX TEPPUTOPUH SBIIAETCS CO3JaHNE CAHUTAPHO-3AIUTHBIX JIeCOHACAXK-
ICHUH, KOTOPBIE CIOCOOCTBYIOT OCAXICHHUIO a3POIOJUTIOTAHTOB, a TAKXKe TOTIIO0-
HICHUIO TOKCUKAHTOB W3 MOYBHI. OJHAKO BBIMOJHEHHE B TCUCHUE [UIUTECIHHOTO
BpeMeHH GYHKIUHU (PUTOPHIBTPA HETaTUBHO CKa3bIBACTCS HA JKU3HEHHOM COCTO-
SIHUU CaMHX JICPEBBEB, BCIICICTBHIE YETO MOTYT HAOIIOIATHCS TAKUE SIBICHUSI, KaK
3aMeIUIeHHE WX POCTa W Pa3BUTHS, NPEKIECBPEMEHHOE YaCTHYHOE YCHIXaHHE, a
Takke obuiee ocnabienue Bcero IpeBoctos [4—7]. PesynbraTsl uccieqoBaHuil mo
W3yYCHUIO MTOTIOTHTENFHON CIOCOOHOCTH Pa3HBIX BHIIOB IPEBECHBIX PACTECHUN U
UX peakIyuy Ha JericTBre TM MO3BOJISIOT BBISIBISTE IEPCICKTUBHBIE BUABI-OUTO-
pemenuaropsl [8—12], a TakKe MPOrHO3UPOBATH YCTOWIHMBOCTH JIECHBIX HACAXKIE-
HUH U IPOEKTUPOBATH JIECOXO3IUCTBEHHBIC MeponpusTus [13—16].

Ha Teppuropun Pecrnybnuku Bamkoproctan Bo BTopoit nooBuHe XX €TO-
neTus npu GOPMUPOBAHUH CAHUTAPHO-3AMIUTHBIX 30H BOKPYT TOPOOB IHPOKO
npuMeHsiack nuctBeHHuna Cykauesa (Larix sukaczewii Dyl.) [17, 18]. Ilomy-
JIIPHOCTH TAHHOTO MpencTaBuTens cemeiicTBa Pinaceae Lindl. cBsizana ¢ Takumu
XapaKTePUCTHKAMH, KaK OBICTPBIN POCT M MOPO30YCTOHYNBOCTE. B TO ske Bpemst
aJIanTallMOHHBIC BO3MOXKHOCTH BH/Ia K MOBBIIMICHHOMY cozepxkanuio TM B okpy-
JKaroIIel cpeie OCTAITCs MaJOU3y4eHHbIMU. HeoCcTaTOuHO CBENEHUI U 1O aK-
KyMYJISIIIMU METAJUIOB B PA3JIMYHBIX OpraHax JucTBeHHUIB CyKkadyeBa.

Lens nanHOTO MCCIEIOBAHMS — BBIIBUTE OCOOCHHOCTH HAKOIUICHHSI M pactipe-
nenenus Tsokenbix MetaioB (Cd u Ni) nuctBennunerd CykaueBa U OLIEHUTH OT-
HOCHTENFHOE )KU3HECHHOE COCTOSIHUE IPEBOCTOS B YCIOBUAX CTEpIUTaMaKCKOTO
MPOMBIIIUICHHOTO IIEHTPA.

MaTepnaJn,l U METOAHUKH HCCTICT0BAHUSA

Paiion uccnenoBanus pacnoioxeH Ha cTbike [IpendeabcKoro JecoCTemHOTo U
[penypanbckoro cremuoro paiioHa. CpeqHsis rooBast TeMIeparypa Bo3mayxa co-
crasisieT 3,2 °C, cpenHee rogoBoe KonuyecTBo ocaakoB —498,9 mm. [Ipeumye-
CTBEHHOE HallpaBlIeHHE BeTpa — IokHOe (35%). [louBooOpasyronmmMu nopogamMu
CIIy’KaT JIeIOBHANIbHBIC U aJUTIOBUAIBHO-IENIOBHANIbHBIE OTIIOKEHHs. B mouBeH-
HOM TIOKPOBE MPe00IaIaloT YepHO3EMbI TUITHYHBIE W BhIIEnoueHHbIe [19, 20].
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T'opon Crepmmramak (53°38'00"N, 55°57'00"E) xapakrepu3yercss OTHOCHTEIEHO
BBICOKO!M TEXHOI'€HHOW HArpy3KOl, CBOMCTBEHHOW TEPPUTOPHUAM C Pa3BUTOM XUMU-
geckol M HedrenepepabarpBaromell IPOMBIIUICHHOCTRIO. KpymnHBIE Mpon3BO-
CTBEHHbIE OOBEKTHI COCPENOTOUEHBI B ceBepHOIl uacTu ropoaa. Ha cerommsixuit
JIeHb 3arpsi3HEHNE aTMOC(EPHOTO BO3MyXa M IOYBEHHOTO ITOKpoBa B CrepiiTaMake,
B IIEPBYIO OYEPEb, CBSI3aHO C PabOTOH TakuX MpEeANpUsITHi, Kak «bamkupckas co-
JoBas koMmaHus», «CuaTe3-Kaydayk», «CrepnuraMakckuii HeTeXMMUUeCKHi 3a-
BOM», «XaitnensoeprliemenTPyc». Kpome Toro, Bkiaz B 3arpsi3sHEHHE KOMIOHEHTOB
OKpYXKaloIel cpeabl BHOCAT TPEATPIATHS MaIlIMHOCTPOCHUS, ACKTPOIHEPTETHKU
U aBTOTpaHcnopra. 3a nocnexHue 20 et odumii 00beM BaJIOBBIX BHIOPOCOB IO IO-
pony BappHpOBaJ B nipenenax 54—119 Teic. ToH B rox. [1pu 3ToM Hanboee BEICOKHE
nokazarenu (6osnee 100 Toic. T B ron) npuxoxunuck Ha 2000 . 1 nepuog ¢ 2006 mo
2011 . Hayuuas ¢ 2012 . HaO/Ironaercs MmoCTENEHHOE CHIDKEHE 00beEMa BaJIOBBIX
BEIOpOCOB. HecMOTps Ha 3T0, INIOTHOCTB BBIOPOCOB 3arps3HSIIOIINX BELIECTB OT CTa-
IIOHAPHBIX W TIEPESIBIKHBIX MCTOYHIKOB Ha TeppuTOprK CTepiuTamMaka OCTaeTCs
caMoii BBICOKOI cpeu roposioB peciyonuku u B 2018 1. cocraBuna 5,63 T B pacuere
Ha 1 ra. KomrgecTBo TBEpABIX 3arps3HSIONINX BEIIECCTB, BHIOPOIICHHBIX B arMocde-
pY, coctaBmio 1,88 Teic. 1/rox [21]. Crnenuduka Npou3BOACTBEHHBIX IPOLIECCOB
00yCIIOBIIMBAET BEICOKOE CONIEpKaHKe B BBIOpocax okcuaa Kanbius (1o 0,56 ThIC.
T/rox) u Heopranuueckoil nout (1o 0,50 ThIc. T/Tox). Ilepuoauuecku perucTpu-
PYIOTCSI TIPEBBIIIEHUS MPEAETbHO NOMYCTHMBIX KOHIEHTpamuil B 3—4 pasza 1o
OeH3(a)nupeny, Gpopmaabaeruay, STWIOCH30IIy, aMMHAKy, CEPOBOIOPOAY, KCUIIO-
J1aM, B3BEUICHHBIM BEIIECTBaM; B 2—3 pa3a — 10 XJIOPHUIY BOIOPOA, OKCHITY yIIIe-
poza, OKCUJIy a30Ta, AMOKCUAY a30Ta, NTUOKCULY cepsl, ¢eHomy. Kak nszBectHo,
B pe3ynbsrare (DyHKIIMOHHPOBAHHS MPEANPHATHH HE)TEXMMUUIECKOH OTpaciu B
BO3yLIHBIH 6acceifH noctynaer 6onee 200 crenuduyeckux MoUIIOTaHTOB, Cpe-
I KOTOPBIX 0CO00 OMACHBIMH CUMTAIOTCS KaHIeporeHsl. K mX dmciry oTHOCAT-
Csl B TOM 4YHMCII€ KaAMHUUA U HUKeNb [22]. CorlacHO CaHUTapHO-TUTHEHUYECKOMY
MOHUTOPWHTY, MHOTOJICTHHE [TOKa3aTeIH KOHIIEHTPAIIUH HUKEIS B aTMOC(EPHOM
Bo3ayxe I. CTepauTaMak HaxoIATCS B Ipenenax HopMmbl. Kammuii He BXoAuT B
MIepeucHb ONpPEICIIEMBIX 3arpsi3HATENCH. B TOUBEHHOM IIOKPOBE HAa TEPPUTOPHH
ropona BajoBbie (HOPMBI HUKENS, KaJMUsl, CBUHIA, MEH U LIWHKA MPEBBIIIAIOT
(hoHOBBIC KOHIIEHTpauu B 1,2-2,5 paza [23].

CaHuTapHO-3aIUTHBIE MOJIOCH C yJacTHEM JHUCTBEHHHUIbI CykaueBa pacmo-
JIOKEHBI B CEBEPHOM W IOKHOW 4acTH ropona. IIpu co3maHWM JTUCTBEHHUYHBIX
KYJBTYP HCIIOJIB30BAaH OJHOPOAHBIM B FE€HETHUECKOM OTHOIIEHHH IOCAIOYHBIH
Matepuan u3 nuromanka. MccmemoBanus mposenenst B 2007-2018 rr. Ha aByx
MOCTOSAHHBIX MPoOHBIX miomazsx (II1IT). 3aknaaka u onrcaHue MPOOHBIX ILIO-
IaJieil BHITIOJIHEHBI IO OOMETPUHSITEIM MeToankaM [24, 25]. T 3anoxeHbl Ha
OJHOPOJHBIX 110 MOYBEHHO-3AA(UUECKUM YCIOBUSAM yYacTKaxX B OTHOBO3PACTHBIX
(okoio 55 ner) u yucThIX 1o cocTaBy ApeBocTosx. [T Ne 1 pasmepom 20x50 M —
B 1-2 KM OT HCTOYHHUKOB HE()TEXUMUUECKOTO U XMMUYECKOTO 3arps3HenHus Crep-
JIUTAaMaKCKOTO TIPOMBINUICHHOTO TIeHTpa (puc. 1). OOmias JyinHa caHUTapHO-3a-
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IUTHOTO JIACTBEHHNYHOTO JiecoHacaxaeHus — S00 m, mmpuaa — 30 M. TITIIT Ne 2
pazmepom 18x50 M — B 30HE yCIOBHOTO KOHTPOJS (25 KM OT MPOMBILIIEHHON
30HBI). O0mas JUIMHA JTAHHOTO CAHUTAPHO-3aIIUTHOTO JiecoHacaxaeHus — 800 M,
mupuHa — 30 M. YpOBEHb 3ajieraHusi TPYHTOBBIX BOJ] Ha MCCIIEYEMBIX ydacTKax
— BeIcOKMit (1,2 M) [19].

TepnuTamak
[Sterlitamak]

Puc. 1. MecromnonoxeHne MOCTOSTHHBIX MPOOHBIX IUTomaneil Ha Teppuropun I. CTepauramax.
YcnoBHBEIE 0003HAYEHUS: [ — MOCTOSIHHAS IIPOOHAsS IJIOIAAb B YCIOBUAIX
MIPOMBIIIUIEHHOTO [IEHTPa; 2 — IIOCTOSTHHAS IPOOHAs IUIOIMAAb B 30HE

/
YCIIOBHOT'O KOHTPOJIS; //J — IIPOMBIIUIEHHAS 30Ha
[Fig. 1. Location of permanent trial plots in the city of Sterlitamak.
Legend: 1 - Permanent trial plot in the industrial center; 2 - Permanent trial plot

p
in the area of conditional control; % - Industrial zone]

g onpeneneHus JecOTaKCallMOHHBIX ITapaMeTPOB JIMCTBEHHHUYHBIX HACAX-
JIeHu# TpuMeHeH MeTo] crutomHbix nepedetoB Ha [III1. B teuenne 12 jer B
JKCIIepuMeHTe 3aieicTBoBaIM 1Mo 110 MOIENbHBIX SK3EMIUISIPOB Ha YYacTOK.
VY KaXIo# JIMCTBEHHMIIBI M3MEPSUIA BEICOTY C ITOMOIIbI0 BEIcOTOMepa «Haglof
Electronic Clinometer» (IllBeuus), a Takke AuameTp CTBOJa Ha BbicoTe 1,3 M.
CpenHuii [uaMeTp SIEeMEHTa Jieca ONPEAeIUIN Yepe3 CPEAHIOI IUIOMalb Ce-
YeHHA: CyMMa IUJIOUIaJiell CeYeHUH MOIENBHBIX 3K3EMIUIAPOB TO/eJIeHa Ha UX
obmmee kommaectBo. CpenHsis BEICOTa IPEBOCTOSI YCTAHOBJICHA 10 TpaduKy BEI-
COT JAJISl CpeHero auameTpa. [ paguk BBICOT MOCTPOEH HA OCHOBAHUH 3aMEPOB Y
20 nepeBbeB. KpaTkast TakcalimoHHas XapaKTEPUCTUKA W3YYEHHBIX HACAKICHUN
IpeAcTaBicHa B Tadm. 1.

OTHOCHTENBFHOE KU3HEHHOE COCTOSHUE JEPEBBEB ONMPEACIILIIN IO METOIUKE
B.A. AnekceeBa [26], cortacHO KOTOpOM IpOBeAeHa BU3yaabHAs OIIEHKA TAKUX
IMAarHOCTHYIECKHUX MPU3HAKOB KaK T'yCTOTa KPOHHI (B % OT HOPMAaJbHOM I'yCTO-
ThI), HAJJMYUE HA CTBOJIE MEPTBBIX CYUbeB (B % OT 00IIEro KOIMYeCTBa CYy4YbeB Ha
CTBOJIC), CTETICHb OBPEXICHHUS XBOU TOKCHKAHTAMH, TAaTOTCHAMH W HACEKOMBI-
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MU (CpeIHsisl TUIoIIaas B % OT IUIOIIaAN XBOoH). Kareropus >KH3HEHHOTO COCTO-
SIHUS OTJIETIBHOTO A€peBa OIpeiesieHa o BCIIOMOoraTenbHoi Tadnuue (Tadm. 2).

Ta6mnuna 1 [Table 1]
Kparkas TakcanMOHHAsl XapaKTePUCTHKA HacaxaeHuil jucTBeHHunbl Cykadesa (Larix
sukaczewii Dyl.) B ycJI0BUSIX IPOMBILIJICHHOT0 LIEHTPA U B 30He YCJI0BHOTO KOHTPOJIS
[Brief taxation characteristics of Larix sukaczewii Dyl. plantations
in the industrial center and in the area of conditional control] (M+SD)

CocraB Kiacc Bo3pacra Huamerp, cm Bricota, Mm Knace
[Stand composition] [Age class] [Diameter, cm] [Height, m] Gorurrera
’ ’ [Quality class
B ycoBHsX IpOMBINIJIEHHOTO 1IEHTpa [In the industrial center]
10Ls | 111 [ 17,60+0,4 [ 20.90+0,6 | I
B 30He ycioBHOro KoHTpOIs [In the area of conditional control]
10Ls | 111 | 20,80+0,8 [ 23.10£1,0 | I

Ipumeuanue [Note]: Ls — Larix sukaczewii
Ta6numa 2 [Table 2]
BcenomoraresibHasi TadIMIa IS onpeie/ieHUsl KaTeropuii 1epeBbeB (Asekcees, 1990)
[Auxiliary table for determining categories of trees (Alekseev, 1990)]

Junarnocruyeckue npusHaku [Diagnostic features]
Kareropust nepesa Hanmune MepTBBIX Crenenp nospexk-
[Category] I'yetoTa KpoHbI cyuBen JICHUS JIUCTHEB
[Crown density], % Drv branches. % [Leaf damage
[Dry branches], % degreel, %
3mopoBoe [Healthy] 86—-100 0-15 0-10
Ocnabaennoe [Weakened] 5685 16-45 11-45
CunbHO ocnabieHHOE
[Strongly weakened] 21-55 46-70 46-65
Otmupatoiee [Dying] 1-20 71-99 71-100
Her nuctreB
Cyxoe [Dead] 0 100 [No leaves]

Iocne cyMMHpOBaHHSI KOJMYECTBA ACPEBHEB 10 KAaTErOpWsIM IPOBEICHA
OLICHKA OTHOCHUTEIBHOTO KU3HEHHOTO COCTOSHUSI BCETO HACAKICHUS IO CIICHY-
forneit popmysie:

~100-n,+70-n, +40-n, +5-n,

N N >
riae L, — OTHOCHTENBHOE KM3HEHHOE COCTOSHUE JIPEBOCTOS, PACCYMTAHHOE IO
YHCITy JIEPEBBEB; 1, — YUCIIO 30POBHIX IEPEBHEB HA MPOOHOM ILIOMIAMM; 7,, 1.,
n, — TO e [ 0CIalJIEHHBIX, CUILHO OCIA0IEHHBIX M OTMHPAIOIIUX JIEPEBBEB
cootBercTBeHHO; 100, 70, 40, 5 — K03 UIHCHTHI, BEIpaXKArONIUe (B IPOICHTAX )
JKH3HEHHOE COCTOSIHUE 3IOPOBBIX, OCIA0IICHHBIX, CHIIBHO OCIA0ICHHBIX U OTMU-
parommx JIepeBbeB; N — 00Iee YucIio JIepeBbeB Ha MPOOHON TUTOIAAH (BKITFOUAs
CYXOCTOH).

[Ipu mokazarene or 100 mo 80% npeBOCTOI OIEHUBAIICS KaK «3IOPOBEII,
79-50% — «ocnabieHHbIH», 49-20% — «CHIIBHO ociabiacHHBIN», 19% U HIbke —
«IIOJTHOCTBIO Pa3pyIICHHBIN.

L
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HccnenoBanre HACHIIEHHOCTH ITOYBHI HOMIOMIAIOIINMH KOPHSIMH IPOBE-
JeHOo MeTonoM MoHonuTa [27]. TpaHiien (IOYBEHHBIE pa3pe3bl) Ha MPOOHBIX
IUTOIAISAX 3AJI0KCHBI TIEPIICHANKYIIIPHO HAIIPABICHUIO POCTA TOPU3OHTAIBHBIX
KOpHeil. B cBsi3u ¢ TeM, 4TO PacCTOSHUE MEXIY PAJaMU JEPEBbEB COCTABIIIO
1,7 M, a Mexay nepeBbsiMu B psaay 2,0 M, TOYBEHHBIE pa3pe3bl PacOIOKEeHBI Ha
ynanernuu 0,7 M oT cTBosa. Bee mouBeHHbIE pa3pe3bl UMETH OJUHAKOBBIE pPa3Me-
pel — 1x1 M. I'myOuna Tpanmien — 1 M. B kaxao#t TpaHmiee 3aoxeno mo 10 mo-
YBEHHBIX MOHOJIUTOB pazmepoM 10%10%10 cm. Bribopka kopHE# mpu mOMOLIH
MMUHIIETA C MTOCIICAYIONICH OTMBIBKOM BOJIOU. JIpoOHOCTH (hpakimii: MeHee 1 MM B
JuaMetpe (Toromaoime Kopan), 1-3 MM (oyckeneTHble KOpHH), 6osee 3 MM
(ckenerHple KOpHU). Macca MOIIOMAIOMNX KOpHEH onpeencHa B BO3AYIITHO-CY-
XOM COCTOSIHUH Ha 3JIEKTPOHHBIX 1abopaTopHbIX Becax «BJITO-150» (Poccus).
KopHeHachIIeHHOCT TIOYBHI OTIpeZieicHa Ha €AWHUILY IDIOMAAN TOPH30HTAIIb-
HOU moBepXHOCTH (T/M?).

J7ns n3ydeHus comepKaHusl METalIOB €KETOTHO B TEUCHHE BET€TAIIHOHHOTO
Ce30Ha (MIOHB—ABI'YCT) IIPOBOIMIN MHOTOKPATHBII TOBTOPHBII 0TOOP IIpo0 XBOH,
BeTBel 1 kopHe#. [IpoOsl 0TOMpay mociie NATHIHEBHOTO CYXOro 0€3105KIeBOTO
nepuoaa. OOpa3Lel XBOM U BeTBeil codupanu U3 BepxXHEH, cperHel U HIDKHeH
9acTH KPOHEI IEPEBBEB CO CTOPOHBI HCTOYHNKA 3arpsi3HEHNS. J{amee U3 TOUeuHBIX
po0 OHOTO JiepeBa COCTABIANIACH YCpeIHEHHAs! Tpoda. OTMBIBKY XBOU U BETOK
He npoBomwH [28]. B 1abopaTopHBIX yCIOBHSX PacTUTENIBHBIE 00pa3Ibl BHICY-
HIMBAIX J0 BO3AYIIHO-CYXOrO COCTOSIHUS. B nanpHeifmeM mpoObl XBOU, BETOK U
KOpHEH TIIAaTEeIHbHO N3MENBFIAJI B araTOBBIX CTYITKAX M C IIOMOIIBIO MEILHHUIIEL.

Ha Tex sxe mpoOHBIX IIOIAAIX OXHOBPEMEHHO C PACTUTEIBHBIMU OTOHpaIN
MMOYBEHHBIE MTPOOHI ¢ TITyOuHBI 0—20 cM. BokpyT ofHOTO fiepeBa mpoObl 0TOMpai
B 5 MOBTOPHOCTSIX — B TOYKAaX, PABHOYNAIEHHBIX APYT OT APYra, HE3aBUCUMO OT
CTOpoH cBeTa. Jlamee oOpa3ubl 0ObEIUHSITN IyTeM KBAapTOBAHUS B OOHY yCpel-
HEHHY!0 Ipoly. B 1aGopaTopHBIX YCIOBHUSIX NMOYBEHHBIE 00OPAa3libl BBICYLIMBAIH
JI0 BO3IYLTHO-CYXOTO COCTOSHHS, IepeTupain B papdopoBoii cTymke u mpocen-
BaJIM uepe3 KalpoHOBOE CUTO C pa3MepoM sdeek 1 M.

[IpobomoaroToBKa MpoBeaeHa ¢ MUCIOIH30BAHHEM MOKPOTO O30JICHHSI B KOH-
uentpupoanHoii HNO,. TIpo6bl ananusuposanu Ha conepxanne Cd u Ni Ha
aTOMHO-a0copOImoHHOM criektpoMmerpe «ZEEnit-650» (Iepmanus) [29]. B mo-
YBEHHBIX 00pa3lax ONpeNeIsIi MACCOBbIE KOHLIEHTPALUU BalOBBIX U MOABHXK-
HBIX (OPM METAJUIOB, H3BIIEKaeMbIE alleTaTHO-aMMOHHUIWHBIM Oydhepom ¢ pH=4,8.
Bcero npoananusuposano 648 npo6 xsou, 648 npob Betseit, 600 mpob kopHEit u
360 po6 mouBkl. KpoMe TOT0, B TOUBEHHBIX 00pa3iiax ONnpenesuii Bemnanay pH
cosneBoit BRITSDKKH (KCl) moTeHImoMeTpuyeckumM MEeTO0M.

Craructudeckasi oOpaOOTKa JaHHBIX BBIIOJTHEHA C ITOMOIIBIO TMAKeTa IIPo-
rpammMsl Microsoft Office Excel. JlanHble npeacTaBneHsl B BUe cpeaHeil apud-
METHYECKol + craHaapTHoe oTkioHeHHe (M £ SD). OmeHka cTaTHCTHYECKOM
3HAUUMOCTH pa3Inuuii IpoBeieHa COMIAcHO #-kpuTepuio CrblofeHTa. Paznuaus
CUMTAIN CTATUCTUYECKH 3HAYUMBIMU TipH p < 0,05.
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Pe3ynbTaThl Hcciieq0BaHus U 00CYKIeHe

Hapymenune XxuMu4ueckoro paBHOBECHS B OKpYXKalollel cpelie, BEI3BAaHHOE
N30BITOYHBIM MTOCTYIUIEHIEM TOKCHYECKIX BEIIECTB, CO BPEMEHEM OTPaKaeTCs
Ha KU3HEHHOM COCTOSTHUH JPEBOCTOEB, MPUBOAS K X OCIA0JICHHUIO U OTMUpa-
Huto. OHAaKO Ha MEpBBIX 3Tanax MOTYT IPOSBIATHCS NPU3HAKU YCKOPEHHOTO
CTapeHHsl JUIIb OTAEIBHBIX CUCTEM OpPTraHHW3Ma WM OTAEIBHBIX YK3EMILISIPOB
JE€PEBBEB.

Ta6numa 3 [Table 3]
OTHocuTe/IbHOE ’KU3HEHHOE COCTOsIHME HacakaeHui tucTBeHHUNbI CykaueBa (Larix
sukaczewii Dyl.) B ycJIOBUSIX IPOMBILIJIEHHOT0 LIEHTPA M B 30He YCJI0BHOTO KOHTPOJIS
[Relative vital state of Larix Sukaczewii Dyl. in the industrial center
and in the area of conditional control]

KonunuectBo nepesbeB no kareropusim Ha [I1I1, mT. OXKC nacaxneHus
[Number of trees by category at the PTP, pcs.] [RVS of plantations]
TITIIT CunasHO
[PTP] | Bcero 31(;?60_ 6}?;{?}:16 GOeCHa_ . O;ﬁlﬂlia_ Cyxue L% Kareropus
Total JICHHBI D -
[Total] | 1 calihy]| [Weakened] | [Strongly | [Dying] | o< [Category]
weakened]
Ocua-
Ne 1 20 6 11 1 0 2 71,50 | Gnennoe
[Weakened]
3nopoBoe
Ne 2 20 15 4 0 0 1 86,20 [Healthy]
IIpumeuanue. T1II1 — nocrosinHas npoOHas miuouans; OXKC — oTHOCHTENBHOE KU3HEHHOE

COCTOsIHME; L — OTHOCUTENBHOE HKU3HEHHOE COCTOSIHUE IPEBOCTOSA, PACCYMTAHHOE MO YUCITY
nepeBbeB; Ne 1 — B yCIIOBHAX IPOMBILUIEHHOTO LIEHTpa; Ne 2 — B 30HE yCIOBHOI'O KOHTPOJISL.
[Note. PTP - Permanent Trial Plot; RVS - Relative Vital State; L - Relative vital state of the stand, calcu-
lated by the number of trees; 1 - In the industrial center; 2 - In the area of conditional control].

Wzyyenne OTHOCHTEIHHOTO JKU3HEHHOTO COCTOSHHSI HACaKICHHUH JIMCTBEH-
Hunbl CykaueBa mokasano, yro Ha IIIIIT Ne 1 pacrenus Gomee ocnmaOnieHs! MO
CPaBHEHUIO C KOHTPOJIBHBIM YYacTKOM. BHeIIHNE IPU3HAKH YTHETCHUS ICPCBHEB
BBIPAXAJUCh B YMEHBIIEHUH TYCTOTHI KpOHBI Ha 20—25%, yBeNTU4YeHUH KOJIHYe-
CcTBa MepTBbIX BeTBeil 0 25-30%, mopaX€HUM acCUMWIALIMOHHOTO ammapara
XJIOpO3aMH U HeKpo3amH (B cpenHeM Ha 15%). [Ipu aToM pacnpocTpaHeHue XJjio-
PO30B M HEKPO30B XBOH Yy JHCTBCHHUIE CyKaueBa B YCIOBHSIX BIUSHHS IIPO-
MBIIUIEHHOTO LIEHTPa MPOUCXOIUIO OJHOTHITHO — OT KOHYMKA K €€ OCHOBaHHUIO.
BrmmeniepeunciieHasie GpakTopbl CIIocoOCTBOBANN CHIKCHUIO YCTOHYMBOCTH 3a-
LIUTHBIX JIECHBIX HACAKACHUN B MPOMBIIIJICHHOHN 30HE. J[epeBbsi, OTHOCALIHECS
K KaTerOpPHU «OCITAa0JICHHBIEY, COCTABILLIA 55% IpeBOCTOs, CYXOCTON TOCTUTAI
10%, k kareropuu «310poBbie» oTHeceHbl 30%. COOTBETCTBEHHO, OTHOCUTEIb-
HOE JXKH3HEHHOE cocTosiHue Beero Hacaxaeaus Ha [1T1I1 Ne 1 xapakrepuzoBaiioch
Kak «ocnabnennoe» (L= 71,50%) (Tabmn. 3). B T0 e Bpems CHIKEHHUS Kiacca
OoHUTETa He HaOmomanoch (cM. Tadi. 1).
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Ha ynameHHOM OT IpOMBIIIJICHHBIX IPEANIPUATHI KOHTPOIHHOM y4JacTKe Je-
PEBbsI UMENH JTyullle ¢(hOPMUPOBAHHYIO KPOHY (CpenHsist rycToTa — 82%) U MEHb-
1iee KOJMYECTBO MEPTBBIX CyubeB Ha cTBOJIE (B cpenHeM 21%). IloBpexnenue
XBOH XJOpo3aMHU He npessimano 11%. Obmiee 4nciao 370pOBbIX JTHCTBEHHUI] HA
TIIIIT Ne 2 cocrapmsno 75%, ocnabnennsix — 20%, cyxux — 5%. Iokasarens L,
paBHbIi 86,20%, XapakTepr30Baj IPEBOCTON KaK «3I0POBHIil».

PesynpraTsl XUMHYECKOTO aHANN3a TIOYBEHHBIX 00PA3II0B BBISIBIUIN Pa3IHINs
MEXJY COAEpKaHHEM paccCMaTpUBACMbIX METAJUIOB B 30HE BIuUsHus CTepiu-
TaMaKCKOTO ITPOMBIIUIEHHOTO IICHTPa M B 30HE yCIOBHOTO KOHTpOJS (Tadm. 4).
Taxk, Ha IIIIIT Ne 1 xoHueHTparums BangoBoil popmbel Cd CTaTUCTHUECKH 3HAYMMO
(p <0,01) Bomre, uem Ha [T Ne 2, B 4 pasa, a comepkanue BaoBoi (opmbl Ni
CTaTHUCTUYECKHU 3HAUMMO BbIIIE B 5 pa3 (p < 0,05). O600111eHne MHOTOJIETHUX JaH-
HBIX TI0 COICPYKAHHUIO MTOJBIKHBIX (OMOJIOTMIECKH TOCTYITHBIX ) ()OPM aHAITU3UpYe-
MBIX METaJIJIOB MoKa3ajo, uto Ha [TTIIT Ne 1 cpexnss konnentpanus Cd cocraBiseT
0,58 Mr/kr, uto cratrcTHyecku 3Ha4uMO (p < 0,01) BbIIEe TIOKa3aTess KOHTPOJIb-
HOro y4acTka B 6 pa3. Cpennee conepxanune Ni Ha [1IIIT Ne 1, paBHoe 9,40 mr/kr,
cTatrucTUaeck 3HaunumMo (p < 0,05) Britre nmokaszarens [T Ne 2 B 3 pasa.

Ta6numa 4 [Table 4]
YcepenHeHHbIe KOHIEHTPAUMH BaJIOBBIX M MOABHKHBIX (DOPM MeTaJlJI0B
B I0YBEHHOM IOKPOBeE 0/ HACAKIEHUsIMH JIMcTBeHHHIbI CykayeBa
(Larix sukaczewii Dyl.)
[Averaged concentrations of gross and mobile forms of metals in the soil
cover under the stands of Larix sukaczewii Dyl.| (M = SD)

Banosas ¢opma, mr/kr INonBmxHas Gopma, MI/Kr
IIIIT .
[PTP] [Gross form, mg / kg] [Mobile form, mg / kg]

Cd Ni Cd Ni
Ne 1 5,04+0,32 108,07+7,40 0,58+0,04 9,40+0,59
Ne 2 1,224+0,07* 23,50+2,14%* 0,10+0,01* 3,61£0,31%*

Ipumeuanue. 111111 — mocTosiHHAs poOHas miIomanb; Ne 1 — B yCIOBUSIX HMPOMBIIIJIEHHOTO
1eHTpa; Ne 2 — B 30He yciI0BHOTo KoHTpous; * p < 0,01; ** p <0,05.

[Note. PTP - Permanent Trial Plot; Ne 1 - In the industrial center; Ne 2 - In the area of conditional control;
*p < 0.01; ** p < 0.05].

Kax m3BectHo, TM MpOHMKAIOT B TKaHU JIPEBECHBIX PACTCHHH B OCHOBHOM
yepe3 KOPHEBYIO CHUCTEMY IpH IPOIECCE IMOMIOUIEHUS, B MEHBIIEH CTENEHU
BBIpaXEHO (oJMapHOE MOCTYIUICHHE. MHTEHCHBHOCTh TpoIlecca MOTIIOMEHHS
TSDKEJIBIX METAIIOB M3 MOYBEHHOTO MTOKPOBA ONpeaessieTcs LelbiM paaoM ¢ax-
TOPOB — KaTHOHOOOMEHHOH CIOCOOHOCTBIO M TPAHYJIOMETPUICCKUM COCTABOM
MOYBBI, TEMIEPATYPON, YPOBHEM KOHLIEHTpAIMM MaKpO- MU MHKPO3JIEMEHTOB
B Ccpefle, MPUCYTCTBUEM PA3INYHBIX OPraHMYECKUX COeAUHEHHH U T.1. OgHaKo
[JIaBHBIM (DaKTOPOM, KOHTPOJIMPYIOLIUM MOTTIOUICHHE METaJIOB, BhIcTynaeT pH
mouBbl. OTMEYaeTCs, YTO MIETOYHAs Cpeia CHIYKAET MOABIKHOCTE TM, B TO Bpe-
Ms Kak Kuclasi, Hao00poT, nmoBbIiaeT. Hanpumep, kanmuii Hanbosnee moJBHKEH B
KHUCIBIX TTouBax B Auamazone 4,5-5,5 en. pH [30]. YcranoBneHo, 4To 3HAUYNTENb-
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HOE KOJIMYECTBO AIIEMEHTOB, B TOM 4Hcie U Ni, IMMOOIIN3YeTCs B IOUBEHHOM
MOKPOBE M3-3a ee 3amienadnBanus [ 16]. Ha teppuropuu r. Ctepiuramak, rae Tax-
K€ HaOII0HaeTCsl BRICOKOE COICpKaHMe B BHIOPOCAX OKCHIIA KANbIH, 3HAUCHIE
pH mOuBBI O] HACAKICHUAMHE JINCTBEHHHUITHI CyKaueBa BApLHUPOBAIIO B IIpeaeIax
6,55-6,90 en. B To e Bpems mOKa3aTenu 3arpsi3HEHHOTO M KOHTPOJIBFHOTO y9acT-
KOB MEKy cOOOW CTaTHCTHYCCKH 3HAYUMO HE Pa3invajnch.

[pu m3yyeHnn KOpHEHACHIIIEHHOCTH TIOYBEHHOTO ITOKPOBA BBIIBICHO, YTO LIS
30HBI YCJIOBHOI'O KOHTPOJISI XapaKTEPHO MOBEPXHOCTHOE PACIIPOCTPAHCHUE TIOTIO-
maromux Kopae# (puc. 2). CoracHo pe3yabraraM KOIMYeCTBEHHOTO yueTa, OCHOB-
Has ux Macca (55-60%) pacnionaranach B BepxHeM 30-CaHTUMETPOBOM CJIO€ TTOYBBI.
[pu 5TOM MakcHMaibHash Macca MOIIOIIAIONINX KopHeH JcTBeHHUIB! Cykavena
obHapyxuBanack Ha rryoune ot 10 10 20 cm — 78,5144,10 r/m?. Ha miybuse ot
0 mo 10 cM mokasarens KOpHEHACHIIIEHHOCTH cocTaBisut 61,33+3,09 r/m?. B 30He
BiusiHus CTEpIMTaMaKCKOrO MPOMBIIUICHHOTO IIEHTpa HAOMIONANach HECKOIBKO
WHAs KapTUHA — TIOMIOMIAIONMX KopHer B ciosix ouBsl 0—-10 u 10-20 cM comepika-
70Ch B 2-3 pa3a MeHble. Tak, y 370pOBBIX JEPEBLEB B BEPXHEM CJIOC TIOYBEHHOTO
MOKPOBa KOPHEHACKIIIEHHOCTh cocTapisuia 26,42+1,52 r/m?, Ha mrybude 10-20 cm —
49,34+2,50 r/m?%, a Ha mry6une 20-30 cm — 58,30+3,21 r/m?. Y ocabieHHBIX Aepe-
BbeB Ha [II1I1 Ne 1 Habmromanach Takas ke 3aKOHOMEPHOCTh, OTHAKO TIOKa3aTel
KOPHEHACHIIICHHOCTH OKAa3aJIUCh HIDKE, YeM y 3MOPOBBIX JINCTBEHHUI. MHUHU-
MaJIbHBIMA 3HAYE€HUSMH HACHIIICHHOCTH TOYBHI TTOTIOMIAIOMINMH KOPHSIMH Xa-
paxtepuzoBaiuck 6onee riyookue ciou (ot 50 1o 100 cM) kKak B 30HE YCIOBHOTO
KOHTPOJIA, TaK Ha 3arpsS3HCHHOM YYacTKe.

XapakTep pacrnpoCTpaHEHUsI KOPHEH B MOYBE B ONPEICICHHOW CTEICHH 3a-
BHCHT OT ITOYBEHHOTO MIPOQIIIL, B TOM YHCIIC YPOBHS 3aJI€TaHUs TPYHTOBBIX BOJI.
Tak kak ycnoBus nmpouspactanus Ha u3yueHHbIX [T uneHTHYHbBIC U pazanyne
3aKJII0YaNIOCh JIMIIb B YPOBHE TEXHOTCHHOTO 3arps3HEHHS, MOXKHO IPEIIONo-
KHTh, YTO CHIDKCHUE HACHIIICHHOCTH MOYBHI MOTIONIAIONIMMHU KOPHIMHU B 30HE
BiustHUST CTEPIUTaMaKCKOTO TPOMBIIIJICHHOTO [IEHTPa CBSI3aHO C HOBBIIICHAEM
koHnentpaun TM B rpynTe. J[nuTenbHoe BO3IEHCTBHE MOLTIOTAHTOB B BBICO-
KHUX KOHIIGHTPAIUAX IPUBEIIO K CYIIECTBEHHOM NepecTpoifke BCACHIBAIOLIETO all-
napara KOpHeBol cucteMbl ucTBeHHUIB CykayeBa. Kak ormedaror 1.V. Seregin
and A.D. Kozhevnikova [31], B cBs3u ¢ TeM, uro TM MOCTynarmT B pacTCHUS
B OCHOBHOM Yepe3 MO3EMHBIC OPTaHbl, TOKCHYECKOE JCHCTBUE dTHX 3arps3HU-
TEINeH YeTKO MPOCIICKUBACTCS TI0 MHTHOUPOBAHUIO POCTA M Pa3BUTHSI KOPHEBOM
cuctembl. [Ipu mpoBeieHNH UCCIICIOBAHUI ¢ HEPOAOKUTEIBHBIM BO3/ICHCTBH-
€M BBICOKMX KOHIIEHTpAIMi KaaMUs Ha KIOHAJIBHBIE IPOPOCTKHU JIMCTBEHHUIIBI
MOABJIECHUS pOCTa KOpHs He Habmonanocs [10].

OnHako aHAIOTHYHBIE OMBITHI, HO ¢ OOJee JIUTEIFHBIM BPEMEHEM BO3IEH-
CTBHS KaJMUs MIPUBEIU K CHIDKCHUIO MACChl KaK TOI3EMHBIX, TaK U HaJ[3EMHBIX
OpraHoB MTUCTBEHHUIHI [ 11].

Pacnipenenenue kaamus o GpakiussM KOPHEBOH CHCTEMBbI TUCTBEHHHITBI Cy-
KadeBa TMoka3aHo Ha puc. 3. Kak BumHO, HanbOosee BRICOKHE KOHIIEHTPALIUH Me-
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TaJUTa OOHAPYKUBAJIHCH B TIOYCKEJIETHBIX M MOTIOMIAIOMINX KOPHAX Y 3M0POBBIX
nepesweB [TIIIT Ne 1 (4,73+0,24 u 4,52+0,18 Mr/kr cooTBeTCTBEHHO). B KOpHEBOIA
cucreMe ocnabieHHbIX aepeBbeB ¢ [IIIT Ne 1 maHHBIN 37eMEHT copepikaics B
MEHbBIINX KoiuyecTBax — oT 2,33+0,12 go 3,21+0,17 mr/kr. [Ipu aToM numenu me-
CTO CTaTUCTHUYECKH 3HaunMbIe pasmmuus (p<0,05). Ha IIIIT Ne 2 xagmuii Takxke
OoJbIlle aKKyMYIHpPOBaJcs B MOJycKeNeTHbIX KopHsX (p<0,05), omHako ero co-
nepxanue He npepbimano 1,80+0,08 mr/kr.

L2 .
Macca norinonraronux kopHei, /M [The mass of absorbing roots, g / mﬁ

70 80 90

I'my6una, cm [Depth, cm]

O- B 30me ycnoBHOTo KOHTPOIsT
[In the area of conditional control]

B- B ycoBusx mpOMBIILTEHHOTO EHTPa (30POBHIE AEPEBDS)
[In the industrial center (healthy trees)]

- B ycioBusix MpOMBIILIEHHOTO [EHTPa (0CIabICHHBIC IePEBbs)
[In the industrial center (weakened trees)]

Puc. 2. HacplleHHOCTH [TOYBHI MOIVIOMIAIOIIMMEI KOPHAMH JTHUCTBEHHUIIB! CyKadeBa
(Larix sukaczewii Dyl.) B yCIIOBUSIX TPOMBIIIIEHHOTO LIEHTpa
U B 30HE YCIOBHOIO KOHTPOIs (MESD)
[Fig. 2. Soil saturation with absorbing roots of Larix sukaczewii Dyl. in the in-
dustrial center and in the area of conditional control. On the X-axis -
The mass of absorbing roots, g / m? on the Y-axis - Depth, cm (M+SD)]

PacnpeneneHue HUKeNs MO (ppaKIUsIM KOPHEBOI CUCTEMBI JTMCTBEHHHIIBI HECKOITb-
KO omtgainocs (puc. 4). MakcnMarbHasi KOHIEHTpAIA MeTallIa ONpeNersach B I10-
DJIOIIAIOMINX KOPHSIX KaK Y 37I0POBBIX, TAK U y OCNIA0IeHHBIX AepeBbeB — 98,45+14,60
u 65,30,52+7,81 Mr/kr cooTBeTCTBeHHO. [Ipy ATOM M B 30HE yCIIOBHOTO KOHTPOJIS,
U Ha 3arpsa3HEHHOI TePPUTOPHH IPOIECC MEPEMEIICHUS] HUKENIS U3 MOMIOMIAIOIIHIX
KOpHEl B IPOBOJIAIIINE KOPHH BBIPAYKEH B MEHBIIICH CTETIEHH, YeM Y KaJMUSL.

Ha puc. 5 u 6 npencTaBieHsl yCpeTHEHHBIE JaHHBIE 110 COIEPKAHUIO METal-
JIOB B XBO€, BETBSIX U KOPHEBOH CHCTEME JTHCTBEHHHUIIBI.
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Conepxanue Ni, Mr/kr
[The Ni content, mg / kg]

Conepxanune Cd, Mmr/kr
[The Cd content, mg / kg]
w

TTornourarornue KopHu  T1oJIycKeneTHbIE KOPHH CKeJleTHbIE KOPHH
[Absorbing roots] [Semi-skeletal roots] [Skeletal roots]

- B 30He ycnoBHOTO KOHTPOIIS
[In the area of conditional control]

- B ycinoBusAX NPOMBILLIEHHOTO UEHTPa (0CIa0ICHHbIC ACPEBbs)
[In the industrial center (weakened trees)]

E- B yci10BusX NPOMBILLIEHHOTO LEHTPA (310POBbIE AEPEBbS)
[In the industrial center (healthy trees)]

Puc. 3. Conepxanne Cd (MI/Kr) B MOIIOIIAIONINX, TOTYCKEIETHBIX
M CKEJICTHBIX KOpHAX JucTBeHHUNBI Cykauesa (Larix sukaczewii Dyl.)

B YCJIOBHSX MPOMBIIIEHHOTO HEHTPA U B 30HE YCIOBHOTO KOHTPOIs (MESD)
[Fig. 3. The content of Cd (mg / kg) in the absorbing, semi-skeletal and skeletal roots
of Larix sukaczewii Dyl. in the industrial center and in the area of conditional control.
On the X-axis - Types of Larix sukaczewii roots; on the Y-axis - The Cd content, mg / kg (M+SD)]
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IMornomaromue kopau  ITomyckeneTHble KOPHU CKeneTHble KOPHH
[Absorbing roots] [Semi-skeletal roots] [Skeletal roots]

[- B 30ne ycosHOro KoHTpONIs
[In the area of conditional control]

- B yc0BusIX IPOMBILLIEHHOTO LEHTPa (OCIa0IeHHbIE 1EPEBbs)
[In the industrial center (weakened trees)]

- B ycioBusX NpOMBIILIEHHOTO LEHTPa (310POBHIE JIEPEBH)
[In the industrial center (healthy trees)]

Puc. 4. Conepxxanne Ni (MI/KT) B IIOTJIOIAIOIINX, ITOTYCKEIETHBIX
M CKEJICTHBIX KOPHAX JMCcTBeHHUIB! Cykauesa (Larix sukaczewii Dyl.)

B YCJIOBHSX MPOMBIIIIEHHOTO EHTPA U B 30HE YCIOBHOTO KOHTPOst (MESD)
[Fig. 4. The content of Ni (mg / kg) in the absorbing, semi-skeletal and skeletal roots of

Larix sukaczewii Dyl. in the industrial center and in the area of conditional control.

On the X-axis - Types of Larix sukaczewii roots; on the Y-axis - The Ni content, mg / kg (M+SD)]
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Conepxanne Cd, Mr/kr
[The Cd content, mg / kgl
w

Kopuesas cucrema Bersu XBost
[Root system] [Branches] [Needles]

[O- B 30me ycmoBHOro KoHTpoIs
[In the area of conditional control]

- B yciioBHsX NPOMBILIIEHHOTO LEHTpa (0c1abIeHHbIe 1ePeBbs)
[In the industrial center (weakened trees)]

- B yci0BHAX MPOMBIIILIEHHOTO EHTPA (310POBBIE JEPEBbS)
[In the industrial center (healthy trees)]

Puc. 5. Conepxanne Cd (MI/KT) B HaA36MHBIX U TOA3EMHBIX OpTraHax
muctBeHHUIBI CykadeBa (Larix sukaczewii Dyl.) B ycnoBusix
TIPOMBIIILIEHHOTO IIEHTPA U B 30HE yCIOBHOTO KOHTpOIs (M+SD)
[Fig. 5. The content of Cd (mg / kg) in the aboveground and underground organs
of Larix sukaczewii Dyl. in the industrial center and in the area of conditional control.
On the X-axis - Aboveground and underground organs
of Larix sukaczewii; on the Y-axis - The Cd content, mg / kg (M+SD)]

80 1
. 70 A
Z T
22y
2 ]
g3
= 2 30 A
5( o
SE 207
10 A
0
Kopuesas cucrema Bersu XBost
[Root system] [Branches] [Needles]

[0- B 30He yci10BHOTO KOHTPOIIS
[In the area of conditional control]

- B ycnoBusx IpOMBILLIEHHOTO LEHTPa (OCIabIeHHbIE AEPEBbs)
[In the industrial center (weakened trees)]

- B yci10BusX MPOMBIIUIEHHOTO LEHTPA (310POBbIE JIEPEBD)
[In the industrial center (healthy trees)]

Puc. 6. Conepxanne Ni (MI/Kr) B HaZ[3eMHBIX H TIOJ36MHBIX OpraHax
nmuctBenauipl Cykadesa (Larix sukaczewii Dyl.) B ycmoBusix
TIPOMBIIUICHHOTO [IEHTPa M B 30HE YCIOBHOTO KOHTpOIA (M+SD)

[Fig. 6. The content of Ni (mg / kg) in the aboveground and underground organs
of Larix sukaczewii Dyl. in the industrial center and in the area of conditional control. On the X-axis -
Aboveground and underground organs of Larix sukaczewii,
on the Y-axis - The Ni content, mg / kg (M£SD)]
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XBOsI XapaKTepH30Bajach HANMEHBIINMHI KOHIICHTPAIIMSIMA KaaIMUS M HUKE-
ns1. Bmecte ¢ Tem B TkaHsX JUcTBeHHUIIB CyKadueBa HUKENb aKKyMYyJIUpPOBAJICS B
OONBIINX KOJTMYECTBAX, YeM KaaMuii. [Ipu cpaBHEHNH JaHHBIX 10 ABYM ITPOOHBIM
IJIOMIAJSIM MOXHO BHJIETH, YTO B ycIOBHUAX CTEpIUTaMaKCKOTO MPOMBIILIEHHO-
o IeHTpa KOHIeHTparwst TM B HaJ3eMHBIX U TOI3EMHBIX OpraHaX JOCTOBEPHO
BBIIIIE, YeM Ha KOHTPOJIbHOM yuacTtke (p<0,05).

ComnitacHo A. Kabata-Pendias [32], ¢oHOBOE comepikaHue KaMus B HaJI3eM-
HOU wactu pacreHuit coctasiser 0,05-0,60 Mr/Kr cyxoro BemiecTBa, TOKCHY-
Hoe — 1,0-70,0 mr/kr. HopmansHOE comepikaHue HUKENS B HaJ3EMHBIX OpraHax
OONBIIMHCTBA BUAOB pacTeHUi omnpexaensercs Ha yposHe 0,1-5,0 Mr/kr cyxoro
BENIEeCTBa, a KOHIeHTpanus Beime 10,0 Mr/kr cauraercs TokcnuHoi. Ha n3yden-
HOW HaMU TEPPUTOPHM B HAA3EMHBIX OpraHax JMCTBeHHHUIbI CykadeBa cpel-
HSISI KOHIIGHTpAIMsl KaJMUsA B 30HE YCJIOBHOTO KOHTpoussi BapsupoBana ot 0,30
o 0,55 wmr/kr, B ycnoBusix CTepIuUTaMakCKOro MPOMBIIIJIEHHOTO IIEHTpa — B
JMarazoHe, TOKCHYHOM it pactenuit (1,5-3,0 mr/kr). KoHIleHTpalus HUKeIs B
HaJ3eMHBIX OpTraHaxX JIMCTBEHHMIIB Yallle ONpenesyiach Kak TOKCUYHAS: B 30HE
YCJIIOBHOTO KOHTpOJISL BapbupoBaia oT 9,0 go 15,0 mr/kr, B ycnoBusx Crepiura-
MAaKCKOTO MPOMBIILIEHHOTO IeHTpa — oT 21 10 52,0 mMr/kr.

Kagmuii mpuHamiexutT Kk HanOonee TOKCHYHBIM IJISI PACTCHUH HIIEMEHTaM.
YCTaHOBIIEHO, YTO €T0 BHICOKHE KOHIIEHTPALMU MPUBOIAT K U3MEHEHUSIM B MIPO-
HHUIIAEMOCTH KJIETOYHBIX MEMOpaH M aKTUBHOCTH psAfa GepMEHTOB, CHIKAIOT WH-
TEHCHUBHOCTh (DOTOCHHTE3a, BBI3bIBAsl TEM CAMBIM OKHCIUTENbHBIN cTpecc [31,
33, 34]. B ommune OT KaAMHS, HUKEIb CYUTACTCS HEOOXOAUMBIM JIJISl PACTCHHMA
3JIEMEHTOM, OJIHAKO IMPH MOBBIIIEHHBIX KOHIIEHTPALUIX TaKKe OKa3bIBaeT UHTHU-
Oupyromee neiicTBre Ha (HU3HUOIOTHUECKHE MPOIECCH. VHTOKCHKAIIUS MOXET
MPOSIBIATHCS B 3aMEJICHUH MPOIECCOB pocTa U (pOTOCHUHTE3a, HAPYIIEHUH BO-
ITHOTO U MUHEPAJIHHOTO OOMEHA, BHEIITHE MPOSBIISIOIINMHUCS KaK MEIOKUIKOBEIH
XJIOpO3 U HeKpo3 MucTheB [31, 35-37]. Kak oTMeueHO BhIlle, BHEIIHUE TPU3HAKH
TOKCHIecKoro nercTBus TM y muctBeHHNYHBIX HacaxaeHui Ha [ITIIT Ne 1 BeI-
SIBJISUTUCH daine, yeM Ha TTITIT Ne 2.

B 3aBHCHMOCTH OT MHTEHCHBHOCTH HAKOIUICHUS M PACIpEACICHIs METaIUIOB
[0 OpraHaM pacTeHU# BBIACNAIOT JBE KOHTPACTHBIE TPYIIBI — UCKIIOUATENH U
aKKyMyIsATOpEL. K MCKiTiouarensiMm OTHOCAT pacTeHUs, HAKaIUIMBAIOIINE MeTaj-
JIBl MIPEUMYIIECTBEHHO B TOA3EMHBIX OpraHax. AKKyMYJIATOPBl HaKaIlUIMBalOT
METaJUTH TTIaBHBEIM 00pa3oM B HAI3€MHOM YacTH, a TPH OIPEICIICHHBIX yCIOBH-
SIX TPOSIBIISIIOT ce0s1 KaK TUIEPaKKyMYIATOphl. K rHIepakKkyMyssiTopaM HHUKETs
OTHOCST PAaCTEHUS, CIIOCOOHBIC KOHIICHTPUPOBATh METAJUI B JINCTHSIX HAa YPOBHE
6onee 1 000 Mr/Kr cyxoif Macchl, K TUIIEPAKKyMyIITOpaM KaJMUsI — IPU KOHLIEH-
TPUPOBAHUHU MeTaJlIa B JIUCThAX cBbIme 100 Mr/kr cyxoit macchl [38]. Kak BumHO
U3 Pe3yNIbTaTOB KOJMYECTBEHHOTO XMMHYECKOTO aHAIM3a [0 PaclpeieIeHUI0 13-
YYEHHBIX METAJIOB B HAJ3€MHBIX M MOA3EMHBIX YacTsX, JTHCTBeHHUIa CyKadeBa
sIBIISIETCS UCKIMIoYareneM. [Ipu 3ToM mepexo U3 KopHed B HaJ3eMHbIe 00eru y
KaJIMHUsI BBIPAKCH B MEHBIIICH CTEIICHH 10 CpaBHEHHIO B HUKeneM. 1.V. Seregin
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and A.D. Kozhevnikova [31] oTMeuaroT, 4T0 HH3KOE CONIEP)KAHHE METAJUIOB B
HaJ3eMHBIX OpraHax pacTeHUH-UCKIoYarenel onpenensercs 0apbepHoi QyHK-
Mell KOpHEBOW CHUCTEMBI. B TO ke BpeMs TKaHH, BBITOJIHSIONINE OaphepHYIO
¢byHKUIMIO (AHAOIEPMA U DK30/IepMa), MPEUMYIIECTBEHHO OIPaHUYMBAIOT TPaHC-
MTOPT TOJIBKO «aroruiacTudeckux» noHoB (Cd), B TO BpeMst Kak TPaHCIIOPT «CHM-
MJIaCTHYECKUX» MOHOB (Ni) — HE3HAYUTEITHHO.

Crnemyer OTMETHTB, YTO B PaCIpeelICHUH JJIEMEHTOB 110 OpTraHaM y 370po-
BBIX U OCJa0JICHHBIX JIEPEBhEB TaKkKe OOHAPYKUBAIOTCS pa3nuyusl. Y 310pOBBIX
JIMCTBEHHUI] B HAJ3€MHON 4acThu cocpenorounBaercs oT 35 mo 40% xamgmus, a
B KOpHX — 60—65%. Y ocnabneHHBIX JEpPEBbEB 110 CPABHEHUIO CO 30POBBIMH,
OTMeEYaroTCs 0oJiee BRICOKHE KOHIIEHTPAIIMY AJIEMEHTA B HaJI3EMHBIX opraHax. To
€CTh B UX KOPHEBOH cUCTeME KaAMUHA MMMOOUIIN3YEeTCs B MeHbIlel crenenu. Ta-
Kasl ’Ke 3aKOHOMEPHOCTh HaOJNIOaeTCs M NP aKKyMYJISAIIMU HHKes. B manHOM
CJIy4ae MO>KHO TOBOPHUTB O CHUKEHUHU 0apbepHOil (DYHKIIMK KOPHEBOUW CUCTEMBI Y
OCIIa0JICHHBIX JICPCBBEB.

3aki0uenne

[IpoBeneHHble UccIENOBaHUS O3BOJIWIN BBIABUTH, YTO B HEMOCPEICTBEHHON
OJM30CTH OT MPOMBIIUIEHHON 30HBI I. CTepiauTaMak JepeBbsl JUCTBEHHHIBI Cy-
KadueBa Ooree ocmabieHsl IO CPAaBHEHHUIO C YCIIOBHBIM KOHTposeM. BHemHue mpu-
3HAKYM YTHETEHUS MPOSIBISIOTCS B YMEHBIIEHUN T'YCTOTBI KPOHBI, YBEIMUEHUHU KO-
JIMYECTBAa MEPTBBIX BETBEH, MOPAKEHUH aCCUMMWJISILIMOHHOIO allapara XJI0po3aMu
1 Hekpo3amu. [1oBbIlIeHHE KOHLIEHTPALIUH TSDKEIIBIX METAJJIOB B KOPHEOOUTaEMOM
CJIO€ ITOYBBI IPUBOAUT K CHIKEHHUIO A0 MonIoaonmx kopaeil. Ha 3arpssuen-
HOM Y4YacTKe cofiepKaHhe KaJMUs B XBO€ M BETBAX BhIIIE B 5—6 pa3, HUKENS — B
3—4 paza. B nmoazeMHbIX OpraHax CoiepKaHue IEMEHTOB 110 CPaBHEHUIO C YCIIOB-
HBIM KOHTPOJIEM TOBBIIIEHO B 2,54 pa3za. Y ocnabieHHbIX 1epeBbeB KOHIICHTpA-
L(Ms] METAJIJIOB B HA136MHOM YaCTH BBILLIE, YEM Y 3J0POBBIX JIUCTBEHHUL], YTO MOXKET
CBHUJIETEIbCTBOBATh O CHHKEHUH OapbepHOi (hYHKIIMH KOpHEBOH cucTeMbl. Hecmo-
TpsL Ha TO, YTO OTHOCUTEJILHOE XKU3HEHHOE COCTOSHUE JPEBOCTOS Ha 3arpsI3HEHHOM
YUYaCTKe XapaKTepu3yeTcs KaK «OCIabIeHHOe», CHI)KEHHS Kilacca OOHUTeTa He Ha-
omromaercs. [IpoBeneHNe ONepaTHBHBIX JIECOXO3SIMCTBEHHBIX MEPOTIPHSATHI B ca-
HUTAPHO-3aLIUTHBIX HACAXIEHHUAX JIHCTBEHHUIIBI He TpeOyeTcs. PekoMeHayroTcs
CBOCBPEMEHHBIE CAHUTAPHBIC PYOKHU 1 NATbHEHIIN MOHUTOPHHT.
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Features of Cd and Ni accumulation by Larix sukaczewii Dyl.
under technogenesis

In industrially developed cities, sanitary-protective afforestation promotes the
deposition of aeropollutants, as well as the absorption of toxicants from the soil.
However, performing a function of a phytofilter for a long time negatively affects the
vitality of the trees themselves. Among numerous pollutants of technogenic origin,
the most toxic for living organisms, including plants, are heavy metals. Studying
the absorption capacity of different species of woody plants and their reaction to
increased concentrations of toxicants allows us to predict the stability of protective
forest stands and design forestry measures. One of the species, widely used in creating
sanitary protection zones in the Republic of Bashkortostan, is Larix sukaczewii Dyl.,
characterized by its resistance to extreme environmental factors. The adaptive abilities
of this species to an increased content of heavy metals remain poorly studied. The aim
of this study is to identify the features of the accumulation and distribution of heavy
metals (Cd and Ni) by Larix sukaczewii and assess the relative living condition of the
stand in Sterlitamak industrial center.

We conducted studies in 2007-2018 in the city of Sterlitamak (53°38'00"N, 55°57'00"E),
a major center of the chemical and oil refining industry of the Russian Federation.
The establishment and description of trial plots was carried out according to generally
accepted methods [Andreeva EN et al., 2002; Forest ecology..., 2007]. Permanent trial
plot No. 1 measuring 20x50 m was located 1-2 km from sources of petrochemical and
chemical pollution (See Fig. ). Permanent trial plot No. 2 measuring 18x50 m was
located in the area of conditional control (25-30 km from pollution sources). Trial areas
were laid in coeval (about 55 years) and clean tree stands (See Table 1). The category of
the vital state of an individual tree was determined by the auxiliary table (See Table 2).
After summing up the number of trees by categories, we assessed the relative living
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conditions of the entire stand [Alekseev VA, 1990]. At a rate of 100% to 80%, the stand
was assessed as “healthy”, at 79-50% as “weakened”, at 49-20% as “strongly weakened”,
and at 19% and below as “completely destroyed”. The study of the soil saturation with
absorbing roots was carried out by the method of soil sections 1x1x1 m in size [Root
Methods, 2000]. The roots were sorted by fractions: less than 1 mm in diameter (absorbing
roots), 1-3 mm (half-skeletal roots), and more than 3 mm (skeletal roots). We determined
the weight of the roots in the air-dry state. To study the metal content, annually during
the growing season, we performed repeated re-selection of needles, branches and roots.
At the same time, we took soil samples from the depth of 0-20 cm. The samples were
dried to an air-dry state and analyzed on a “ZEEnit-650” atomic absorption spectrometer
(Germany) [Hill SJ, Fisher AS, 2017]. In soil samples, we determined gross and mobile
forms of metals. Data are presented as arithmetic mean + standard deviation (M + SD).
Differences were considered statistically significant at p < 0.05.

We found that at the permanent trial plot No. 1, the trees are more weakened in
comparison to the conditional control. External signs of oppression were expressed
in a crown density decrease to 75-80%, an increase in the number of dead branches
to 25-30%, and damage to the assimilation apparatus by chlorosis and necrosis (on
average by 15%). Trees classified as “weakened” accounted for 55% of the stand,
and deadwood reached 10%. The relative vital condition of the entire stand was
characterized as “weakened” (See Table 3). In the area of conditional control, the
forest stand corresponded to the “healthy” category. Moreover, the trees had a better
formed crown (average density is 82%) and fewer dead branches on the trunk (21% on
average). Needles damage by chlorosis was not more than 11%. The results of chemical
analysis of soil samples revealed statistically significant differences (p < 0.05) between
the content of the metals in the zone of influence of the industrial center of Sterlitamak
and in the area of conditional control (See Table 4). Higher concentrations of cadmium
and nickel were found at the permanent trial plot No. 1. The leached chernozem
prevailed in the soil cover. The pH of the soil according to many years of research
ranged from 6.55-6.90 units. The bulk of the absorbing larch roots was located at a
depth of 0-30 cm (See Fig. 2). Moreover, in the control area, the root saturation of the
soil reached 78.51 + 4.10 g / m?. In the influence zone of Sterlitamak industrial center,
we observed a decrease in the proportion of absorbing roots: in healthy trees 2 times
and in weakened trees 2-3 times. Perhaps, this is due to higher concentrations of metals
in the surface of soil layer at a permanent trial plot No. 1, which led to a significant
restructuring of the larch suction root apparatus. Chemical analysis of plant samples
showed that in the contaminated area the content of cadmium in needles and branches is
statistically significantly (p < 0.05) higher by 5-6 times and that of nickel by 3-4 times.
In underground organs, the content of elements in comparison to the conditional control
increased 2.5-4 times (p < 0.05). Besides, in the underground part, nickel is mainly
accumulated in absorbing roots, and cadmium in absorbing and semi-skeletal ones (See
Fig. 3 and 4). The movement of nickel from absorbing roots to conductive roots is less
expressed than cadmium. In the aerial part of trees, the metal content in the branches is
higher than in the needles (See Fig. 5 and 6). At the same time, in healthy trees, the barrier
function of the root system is preserved, which prevents the excess intake of pollutants in
the aboveground organs. Despite the fact that the relative vital condition of the stand at the
contaminated site is characterized as “weakened”, there is no decrease in the quality class.
It is not required to carry out operational forestry activities in the sanitary-protective larch
plantations. Timely sanitary felling and further monitoring are recommended.

The paper contains 6 Figures, 4 Tables and 38 References.

Key words: heavy metals; sanitary-protective afforestation; relative living state of
the stand; root saturation of the soil; Sterlitamak industrial center; Cis-Urals.
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! Hnemumym 6uogusuxu CO PAH, Kpacnospcxuii nayunoii yenmp CO PAH,
2. Kpacnospck, Poccus
2 Cubupcruii pedepanvhoiii ynusepcumem, 2. Kpacnosipck, Poccust

Biausinne pacTBOpOB MPOTHBOIOJIONEIHONM CMeCH Ha
Moina macrocopa n Allium cepa B 6M0TECTOBOM 3KCIIEPUMEHTE

HccnenoBanne BBHIIOTHEHO IIpU (HMHAHCOBOH IMOAIEPIKKE COBMECTHOTO TpaHTa
PODU, IIpaButenscrBa KpacHosipckoro kpas 1 KpacHosipckoro kpaeBoro ¢onaa
TOAJEPKKU HAyYHOH 1 HAydHO-TEXHHUYECKOU JesaTenbHocTu Ne 19-44-240014.

B ocmpuix u  xponuueckux mecmax ucciedosaHo Oelcmeue pacmeopos
npomugocononéonozo mamepuaia «buonopoy, codepoicaweco 6 ceoém cocmage
Xnopuosl Hampusi u Kaavyus (00 85% om obweeo cocmasa), Ha napamempuvl pocma
U pasmHodiceHus gemeucmoycozo pauka Moina macrocopa u nyka penuamoeo Allium
cepa. Ycmanoenena eubenv 50% pauxoe npu KOHYeHMpayuu aHmMu2oN0NE0HOU
cmecu 6 pacmeope 5,1 &/n 6 ocmpuix 48-uacosbix mecmax. B xponuueckux mecmax
cmecy 6 Oouanasone xowyewmpayuii 0,3-5,0 2/n He 0OKa3bI6ANA ZHAYUMO20 GIUSHUS
Ha  CPEeOHIO NPOOOIHCUMENbHOCb  HCUZHU, VOETbHYI0 CKOPOCHIb  I08EHUNLHOZO
pocma u niodosumocms camox paukos. CpeoHss OnuHa KOpHell, CYMMAapHAs OIuHa
KOpHell Ha Kaicool yKoguye U NponupepamusHas akmueHOCmyb 6 KOHYUKAX KOpPHell
(mMumomuyeckuil uHoekc) ayka crudcanucy Ha 50% no cpasHeHuio ¢ KOHMpOLeMm
npu KoHyenmpayusix cmecu 8 pacmeope 6,3; 5,2 u 10,4 2/n coomseemcmeeHHO.
Dnexmponposoonocms  pacmeopog cmecu, OKA3a8WIUX He2amusHoe 6GausHue Hd
8blOpanHble  MeCm-00beKmbl, COGNA0dld C paHee HNOMYUEHHbIMU 3HAYCHUSMU
ANEKMPONPOBOOHOCHIU PACMBOPO8 XJIOPUOA HAMPUST, MOKCUUHBIX Ol PAKOOOPAZHBIX.
Ha ocnosanuu >moeo MOJCHO —npeononodcums, 4Ymo OCHOGHOe Oelicmaue
npomueo2ononéonoll cmecu «buonopoy Ha uccredyemvle 00beKmMbl CEA3AHO C
exo0sauumuy 8 eé cocmas consimu xaopa u Hampusi. OcHOGbIEAsACL HA KPUMUYECKUX
ona pocma U pazeumusi UCHONb30BAHHBIX MECH-00beKmo8 KOHYEeHMPAayusx cmecu
«Buonopo» 6 pacmeope u nopmamugax ee npumeHeHus YCMAHOBNIEHO, YMO CMOK C
1 M? obpabomannoti nogepxnocmu modicem npueecmu K sazpsaznenuio 8—13 1 npecnoii
600b1. Takum 0bpazom, pecniamenmuposannds nPasuIami UCNOIb306aHUs Npenapama
ouucmka 0bpabomannvlx nogepxHocmel om «buonopoa» — 6azoeoe mpebosanue
K npumenenuio conecooepycawux cpeocms. HMunaue nocmenennoe HaxonieHue 6
6000EMAX XNOPUOO8 HAMPUS U KATbYUSL MONCEM NPUBECMU K CePbEIHBIM HAPYULEHUSM
6 (QYHKYUOHUPOBAHUL BOOHBIX IKOCUCHEM.

Knroueswie cnosa: conénocmo, buomecmuposanue; 6emaucmoycwle pakooopasuvle;
Allium-mecm; 8oonvle sKocucmembl.
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BBenenune

AHTPONIOTEHHOE XMMHUYECKOE 3arpsa3HEHUE OKPY)KAIOIIEH Cpeabl aHTUTOJIO-
JNEAHBIMM pEareHTaMH BbI3bIBACT IMOBBIIICHUE COJIEHOCTH B BOJHBIX 3KOCHUCTE-
MaxX BO MHOTUX pernonax mupa [1]. Haubonee momysasipHeIMU CpeacTBaMH IS
OOpPBOBI CO JIBJIOM Ha JIOPOTaX SABISIFOTCS XJIOPUCTHIe coiu [2—4]. Micnionb3oBanue
TaKMX CPEJICTB MPUBOIUT K NOCTyieHuto katronos (Na*, Ca’' u T.11.) ¥ XJIopHI-
annoHa (Cl) B TOBEpXHOCTHBIE W MOJ3EMHbIC BOAOEMBI ¥ BOJOTOKH TpUJIETar0-
mux Tepputopuit [2, 5]. U3BecTHO, uTO (HyHKIIMOHUPOBAHUE BOJAHBIX SKOCUCTEM
B 3HAUUTEJLHOU CTENEHU 3aBUCUT OT COJIEHOCTU BOABI, IOCKOJIBKY 3TO OIUH U3
KITIO4EBBIX (DaKTOPOB, ONPEACIISIOIINX BUIOBOH COCTaB, CTPYKTYPY TPOPHUECKUX
CeTel M MPOJTYKTUBHOCThL COOOIIECTB B BooéMax [5, 6]. B mocnennue roms omy-
OMMKOBaHO 3HAYMTEIBHOE KOJMYECTBO PadOT, pacCMaTpUBAIOIINX PETYISIPHOE U
JOJITOBPEMEHHOE IIPUMEHEHHE COJIECOIEPKAILUX CMece Kak NMpUYMHY IOocTe-
MEHHOTO XMMHUUYECKOTO 3arpsi3HeHNs BOIHBIX 3kocucteM [1-4, 7, 8]. B CeBepHoii
Awmepuke u EBporie mpuMeHeHHe COMTU IS yAaJICHHUs HaJleIn Ha aBTOMOOMIIEHBIX
Joporax, npaxkTukyemoe yxe 6osee 50 jer [3], npu3HaHO OJHUM W3 OCHOBHBIX
HWCTOYHUKOB XJIOPHIOB B MOJ3EMHBIX BOAAX, PyUbsX, peKax U 03épax [9].

Bo mHorux ropogax Poccuiickoit denepannu B MOCIEAHUE TOJBI PE3KO BO3-
pocia WHTEHCHBHOCTH NMPUMEHEHHS COJIECONepIKAIINX CMece st OOpHOBI C
o0JIeZICHEHUEM JOPOXKHBIX MOKPHITHHA U TemexoaHbix 30H [10]. Mcnonb3oBanue
TaKUX CMECEH BBI3BIBACT 00E€CIIOKOCHHOCTH OOIECTBEHHOCTH U IIPHBJICKAET BHU-
MaHHe KOHTPOJIUPYIOIIUX OpraHoB. [ljis MporHosa MOCJIEACTBUN BO3MOXKHOTO
XMMHMYECKOT'0 3arpsI3HEHMSI BOIHBIX U HA3€MHBIX 3KOCUCTEM B PE3yNbTaTe A0JIrO-
BPEMEHHOTO NMPUMEHEHUS COJECOASPKAlIUX cMeceil HeoOXOAMMO UMETh Ipe.-
CTaBJIEHHUE O Mpezesiax yCTOMUYNBOCTH OPTraHU3MOB, HACEISIOIINX IPECHOBOAHbIE
0OBEKTHI U TTOYBEHHbIE CHCTEMBI, K KOMIIOHEHTaM, BXOASIIUM B ux coctas [11].
Ha teppuropun Poccuu nccienoBanus, ycTaHaBIUBaIOILUE TaKUe IPEAebl, He-
MHOTOYHCJICHHBI U MPEACTaBICHBl MPEUMYIIECTBEHHO paboTaMu M0 U3yUYEHHIO
BIIHMSIHUS TIPOTHBOTONONENHBIX CPEACTB HA MHUKPOOHWOTY ITOYBEHHOTO ITOKPOBA
BJI0JIb JOPOKHBIX TIOJIOTEH U BhIcHIMe pacTeHus [12, 13].

Lens manHON pabOTH — ONPENENUTh MOPOTOBBIE KOHIIEHTPAIIMH PACTBOPOB
MIPOTHBOTOJIONIENHON cosieBOM cMecu «buoHOpAY», copepkKalleld B CBOEM COCTaBE
XJIOPHUIBI HATPUS M KaJIBINS, IIPH KOTOPHIX HAOMIOMAIOTCSl HETAaTHBHEIEC d(P(EKTHI
Ha IapamMeTphl Pa3BUTHA KUBOTHBIX U PACTUTEIBHBIX TECT-00BHEKTOB.

MaTepnam,I H METOAUKH HCCTICT0BAHUSA

JJ1s1 OLIEHKHU TTOPOTOBBIX KOHIICHTPALUH PaCTBOPOB MPOTHUBOIOJIONEMHON CO-
JICBOM CMECH HCIOJIb30BaHbI CTAHJAPTHBIN Ul 3KOJIOTHYECKOTO MOHHTOPUHTA
TyKOBBIH TecT (Allium-TecT) Ha ocHOBe Jyka penuatoro Allium cepa L. (Liliop-
sida: Amaryllidaceae) [14—17], a Takxe OCTPBIA M XPOHHYECKHI TECTHI C Tpe-
CHOBOJHBIM paukoM Moina macrocopa (Straus, 1820) (Cladocera: Moinidae)
[18, 19].
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Bo Bcex aKkcrieprMeHTax B Ka9€CTBE MOJCIBFHOTO aHTUTOIOJIEAHOTO CPEICTBA
MPOTECTUPOBaHa coneconepkamas cmech «buoHopm» [20, 21]. Tectupyemsble
pacTBOPHI TOTOBMIIM ITyTEM Pa3BEICHHS HCXOMHOTO CTOKOBOTO PacTBOpa C KOH-
nentpanueit cmecu 200 /1. DIeMEHTHBINH COCTaB BCEX TECTUPYEMBIX pACTBOPOB
¥ KOHTPOJILHOU cpeabl onpeaensum ¢ momorbio MCII-cnekrpomerpa iCAP 6300
Duo («Thermo Scientificy, Benukobpuranus) [18], yaenpsHy0 31€KTpOIpOBOI-
HOCTB — ¢ ToMombio KoHaykroMeTpa STARTER ST300C («Ohaus Corporationy,
CIIA), BomopoaHblii HoKa3arens — ¢ nomomsio pH-metpa PB-11 («Sartoriusy,
Iepmanns). KaimOpoBka npuOOpoOB MPOBOAMIACH MEpe] KaXKIOoW ceprel u3Me-
penwuii. ViamepeHus BEIOJTHEHBI B aHAIUTHYECKO# laboparopun MHcTuTyTa OMO0-
¢usuku CO PAH (1. KpacHosipck).

Dusuko-xumuyeckans XapaKkmepucmuka pacmeopos AHMU20N0NEOHO
cmecu. Ha 0CHOBaHMM XMMHYECKOTO aHAJIHM3a BEIICIICHEI SIIEMEHTHI, KOHIIEHTpa-
LUl KOTOPBIX B BOJIC JIMHEHHO 3aBHCENA OT KOHIEHTPALMH PACTBOPEHHOI cMe-
cu (ko3 durment nerepmunaimu R? ot 0,99 no 0,60). CymMmMa 3THX 3JI€MEHTOB
cocrapmsuia 85,0% ot xonumdectBa pactBopeHHOM cmecu (Cl: 48,0+£5,8%; Na:
28,7£2,1%; Ca: 7,9+0,5%; S: 0,2+0,1%; K: 0,20+0,01%; Mg: 0,01+0,01%; Sr:
0,006+0,001%; B, Ba, Cr, Cu, Ga, Li, Mn, Mo, V B cymme: 0,003%). Konuen-
tpammu Al, As, Bi, Cd, Co, Fe, Ni, P, Pb, Sb, Se, Sn, Ti, Zn ciabo 3aBucenu ot
KoHIIeHTpalu cmecu B pactope (R? ot 0,5 10 0,003). Jlonst HEyYTEHHBIX TPH
aHaJIM3e PaCTBOPOB IEMEHTOB B MAacCe CMECH He IpeBhImana 15%.

Jons HepacTBOpUMOII MHHEPAIbHOM (pakiMM B Macce CMECH COCTaBMIIA
1,1840,15% (n = 4). [Ins e€ onpeneneHus pacTBOP CMECH LEHTPH(PYTHPOBATIH
B TeueHue 30 muH mpu 8 000 g, 20 °C. Ilocne nepBUYHOTO HEHTPU(YTHPOBAHUS
0CaJOK TPWOKIBI IIPOMBIBAITN TUCTIIUIHPOBAHHOW BOJOH M IEHTPUPYTUPOBAIIH,
3aTeM BbICylMBany npu temieparype 105 °C n B3BemMBail Ha aHATMTHYECKUX
Becax.

3aBUCHMOCTD yAEIbHON AEKTPOIIPOBOAHOCTH PacTBOpa (y) OT KOHLEHTPALUH
PacCTBOPEHHOM CMeCH (X) OITUCHIBACTCS JIMHEHHBIM ypaBHeHHEeM y = 1,22x+1,57
(R*=0,99). Bennunna pH pacTBOpOB He 3aBHceNa OT KOHLIEHTPALMH CMECH, B
OCTPBIX M XPOHHYECKHX TECTaX HA BETBUCTOYCHIX PaKOOOpa3HBIX COCTABISLIA
7,7£0,2, B Tectax Ha jyke permgatom — 7,040,7.

Allium-mecm. ]Iy S5KCTIEPUMEHTOB HCIIOIH30BANI TOJIOBKH JIyKa PEmdaToro
copra Lltyrrraprep Pusen nuamerpom 1,8+0,1 cM, maccoit 2,27+0,17 1. Ilepen
SKCTIEPHMEHTOM JIYKOBHUIIBI BHIHIMAIIM W3 XOJONWIBHHKA, T OHHU XPaHIIINChH
mnpu Temneparype 5 °C B TeueHHE JIByX HeJellb, Aajee BHIMAYMBAIN HECKONBKO
9acoB B JUCTHUIMPOBAHHOW BOJE M MOCJE YOAJSUIH OTMEPIINE TOBEPXHOCTHEIE
TKaHU. [10AroTOBIEHHBIE JIYKOBHUIIBI TIOMEIaNH Ha 48 4 KOPHEBOH 4acThIO B IIPO-
Oupkw, comepskarrue 1mo 20 M1 pacTBOPOB CMECH B Pa3IMIHON KOHIICHTPAIH WITH
BOJJOIIPOBOIHOM BOABL. JIJIsl KaX 0l KOHIIEHTPAI[MM CMECH U B KOHTPOJIE IPOTe-
CTHPOBAHO TI0 TPH JIyKoBHIEL. [IpoBeneHo IBa OCIe0BaTeIbHBIX IKCIIEPUMEHTA,
B KQX/IOM U3 KOTOPBIX IIPOTECTUPOBAIIN PACTBOPHI CO CJICTYIOIIUMU KOHIIEHTpallU-
SIMHA CMECH B TUCTWIDIMPOBaHHOM Boxe: 1,0; 2,5; 5,0; 7,0; 10,0; 15,0; 20,0; 50,0 r/i.
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Jlyts o1nleHKH 00IIIel TOKCHYHOCTH U3MEPSUTH JUTHHY KOPHEW W pacCUMTHIBAIIN
CPEIHIOI M CyMMapHYIO JJIMHY KOpHEH Ha KaKAoH JiykoBuie (cMm). st oleH-
KM ITATOTOKCUYHOCTH PACCUNTHIBATIM MUTOTHUECKU HHIEKe (M) — oTHOIIEHHE
yHcha AETSIIUXCSA KIETOK B allMKalbHOM MepucTeMe KOpHeW K o0IeMy 4Yuciy
kieTok. J{is mompcuera MU sl KaXKIoi KOHIIGHTPAIMU peareHTa OTOUpaiy Imo
ISTh KOPELIKOB JIyka AauHOH 0,8—1,4 cM ciryuaifHeIM 00pa3oM U3 KOpHEH, BbI-
pocmmx Ha Tpex JykoBumax. Kopemku ¢ukcrnpoBaiy, Kpacuin 2% pacTBOPOM
alleTOOpPCeMHA W TOTOBWIM M3 HUX Tpenaparbl 0 paHee OMMCAHHON METOIHKe
[14]. TIpenapaTel mpocMarpuBaiv 1moj MUKpockorioM (x400). B kaxaom mperma-
pare mpocMaTpUBajl TaKoe KOJIMYECTBO MMOJiei, 4To0kl HabpaTk B CyMMeE OKOJIO
TBICSYN HHTEP(A3HBIX U NEIAMUXCS KIeTok. MU paccunThIBaIN Kak OO Jes-
LIMXCsI KIETOK, HAXOMAIINXCS B cTanusax npodassl, MeTadassl, aHadas3bl U TENO-
(a3el, K cyMMe JeTSIIUXCS 1 HHTep(a3HbIX KIETOK M BEIPaXKAIU B MIPOICHTAX.

Ocmpuie u xponuueckue mecmol ¢ paukamu. B pabore tectupoBanu n1abo-
paTtopHyIo KylIbTypy M. macrocopa, NONyYEHHYIO U3 HoKoAmuxcs sull. Kyisry-
pa paukoB BMecTe ¢ TpyHTOM mnpenocrapieHa B.K. UyryHoBbIM U3 BpeMEHHOTO
MIEPECHIXAIOMIETO MPyaa B OKpecTHOCTIX MHCTHTYTa OMONMOTHH BHYTPEHHHUX BOJ
PAH (moc. bopok, SIpocnaBckas o01acTs).

1 Bcex 3KCHEpUMEHTOB TECTHUPYEMBIX IOBEHWIBHBIX CAMOK IOJIyYaid OT
MaTEPUHCKHUX 0CO0€H, KOTOPBIX KYJIIbTUBUPOBAIN HHAWBUAYAIBHO B ONaronpusT-
HBIX ISl TAPTEHOTCHETUIECKOTO Pa3MHOKEHHS yCIOBHAX (Temrmeparypa 26 °C;
¢oronepuon 16 4 ceet : 8 4 TeMHOTa; KOHIeHTparust ruiy 200x 10° kir./mit; 005-
em cpenst 20 mur) [18, 19]. B ocTphIX U XpOHHYECKOM SKCIIEPUMEHTAX CaMOK B
MepBble CYTKU UX XU3HU (pa3mep Tena 0,5-0,6 MM) pacca>kuBayiv MO ONHOMW B
CTaKaHYUKHU C OTCTOSIHHOM (He MeHee 72 4) BOIompoBoIHOM Bomoi (20 M) ¢ jo-
0aBKoOIl cMecH B OIpeieNIeHHON KOHIIeHTpalui. KoHTposb — rpyrina >KHBOTHBIX B
BOZONPOBOIHON Boje. CTaKaHYMKH C AKUBOTHBIMHU BO BPEMs OCTPBIX M XpOHHYE-
CKOTO DKCIIEPUMEHTOB HAXOIWJIUCh B KOHTPOJIUPYEMBIX YCIOBUAX (TeMIepaTypa
26 °C; doronepuon 16 4 cBet : 8 4 TeMHOTA). [|JI KK 101 KOHIICHTPAIIMH CMECH
B PacTBOPE U KOHTPOJIS IPOTECTUPOBAHO MO 20 dKUBOTHBIX B OCTPHIX U 10 15 xu-
BOTHBIX B XPOHHYECKOM IKCIIEPUMEHTaX.

Ha ocHoBe nuTepaTypHbIX TaHHBIX O BIMSHUUA COJIEHOCTH Ha MPECHOBOAHBIX
BETBUCTOYCBIX pakooOpasHbIX [22, 23] U OIEHKH AJIEMEHTHOTO COCTaBa CMECH,
JUIS OCTPBIX TECTOB BBIOpaHBI ClieAylolre KoHueHTpanuu «buonopaax»: 1,3; 2,5;
4,0; 5,0; 6,0; 8,0; 10,0 /1. JKHBOTHBIX B OCTPBIX TeCTax He KOpMUIA. CMEPTHOCTb
paukoB omnpenesuiy uepes 24 u 48 4 nocie Hauana SKcrepuMenTa. J{iist Bce nu-
HEUKU KOHLIEHTpalUi IPOBEIEHO TPU MOCIEI0BATENbHBIX IKCIIEPUMEHTA.

B XpoHHYECKOM JKCIEPUMEHTE MPOTECTUPOBAH CIEAYIOMIUN sl KOHIIEH-
tpammid «buonopma» B cpexne: 0,3; 0,6; 1,3; 2,5; 5,0; 6,0 u 8,0 r/in. Mcxonnsie
TECTUPYEeMbI€ PacTBOPBI cMecH «BHOHOP» TOTOBWIHM B 00BbEME, TOCTATOYHOM
JUId TIPOBEJEHMS BCETO XPOHUYECKOIO IKCIEpUMeHTa. B kauecTBe kopma B Xpo-
HUYECKOM TECTE HCIOJb30BaIN HEAKCEHUYHYIO KYJIBTYpy 3eJlE€HOH BOIOPOCIH
Chlorella vulgaris (Chlorellales: Chlorellaceae) [18, 19]. Cpeny KynbTHBHpOBA-
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HUS B ONBITHBIX U KOHTPOJIBHBIX CTaKaHaX MEHSJIM €XecyTouHo. B Hauase skcre-
PUMEHTa U KaXKJble CIICAYIONINE CYTKU TP OOHOBIEHUU CPEbl BHOCHIIN KOPM B
kounenTparuu 200x 103 kieTok/mMi. XpOHHYECKUH IKCIIEPUMEHT BEJIH 10 THOEH
BCEX TECTUPYEMBIX KUBOTHBIX. B MepBbIE CYyTKH JKU3HU U 3a CYTKU J0 OTPOXKIIe-
HUS NEPBOTO IMOTOMCTBA y Ka)KIOH CaMKH OIpeNeIIsIi JIMHEMHbIE pa3Mephl Tea
KaK JUIMHY OT BEPIIMHBI TOJOBBI JO KOHIIA CTBOPOK MaHIUPs M0 OMHOKYISPHOM
nymoit (x16). Ha ocHOBe MTHHEWHBIX pa3MEepOB TeJIa PACCUUTHIBAIH YICIBHYIO
CKOPOCTh FOBEHUJILHOTO pocTa KMBOTHBIX [ 19]. Kaxkapie cyTku prukcupoBaiu Ko-
JIMYE€CTBO MEPTBBIX KMBOTHBIX, JUISI KaXKA0M CaMKU MOACYUTHIBAIN KOJIMYECTBO
OTPOXKIIEHHBIX MMOTOMKOB, KOTOPBIX MOCIE 3TOTo yaayusian. Ha ocHoOBaHMH 3THX
JaHHBIX JJIS KaKJON KOHIIEHTpalUU CMECH PACCUUTHIBAIN CPEJHIOI0 IPOJOIIKHU-
TENBHOCTbD KU3HU U CPEIHIOIO IIOJOBUTOCTH PAuKOB.

Cmamucmuyeckuili ananus. Jns aHanm3a perpecCHOHHBIX 3aBUCUMOCTEH
pe3yibTaThl IBYX HE3aBUCUMBIX Allium-TecToB 00bEIMHIIN B OIUH MacCUB JaH-
HBIX Ha OCHOBE IIOIIAPHOT0 CPABHEHUS HHAUKATOPHBIX IIApaMETPOB, IIOJIyYEHHBIX
JUIS OJJMHAKOBBIX KOHIEHTpAIHii, C TOMOIIBIO IByXBBIOOPOYHOTO #-T€CTa, KOTO-
PHIl HEe BBIIBIIJI CTATHCTHUSCKH 3HAYUMOTO Pa3lIMdds CPABHUBAEMEIX BBIOOPOK
(T<t, p > 0,05, npenBapUTEIbHO OLIEHUBAIACH CTATUCTHYECKASI 3HAUMMOCTD pas-
JIU4Us Aucniepcuit ¢ momolnpto F-Tecra); Tpu nociaenoBaTenbHbIX OCTPBIX JKCIIe-
pUMEHTa ¢ paukaMu OObEAMHWIN B OJUH MAaCCUB JIaHHBIX HA OCHOBE OTCYTCTBUS
CTaTUCTUYECKU 3HAYUMBIX OTJIMYUI BBDKMBAEMOCTH PAauyKOB B KOHTpose (TecT
pasnuuus MeXy AByMs IMponopuusmu, p > 0,32).

ITapameTpbl perpecCHOHHBIX 3aBUCUMOCTEN MTPEACTABICHBI B BUE 3HAYCHUH yIyia
HakJioHa (b), BepxHero npeiena rnokasarens tecta (d), KOHIEeHTpaluid CMecH, TpH Ko-
TOPBIX POUCXOUT CHI)KEHUE 3HAYeHUH NoKa3aresnel Tecta Ha 50% 10 CpaBHEHUIO C
BepxHUM npenesbHbM 3HadenuneM (EC, LC, ), u crannapTHOl ommbKy 5TuX 3Have-
HUii (£SE). 3Ha4eHHs TTapaMeTPOB M UX CTATUCTHYCCKYIO 3HAYMMOCTD ONPEIEIISIIN C
MOMOMIBIO ITAKeTa MPOrpaMMHOTO obectieueHus «dre» B mporpamme R [24].

JlaHHBIE IO BIUSHHUIO PACTBOPOB IIPOTUBOTOJIOJIENHON CMECH Ha IapaMeTphl
XHU3HEHHOTO IUKIIa Moina macrocopa B XpOHUYECKOM 3KCIEPUMEHTE MPEACTaB-
JICHBI B BHJIE CPETHHUX 3HAYCHUH MTPOIOKUTEIRHOCTH KU3HU caMoK (L, cyTkm),
YACTBHON CKOPOCTH POCTa IOBEHUIBHBIX CaMOK (|, 1/CyTKH), MIOZOBHTOCTH
(F, moToMKoB/caMKy) CO CTaHIAPTHBIM OTKJIOHEHHEM (+SD). CTaTHCTHYECKYIO
3HAYUMOCTbH BIUSHHS KOHIIEHTPALUU IPOTUBOTOJIONETHON CMECH Ha TapaMeTPhI
KU3HEHHOTO IMKJIa OLIEHUBAJIH C OMOIIBI0 OTHO(AKTOPHOTO IHCICPCHOHHOTO
aHanuza (one-way ANOVA).

Pe3ysabTarsl Hccaeq0BaHuS U 00CY:KIeHIE

1 DKOJIOTHYECKOTO MPOTHO3UPOBAHMS KauecTBa Cpeibl OOMTaHUS U OCY-
LIECTBJCHUSI MEp IO 3alUTe SKOCUCTEM OT XHMHUYECKOTO 3arpsi3HEHHs coJie-
COZIEPKALIMMH CMECSIMH UPE3BBIYAHO BaXXHO MMETb NPEACTaBICHHUE O TOM,
HACKOJIBKO CONIEHOCTH MOXKET IPEBBICUTH (POHOBEIE KOHIICHTpPAIH B Cpeie, He
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OKa3aB HETaTHBHOTO BO3JCHCTBHSI Ha OHOTy. B HacTosmedt pabore mccienona-
JIOCh BJIMSIHUE MPOTUBOTONONIEAHOTO peareHTa Ha KHUBBIE OPraHU3MBI C TIOMO-
IO HECKOIBKUX KOHTAKTHBIX OMOTECTOB HA OCHOBE PAaCTUTEIBHBIX U JKUBOTHBIX
TeCT-00BEKTOB (JIyK pemyarsiii A. cepa, BETBUCTOYCHIA pauok M. macrocopa).
VYrHeTaroniee AeHCTBHE peareHTa OIEHUBAJIOCH Ha YPOBHE OpraHm3Ma (BEDKHBA-
€MOCTb U IMapaMeTphl )KU3HEHHOTO IIUKJIa PAYKOB, POCTOBBIE TTApaMeTPHI JIyKa) U
KJIETOYHOM ypOBHE (MHUTOTHYCCKUI HHICKC).

KonuenTpanuu cMecu, npu KOTOpeIx HaOmonanock 50% yraereHue pocra
kopue#t nyka (EC,)) u 50% cmeprrocTs paukos (LC, ), OKa3anmuch J10CTaTOMHO
O6mm3kumu (Tadm. 1).

Ta6nuua 1 [Table 1]
Biisinue pacTBOpOB NPOTHBOI0/I01E1HOI CMeCH HA HHIUKATOPHBIE
napamerpsl Allium-tect 1 ocTpLIX TECTOB ¢ Moina macrocopa

[The effect of deicing salt solutes on the endpoints
of Allium-test and acute tests with Moina macrocopal

INoxazarens Tecta df ITapamerp | 3Hauenue napamerpa + SE p-value
[Test indicator] [Parameter] [Parameter value =SE]
Allium-tect [Allium-test]
b 1,23+0,50 0,019
Cpenssist JyIMHA KOPHS, CM 33 d 1,18+0,12 <0,001
[Average root length, cm]
EC,, 6,30+1,94 0,003
CyMMa JUIUH KOpHEH, cM b 1,48+0,81 0.080
[Sum of the root length; cm] 30 d 44,80+6,02 <0.001
’ EC,, 5,17+1,91 0,011
MHUTOTHYECKHI UHIEKC b 23,28493,79 0.805
U o 32 d 6,93+0,37 <0,001
[Mitotic index], % EC,, 10,40+1,65 <0,001
24/48-4acoBoii TeCT Ha BETBUCTOYCBIX paukax [24/48-hour Cladocera test
b 8,1+1,7/9,5£1,8 <0,001
Bbln(}dBaeMOC.Tb pa4kKoB, LIT. 22 d 19,7:|:0,7/1 9,8:‘:0,6 <0’001
[Survival of animals, numbers] LCSO 5.8£0.2/5.140.1 <0,001

Ipumeuanue. df — uncno creneneit cBooonsl. [TapameTpsl Joructuueckor GpyHkImu: b — yron
HaKIoHa, d — BepXHee NpejieNlbHOe 3HaYeHue nokasarens tecta, EC ), LC,  — konueHTpaius
cMecH, IIPU KOTOPOIl IPOUCXOAUT CHU)KEHHE 3HaUeHHs Moka3areins tecta Ha 50% 1o cpaBHe-
HHUIO C BEPXHUM IIPEEIIbHBIM 3HAaYEHUEM.

[Note. df - degrees of freedom. Parameters of logistic function: b - The relative slope, d - Upper limit of
the test indicator, EC,, LC, - The concentration producing a response of the test indicator 50% below the
upper limit].

507

J1030BBIC 3aBHCUMOCTH CPEIHEH JUTHHBI JIyKa M BBDKUBACMOCTH PAuyKOB OTIIH-
YaJIUCh CKOPOCTHIO PEAKIMH Ha YBEIMYCHHUE KOHLICHTPALMH PAaCTBOPESHHOH CMecH
(puc. 1). [l MHAMKATOPHBIX MOKa3aTesel Jiyka HaOMonaaoch OTHOCUTEIBHO PaB-
HOMEPHOE CHIDKEHHUE [I0Ka3aresis [0 Mepe YBEIHYEHHs KOHIIeHTpalmu (puc. 1, a).
BBDKMBAaEMOCTh PavyKOB PE3KO CHIDKANACH MPH JOCTHKCHUH MOPOTOBOI KOHIICH-
Tpamuu cMmec 4 1/1 (puc. 1, b). TlomHoe HHTHOMpPOBaHKE POCTA KOPHEH JIyKa Ha-
OIFOANIOCH TPU KOHIIEHTpaIu cMeck 20 /11, TorIa Kak THOeIb BCEX TECTUPYEMBIX
JKUBOTHBIX B OCTPBIX OMBITAX IPOUCXOIUIIA IPY KOHIIEHTpAU § I/IL.
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B pacTBope, T/1 B pacTBOpe, I/1
[Concentration of deicing salt, g/l] [Concentration of deicing salt, g/l]

Puc. 1. PerpeccroHHBIC 3aBUCHMOCTH CpeRHEH JUTMHEI KOpHSI TyKa Allium cepa
B Allium-tect (a) 1 BEDKHBAEMOCTHU paukoB Moina macrocopa B oCTpoM 48-9acOBOM TecTe
(b) OT KOHIIEHTpAIMU ITPOTUBOTOJIONENHOHN cMecH B pacTBope. O0nacTh, BEIAEIEHHAS CEPHIM
LBETOM BOKPYT PETPECCHOHHOW KPHBOM, — TPAHUIIBI 95% ITOBEPHUTEIILHOTO HHTEPBAJa
[Fig. 1. Regression curves for average root lengths of Allium cepa in Allium-test (a) and survival
of Moina macrocopa females in an acute 48-hour test (b) under the effect of the concentration of deicing
salt. The gray band around the regression curve is the 95% confidence interval for predicted values]

XPpOHUYECKUH TECT HE MMOKa3aj 3HAYMMOTO BIUSHUS PaCTBOPOB CMECH B JIU-
anasoHe koHmeHtpanuid oT 0,3 10 5,0 T/1 Ha BRDKUBAEMOCTh M IIJIOJOBHUTOCTH
caMok M. macrocopa. YienbHas CKOPOCTh IOBEHHJIBHOTO POCTa PavyKOB CTATH-
ctudecku 3HaunMo (p < 0,05) omMuamack OT KOHTPOJIS TOJIEKO MPH KOHIICH-
Tpanuu cmecH B pactBope 5,0 /1. [TonHas rubenb )KUBOTHBIX HAOIOAANACH Ha
BTOpBIE CYTKH 3KCIIEPUMEHTA MPY KOHIICHTPAIIMK CMECH B pacTBope 6,0 /1 u
BhIIe (Tabm. 2).

Tabnuna 2 [Table 2]
Biinsinne pacTBOpOB NPOTHBOI0/10/1E1HOI CMeCH HA MapaMeTPbl
JKM3HEHHOTr0 uukja Moina macrocopa
[The effect of deicing salt solutes on the life cycle parameters of Moina macrocopal

Konuentpauus cmecu, /1
[Concentration of deicing salt, g/1] L+SD iy +SD F+SD

Control 9,0+3,6 0,38 £0,03 53,93 + 31,10
0,3 8,7+3,8 0,40 + 0,03 56,20 + 31,61
0,6 11,1 +4,9 0,39+0,03 80,00 + 48,23
1,3 9,7+4,5 0,38 +£0,03 66,93 + 37,76
2,5 9,3+5,9 0,39 +0,03 58,73 +£47,15
5,0 9,2+4,0 0,33 £0,08** 51,47 + 33,69
6,0 1,3+0,5* — —
8,0 1,0 £ 0,0* — -

Illpumeuanue. L — NpoaOIKUTENBHOCTD )KU3HU, CYTKH; 1, — YAE/bHas CKOPOCTh POCTa KOBe-
HWIBHBIX CaMOK, 1/cyTku; F — mnomoBuTocTs, MOTOMKOB/caMKy; *p < 0,001, **p = 0,038.
[Note. L - Lifespan, days; M Specific growth rate of juvenile females, 1/day; F - Fecundity, neonates/
female; *p < 0,001, **p = 0,038].

B pabote 3ahuKkcHUpOBaHBI CXOXKHUE IO BEITHYHWHE KOHIICHTPALUU COJIECOIEP-
mameﬁ CMECH B paCcTBOPE, MIPU KOTOPBIX Ha6J'I}OI[a}OTC$I YTHETCHHUE pOCTa KOpHeﬁ
JIyKa 1 CHUKCHHUEC BBDKMBAE€EMOCTH PAYKOB. OTH BEJINYHHEI B IIEJIOM COOTBETCTBY-
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10T BEJIMUYMHE KPUTHUECKOU COJIEHOCTU 5—8%o, IPU NPEBBILIEHUH KOTOPOil mpo-
UCXOJST KaueCTBEHHbIE M3MEHEHHs BO BHEIIHEH M BHYTPEHHEH cpele opraHus-
MOB [25].

Kak 1 601pIIMHCTBO YaCTO UCIIONIB3YEMbIX XUMUYECKUX CPEACTB sl OOpBObI
CO JIBIOM Ha J0porax, colecoiepskamas cMech « BHOHOPI comepKuT OombIIoe
KonuuecTBO (0kojo 85% oT oOmiel Macchl) XJIOPUIOB HATPHUS W Kanubius [3].
MexaHu3M AENCTBUS pacTBOPOB CONECONEPKALIEH CMECH Ha KUBBIC OPTaHU3MBI
MOXKET OBITh CBsI3aH KaK C HEMOCPEJACTBEHHBIM JIEHCTBHEM COJIEH, TaK U IPYyTUX
MpUMECEN, KOTOPBIE BXOJAT B €€ COCTAB.

JluteparypHble JaHHBIE 110 BIMSHUIO XJIOpHUIa HATpHsl Ha M. macrocopa moka-
3BIBAIOT, YTO MApPaMETPHI )KU3HEHHOTO [UKJIA TIPEICTaBUTENEH 3TOTO BUAa [26]
CKOPOCTB pOCTa MOMYNALUH [22] MPaKTUYECKU HE U3MEHSIOTCS B HANa30HE KOH-
neHTparuii comu ot 0 10 4,0-4,5 v/1. B HacTosimeM HcciieIoBaHUY TTapaMeTpPhl
YKU3HEHHOTO LMKJIA HE CHUKAIUCH NP BO3JAEHCTBUN KOHIEHTPAIII MOJIEIbHOM
cMecH 10 5,0 T/11, 9To ¢ y4ETOM MacCOBOM JIOJIH XJIOPHIOB HATPHS ¥ KAJIBIIUS JacT
CXOXKHE OLICHKHU.

VnenvHast 3MEKTPONPOBOAHOCTh — HMHTErPalbHBIA TOKA3aTelb, KOTOPBIM IO-
3BOJISIET OLICHUTH KOJMMYECTBO PACTBOPEHHBIX B BOJE KATMOHOB W aHUOHOB M yKa-
3bIBACT Ha YCIOBHUS, K KOTOPBIM JIOJDKHA TPHCIIOCOOUTECS CHCTEMa OCMOTHIECKOM
PEryIsMY MPECHOBOAHBIX OpraHu3MoB. CpaBHEHHE MOITYYEHHBIX B padoTe MOIy-
JIeTabHBIX KOHLIEHTpaLUil UCIIOIb3yeMOW CMECH C JIMTEPATypHBIMU JaHHBIMU 110
BIIMSHUIO XJIOpW/Ia HATPHA Ha BBDKUBAEMOCTh padka Daphnia magna mokas3bBaeT
COIIOCTaBUMbIE 3HAUEHUS KOHLEHTpPALMi U YIEIbHOM 3JIEKTPONPOBOAHOCTH pac-
tBopoB. Tak, LC, | st NaCl B octpeix 48-uacoBbix TecTax Ha D. magna cocTas-
msa 5,5 u 6,6 T/11, @ COOTBETCTBYIOIINE STHM KOHIICHTPALMSIM AJICKTPOIIPOBOIHO-
cru — 9,8 u 10,0 mC/em [23, 27]. B nposenénnoit pabore 3nauenuto LC, 5,1 r/n B
0CTPOM 48-94aCOBOM TECTE COOTBETCTBYET AIEKTPOIIPOBOTHOCTH 8,2 MC/cM. MokHO
HPEANOIOKUTh, YTO HETaTUBHBIN 3(h(heKT pacTBOPOB cosecoaepkaleil cMmecy,
MIPOTECTUPOBAHHON B HKCIEPUMEHTAX, B MEPBYIO OYEpPENb CBA3AaH C ACUCTBUEM
BXOJALINX B €€ COCTaB XJIOPUCTBIX COJIEH M MOXKET OLEHUBATHCS IO BEIHMYUHE
ANEKTPOIIPOBOAHOCTH pacTBopa. Ecnn OBl B €€ cOCTaB BXOAMIN TOKCHYIHEIEC Be-
LIeCTBA, JEHCTBYIONIME B HU3KUX KOHLUEHTPAUIX, CIIeJ0BaI0 Obl OKUAATH MPO-
SIBJICHUSI HETaTUBHBIX 3()(EKTOB Ipu Ooiee HIU3KUX KOHICHTPALUSIX I 3HaYe-
HUSX 3JIEKTPOIPOBOJHOCTH, HE COBMAJAIONIMX C JUTEPATypPHBIMU JAHHBIMU IO
BO3JICVICTBUIO COJIEN XJIOpA HA TIPECHOBOIHBIE OPTaHU3MBI.

Ha ocHoBaHUM pe3yNbTaToB IKCIIEPUMEHTOB M HOPMAaTUBOB IPUMEHEHUS CMe-
cu «bruoHOP» MOXKHO OLIEHUTh ONACHOCTh 3arpsA3HEHUS NPECHBIX BOJI 3TUM pea-
reHToM. PekoMeHTI0BaHHAs HOpMa pacxoia CMECH, B 3aBUCUMOCTH OT IIOTOJHBIX
ycimoBuii, cocraBiser 40—65 r/m? [21]. B kauecTBe Hamxyamiero cieHapus pac-
CMOTPHUM CIIy4ai, KOria pU OTCYTCTBHM CBOEBPEMEHHOHN yOOpku oOpaboTaH-
HOUM TOBEPXHOCTH, PEITIaMEHTHPOBAHHOW MpaBwuiiaMu ucronb3oBanus [20, 217,
CMECh BMECTE CO CTOYHBIMH BOJIaMU MOMaAET B BoAoEM. B Takol cuTyaruu, oc-
HOBBIBASCh Ha MOJYYEHHBIX B paboTe 3HayeHusax LC, s BEDKMBAEMOCTH Hpe-
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CHOBOJIHOTO BETBHCTOYCOTO padka (5,1 r/m) u EC, s yrHeTeHus pocTa KOpHEH
nyxka (5,2 1/m), crok ¢ 1 M? 06paboTaHHO# TOBEPXHOCTH MOKET IIPUBECTH K 3a-
rpsi3HeHuto 8—13 i1 mpecHoi Bombl. B peanbHOM cuTyanny cTeneHb 3arpsi3HeHus
AHTHUTOJOJIEAHBIMHI CMECSMU OKPYXKAFOIIEH Cpe/ibl 3aBUCUT OT pexkrMa yOOPKH U
XapaKTePUCTHKK 00pabaThIBAEMbBIX TEPPUTOPUH, KIIMMATUICCKUX U IPYTHX (ak-
TopoB [8]. [ToaToMy 111 KOHKPETHOH MECTHOCTH WJIM CUTYallul OLIEHKA YPOBHS
MOTEHINAIEHOTO 3arpsi3HeHNs TpeOyeT AeTaIbHOTO HCCIIeIOBAHMA.

[Ipu onenke KOHIIEHTpALUH PAacTBOPOB coliecoAepxkalleil cMecH, KOTOpbIe
OKa3bIBAIOT HETATHBHOE BO3AEHCTBHE Ha BETBHCTOYCHIX PAKOOOPa3HBIX U permda-
TBIN JIyK, TIOKa3aHO CTAaTHCTHUYeCKU 3HaunMoe (p<0,05) BIusHHE HA BBDKHBac-
MOCTB pauka M. macrocopa i MHTHOUpPOBaHIE pocTa KOpHEH Jyka 4. cepa mipu
KOHIIEHTPALUSAX CMECH, OTM3KUX K YPOBHIO KPUTHUECKOHN CONEHOCTH JIsl OHOIIO-
THYECKIX 00BEKTOB (5—8%0). [Ipn 3TOM mMOCIeCTBAS XUMHIECKOTO 3arps3HEHHS
MMOBEPXHOCTHBIX U MOJ3EMHBIX BOJI HEOOXOAUMO PaccMaTpuBarh B JOITOCPOUHOM
mepcreKTrBe. TeHAeHINIO MOCTENIEHHOTO HAaKOIUICHHS XJIOPHIOB B BOJHBIX AKO-
CHCTEMaX, PACIONIOKCHHBIX BOIU3U TEPPUTOPHIA, T/I€ B TCUCHUE POIOIKUTEIIh-
HOTO TIePHOa BPEMEHH NMPUMEHSUTICH COIEeCOACpIKAIINe aHTHTOJIONETHBIE CPe-
CTBa, MOATBEP)KAAIOT MHOTOYHCIICHHbIe uccnenoBanus [1-3, 8, 28, 29]. bonee
TOTO, B JINTEpPAType MPUBEICHEI TaHHBIE O JOCTATOYHO BEICOKMX KOHIIEHTPAIUIX
coiell B mpo0ax BOABI M3 MPHUPOIHBIX MCTOYHUKOB BO BPEMs CTOKA JTOPOMKHBIX
conei. Hampumep, KOHIIEHTpaIus cojiell B Mpo0ax, OTOOpaHHBIX W3 PYYbCB B
paiione ropona Munyoku (CILIA) nocrurana 10 r/a [30]. Taxke cinemyer oTMe-
TUTH PabOTHI HCCIenoBaTeNeH, MPOIeMOHCTPUPOBABIINX HETaTHBHOC BIIHSHIE
JOPOXKHBIX COJIEH HA CTPYKTYpY IHIIECBBIX CETEH W B3aMMOOTHOIICHHUS BOTHBIX
OPTaHM3MOB JaKe IIPH OTHOCHUTEIFHO HU3KOM YPOBHE XUMHUYECKOTO 3arpsI3HEHNUS
[1,3,4].

3aki0uenune

Takum o6pasom, nposeneHa ouenka nomyneranbubix (LC,)) KoHUEHTpanui
TIPOTHBOTOJIONIEHON cojecoepKareit cmecu «bruonopa» B ocTpeix 24- u 48-4a-
COBBIX OMBITAaX HA BETBUCTOYCHIX paukax M. macrocopa (5,8 u 5,1 r/m cooTBeT-
crBenno). C npumenenueM Allium-tect ounenensl momysddexrusnrie (EC,)
KOHIIEHTPALlMU TPOTHUBOTOJIONETHON CMECH JUIsl YTHETeHHs IMoKazaTeleil pocTa
KopHe#t nyka (6,3; 5,2 u 10,4 1/i1 anst cpeaHed 1 cyMMapHOH IUTHH U Tipoiudepa-
TUBHO# aKTHBHOCTH COOTBETCTBEHHO).

CpaBrenne ¢ maHHbEIMA 0 BimssHHH NaCl Ha BETBHCTOYCHIX PakoOOpa3HBIX
JlaeT OCHOBAaHHUE 3aKIIOUUTh, YTO HETAaTUBHOE BO3JICHCTBUE PACTBOPOB COJIECO-
Iepxamieil cmecu « bHOHOpA» B MEPBYIO OYEPEb CBA3aHO C BXOIAIIMMH B €€ CO-
CTaB COJIIMHU XJIOpa U HATPHSI U MOXKET OIPEEIIATHCS 110 3HAYSHHIO JIEKTPOIPO-
BOOHOCTH pacTBopa. I1o pesymnbraTtam paboTH JaHa OIICHKA CHTYAIUH, KOTa BCE
KCIOJIH30BaHHOE IO HOPMAaTHUBY CPEJICTBO BMECTE CO CTOYHBIMHU BOJIaMU MOMIAET
B BOJI0EM. B 3TOM citydae CTOK C Ka)JI0Tro KBaJApaTHOTro MeTpa 00paboTaHHOH 110-



Bauanue pacmeopoe npomugozononéonoi cmecu 171

BEPXHOCTH MPHUBEET K 3arps3HeHuI0 8—13 1 mpecHo# Bombl. Takoe 3arpsisHEHHE
XJIOpUAaMU HAaTPUS M KaJIbIUS BOJAHBIX SKOCHCTEM MOXKET OKa3aTh HETaTUBHOE
BIUSIHUE Ha BBDKUBAEMOCTH IIPECHOBOTHOTO 300TUIAHKTOHA M TIPUBECTH K 3HAYH-
TEIbHBIM KOJIOTHYECKHM MOCIICICTBHIM.

[TomydyeHnple B HacTOsIMEH pabOTe KPUTHICCKUE KOHIICHTPAIIMHA PAacTBOPOB
TIPOTUBOTOJIONIETHON cosiecofiepkaliel cMecu «bHOHOPI» MOYKHO HCIIONIb30BATh
JUIS TpyOOH OIEHKH MOTCHIUAIBHON OMACHOCTH BO3ICHCTBHS 3TOTO pearcHTa
JJIsT BOIHBIX SKocHcTeM. s Oojiee TOYHBIX OLIEHOK BO3MOJKHBIX HETaTUBHBIX
MOCJICACTBUN TpeOyeTcs MPOBEICHUE HATYPHBIX W3MEPEHUH, TOITOBPEMEHHOTO
MOHHMTOPHUHIA, MOJEIMPOBAHUS PACHPOCTPAaHEHHsS] U HAKOIUICHUS BXOJSIIUX B
COCTaB peareHTa KOMIIOHEHTOB B Pa3JIMYHBIX 3BEHBSIX MPHUPOTHBIX IKOCHUCTEM B
MeCTaX ero MHTEHCUBHOTO MTPUMEHEHMUS.
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The effect of deicing salt solutes on Moina macrocopa
and Allium cepa in a toxicity test experiment

Chloride salts are the most commonly used deicing materials for winter maintenance
of roads. Numerous studies indicate a significant increase in the salinity of aquatic
ecosystems associated with the long-term use of deicing materials in countries located
in cold climates. The functioning of ecosystems largely depends on salinity, since
salinity is one of the key factors determining the species composition, the structure of
food webs and the productivity of aquatic communities. Given the growing threat of
salinization of groundwater and surface waters, it is extremely important to study the
effect of deicing materials on the biota and functioning of aquatic ecosystems. The aim
of this research is to determine the threshold concentrations of solutions of the deicing
salt mixture “Bionord” containing sodium and calcium chlorides, at which negative
effects on the development of animal and plant test objects are observed.

In this study, we used the salt-containing mixture “Bionord” as a model deicer.
Similarly, with the most commonly used ice melting chemicals, the «Bionord» salt
mixture contains a large amount of sodium and calcium chlorides (about 85% of the
total weight). To evaluate the toxicity of the deicer solutions, we used acute and chronic
toxicity tests with cladoceran Moina macrocopa (Straus, 1820) (Cladocera: Moinidae)
and standard onion-based test with Allium cepa L. (Liliopsida: Amaryllidiceae)
(Allium-test). In acute and chronic toxicity tests with Cladocera, the females on the
first day of their life (body size 0.5-0.6 mm) were placed individually in jars with aged
(not less than for 72 h) tap water with a volume of 20 ml with the addition of a deicer
at a certain concentration. A group of animals that was placed in the medium without
the deicer was used as a control. In the acute toxicity tests, we used the following
concentration of the deicer: 1.3; 2.5; 4.0, 5.0; 6.0; 8.0; 10.0 g/1. The mortality of animals
was recorded 24 and 48 hours after the start of the experiment. The concentration of the
deicer (LC,)) at which 50% of animals was observed to die, compared to the control,
was determined in the acute toxicity test. In a chronic toxicity test, animals were tested
in the following range of concentrations of the deicer: 0.3; 0.6; 1.3; 2.5; 5.0; 6.0 and
8.0 g/l. The chronic toxicity test was conducted until the death of all test animals. Based
on the data obtained in the chronic toxicity test, the specific growth rate of juvenile
females, average fecundity, and average life span of M. macrocopa were calculated for
each concentration of the deicer. Bulbs of onions of the Stuttgartenrisen variety with
a diameter of 1.8 + 0.1 cm and a weight of 2.27 &+ 0.17 g were used in the onion test.
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Bulbs with their bottoms were placed in test tubes containing 20 ml of a solute of the
deicer or tap water for 48 hours. Three bulbs were tested for each concentration and for
the control. The following concentrations of the deicer were used in the onion test: 1.0;
2.5; 5.0; 7.0; 10.0; 15.0; 20.0; 50.0 g/1. The general toxic and cytotoxic effects were
evaluated in the onion test. The average root length and the total root length on each
bulb were used as indicators of the total toxicity of the solutions of deicer. To evaluate
proliferative activity, we calculated the mitotic index as the fraction of dividing cells
in the apical root meristem to the total number of cells. Based on the results of the
experiments, we determined median effective mixture concentrations (EC, ) at which
there is a 50% decrease, compared to the control, in the values of root growth indicators:
average root length, sum of root lengths on each bulb and mitotic index.

Median lethal concentration (LC, ) of the deicing salt determined in the 48-hour
acute toxicity test with females of M. macrocopa was equal to 5.1 g/l. In the chronic
test, we showed that the exposure to the solutions of the deicing salt in the range of
concentrations from 0.3 to 5.0 g/l does not affect the life span, specific growth rate of
juveniles and fecundity of females of M. macrocopa. The median effective concentration
(EC,,) of the deicing salt determined in the Allium-tests were 6.3, 5.2 and 10.4 g/l for
the sum of root lengths, average root length on each bulb and proliferative activity at
the tips of roots (mitotic index), respectively (See Table I and 2). Complete inhibition
of onion root growth was observed at the concentration of the decider equal to 20 g/l,
while the death of all test animals in the acute toxicity test occurred at the concentration
of the deicer equal to 8,0 g/l (See Fig. I).

Thus, we demonstrated that similar concentrations of the deicer induced 50% inhibition
of the growth of onion roots and 50% mortality of cladocerans. These values, in general,
corresponded to a critical salinity of 5-8 %o above which qualitative changes occur both
in the external and internal condition of aquatic animals. The electrical conductivity of the
deicer solutions, which had a negative effect on the selected test species, coincides with
the previously obtained values of the electrical conductivity of sodium chloride solutions
harmful to cladocerans. We can assume that the main mechanism of the effect of the
deicing material that we study is associated with the biological effect of its chlorine and
sodium salts. Taking this into account, the value of electrical conductivity measured for
solutions of deicing salt can be used to assess its negative potential effects. We estimated
that in the absence of timely cleaning, regulated by the rules for using the material, the
runoff from each square meter of the treated surface can lead to the pollution of 8-13 liters
of fresh water. Thus, the basic requirement for the use of deicing salts on roads is the
need to comply with the cleaning regime of the treated surfaces. Otherwise, the gradual
accumulation of sodium and calcium chlorides in water bodies can cause an increase in
salinity which will affect the survival of freshwater aquatic organisms and lead to serious
disturbances in the functioning of aquatic ecosystems.

The paper contains 1 Figure, 2 Tables and 30 References.

Key words: salinity; toxicity test; Cladocera, Allium-test; aquatic ecosystems.
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OnpenesieHue apXUTEKTOHUKHA KOPHEBOH CHCTEMbI
JAepeBbeB METOI0M reopainoJI0KANNU

HccnenoBanne IpoOBEACHO B paMKaX BBITIOIHEHHUS TOCYAAPCTBEHHOTO 3aIaHuUs
OT/en KOMIUIEKCHBIX Hay4yHbIX uccnenoBanuii KapHLL PAH

Memodom eeopaduonoxayuu npogedeHo usyyeHue KOPHeBOU CUCmeMbl O08yYX
obpasyos adronu domawneti (Malus domestica) u 0606wenvl Oannvle 0 Memoouke
HabnoOeHull U 00pabomku OAHHLIX NPU  USYYEHUU APXUMEKIMOHUKU KOPHEl.
Toxkaszana 603MONCHOCHb BblOENIEHUsL NOZPeOEHHbIX 00beKkmos pasmepamu om 1,5
00 5 cm npu ucnonvsosanuu 2eopadapos ¢ sonoupyrowei yacmomotui 1-2 I'Ty, umo
CONOCMABUMO € OHCUOAEMBIM DASMEPOM CKelemHbIX KOopHell. Buinonnenvl nonegvie
Habnooenus ceopadapom OKO-2 ¢ awmenuwvim 6nokom uwacmomou 1 700 I'y no
UCCIe008AHUIO APXUMEKMOHUKU 08YX 00pa3yos a010Hb, Oe3 npuMeHeHus cnocoba
PACKONKU, € Yenvio OonpeoeneHus 6IUAHUSL NOYBEHHO-2UOPONOSUHECKUX VC06UL
Ha npoyeccvl Kopueobpazoeanus. Ilo eunepboram Ougpazuposannoll 601HbI HaA
paoapozpammax onpeoeneHvi MeCMONONONCEHUS CKELEMHbIX KOPHell UCCLedyemMblx
06pasyos, COBOKYNHOCMb KOMOPLIX OmMpaxfcaem pacnpedenenue KOPHeblX CUCTEM
6 npocmpancmee. Ilpu nomowu mpexmepHvlx Mooeneli NpOAHATUSUPOBAHO
63aUMOOMHOULEHIE MOPPONO2UU KPOBIU KOPHEHENPOHUYAEMBIX SPYHIMO8 U KOPHEBOU
apxumekmypusl  06pasyos. Ycmanoeiena mMpanchopmayus KOpHeEOU  CUCTHEMbL
U HA3EMHOU 4acmu 0epebes 6 3dGUCUMOCIU OM NONONCEHUS NOOCTULAIOWUX
Kpucmanudeckux nopod. OOHapyxceHo, umo He2lyboKoe 3aiecanue CKATbHbIX
2PYHMOB NPUBOOUM K USMEHEHUIO (YOPMbl KOPHEBOU CUCTEMbL O YCEUEHHO20 KOHYCA
K NOBEPXHOCMHOIL.

KiroueBble  cioBa:  Malus  domestica;,  ceopaduonoxkayusa; — KopHesas
APXUMEKMOHUKA, PAOAPOSPAMMbL, KOPHEHENPOHUYAEMBIL 2OPUZOHM.

BBenenune

KopHeBast cuctema sBIsS€TCS KPUTUYECKH BaXKHOW COCTaBIISIOIIEH JFOOOTO
JepeBa, 0TBedast 32 GYHKINHU TUTAHU, 3aIlaCaHus ITOJIC3HBIX BEIIECTB U (hH3HUe-
CKOT0 3aKperieHus B rpyHTe. 1101 apXUTEeKTOHHKOIM KOPHEBOM CUCTEMBI MOIpa3-
yMeBaeTcs KOH(PUTYypaIyst KOpHEi B IPOCTpaHCTBeE, a €€ PopMIpOBaHHE 3aBHCUT
OT MHOXXECTBa (DaKTOpOB, TaKMX KaK BUJ PACTEHHS, TUIl BMEIIAIOIIUX TPYHTOB,
noiyyaemoe nutanue u T.1. [1]. HecMoTps Ha BaKHOCTH M3YYEHHs 3TOTO Opra-
Ha B KOHTEKCTE MPOIIECCOB PAa3BUTHUS U KU3HENEATSIFHOCTH JIepeBa, MpeCTaB-
JICHHE O CTPYKTYpe KOPHEBOTO armapara 3a9acTyio HEIONHOEe, B TOM JHCIe U
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BCIIE/ICTBHE OTPAaHWYEHUH IOCTYIHBIX METOIOB HccienoBaHuii. OCHOBOM JKc-
MEPUMEHTAJIBbHOTO M3Y4YeHHsS KOPHEBBIX CHUCTEM PACTEHUH CIYXKHUT CIOCO0 WX
packoniku [2, 3]. OHAKO 3TO HAHOCUT 3HAYUTEIIBHBIN YIIepO MOI3eMHOMY IPO-
CTPAHCTBY, a TAaK)K€ CAMUM PACTEHUSM U B OOJBIIMHCTBE CIy4aeB MIPUBOAMT K
ux TuOeny. B HEKOTOPHIX Cciydasix B 4epTe Topoja WM Ha 0CO000 OXpaHSEMBIX
MIPUPOJHBIX TEPPUTOPHUSIX BBIIOIHEHHE MOAOOHBIX PabOT HEBO3MOXKHO WU 3a-
npemeno. Kpome Toro, gaHHBIN crioco0 TpeOyeT 3HAYNTEIHHBIX BPEMEHHBIX H
(u3uUecKUX 3aTpar.

W3yuyenne KOpHEBBIX CHCTEM JIEPEBHEB Ha CETONHSIIIHHUN JEHB SBISIETCS aK-
TyaJbHOHM 3ajjadeid, U JUIs ee pelIeHUs] CUCTEeMaTHYECKU MPHUBIEKAIOTCS HOBBIE
JMCTAHIIMOHHBIE METOJIbI, KaK J1abopaTopHbIe, Tak W moyeBbie [4]. Hampumep,
MONTy4YeH Pl 3HAYMMBIX PE3YJIbTATOB IO HCIOIB30BAaHHUIO MPOCTPAHCTBEHHBIX
MoOZeTIeH TS OLICHKH BIUSHUS HAKJIOHA TOBEPXHOCTH TPYHTA Ha MPOIECCHI (op-
MHUPOBaHUs KOPHEBOH CHUCTEMBI B paMKax O0pbhObI ¢ mpoueccaMmu 3po3uH [5, 6].
K nepaspymarommm ciocodaM aHamm3a KOpHEBOH apXUTEKTOHUKHA OTHOCHUTCS H
MpUMEHEHHe Te0(PU3NUECKUX METOI0B, B YACTHOCTH, T€OPaINOJIOKALINH, KOTOpast
0azupyercsi Ha M3yYeHHH 3aKOHOMEPHOCTEH paclpOCTpaHEHMsS] BBHICOKOYACTOT-
HBIX AJIEKTPOMArHUTHBIX BOJIH B TIOYBEHHO-TPYHTOBOM MaccuBe [ 7-9]. 'eopaamo-
JIOKAITHIO B Ka4eCTBE CPEICTBA ONMHMCAHMS KOPHEBBIX CHCTEM JPEBECHBIX pacTe-
HUH HaYaJIu MPUMEHATH ¢ KoHIa 90-X IT., KorJa Obuia oka3zaHa NpUHIUIHATIbHAS
BO3MOXKHOCTH JIOKQJTM3alUX TIOJIOKEHUSI OTAENbHBIX KOopHEeH reopamapom [10].
JanpHeiinme uccnenoBaHus B 5TOM HalpaBlieHUH MPOAEMOHCTPUPOBAIIU AOCTa-
TOYHO yOeIUTEIBHBIC IPUMEPHI ONIPEAEIECHIS M0 JAHHBIM I'e0panOIOKAINH [T~
aMeTpa CKeJIETHBIX KOPHEH U KaK CJIeJICTBHE BO3MOXKHOCTh OIICHKH UX OHMOMAacChI
[11-13]. IIpu 3TOM 3HAUMTENbHAS YacTh PabOT KacaeTcs BOIMPOCOB (PHU3UICSCKHIX
OrpaHMYEHUIl U pa3pemiaromieil ciocoOHOCTH reopaanonaokanuu [14, 15].

Kopuesast cucrema pacTteHuil pa3BUBaeTCs MO HACIEICTBEHHO 3aKPEIIIEHHON
cXeMe, HO UMEET TeHICHIIMIO K aJlanTalluy MO/ BIUSIHUEM OKpY Kaloliel cpelibl, B
TOM YHCJIE BCICACTBUE B3aNMOACHCTBHUS C BMEIIAIOIIUMH TPYHTAMH, YTO MIPOSIB-
JIeTCsl, HallpuMep, B Ipolleccax FUAPOTponu3Ma u xemorponusma [16]. Onaum
U3 MPUPOTHBIX (PAaKTOPOB, OKA3HIBAIONINX BIMSHUE HA POCT, SBISIETCS YPOBEHb
3aNieraHusi KOpHEHETPOHUIIAEMbIX TOPU30HTOB, BCIIEACTBUE YETO M3MEHSAETCS KaK
CTPYKTYpa KOPHEBOH CHCTEMBI, TaK U HAJ3eMHasl YacTh PACTCHHU.

WzydeHue pa3BUTUS KOPHEBOW CHUCTEMBI B TIOYBEHHO-TPYHTOBOM MacCHU-
BE OTHOCHUTCS K OOJIAaCTH HAYYHBIX M MPAKTUICCKUX WHTEPECOB JJIS IIOMOBBIX
pacTeHMii, cpeau KOTOPBIX OIHO M3 JTOMHHHUPYIOIIMX MECT 3aHUMAaeT sONOoHS
noMmanrasst (Malus domestica Borkh.) [17]. Llens manHON paGOTHI — MPOAESMOH-
CTPUPOBATh BO3MOKHOCTH UCCIIEZIOBAHUSI KOPHEBOW apXUTEKTOHUKU B3POCIHBIX
JIEPEBBEB METOJOM TEOpamUONOKAIMK 0c3 IMPUMEHEHHUS CII0c00a PACKOIKH.
Kpome Toro, mocraBineHa 3ajada Mo ONpPEAEICHUIO POCTPAHCTBCHHON KOH(H-
Typamuy KOPHEBOH CHCTEMBI B 3aBHCHMOCTH OT IIyOWHBI 3ajJleTaHHUs KpHCTal-
JIUYECKUX MOPOJ U OIICHKE BIUSHUS MOJOOHBIX M3MEHEHUU Ha pa3BUTHE Hal-
36MHOW YaCTH JI€PEBBEB.
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Marepuajbl 1 METOAUKH HCCJIET0BAHUS

Meton reopaanoOKallMd OCHOBBIBAETCS Ha M3JIyUYE€HHMM HAHOCEKYHIHBIX
AJIEKTPOMArHUTHBIX UMITYJIbCOB OIPEEIEHHONH YacTOTHI B 30HIUPYEMYIO CpELy
C MOCJEOYIOLIEH perucTpanueil 1 aHaJIu30M CUTHaA, OTPaKEHHOI'O OT BHYTPEH-
HUX TPaHMIl U JIOKANbHBIX HeogHopomaHocTed [18, 19]. K ocHOBHBIM XapakTe-
PHUCTHKaM, OTBEYAIOUIMM 3a CKOPOCTb PACIPOCTPAHEHUS U 3aTyXaHUsl JIEKTPO-
MAarHUTHOW BOJIHBI B TPYHTaX, OTHOCSTCS OTHOCUTENbHAS TUAIEKTpUYecKas
MIPOHUIIAEMOCTb U 3JIEKTpUYECcKas IPOBOAMMOCTb, KOTOPHIE B CBOIO OuYepeidb
3aBUCST OT paja (GU3HMUECKUX CBOUCTB 30HIUPYEMOTO IPyHTA: MHHEPAIBHOIO U
IpaHyJIOMETPUUECKOIO COCTaBa, BJIAXKHOCTH, INIOTHOCTH, COIEP)KaHUsI OpraHu-
YeCcKOro BelecTBa U T.J. Bapuamuu Takux mapaMeTpoB OMNPEEISIOT, HACKOJIb-
KO TIIyOOKO M KaK TOYHO MOKHO BBISIBHTH OTpPa)KaIOIIWE TPAaHHUIEI B TPYHTOBOM
MaccuBe. BaXHBIM IapaMeTpoM B T€OPaHOIOKAIMH CIYXKUT 4acTOTa U3ITydae-
MOTO CHTHaja, C KOTOPOH CBSI3aHBI NTyOMHHOCTh W pa3pelIaronas CliocOOHOCTh
30H1upoBaHus. CylIecTBYeT ONTUMAIBHBIM JHANa30H 4acTOT, TaK HAa3bIBAEMOE
«reopagapHoe 1miaroy», B uHTepBane yactor oT 10 go 2 000 MI'm [20]. B me-
TOZI€ T€OPaTUOJIOKALIUH HUCTIONIB3YIOTCSI CBEPXIIUPOKONIOIOCHBIE UMITYIIBCHI, Ya-
CTOTHBIH CIIEKTP KOTOPBIX B MPUEMHHUKE TIPEACTABISIET COO0M MPOU3BENCHHE HC-
XOJTHOTO 30HJUPYIOIIETO CUTHANIA HA YACTOTHBIE XapaKTEPUCTUKU cpeabl. Takum
00pa3oM, CyIIecTBYeT NPUHININAIBHAS BOSMOKHOCTD CIIEKTPAIBHOTO aHAIN3a
PETUCTPUPYEMOTO CUTHANA JUIsSl OMpPEAEICHUs TapaMeTpOB 30HIUPYEMOIl Cpeabl
[19]. Hampumep, mOBBIIIIEHNE TIEKTPUIECKON TIPOBOIMMOCTH TPYHTA 32 CUET yB-
JIQ)KHEHUS MIPUBOJIUT K YBEIMUYEHHIO HU3KOYaCTOTHOW COCTABISIOLICH cUTHaa
BCJIEJICTBHUE 3aTyXaHUs BBICOKOYACTOTHBIX FAPMOHHUK.

Jln1s. BBITIOJTHEHUS MONEBOH ChEMKM MCIONB3yeTCsl reopajgap — mpubop, Ko-
TOPBIA COCTOUT W3 TEepeNaronicii U MPUHUMAIONICH aHTCHHBI ¢ (PUKCUPOBAHHOMN
LEHTPATIBHOI 4acTOTOM, Oy10Ka perucTpanuu 1 0o6padborku. HazemHsle reopaauo-
JIOKaIIMOHHEIE (TeopanapHble) M3MEPEHHsI TIPOBOIATCS BIONb MPOQIIIEHOMN JH-
HUU WK 1o cucreme npoduieid. Kondurypauusa cetn HaOM0ASHUH 3aBUCUT OT
XapakTepa, pa3MepoB M ITyOWHBI HCCIEAYEMBIX TpaHuIl U 00beKkToB. [IpnHIMac-
MBI CHTHAJI PETUCTPUPYETCs Kak (YHKINSA U3MEHEHHs aMIUTUTYAbI OTPaKEHHO-
IO IEKTPOMAarHUTHOTO MMILyJbca BO BPEMEHH — reopajiapHas Tpacca, COBOKYII-
HOCTb TaKUX Tpacc GpopMupyeT pagaporpammy. [Ipocnexusas Ha pagaporpamme
P14 OOMHAKOBBIX MMITYJIBCOB Ha COCEJHUX Tpaccax, TaK Ha3blBAEMYIO OCb CHH-
(ha3HOCTH, MOXXHO MPOCIEIUTh OTpaXkarolyro rpaHuny (peduekrop). Kpome
OTPaKE€HHBIX, CYIIECTBYIOT U IPYTrUe€ TUIBl PETUCTPUPYEMBIX BOJIH, HAaIIPUMED
mudparupoanHas. E€ ominyre B TOM, YTO 3IEKTPOMArHUTHBIN UMIYNbC, OTpa-
KEHHBIN OT TOYKU AUQPPAKIUH K TOBEPXHOCTH, HE TIOMINHICTCS 3aKOHY OTpake-
HUS, TPeOYIOLIETo paBEHCTBA YIJIOB MaieHHsI U OTpakeHus. Toukamu audpaxiuu
BEICTYIIAIOT JIOKAJBHBIE OOBEKTHI: BAIyHBI, KOPHH, IIO3€MHBIC KOMMYHHUKAIINH,
pa3Mepbl KOTOPBIX CPABHUMBI MIIM MEHBIIIE AJTUHBI BOJIHBI 30HIUPYIOIIETO CUTHA-
na [19]. Ha pamgaporpammax qudparipoBaHHbIC BOJHBI BBIIEISIOTCS 110 CBOEMY
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roxorpady (3aBUCUMOCTb BpEMEHH IIPUX0JIa OTPXKEHHON BOJHBI OT MPOUJICHHOMN
JUCTaHIUM) B (hopMme TurepOo1, TOUCK U JIOKAJIM3alUs KOTOPBIX SIBJISIETCS BaXK-
HOW cocTapistonield naTepnperanuu (puc. 1). BepmmHa rumep0Ooisl yka3piBaeT
HAa TIOJIOKEHHE MCKOMOTO JIOKAJIbHOTO OOBEKTa, a M0 HAKJIOHY «KPBUIbEB)» TUIIep-
OOITBI OIIpeNIeNsIeTCS CKOPOCTH AIIEKTPOMArHUTHON BOJTHEI BO BMELIAIONICH cpere,
YTO BaXXHO B CIIy4asx OTCYTCTBHUS MH(OpMAIMK O CTPOCHUU U 3JIEeKTpodusmnye-
CKHUX TIapaMeTpax U3yIaeMoro paspesa.

T Rx T R ITuxer [Distance]
) Sy —s

[
ITouga [Soil]

\Vale
T'eopanapusie Tpaccel
[GPR traces]

Bpewms, ue [Time, ns)

IToacTunaroimuii rpyHT
[Bedrock]

Puc. 1. Cxema BeimosHeHUs reopanapHoit cbeMkH (TX — ncTouHnk, RX — mpuemMHuK)

U perucTpupyeMas pagaporpaMma, riae: / — mpsimasi BOJIHA B TpyHTe; 2 — ramnepbona aud-
parupoBaHHOI BOJTHBI HA JIOKAJTBHOM O0BEKTE; 3 — pe(UIEKTOp OT MOACTUIIAIOMINX OPOLT
[Fig. 1. Schematic illustration of GPR reflection profiling (Tx - Transmitter, Rx - Receiver) and recorded
radargram, where: 1 - Direct ground wave; 2 - Hyperbola of the diffracted wave; 3 - Bedrock reflections]

I'my6uHa 3ayeranus OTpaXkaroLUX IpaHull (Z) paccuuTaHa CIEAYIOIUM 00-

pazom:
V xt (1)

>
2
rae V — CKopoCTh 3J€KTPOMArHUTHON BOJIHBI; ¢ — BpeMs IPUX0Jia UMITYJbCA.
CKopoCTh pacmpocTpaHEHHs] 3JEKTPOMArHUTHOW BOJIHBI B TE€OJOTHYECKON
cpezie onpeieNnseTcst Ha OCHOBE MapaMETPOB CPEIbL:

1
V=
iRl @
L Y B
2 e
TI€ € — OTHOCHUTENFHAS TUAJIEKTPHIECKasl IPOHUIIAEMOCTD; |L — MarHUTHAs TIPO-
HUI[AEMOCTh; G — JIEKTPONPOBOIHOCTD; (® — YIIIoBas yactota (o = 27f, f — 1eH-
TpaJlbHas YacTOTa CUTHAJA).

Tak kak GONBIIMHCTBO FPYHTOB — IUIEKTPUKH (| = 1) U UMEIOT OTHOCUTEIIb-
HO HEBBICOKYIO TPOBOANMOCTH (G << ®¢), HEOOXOAUMO IIPUMEHSTH COKpAaIIeH-

HYI0 (opMyIy:

7 =
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V= 3)

c
Bt
Je
7€ € — OTHOCUTENIbHAS AUIICKTPUUECKasl IPOHUI[AEMOCTh; C — CKOPOCTh CBETA B
BaKyyMe.

YcnoBueM 00pa3oBaHUSI OTPAKEHHOTO CHUTHAla SIBISIETCS CYILECTBOBaHUE
KOHTpAcTa 3MEKTPOPHU3NIECKIX CBOWCTB TPYHTOB, a IapaMeTPOM, ONPEHEIIIo-
LM €r0 HHTEHCUBHOCT, CIIY)KHT KOO buIHeHT oTpaxenus (K ):

ey \
K, N 4)

IJI€ € — OTHOCHTEJIbHAS [MIIIEKTPUYECKAs POHUIIAEMOCTh BEPXHETO CIIOS; €, —
OTHOCHUTEJbHAS TUAJIEKTPHICCKast IPOHUIIAEMOCTh HIDKHETO CIIOS.

Uewm Omike 3HaueHUE KO (UIIMEHTa K §AMHULIE, TEM sipde TposBisieTcs ped-
JIEKTOp Ha pajiaporpaMme.

OpHUM U3 TIOKa3aTeneil MPUMEHUMOCTH METO/Ia JJISl TIOMCKA JIOKAJIBHBIX 00b-
€KTOB CIIYKHUT pa3pelIaonas CriocoOOHOCTh, OTPEICTIHTh KOTOPYI0 MOXKHO depes
JUTMHY BOJIHEI (A):

r=2 (%)

e V' — CKOpOCTb SIEKTPOMarHUTHOM BOJIHBI; /. — IEHTpalbHas 4aCTOTa CUTHAJIA.
BeptuxansHas (Ar) u ropusoHTanbHas (Al) paspemiaroiye crocoOHOCTH
OTIPEIETICHBI CIICIYIONIIMU COOTHOIICHUSIMHU:

Ar z% Al >~2\h, (6)

rae & — myOuHa 3aIeraHus OTPaXKaroIEero 0ObEKTa.

Jns OTHOCHUTENFHO HHM3KHX TeOpaJapHBIX YacTOT pa3pelIarommasi criocod-
HOCTb COCTaBJISICT JAECATKH CAHTUMETPOB, TOTJA KaK Ui CaMBIX BBICOKHX pa3-
peleHue — nepeble caHTuMeTphl. Hanpumep, 3asBieHHas XapakTepUCTUKA AJIS
AHTEHHOTO OJI0Ka C LeHTpajbHON yacToToi 150 MI' cocraBnser 35 cm, a s
anTeHHbI ¢ yactoTor 1 500 MI't paBHa 5 cm. ToUHOCTH ONIpeEICHHS TTOOKEHUS
OTpakarouiero 00bEeKTa TakKe 3aBHUCHUT OT IIara M3MEPEeHHs 10 Npoduiio u auc-
KpeTHU3aluy CUTHaIa.

Teopaouonoxayus npu ucciredo8anuu KopHegvlx cucmem oepegves. C TOUKU
3peHHs reopauoIOKalluy IPEBECHBIE KOPHU BBICTYIAIOT B KAUYECTBE JIOKAJIBbHBIX
JIUHEHHBIX 0OBEKTOB, T.€. UX OUCKOBBIH MPHU3HAK, KaK YK€ OTMEYaJIOCh BhIIIE, —
rurepOona audparupoBaHHoOi BOTHBEL. OTHOCHTENIBbHAS IUANIEKTPUYECKas Mpo-
HUI]AEMOCTh JPEBECHHBI 3aBUCHUT OT psiia (PaKTOPOB, OCHOBHBIE M3 KOTOPBIX
BOJIOHACBHIILIEHHOCTh U INIOTHOCTD, IIPH 3TOM CYLIECTBYET 3aBUCUMOCTb OT TEM-
MepaTypbl, YaCTOTHI UMITYJIbCa, COJAEPHKAHUA LEJITION03bI U T.1. Kak mokas3bIiBatoT
nmabopaTopHBIe WCCIEeNOBAaHM, HOPMANbHOE 3HAUYCHHE IS CYXOH (BIa)KHOCTD
Menee 30%) apeBecunsl €<10, Torga kKak JIpeBECHHA C BIAXXHOCTBIO MOPSAKA
80-90% moxkeT mocTHurarh 3Ha4eHUH € = 50 u Oonee [21]. JInsg cpaBHEHUS: HOP-
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MaJbHBIE 3HAYCHHSI MTECKA COCTABISIIOT 4—7 €IUHUI] B CyXOM COCTOSIHUH U 5—15
BO BIaxHoM [19]. CrnenoBaTenbHO, CyIIECTBYIOUINI KOHTPACT CBOMCTB obectie-
yuBaeT GopMupoBaHue pediaekTopoB. OCOOCHHO IPKO 3TO MPOSABISIETCS B 3aCyIII-
JIUBBIX PETMOHAX, TJI¢ KOPHEBBIE CUCTEMBI PACTCHUH OOJiee MOIIHBIC H 3aHUMAIOT
OOIBIIYI0 TEPPUTOPHIO, a TAKXKE aKTHBHEH JEMOHUPYIOT BOAY Ha (OHE CyXHX
noys [22]. I3BecTHO, 4TO OTYETIMBO TUNEPOOIIBI HAa PagaporpaMMe MpOsiBIISIOT-
Csl, KOTZIa BIaXHOCTH KOpHeH Ha 35% (u Ooiee) BBIMIE OTHOCHUTEIHHO (POHOBBIX
3HauUeHUH, IpU pazHocTH MeHee 20% KOpHU He BBIABIAIOTCS [23, 24].

JlaGoparopHOoe MOIETHPOBAHUE TTO3BOIIIIO OIPECTHUTh, KaK M3MEHSETCS BOJI-
HOBOE MOJIE TeOpaJUoJIOKAIlMU B 3aBUCHUMOCTH OT AMaMeTpa U DIyOMHBI 3ayera-
HUSI KOPHSI, @ TAKOKE BBIIBUTH BO3MOXKHBIE TTOIXO/BI IS OIICHKH AWaMeTpa KOpHEH
B €CTECTBEHHOM 3aJIeTAHUM MCXOJS U3 MapaMeTpoB IeopafapHOro curxana [15,
24-26]. I1pu 3TOM mIMpOKast BapuaIysi AUAMETPa U MPOTSHKEHHOCTH KOPHEH y Jie-
PEBbEB 3aTPYIHSCT MOTYyYCHUE OJHO3HAYHBIX KPUTEPHUEB JUTS UX HICHTH()UKAIIH.
B Tabn. 1 npencrasieHsl 0000NMIEHHBIE TAHHBIC 10 H3YYSHHIO KOPHEBBIX CHCTEM
METOOM reopaaronokaryy. ConocTaBlIeHHe Pe3yabTaTOB HCCIISIOBaHUH MoKa3a-
JIO CYIIECTBOBAHNE BAPHATUBHOCTH KaK II0 BEIIBIICHHOMY AUAMETPY, TaK U MaKCH-
MaJIbHOW NTyOHHE, YTO 00yCIOBICHO BUJIOM JIEPEBbEB U TUIIOM BMEIIAIOIIETO T10-
YBEHHO-TPYHTOBOTO MaccuBa. OTMEUaeTcs, YT0 MUHUMAJIBHBINA JHaMeTp KOpHEH,
OJIHO3HAYHO (PUKCHPYEMBIi BRICOKOYACTOTHBIMU QHTCHHBIMH OJIOKAMH, COCTaBIIS-
et 0,5 cm [12, 15, 25]. JIoNOIHATENHHO K (haKTOpaM, ONPEACIISIONIM BOJIHOBYIO
KapTHHY, OTHOCUTCS YTOJI IEPECEUCHHs FeopaIapHbIM MPO(UIIeM HATIPABICHHS T0-
PHU30HTAILHOTO pOCTa KOPHS, TIpH yrax <45° u >135° peructpupyemas rurepooia
UCKaXaeTcs, a aMIUIUTYAa OTPKCHHOTO CUTHaJIA cHIkaeTcs [27]. CrnenoBarensHo,
TIPH UCCIIEIOBAHHUAX HEOOXOMMUMO TIOI0MPATh TEOMETPHIO MPOGHUIIEH HAOTFOICHUI
B 3aBHCUMOCTH OT KOH(pUTypaluy KOPHEBOH CHCTEMBI [28], HanpUMep, UCTIONb30-
BaTh NPAMOYTONBHYIO [29] wimH paguanbHyto [30] ceTh nmpoduireit.

BbIsiBIIEHO BIIMSHYE CE30HA HA JETANBHOCTb T€OPalapHBIX HCCIICOBAHUM, B Te-
IUTBIA (JIETHWI) TIEpUOJT BRIIEISETCS OONbIIIee YKCIIO KOpHEeH Ha nryorHax 10 0,5 M,
TOIZIa KaK B XOJOJHBIN (3UMHUIT) IepHoJT BO3pacTaeT B 2 pasa u 0osee KOJINUECTBO
KOpHeH, JTIokau30BaHHBIX HKe 0,5 M ot moBepxHOCcTH [31]. DTO siBIICHUE 00BsIC-
HEHO TIOBBIIICHHBIM COJICPKAHUEM BOJIBI B KOPHSIX JIETOM M KaK CIICJICTBHE POCTOM
UX KOHTpacTa B CPaBHEHHH C BMEIIAIONINMH TOYBaMH. B CBOIO ouepens 3uUMOiA
MIPOUCXOJUT BO3PACTAHUE CKOPOCTH 3NIEKTPOMATHUTHOM BOJHBI B COBOKYITHOCTH C
YMEHBIICHHEM 3aTyXaHHs B MOYBAaX W3-3a MPOMEP3aHUA (T.e. IPOUCXOIUT YBEIH-
yeHue 3¢ PeKTUBHON ITyOUHBI MeToa). TakKe TOUHOCTh UACHTH(PUKAIIMN KOPHEH
3aBHCHUT OT MOIIHOCTH M cocTaBa JecHou moactuiku [32]. [lo cymectByrommm
OLICHKaM, TIPH TIOMOIIM Teopajiapa MOXHO BBISBUTH PACIIOIOKEHHE MOpsi/IKa Ho-
JIOBUHBI KOpHEW W3 O0IIeH CTPYKTYpHI KOPHEBOH crcTeMsbl nepea — 48% [33] u
58% [34]. IIpu sToMm B BepxHeM uHTepBajie <50 CM BBISBICHHBIX KOpHEH Ooblle
B CPaBHEHWH C HIDKEIEeKaMMu ropu3onTamu — 49 k 35% [33] u 60 k 35% [34].

DxcnepumenmanvHas niowadka u oopasyvl oepegves. VlccnenoBanus npose-
nensl B aBrycre 2019 . Ha Tepputopun boranndeckoro caga [lerpozaBoackoro
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TOCYAapCTBEHHOTO YHUBEPCUTETA, PACIONOKeHHOTO B I. IleTpo3aBozcke (puc. 2).
B reonornueckoM miane 3ta TEpPUTOPUS IPECTaBIET COO0H 0Ch AaHTUKIIMHAIIb-
HOH CKIIaJIKH, IPOSBICHHOH B BH/IE MOIIIHOTO KPYTOCKJIIOHHOTO KpshKa CyOIIHpOT-
HOTO NPOCTHPAHUS C U3PE3aHHBIM penbedoM. [ paccMaTpuBaeMOro y4acTka
XapaKTepHO OM3Koe 3ajeraHie KpUCTAIINIECKUX ITOPOJI, KOTOPBIE IIPEACTaBIe-
HBI mopduputamu u Merarypamu. KpyToit penbed He ciocoOCTBOBAN aKKyMyIIsi-
UM PBHIXJIBIX OTIIOXKEHHH, TIPH 3TOM B CAMOM IIOYBEHHOM IOKPOBE COIEpIKaTCS
00JIOMKH CKaJIBHBIX TOPHBIX MOPOJ. B YeTBEPTUUHBIX OTIIOKEHHAX TEPPUTOPUH
mpeo0nagaer cynecyaHas M MecdaHas MOpEHa ¢ MOIIHOCTBIO He Oomee 2 M, a
3HaYMTEIbHBIE TUIOLIAM BOOOIIE JIMIIEHBl YeTBEPTUYHOT0 TToKpoBa [35]. CTpyk-
Typa IOYBEHHOTO MOKpoBa boTraHmdeckoro cama HEOXHOPOIHA M YCIOKHIETCS
C 3amajia Ha BOCTOK, OCHOBHAsI Macca IOYB IpejCTaBlIeHa Oypo3emMaMu Irpyoo-
TYMYCOBBIMH CyIleCYaHbIMH. OTIMIUTEIBHBIME Y€PTAMU 3THX MOYB SBIISFOTCSL:
HaJIn4ue TyMYC-TIPOLYKTUBHOTO TOPU30HTA C CojepKaHUeM yriepona 7—12%,
nanee yriepos yOsIBaeT ¢ TIyOHHOI o 3HaueHmi MeHee 1%, cpeqHuii TpaHyo-
MeTpuueckuil cocraB — 87% mnecka u 13% DIuHbI, BeCh MPOQUIL OXKEIEC3HEH U
o0orarieH JiepuBaTaMy U3 MOJCTHIIAOIINX Topon [36].

a. [Nempo3sasodck
- [Petrozavodsk] -~

DS oL

bomcad lNempl’yY
[Botanical Garden of PetrSU]

Puc. 2. Pacnionoxxenue ydacTtka pabot
[Fig. 2. Location of the site research area]

s sxcriepuMenTa BHIOpaHBI JIBE TUIOMIAJIKKA HA PaccTOIHUH okoio 500 M, Ha
Ka)KIOH U3 KOTOPBIX POCIIN OIXHOBO3PACTHBIE JIEPEBbs — sI0IOHN qoMarrHie Malus
domestica Borkh. YcnoBust npouspactanus s010Hb, TAKUE KaK TOYBEHHBIN COCTaB,
KOJIMYECTBO OCAJIKOB, TEMIIEPATypa, OCBEIICHHOCTh U YPOBEHb BETpPa, PaBHOIICH-
HbI. Ha xax 10t miomake SKCIepruMeHTa BEIOPaHO OTAEIBHO CTOSINEE JEPEBO CO
CpE/THUMH 3HAYCHUSIMH OMOMETPUYCCKUX MTOoKa3aresei (Tab. 2).
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Tabnuna 1 [Table 1]

I¢ddexTHBHBIC AHAMETP U NIyOHHA 00HAPY:KEHUSI KOPHEH METO0M reopa HoI0KALMH
[Effective diameter and depth of root detection by GPR]

lia Willd. [12]

[Spodosol containing 90%
of sand and 10% of clay]

Yacrora Juametp I'my6una
OOBeKT Tum roveTa AQHTEHHBI, KOpHEH, CM | KOpHEH, cM
UCCIIEI0BaHUS [Soil It)}?]pe] MT 1t [Root diameter, | [Root depth,
[Object of the research] [GPR fre- cm] cm]
quency, MHz] | Min | Max | Min | Max
TopHsIe mebHICTO-0p-
CocHa KeIpOBU/IHAS | raHOTEHHEIE TIOUBHI C CO-
Pinus cembroides JepIKaHueM Opr. 10 60% 800 0,6 4,0 1 40
Zucc. [8] [Shallow rocky soils with
organic matter up to 60%]
Kpunromerpus
Qyph_)merla ITecuanbie TOUBBI 900 1.9 7.8 30 80
japonica [Sandy soils]
(L.f)D. Don [15]
Cymnech ¢ cofiepkaHueM
ITepcnk necka 85% u muHb 15%
Prunus persica [Faceville fine sandy 900 1,7 3,2 w/m | 40
(L.) Batsch [37] loam with 85% of sand
and 15% of clay]
Ny6 yrnaca
Quercus douglasii
Hook.&Arn. Kamrranossie 1mo-
Cocna Cabuna YBBI, CYIJIMHUCTHIC 1 000 1,3 10,0 8 35
Pinus sabiniana [Auburn-Exchequer soils]
Douglas ex
D.Don [38]
Tomoms es- ITecuyanbie MOYBBI
TOBHMTHBI ¢ coiep )KaHueM
Populus deltoids | 1ecka 90% nrmmbt 10% | 500 06 | 1,7 | wa | 27
W. Bartram ex [L.aIFeland soils con-
taining 90% of sand
Marshall (1] and 10% of clay]
ITecyanbie MOYBHI ¢
CoZIepIKaHHUEM TIecKa
Cf)CHa JlalaHHas 85-92% u TIHHBI 5—.15% 1500 0,5 6,5 W | 50
Pinus taeda L. [11] [Wakulla soils contain-
ing 85-92% of sand
and 8-15% of clay]
Ilecuanas mroHa ¢
Bsas HpI/ISeMI/ICTHﬁ cofepIKaHUEM IeCKa
Ulmuspumila L. 95% u ruHbI 5% 2 000 0,5 3,5 10 80
[25] [Silver sand containing 95%
of sand and 5% of clay]
Jy® MUPTOIHCTHBII Toxnson g co,uep)KaHnel‘\)/[
Quercus myrtifo- necka 90% u rmambt 10% 2 000 0,5 3,5 | v/m | 60

[Ipu 3TOM MIOTHOCTH M MIAT OCAJ0K Ha 3TUX TUIOMIAAKAX UCKIIF0YaIU cpacTa-
HHUE KOPHEBBIX CHCTEM Y PSIOM CTOSIINX JepEeBhEB. BEIOOP 3THX ABYX KOHKpET-
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HBIX OOBEKTOB OOYCJIOBJIEH BHEITHUMH OTIHYUSMH. OIHO W3 PAaCTEHHH HMeeT
BBIPQXEHHYIO CIIOKHYIO KpUBU3HY CTBOJIA K MEHBIIYIO BBICOTY IO CPaBHEHHIO CO
BTOPBIM, YCIIOBHO-HOPMAJILHBIM (pHC. 3).

Puc. 3. O6pa3zuer o6cnenyemMbIx S010Hb: @ — Ne 1 ¢ rmepBoii IUTOMIaIKu;
b — Ne 2 co Bropoii momanku (pororpaduu A.B. Kabonena)
[Fig. 3. Test samples of apple trees: a - from Plot 1, b - from Plot 2 (Photos by Alexey Kabonen)]

Tabnuna 2 [Table 2]
Buomerpuyeckue nokasarejim McciaeayeMbIX A1epeBbeB
[Biometric indicators of the test trees]

Buomerpudeckue mokazarenu Ob6paszer Ne 1 Obpazer Ne 2
[Biometric indicators] [Sample 1] [Sample 2]

Bricota mepeBa, cM [Tree height, cm] 500 350
JlmameTp KpoHbI, cM [Crown diameter, cm] 400 500
Jlnametp cTBOJIa Y OCHOBAHMSI, CM 49 48
[Diameter of the trunk base, cm]

Juametp cTBoOa Ha BeIcoTe 1,3 M 36 38
[Trunk diameter at a height of 1.3 m]

CpenHerojioBbie peHoMornveckre Gpas3pl y HCCIeayeMBIX 00pa3ioB MPOXO.IH-
JIM NapajuiesIbHO, BO3PACT AePeBbeB — 29 JIeT, 3HaUMTENIbHOH Pa3HUIBI B KOJIUYe-
CTBE €KETOIHO BEI3PEBAIOIINX IUIOOB Y UCCIEAYEMBIX PACTCHHI HE BBISIBICHO.
Ha 6aze cymiecTByromux OTIMYHMI BBIIBHHYTA THIIOTE3a O BIMSAHUH TIIyOUHBI 3a-
JIeTaHMSI CKATBHBIX ITOPOJ Ha GOPMHUPOBaHIE KOPHEBOU CHCTEMEI M KaK CIIEICTBHUE
Ha MPOLIECCHI Pa3BUTHA CTBOJIA U KPOHHI JiepeBa. V3Becten addext cnenuduye-
CKOTO TIPOTEKaHHS IPOIECCOB KOPHEOOPa30BaHUS B 3aBICHMOCTH OT TIOUYBEHHO-
THAPOJIOTHYECKUX YCJIOBUIL. B cilydae 1mo4BeHHOTro MOKpPOBa Majioif MOIIHOCTH
U HaIW4{s KOPHEHETIPOHHUIIAEMOTO TOPH30HTA IPOUCXOOUT NPEKpaIleHHe pas-
BUTHS CTEPKHEBOTO KOPHS C MHTEHCHU(HKAIMEH POCTa KOPHEH rOPH30HTAIBHOM
OpPHEHTANNH, CTPYKTYpa KOPHEBOH CHCTEMBI IIPHHAMAET BBHIPAKEHHBIH MOBEPX-
HOCTHBII XapakTep, 3a4acTyio uMest popMy yceueHHoro koHyca [1]. Kpome Toro,
CUUTAETCSI, YTO HEBO3MOKHOCTh IPOHNKHOBEHHS BEPTUKAIBHBIX KOPHEH BITyOb
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HE TOJNBKO MEHSET CTPYKTYPY KOPHEBOH CHCTEMBI, HO MOXKET ITOBJICYb 33 COOOM
M3MEHEHHsI 1 cIa0bIil POCT HA/I3eMHOM YacTH, a TaKKe paHHee OTMUPAHHUE TUIo-
JIOBBIX JiepeBbeB [39].

[To nuTepaTypHBIM JaHHBIM, yCIOBHO-HOPMAaJIbHAs KOPHEBAsl ccTeMa I0JI0HU
JOMaITHeH UMeeT BUJI, KaK IMoKa3aHo Ha puc. 4. OtMedaeTcs npeodnaganue cke-
JIETHBIX KOPHEN FOPU30HTAIBHOTO HAINIPABIICHUS U PACIOJIOKEHHE X OCHOBHOM
Macchl Ha TITyOWHaX 10 1 M OT ypOBHS MTOBEPXHOCTH. [ OpH30HTATBHBIC CKEJIET-
HBIE KOPHU XapaKTepU3YyIOTCs TUaMETPOM OKoJIo 1-2 cM, a BepTUKaJIbHbBIE — I10-
psanka 4-5 cm. [IpencraBneHHas cxema ONMUCHIBAET OOIIHIA CITydal, Toraa Kak st
CEBEPHBIX TEPPUTOPHIA (K KOTOpbIM OTHOCUTCS U Pecmybnuka Kapenus) xapax-
TEPHO pacrpesielieHne OCHOBHONW Macchl KOpHEH B mHTepBasie 25-50 cMm OoT 1o-
BepxHocTH [Tam xe]. MMeromuecst MpeAnoChUTKY MO3BOJISIOT CIIENaTh BBIBOA O
MIPUMEHUMOCTH Teopagapa sl coopa JaHHBIX, TaK KaK IIyOWHA 3aJleTaHus KOp-
HEBOM CHUCTEMBbI y SI0JIOHU JIOMAallHEeW COOTHOCHUTCS C TIIyOWHOW 30HAWPOBAHUH
BBICOKOYACTOTHOTO aHTEHHOTO Oyoka (cM. Tabi. 1), a TakkKe MPEenoI0KHUTh BbI-
COKYIO HH()OPMATUBHOCTH METO/1a M3-3a OOJIBIIOTO KOJMYECTBA CyOrOpu30HTaIb-
HBIX KOpHEH, KOTOpBIE IPOILE BBIABIATH HA pajaporpaMmax.

4 1 1 1 ! ! L L

|
N7,
T

Y nuxker, M [Y distance, m]
(=}
1

24 L

-3 L

Z riybuna, M [Z depth, m]

-4 T T T T T T T
4 3 -2 -1 0 1 2 3 4

X nuker, M [X distance, m]

Puc. 4. I'opusoHTanbHas U BepTHKaJIbHAS POEKLUH KOPHEBOU CHCTEMBI
s16710HM ToMariHel Bozpactom 20 set, no nanHbM B.A. Konecunkosa (1974)
[Fig. 4. Horizontal and vertical plane of the apple tree root system aged
20 years, according to Venedikt Kolesnikov (1974)]
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Memoouka sxcnepumenma. IloneBrle HaOMIONEHUS TPOBEACHBI WCXOMS W3
MMEIOIINXCS JaHHBIX O CTPOGHHH KOPHEBOW CHCTEMBI sI0oHH JoMarnHed. s
9TOTO BHJA XapaKTepHO HAINIHE B TOPH30HTAIBHOM IPOSKIINH YETHIPEX ITepIICH-
JUKYJSIPHBIX M YETHIPEX TUArOHATbHBIX CKEJICTHBIX KOPHEH, a TakKe pacrpene-
JIEHUE KOPHEH B BEPTHKAIILHON MTPpOoeKInyu Ha TiryouHe ot 20 110 60 cM (cM. puc. 4).
BcenenctBue 3Toro n3amMepeHus BBIOIHEHBI 10 PETYIISPHOI MPsSMOYTOJIHOH CeTH
¢ paccrossHreM Mexay npodunsmu 50 cm (puc. 5). Kaxaeiid mpodwiis HaunHa-
ercsa ¢ otMeTku 0 cM u yBenuuuBaics 1o nukera 600 cM. OcHOBHas Macca Kop-
Hel y S0I0HN ToManTHel 3aueraeT B peAeIax KPOHBI, MOITOMY pa3Mep KasKA0To
ydacTka cbeMku cocTaBuil 600%X600 cM. COOp AaHHBIX BBIIOIHEH TeopaiapoM
OKO-2 «Jloruc-I'eotex» (Poccus) ¢ aHTEHHBIM OJIOKOM, UMEIOIIHM IIEHTPAITb-
Hy!0 yacToTry 1 700 MI'u. Yka3aHHbINM aHTEHHBIH 010K MMeeT (PUKCHPOBAHHYIO
6azy, Imar CKaHUPOBAHHUSI IO TPOQIITIO COCTABIII 2 CM, a BpeMEHHas pa3BepCcTKa
32 Hc, uTo obecneuno NIyOuHy HccneqoBaHui 10 1 M. B pesynbrare s xax-
JI0T0 00pasiia moiaydeH Habop u3 26 npodwieid: 13 Topu3oHTaIBHBIX (HarpasJie-
Hue X) u 13 BepTUKaIbHBIX (HampasieHue Y).

O0paboTKa MOJTYYCHHBIX paJaporpaMM BBITIOJIHEHA CTaHIapTHO [22]: 4acToT-
Hasi QUIBTpAIMs ¥ BBIYMTAHHE CPEIHEH COCTABILIOIICH CUTHANA Ul YUCTKH
3aIicy; BBIICICHHE OONAacTel PacIOIOKEHHUS ITOJIC3HOTO CHTHANA; TIOMCK TH-
nep0oi1 [udparnpoBaHHON BOJIHBI; BHITIOIHEHHE TPOLEYP CHHTE3a arepTypsl U
npeoOpazoBanus ['mibbepra (puc. 6). Onepanus CUHTE3a anepTyphl NOBBIIAST
pa3peniaoyo coCOOHOCTh 3alMCH U YMEHBIIAeT HHTEHCUBHOCTD «KPBUTHEBRY
THIIEepOOIT, 9TO 00SCTIEUNBACT JTYUILIYIO JIOKATH3AINIO0 MECTOTIONOKEHHS OT/CIIh-
HbIX KopHel. [IpeoOpasoBanue [unpbepra MO3BOISIET MPEACTaBUTH Teopadap-
HYIO Tpaccy KaK aHaJIUTUIECKUI CUTHAI (OrHOaromIyIo), KOTOPHI XapaKTepu3yeT
MTHOBEHHBIE aMIUTUTY/IBI 1 [T03BOJISIET OLEHUTh SHEPTHIO (MHTEHCHBHOCTb) OTpa-
JKCHUW B KOHKPETHOHM 00NacTH. YUaCTKH BBICOKMX YHEPTUH COOTBETCTBYIOT KOH-
TPACTHBIM W3MEHEHHUSIM DJIeKTPO(QU3NUECKHX CBOMCTB. V3 IpaKkTHUKH U3BECTHO,
YTO JOCTaTOYHO KPYIHBIE KOPHH MOTYT OTOOpa)kKaThCsi B BOJHOBOM IIOJIE T€0-
parosoKanuy HabOpOM OTpakKEHMH, HalpUMep OT BEepXHeH W HIKHEH 4acTH,
MIO3TOMY X TOJIOKEHHE KOPPEKTHO OMPEACIATH 0 HANOONBIINM aMIUTATYAaM
[15,23].

Jliis epexojia OT BpeMeHHOH (hOpMBI TeopaIapHOH 3alkcH K pa3pe3y DIyOuH
HEOOXOMMO TPHUCBOMTH OTHOCHUTEIBHYIO JHMAIEKTPUYECKYI0 HPOHHIAEMOCTh
€ IUTA KaXXIIOTO OTHENBHOTO CIIOSl CPelbl, B KOTOPOH pacrpoCTpaHsIICS CHUTHAIL
Hcnonesys dopmyny (3), onpenenuts ckopocTsh V, a mo ¢dopmyne (1) paccun-
TaTh DIyOWHY 30HANpPOBaHUs. Bennunna € (vwimu V) onpenenseTcs 1o TaOIHIHbIM
3HaYEHHSIM C UCIIOIB30BaHHEM MapKePHBIX Pe(IIEKTOPOB ¢ M3BECTHOM TIIyONHOI
3aJICTaHUs WIM PACCUUTHIBACTCS 10 HAKIOHY «KPBUIBEB» rUrepOon mudparu-
posanHoii BonHbI [18-20]. [Tocneauuii cocod paccmarpuBaeTcsi Kak Hauboiee
YIOOHBIN, TaKk Kak He TpeOyeT JOMONHUTEIBHBIX paboT U 00ecreurnBaeT J0CTa-
TOYHYIO TOYHOCTBH ONpPEJIENICHUs] NCKOMBIX 3HAYEHUH. YCIOBHEM €ro HpHMEHH-
MOCTH SIBJISIETCS HAJIMYKME Ha 3alMCH YETKUX TUTIep0oi. B paMkax mccienoBanuit
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KOpHEH HCITONb30BaHa TporpaMma cOopa u 00pabOTKH JaHHBIX I'eOpaTHoIOKa-
nun GeoScan32 «Jloruc-I'eotex» (Poccus), rie peanuszoBaHa (QyHKIUS aHAIU3A
rurepOon. [1o pesynbraram paboT A7 BMEIIAONIHX [TOYB € COCTaBIIIA 9 equHNII,
a JUId TOACTWIAIOIIUX MeTary(poB € = 6 eIUHHUIL. DTO TO3BOJIMIO ONPEAEIUTD
ckopocthb V=10 cm/He u rryOuny 3onaupoBanus Z = 70-90 cm. 3nauenune K.,
(4) At TpaHMUIIBI TOYBA — CKATIBHBINA TPYHT cocTapisieT 0,1, 4To CBHICTENBCTBYET
0 CYIIECTBOBaHMHU pedlieKTopa CpeHed HHTCHCUBHOCTH. JMHa 30HIupyroniei
9NIEKTPOMAarHUTHOM BOJHBI B HUCCJIEAYEMbIX MOYBAaX COCTaBIsieT ~5 cM (5), 9TO
MIO3BOJISICT CIETATh BBHIBOA O BO3MOJKHOCTH JIOKATH3AINH OOBEKTOB pasMepamMu
ot 1,2 10 5,0 cM (6). Yka3aHHBIIi AUaNIa30H COMOCTABUM C OXKHJIAEMBIM Pa3MepoM
CKEJICTHBIX KOPHEH SOIOHH JOMAITHEH.

Puc. 5. Cxema pacrnionoxenust npoguieid HabIoaeHUs B 00ciieyeMoii 00nacTu
[Fig. 5. Setup of GPR profiles in the study area]

[Nocne 0OpaboTkK Ha KakI0M TpodHie Mo TUIepOoiaM ONpeAeieHbl MECTOIO-
JIOXKEHUSI KOpHEH ¢ koopanHaramu X, Y, Z. Tak Kak HET OTHO3HAYHBIX NapaMeETPOB,
YTOOBbI OTIMYUTH OTPAXKEHUE OT KOPHSI U, HAIPUMED, BaJlyHa, TMKUPOBAIUCH BCE TU-
niepOonel. IIpearnonaraercs, 4yTo U3-3a NPOTSHKEHHOCTH KOPHU UMEIOT MOJABIIAIOIIEe
KOJIMYECTBO OTPAKEHUH Ha pajiaporpaMMax, a OTPaKeHHUs! OT HHBIX OOBEKTOB CTaTHU-
CTHUYECKH HE 3HAUMMEL. B CHiTy pa3iraHbIX (paKTOpOB CyIIEeCTByeT HEOIPEIEICHHOCT
JUIs TApaMETPOB CUIHAJIA, [I09TOMY HET BO3MOXKHOCTU JOCTOBEPHO IIPOCIIEAUTD €U~
HIYHBIA KOpeHb. BemencTBre Wero BBIMONHEH aHaNM3 KOH(UTypary HEKOTOPOTo
o0Jaka TO4eK, KOTOpoe B MEPBOM MPUOMIKEHHH MPOCTPAHCTBEHHO COOTBETCTBYET
00BEMY cpeltbl, 3aHIMacMOMY KOPHEBOH cucTeMoid. Kpome MecTononokeH!i KopHei
OTIpezieTieHa MOBEPXHOCTh CKAIbHBIX TPYHTOB, KOHTPACTHO BBIAEIISIOIIASCS OT BBIIIIE-
JIEKAIIIX PHIXJIBIX TPYHTOB IO TIPOTSHKECHHON OCH CHH(DA3HOCTH.
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Puc. 6. [Tpumep nporieayp 00pabOTKH pagaporpaMMbl: @ — MOMCK THIIEPOOIT;
b — cuHTE3 anepryp; ¢ — pacyeT FIHEProrpaMMsl (CTPEIKaMH YKa3aHO
MPEANOIaracMoe MECTOMOIOKEHHE KOPHEH)
[Fig. 6. An example of GPR transect processing procedures: a - Search of hyperbolas; b - Aperture
synthesis; ¢ - Calculation of signal amplitudes (arrows indicate the location of the roots)]

Pe3yabTarsl Hec/leoBaHUS M 00CY:K/IeHHEe

BeimonnHeHHBIE paOOTHI 00ECIEYIIIN MTOTyYeHHe Habopa paiaporpamm, 1o Ko-
TOPBIM JIOKATM30BaHBI TUIIEPOOITBI TN(PPAaTHPOBAHHON BOJIHBI, a TAKKE MPOCIIe-
JKE€Ha TPpaHHIa KPUCTAJUTMYECKUX MOpoA. PaccMoTpuM pesynbraTel Ha IpuMepe
IBYX TIEPIICHANKYISIPHBIX MPOQUICH, pacIoNoKEHHBIX B IEHTPE ydacTKa UL
Kax10r0 13 06pas3nos (puc. 7). Panaporpammsl s oopasua Ne 1 xapakrepusy-
FOTCSI XaOTHYHBIM BOJTHOBBIM TTIOJIEM CO BPEMEHAMH PETHCTPAIUH ITOJIC3HOTO CHT-
Hasa 10 15 He. I'paHuIa cKanbHBIX MOPOA UIACHTH(GUIUPYETCS 110 HEBBIJEP)KaH-
HOU OCH CHH(A3HOCTH U N3MEHEHHIO XapaKTepa BOTHOBOTO IO — OTCYTCTBHE
WHTEHCUBHBIX OTPaKCHUH M TOBBIIICHUE 3aTyXaHus curHana. s npoduis mo
HanpasieHuto X (puc. 7, a) mIyOMHA 3aJIeTaHHs CKAJIBHBIX MTOPOJ COCTABISAET
50-72 cwm, runep0oibl GUKCUPYIOTCA Ha MUKeTax OT 25 10 454 cM U B UHTEpBaje
myouH (Z) 2,5-61,7 cm. [Ipodwis mo HanpasneHuro Y (puc. 7, b) Xxapakrepusy-
eTcs CXOAHOM ITyOMHOMH 3aeraHus CKaJabHbBIX NOpoa 54—70 cM, runepOOoIIbl BbI-
SIBIICHBI Ha ITUKeTax 22—544 cM u B uHTepBatie Z = 2,7-61,7 cm. Jlanee ooparumcst
K pesyabrartaM HccliefoBaHusIM oopasna Ne 2. PajaporpaMMbl Ha 9TOM ydacTke
AMEIOT MEHBIINI BPEMEHHOW TIEPHUOJT TIOJIE3HOTO curHaua mopsiaka 12 ue. ['pann-
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I1a CKAJIBHBIX TOPOA JUIS TPOGHIIS 1T0 HAlpaBJIeHHIo0 X YCTaHOBICHA B HHTEPBa-
ne rry6ouH 32—53 cM, runepOoIIbl BBISIBICHBI B [uana3zoHne nuketoB 30450 cm u
7.=2,3-46,0 cM (puc. 7, c¢). [lepnenaukynspHblil npoduis Y (puc. 7, d) obnamaet
CXOXKHMH IapaMETPaMU: CKaJIbHbIE MOPOJBI IPOCIIeKeHbI Ha IyOuHe 4052 cM,
rurnepOoIibl Ha KeTax 76—518 cm u Z = 3,0-42,7 cm.
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Puc. 7. LlenTpanbusie pagaporpammsl 11 oopasia Ne 1 mo Hampasienuro X (a), Y (b)
u oOpasna Ne 2 o Hampasienuo X (¢), Y (d)
[Fig. 7. Central GPR profiles for sample 1 in the direction X (a),
Y (b) and sample 2 in the direction X (c), Y (d)]

B o0miem Bue MOXKHO 3aKJIIOYHUTh, YTO MOYBEHHO-TPYHTOBBIE YCIOBUSA 00b-
exta Ne 1 1 oObekra Ne 2 kapAMHAIBHO OTIIMYArOTCS. B rmepBom cityuae cpemHss
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DyOHHA 3alieraHusl KPUCTAIUIMYECKHUX TOpojL coctapisieT 60 cM u Habmonaercs
KOHYCO00pa3HOEe YMCHBIIICHUE KOJMUYECTBA BBISIBICHHBIX TUIIEPOOI ¢ TyOUHOI.
Bo Bropom ciiydae cpeHsisi niyOuHa paBHa 45 cM, a OCHOBHAsI Macca runepoost
pacnonoxena B nepBbix 30 cM. OT™MeTuM, 4TO Ha y4acTke oOpasua Ne 1 o6Hapy-
)KeHo 366 rurepOoi, a Ha yuacTke oOpasia Ne 2 — 520 runiepOoi. Tak Kak ckeer-
HBIC KOPHH U3-32 CBOCH MPOTIKEHHOCTH (OPMHUPYIOT MOJABIISIONIEE KOIUIESCTBO
runepOos BO BCEX MPOEKIMSAX, THIEPOOIbI MPUHATH B KAYECTBE MPU3HAKOB HX
MecromnonoxeHnus. Kak orMeuanocs Beliie, B cpegHeM peructpupyercs 40-50%
KOpHE# OT 00IIero KoJM4ecTBa, I0ITOMY MPOCTPAHCTBEHHASI CTPYKTypa KOpHe-
BBIX CUCTEM 00CJIeyeMbIX sIOJIOHb OMHCHIBACTCS JOCTATOUYHO TOJHO.
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1T T
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BrlsiBIEeHHBIE MECTOIOOKEHUSI KOPHEH, €11.
[Number of root location]

Puc. 8. PacripenenieHue BEISIBICHHBIX MECTOTIONIOKEHHH KOpHEH 1Mo TiryOnHe
[Fig. 8. Distribution of the identified root locations in depth]

Pacmpenenenne KommaecTBa BEIIBICHHBIX MECTOIIONIOKEHIH KOPHEH B 3aBH-
CHUMOCTH OT INTyOUHBI ¢ MHTepBajoM 10 cM mokazaHo Ha puc. 8. BugHo, 4to kop-
HEBBIC CHCTEMBI HCCIIEAYEMBIX IEPEBBEB MMEIOT PsA CYIICCTBEHHBIX OTIMIHH.
Ob6pazen Ne 1 1eMOHCTpUpYET MOCTENIEHHOE YMEHBIIEHUE KOIUYeCTBa KOPHEH ¢
DIyOWHOI M COTNIaCHOE YMEHBIIIEHHE 3aHUMAaeMOH TUTOIIA M, TAaKXKe HaOIromaeTcs
WX KOHIIEHTpAalUs OTHOCUTENbHO mTaMba. O0pazen Ne 2 xapakTepu3yeTcsi MHO-
JKECTBOM KOpHEH B BepxHel yactu paspesa (0—30 cM), 3aHMMAIONINX 3HAYUTEITh-
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HYIO IIOMIab, TOTAA KaK B CaMOIl HIDKHEH YacTH MX KOIUIECTBO PE3KO COKparia-
etcs. CleyeT OTMETHTD, YTO pacipeesieHue KOPHEBOM MacChl 10 ITyOHHE IS
obpasna Ne 1 conocraBumo ¢ oreHkoit B.A. KoecHrukoBa /it sI0I0HB CeBEPHBIX
TeppuTOpuii. B TO e Bpems B 000MX Cilydasix BBISBICHA MPEIPACIIONOKEHHOCTD
MECTOTIONIOKEHIH KOpHEH K 0ONacTIM IOTPY>KEHUS KPOBIH KPUCTAJUTMIECKUX
MIOPOSI.

OnuH U3 COoCOO0B OIEHHUTH MPOCTPAHCTBEHHYIO KOH(HUTYPAILIUIO TIOrpedeH-
HOro 00bEKTa — MCIIONB30BATh MPOEKIMH (Cpe3bl TeopaJapHbIX MapaMeTpoB Ha
(UKCHpOBaHHBIX TIyOMHAX. J{JIs mONMydeHus TOMOOHBIX CPE30B PACCUMTHIBAIOT-
Csl 3HAYEHHMsS] MTHOBEHHBIX aMIUIMTYJ OTPaKEHHOTO CHTHala (IHEprorpammbl),
YTO MTO3BOJISIET MIPOCIICANTD MOJOKEHNE INEKTPOPH3UICCKIX HEOTHOPOTHOCTEH.
KopHu 3a cuer cBoeii BOJIOHACHIIIEHHOCTH KOHTPACTHBI Ha (DOHE BMEIIAIOIINX
TPYHTOB, U 3TO 00CCIIEUMBAET TPACCHPOBAHNE MX IOJIOKEHHUS 33 CUET BHICOKOM
WHTEHCUBHOCTH OTpakeHUs curHaia. [1ogoOHbIi crmocod OLEHKH MCTONb30BaH
IUTSL COCHBI TaganHoi (Pinus taeda), KoTna BBELBISUIUCH KOPHU THAMETPOM Ooliee
2 cM, 1 110 pe3yJbTaTaM COCTaBJIEeHbI KapThl UX pacnojokeHus [40]. B pamkax BbI-
MTOJTHEHHBIX MCCIICIOBAHUN MCITONB30BANICSA CXOKUN moaxon. [l oOcimenyemMbIx
00pa3IoB MOJYYEeHbI MPOEKIIUN HHTEHCUBHOCTH aMILTUTY/Ibl OTPaKEHUH Ha pa3-
HBIX HHTEepBaiax nryouH (puc. 9). CiemyeT OTMETHTH, YTO HMONMYyUYCHHBIE PE3Yilb-
TaThl, B OTJMYHUE OT JIUTEPATyPHBIX NaHHBIX, HE TIO3BOJISAIOT TIOKA3aTh OTAEIbHbIC
KOPHH B CBSI3M C OTCYTCTBHEM OJHO3HAYHBIX KPHUTEPUEB IJIS MPOCICKUBAHUS,
OJTHAKO OTIPENIEICHHYIO MOJIe3HYI0 HH(POpPMaLnIo conepkar. Tak, Hanpumep, ypo-
BeHb Z = 20 cM XapaKkTepu3yeTcsl HaIMINEeM BEICOKOOHEPTETHIECKUX OTPasKeHIH,
KOTOpBIE pacroyiaratlorcss B OONbIIel YacTH HCCIEAYeMOH TUIOMAaN, U 3TO CO-
OTBETCTBYET TOPH30HTY, HaANOOJIee HACKIIICHHOMY KopHSIMH. [l 06caenyemMpIx
pacTeHui KapTUHBI CXOXKHUE, TUIOIIAb, B IpeeNiaX KOTOPOU yCTaHOBJICHbI MHTEH-
CHBHBIE OTpaXkeHusI, 1u1st oopasia Ne 1 cocrasisier 28,7 M2, a st Ne 2 — 26,6 M2,
Wnas xaptuHa HabmomaeTcs Ha miyOuHe Z = 40 cM: 00pasibl OTIMYAIOTCS KAk
IO MHTEHCUBHOCTH HAOIIONAEMBIX OTPaKCHUH, TaK U T10 3aHUMAEeMOU TUTOIIA TH.
BrisiBiieHHBIC U3MEHEHUsT 00YCIIOBICHBI YMEHBIIEHHEM KOJIMYeCTBA U, BEPOSITHO,
CpemHero pa3Mepa KOpHeil B 3TOM HHTepBaie. Briaernsercs 3HaUWTeNbHAS pas-
HOCTb TUTOIIAJIM, 3aHATOW MHTEHCHBHBIMH OTPaKCHUsIMU: 25,6 M? st 06pasia
Ne 1 u 16,9 M? muist o6pasma Ne 2. JTanasie (pakThl CBUIAECTEILCTBYIOT KaK O TPAHC-
(hopmanu KOpHEBOI CHCTEMBI SIOJIOHH IOMAITHEH ¢ TITyOMHOU, TaK ¥ 00 OTIIMYUH
APXUTEKTOHUKU KOPHEBOH CHCTEMBI PacCMaTpUBAEMBIX 00Pa3IIOB N3-32 BISHUS
MMOYBEHHO-TPYHTOBBIX YCIOBHUI.

BzanmootHomenne MophoIoruy KPOBIH KPUCTALIMYESCKUX MOPOI U KOPHE-
BOI CICTEMBI HCCIIEyEeMBIX 00Pa3II0B XOPOIIO HAOIOAAETCS Ha TPEXMEPHBIX MO-
nensx. B paccMarprBaeMoM ciIydae MOJIENU BBHIIOJTHEHHI B BHIE 00JaKa TOUEK —
Habopa YCTAHOBJICHHBIX MECTOINOJIOKEHHH KOpHEH B KOOPJMHATHOW cHUCTEMe
X, Y, Z, COBOKYITHOCTb KOTOPBIX, HECMOTPSI HA HETOYHOCTh ¥ MPUOITH3UTEIBHBII
XapakTep, B MEPBOM MPUOIMKEHUH TO3BOJISET MPOCTPAHCTBEHHO OTOOPAa3UThH
KOPHEBYIO apXHUTEKTOHHUKY HCCIIeyeMbIx 00pasnoB (puc. 10). Ha Tekymiem 3ta-
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TIe UCCIICTIOBAaHN TIPOCIICANTD HAMPaBICHUE U Pa3Mephl OTACIHLHOTO CKEJIETHOTO
KOpHSI TI0O Ha0OpYy BBISBIEHHBIX MECTONOJIOKEHHUH HE yaalloch. B mepcnekThBe
€CTh MPEIIOCHUIKH ISl ONpPECIICHHS] TeOMETPHUECKUX MapaMeTpOB KOpHEH B
€CTeCTBEeHHOM 3ajieraHuu. OTAeNnbHbIEe MPUMEPHl MOKA3bIBAIOT TaKyl BO3MOXK-
HOCTh, HO B YAaCTHOM CIIy4ac M3yYCHHUs SKOPHBIX KOPHEH KPYITHBIX JEPEBBHEB C
JraMeTpoM cTBosa 1 M 1 BeIcoTOM 110 20 M [41].
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Ammnuryna otpaxkenuit [Amplitude of reflections]

min| o

Puc. 9. Ilpoekunn amrmutyx otpaxeHuit Ha nryounax 20 u 40 cm:
a — obpazer Ne 1; b — obpazer; Ne 2 (kpyrom 0003HaUECHO TTOJIOKEHUE CTBOJA)
[Fig. 9 Projections of the reflection amplitudes at depths 20 and 40 cm: a - Sample 1; b - Sample 2
(the circle indicates the position of the tree trunk)]

BwmecTe ¢ TeM Ha OCHOBE MOJCIBHBIX HAOMIONEHUH SKCIIEPUMEHTAIBHO T10-
Ka3aHO HalMuue 3HAYUMON KOPPEJALMU MEXAYy AUaMeTpOM KOpHEH M Xapak-
TEPUCTUKAMHU TEOPaJapHOM Tpacchl: BPEMEHHBIX MHTEPBAJIOB OTpaxkeHHH [14],
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3HAYEHUN MaKCUMaIbHOW aMITIUTYIbI [42], a Takke B3aUMOOTHOIIEHUH ATHX
apaMeTpoB, TaK Ha3bIBAEMBIX I'€OpaJapHBIX HHAEKCOB [11, 25-29]. JlaHHbIE HC-
CJIeIOBAHMS MOKa3bIBAIOT Pa3MEPHOCTh KOI(GHUIMEHTa KOPPEISIUN Teopaaap-
HBIX UHJIEKCOB C IMaMeTPOM U OrMomaccoil kopHeii B npenenax r = 0,5-0,8. Onna-
KO Ha IIPaKTHKE HCIIOIb30BAHIE TAKOTO MOAXO0/a 3aTPYAHUTENBHO, a PE3yIbTaThl
KpaiiHe HeofHO3HauHBI. Kpome Toro, 06padoTka G0JIBIIOro KOJTHUECTBA MOJIEBBIX
HaOIOAEeHNH 13-3a TPyROEMKOCTH TpeOyeT NPUBICUECHHS CIEHaTN3HPOBAHHBIX
aBTOMAaTUYECKUX MPoLERyp 00pabOTKU pasaporpamMm.

32 38 44 50 56 62 68
Kposiist ckanbHbIX opoa, cM [Depth of bedrock, cm]

Puc. 10. TpexmepHble MOJCTH KOPHEBOM apXUTEKTOHUKHU: a — obpaser Ne 1; b — obpaszer Ne 2
[Fig. 10. Three-dimensional models of the root architecture: a - Sample 1; b - Sample 2]

[Nony4eHHbIC TaHHBIE XOPOIIO COIIACYIOTCS C BBIABHHYTOW TMIIOTE301 — He-
IyOOKOE 3aJIeTaHne CKaJbHBIX IMOPOJI MPUBOIUT K Je(opManiy KOHPUTYpaITur
KOPHEBOW CHCTEMbI, OCHOBHAsI MAcCca KOpHEW HAYMHACT KOHIICHTPUPOBATHCS B I10-
BEPXHOCTHBIX CIOsIX. TEOPETHUECKH 3TO MOXKET IPUBOAUTH K PA3BUTHIO CIOKHOM
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KPHBH3HEI IPEBECHOTO CTBOJIA, O0YCIIOBICHHOH (haKTOPOM BETPOBAIEHOCTH HIIH
HENPUCTIOCOOJICHHOCTH Je(OPMUPOBAHHONW KOPHEBOH CHCTEMBI MOJIEPKUBATH
(hopMHUPYIOLIYIOCS IO HACIEACTBEHHO-3aKPEIUICHHOH CXeMe HaJ3eMHYIO0 YacTb
pacTeHui, BCIEACTBUE YeT0o MPU YCIOBHO-HOPMAIbHOM POCTE HAJA3eMHON 4acTh
nepopMIpOBaHHAS KOPHEBAsI CUCTEMa HE B COCTOSHHUU YIEPKUBATh POCT CTBOJIA
B BEPTHKAJILHOM HampaBlieHUH. Takue BHEIIHUE YCJIOBHUS NPUBOIAT K HAKJIOH-
HOCTH W CIIOKHOHM KpHUBU3HE, YTO M HAOMIONAeTCs BU3yaIbHO s oOpasma Ne 2.
Crnenmyer OTMETHTb, PACCMOTPEHHE BCETO KOMILIEKCa (PaKTOPOB, ONPENENIONIUX
(hopMupoBaHKE PEBECHOTO CTBOJIA, 1 OOCYKICHNE CTETICHH NX 3HAYUMOCTH BEI-
XOIIUT 32 PaAMKH MPENICTaBICHHBIX UCCIICI0OBAHMUM.

3akirouenne

BeImonnHeHHBIE SKCIIEpUMEHTANIBHBIE pa0OTHI TPOJIEMOHCTPUPOBAIIN BO3MOXK-
HOCTb OIIMCAaHHsl KOPHEBOH apXUTCKTOHHKH JepeBa C HCIIOIb30BAaHHEM METO/A
reopaauonokanuu. OO0OIIEeHHbIE AaHHbIE MOKA3alu, YTO IPENeNbHBIN pa3Mep
OTIENBHBIX KOpHEH, BO3MOXHBIX JUIS ONpeaesieHus, cocrasisier 0,5 cM, aToT
(akT 1Mo3BOSIMII B JAJBHEHIIEM paccMaTpUBaTh CKEJICTHBIE KOPHH KakK OOBEKT
noucka. Ha npumepe u3ydeHnst IByxX 00pasLoB sOJOHH JOMAIIHEH MPOBEICHO
KapTHPOBaHUE CTPYKTYPbI PACIIPEAEIICHNs] KOPHEBOW CHCTEMbI B IOYBEHHO-TPYH-
TOBOM MAacCCHBE, TAKKEe YCTAHOBICHO BIIMSHHE TIyOHHBI 3aJieTaHUsl KPOBIH KPH-
CTAJUIMYECKUX TOPOJl Ha OHTOTeHe3 JepeBbeB. [1o pesysibraram mccieoBaHUM
MOJKHO 3aKJIIOYUTh, YTO F€OPAIHOIOKALNS SBIISETCS MHOTOOOCIIAIOIINM METOIO0M
W3yYeHUs MOA3EMHOI YacTH JepeBbeB, 00eCIEUNBAOIINM BHINOJIHEHNE aHAIN3a
KOPHEBOIl cHCTeMbl 0e3 dKCKaBalMH. B mepcrekTnBe NonoOHbIe HCCIeI0BAHNS
MMEIOT IIPAKTHYECKYI0 3HAYUMOCTh KaK ISl PELIEHHs] arpOTEXHUYECKUX M JIeCO-
YCTPOUTEINBHBIX 3a]1a4, TaK M IIPU KOHTPOJIE 3EJICHBIX HaCa)XICHHUI Ha ypOaHN3H-
POBaHHBIX TEPPUTOPHSIX.
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Detection of the tree root system architecture using Ground penetrating radar

This paper presents the results of an experiment measuring the tree root system
architecture using ground-penetrating radar. Despite the importance of this issue, the
knowledge of the root system of trees remains incomprehensive due to various reasons
including the limitations of research methods. The basic approach to the exploration
of the root system of plants is the root zone excavation method. However, this method
inflicts substantial damage to plants and can lead to their destruction. In some cases,
excavation is impossible or prohibited, i.g. in cities or protected natural areas. Studying
the tree root systems is an urgent issue at the moment and new methods are systematically
used to tackle it. The non-invasive approach to study the root architecture includes
using the methods of geophysics, ground-penetrating radar (GPR) in particular. The
root system of plants tends to adapt to the environment, which includes interaction with
the accommodating soil. One of the natural factors influencing the growth is the level of
the impenetrable soil horizon, which changes both the structure of the root system and
the aerial part of a plant. The aim of this paper is to study the root architecture of mature
trees using GPR, rather than root excavation method, to determine its configuration
depending on the bedding of bedrocks and to justify how changes in the bedrock depth
affects the development of the aerial parts of trees.

The principle of GPR is to examine the propagation of an electromagnetic wave in
a medium by emitting a probing signal and receiving a reflected signal. Underground
objects such as roots are distinguished by diffracted waves (See Fig. I). The summary
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of literature data shows that roots up to 0.5 cm in diameter can be found by a high
frequency antenna (See Table 1). We carried out a field experiment on an apple tree
(Malus domestica Borkh) which grows on the territory of the Botanic Garden of
Petrozavodsk State University (See Fig. 2). This territory is characterized by a thin
soil cover and underlying moraine soils. Below are metatuff bedrocks. We studied two
separate samples. The choice was made due to external differences (See Fig. 3). The
trees growing on Plot 2 (Sample 2 of the experiment) have a conspicuous compound
curvature of the trunk and a lower height than plants from Plot 1 - sample 1 (See Table
2). The two trees underwent annual average phenological stages simultaneously. They
are 29 years old. No significant differences in the annual number of ripening fruits was
revealed. Thus, the experiment was carried out on the two samples growing in equal
conditions but having differences in appearance and biometrics. Literature data show
that an apple tree usually has 4 perpendicular skeletal roots and 4 diagonal skeletal roots
1-2 cm in diameter in horizontal slice. As for vertical slice, tree roots usually lie at a
depth of 20-60 cm (See Fig. 4).

The measurements were carried out with OKO-2 GPR by “Logis-Geotech”
(Russia) with antenna unit (center frequency of 1700 MHz) on a regular rectangular
grid with a space between profile lines of 50 cm. As a result, 26 profiles (13 horizontal
and 13 vertical ones) were obtained for each sample (See Fig. 5). We processed the
obtained radargrams using signal filtering operations, searching for the diffraction
hyperbola, migration procedure to localize the source object and the Hilbert Transform
to examine the energy of the reflections (See Fig. 6). The analysis of the hyperbolas has
determined the relative permittivity of the studied soil and underlying metatuffs. It is
9 and 6, respectively. The electromagnetic wave length in the soil body is 5 cm, which
implies the possibility to distinguish objects sized 1.5-5 cm. This range is consistent
with the expected size of the apple tree taproots. After the processing of each profile,
the roots were localized using hyperbolas and the surface of bedrocks was determined
(See Fig. 7).

We found out that the soil profiles of the two experimental samples were different.
In the first case, the average depth of bedrocks bedding is 60 cm, and there is a v-shaped
decrease in the identified hyperbolas with depth. In the second case, the average depth
is 45 cm and most of hyperbolas are located in the first 30 cm. The examination of the
location of the roots in horizontal slices within an interval of 10 cm shows a change in
the density of the roots distribution as we go deeper (See Fig. 8). The quantity of roots
of Sample 1 gradually decreases with depth as well as the occupied area. In addition,
the roots tend to concentrate near the trunk. Sample 2 has many roots in the upper part
of the profile (0-30 cm) and they occupy a significant area. However, the quantity of
roots in the lower part decreases sharply. In both cases, we detected a predisposition of
the root locations to the areas of the immersion of the roof of the bedrocks. In addition,
a study was conducted concerning the intensity of the reflection amplitudes of both
samples at different depths (See Fig. 9). At the near-surface level (20 cm) there are
high-energy reflections. They occupy most of the studied area, and this corresponds to a
horizon full of roots. A different picture emerges at a depth of about 40 cm. The samples
vary in both the reflection intensity and the occupied area. The revealed changes are
due to the decrease in the roots quantity and apparently to the medium size of the roots.
We examined the correlation between the morphology of the bedrocks top surface and
the spatial root architecture of the samples with three-dimensional models made in the
form of a cloud of points as a set of established root locations in the XYZ-coordinate
system (See Fig. 10).

Our studies have demonstrated the possibility to describe the tree root architecture
by means of GPR. Using the two samples of the apple tree as an example, the structure
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10.

11.

12.

13.

of the root system in the soil-ground massif was determined. Also, we established the
influence of the bedding roof depth of crystalline rocks on the ontogenesis of a tree. The
results obtained prove that GPR is a promising method for studying the underground
areas of trees, which provide the possibility to analyze the root system without
excavation. Such studies may prove useful in the future for both solving agricultural
technology and forest management tasks, as well as for green spaces control in urban
areas.

The paper contains 10 Figures, 2 Tables and 42 References.

Key words: Malus domestica; ground penetrating radar; root architecture;
radargrams; root impenetrable horizon.
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Environmental and anthropogenic factors influencing key
cabbage Lepidopteran pests in the southwestern Siberia

The lepidopteran pest community composition on cabbage (Brassica oleracea L.)
as the main vegetable crop in the conditions of southwestern Siberia was presented. In
2015-2019, the dominant cabbage pests were diamondback moth (Plutella xylostella L.)
and cabbage moth (Mamestra brassicae L.). The continuous application of insecticides
against the cabbage pests along with climatic factors led to a change in insect species
community composition. This was manifested as an increase in the number of the
diamondback moth and a decrease in the abundance of other Lepidoptera species. The
mean number of diamondback moths varied from 0.06 (in a year of low numbers) to 1.4
specimens per plant (in years of outbreaks), and for cabbage moth - 0.12 (2015) and 0.43
(2016), respectively. In commercial cabbage field, both egg-laying and caterpillars of
Pieris brassicae L. and P. rapae L. were found as a single individual. During the years
of research, we noted earlier diamondback moth and cabbage moth appearance dates
in the field. More frequent diamondback moth outbreaks were observed. The period of
cabbage damage by the diamondback moth lasted longer than usual during the growing
seasons due to an increase in the number of insect generations in the conditions of the
southwestern Siberia.

The paper contains 2 Figures and 15 References.

Key words: diamondback moth; cabbage moth; insect distribution; plant damage;
environmental conditions, outbreak.
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Introduction

White cabbage (Brassica oleracea L.) is the main vegetable crop in the south-
western Siberia. The crop productivity is negatively affected by phytophagous
insects, including Lepidoptera pests, among which the most important are the
diamondback moth Plutella xylostella L. and the cabbage moth Mamestra brassi-
cae L. It is known that the structure of the Lepidoptera complex and the number of
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individual species can vary significantly depending on diverse environmental fac-
tors. With the growing trend of global warming, an increasing research is aimed
at studying the impact of climate change on the damage by insect pests [1-3].
Seasonal and long-term climate changes have a direct impact on insect pests of
cultivated plants, manifested in changes in survival rates and development, fertil-
ity, distribution and the number of generations, which fully applies to cabbage
pests [4-9].

Another factor that affects the change in the field situation is the formation of
resistant populations to chemical insecticides in different types of pests. Acquired
resistance to insecticides is one of the reasons for the increase in the insect num-
ber, as well as the habitat expansion of some species of phytophagous insects, in-
cluding the diamondback moth P. xylostella, which was noted in different regions
of the world [4, 10-12]. In general, the structure of the insect species community
composition in the cabbage field is gradually undergoing significant changes due
to the above reasons, as well as changes in the composition and number of the ar-
eas occupied by cabbage crops, and breeding new cabbage varieties and hybrids.

The aim of the research was to analyze changes in the structure and the species
composition of Lepidoptera insect pests on white cabbage depending on environ-
mental factors in the conditions of southwestern Siberia.

Materials and methods

White cabbage hybrids of different groups of maturity: early Champ F1 (2015),
Green Flash F1 (2016), Lemma F1 (2017), and Pushma F1 (2018-2019); middle -
Tobia F1; late - Arriviste F1 were studied in this research. Cabbage pests, such as
diamondback moth Plutella xylostella L. (Lepidopera: Plutellidae), cabbage moth
Mamestra brassicae L. (Lepidopera: Noctuidae), cabbage white butterfly Pieris
brassicae L. and imported cabbageworm Pieris rapae L. (Lepidopera: Pieridae)
were counted on plants.

Observations and records of the number of phytophagous insects were car-
ried out on commercial cabbage crop in the forest-steppe zone of the Ob region
(southwestern Siberia, 54°51'12.2"N, 82°48'29.3"E), in 2015-2019. The cultiva-
tion technology of cabbage was typical of this region and included the following
main operations: growing seedlings by cassette method, planting seedlings in the
open ground according to the planting scheme of 60x40 cm for early varieties,
60x70 cm for mid- and late hybrids. Regular watering, a single application of a
complex of mineral fertilizers and pesticides were applied. Plant protection in-
cluded one spraying by Aktara (thiamethoxam) against Phyllotreta cruciferae,
and from one to three sprayings by one of the following chemicals: Accord (alfa-
cypermethrin), and Gladiator (lambda-cyhalothrin) against Lepidopteran insects
depending on their number.

The years of research differed significantly in meteorological parameters. Out
of five years, one year (2016) was characterized as dry; two years (2017 and 2018)
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- with excessive moisture, meanwhile in 2017, a large amount of precipitation
was combined with high air temperatures, and 2018 was characterized by a cold
prolonged spring. In 2015, the temperature generally exceeded the average annual
value, and in 2019, they slightly differed from the norm, however, in both years
there was uneven precipitation during the growing season.

Counting the number of pests on white cabbage was based on regular monitor-
ing throughout the growing season (5 counts per season for the main phases of
crop development). Insects were counted on 100 plants of each cabbage hybrid,
and counted plants were selected on a staggered basis or along a diagonal line in
the plot (20 samples of 5 plants). The stage of development and number of each
insect species were taken in account.

The mean number of insects (A) was determined by the formula:

Az(yl +§2+§3+"'xn)+n,

x - mean of insects on each counting date, individuals /one plant, n - the number
of counts during the season.

Results and Discussion

During the years of research, the diamondback moth and the cabbage moth
were discovered as the dominant insect pests on cabbage plantations, whose abun-
dance varied significantly depending on the conditions of the growing seasons
(Fig. 1).
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Outbreak of the diamondback moth was observed in four of the five growing
periods, with an abnormal increase in 2015 and 2019, during which the mean num-
ber of the pest in all hybrids was 1.4+0.07 (p < 0.001) and 0.97+0.056 (p < 0.001)
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individuals per plant, respectively (Fig. 1A). In these years, the maximum number
of caterpillars on individual cabbage hybrids reached 6.2 and 6.0 insect per plant,
respectively (Fig. 1B). Therefore, 3 treatments per season were applied that timed
to the appearance of younger instar larvae. Larval appearance time depended on
the year of research. In the year of the depression (2017), the mean number of the
diamondback moth was 0.060.007 (p < 0.001) individuals / plant, that provided
one insecticide treatment only. The results showed that the appearance of phy-
tophagous insects on cabbage plantings had been observed in recent years at an
earlier and earlier time. Thus, if in 2015-2018, the first larvae of P. xylostella ap-
peared in the middle of June (10.06-18.06.), in 2019, the emerging adults of first
generation were recorded at the end of May, and the larvae were found in early
June (starting from 5.06.), almost immediately after planting cabbage seedlings
in the open ground. According to our previous research, the second generation of
the pest in Western Siberia is the most numerous and harmful, the peak of which
usually occurred in the end of July [13]. However, in 2019, during the outbreak
the largest number of pests was recorded almost one month earlier (in the middle
of June). In addition, there was an extension of the period of the diamondback
moth damage, which reached 107-109 days in 2015-2016, due to an increase in
the number of pest generations. Particularly, in 2015, the insect produced four
complete and partially fifth generations [4], which was due to climate change in
the region. It is known that temperature conditions are the main regulating factor
of the population dynamics of this pest. Therefore, for example, the number of
diamondback moth generations varies from 2-3 in the northern regions to 20 in
the tropical zone [5, 14]. In 2017 and 2019, the development of P. xylostella popu-
lations completed in August due to various reasons. Thus, 2017, in general, was
characterized by a low insect abundance, and in 2019, there was a mass death of
caterpillars in August due to the development of epizootics caused by entomoph-
thoralean fungi in the pest population.

Significant plant damage by M. brassicae was noted in 2015 and 2016, in these
years the number of larvae per plant was 0.13+0.02 and 0.43+0.056 (p < 0.001),
respectively; however, in the next three years, this pest had no economic sig-
nificance. The cabbage moth egg-laying period was characterized by a significant
length of time and lasted 1-1.5 months depending on the meteorological condi-
tions of the year. The first caterpillars usually appeared in the late June-early July,
with the exception of the 2018-2019 growing seasons. In this period, despite the
laying of eggs by females, cabbage moth caterpillars were not found, the rea-
son being the use of chemical insecticides to control the number of diamondback
moth. The period of damage by phytophagous insects in 2015-2017 was limited
from one and a half to two months (46-62 days). Thus, in comparison with the
data of previous studies, when the cabbage moth was considered the most danger-
ous pest of cabbage in the Siberian region [15], in recent years there was a de-
crease in the damage by M. brassicae; however, there was an earlier appearance
of caterpillars on cabbage plants. For example, in 2008, during the outbreak of
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this insect, cabbage moth larvae reached peak abundance at 7 weeks after cabbage
seedlings had been planted in the ground (early cabbage head formation), which
corresponded to the end of July [15]. After 8 years (in 2016) the first egg-laying
was detected in mid-June, and the maximum number of caterpillars was observed
in the beginning of July (9-12 true cabbage leaves) (Fig. 1B).

It should be noted that in the years of this research on cabbage plants, M.
brassicae laid unusually small egg clutches consisting of 7-15 eggs, while, for
example, in 2008, the pest egg-laying consisted mainly of 50-100 eggs (Fig. 2).
Such changes are obviously due to the regular use of chemical insecticides in
commercial fields to control the diamondback moth in recent years.

Fig. 2. Egg-laying of Mamestra brassicae collected on cabbage plants:
A -in 2008, B - in 2019. Photos by Elena Shatalova

During five years of research, the percentage of P. brassicae and P. rapae
in the pest community structure on commercial cabbage crop has significantly
decreased. Thus, only single egg-laying and single plants inhabited by cab-
bage white butterfly and imported cabbageworm were observed in 2015 and 2017.
In 2016, single egg-laying of P. brassicae with no caterpillars were found, and in
2018, single egg-laying of P. rapae were observed. In 2019, these two pests were
not found at all.

Conclusion

The results of this research showed the significant changes in the lepidopteran
pest community composition in the commercial cabbage field in the southwestern
Siberia. These changes depended on environmental and anthropogenic factors.
With the annual use of chemicals on cabbage plants, there was an increase in the
abundance of the diamondback moth Plutella xylostella L., and a decrease in the
number of other Lepidopteran insects that were less resistant to pesticides. Under
the changing climatic conditions, the timing of the appearance of the diamond-
back moth and the cabbage moth Mamestra brassicae L. on cabbage plants has
also changed, as well as the periods of their plant damage during the growing
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seasons. The obtained results show that the trends for this region are similar to
those observed in other areas, and this fact should be taken into account for further
improvement of pest management on cabbage.
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BroisiBiieHHM e IKOJTOTHYECKUX APeaJiOB PeIKHX BHICOKOTOPHBIX
BH/I0B poaa Ranunculus metogamu (pMTOUHAUKAIIUMA

Bnepevie  nonyuenbl  uHOUBUOYATbHBIE — IKOLOSUYECKUE — XAPAKMEPUCTNUKU
Ranunculus akkemensis Polozhij et Revjakina u R. lasiocarpus C.A. Mey. —
8bICOKO2OPHBIX 9HOeMm08 Anmae-Casnckou grnopucmuueckoi nposunyuu. I[Ipogedena
anpobayus memooa GuUMOUHOUKAYUOHHOU OYEHKU CUHIKOTOSUYECKUX apeanos Ha
npumepe pedKux 6Ud08, panee U3yYeHHbIX MOJbKO NO KAYECMBEHHbIM NAPAMEMPAM.
Cocmagnenvl u cpasHenvl Mexcoy Co00U 6epPOSMHOCTHbIE IKOLOSUUECKUE NPOPUIL
¢nop unepezayuil 3mux U008 NO GAKMOPAM YEIANCHEHUS U MPOGHOCIU NOYBDL.
Onpeodenena npunaonexcnocms R. akkemensis u R. lasiocarpus k sxonoeuyeckum
epynnam  no Oaumnbim ¢hakmopam. Iloxkazana pabomocnocobHOCHs MemoouKu
DUmMOUHOUKAYUOHHOU KOPPEeKYyUuu HA OMHOCUMENbHO MAbIX N0 00beMy Maccugax
2e060manuieckux OaHHbIX.

KuarwueBble caoBa: Ranunculaceae; suOem;  2Konocuyeckue  Gaxmopwi;
2ceobomanuueckue onucanus,; 6asa oannvix; cucmema IBIS; Anmaii.

BBenenune

3HaHMe HKOJIOTHIECKHX apeaoB (TIOPTPETOB) BUIOB PACTCHUI OTKPHIBACT IITH-
POKHE BO3MOXXHOCTH HCIIOJIB30BaHHS M 3a4acTyl0 OOHApPY)KHUBAeT HEJOCTAOLINe
3JIEMEHTHI B PEIICHUU CIIOKHBIX 3aJlad crenu(uKd reHe3nca, OnoMopQosIoruy,
Ouoreorpaduu BUIOB, POJOB WIH WX OJM3KOPOACTBEHHBIX rpymil. [lomydeHue
JaHHBIX 00 PKOJOTHYECKUX IapaMeTpax BHIOB MPSIMBIMHA H3MEPEHUSIMH — TPY-
JOEMKHI ¥ TIPOIODKUTENBHBIN MPOLIECcC, TPeOYIOMNi MOHUTOPUHTa 00bEKTa UC-
CIIeIOBAaHMH B cpelie ero oOonuTanus. Bompocamu ommocpe1oBaHHOTO ONPEIeNICHAS
XapaKTePUCTHK CPEe000pa3yoIIuX KOMIIOHEHTOB WU SIBICHUI B 9KOCUCTEME T10
napameTpam (pUTOOMOTHI 3aHUMAeTCsT MHIUKAIIMOHHAs reo0oTannka [1]. Omocpe-
JIOBAHHOE MOJTYYCHHE KBAHTU(PHUITUPOBAHHOW HH(POPMAIIUY O HAIPSIKEHHH OCHOB-
HBIX a0MOTHUYECKHUX (PaKTOPOB IO MapaMeTpaM PacTHTEIHHOTO HMOKPOBA OTKPHI-
BaeT BO3MOXHOCTH JIJIS BBISIBJICHHSI SKOJIOTHMYECKOTO apeana ClabOM3ydeHHBIX B
CHJIY TPYOHOIOCTYITHOCTH BUIOB, 0COOCHHO PEIKNX, BEICOKOTOPHBIX PACTEHHH.

Bricokoe skonoro-reorpaduueckoe pasHoodpasue pona Ranunculus L. (-
THK) ¥ IIAPOKUH 30HANBHBIN CIEKTP PacIpOCTPaHEHHS €TO BUIOB SIPKO MIPOSIBILS-
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FOTCS B pETHOHAIILHOU cIieIudKe BUIOBOrO cocTaBa [2]. OcoOeHHO 3TO Xapak-
TEPHO JJIsl TOPHBIX PETUOHOB, T/I€ YKOJIOrHYecKas INIACTUIHOCTD poja Ranunculus
B KOHTPACTHBIX YCIOBHAX BBEICOKOTOPHH MpHOOpETaeT CBOICTBA aIalTHBHOCTH,
YTO U CHOCOOCTBYET (hOPMUPOBAHUIO SHIAEMUYHBIX BUJOB [3—06]. [loaToMy He-
0OXOIMMBIM aCIIEKTOM IIPH PEIICHUH BOIIPOCOB PETHOHAIBHON TUBEPCH(DUKAIINN
pona Ranunculus CTaHOBUTCS YUET U OIICHKA (DAKTOPOB CPebl KaK IMMyCKOBBIX Me-
XaHU3MOB BHYTPHPOIOBON SKOJIOTHIECKON TU(PepeHITHani posa.

Henp uccnenoanust — anpobarusa Metona GUTOMHINKAIMOHHON OLIEHKH CHH-
9KOJIOTUYECKUX apeayioB BUIOB poaa Ranunculus — R. akkemensis Polozhij et
Revjakina u R. lasiocarpus C.A. Mey., BBICOKOTOPHBIX IIPEACTaBUTENEH MOCEK-
uuu Altimontana Schegol. [7] (cexmus Auricomus Schur.), SHIEMUYHBIX s AJl-
tae-CastHckol (mopuctiueckoil nposuniun (ACII).

MaTepnam,I N METOAMKHU HCCJICT0BAHUSA

Jns modydeHuss MCXOJHBIX TeoOOTaHHMYSCKHX MATEPUANOB B HCCIIEIOBA-
HUH 3aJeiicTBOBaHa KOMIbIOTepHas 0a3za omucaHuii pactutenbHOCTH CHOMpH
«Database of Siberian Vegetation (DSV)», 3apeructpupoBaHHas B MEKAyHapOI-
HOW Merabaze ¢utorieHoTek «Global Index of Vegetation-Plot Databases» mox
unaekcom AS-RU-002 [8] u peanuzoBaHHas B HHTETPUPOBAHHON OOTaHUYECKOM
nHpopmarnmonHoi cucteme IBIS v.7.2 [9]. B Moayne rpaliueHTHOTO aHaIHM3a
3TO¥ Jke UHPOPMAIIMOHHON CUCTEMBI BBITOTHEHBI Bce (DUTOMHIMKAIUOHHEIC pac-
YeTHl U CTEHEPUPOBAHBI CBOAHBIE TAKCOHOMHYECKHE CITUCKH. BermomorarenbHbI-
MU UHCTPYMEHTAMU JIJIsI TIONTOTOBKK JAHHBIX, IPOBEICHUS CTATUCTUICCKOM 00-
PaboOTKH U BU3yalIU3alliK Pe3yJbTaToOB MOCTYXWiIH porpaMMmbl MS Excel 2013
u Past v.3.26.

Bcero wucmonp3oBaHo 8 MONHBIX re00OTAHMYCCKHUX OIMHCAHUI C yIacTHEM
R. akkemensis u 12 — ¢ R. lasiocarpus. T'eorpaduueckas Jokanus JaHHbIX: Peciry-
Oonmuka Antaii: xpeoTel Cemunckuid, Kypatickuii, CeBepo-Uyiickuii, AnTaickuii
kpaii: Turupekckuil xpedet; PeciyOnuka ToiBa: xpebeT CaHrHIICH.

CpemHee YHCIIO 3apETHCTPUPOBAHHBIX B OIMMCAHUSIX TAKCOHOB COCTaBHU-
no nist mepBoro Buna 18,80 + 3,54 (3nech U ganee CpeiHUE 3HAYCHUS TIPUBE-
JICHBI CO CTaHJIAPTHOW OINMMOKOHM cpeaHero), mis Broporo — 24,45 + 2,73, Uc-
TOYHUKOM HMCXOJHOU SKOJNIOTHYECKOH MH(GOPMAIMH MOCIYKWIH 00bEIMHCHHBIC
¢uTonHauKanuonHsie mkanel it Cubupu M.A. [anenkuna ¢ coaropamu [10,
11], Hacnemyromye aMILTUTYAHO-ONTUMYMHBIN (HOpMAT MHAMKAITHOHHOM IIKOJIBI
JL.T. Pamenckoro [1]. M3 geThIpex MOCTYIHBIX SKOJIOTHYECKUX (DAKTOPOB BHI-
Opanbl yBnaxsenue (120-0annpHas mkana, nanee Hd) u GorarctBo-3aconeHue
(TpodrOCTE) TIOUB (30-0ayumbHas mikama, nanee Tr) kak HamOoiee 3HAYMMEIC
it U depeHIanul 3KOTOMOB TOPHBIX pacTeHuid. CpeaHss IO MpeicTaB-
JICHHOCTH TAaKCOHOB-MHIMKATOPOB B OMHCAHMSX IO 3TUM (haKTOpaM COCTaBHIIA:
34,27 + 3,30% u 73,50 £+ 3,57% (Hd), 35,01 + 3,24% u 73,45 + 3,58% (Tr) s
R. akkemensis v R. lasiocarpus cooTBETCTBeHHO. I C1a00U3y9IEHHBIX BHICOKO-
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TOPHBIX (JIOp TaKHe MOKA3aTeNN CIEAYET CUUTATh JOCTAaTOYHBIMHE IS IIPOBEIE-
HUSI THOHEPHOTO (PUTOMHIUKAUOHHOTO aHAJH3a.

DKOIOTUIECKUE XapaKTEPUCTUKN Te000TaHNUECKUX ONMCAHNHA PACCUNTAHEI B
COOTBETCTBHUH C paHee MPEJCTAaBICHHON MeToauKoH [12], IpOEKTUBHEBIC TTOKPHI-
THSI TAKCOHOB TIPH 3TOM YYHTBHIBAIM B 9-0aiUIbHOM reoMeTpHdYeckoi mmkane [9].
WunuBunyanpHble BUAOBBIC (PUTOMHIUKAIIMOHHBIE ONTHMYMBI BBIYMCICHBI IO
OITyOJIMKOBAaHHOMY HaM¥ alrOpuTMy [13], s OIIEHKH SKOJOTHYECKOTO KOHCEH-
cyca BBIOpaH ONTHMYMHBIH BapHaHT 3TOro MHAeKca [1].

B orcyrcTBHe ycTosiBIIETOCs TepMHHa Uit 0003HAaYEeHUs (rropucTriecKoi
COBOKYITHOCTH BCE€X TaKCOHOB, BCTPEYAIOIIMXCS B IIEHO3aX, B KOTOPBIX Yyda-
CTBYET OIPENCIICHHBIH BUJ, JUII XapaKTEPUCTUKU TAKOTO ITy1a MBI HCIONbB3Y-
€M KOHCTPYKIHIO «gropa unepezayuu», 0CO3HaBas, 4To HU R. akkemensis, HU
R. lasiocarpus B Te0OOTaHNIECKOM ITOHUMAHUH HE OTPEEISIOT PeaJbHBIX BHKa-
PHUPYIOIIUX CJIOCB B PACTHTENBHBIX accolMaImsx. s moay4eHus: Takux ¢Giaop
narperaimii B cucreme IBIS remepupoBamuck CBOTHBIE OMHCAHUS, BECOBBIM
rapaMeTpoM TaKCOHOB B HUX BBICTYyIasa abCONIOTHas BcTpedaeMocTh. Konnye-
CTBEHHBIE IMapaMeTpbl GIIop cocTaBuim Ui R. akkemensis — 73 TakcoHa, U3 HUX
36 TaKCOHOB-MHIUKATOPOB, A R. lasiocarpus — 141 u 98 coOTBETCTBEHHO.

[Ipu cocraBneHNN BEPOSTHOCTHBIX KOJOTHYECKHUX MPODUIIEH HCIOIh30BaHa
YHAMOJAJIbHAs MoJIeTb [14], a QUTOMHIUKAIMOHHBIC ONTHUMYMHBIE CTATyChI TaK-
COHOB-MHMKATOPOB B3BEIIMBAIUCH CyMMaMH MPOIIEHTOB MX BCTPEUacMOCTU B
CBOJIHBIX OTIMCAHUSAX.

PesyabTarsl Hccaeq0BaHuS U 00CYKIeHIE

OUTOMHIUKAIIMOHHAST OLIEHKAa CHHOKOJIOTMYECKHMX apeajioB MpoBeleHa
UL ABYX ONW3KOPOICTBEHHBIX BHAOB, TNPHHAIICKANINX OFHOU MOACEKITHH
Altimontana pona Ranunculus u >anemuunbix s ACIL, HO mpu 3ToM cylie-
CTBEHHO OTIMYAOIINXCS HEKOTOPBEIMA MOP(HOPH3HOTIOTHICCKIMHI CBOMCTBAMU U
MPUYPOYCHHOCTBIO K ONPEICICHHBIM TUIIAM MECTOOOUTAHUH.

Ranunculus akkemensis Polozhij et Revyakina 1978, Cucremarnuka u reo-
rpadus pacteruid Cubupi : 6. — JIIOTHK aKKeMCKHIA.

Onucan ¢ Anras. Tum: TK!.

Bun pacnpoctpanen B ropax LlentpansHoro, FOro-Boctounoro Anrtas u
TyBBI — B apUAHBIX paiiOHaX, C BEIPAKEHHBIM KOHTHHEHTAIBHBIM KIIMaToOM. AJ-
Tae-TyBUHCKU SHAEM (puc. 1).

R. akkemensis obuTaeT B aJbIIHMACKOM TOsice. XapaKTEePHBIA MPEICTaBUTEb
KpHOIEeTpo(UTOHA, 3a4aCTYIO BBICTYIAIOIIETO CBOSOOPAa3HBIM pedyrHyMOM IS
PEJIMKTOBBIX M SHIEMHUYHBIX JIEMEHTOB BHICOKOTOPHOH (hitopbl [15]. Ero o0bI4u-
HBIMU MECTOOOUTAHUSMHU SIBJISIOTCSI IOIBUKHBIE KAMEHHUCTBIE CyOCTPAaThI — I1e0-
HUCTBIE OCHINH, KAMEHUCTHIE POCCHIITH, KAMEHHCTHIE Oepera pyybeB, KAMEHUCTEIE
TYHJPBI, MOPEHBI JICTHUKOB. DTO €AWHCTBEHHBIH OOMUTaTHBINA METPOPHUT CpeIu
BcexX BHIOB pona Ranunculus ACII.
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Puc. 1. Tunmunoe mecrooburanune Ranunculus akkemensis Polozhij et Revjakina,
ropa Cykop, Cesepo-Uyiickuii xpebet (poro H. Ll{€ronesoii, 02.07.2019)
[Fig. 1. Typical habitat of Ranunculus akkemensis Polozhij et Revjakina,

Mount Sukor, The North-Chuyskiy ridge (photo by Natalia Shchegoleva, 02.07.2019)]

Ranunculus lasiocarpus C.A. Mey. 1830, in Ledeb. Fl. Alt. 2 : 323 — JI. Bo-
JIOCHCTOILIONHBIN (pHc. 2).

Onucan u3 3anagnoit Cubupu (Antait). Tum: (LE!).

Pacnipoctpanen B IOxHO#M Cubupu, B BocTouHOoU yactn Kazaxcrana u MoH-
ronuu. R. lasiocarpus — odutarenb BEICOKOTOPHBIX JIYTOB M TYyHIp, IIEPBYIO O~
JIOBUHY BETETAIMOHHOTO TMEPHOMA PAa3BUBAIOIIMICS B YCIOBHAX H30BITOYHOTO
XOJIOHOTO yBiIakHeHUs. [0 OTHOIIEHNIO K MEXaHMYEeCKOMY COCTaBy cyOcTpara
3TOT BHJ — (DaKyabTaTHBHEIHN MeTpoduT. Mecroodbutanus R. lasiocarpus Xopoio
npenupyemble. Berpeuaetrcs o0buHO B cybOanbnuiickoM mosice, mo 6opram, Oe-
peram u pyciaM BBRICOKOTOPHBIX PYYbEB, a TAKKe Ha aNbIUICKAX JTyTOBHHAX U B
MOXOBO-JIMIIAHHUKOBON TYHJpE.

CpaBHUTEIHHBIN aHATU3 TTOTYYCHHBIX 3HAUEHUH 110 IIKaJIE YBIKHEHHUS ITOKa-
3aJ1 CYIIECTBEHHBIC OTIHYUS OTHOIICHHS [IEHOTHYESCKOTO OKPYKEHUS MOJIEIIbHBIX
BHJIOB K YPOBHIO yBIIa)KHEHUsI MecToobuTanuit (puc. 3, A). CoBokymHas ¢iopa
uHrperauuu R. akkemensis nMeeT 3Ha4UTENBHO OoJice MIMPOKYIO aMILTUTYRy U
MaKCUMYM, CMEIIeHHBI OTHOCUTENBHO R. lasiocarpus TpUMEpHO Ha 4 Tpajaiun
B CyXYI0 CTOpOHY rpajuenrta. Ilo dpaktopy TpodrOCTH (pUC. 3, B) 00BEIMHEHHEIE
aMIDTATYIBI (IIOP MHTPEralu 000X BUIOB UMEIOT IIPAMEPHO OAMHAKOBHIH pa3-
Max, HO pa3IMYHyI0 aCHMMETPHIO, 2 MAKCUMYM KpUBOU mipoduis y R. akkemensis
ooubine, yeM y R. lasiocarpus.
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Puc. 2. Tunmunoe mecrooburanue Ranunculus lasiocarpus C.A. Mey.
ropa Cyxkop, Cesepo-Uyiickuii xpedet (poro H. L€ronesoii, 02.07.2019).
[Fig. 2. Typical habitat of Ranunculus lasiocarpus C.A. Mey.

Mount Sukor, The North-Chuyskiy ridge (photo by Natalia Shchegoleva, 02.07.2019)]
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Puc. 3. BeposTHOCTHBIC dKoIOTHYeCKHe ipoduin Giop unrperanuiit Ranunculus akkemensis
U R. lasiocarpus o hakTopy MOYBEHHOT0 yBIaKHEeHUs (A) u 6orarcTBa-3aconcHus (B)
[Fig. 3. Probabilistic ecological profiles of Ranunculus akkemensis and R. lasiocarpus
ingregation floras according to the factor of soil moisture (A) and soil fertility (B)]

OnHOBpeMeHHOE O0TOOpakeHHe (PUTOLIEHO30B C y4aCTHEM HCCIIEAyeMbIX BH-
JO0B B 0CsiX (haKTOPOB YBIQXKHEHHS U TPOMHOCTH MO3BOJISET OLIEHHTh M COIO-
CTaBUTh UX JKOJIOTHUECKHE apeainbl (puc. 4). Apeasibl UMEIOT HEOOJBILYIO 30HY
MEePEKPHITHS, HECMOTPSL Ha TO 4YTO 00a BUJA MOT'YT MIPOU3PACTATh B IPOCTPAH-
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CTBEHHOH ONMM30CTH (B Ipenenax JecATKOB METPOB), MMesl IIPH 3TOM J0CTaTod-
HO CTpOTHE 3KOJOTHUecKue npeanoureHus (puc. 1, 2). Ilpu aTom peanuzoBaHHas
Ka)KIbIM BHIIOM SKOJIOTHYECKast HHIIIA BECbMa HEBEITHKA IT0 OTHOIIECHHIO K ITOTHBIM
rpajgueHTaM 1o BeIOpaHHBIM (akTopaM (120 u 30 rpamanuit COOTBETCTBEHHO).

—
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— — — —
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n

BoratcTeo-3aconenne, rpaganus [Soil fertility, grades]
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Puc. 4. Dxonornueckue apeansl Ranunculus akkemensis (BbIAEICH KPAaCHBIM
UBETOM) U R. lasiocarpus (CHHUM LIBETOM) B OCSIX IBYX KOJIOTHYECKHUX
¢axTopoB. Touku — ONMCAaHUS C YIaCTHEM COOTBETCTBYIOIINX TAKCOHOB

[Fig. 4. Ecological areas of Ranunculus akkemensis (in red color) and R. lasiocarpus
(in blue color) according to two environmental factors. Dots - relevés with corresponding taxa]

[Tocite mpuMeHeHNsT METOJMKH (PUTOWHIMKAIMOHHON Koppekuuu [13] momy-
YeHBbI TOUYHBIC 3HAYCHUSI UHAUBHUIyaIbHBIX CTaTyCOB (MUHUMYM, OIITUMYM, MaK-
CUMYM) M3y4aeMbIX BUJIOB (TabiuIa). DTH TaHHBIC 0XKHIAEMO COTIIACYIOTCS Kak
C pe3yJIbTaTaMy aHaJIn3a (JIop HHTPerauii BUAOB, TaK U C XapaKTEPUCTUKAMH UX
9KOJIOTHYECKUX apeajioB.

HNuauBuayajibHble (UTOUMHAUKALMOHHBIE CTATYCHI BUAOB Ranunculus
[Individual indicator values of Ranunculus species]

yBJ'Ia)KHeHI/IC, Ipaganvu BOTaTCTBO-Z%aCOJ'ICHHe, Trpaganuu
Takcon [Taxon] [Soil moisture, grades] [Soil fertility, grades]
Min Opt Max Min Opt Max

Ranunculus akkemensis | 56,818 60,194 64.891 8.701 10,482 11,448
Ranunculus lasiocarpus | 63,692 65.409 67,160 8,488 8.895 9.908

[NockoabKy MacCHB JOCTYITHBIX OMUCAHUI U, KaK CIEICTBUE, OXBAT YKOTOIIOB
CPaBHHUTENBHO HEBEJHMKU, MOKHO TMPEAIIOIOKHTh, YTO IKOJOTHYECKUE aMILIU-
Tyabl R. akkemensis u R. lasiocarpus nipu TOCTEIYIOMIEM BKIIFOYEHUH HOBOTO
reo00TaHMYECKOr0 Marepuana OyIyT pacIIMpsThCS, TOIJAa KaK yCTAHOBJICHHOE
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3HAUCHWE ONTHMYMHOTO CTaryca M3MEHHUTCS He3HaunTenbHO. OfHAKo yke Ha
JAHHOM JTale TPU CPABHEHUH ITONYYCHHBIX KOJNUYECTBEHHBIX MapaMeTpOB C
Ooree paHHUMH pe3yJIbTaTaMH IPOBEACHHOTO HAMH JKOJIOTHYECKOTO aHAIN3a
pona Ranunculus ACII [4], Tie y4UTHIBAIKCH NPUYPOUECHHOCTh K OINpPEAEICH-
HOMY THITy MECTOOOWUTAHWH W HEKOTOpbIe MOP(PO(PHU3HOIOTHISCKHE CBOWMCTBA,
IKOJIOTHYECKUE XapPAKTEPUCTUKHU STHX BHUJIOB MPETEPIIENd n3MeHeHus. Tak, B uc-
MTOJTb3yeMOM HaMH CUCTEME IKOJIOTHIeCKUX rpyni [16] mo (hakTopy yBIaKHEHHS
R. akkemensis cnenyer cuutath KcepoMe30(pUTOM (paHee Onpeaessuics HaMH Kak
ayme300uT), a R. lasiocarpus — syme3odutoM (panee — rugpomesodur). [1o dax-
Topy TpoHOCTH N0UB R. akkemensis cienyeT OTHOCUTH K Me303yTpododutam, a
R. lasiocarpus — x me3oTpododuTam.

3akir0uenne

IIpoBeneHHOE HCCIEOBAHUE IIO3BOJIMIIO BIIEPBbIE KBaHTH(HKAILMPOBATH
9KOJIOTHYECKUE XAPAKTEPHCTHKH JBYX pEIKHX BBICOKOTOPHBIX BHIIOB pOJa
Ranunculus 1o QaxTopaM yBIQXHEHUS M TPO(PHOCTH IMOYB. DTO JAJIO BO3-
MOXXHOCTh OOOCHOBAaHHO ONpPENENUTh HPUHANICKHOCTh R. akkemensis W
R. lasiocarpus K SKOJOTHUYECKAM TPYIIIaM W JI0OKa3aTh pabOTOCIIOCOOHOCTh Me-
TOAMKH (UTOMHIMKAIIMOHHOW KOPPEKIIMH Ha OTHOCUTEIHHO MAJBIX 0 00BeMY
MacCHBaX re000TaHUYECKUX JaHHbIX.

Aemopul svipasicarom 61a200apHOCMb KOLLe2aM, TH00e3HO NPedoCmasueuum 01l Haue2o
UCCE008aHUS C80U 2000MAHUYECKUE ONUCAHUSA: KaHO. 6uon. nayk E.I. 3ubzeesy (Llenmpany-
uoul cubupckuti bomanuueckutl cad CO PAH, e. Hosocubupck), 0-py o6uon. nayx A.M. Ilaxy
(Tomckuii eocyoapcmeennvlil yHugepcumen, 2. Tomck) u kanod. 6uon. nayx U.B. Bonkosy (Tom-
CKull 20cydapcmeentblil nedazozudeckuil yHueepcumem, 2. Touck).
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Determination of the ecological areas of rare high-mountain
Ranunculus species by indicator values methods

The indirect collecting of quatitative data on the rates of the main abiotic factors by the
parameters of the vegetation opens up the possibility of identifying ecological ranges for
poorly studied hard-to-reach species, especially rare high-mountain plants. The ecological
plasticity of the genus Ranunculus L. in contrasting conditions of high mountains acquires
the properties of adaptability, which contributes to the formation of endemic species.
Therefore, a necessary aspect in addressing the issues of regional diversification of the
genus Ranunculus is taking into account and assessing environmental factors as triggers
of intrageneric ecological differentiation of the genus. The aim of the study is to test
an indicator values method to determine the synecological areas of high mountain taxa
Ranunculus akkemensis Polozhij et Revjakina (See Fig. 1) and R. lasiocarpus C.A. Mey.
(See Fig. 2) from the section Auricomus Schur., subsection Altimontana Schegol.,
endemic to the Altai-Sayan floristic province (ASP).

To obtain the initial geobotanical material, we used the “Database of Siberian
Vegetation (DSV)” computer database of relevés of Siberian vegetation, registered
in the international metabase “Global Index of Vegetation-Plot Databases” as AS-
RU-002 and implemented in the integrated botanical information system IBIS v.7.2.
All calculations with indicator values were performed in the gradient analysis module
of this information system, alongside with combined taxonomic lists generation. MS
Excel 2013 and Past v.3.26 software served as auxiliary tools for data preparation,
statistical processing and visualization of results.

Geographic location of the relevés: Altai Republic: Seminsky, Kuraisky, Notrth-
Chuisky ridges; Altai Krai: Tigirek ridge; Tuva Republic: Sangilen ridge. The source
of the initial ecological information was the combined indicator value scales for
Siberia by Ivan Tsatsenkin et al. (1974, 1978). These scales inherit the amplitude-
optimum format of the indicator school by Leontiy Ramensky. Of the four available
environmental factors, moisture (120-grade scale) and richness-salinity (nutrients
availability, or fertility) of soils (30-grade scale) were selected as the most significant
for the differentiation of ecotopes of mountain plants.

The ecological characteristics of habitats, where these Ranunculus species were
recorded, were calculated in accordance with the previously presented methodology:
weighted averaging (by cover and environmental tolerance) of all indicator taxa in a
relevé; the cover of taxa was expressed in a 9-grade geometric scale. Individual species
indicator value optima were calculated according to our published algorithm - as
weighted averaging taking into account environmental consensus index, rarity of the
scale’s grade in total sample, number of indicators per each relevé. When compiling
probabilistic ecological profiles for combined floras of coenoses with a selected taxon,
an unimodal model was used, and the indicator value optimum statuses of indicator taxa
were weighted by the sums of the percentages of their occurrence in such combined floras.

Comparative analysis of the obtained values for the factors of soil moisture and fertility
showed significant differences in the reaction of the coenotic environment of the model
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species to the level of these factors in habitats (See Fig. 3). Simultaneous mapping of
phytocenoses with the participation of the studied species in the axes of soil moisture and
fertility factors made it possible to assess and compare their ecological areas (See Fig. 4).
The exact values of individual statuses (minimum, optimum, maximum) of the model
species were calculated. When comparing the obtained quantitative parameters with earlier
results of our ecological analysis of the genus Ranunculus in ASP, which took into account
the confinement to a certain type of habitat and some morphophysiological properties of the
species, the ecological characteristics of these species underwent changes. The results of the
study enabled us to reasonably determine the belonging of R. akkemensis and R. lasiocarpus
to particular ecological groups, as well as to prove the efficiency of the indicator value
correction method on relatively small samples of geobotanical data. The study for the first
time allowed quantifying the ecological parameters of two rare alpine species of the genus
Ranunculus according to the factors of soil moisture and nutrient availability.

The paper contains 4 Figures, 1 Table and 16 References.

Key words: Ranunculaceae; endem,; environmental factors; relevés; database;
IBIS system; Altai.
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XpoMocoOMHBI€E YHCIA NOJIbIHeH (Artemisia L.)
HenTpansHoro Kazaxcrana

Bnepevie onpedenenst uucia xpomocom 018 YeHmpanbHO-KaA3aXCMAHCKUX NORYAAYUL
Artemisia juncea Kar. et Kir., A. turanica (Krasch.) Poljakov, A. terrae-albae Krasch.,
A. semiarida (Krasch. ex Lavrenko) Filatova. Ycmanoenen HO8blll MakcoHoMU4ecKuil
cmamyc 3HOemuunoeo euda Llenmpanvnoco Kazaxcmana A. semiarida, evisignena
BHYMPUBUO08as USMeHUUBOCb A. terrae-albae.

KuiroueBble c¢10Ba: yucia xpomocom; noavivu, noopoo Seriphidium (Besser ex
Less.) Fourr.

BBenenune

Honpox Seriphidium (Besser ex Less.) Fourr. oaua n3 kpynHelmx B npeaenax
pona Artemisia L. On HacuutbiBaeT Oosiee 100 BUIOB M BKIIOYAET MHOTOYHUCIICH-
HbIe BUBI, cBoMicTBeHHbIE [{enTpansHoi A3uu u Cpenuzemuomopsbto [1]. Takco-
HOMHUS poJia CIOKHA B CHITy BBIPaXXEHHOTO TonmMmopdu3mMa npusHakoB [2]. Jlist
YTOYHEHUs CUCTEMAaTUKH BUIOB TAHHOTO MOAPOAA LEeNeco00pa3Ho U3yYeHne Xpo-
MOCOMHBIX urcell. [TomcuéT uncen XxpoMocoM y BUIIOB oapoa Seriphidium MoxeT
MIPEAOCTABUTH BXKHYIO HHPOPMAIIHIO TIO TAKCOHOMHUH U SBOJIIOLUH MOJPOAA.

B 2013-2016 rr. npeacraBuiach yHUKaJIbHAs BO3MOKHOCTD U3YYHUTh MOMYIIS-
nuu 4 BUJOB MONbIHEHN U3 noapona Seriphidium B llentpansHom Kazaxcrane, B
TOM YHCJIC, TIOACYUTATH H UX YHCIIA XPOMOCOM

Lenp paboTel — M3y4yeHHE 4YHCENl XPOMOCOM BHJOB IOJIbIHEH MOApOna
Seriphidium w3 nonyisnui LeaTpanpaoro Kazaxcrana a1 yTOUHEHHS UX CHCTe-
MaTHYECKOTO MOJIOKEHUS U TOTIOHEHUS CBEJICHUN 110 YHCITY XPOMOCOM.

MaTepnanbl U METOAHUKHU HCCJICT0BAHUSA

O0paboTka MaTepHaioB U IOMYYCHUE MPenapaToB Merada3HbIX IUTACTHHOK
JUTS TTOJICY€Ta XpOMOCOM BBHITIOTHEHBI Ha Oasze naboparopuu ['epbapwii u Llentpa
KOJUICKTUBHOTO TMOJb30BaHus l[eHTpampHOro cHOMPCKOro OOTaHMYECKOTO caja
(ICBC CO PAH, . HoBocubupck) B 20162017 rr. MarepuaiioM UCCIeIOBaHUS
MOCTYKWIH 3pefible ceMeHa 4 BUAOB monbiHu: [1onbIHb TypaHcKas — Artemisia
turanica (Krasch.) Poljakov, I1. cutHukoBas — A. juncea Kar. et Kir., I1. 6emno-
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3eMenbHas — A. terrae-albae Krasch., I1. monycyxas — 4. semiarida (Krasch. et
Lavrenko) Filatova. Matepuai codpan Ha Tepputopuu Llentpansnoro Kazaxcra-
Ha B YibiTayckoM paiione B 200 kM Ha 1or oT . Kaparauapl B IOJIBIHHO-00SUTBIY-
HO#t monmymyctbiHe qonuHbl peku Capsicy (46°29' N 67°16' E) B centsiope 2013—
2016 rr. [TonymycTeIHHOE COOOMECTBO NOMUHBI pekn CaphbICy 3aHHUMAET MOJIOTHE
CKJIOHBI FOTO-3aI1aJIHOH, CEBEPHOH M CEBEPO-BOCTOUHOM IKCIO3UIINHI, MHKPOpE-
aped TpencTaBiIeH HErTyOOKMMH MOHIDKEHHSMH IO JIMHHSIM CTOKA. YHHKAJIb-
HOCTh COOOIIECTBA 3aKJIIOYAeTCsl B pa3HOOOpa3ny MOJIBIHEW, B TOM YHUCIIe U B Ha-
JUYUU B HEM 4 SHAEMUYHBIX BUJIOB moapona Seriphidium. I'epbapHbie 00pa3ibl
HCCIIeIOBAaHHBIX BUJIOB MOJIBIHEH XpaHsaTcs B I'epbapun um. 1.M. KpacHo6opoBa
(NS) Lientpansroro cubupckoro 6oranndeckoro caaa (IICbC CO PAH, r. Hoso-
CUOUPCK).

s nccnenoBanmst ceMeHa coOpansl ¢ 10 OIM3KHX 1Mo BO3pacTy SK3EMILLIPOB
Kaxaoro Buga. CeMeHa NpopalivBaid B MPOKAJIEHHOM IECKe B 2-KpaTHOH Mo-
BTOPHOCTH B KiuMarokamepe «Durotpon» (bnokom, Poccust) mpu 1HEBHOM TeM-
neparype 23 °C, nounoit — 10 °C u 16-4acOBOM CBETOBOM CYTOYHOM PEIKHUME ITPH
ypoBae ocBemeHHoctr 250-500 nk. [Ipu moctmkennn kopemkamu AauHbL 0,5—
2 cM ux nomemanu B 0,1%-Hblif pacTBOp KOIXUIMHA Ha 2 4, 3aT€M MEPEBOAUIN
B MOIuGUIMPOBaHHBINA (hukcarop KapHya (JiensHasi ykCycHasi KUCIIOTa / CIIUPT
96% B cootHomenuu 1:3) Ha 24 4. Marepuan nocne oOpabOTKH (HKCATOPOM
npoMbIBajIu B 96% crnupte Tpu pasza no 30 MuH.

Oxpacky NpOBOAWIIM C HCIOJIB30BAHHUEM KpacuTels reMarokcuinHa. Jlis
OKpacku (PMKCHPOBAHHBIC CEMEHa MOMEIIATN B PACTBOP XPOMOKAINEBBIX KBAC-
1[OB (ABOIHAs cepHasl COMNb XpOMa U IesIoyHoro Meramia) Ha 6090 mun. Ceme-
Ha BBIHIMAJIX ¥ IPOMBIBANIN B IUCTIJUIMPOBAHHOH BOJE, TIOCIE YeT0 TIOMEIIaIH
B MKOCTh C KpacuTeneM (aneroreMartokCwinH). OKpallleHHBIH KOpELIOK pac-
rmoJiarajy Ha TpPEeJMETHOM CTeKJIe W (OPMHPOBAIM MOHOCIOW KieTok [3]. Us3-
ydeHHe MeTa(a3HbIX IUIACTHHOK MPOBOAMIN TIpH X90 ¢ IOMOIIBI0 MUKPOCKOIIEa
«Axioscop 40» (Carl Zeiss, ['epmanns).

Pe3ysbTarsl HcciieqoBaHNus U 00Cy:KIeHNe

Ha Tepputopun LlenTpanpaoit A3uu npouspactaet 69 BUIOB MOJIBIHEH MMO/-
pona Seriphidium [4, 5]. Hamu onpeienieHbl YUClia XpOMOCOM 3 SHJEMHUYHBIX BU-
noB LlentpanbHoit A3uu (A. juncea, A. turanica, A. terrae-albae) v SHIEMUIHOTO
Buja LlentpansHoro Kazaxcrana (4. semiarida).

ITo mamnbiM J. Valles ¢ coaBTopamu, A. juncea n A. turanica Y30eKucTaHa
HUMEIOT AUIUIOUAHBIN Habop xpoMocoM (2n=18) [6]. Uucia xpoMocoM pacTeHuit
Ka3aXCTaHCKUX MOMyJuil 3TuX BuaoB B LlenTpansnom Kazaxcrane ompenene-
HBI BIICPBBIC: YCTAHOBIICHO, YTO OHH TaK )€ UMEIOT AUILTOUIHBIH HAOOp XpOMO-
coM (2n = 18).

N.M. Kpamenunauxos B 1949 r., nononusist u pegaxrupys Texct I1.H Kpbuto-
Ba 10 pony Artemisia L. Bo «®ope 3anagnoit CuOMpH», OMUCHIBAET B PaMKax
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A. terrae-albae nBa HOBBIX TIoABUNA (A. terrae-albae subsp. massagetovii Krasch.,
A. terrae-albae subsp. semiarida Krasch. et Lavrenko) [7]. JuarHocTuueckue
NIpU3HAKK y A. terrae-albae subsp. semiarida KonMM4eCTBEHHbIC U HE3HAYNUTEIILHO
OTIIMYAIOTCA OT COOTBETCTBYIOIIMX MPU3HAKOB TUIIOBOTO 0Opasua. BricoTa mio-
JOHOCSIUX 1M0o0eToB y HOBOTO monBuaa 20—35 cM, IepHOBHHA MEHEe IUIOTHAS,
cepoBaro-3eJ€Has OT HEryCTOro BOiJIoUKa. Y THIOBOTO oOpasiia BhICOTa IUIO-
JoHOCSImUX 1moderoB 15-30 cm, nepHOBHHA Oojiee TUIOTHAsS, pACTCHHUE CEepoBa-
To-3enéHoe ¢ ToHKuM omymenueM. ILIL. ITonskoB B 1961 1. Bo «®nope CCCP»
BBIICIISICT B Ka4eCTBE Pa3HOBHIHOCTHU A. terrae-albae var. semiarida Krasch. et
Lavrenko, nemnast HOByr0 KOMOMHAIIMIO ¥ U3MEHSIS CTATyC C HapyleHneM O0oTaHu-
YeCKOH HOMEHKIIATyphl 0€3 CCBUIKH Ha OITMCAHHEe U MIEPBOUCTOYHUK [4].

[ozxe H.C. ®dunaroBa Bo «Diope Kazaxcrana» (1966) mosbliiaer craTyc
TakcoHa [8], paccmarpuBas A. semiarida KaKk caMOCTOSTECIBHBIA SHICMHYHBIN
Buj Llentpansaoro Kazaxcrana, pacnpoctpanéHsblil B 3anagHoM U Boctounom
Menkocornogarke. OHa JeaeT HOBYI0 KOMOWHAIINIO CO CCBUIKOW Ha IEPBOMCTOY-
HUK OITMCaHMs TaKCOHa, HO B onncanue Buja H.C. ®unaroBa mpUBOIUT TaKUE Ke
IMarHOCTHYecKue npu3Haky, 9ro U W.I1. KpameHnHHUKOB TIpH ONHMCaHWUU ITOJ-
Buja. B xauecTBe HOBBIX MPU3HAKOB €O MPUBOAUTCS XapAKTEPUCTHUKA HUIKHUX
CTEONEBBIX JHCThEB: Y A. terrae-albae HYXKHUE CTEONEBBIC JIHCTHS UMEIOT STii-
HeBUIHYI0 Gopmy, 1-2 cM anuHON u 1 cM muUpUHON, Torna Kak y A. semiarida
HWKHHE CTEOJIEBBIC JINCThS B OU4EPTaHUH MIPOIONTOBATO-siIIeBUIHBIC, 1-2 (3) cM
JuHOM W 1o 1,5 cm mmpuHoi [8]. U3 BblmenprBeAEHHBIX NaHHBIX CIEIYET,
9TO CYIIECTBYET TPH Pa3HBIX MHEHHS 110 TAaKCOHOMHYECKOW MPHHAIICKHOCTH
A. semiarida. H.C. ®unatoBa 1975 . y A. semiarida oTMe4aeT TeTpaIIOUHbIH
Ha0Op XpOMOCOM, He MpHIaBasi STOMY THarHOCTHYECKOoro 3HaueHus [9] . [1o nan-
HeIM A.A. KpacHukoBa ¢ coaBropamy, y o0pasnos u3 Bocrounoro Kasaxcrana
BBISIBJICH JHIDIOWAHBIN Habop xpomocoM (2n=18) [10]. Pe3ynbsraTsl Hammx wc-
CJIeZIOBaHUI MO3BOJIMIIN OOHAPYKHUTD Y A. semiarida TOIKO AUIIIOWAHBIN HA0OP
xpomocoM (2n = 18), a y A. terrae-albae w3 llenrpanpHoro Kazaxcrana Hamu
BBISIBJICHBI TETPAILIONIHBIE 0coOu (2n = 36).

Takum o00Opa3om, 10 pe3ynbTaTaM HCCIIENOBaHMS IEHTPAIFHO-Ka3aXCTaHCKUX
MOMYJISAUA MOATBEPAMUIICS U3 M3BECTHBIX MCTOYHHUKOB JUIUIOMIHBIN HAOOp LIS
A. juncea, A. turanica, Ho 1ns BUIOB A. semiarida u A. terrae-albae onipeneyieHb
HOBBbIE XpOMOCOMHBIE uHcna (2n = 18, 2n = 36). M3yyeHue Mop¢onorudaeckux
OTJIMYUI TaHHBIX BUIOB MTO3BOJIMIIO BBISBUTH, YTO OHH OTIMYAIOTCS TONBKO KO-
JUYECTBEHHBIMH TPU3HAKAMHU (BBICOTA PACTCHHUS, pa3Mep JIUCTHEB M OOKOBBIX
BetBeit). Habmonenue 3a A. semiarida v A. terrae-albae B OTHOM U TOM Xe Me-
CTOOOMTAHMU TIOKA3aJI0, YTO BUJIBI TPOU3PACTAIOT COBMECTHO, HO IIPHYPOUEHBI K
Pa3HBIM 3JIEMEHTaM MHKpOpebeda, HEMHOTO OTIAMYAIONIIMCS IO yBIa)KHEHHUIO.
Bo Bpems uccieioBaHuil B TEUEHHUE HECKOIBKHX JIETHUX CE30HOB, CYHIECTBEHHO
OTJIMYAIOIINXCS 110 KOJNIMYECTBY BBINAMAIOIINX JETHUX OCAIKOB, YAAJIOCh yCTa-
HOBHTD, YTO PACTEHUS, OOUTAIOUINE B YCIOBHUIX CEMHAPHUIHOTO KJIMMaTa, pearu-
PYIOT Ha €XErogHOe M3MEHEHNE NOTOJHBIX YCIIOBHH, B TOIBI ¢ OOJBIINM KOJNHU-
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YEeCTBOM OCAJIKOB PaCTEHHS JOCTaTOYHO OBICTPO pa3BUBAIOTCS, HOCTHTAs Oojee
KPYITHBIX pa3MepOB.

Ouaemuunbli Buj llentpaneHoro Kazaxcrana A. semiarida wMmeer apeal,
COBIAMIAIOIIUI ¢ apeanioM A. ferrae-albae. Hepenko momynsiuy JaHHBIX BHIOB
MIPOM3PACTAIOT COBMECTHO M OTIMYAIOTCS TONBKO KOJMYCCTBEHHBIMH IpPU3HA-
KaMH, Ha KOTOPbIE MOTYT BJIMATH ITOTOAHBIC YCIOBHS, IIO3TOMY IEJIECOO0Pa3HO
paccMmarpuBath A. semiarida B paMkax 0oJee MHIPOKO pacTpoCcTpaHEHHOTO BHIA
A. terrae-albae. Ctratyc BHYTPUBHIOBOTO TAKCOHA COOTBETCTBYET Pa3HOBUAHO-
cty. JlaHHBII BUI MOXKET OBITh IIPENICTABICH KaK TUIUTONAHBIMH, TaK ¥ TETPAILIO-
UIHBIME 0co0siMu. Cpeau MoJIbIHEH 3TO HE PEIKOCTh, HO B MoApoae Seriphidium
OOJIBIITMHCTBO BUJIOB B OCHOBHOM IpeJICTaBlIeHBI nututonaamu [ 11]. Panee takoii
ctaryc TakcoHa npumensics [1LI1. [TonskoBeiM [4], HO ObUT OMyONKMKOBaH C Ha-
PYIICHISIMA TIPaBWJI OOTAaHWYIECKOW HOMEHKJIATYpHI, IOATOMY IPHBOANUM COOT-
BETCTBYIOIIEE KOPPEKTHOE HA3BaHKE

Artemisia terrae-albae Krasch. var. semiarida (Krasch. et Lavrenko) Revush.
et Czigodajikina stat. et comb. nov. — A. terrae-albae subsp. semiarida Krasch. et
Lavrenko, 1949, Kpamenuanaukos, 1949, ®n. 3am. Cubupwu, 11: 2787.

3aki0uenne

B xome mnpoBenE€HHBIX KAPHUOJOTMYECKUX MCCIENOBAHMN BHIOB IOAPOAA
Seriphidium (A. juncea, A. turanica, A. terrae-albae, A. semiarida), npouspac-
TalOIMUX Ha TeppuTopru KazaxcraHa, MOIyYeHBI JaHHBIE TI0 YHACIAM XPOMOCOM.
BriepBbie y BUIOB IEHTPAIbHO-Ka3aXCTAHCKUX MOMYJSIIUN A. juncea, A. turanica
BBISIBJICHO YHCIIO XPOMOCOM, cocramismomee 2n = 18. YV punos 4. semiarida
(2n = 18) u A. terrae-albae (2n = 36) oOHapyxeH TUILIOUIHBIA U TETPAILIONUI-
HBII HA0OP XPOMOCOM, TIOMYJISIIAH A. semiarida AMEIOT TUIDIONTHBIN Ha00p Xpo-
MocoM (2n =18). N3yuenue Mop¢oaornueckon, XxpOMOCOMHONW U3MEHYUBOCTH 1
reorpa)UIeckoro pacupoCTpaHeHHs TO3BOIIIN U3MEHUTH cTaryc A. semiarida
JI0 YPOBHS pa3HOBUIHOCTHU — A. terrae-albae Krasch. var. semiarida (Krasch. et
Lavrenko) Revush. et Czigodajikina.

Aemopul svipasicatom 2n1y60Kyio 61a200apHOCIb U NPUSHAETbHOCIb KAHO. OUOJ. HAVK,
H.c. nabopamopuu I'epbapuii T.B. Anvrosoii (H{CH5C CO PAH, 2. Hosocubupck) 3a nomows u
npeodoCmasneHHyI0 603MOHCHOCHIb U3YHUEHUS, YUCeT XPOMOCOM.
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Chromosome numbers of wormwoods (Artemisia L.) from Central Kazakhstan

The subgenus Seriphidium (Besser. ex Less.) Fourr., which includes more than
100 species, is one of the largest subgenera within the genus Artemisia L. (Asteraceae
Bercht. et J. Presl.). The aim of this work was to study the chromosome numbers of some
wormwoods species of the subgenus Seriphidium to clarify their systematic position.
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The paper presents the chromosome numbers of 4 species (Artemisia turanica
(Krasch.) Poljakov, 4. juncea Kar. et Kir., 4. terrae-albae Krasch., and 4. semiarida
(Krasch. et Lavrenko) Filatova) of the subgenus Seriphidium. The materialobjects of
the study was mature seeds collected during field survey (2013-2016) in the territory
of Central Kazakhstan (Karaganda Region, Ulytau District, Sarysu River valley,
wormwood and hawthorn semi-desert) with 10 specimens of each species close in
age. This study compares the literature data with the authors’ results of chromosome
numbers. During the study, the chromosome numbers were determined for the first
time for 2 wormwood species in the Kazakhstan population: A. juncea (2n=18) and
A. turanica (2n=18). The obtained results show the homogeneity within the population
of these species in the territory of Central Asia since for the Uzbekistan population,
according to the data of Vallés et al., A. turanica and A. juncea also have a diploid
set of chromosomes. To clarify the systematic position and identify the intraspecific
polymorphism of A. terrae-albae and A. semiarida, the morphological variability,
geographical distribution, and chromosome numbers of these species were studied.
Diploid and tetraploid sets of chromosomes were found in these species. The
A. semiarida population has an exclusively diploid set of chromosomes (2n=18).
According to the literature data for A. ferrae-albae, a diploid set of chromosomes is
given, but along with diploid individuals in the same region, we also found populations
with tetraploid individuals (2n=36). The study of the morphological differences of
these species made it possible to reveal that they differ only in quantitative traits (plant
height, size of leaves and lateral branches) which depend on weather conditions. In
years with a relatively high amount of precipitation, plants develop rather quickly,
reaching larger sizes. The endemic species of Central Kazakhstan 4. semiarida has an
area that coincides with the area of A. terrae-albae. Populations of these species often
grow together.

Thus, the study of the morphological variability, chromosome numbers, and
geographical distribution of these species made it possible to change the status of A4.
semiarida and consider it as a variety of the more widespread species 4. terrae-albae,
which can be represented by both diploid and tetraploid species.

The papers contains 11 References.

Key words: chromosome numbers; wormwoods; subgenus Seriphidium (Besser.
ex Less.) Fourr.
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