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TpanchopManuss MUHEPAJIbHOI0 COCTABA MEP3JI0THBIX MOYB,
copMUpPOBAHHBIX HA 0CATOYHBIX OTJI0KEHUAX
cesepHoii Taiiru Cpenneit Cudbupu

Tatbsina UruatheBHa BacnibeBa', SIna Bopucosna Jlerocraena’

L2 Huemumym 2eonoeuu armasa u 6nazopodusix memannos CO PAH, Axymck, Poccus
" https:/forcid.org/0000-0002-9203-9193, vasilevatig@yandex.ru
2 https:/forcid.org/0000-0002-1556-9182, ylego@mail.ru

AHHoTamusi. B mocnesnue AeCSATUNICTHsI aKTHBHO HCCIIEIYIOTCS MPOLECCH MMOY-
BOOOpPa30BaHMs B PETHOHAX C CYPOBBIMU KIMMAaTHYECKHUMH YCIOBHUAMH. DTH TEPPUTO-
pHH HE XapaKTepHU3yIOTCS aKTUBHBIM HAKOIUICHHEM CBEXEro Marepuaia, u, Kak Cuu-
TaeTcsl, 3/IeCh He HAOMIOMAeTCs SIPKO BBIPAXKCHHOW TU(PQepeHIINANH XUMHIECKOTO
cocTapa Mo TOpH30HTaM. B naHHOH paboTe paccMaTpUBaeTCs BO3MOKHOCTh MPHMEHE-
HUS TEOXHMHUYECKOTO TOJX0/Ia JUTS aHAM3a H3MEHEHUH COCTaBa TeHETUIECKUX TOPH-
30HTOB TI0YB, ()OPMUPYIOIIUXCS B CYPOBBIX KIMMAaTHYECKUX YCIIOBHUSAX CEBEPHOU Tai-
ru JanasiH-AnakuTckoro paifoHa 3amanHoit Skytum (66°24'N, 112°17'E). YcraHOB-
JICHO, YTO PacCMaTPUBAEMbIC THIIbI IOYB UMEIOT CXOXKHE BAJIOBBIC KOHIIEHTPALIMU OC-
HOBHBIX OKCH/OB U OJH3KHI MHUHEPAIOrHYeCKHH COCTaB C mpeobiiaJaHueM KBaplia,
MOJIEBBIX LINMATOB, KapOOHATOB M CIOUCTBHIX CHIIMKATOB. Pe3ynbTaThl CKaHUPYIOLICH
JNIEKTPOHHON MHUKPOCKOIHHU MOKA3bIBAIOT PA3Nyusi B MOP(POIOrHIECKUX MPU3HAKaX
MHUKpPOYACTHUI] OYBHI. [[0UBEHHBIC arperatsl B KpUO3eMax M riiee3eMax UMEIOT OoJiee
OKpyDIIyr0 GopMy U MEHbIIUIl pazmep (okojo 10 MKM) B BEpXHHX TOPHU3OHTaxX IO
CPaBHEHUIO ¢ HIDKHUMU. VcciieIoBaHHBIC TOYBBI TAKXKE PA3IHYAIOTCS MO SK30TCPMH-
gecknM 3P QeKTaM CropaHHs OPraHHYECKOTO BEIIECTBA, YTO OTPAXKACTCA HA TEPMO-
rpamMmax. J{Jsi TeOXMMHUUYECKOH XapaKTepHCTHKU TIOYB Ha OCHOBE JAHHBIX BaJIOBOTO
XHMHYECKOTO aHalli3a OBUTH MPOBEICHBI PACUEThl OKCHAHBIX COOTHOLICHHH M psja
K03 GHUIHEHTOB XMMHUUYECKOTO BBIBETPUBAHUS. AHAIN3 FEOXMMHUYSCKUX KOIDPHIH-
€HTOB MO3BOJIMI BBISIBUTH PA3IMYMsl MEXKIY MOYBAMH MO OTHOLICHHIO K MOYBOOOpa-
3yromeit mopoae. OH MOATBEPIMII, YTO Pa3BUTHE MOYBOOOPA30BATEIBEHBIX MPOLIECCOB
HaMMEHEe BBIPAXKECHO B JUTO3EMaX, IJIEE3eMbl 3aHUMAIOT MPOMEKYTOYHOE TMOJI0XKE-
HHUE, a KpUO3EeMBbl HanOoJIee MOIBEPIKEHBI nenoreHe3y. OCHOBHBIE MOP(OTCHETHYEC-
KHE Pa3iyusi HAOIOIA0TCS MEKIY TIOYBaMU ¢ 00Jiee BBICOKAM COJICPIKaHHEM Opra-
HHYECKOrO yriepona. MCrmonb30BaHHE TEOXUMHYECKHX KOI(D(PHUIHEHTOB MOMOTaeT
BBISIBUTh U3MEHEHHS MHUHEPAIOTHYECKOro COCTaBa KPHOTCHHBIX MOYB U Oosiee KOH-
TPacTHO oTpaxkaeT Au(PepeHINnANNI0 TOYBEHHBIX MPOQHICH MOCTIUTOICHHBIX TI0YB.

Kirouessble cioBa: kpuosemsl (Cryosols), rneesemsl (Gleysols), murozemst (Lep-
tosols), (U3NKO-XUMHYCCKUE CBOWCTBA, OTHOIICHUEC OKCHJIOB, KO(M(OUIIMEHTHI BbI-
BETPUBAHUS

Hcrounuk punancupoBanmsi: pabora MoJAroTOBIEHA B paMKaX BEIIOJTHEHUS MPOEK-
ToB ['ocynmapcTBenHoro 3amanusi MunucrepcrBa oOpaszoBanusi PO Ne FUFG-2024-
0007 «MaHTHIHHBII MarMaTH3M, SBOJIONUUS JUTOCPEPH U PYAOHOCHOCTH BOCTOYHOM
gacti CHOUPCKO M1aThOPMBL, TEOIKOJIOTHS HEIPOIIOIB30BAHUS.
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Summary. In recent years, soil formation processes have been actively studied in
areas with harsh climatic conditions and dominating post-lithogenic soils. It is as-
sumed that there is no active accumulation of fresh material in these soils and there is
no differentiation of chemical composition along the horizons. The prediction of in-
tensity and direction of soil processes is crucial due to climate warming and the ex-
pansion of mineral resource extraction. One of the least studied soil parameters is the
mineralogical composition of coarse fractions and its changes during soil formation.
The unique geological structure and rich mineralogical composition of deposits, com-
bined with harsh climatic conditions, result in highly specific mineral transformation
processes during cryogenic weathering.

The paper reflects the possibility of using a geochemical approach to analyse the
transformation of the soil column composition in relation to the genetic horizons and
the parent rock. For the research on the territory of the Daldyn-Alakit mining district
(66°24'N, 112°17'E) located in the northeastern part of the Central Siberian Plateau,
soil sections of the most predominant soil types (Cryosols, Gleysols, and Leptosols
divisions) have been established. The soils are formed on eluvial-deluvial-solifluction
deposits with close occurrence of bedrock, represented by dense dolomites, yellowish
limestones and oolitic dolomite limestones. The climate of the region is strongly con-
tinental with long cold winters and short summers, the average monthly temperature
in January is -33...-38°C, in July +16...+18°C, the amount of precipitation is low
(about 247 mm).

The most typical pedons (See Fig. I), physicochemical properties, and bulk com-
position of the soils (See Tables I, 2) are described along with X-ray diffraction
(XRD), thermogravimetric (TGA), and scanning electron microscopy (SEM) analyses
(See Figs. 2-4). The main physicochemical indicators include a slightly acidic reaction
in the upper organogenic horizon and a near-neutral reaction lower in the profile, rela-
tively high carbon content (up to 10% in the upper and 1-3% in the lower horizons),
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and a heavy granulometric composition (See Table 1). The bulk chemical composition
of the studied soil types in the Daldyn-Alakit mining district is quite similar (See Ta-
ble 2). By weight, the major oxides follow this decreasing order: SiO,>Al,O;>
Ca0 >MgO > Fe,0; > K,0 > TiO, > Na,O > MnO. The behavior of dominant oxides
in the soils depends not on the subtype or main soil-forming process but correlates
well with organic matter content. The studied soil types are similar in mineralogical
composition, consisting of quartz, feldspars, carbonates, and layered silicates. Scan-
ning electron microscopy revealed common micromorphological features of pedo-
genesis. Soil aggregates in Cryosols and Gleysols have a more rounded shape and
smaller size (about 10 pum) in the upper horizon compared to the lower one. The ther-
mograms of the soils differ in exothermic and endothermic effects, reflecting key ge-
netic characteristics within each soil type. The predominance of humic acid combus-
tion in Cryosols, compared to other soils, indicates more intensive decomposition of
plant residues due to microbial activity (See Figs. 2-4).

For the geochemical characteristics of the soils, calculations of oxide ratios and a
series of coefficients (chemical weathering in soils of G.J. Retallack, CIA and ICV)
were carried out on the basis of gross chemical analysis data. The weak eluvial-
illuvial differentiation is also evident in the molar ratios of SiO,+R,0; and
R,0 + Al,O;, with differences between horizons observed in the RO + Al,O; ratio.
Overall, biological activity and productivity in permafrost-affected soils of the north-
ern taiga are low, but the calculated coefficient values increase in the upper organo-
genic horizons compared to mineral horizons (See Table 3). Analysis of geochemical
coefficients revealed soil heterogeneity relative to the parent material at the level of
morphogenetic characteristics (See Figs. 5a, 5b). Soil-forming processes are least pro-
nounced in Leptosols, while Gleysols occupy an intermediate position. Cryosols are
the most sensitive to pedogenesis. The main morphogenetic differences occur between
soils with higher organic carbon content. The use of geochemical coefficients helps
identify changes in the mineral composition of permafrost-affected soils and more dis-
tinctly reflects the differentiation of post-lithogenic soil profiles. All studied soils ex-
hibit relatively low weathering indices, indicating minor alterations in mineral compo-
sition. However, an increase in the clay fraction relative to the parent material is ob-
served. Biochemical weathering is likely to play a greater role in the transformation of
the mineral soil component. In terms of the degree of soil material transformation, the
investigated permafrost-affected soils of the northern taiga landscapes can be ranked
as follows: Leptosols — Gleysols — Cryosols.

The article contains 5 Figures, 3 Tables, 44 References.

Keywords: Cryosols, Gleysols, Leptosols, physico-chemical and thermogravi-
metric properties, mineralogical composition, ratio of oxides, weathering coefficients
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BBenenne

B mocnenane romasr 605bII0Oe BHUMAHUE YACIACTCS U3YyUCHUIO TIOYB U T0Y-
BEHHOTO TIOKPOBAa TEPPUTOPHUI C CYpPOBBIMU KIMMATHYECKUMH YCIOBHUSIMH,
CWJIBHO OTpaHUYMBAIOIIMMU TouBooOpa3oBanue [1]. Ho BmMecTe ¢ Tem oTmeua-
€TCsl, YTO TaKUe MCCIIEOBAHMS HE BHICTYNAIOT €IMHBIM HayYHBIM HAIlPaBJICHH-
€M M HE UMEIOT €IMHON TEOPUU M METOJI0JIOTHUECKON OCHOBHI [2]. Tepputopus
SKyTUU ¢ HU3KOM aKTUBHOCTHIO OMOXUMHUYECKUX MPeoOpa30BaHU U KOPOTKUM
TOZOBBIM IUKJIOM Pa3BUTHS TIOYB OTHOCHTCS K TaKMM perHoHaM. M3ydeHHBIH
Janapia-AnakuTCKui paiioH XapaKTepU3yeTcsi B OCHOBHOM CpeJlHE- M HU3KOBHI-
COTHBIMH TIJIATO U PaBHUHAMHU C XOPOIIO BBIPAXKCHHBIM IATHUCTO-O0YrOpKOBa-
TBIM KPUOTE€HHBIM MUuKpopenbsedom. [lorernenue kiumara [3—6] u pacmupenue
JOOBIYX MOJIE3HBIX MCKOMAEMBIX JIENIAaeT aKTyalbHBIM ITPOTHO3HPOBAHIE HHTCH-
CHUBHOCTH U HaIlPaBJIEHHOCTH MPOTEKAHHS MOUYBEHHBIX ITPOLIECCOB.

OmauM U3 HauboJiee IIOXO0 W3YYCHHBIX TOYBCHHBIX ITAPAMETPOB SIBISCTCS
MUHEPaJIOTHYECKHI COCTaB KPYNHBIX (hpaKIUii M er0 N3MEHEHUE B XOJIE TIOYBO-
obpazoBanns. OcobenHocTssmu Tepputopun CpenHeld CubOupwm sBiseTcss He
TOJIBKO CYpOBBIN KIIUMAT, HO ¥ TIOCTOSHHO TIOBTOPSIOIIMECS MOXKapbl, TPUBOAS-
1Iye K MocTossHHOMY OOHOBIIeHUIO cyOctpara [7, 8]. OcobeHHOCTH Treosioruye-
CKOTO CTPOEHUSI, OOTaThlii MUHEPAIOTUIESCKHA COCTaB OTJIOKEHUI Ha (oHE Cy-
POBBIX KIMMATHYCCKHX YCIIOBHH MENAIOT OYCHb CHEHU(PHUCCKHMHU MPOIECCHI
TparcopMalui MUHEpPAIOB NMPH KPUOTEHHOM BbIBeTpuBaHuMU [9]. M3ydeHue
MOYB Ha CeBepo-3amaje SIKyTHu MpoBOAMIOCH PparMeHTapHO. AHAIHN3 OTEUYECT-
BEHHOM M 3apyOeXHOM JINTEpaTyphl MOKa3ajl, YTO CBEACHUS O XUMHUKO-MUHepa-
JIOTUYECKUX CBOMCTBAX MOYB CEBEPHOH Talirh eNWHUYHBL. B 0CHOBHOM paboThI
KacaroTcsl TIOJ30H TYHAPHI, TeCOTYHAPHI U cpeanen taru [10, 11]. Hampumep,
B pabote P.B. [lecaTkuna ¢ coOaBTOpaMu Ha MpUMEPE KPUO3EMOB, B TOM YHUCIIE U
AHabapcKoro miaTo, OTHOCSILIETocs K KpaiiHe ceBepHOi yactu teppuropun Ce-
Bepo-3anmagHo SIKyTHH, BBIIBICHO, YTO MHHEPAIOTHYCCKUM COCTAB HIIMCTBIX
dbpaxkuuii 1 TpogUIbHOE pacnpeeseHne MIMHUCTBIX MUHEPaJoB B ciabonud-
(hepeHLpOBaHHBIX MOYBaX, C(POPMUPOBAHHBIX B YCIOBHAX XOJOIHOTO YJIbTpa-
KOHTHUHCHTAJIbHOT'O KJIMMaTa, BbIPAKCHBI cimabo u3-3a KpI/IOFCHHOﬁ TOMOT'€HHM3a-
uuu [12, 13]. [Ipu 3TOM MHOTHE CTOPOHBI T€HE3HCa, TCOXUMHUH B 0COOEHHO MH-
HEPAJIOTHS TI0YB IS OYCHb CIICIM(PUISCKUX TOYBEHHO-MEP3IOTHBIX YCIOBUH U
obmmpHoro peruona Cubupu erie u3ydeHbl HeI0CTaTOYHO.

Lenpio HACTOSAIIETO HCCICAOBAHHS SBISCTCS BBIABICHHUEC HHTCHCHUBHOCTU
npeoOpa3oBaHus ITOYBEHHOTO MPOGWIST U BOZMOXKHBIX MEKTHITOBBIX PAa3IHIHUA
B JIOMUHHPYIOIUX B CEBEPOTACKHBIX JaHAMa(TaX TpeX TUIIOB MOYB — KpHO3e-
MOB, TJIC€3EMOB U JINTO3EMOB OTHOCHUTEIHHO MOJICTHIAIONICH IOPOIBI C UCTIONb-
30BaHHEM T'€OXUMHYECCKUAX KOA(DGUIMECHTOB U aHATN3a KPYITHBIX OKPUCTAJIIHU-
30BaHHBIX MUHEPAJIOB.

MaTepnanbl U METOAUKH UCCJICTOBAHUSA

Yenosus nousoobpasosanus. Jlanmmadt teppuropun JanapHo-ANaKUTCKO-
ro aJIMa30HOCHOTO paiioHa (66°24'c. 1., 112°17'B. 1.), pacloJIOXKEHHOTO B ce-
Bepo-BocTouHON vacTu CpenHe-CHOMPCKOTO IUIOCKOTOPhS, MPEACTABISET CO-
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001 CHUIIFHO pacuICHEHHOE MOJIONOBOTHUCTOE I1aTo. [1ouBsl opMupyrorcs Ha
AITFOBHAANTEHO-IETIOBUATEHO-CONNITIOKIIMOHHBIX OTIOXKECHUSIX ¢ ONU3KUM 3alie-
TaHUEeM KOPEHHBIX IOPOJ, IPEICTABICHHBIX TNIOTHBIMH JTOJIOMUTAMH, >KEJITOBA-
THIMH W3BECTHSKaMU M OOJHUTOBBIMU JOJIOMHUTOBBIMU M3BecTHsKamu [14, 15].
KimmMat paifioHa pe3ko KOHTHHEHTAIBHBIN C MPOJOJDKUTEIBHON XONOJHOM 3U-
MOM M KOPOTKHM JIETOM, CpelHeMecsyHasi Temmeparypa siuBaps —33...—38°C,
utonst — +16...+18°C, konmuecTBO 0caakoB HebobIoe — mopsinka 247 mm [16].
PacnpocTpaneHne MHOTOJIETHEMEP3IIBIX [TOPOJ] CILTONTHOE. [ITyOrHa CE30HHOTO
npoTanBaHus Kosieosercs B penenax 0,3—1,4m [17].

OCOOEHHOCTH JIUTOJIOTO-TEOMOP(OIOTHIECKUX U T€OKPUOTIOTHIECKUX YCIIO-
BHH TPENONPECISIOT CYIMICCTBEHHBIC OTIMYMS TAC)KHBIX IMOYB KOHTHHCHTAIb-
HBIX 00JacTei Mo MOP(OTreHETHIECKUM XapaKTePUCTHKAaM OT MX aHAJIOTOB B 00-
JIACTSAX C YMEPEHHO-KOHTHHEHTANbHBIM KiaumaToM [18]. Kpuozemsl 3anumarot
PaBHHHHBIC TEPPUTOPHH, POTHKEHHBIC TPSIBI, BEPXHHUE W CPEIHUE YaCTU TO-
JIOTHX CKJIOHOB, B MHKpopenbede oHu popMupyroTcs Ha Oyropkax M MOJIHUIO-
HaX. B 3amaguHax M MOMUTOHANBHBIX TpPEIIMHAX MPeoOIamaroT Tiee3eMbl, Ha
IUTOTHBIX KapOOHATHBIX MOPOJIaX (POPMHUPYIOTCS pa3IM4YHBIC THUIBI JTUTO3EMOB,
B JIOJIMHE PEK — AJLTFOBHATBHBIC TIOYBEI.

Obvexmol uccnedoganusi. JIyisi pacdeTOB T€OXUMHUYECKHX KOA(P(DUIIMESHTOB
0TOOpaHbI pa3pesbl, KOTOpBIE 3a10kKeHbl B iepuoj] 2017-2020 rr., Haxoasmuecs
B HamOoyee TUIMMYHBIX ISl paliOHA T'e0JIOr0-reoOMOP(HOTOTHISCKUX YCIOBHSIX.
Bo Bcex paspesax mis XUMHYECKOTO M MHUHEPATOTHYECKOTO aHain3a 00pasIibl
0TOOpaHBI IO TEHETUYECKIM TOpU30HTaM. J{HarHoCTHKa U KiIacCH(UKAIINS TTI0YB
ocyuecTisiack cornacHo «[loneBomy ompepenutento nouB Poccuu» [19] u
MEXIyHapoaHo# kinaccudpukanuu mous WRB [20]. B cratee mpuBonsaTcs maH-
HBIC BaJIOBOTO aHAJM3a OKCHIOB M (PU3MKO-XMMHUYECKHE CBOUCTBA MO 4 HanoOo-
Jiee THITUYHBIM [TOYBCHHBIM pa3pe3aM, OTHOCSIIUMCS K JIUTO3eMaM, Kpro3eMam
U TJee3eMaM, OTOOPaHHBIM B TPHPOJHBIX HE HAPYIICHHBIX TEXHOTCHHBIM BO3-
neiictBueM naHamadrax. PacueTsl reoxuMuuecKkux KodhOUIIMEHTOB MpHUBene-
HBI Ha OCHOBaHHU 26 P00, XapaKTEePU3YIOMINX OPraHOTCHHBIE U MUHEPAIbHEIC
TOPHU30HTHI UCCIECYEMBIX TPEX THUIIOB MOYB.

Memoowl ananuza. OnpenencHue (PU3NKO-XMMHUECKUX CBOWCTB M BaJlOBO-
T'0 COCTaBa IOYB BBIIOJHEHBI IO OOMIETIPHHATHIM METOAWKAaM B IBYXKPAaTHOM
noBTopHOCTH [21-23]. M3yueHue MUHEpPAJIOTHYECKOTO COCTaBa BBIIIOJIHEHO
BO BCcex 00pasiax B OJHOW MOBTOPHOCTH METOAOM PEHTTEHO(A30BOTO aHAIHM3a
Ha mudpakromerpe D2 PHASER (Bruker, I'epmanus), cheMka 00pa3moB mpo-
BoAMIIAch Ha TpyOKe ¢ MeaHbIM anogoM (CuK,) npu Hanpsbkenun 30 kB u cune
Toka 10 MA. J{nst naeHTH(UKAIIMN CIOUCTBIX CHJIMKATOB ¢ Pa30yXarolIMH Iia-
KeTamMH 00pa3Ibl HACHIIAIN TUICHTINKOIeM. [IpenapaTsl A CheMOK TOTOBH-
JIUCH M3 MOPOIIKOBBIX P00 VIS BBISBICHHS BAJIOBOTO COJCPIKAHMS MHHEPAJIOB
C LIEJBI0 aHaJIM3a U CPABHEHHUs PE3yJbTATOB pacdeTa TeOXUMUIECKUX K0d(hhu-
ueHToB. [Ipu pacdere reoOXuMHUECKIX KOA(PHUINEHTOB IPUMEHSIETCS BAIOBBIH
XHMUYECKUI COCTaB, TaK KaK UCIOIB3yETCsS OTHOIICHUE CONCPIKAHUS HETITHHU-
CTBIX CHITUKATHBIX MHHEPAIOB OTHOCHTEIEHO TIMHUCTON aIFOMOCUITUKOKIIACTH-
KM, coTJiacHO pabortam [24, 25]. TepMuyecKuii aHaIW3 BBIMOJIHEH Ha MpHOOpe
CHHXPOTpPOHHOTO TepMuieckoro aHanuza Gupmer NETZSCH-STA 449C (Jupi-
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ter, I'epmanus). OO6pa3upl B BUie MOpOLIKa (pa3Hble HABECKH) HArpeBallCh
ot komHaTHOW Temmeparypsl 10 1000°C co ckopocthio HarpeBa 10°C/mun
B MHEPTHOU cpeze aproHa. MukpogororpadpupoBaHie MOYBEHHBIX YacCTHUI] BHI-
MOJIHEHO Ha 3JIEKTPOHHOM cKaHupyromeMm Mukpockorne JSM-6480LV (JEOL,
SnoHus) ¢ HHEPreTUYecKuM AUCIIEPCUOHHBIM criekTpomeTpoM Energy 350 Ox-
ford: yckopsiromiee Hanpspkenue 20 kB, Tok 30H1a 1 HA.

Humepnpemayus pezynomamog. JInsi TeOXUMHUYECKON XapaKTEPUCTUKU MOYB
BBINOJTHEHBI PacYeThl COOTHOIICHUH OKCHIOB U psifa KOI(D(MUIMEHTOB 1O JaH-
HBIM BaJIOBOTO XHMHUYECKOTO aHanm3a. V3MeHeHWe comep)kaHUsl XUMHYIECKUX
3JIEMEHTOB I10 TIOYBEHHOMY TPO(UIIIO B CPABHEHHUH C TIOYBOOOpa3yIoIel mopo-
JIOH MO3BOJISCT BBISABUTH HAIIPABICHHOCTH TOYBOOOPA30BATEIHFHOTO HPOIIECCa U
HauboJiee BaXKHbIE UTOTH MOYBO0OPa3oBaHus [26]. OTHOCUTENBHYIO MOTEPIO MO-
JYTOPHBIX OKCHJIOB YCTaHABJIMBAIIU, HCIIOJIL3Ys cooTHOIIeHue Si0, + R,03. MH-
TEHCUBHOCTh BhIHOCA M HakorwieHus menodHsix (Na,O u K,0) u menouno3se-
MenbHBIX (CaO 1 MgO) 311eMEeHTOB TI0 MOYBEHHOMY MPOQIITIO ONpPEASIsIN Ha
npumepe cootHomennid R,O+ Al,O; u RO+ Al,O3;, OHONOTHYECKYIO aKTHB-
HOCTh W THPOIYKTUBHOCTH IIOYB YCTAHABIMBAIK HA TPUMEPE COOTHOIICHHS
MnO + Fe,0s. [nsa aHanu3a akTHBHOCTH MHTPAIIMH XUMUYECKUX 3JIEMEHTOB I10
MOYBEHHOMY NPO(DIITIO0 B 3aBUCUMOCTH OT BOJHOTO PEKXMMa ITOYB BBITOIHSIIH
pacdet Ret = Al,03 + (CaO + Na,O + K,0 + MgO) no G.J. Retallack, B koTopom
OTHOIICHUE ATIOMUHHS TPEICTABICHO KAaK OCHOBHOM KOMITOHEHT TJIMHHUCTOM
COCTABIISIONICH K OKCHIAaM PaCTBOPHMBIX OCHOBAaHHM, TIOCTYIAIOMINX B TIOYBEH-
HBII pacTBOp B pe3ynbTare rumnepreHesa [27]. [IpeoOpa3oBaHHOCTE MOYB OTpe-
NS Ha TIpUMepe JMTOXMMHYECKOTO HMHJIIEKCA CTEMEHU 3peNIOCTH TOHKON
amomocrukoknactiuku (pacyer CIA =[ALO;+ (ALO;+ CaO +Na,O + K,0)] x
x 100 mpexacraBiser coOo0#, MO CyTH, MEpy CTEIICHU IPEBPAICHUS TOJICBBIX
IITATOB B CJOUCTBIC CWIMKATHl [25]) W WHIOEKCa W3MEHYMBOCTH COCTaBa
ICV = (Fe,0;3 + CaO + MgO + Na,O + K,0 + MnO + TiO,) + Al,03;,  BbISIBISIO-
IIETO COACPIKAHNE YCTONYNBBIX M HEYCTOHUMBBIX K BBIBETPHUBAHUIO MIUHEPAJIOB.
B stux dopmynax CaO* o3Ha4aeT, YTO yUUTBHIBAETCS TOJIBKO OKCHI KalbIUs,
BXOMSIINHA B COCTaB CHWIMKATHBIX MuHepanoB. ICV xapakrepusyercs cambIM
BBICOKMM 3HAYEHHEM Y MUHEPAJIOB C BRICOKHUM COJIEPKAHUEM B ITOCIICOBATEIIb-
HocTu BbiBeTpuBaHus S.S. Goldich [28], Takux kak MUPOKCEHBI U aM(pUOOIIBI, U
yMeHbIIaeTcsl y OoJiee cTaOMIIBHBIX MUHEPANIOB, TAKMX KaK MIEJIOYHBIC MOJICBEIC
mmatel. ICV ymeHsmaercst gajnee B MIMHUCTBIX MHHEpAJIaX TPYHIIBI MOHTMO-
PWUIOHHTA W SIBJSIETCSI CaMbIM HM3KMM B MHHEpaJax TPYMIBl KaoauauTa. s
pacuera CIA u ICV ucnomps3oBaics nepepacder koimdectBa Moib CaO* co-
riacHo paboram S.M. McLennan [29] u C.M. Fedo [30].

[TosryueHHple naHHBIE 00PaOOTaHBI C UCIIOJIB30BAHUEM MporpaMM Microsoft
Excel 2013, Statistica 6.0, OriginPro 8.5.1. Pe3ynpTaTsl npencraBieHbl, Kak
cpelHee + CTaHJapTHOE OTKJIOHEHHE. BBIMoNHeHne NPUMEHUMOCTH pPacdyeToB
TIPOBEICHO Ha YPOBHE JOCTOBEpHOM 3Hauumoctu p < 0,05.

Pe3yJI])TaTl)I HCCJICI0BAHUSA

Onucanue Haubonree Munu4HblLX NEOOHO8 U OCHOBHBIX (DUIUKO-XUMUYECKUX
xapaxmepucmukx nous. Kpumoszem tummuneid (Skeletic Cryosol (Loamic))
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c(hopMHPOBaH Ha BEPIIUHE IOJOTOr0 CKIOHA B JIMCTBEHHHYHOM PEIKOJIECHE
YEPHUKOBO-TOIYyOUYHOM MOXOBO-JIHINAHHUKOBOM (puc. la) (66°2226,8" c. 1.,
112°14'08,6" B. 1.), ¢ 40 cM IIOTHAs MOACTHIAONIAs Topoaa (puc. 1b).

CTtpoeHune MOYBEHHOTO PODHUIIS:

O (0-9 cm). BypoBaroro nBera cnabopa3ioKUBIINECS PACTUTEIBHBIC OCTAT-
KH, BJIQXXHBIH, TYCTO MEPEIICTeH KOPHIMH, IPaHUIa TIepexo/ia TOPU30HTAIBHO-
BOJTHHCTASL.

CR; (9-19 cM). BnaxHblil CBETIO-KOPUYHEBBIA TSXKENbI CYrJIMHOK, TOMO-
TCHHBIH, OCCCTPYKTYPHBIH, NEPEIICTeH KOPHSAMHE, MPU3HAKH OTJICCHHS OTCYT-
CTBYIOT.

CR; (19-38 cm). KopuuHeBblii, TTUHUCTBINA, HEIUIOTHBIH, OPEXOBAaTOTO CJIO-
KCHHUS, Pa3HOHAIPABJICHHbIC BKIIOYCHHS MIEOHS MOICTHIIAIOMNX IIOPOX [0
20%, ¢ TryOuns! 40 cM 3aeraeT CHIbHOKaMEHUCTHINA CyOcTpaT.

I'meezem Ttukcotponubiii (Reductigleyic Gleysol (Ohric)) chopmupoBan
B JINCTBCHHIUYHHKE C NMPUMECHIO €I, pa3pe3 3aJ0KeH Ha CKIOHE MHUKPOIOHH-

xenust (66°24'13,4"” c.mr., 112°24'19,0" B. 1.). TlouBa THKCOTpOITHAs, MMEETCS
BepxoBojika (puc. 1c¢).

a) JTHCTREHHHYHOE PelIKOIeChe b) KpHO3eM THIHYHBIH
TOIyGHIHO-MOXOBO-THIIAHHHKOBO (Skeletic Cryosol (Loamic))

fﬁbrn‘-u.m-u-unz._

- |
¢) I'1ee3eM THKCOTPOMHEIL
(Umbric Gleysol (Reductaquic)
RS, -

d) JTHTO3eM rpySOoryMyCOBBIi THITHIHEIH
(Skeletic Leptosol (Humic))

o]

AO
Cg

Rca
CR

Puc. 1. PactutenpHOCTS (@) ¥ TOYBEHHBIE MTPOoGUIN Kprosema (b), riee3ema (¢)
u ymto3ema (d) Ha uccienoBanHoi Tepputopuu. ®oto f.B. Jlerocraepoit
[Fig. 1. Vegetation (@) and soil profiles of Cryosol (b), Gleysol (c¢) and Leptosol (d)
in the study area. Photo by Yana Legostaeva]
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CrtpoeHue MouBEHHOro IpOQuIIs:

O (0-6/9 cm). TeMHO-OYpHBIil OPraHOTCHHBIA MaTepUall, BIAKHBIN, PBHIXJIBIH,
MePEeIUICTEHHBIN MEJIKUMH KOPHSIMH.

Cg (6/9-30 cm). CepoBaTo-CBETIO0YPHIN, MOKPHIA, TIIMHUCTHIN, THKCOTPOII-
HBIA TOPU30HT C COUHUIHBIMH MEJIKHMH KOPHSMU, O€CCTPYKTYPHBIH, MEIKHE
MPUMa3K{ OPTraHUIECKOTO BEIIECTRA.

CR (3040 c™m). ['psa3HO-OypBIii TSKENBIA CYTJIMHOK, MOKPBIH, OecCTpyKTyp-
HBI, TUKCOTPOITHBIM, BHHU3Y TOPHU30HTA E€IMHWYHBIM KPYMHBIA TOJOMUTOBBIA
meOeHb. B pa3pe3 HHTEHCHBHO MOCTYIIAET BOJA.

JIutozem rpyborymycosbiii TunmuHbIi (Skeletic Leptosol (Humic)) onucan
Ha BepiIuHe Bogopasaena pek ChIThikaH u J[anaplH B TUCTBEHHUYHOM Oaryib-
HUKOBO-EPHHUKOBOM pejikoneche (66°02'41,0” ¢. mr., 111°45'33.8" B. 1.). Mukpo-
penbed ci1abo BeIpakeHHBIH OYropKoBaTO-3aMaJIMHHBIN (puC. 1¢).

CrtpoeHne MoYBEHHOTr0 IPOQHIIs:

AO (0-8/13 cm). KopuuneBato-ceprlii 10 YepHOTO, CHIBHO BIIQXKHBIH, MPO-
HU3aH KOPHSMH PacTeHHH, MEJIKHE JPEBECHBIC YIIIH, HE OCTPYKTYPEH, TSDKEIBINA
CYTTIMHOK, BKJIIOYCHUS TPaBUs, TPaHMIA BOJHOOOPA3HAs, MEPEXO] YETKUH Mo
LBETY.

Rea (8/13-33 cm). Cepo-KOpUIHEBBIH, HEOTHOPOHO OKPAIICHHBIA TSXKEIbIN
CYITIMHOK, TPOHHU3aH TOHKUMM KOPHSMH DPacTeHHUH, IsaTHa ruapokcunos Fe,
KpYITHas rajipka U mebeHp moacTuiaonmx nopoa. Huwke 33 cM mrotHas mopo-
na, cnado Bekumnaet ot 10% HCI.

OcHOBHBIC (PH3UKO-XUMHUYECKHE MOKa3aTeNIH, OOBEIWHSIONINE ONHCHIBac-
MbI€ THIIbI [TOYB, — 3TO CIAOOKHUCIIas peakUusl cpelibl B BEpXHEM OPraHOTEHHOM
TOPHU30HTE U OJH3Kas K HEUTPaIbHOW HIDKE MO MPOQIUTI0; OTHOCUTENBEHO BBICO-
Koe conepkaHue opranmdyeckoro yriaepopa (C,,) B MOYBEHHOM mpoduie a0
10% B BepxHux u nopsiaka 1-3% B HWKHUX ropu3oHrtax (Tadm. 1). Opranuue-
CKOE€ BEIECTBO BEPXHETO TOPU30HTA COCTOUT M3 IPyOOTYMYCHBIX Malopasiio-
KUBIIHMXCSI PACTUTENBHBIX OCTATKOB. [I0UBBI XapaKTepH3YIOTCS TSKEIBIM Tpa-
HYJOMETPHYECKHM COCTaBOM, KaK MPaBUIIO, TSHKEIOCYTJIHHUCTBIM WM TIHHU-
CTBIM, ¢ TipeobaganueM (pakuuu Gusudeckoit bl 10 49-50%. Auddepen-
[IUaNUH 10 COCTaBy UCCICIOBAHHBIX (ppakuuii HET, MOYBEHHBINH MPOQHIL OTHO-
CUTENIEHO TOMOTE€HHBIH.

BanoBblii XMMHYECKHI COCTaB M3Y4eHHBIX TUIOB moYB JlanasiHo-Ana-
KHTCKOTO TOPHOIIPOMBIIIJICHHOTO paioHa JOCTATOYHO OJHM30K APYT K OPYTY
(tabu. 2). [To BecoBoMy cojiep>kaHHIO0 OCHOBHBIC OKCHJIBI PACIIONIAraloTCs B Clie-
aytomeM yowBaromeM mopsake: SiO, > Al,O; > CaO >MgO > Fe,05 > K,0 >
TiO, > Na,O > MnO. Heesicokue cpeanue 3HaueHus: Si0; (40-50%) orpaxkaroT
CPEIHECYTIMHUCTEIA COCTaB MCCIEIOBAHHBIX MOYB. [IJIs MCCIIEIOBAaHHBIX TI0YB
XapaKTepPHO CBONCTBEHHOE MATEPUHCKOW MOPOAE U YCIOBUSIM (HOpMUPOBAHUS
MOYB 3HAYUTEIHHOE COAEPIKAHUE LIEIOUHO3EMENBbHBIX 3JIEMEHTOB U CYIIECTBEH-
HOE — TIOTYTOPHBIX OKCHIOB.

Munepanozuueckuii cocmag nous u MUKpomMop@onozudeckue npusHaKu J1o-
CTaTOYHO OJHOPOIHBI MEXJY THUIIAMH IIOYB U HACJIEAYIOTCS OT MOYBOOOpa3yto-
meir moponel. Ha puc.2—4 mupencraBinensl SEM-u3o0pakeHus TOYBEHHOTO
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Peak: 290.8 °C

_-Mass Change: -8.70 %
Mass Change: -18.99 %

/
Value: 673.0 °C Value: 908.0 °C

Peak: 694.2°C
Mass Change: -9.47 %

Mass Change: -5.38 %

Mass Change: 48.37 % —
Peak: 95.9 °C

Peak;,274.3*C

Mass Change: -14.08 %
k: 769.1°C

.
2Theta (Coupled TwoTheta/Theta) WL=1.54060 Mes Ghlngs: <10

Puc. 2. SEM-u306pakeHus1, TuppaKkTorpaMMbl M TEPMOTPaMMbI TOYBEHHOT'O MaTepraa
kpuo3ema 1o ropusontam: Chl — xmopur, Mca — cimrona, Qtz — kBapii,
Fsp — monessie mmatsl, Dol — monomur
[Fig. 2. SEM images, diffractograms and thermograms of Cryosol material by horizons:
Chl - chlorite, Mca - mica, Qtz - quartz, Fsp - feldspars, Dol - dolomite]

e aTi e Peak: 817.8 °C

—Mass Change: -7.84 %

Mass Change: 43.62 % -

Mass Change: -58.73 % =

Peak: 109.1 °C

Peak: 805.2 °C
28kU %1, Bk __Peak: 2817 °C

s A
‘Mass Change: -30.85 %~
e
.

Masgzﬁange: 6.85%

T T Peak: 108.0 °C
10 20 30 40
2Theta (Coupled TwoTheta/Theta) WL=1.54060

Mass Change: 497 %

Puc. 3. SEM-uszob6paxenus, 1ud)pakTorpaMmbl # TEPMOTPaMMBbI TIOYBEHHOTO MaTepHaa
riree3ema 1o ropusonTam: Chl — xioput, Mca — cimoza, Qtz — kBapi,
Fsp — mosneBsie mmatel, Dol — monomur
[Fig. 3. SEM images, diffractograms and thermograms of Gleysol material by horizons:
Chl - chlorite, Mca - mica, Qtz - quartz, Fsp - feldspars, Dol - dolomite]
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Mass Change: -2.62 %

PI(: 308.7 °C Value: §74.0 °C

Peak: 4324

Mass Change: -8.40 %

Mass Change: -11.76 %\

Mass Change: -25.33 %

-Peak: 1129 °C

Mass Change: -0.56 % Value: 575.0 °C

Peak: 344.5 °C,
7
Peak: 436.9 °C

Eeak: 890.1°Q

Peak: 106.4 °C

Mass Change: -3.45 %

Mass Change: -23.68 %— —

Peak: 767.2 °C

Peak: 795.2°C

40 Mass Change: -27.71 %

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Puc. 4. SEM-uszo6paxenus, 1ud)pakTorpaMMbl # TEPMOTPaMMBbI TIOYBEHHOTO MaTepHalia
mmro3ema 1o ropusontam: Chl — xmoput, Mca — cimona, Qtz — kBapr,
Fsp — monessie mmatsl, Dol — monomur
[Fig. 4. SEM images, diffractograms and thermograms of Leptosol material by horizons:
Chl - chlorite, Mca - mica, Qtz - quartz, Fsp - feldspars, Dol - dolomite]

MaTepuana, qudpakTorpaMMbl MUHEPAJIbHOTO COCTaBAa U KPHUBBIC TEPMOTPaBU-
Metpun (TG) u aquddepennmanbHoi ckanupyromiei kanopumerpun (DSC) mo
KaXXIOMY THITY H3y4aeMbIX ITOYB.

OCHOBHBIMH MHUHEpAJaMH MOYB HCCIEAYEMOI TEPPUTOPUH SIBIISIOTCS JOJIO-
MUT U KBapIl, KAIBLUT BELBICH TOJBKO B OJHOM U3 JINTO3EMOB, Jajee CICAYIOT
AIFOMOCHIIMKATHI, MX COCTaB JIOCTATOYHO OJHOOOPAa3eH M MPEICTaBICH MUHEpa-
JIAMH U3 TPYIIIBI TOJEBBIX MINATOB, CIIOA U XJIOPUTOB. [Ipu 3TOM comepixanue
JIOJIOMUTA, TOJIEBBIX MINATOB U MUHEPAJIOB TPYIIIEI XJIOPUTA U CIIO YMEHBIIA-
€TCsl CHU3Y-BBEPX IO MPO(DIITIO, YTO, BEPOSTHO, YKA3BIBACT HA MIPOSIBICHHIE OY-
BEHHOT'O BEIBETPHUBAHUSL.

Ckanupyroniasi 3JeKTPOHHAsT MUKPOCKOIHSI BBIABIIIA OOIINE MHKPOMOPQO-
JIOTHYECKHE MPU3HAKK T0YB0OOpa3zoBanus. IlouBeHHBIE arperaTsl B KpHO3eMax
U Tiiee3eMax HMMeloT Oosee okaTaHHyl (opMy M MeHbIIHMH pa3sMep (OKOIo
10 MKM) B BEpXHEM TOPH30HTE MO CPABHEHUIO C HIDKHUM. bonee kpymHbIe ya-
cTuipl mopsaka 20 MKM OTIMYAIOTCS YTIIOBaTOW ()OpMOM, a 4acTHIBl MEHee
5 MKM TIJTAaCTUHYATHIC U 3aKPYTIICHHOH QOPMBI.

Ha tepMorpammax Bcex UCCIEOBAHHBIX TIOYB UMEIOTCS SHAOTEPMUICCKUE U
9K30TepMUYecKkre 3((EKThI, COOTBETCTBYIOIIME BBIICICHUIO COPOMPOBAHHOM
BOJIBI, CTOPAHHIO OPTaHUYECKOTO MaTepHaia, JeTHIpaTaluy, pa3pymlIeHUIO Kap-
OOHATOB W CIOUCTBHIX CHJIHMKATOB. VcmapeHue copOMpOBaHHOW BOABI HE MMEET
pasnuuns MEXAY TOPH30HTAMHU y TJiee3eMa, TakkKe 37ech Cllabo MPOSBUINCH
TepM03((EKTHI, CBA3aHHBIE C pa3pyIIeHHEM MHHEpPANOB. B kprno3eme muk cro-
paHus rymyca Goiee spKO BBIPKEH, YeM MUK CrOPAHUs JIMTHUHA, B TO BPeMs
KaK B TJI€€3eME U JINTO3eME OHU MPAKTUICCKH PaBHO3HAYHEI.
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Peszynomamul pacuema ceoxumuueckux koagppuyuenmos. VIameHeHre XUMH-
YEeCKOr0 ¥ MHHEPAJOTHUECKOr0 COCTaBa MOATBEPXKIAIOT pacueThl KO3 PHIIHeH-
TOB M TIOCTPOCHHBIE 10 HUM Tpaduku (Tabi. 3, puc.5). Crabas 371H0BUAIBEHO-
WTIOBHATIbHAS JU(P(GEpEeHIMANUs TPOSBISIETCS U B MOJISIPHBIX OTHOIICHHSIX
Si0, +R,03 1 R,0 + AL, O3, oTiimuns MeXy TOPH30HTAMHU OTMEYCHBI IIPH pac-
gyere RO+ AlLO;. B nenom Ouonornyeckas akTUBHOCTh M TPOIYKTHBHOCTh
MEP3JIOTHBIX IT0YB CEBEPHOU TAalTH HU3Kas, HO 3HAUCHUS PACCYUTAHHOTO KO3(-
(GUIMEHTa YBEIHYUBAIOTCS B BEPXHUX OPraHOTCHHBIX TOPU3OHTAX IO OTHOIIIE-
HUIO K MUHEPAIbHBIM TOPH30HTAM.

PaccuntanHble MOJISIPHBIC OTHOIICHHUS IS IIETIOYHBIX METAJIOB YKa3bIBAIOT
Ha cnabbiid BeiHOC Na u K, Ooniee 3HauutensHblil — g Ca 1 Mg B mpenenax
MOYBEHHOW TONIIH. TEHICHINIO K YBEINICHUIO BBEPX MO MPOQPILTIO KOAPPHIIN-
eHTa Ret (Tabn. 3) MOKHO paccMaTpuBaTh Kak Pe3yJIbTaT CJIadOro BBHIBETPHBA-
HUS, P KOTOPOM MPOUCXOSIT HAKOIUICHUE aJTFOMUHMSI M BBIHOC OKCH/IOB Kallb-
LKA, MarHusi, HATPUS U Kajaus. [Ipu 9TOM MOHMKAIOTCS 3HAYCHUS BETHIMHBI HH-
nukatopa Kaneiupukamun RO + Al,O3, 4T0 BEpOSTHO CBUIETEILCTBYET O pas-
pyLIeHUHN KapOOHATHBIX (a3 MoJ BO3ICHCTBHEM OPraHMYECKUX KHCIIOT, BBIIIC-
JIAYMBAEMbIX M3 OPTaHOTCHHBIX MOYBEHHBIX FOPHU3OHTOB, OMNajaa U HAI3EMHOU
OroMacchl pacTCHUN.

W3MeHeHne MUHEPAIOrHYecKOro COCTaBa IOYB, ONpEICISIONIee CTEIeHb
MpEeBpAaIIeHUs IEPBUYHBIX MUHEPAJIOB BO BTOPUYHBIE, PACCMOTPEHA MO Bapua-
M 3HadeHnid naaekcoB CIA u ICV (tabm. 3). 3nadyenus CIA Hmxe 70 u ICV
0sm3Koe 1 OoJblie 1 COOTBETCTBYIOT MOYBAM C BHICOKMM KOJHMYECTBOM IEPBHY-
HBIX CHJIMKATHBIX MHHEPAJIOB, 2 UMEHHO IUTarMOKJIa30B U KaJUEBBIX IMOJICBBIX
IIIIaTOB.
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[Fig. 5. Plot of mineralogical variability by R. Cox et al. [28] (a) and CIA vs ICV by L.J. Suttner
and P.K. Dutta [31] (b) for soils: 1 - Cryosols, 2 - Gleysols, 3 - Leptosols, 4 — rock;
organogenic horizons are marked in gray, mineral horizons are marked in orange,
shaded area — area of permafrost stabilization]
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Jis cpaBHeHUsT paccuUTaHbl KO3(D(UIMEHTH BBIBETPHUBAHUS IS MaTe-
PHHCKHX TOPOJ, Ha KOTOPBIX C(OPMUPOBAHBI UCCICIOBAHHEBIC THITHI MOYB, IS
9TOTO HKCHOJNB30BAM JAHHBIE M3 OTYETa IO HM3YYECHUIO CTPYKTYPHO-TEKTO-
HUYECKHUX U TeOXUMHUUECKHUX OCOOEHHOCTEH HCCIIeJOBaHHOTO paiioHa [32]: Mop-
KokuHCcKas ceuta (€;mr) — ICV =1,59, CIA =63, onnonaunckas ceura (O;0l) —
ICV=1,51, CIA=64.

[Momyuennpie KOA(HUIMEHTHI YKAa3bIBAIOT Ha CIa0yr0 BBIBETPENOCTh U HE-
3penocTh camMux nouBooOpasyrouinx nopoa. Ha puc. Sa npexacrasiena Bapua-
0eITbHOCTh MHHEPAJIOTHUECKOro cocraBa, rae ICV KpHo3eMOB pacIioioKeHBI
B OCHOBHOM B 00JIaCTH, MEXIY IDIATHOKIA30M U KAIMEBBIM ITOJICBBIM IIITATOM.
ICV riiee3eMoB pacmoiokKeHbI B 00JIACTH MEXKY KATUEBBIM MTOJICBBIM IIITATOM H
OMOTUTOM, IPAKTHIECKU TaKOE K€ PACIONI0KEHHE V INTO3eMOB. PaccuntanHbie
BennuuHbI ICV MaTeprHCKOH MOPOJIbI pacrosaraeTcs 9yTh Jajblie OT 00IacTH
KaJIMEBBIX MMOJICBBIX IIMATOB OJIMKE K OMOTUTOBOMY COCTABY.

O0cyxneHue pe3yabTaTOB

Cumraercsi, YTO B MOCTIUTOTCHHBIX IMOYBAX HE MPOHMCXOMUT aAKKYMYIISIIHSI
CBEXKEro Marepuaina, Tu00 OHa HEe3HAYUTENbHA U HE OTPAXKAETCS Ha CTPOCHUH
npoduist; He HaOmronaercs nuddepeHnranis XUMUIECKOTO COCTaBa Mo TOpHU-
30HTaM [19]. ['OMOTEeHHOCTH TOYBEHHBIX podrIIell KPHO3eMOB BELIBIICHA paHEee
Ha npumMmepe o4 AHabapckoro ruato u Anaseiickoro Haropbs [13-33], koTo-
pBIE HAXOIATCS TOpa3lo CeBEpHEE paccMaTpuBacMON Hamu Teppuropuu. [lo
JaHHBIM aBTOPOB ITOYBBI XapaKTCPU3YIOTCA CJ'[a6OKI/ICJ'IBIMI/I u HeﬁTpaJTBHBIMI/I
YCIOBUSIMH U JICTKUM TPaHYJIOMETPHUCCKHM COCTABOM, B OTIIMYHE OT MOYB HC-
ClIe/lyeMOil TepPUTOPHH, KOTOPbIE XapaKTePH3YHOTCS TSHKENbIM TPaHyJIOMETPHU-
YECKHUM COCTaBOM I10 BceMy npoduiro. [IpuMeHeHne reoxuMudeckux kodphu-
[UCHTOB B aHAIM3E MPEOOPa30BaHMs COCTaBa TIOYBEHHOM TOJIIH ITO3BOJIMIO BEI-
SIBUTh W3MEHEHUE OTHOCHTEIFHO MAaTEpPUHCKOM TOPOIBI H H3MEHEHHE MapaMeT-
POB MEXAY UCCIICTOBAHHBIMH THUITAMH ITOYB.

[oBenenue npeobIagaroMMX OKCUIOB B MOYBAX 3aBUCUT HE OT ITOATHITA UITU
OCHOBHOTO IIPOIIecCca B TI0YBE, & XOPOIIIO KOPPETUPYET C COACPIKAHUEM OpraHu-
yecKoro BeecTsa. i moys ¢ HU3KUM cojepikanueM Cgpr NPOCIEKUBAETCSA
yBenuueHne okcunoB Si, Al u Fe BBepX 10 mOYBEHHOMY TPO(UITIO, YKa3bIBAIO-
niee Ha npeodiIajaHie MUHEPaIbHON COCTABISIONICH B IIOYBEHHOM MaTepuale.
B T0 e Bpemst o01iee KOIMIECTBO KAIBIMS U MAarHUS 3aKOHOMEPHO yMEHbIIIa-
eTCsl B BEpXHEH MMOYBEHHOW TOJIIIE B OTIMYHUE OT MAaTEPUHCKON MOpojsl. B mou-
Bax C BBICOKMM coziepskaHueM C,,r HE HAOIIOJAeTCs YETKO BbIpakeHHas JuQ-
(epeHIMaMs OKCHAOB B KaKOM-THOO HAIPaBICHUH, KPOME YMCHBIICHHUS CO-
JIepKaHUs KPEMHUS M YBEITMICHUS ITOYTOPHBIX OKCHIOB BBEPX 10 IIOYBCHHOMY
npodmwro. Tak Kak B MOYBaX HE OTMEYEHO HAKOIUICHWE MUHEPAJIOB B BEpXHEH
9acTH NpOoQWIsL, TO MPEANOIaraeTcs, YTO HAKOIUICHHE IOIYTOPHBIX OKCHIIOB
CBSI3aHO C 0oOpa3oBaHMEeM UX aMOpGHBIX (opM — TIMHO3eMa U THIPOKCHJIOB.
Taroke BBISBICHA aKKyMyJsius okcuna Ca B OpraHOTCHHBIX TOPU3OHTAX, MPH
9TOM HaKOIUICHUE MarHHs HE HAOIIOaeTCs, TO €CTh JAHHOE 00CTOSTEILCTBO HE
CBSI3aHO C KapOOHAaTaMH MaTEpUHCKOI MOPOIBI, a, CKOpee BCEro, 00yCIOBIEHO
OpPraHOT'CHHOW aKKyMyisiuen. [loxoxasl CHTyalsi OTMEYanach U B MEpP3JIOT-
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HBIX MoYBax BepxosiHCKOro XpeOTa, Te NP PaBHOMEPHOM pacHpeAeiICHUM
BaJOBOI'O COCTaBa HAOIIONAIIOCH OTHOCHTEIHFHOE IIOBBIIICHHOE COJCPIKAHS
CaO [34].

MuHepanoruyeckiii cocTaB MCCIEAOBAHHBIX THUIIOB MOYB TeppuTopuu Jai-
JBIHO-AJIAKUTCKOTO TOPHONPOMBIIITIEHHOTO paiioHa CeBepo-3anagHoi SAKyTuu
MPaKTUYECKH HAeHTHYeH. Ha ypoBHE aHamm3a KPYMHBIX OKPHCTAJUIN30BAHHBIX
MuHepaioB auddepeHnranysi MOYBEHHOTO MPO(HIIsS BCeX TPEeX M3y4aeMbIX TH-
MOB MOYB HE (QUKCHPYETCS. 33 MCKIIOUCHHUEM YBEIUYCHUS COACPIKAHUS JOJIO-
MHUTa BHHU3 10 HPO(UIIO, YTO 3aKOHOMEPHO AN MOYB, cHOPMHPOBAHHBIX Ha
KapOOHATHBIX TOPOJaX.

ITo mannaeM POM-m300paxkennii HaOmomaeTcsi mpeobiaJjaHue YIIoBaThIX
YacTull ¢ MOSIBJIEHUEM MPU3HAKOB OKAaTaHHOCTH, CBUJETENHCTBYIOLIUX O Iepe-
paboTke OOJOMKOB MHHEPAIbHBIX 4YacTHIl. [lo700HBIC TEHIECHIIMHM OIHUCAHBI
TaKXe U I MOJIOJBIX TIOYB TEXHOT€HHBIX JAHIIIA(TOB, CHOPMHUPOBAHHBIX HA
OTBaJlaX KaMEHHOYTOJBHBIX pa3pe3oB B Cubupu [35]. IIpusnaku npeobpas3osa-
HUSl TIOYBEHHBIX YaCTHIl MPOSBIIOTCS B KpHozeMe H rieezeme. Ilpum atom
B KPHO3eME U TJice3eMe €CTh HeOOMBIINE OTIMYHS MEXIYy MHHEPATGHBIM H Op-
TaHOT€HHBIMU TOPU30HTaMH, B JINTO3EME HUX MPAKTUUYECKHU HET, YTO MO3BOJISET
cJleNaTh BBIBOJI 00 OJHOPOIHOCTH M CJIA0OW TpaHCOPMAILIMK BEIECTBEHHOTO
COCTaBa MOYBEHHOTO MPOQHUIIS TUTO3EMOB.

TepMorpaMMbl U3y4€HHBIX THUIIOB MOYB OTIIMYAIOTCS MO MHUKaM, OTPaXKkaro-
[IIMM OCHOBHBIE TEHETHUECKIE XapaKTEPUCTHKH, U TI0 Pa3INIHsIM B IOTEpPE Mac-
Chl OCHOBHBIX TepMO3(pekToB (cM. puc. 2—4). CropaHre opraHu4ecKoro mare-
puajia Ha TepMOrpaMMax BEPXHHMX T'OPU30HTOB OTMEUAETCA JBYMs dK30TEPMHU-
yeckumu 3¢pdektamu B uHTepBage 200-400°C u Boime 400°C, cBsi3aHHBIMHU
JIBYXSTAIMHBIM Pa3pyIIEHHEM TyMYCOBBIX KHCIIOT ¢ AECTpyKuueil amudarmue-
CKOM YacTH T'YMHHOBBIX MOJIEKYJ W Pa3pblBOM HambOoyiee MPOYHO CBI3aHHBIX
apOMaTHYECKHUX (PParMEeHTOB IICHTPAIBHON YaCTH TYMYCOBBIX KHCIOT. OTMETHM
JIOTIOJTHUTEIILHBIA TIOJIOTUH TMPOJOIDKUTENBHBIA 3K30TepMHUUECKU 3 (deKT B
o6nactu Bbie 800°C, KOTOPHII CBSI3aH YK€ € MPOLIECCOM ATUTENBHOIO TEPMU-
YecKoro pasnoxkeHus: nurauHa [36]. IlpeoOnagaHue cropaHusi ryMyCOBBIX KHC-
JIOT B KPHO3€ME OTHOCHTEIBHO IPYTHX THIIOB YKa3bIBaeT Ha Ooiiee MHTEHCUB-
HYIO0 TIepepabOTKy PacTHTENBFHBIX OCTATKOB B XO0JI€ MHUKPOOMOJIOTMYECKOH aK-
TUBHOCTHU TIOYBBIL.

Cnabast >IMOBHANTBHO-UJUTIOBHATIbHAS. AU PEepeHIHALNsS TIPOSIBJIACTCS B He-
3HAYUTEITLHOM M3MEHEHUH MOJSPHBIX OTHOIIEHUH Si0, + R,03 u yka3piBaeT Ha
c1aboe TPOSIBICHUE MPOIIECCa CHAUTHTHOTO BhIBeTpUBaHUs [24, 37—41]. DT1OT
MPOIIECC XapaKTepeH IJIsi YMEPEHHBIX IMUPOT, Te B OCHOBHOM Mpeo0iamacT
cmabast MUTpanusl COSIWHEHNI aTIOMHUHUS U JKele3a MpU OTHOCHUTEIHHOH cTa-
owipHOCTH KBapua [42]. CIA opraHOreHHBIX TOPH30HTOB YacTO ITOMAJAr0T
B uHTepBai 70—75, KOTOPbI OTMEUaeT NPOMEKyTOUHbIe 3HAUYEHUSI XUMUYECKOI
peoOpa3oBaHHOCTH II0YB, XapaKTEPHOU ISl U3MEHEHHOH, HO MajoTpaHchop-
MUPOBAHHON TOYBBI, ()OPMHUPYIOLICHCS B YCIOBHSIX XOJOIHOTO KiuMata [24,
38, 39]. CornacHo ucciemnoBaHUAM JIpYrux aBTopoB [24, 38] mpenmosnaraiocs,
yro 3HaueHus CIA DOomKHBI OBITH HECKOJIBKO BBIINIE 75, 0COOEHHO B ITOYBAX
¢ BbICOKUM coziepxkaHueM Co,r. Hebomblas BenmudnHa paccyuTaHHBIX Ko3(bu-
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[UCHTOB, BEPOSITHO, OOBSICHACTCS ICHCTBHEM OJHM3KO PACIIONIOKEHHON TPaHHIIbI
CE30HHO-TAJIOTO CJIOsl, MIPUBOJIAIICH, Ha HAll B3I, K CTAOMIN3AIMH MPOIIEC-
COB BBIBETPUBAHUSI MUHEPAJIOB B HAIMEP3JIOTHBIX TOPU30HTaX 1MOoYB. HecMoTps
Ha 3TO0, yBenuueHue 3HaueHuid CIA OTHOCHUTENBHO MOYBOOOPA3YIOIIUX MOPO,
Ha KOTOPBIX OHU C(OPMHUPOBAHEI, YKA3hIBACT HA MPOTEKAHUE MPOIECCOB, TPH-
BOJSIINX K M3MEHEHHIO MUHEPAJIOTHIECKOTO COCTaBa IIOYBEHHOTO MaTepHhaa,
TO €CTh BBIBETPHBAHUIO B X071 Neforenesa. CTerneHh HHTCHCUBHOCTH BBIBETPHU-
BaHMsA 3aBUCUT OT KonudecTBa Copr (r=0,60) 1 06paTHO NPONOPIMOHAILHA Be-
mause pH (r=-0,52). Taxum oOpasom, Beicokoe coaepxkanue Cop U, COOTBET-
CTBEHHO, 0OoJiee KHCIas peakius cpeasl MOYBEHHOTO PACTBOpPA YKAa3BIBAIOT Ha
aKTUBHOE IMEIOTEHHOE Pe00pa30BaHNe MUHEPATIBHOTO MaTEpHAIa.

Hawmbonee sipko mpeoOpa3oBaHUE COCTaBa OTPAXKAETCS B PACIIONIOKEHUU TO-
yek 3HaueHuit ICV, B KoTOpoM MaTeprHCKas opoja U UccleayeMble HaMU TH-
IIBI TIOYB — JINTO3EM, TJIEe3eM U KPHO3EM — PACIIOararoTcsl B HHTEPBAJC Bapbu-
pOBaHUsSI MHUHEPaJOTHYECKOTO COCTaBa OT OHMOTHTA K IUIATHOKIIa3y COOTBET-
ctBeHHO. [Ipu 3TOM TpHcyTCTBHE OOJIee HECTAOMIBLHOTO K BEIBETPUBAHUIO OHO-
TUTA yKa3bIBaeT Ha cialbylo MpeoOpa3oBaHHOCTh MCCICIOBAHHOTO MATEpHAA.
Takum 00pa3oM, KPHO3EMEI SIBISIOTCS 0OJiee M3MEHEHHBIMU M BBIBETPEIIBIMU
OTHOCHUTEJIFHO JPYTHX PACCMATPHBAEMBIX THIIOB MOCTIMTOTEHHBIX MOYB U OCO-
OEHHO MaTepuHCKOI moponpl. JIuTo3eMbl HaMMEHee Pa3BUTHIC U BBHIBETPEIBIC
MOYBHI, & TJIEE3EMbl 3aHIMAIOT IMPOMEKYTOUYHOE MEXKAY HHMHU HoOnoxeHune. Ha
OCHOBAHHUH PACCUNTAHHBIX OTHOIIEHUH OKCHIOB ¥ KO3(D()UIIEHTOB B IMOYBaX HE
HaOmoaetcs pe3kas auddepeHnuanus NTOYBEHHOTO PO, HO JOCTATOYHO
YEeTKO OOHAPYKUBAETCS pa3IMive MEXIy MUHEPaTbHOH M OpPraHOreHHOW Ya-
CTBIO, YTO OCOOCHHO MPOSIBISIETCS B IMOYBAX C OOIIMM COJep KaHHEM OpraHude-
cKOro BemiecTBa Bhimie 2%. Takue MOYBBI OTIMYAIOTCS CITA00OKUCIBIMU YCIOBH-
SIMH BEPXHUX OPraHOTCHHBIX T'OPH30HTOB W HEHTPATBHBIMH B MUHEPAITBHOMN
9acTH MOYBEHHOI'O MPOQUIIS, YTO CKA3bIBACTCS Ha IEIOTCHHOM Ipeodpa3oBa-
HUHM MUHEpanbHOH (aspl. Y xak ciefcTBHE 3TOT0, B OPraHOT€HHBIX W OpPraHo-
MUHEpaJbHBIX TOPU30HTaX 00Jice aKTUBHO BHIBETPHBAHUE 110 CPABHEHHUIO C MU-
HEpANTbHON HAJMEP3JIOTHON YacTh0 MOYBEHHOTO Mpoduis. BeposTHO, HA WH-
TEHCHBHOCTh IPeoOpa3oBaHMsi MUHEPAIGHOH YacTH TOYB OOJIBIIE OKAa3bIBAET
BIIMSIHUE OMOXHMMHYECKOE BEIBeTpHBaHHE. Kak oTMedaeTcst B MOCIEIHEe BpeMs
[42—44], npeoOpazoBaHNe NMOYBEHHOIO MarTepuaja MOJ BIUSHUEM OpraHuYe-
CKHX KHCJIOT M KHBBIX OPTaHM3MOB MIPE00IaIacT B IIOYBAX C MPOXJIAIHBIM KITH-
MaTOM.

3akouenue

Ha ocHOBaHNM reOXMMUYECKIX WHIEKCOB YCTaHOBJICHO, YTO BOJIIOIIMOHHO-
TCHETHYCCKHE OCOOCHHOCTH KPUOMOP(HBIX TOYB HMACHTH(MUIMPYIOT CTaIHIO
moyBoOOpa3oBaHMsl Kak ONM3KYI0 K HadanbHOW. WX reoxmmmueckas HEOIHO-
POIHOCTH OTpa)kaeT OCOOCHHOCTH IMOYBOOOPA3YIOMMX MOPOA. Y CTaHOBIICHO,
9TO M3MEHCHHE KOJIMYECTBA OKCHIOB B IOYBaX B OOJNBINEH CTEIICHH 3aBHCHUT
ot coaepxanns Cg,r. Bo Bcex ucciieI0BaHHBIX I0YBAX JOBOJILHO HU3KHUE BEIH-
YMHBI WHAEKCOB BBIBETPHUBAHUS, UYTO CBUAETENBCTBYET O claboil TpaHcdopma-
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UM MUHEPaJIbHOTO COCTaBa, HO TEM HE MEHEe HAONIONACTCs YBEIWYCHUC TITH-
HUCTOW COCTABIISIONICH OTHOCUTEIBHO MAaTEPHHCKON TTOPO/TBL.

Hammmu nccieoBaHUsIMU TOJTBEPK/IAIOTCS BBIBOJbI O TOM, YTO paccMmar-
pHUBaEMBbIE THITHI TOYB XaPAKTEPU3YIOTCS TOMOTCHHOCTBIO IOYBEHHOTO MTPOQIIISL
HA MHUHEPATOTHYECKOM U MUKPOMOP(OIOTHIECCKOM YPOBHSIX, Mepepacipeerne-
HHE BEIIECTBA 3aMETHO TOJIbKO MPH aHAIM3€ FeOXUMUYECKHX XapaKTePUCTHK.
ITpu sTOM mepemenieHue BeuliecTBa o npoduiio 6onee HHTEHCUBHO MPOUCXO-
JIUT B BEPXHEH OPraHOMHHEPATbHOW YaCTH MOYBEHHOTO MPOQUIISL, a IPOLECCHI
BbIHOCA Ha ()OHE OTHOCHUTEIILHO CJIabOro MepeMelIeHHs B HIKHUX MHHEpalb-
HBIX TOPU30HTAX.

[o crenenn mpeoOPa3OBaHHOCTH MOYBEHHOTO MATEPHANA HCCICAYEMbIe TH-
Bl MEP3JIOTHBIX ITOYB CEBEPO-TACIKHBIX JAHTIMIAPTOB MOTLYT PACIIONIATAThCS
B CJICYIOILEM TIOPS/IKE: IUTO3EMbI — TIIee3eMbl —KPHUO3EMBI.
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AHHOTAIUsA. YYaCTKH C HATUBHBIMH, HUKOT/Ia HE pacliaXMBaeMbIMH YepHO3EMa-
MH SBJISIOTCS OOJIBIION penkocThio Ha CpemaHepyccKoi BO3BBIIIEHHOCTH, U MMEHHO
MOATOMY W3ydYeHHE, MHBEHTApH3alWs, KapTorpadHpoBaHHE M OIEHKA NOYBEHHOTO
pa3sHooOpa3us TakMX Y4aCTKOB MMEIOT OOJBIIOE 3HAUYEHWE IS pelIeHus reorpado-
TEHETHYECKHUX U NMPAKTHYECKHUX 3a/1a4. B paboTe NpuBOAATCS pe3ysbTaThl ACTAIBHOTO
06CIe0BaHNS MOYB yuacTKa pazMepoM 50 X 50 M* (36 CKBaXKHH U 6 TIOYBEHHEIX Pa3-
pe3oB), (YHKIMOHMPOBABLIErO B PEXHUME CEHOKOCA/BBITOHA 110 KpaifHel Mepe I0-
cnegnue 240 ner. CocraBneHsl 4 MOYBEHHBIE KapThl A PAa3HBIX TAKCOHOMHYECKHUX
YPOBHEH: TUIIOB, IIOTHIIOB, BU/IOB, Pa3psI0B; Ha KapTaxX IIOJCUYUTAHO YHCIIO apeayos,
paccuuTtanbl MHAEKCH OorarcrBa, lllemnona, Cummcona, Pao, TakcoHoMmueckoro
paccTostHUsL MeX Ty mouBamu. [TokazaHo, 4T0 Ha 00mIEM (OHE YEPHO3EMOB MHTpAIH-
OHHO-MHIIEJISIPHBIX MOIIHBIX ITyOOKO- M CpefHEeKapOOHATHBIX BCTPEYAIOTCS apealisl
YEePHO3EMOB TIIMHHCTO-HJLTIOBHAIBHBIX MMIDALMOHHO-MHULEIAPHBIX M MHLEIAPHBIX
KBa3MIJIEEBATHIX MOIIHBIX ITyOOKOKapOOHATHBIX; YEPHO3EMOB MHUTPALMOHHO-MHUIIC-
JISIPHBIX CBEPXMOLIHBIX INIyOOKO- M CPeJHEKapOOHATHBIX; YEPHO3EMOB MHLEIAPHBIX
CBEPXMOILHBIX M MOIIHBIX CpelHe- M IIIyOOKoKapOoHAaTHbIX. [T0YBEHHBINH HOKPOB
ydacTka cinab0 KOHTPACTHBIM, YTO MOATBEP)KAACTCS pacyeTaMd TaKCOHOMHYECKUX
PacCTOSIHUM, U XapaKTepU3yeTcsl HU3KUM pa3sHooOpazneM. 3HadeHus uHaekcos lllen-
HoHa, CHUMIICOHAa W YHCJIO apeajoB JBYKPATHO YBEIMYHMBAIOTCS IPH YMEHBIICHHH
YPOBHSI KapTOrpadMpyeMbIX €MHHI OT TUIIOB K MOJTUIIAM U OT IOJTHUIIOB K BHJAM,
uHAekca Pao — mpu mepexosie OT ypOBHS IOATHUIA K BHUAY; BEPOATHO, YPOBEHb BUIA
SBIIsiETCA HanboJiee ONTHMAIBHBIM JUIS TPOBE/ICHHS OLIGHOK Pa3sHOOOpa3Hsl HATUBHBIX
0YB JIECOCTEMH.

KiioueBble c10Ba: neaopasHooOpasue, CTPYKTypa MOYBEHHOTO TIOKPOBA, KapTo-
rpadupoBaHue o4, oxXpaHa ouB, benropozackas obiacts
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Ne 24-17-00154 «I'eorpadusi, cBoicTBa M ITAIOHHbIE (YHKIUY HATHBHBIX YepHO3e-
MOB JiecocTen fora CpeaHepyCcCcKoil BO3BBIIIEHHOCTH».
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norusi. 2025. Ne 71. C. 32-57. doi: 10.17223/19988591/71/2

© CmupHoBa M.A., YUenaes 10.I"., Hapoxusst A.I'., 2025



Cmupnosa M.A., Yenoes 10.I'., Hapoycnuan A.I. Jlokanvnoe paznooopasue

Original article
doi: 10.17223/19988591/71/2

Local diversity of untilled chernozem soils
in the forest-steppe of the Central Russian Upland
(European Russia)

Maria A. Smirnoval, Yuri G. Chendevz, Anastasia G. Narozhnaya3

"M.V. Lomonosov Moscow State University, Moscow, Russian Federation
%3 Institute of Earth Sciences, Belgorod State National Research University,
Belgorod, Russian Federation
! https://orcid.org/0000-0002-5256-4348, summerija@yandex.ru
2 https./oreid.org/0000-0001-7864-041X, sciences@mail.ru
3 https:/joreid.org/0000-0002-4271-1607, narozhnyaya_A@bsu.edu.ru

Summary. Native, never-plowed Chernozem areas are practically non-existent
in the forest-steppe zone of the Eastern European Plain. Therefore, the study, invento-
ry, mapping, and assessment of soil diversity in these areas are essential for address-
ing geographic, genetic, and practical issues. This paper presents the results of a com-
prehensive soil survey carried out at the "Korovino" site, which has been under
a mowing/grazing regime for at least 240 years (See Fig. I). A topographic survey
was also conducted, and soil drilling to a depth of two meters was performed at 36 lo-
cations along a regular grid (See Fig. 2). Six profiles were established for detailed soil
analysis for identified areas of Haplic and Luvic Chernozem. The vegetation cover
of the area is shown (See Fig. 3). The assessment of taxonomic distances, as a meas-
ure of contrast between soils, is based on a matrix of soil properties (See Table 1),
where the rows correspond to classification-relevant characteristics and the columns
represent the soils studied. Each cell indicates the presence (ranging from 0.1 to 1) or
absence (0) of a property within the soil, with the weight of each property assigned
according to a hierarchical classification system. The taxonomic distance is defined as
the Euclidean distance between the column vectors of the matrix. We produce four
soil maps, each using different classification units - types, subtypes, species and
phases - as mapping units. For each of the maps, we calculate the number of ranges
and the indices of richness, Shannon, Simpson, and Rao. Statistical calculations have
been performed to evaluate the variability of the chernic horizon, humus profile
(chernic + mollic horizons), and effervescence line in the soils of the study area.

The soils in this area are mainly represented by Haplic and Luvic Chernozems
(See Fig. 4), with well-developed granular and cloddy-granular structures in the AU
horizon, and also root beads, coprolites, and various forms of carbonate neofor-
mations. Iron-manganese neoformations have been identified in the BCAq/Cca,q and
Cca,q horizons of eight soil samples with texture heterogeneity. A significant feature
of these soils is the high degree of material disturbance, manifested in the presence
of coprolites and krotovinas up to 20 cm in size, both direct and reverse. The coeffi-
cients of intra-profile variation, variation within areas, and variation across the entire
site for the thickness of the chernic horizon, humus profile (chernic + mollic hori-
zons), and effervescence line are closely aligned, not exceeding 20% (See Table 2).
However, the difference between the extremes within the site can reach up to 30 cm
for the chernic horizon, 60 cm for chernic + mollic horizons, and 70 cm for efferves-
cence line. The investigated soils show a left-sided asymmetry in the distribution
of the thickness of the chernic+ mollic horizon and a left-sided asymmetry in the dis-
tribution of BCA horizon thickness (horizon with secondary carbonates; See Fig. 5),
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indicating a prevailing trend of decreasing thickness in the humified part of soil pro-
files and BCA horizons in the investigated soils. With regard to the effervescence line,
a right-sided asymmetry in this characteristic was observed, indicating a trend towards
carbonate leaching.

The main part of the site has a humus profile with a thickness of 100-110 cm and
an effervescence line at a depth of 80-90 cm (see Fig. 6). The dominant soil types
in the study area (See Fig. 7) are Haplic Chernozem (Siltic, Hyperhymic, Pachic) with
80-120 cm thick chernic + mollic horizons and an effervescence line deeper than
50 cm at approximately half of the site area. At approximately one-quarter of the site
area, there are also areas of Luvic Chernozem (Siltic, Hyperhymic, Pachic, Bathygley-
ic), Luvic Chernozem (Siltic, Hyperhymic, Pachic, Bathygleyic) with chernic + mollic
horizon thickness of 80-120 cm and effervescence line deeper than 80 cm, Haplic
Chernozem (Siltic, Hyperhymic, Pachic) with chernic + mollic horizon thickness
of more than 120 cm and effervescence line deeper than 50 cm, and Haplic Cherno-
zem (Siltic, Hyperhymic, Pachic, Bathygleyic) with chernic + mollic horizon thick-
ness of 80-120 cm and effervescence line deeper than 50 cm (See Figs. 6, 7). The soil
cover in the area has a low contrast, as shown by the calculations of taxonomic dis-
tances. The average value is 0.7 out of the possible 2.98. In general, soils of low con-
trast are found next to each other within the site, while soils of high contrast are found
at opposite ends of the site. The Shannon and Simpson diversity indices and the num-
ber of polygons on the map double when the classification level of the mapped units
decreases from types to subtypes and then to species (See Table 3). The values
of Rao's quadratic entropy index, which takes into account not only the number of ar-
eas and their proportion of the total area (as Shannon and Simpson indices) but also
the contrast between soils, increase as the level of classification of mapped units de-
creases. A sharp twofold increase is observed when transitioning from the subtype
level to the species level, suggesting that the species level may be the most suitable
for evaluating quantitative diversity in native soils in the forest-steppe region.

The article contains 7 Figures, 3 Tables, 30 References.

Keywords: pedodiversity, soil cover pattern, soil mapping, soil security, Belgo-
rod oblast
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BBenenue

[TouBeHHBIH TOKPOB CTAPOOCBOEHHBIX PETHOHOB XapaKTEPHU3YETCsl BHICOKON
CTETICHBIO aHTPONIOT'CHHOH TpaHc(opMaIliy, BRI3BaHHOW KaK OBLIOW, TaK M CO-
BpeMeHHOH pacmanikoit [1, 2]. YyacTku HenmaxaHbIX (HATHBHBIX) YEPHO3EMOB
MPaKTHYECKU HE COXPAaHWIKCH B Tpejaenax jecoctend BoctouHo-EBpomnelickoit
paBHUHBI [3, 4] Kak B CHJTy cTapoil OCBOEHHOCTH PETMOHA, TaK M BBICOKOTO IJIO-
noponust 3Tux 1oy [5]. [1o coBpeMeHHBIM OlleHKaM, 00IIas MIonaab HenaxoT-
HBIX YEpPHO3eMOB B Mpezenax Jiecocteny CpeaHepyCCKOil BO3BBILIEHHOCTH HE
npesbiiiaer 60 KM, U3 KoTopbix 88% mnpuxoautcs Ha Teppuropuio LleHTpanb-
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HO-YepHo3eMHOro 3anoBeAHuka UM. B.B. Anexuna u okosno 8% — Ha y4acTok
«Smckast Crenby 3anoBenauka «benoropee» [6, 7].

AbcomoTHOE OONBIIMHCTBO HCCIICAOBAHNN HATUBHBIX YEPHO3EMOB CTapo-
OCBOEHHOM JIECOCTEIH BBINIOJIHEHBI Ha 3a0BEAHBIX TEPPUTOPHUAX: HA UX OCHOBE
JaHbl MPECTaBIEHUs O reHe3uce [§], pexxumMax v CBOMCTBaX JIECOCTENHBIX Yep-
HO3eMOB [9-11], cTpyKType MOYBEHHOI'O MOKPOBA 3aMOBEIHBIX Y4acTKoB [11-
14] m mpocTpaHCTBEHHOW BapualeNbHOCTH cBoicTB mouB [13, 15]. Bmecte
¢ TeM IpupoHbIe ycinoBus LlentpanbHo-UepHo3eMHOro 3anoBeHuKa U SIMcKoit
CTeNM HE OXBATHIBAIOT BCEro pazHOOOpa3usi coueTaHuid (HaKTOPOB MOYBOOOpa-
30BaHMsI CTapOOCBOEHHOW Jecocrenu CpeaHepycCKOW BO3BBIMIEHHOCTH, YTO
00ycnoBIIMBaeT HEOOXOAUMOCTh MOMCKA, WHBEHTApHU3ALMKW M W3YyUYEHHUS I0YB
JIPYruX, HETPOHYTHIX YYaCTKOB JIECOCTENHU. B YCIOBUSAX NMPaKTUYECKH MOJIHOMN
CeJIbCKOXO3MCTBEHHON TpaHcopManuu OONBIION HayYHBIN MHTEpEC K U3yue-
HUIO MPECTaBISAIOT Jayke HeOOJbIINE HEUCIOIb3yeMble MOJl MAIIHI0 TePPUTO-
pHUH, KOTOPBIE HCTOPHYECKU (PYHKIIMOHHPOBAIU B PEKUME CEHOKOCOB W/UITU
BBITOHOB [3, 7]. XapakTepucTtuka CBOWCTB TOYB, CTPYKTYPHI TTOYBEHHOTO TIO-
KpOBa M KOJHMYECCTBCHHAs! OIICHKA MMOYBEHHOTO Pa3HOOOpa3hs TAKUX YYaCTKOB
MOTYT BBICTYIIaTh B Ka4eCTBe OOOCHOBAHHS 3aKPEIUICHHS 332 HUMHU 0COOOTro
npupoaooxpanHoro craryca [16, 17]. C mpakTHaeckol TOUYKH 3peHUs] HATUBHBIC
YEPHO3EMBI CEHOKOCOB U BBITOHOB MOTYT OBITh MCIIOJIb30BAHEI B KQUECTBE 3Ta-
JIOHOB CpPaBHEHUS JIs MPUJIETAIOLIMX aHTPONOT€HHO-TPaHCPOPMHUPOBAHHBIX
YEepPHO3EMOB.

Lenp HacTosmei paboThl — XapaKTEPUCTUKA CTPYKTYPHI IIOYBEHHOTO ITOKPO-
Ba U KOJMYECTBEHHAs OICHKA IOYBEHHOTO pa3HOOOpasus s TEPPUTOPUH,
MPEICTABICHHON HEMaxaHbIMU (HATHBHBIMH) aBTOMOP(HBIMHU JIECOCTEITHBIMHU
YepHO3eMaMi Ha IpUMEpe KII0YeBOro ydactka B bemropomckoit oOmacth, mc-
MOJIb3YEMOTI0 B KaueCTBE CEHOKOCAa M BBITOHA MO KpaiiHel Mepe MocjelHue
240 ner.

MarepuaJibl 1 METOABI

UccnenoBanus mpoBeieHBl Ha IOKHOW oOkpamHe cena KopoBuno Pakwu-
TAHCKOTO paiioHa benroponckoii obmactu (puc. 1). Y4acTok pacronoXeH MmpH-
O6mmsntensHo B 110kM k tory oT LleHTpansHO-UepHO3eMHOTO 3aroBeaHHKA
um. B.B. Anexuna u B 120kM k Ioro-3amaay OT 3amoBefHoi fIMckoil cremu
(kmacrep B cocraBe 3anoBeqHuka «bemoropbe»). CormacHo kapram 1783, 1865
u 1981 r. (puc. 1), a Takxe pa3HOBPEMEHHBIM KOCMHUUYECKUM CHUMKaM, 3Ta Tep-
PHUTOPUS HUKOT/Ia HEe PACIaXUBajIach M UCIIOIB30BATIaCh B KAUECTBE CEHOKOCHBIX
YTOIuil U BRITOHA, Ha HEH OTCYTCTBOBAIM AOPOTH WIIH TIPOE3IHL.

Brutn BRITIONHEHBI reofe3ndeckas CheMKa ydJacTKa (KBaapaT CO CTOPOHOMU
50 M) u reoboTaHIYECKOE onMcaHue. bypeHue mouB 10 riyOuHBI 2 M NIPOBO/IH-
JIOCh TIO PeryisipHOW ceTke ¢ maroM B 10M B 36 Toukax (puc.2). B kaxmoi
TOYKe OypeHHs BBHITOJIHIIOCH ONMHCAHHE MOP(OIOTHIECKOT0 CTPOSHHS KEPHOB
C XapaKTePUCTUKOW TaKUX CBOWCTB, KAK MOIIHOCTh IIOYBEHHBIX TOPU30HTOB, UX
[BET, BIAYKHOCTH, IPaHyIOMETPUIECKUI COCTAB, HAJTMYNE HOBOOOPa30BaHUM, UX
pasMep U obwive, HaW4KMe BKIIOYCHHH, TTTyOMHA BCKHITAHUS W TPOQIILHOES
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2

Puc. 1. Pacrosnoxkenne ydacTka HCCIEIOBAHUS: @ — HA KOCMUYECKOM CHUMKE B Ipeienax
necocTend (rpaHuiibl iecocteny aansl 1o [18]), b — mian ¢ ropu3oHTaIsIMU (TIPOBEICHBI
yepes 2,5 M) 1 Heu3MeHHbIH ¢ 1783 1. apean ceHOKOca/BBITOHA, ¢ — ()parMeHT IU1aHa
nepesun Koposuno borarunckoro yesna Kypckoro namectanaectsa 1783 r,

d — ¢pparment mnana cena Koposuno boratuackoro yesna Kypcekoii ry6epaun 1865 r.,

e — parmenT Tonorpaduuaeckoii kapter 1981 r. Teppuropuu cena Koposuno
PaxursiHCKOTO paiiona benropoxackoit obnacty, f — GpparMeHT CIIyTHHKOBOTO CHUMKA
2024 r. teppuropuu cena Koposuno PakutsHckoro paitona beiropoackoii o6nacty.

1 — nmosIoKeHHe CEHOKOCOB/BBITOHOB, 2 — PACIIOI0KEHNE YIaCTKa MIOJICBOTO
o0crenoBaHus MOYB
[Fig. 1. Maps and satellite image of the Korovino village: (1) location of meadows/pastures, (2) location
of the soil survey area. (a) site on a space image within the forest-steppe (the forest-steppe boundaries are
given according to [18]), (b) topographic map (contour lines are drown every 2,5 m) and permanent since
1783 pasture/hayfield area, (c) fragment of the 1783 plan of the Korovino village in the Bogatinsky
district of the Kursk governorate, (d) fragment of the 1865 plan of the Korovino village in the Bogatinsky
district of the Kursk province, (e) fragment of the 1981 topographic map of Korovino village
in the Rakityansky district of the Belgorod region, (f) fragment of the 2024 satellite image of the area
of the Korovino village in the Rakityansky district of the Belgorod region]
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Puc. 2. [Tnan yuactka «KopoBrHO» ¢ yka3zanueM ropusonraieit (cedenue 0,1 M) 1 KpyTH3HEI
CKJIOHOB B rpagycax (uBer). KpacHbIMU IIyHCOHaMH yKa3aHbl MecTa OypeHus, apaObCKuMI
uudpamu ykazanel Homepa OypOBBIX CKBOKHH; CHHUMH TOYKaMU OTMEUCHbI MECTa
3aJI0)KeHUsI TOYBEHHBIX Pa3pe30B, JaATHHCKUMHE I paMu — HOMepa pa3pe3oB
(I-11I — yepHO3embl, [V-VI — uepHO3EMBI TTIMHUCTO-WIITIOBHAJIBHBIE)

[Fig. 2. The topography of the site “Korovino” with isohypses (drawn every 0.1 m) and slope steepness
in degrees (color-coded). Red dots with Arabic numerals indicate locations of soil core drilling
locations; blue dots with Latin numerals indicating the soil pits locations
(I-IIT - Haplic Chernozems, IV-VI - Luvic Chernozems)

W3MEHEHHE €r0 MHTEHCHBHOCTH. J[MarHOCTHKa ITOYB IPOBEJCHA B COOTBETCTBUH
¢ KIaccuuKkanyei u AuarnocTkoi mous Poccun [19].

Ha ocHOBaHWM TaHHBIX OMHCAHUSI CTPOCHUS MOYBEHHBIX MPOQUIICH B TOUKaX
OypeHHsI HaMEeUyaJlUCh YJacTKH MCCIIEOBAHUS MOYB B paszpe3ax. C y4yeToM BEI-
SIBIICHHSI Ha KITIOYEBOM YyYacTKE ABYX THIIOB MOYB — YEPHO3EMOB TIIMHHCTO-
WUTIOBUAIBHBIX (COOTBETCTBYIOT Y€pPHO3EMaM, BbIleI04eHHBIM 110 [20]) u yep-
HO3€MOB (COOTBETCTBYIOT YepHO3eMaM, TUITMYHBIM 10 [20]) — B mpeaenax AByX
apeayioB 3TUX TUIOB MOYB OBLIO 3aJI0)KEHO IO TPH MOYBEHHEBIX pa3pes3a ¢ BHIOO-
poM 6a30BOro paspesa U ACTAIBHOTO HONHONPO(IIFHOTO OMHCAHHS ITOYB.
Bo Bcex pa3pesax BBITOTHAJICA aHATN3 MOP(HOMETPUIECKIX IPU3HAKOB TI0YB I10
pe3yibTaTaM HM3MEPEeHH MOIIHOCTH TEHETUYEeCKUX TOPH30HTOB W TITyOUHBI
BCKHIIAHUS BAOJH OOKOBBIX M MEPENHEH CTCHOK MOYBEHHBIX Pa3pe3oB (B Kax-
JtoM paspese 1o 10 u3mepeHuii — mo Tpu Ha OOKOBBIX CTEHKAaX W 4 Ha MepegHei).

Ha ocHOBaHMM aHaNIM3a TE€OJE3MUCCKOTO IUIaHa yIacTKa UCCIIECNOBaHUH (CM.
puc. 2), u3ydaeMasi TEpPUTOPHS IPENCTABISIECT cO00 cIabOHAKIOHHYIO K CEBe-
PO-BOCTOKY MOBEPXHOCTh KpyTU3HOU oT 1° mo 1,7° (cM. puc. 2). AGComoTHbIE
BBICOTHI B Mpeieax y4acTKa UCCIIeIOBaHUN BapbUPYIOT B npenenax 231-232 m.
[TosTOMY MaHHBIH y4acTOK € IIOJHBIM OCHOBAaHHWEM MOKHO OTHECTH K ILTAKOPY.
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PacTuTenbHbll MOKPOB B MOMEHT U3ydeHUsl MouB (Hauano uroHs 2024r.)
OBII Mpe/ACTaBIEH JYTOBO-CTEIHBIM pa3sHOTpaBbeM (puc.3) M oOpa3oBaH cie-
IYIOIIAMU BUJaMHK: Tibiped nonsyunit (Elytrigia répens) — cop 1-sp, acnapuer
necuanslit (Onobrychis arendria) — sp, 3eneHdyk xentoiii (Galeobdolon lute-
um) — Sp, MITJIHK ITyroBow (Poa praténsis) — sp gr, IieBen MHOToseTHul (Loli-
um perenne) — Sp gr, oBcsiHUIA KpacHas (Festuca rubra) — sp gr, koctep 0e3-
ocThIil (Bromus inérmis) — sp gr-sol, repans syroBas (Gerdnium praténse) —
Sp gr, BeTpeHuna JIOTHKOBas (Anemonoides ranunculoides) — sp gr, TOIOPOX-
HUK JIAHIETOJIMCTHBIN (Plantdgo lanceoldta) — sp gr, NoibIHb aBcTpuiickas (Ar-
temisia austriaca) — sp gr, exa coopHas (Ddctylis glomerdta) — sol, Tumyak
(Festuca valesidca) — sol, cMoseBka noHukiias (Siléne niitans) — sol, MOJIbIHB
ropekas (Artemisia absinthium) — sol, mortuk enkuit (Ranunculus dcris) — sol,
MoJiouail kunapucoBblii (Euphorbia cyparissias) — sol, moaMapeHHUK MATKUN
(Galium mollugo) — sol. CoraacHo MONEBBIM UCCICIOBAHHUSIM U pacyeTam, BbI-
MTOJTHEHHBIM HAa TEPPUTOPHHU 3aIMIOBEIHBIX JYTOBO-CTEMHBIX YYACTKOB, MOBEPX-
HOCTHBIN CTOK Ha 33JICPHOBAHHBIX TPABAMU CKIJIOHAX ([ja)Ke Ha KPYTHIX) HE MpHU-
BOJIUT K 3PO3HMH MMOYBEHHOTO Menko3ema [21]. [ToaToMy ¢ MOJTHBIM OCHOBaHUEM
MOKHO CYHTATh, YTO Ha M3y4acMOM KIIFOYCBOM YYACTKE €CTECTBEHHAS APO3US
[0YB OTCYTCTBOBAJIA B MPOIILIOM M OTCYTCTBYET B HACTOSIIEE BPEMSI.

O1ieHKa JIOKAIBHOTO pa3Hoo0pa3us MoYB BKJIIOYAJIa pacuyeT HapaMeTpoB Ba-
puabensHOCTH (CpeiHue apudMeTHYecKne U METUAHHBIC 3HAYCHHS, CTAHAAPT-
HOE OTKJIOHEHHE, KOA((DUITUSHT BapHaIliH ) MOIITHOCTEH 'yMyCOBOTO TOPH30HTA,
rymycoBoro npo¢wmis u rayouns! Bckunanus ot 10%-it HCl (otnenmsHO mmst
YEepHO3EMOB U YEPHO3EMOB TJIHHUCTO-WLITIOBHAIBHEIX), PAcUueT TaKCOHOMUYE-
CKUX PacCTOSHUI MEXIy IapaMu MoYB (Kak [OoKa3aTelisi KOHTPACTHOCTH II0YB),
pacdeTr MHIEKCOB OorarcTBa, pazHoobOpasus lllennona, CumricoHa, KBaapaTHOU
sHTpomnuu Pao, mojicyer ynciia MOYBEHHBIX apeaioB B Ipenenax ydactka. ['umo-
TE3bI 0 HOPMATBHOCTH PACTIPEICIICHHS JAHHBIX 10 CBOWCTBAM ITOYB MPOBEPEHEI
Ha ocHoBaHmnM Kputepues [lanmupo—Ywunka u Konmoroposa—Cmupnosa. OneHka
3HAYMMOCTH Da3H4Mid CPETHHUX BBITOJHEHA C HCIIONB30BAHUEM KPUTECPUS
Kpackena—Yommuca (p = 0,05).

Puc. 3. O0mwuii Bu pacTuTenbHOCTH ydacTKa «KopoBHuHO»
JI0 IepBOT0O ceHoKoeHus B 2024 .
[Fig. 3. The vegetation of the “Korovino” site before the first haymaking in 2024]
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OneHka TaKCOHOMHYECKUX PACCTOSIHUKA KaK MEpbl KOHTPACTHOCTH MOYB IO
OTHOILICHUIO JpYr K APYyry MpoBeleHa MO cTaHAapTHOM meroauke [22]. s
pacyera TaKCOHOMHYECKHX PacCTOSHUM ObIIa cO3/1aHa MaTpUIa CBOMCTB MOYB
(Tabun. 1), rae CTPOKH COOTBETCTBOBAJIM MOP(OIOTMYECKUM CBOHCTBaM IIOYB,
a cToNOIBI — HCCIENyeMBbIM TI0YBaM. B KkadecTBe MOP(OIOTHYECKUX CBOUCTB
OBUTH HCIONB30BaHbI KIACCH(PHUKAINOHHO-3HAYNMBIC XapaKTEPUCTHUKH, OTpesie-
JSIOIIME THII, MOATHII, BUA U Pa3psil B KIACCU(PHUKAINKM M JAUATHOCTHKE IMOYB
Poccuu. B xaxnoit aueiike Matpuiibl 0b110 oTMedeHo Haauuue (ot 0,1 mo 1) niu
orcyrcrBue (0) B mouBe cBolicTBa. Bec cBoiicTBaM NpUCBaMBAJICs B COOTBET-
CTBUU C UEPAPXUIECCKON CHCTEMOH KITaCCU(UKAIIUH:

1) nnarnoctuueckue ropu3ontsl Bl u BCA (He3aBUCHUMO OT Hajguuusl WU
OTCYTCTBHUSA B HUX KaKUX-TMOO IPYTUX JUArHOCTUYECKHUX MPU3HAKOB), BeC — 1;

2) IMarHOCTUYECKHE TeHETHYECKHe MpHU3HaKu Ic, mc, q (0e3 uX MpHBS3KH
K T€HETUYECKUM ropu3oHTaM), Bec — 0,5;

3) rpajauuu BUAOBBIX MPU3HAKOB MO MOIIHOCTH TyMYCOBOTO T'OPHU30HTa
(momable 80—-120cM m cBepxmoiHbie > 120 cM), TiyOuHe 3aneraHusi Kap-
6onaroB (cpemuekapoonarHeie 50-80 cMm, rmyOokokapOonatHbie 80—120 cm),
Bec —0,2;

4) Tpamanyu pa3psIHBIX MPU3HAKOB — B KAYECTBE TIOYBOOOPA3YIOIIHNX TOPOT
Ha YYacTKe BCTPEUAIHChH JIECCOBHIHBIC TSDKEIBIC CYIIMHKHA H JIECCOBHIHBIC
ruHel, Bec — 0,1,

Bcero Obmia mcmonp3oBaHa MHGOPMALUS 10 HATHMYUIO M OTCYTCTBHIO
11-T1 cBOHCTB, KOMOMHAIIMU M3 KOTOPBIX 00pa3yrOT BCE UCCIIEIOBAHHBIC ITOYBEI
y4acTka. BeIIo IpUHATO JOMyIeHHe, YTO HaOOp BBEJCHHBIX B TaOJIHIly CBOWCTB
aJIeKBaTHO OIHKCHIBAET MOYBBI KJIIOUEBOT0 y4acTka. PacdeT TakCOHOMHUYECKOTOo
PaCCTOSTHUS MEX/Ty IIOYBAMH TPOU3BOIMIICS COTJIacHO (hopmyrie [22]

dy =5 ~x)" (3 - x)). (1)
rae d; — TAKCOHOMHYECKOE PACCTOSHUE MEXK]LY TOYBAMH I U J, X; U X; — BEKTOPbI-
CTOJIOITBI MATPHUIIHI TOYBECHHBIX CBOWCTB.

KoHTpacTHOCT MOYB IO OTHOIICHUIO APYT K IPYTY MPSIMO MPOMOPIIHOHATH-
Ha 3HAYCHHSM TaKCOHOMHYECKOTO paccTOSHUS. MakCHManbHOE 3HAUYCHHE Tak-
COHOMUYECKOTO PAaCCTOSHUS OIPEIEIISIeTCs] KOJIMIECTBOM CBOMCTB B MaTpHIIE U
OaJiamMu, IPUCBAWBACMBIMHY 33 UX HAIMYUE WU OTCYTCTBUE B TI0YBE; B JAHHOM
cllydyae MaKCHMAllbHO BO3MOXKHOE 3HAYCHHE TAaKCOHOMHYECKOTO PACCTOSHES
paBHO 2,98.

Ha ocHoBanuu nanHHbix OypeHust B mporpamme ArcGIS meronom opauHap-
HOI'O KPUKWHTa OBUIM COCTaBJCHBI KapThl MOIMHOCTH T'YMYCOBOT'O TPOMWIL H
rmyounsl BekumaHus npu peakiun ¢ 10% HCI. IlouBeHHBIE KapThl OBUIH TIO-
CTPOEHBI TPAIUIIMOHHBIM (SKCHEPTHBIM) MeToZoM. Co3maHsl 4 KapThl C pa3HbI-
MU CIUHHIAMHA KapTOrpaUpOBAaHUS B COOTBETCTBHH C MEPAPXUUCCKOU CHCTE-
MOH KiIacCH(pUKaIMK: KapThl C OTOOpPaXCHWEM Ha HUX THIIOB ITOYB, THUIOB H
MOJTHIIOB IMOYB (U1 KPAaTKOCTH Jajiee Takas KapTa OyAeT YHOMHHAThCS Kak
KapTa NOATHUIIOB), TUIIOB, TOJITHIIOB U BUIOB (IJIs1 KPATKOCTH JTAJiee Takas KapTa
OyIeT ymoMHHATBCS KaK KapTa BHAOB), THUIIOB, ITOATHIIOB, BUAOB M Pa3psIOB
(kapra paspsaoB). Kapra BumoB nmoys Oblia cOCTaBlieHa C MPHUBJICYCHUEM KapT
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MOITHOCTU T'yMYCOBOT0 TpO(MWIsS U TITyOWHBI BCKUAIIAHUS COTJIACHO METOJIUKE,
omucanHOU B padote [23]. OueHka MOYBEHHOTO pa3HOOOpa3us MPOBEACHA IS
KaXIOW M3 YEeTHIPEX MOYBEHHBIX KapT. BpUIM paccunMTaHBI CIEAyIOMINE MHICK-
CBI: MH/IEKC OOraTCTBa (COOTBETCTBYET YHCIY Pa3IHMYHBIX KIACCU(PUKAIMOHHBIX
MOYBEHHBIX TPYIIL, BBIICIICHHBIX HAa YYACTKE); YHCIIO apeasioB Ha KapTe, HHICK-
col lllennona (H), Cumricona (G) u kBaapaTHo# 3HTponuH Pao (), paccuntan-
HbIE cortacHo Gopmyiam [16]

H==-Ypnp, @
i=1
G=1-3pl, (3)
i=1
0=>> dg‘jpipj’ 4)

i=1 j=I

Tae pi, p; — 07 IJIOWIAIH, 3aHUMaeMas I0YBaMH i U j OT BCEro MOYBEHHOIO
MOKPOBA YYaCTKa, ¢ — KOJTHIECTBO KITACCH(PUKAIMOHHBIX MOYBEHHBIX TPYII HA
KJIIOUEBOM Y4acTKe, dj; — TAKCOHOMHYECKOE PACCTOSHNE MEKLY OUBAMH I H j.

Yem Oostbilie 3HAYCHUS MPUBEICHHBIX BBIIIC WHIECKCOB, TEM BBIIIE YPOBCHb
pasHooOpasus. Unaekcer pasnooopasust lllenHona u CUMIICOHA YYHUTHIBAIOT KaK
KOJINYECTBO KOMIIOHCHTOB, 00Opa3yIOIINX MOYBEHHBIN MTOKPOB, TAK M UX pa3Me-
pol. UeM OoJtbIlie YHCI0 KOMITIOHEHTOB, 00Pa3yrONIHX MOYBEHHBIX IIOKPOB, U Ye€M
OMIDKe 1Mo pa3Mepy apeaibl, TeM OOJbIIe YpoBeHb pa3sHooOpasus [16]. Muaaeke
KBaJpaTHOW SHTPONUK Pao ydnmThIBACT HE TONBKO KOJMYECTBO KOMIIOHCHTOB
B Ipe/iesiax y4acTKa U UX JOJIM OT BCEH IUIOMIAad, HO M KOHTPACTHOCTH KOMIIO-
HEHTOB TI0 OTHOLICHUIO APYT K Apyry [16]; mpu 0JMHAKOBOM YHCIIE KOMIIOHEH-
TOB M HX JIOJIIX OT IUIOIIAJM BCETrO Y4acTKa, pasHooOpasue OyJeT BEINIE TaM,
rae 0oJIbIle CTeeHh KOHTPACTHOCTH.

Pe3yJI])TaTl)I HCCJICI0BAHUA U oﬁcyme}me

Iousvr yuacmka. Ilo maHHBEIM MOP(OIOTHYECKOTO ONHCAHHS IMPHU3HAKOB
MOYB B OYPOBBIX KEPHAX HA M3YY4aeMOM YYaCTKE BBISBIICHBI JIBa TUITA TIOYB: Yep-
HOo3eMbI (31 Touka u3 36, dororpadus THOHIHOTO MPOoGUIS MpeACTaBIcHA HA
puc. 4a) ¥ YepHO3eMbl TJIMHUCTO-WLTIOBHAJIBHBIE (5 TOUek; GoTorpadus THINY-
HOTO MpOQuIs MpencTaBiIcHa Ha puc. 4b), u 6 MOATUNOB. beUIM MTUATHOCTUPO-
BaHBl 4 TOATUIIA YEPHO3EMOB: MHUTPAMUOHHO-MUIEISPHBIX KBa3HUTIICEBATHIX
(AU — (AUlc) — (AUIc/BCAIc) — (AU/BCAmc) — BCA(Ic),mc — BCAmc,q),
murparonHo-mutenspabix (AU — (AUlc) — (AUle/BCAlc) — (AU/BCAmc) —
BCA (Ic), mc), munenspubix kBasurineeBaTeix (AU — AU/BCme — BCAmc —
BCAm,cq) u munenspusix (AU — AU/BCmc — BCAmc), u 2 nmoaTumna 4epHo-
3€MOB TNIMHUCTO-WJUTIOBHABHBIX: MUTPAIIIOHHO-MUIIEISIPHBIX KBA3UTIICEBATHIX
(AU — AU/BI - (BV/AU) — BI — BCAIlc, mc — BCAQ) u MHUTrpanrioHHO-
mutessapabix (AU — AU/BI — (BI/AU) — BI — BCAlc — BCAmc). Cpenu uepHo-
3eMOB 7 IMOYB OBUIM OTHECEHBI K CBEPXMOIIHBIM U 24 — K MOITHBIM; 9 — K cpe/l-
HEKapOOHATHBIM H 22 — K TIIyOOKOKapOOHATHBIM. Bce depHO3eMbI TIIHHUCTO-
WLTIOBHAJIBHBIE OTHECEHBI K MOIIHBIM TTyOOKOKapOOHATHBIM. [louBEI yuacTka

41



Ilousoeeoenue | Soil science

MPEICTaBICHBl CPEAHECYTITMHUCTEIME Pa3HOCTIMHU. B kauecTBe mouBooOpasy-
IOIIHX ITOPOJ] B PaBHOM cTemeHu (1Mo 18 CKBaXKMH) BBHICTYIAIOT KaK JIECCOBHIHEIC
KapOOHATHBIC TSDKENBIC CYIVIMHKH, TaK M JICCCOBHIHBIC KapOOHATHBIC TIIHUHBI.
Takum o0Opa3oM, B mpefenax ydacTka Ha YpOBHE THIA TIOYB BBIICICHEI
2 rpymmnsl; HA YPOBHE TUMA M TOATUNA — 6; HA YPOBHE THIIA, HOATHIIA M BUIA —
12; na ypoBHe THNa, MOATHIIA, BUIA U pa3zpsaa — 19.

OCHOBHBIMH CBOWCTBAMH HCCIICIOBAHHBIX IIOYB SIBISIOTCS XOPOIIO BBIpa-
JKCHHAsI 3€PHUCTas U KOMKOBATO-3epHUCTas CTPYKTypa ropusonta AU u xop-
HeBble OYCBHI, KOMPOJUTHI, paziudHbie (OpMBI KapOOHATHBIX HOBOOOpPa30Ba-
Huil. JXKene3o-mMapranieBsie HOBOOOPa30BaHMS THATHOCTHPOBAHEI B TOPU30HTAX
BCAg/Cca,q u Cca,q B mouBax, rje HaOJIOIAEeTCsI HEOJHOPOIAHOCTh T'PaHYJIO-
METPUYECKOTO cocTaBa — 0oJiee JIETKUI COCTaB BEpXHEH 4acTu mpodumist u 60-
Jiee TSDKEINbId — HWKHEH, MepexoJHOH K MOYBOOOpa3yIoIIel Mmopojie W caMoin
noyBooOpasyromeit nopoae (moussl ckBaxkuH 11, 12, 13, 14, 24, 25, 26, 36).
[IpuMma3ku BBICTYMAIOT KaK HMHAMKATOPHI MEPUOIMYECKOTO TEPCYBIIAKHECHHS
MIOYB Ha BOJIOYTIOpPE, BO3HUKAIOIIETO, CKOPEE BCETO, OCCHBIO U BECHOW — B MEpH-
OJl OTCYTCTBHUSI KOPHEBOH JECYKIWH; IMOA00HBIE MOP(OIOrHYECKHE TMPU3IHAKH
MepeyBIAKHEHUS OOHAPYKEHBI B aBTOMOP()HBIX 3alIOBEIHBIX YepHO3EMaX, (op-
MHPYIOLIAXCSI Ha JTUTOJIOTHYECKH HEOJHOPOIHBIX MOPOaX B TOIBI C MOBBIIICHHBIM
atMoc(hepHbIM yBIaKHeHHEM [24]. BaxHOH OCOOSHHOCTBHIO TIOYB SIBJISCTCS
OUYCHb BBICOKAsI CTEICHb IEPEPHITOCTU KUBOTHBIMH — Kak 4depBsMu (Lumbri-
cina), Tak " crnensiamu (Spalax microphthalmus), cnenbl >KU3HEAEATSILHOCTH
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Puc. 4. YeproseM p. I (a) 1 4epHO3EM INIMHUCTO-WILTIOBUANBHEIHN p. V (b)
Ha y4acTke «KopoBuHO»
[Fig. 4. Haplic Chernozem p. I (@) and Luvic Chernozem p. V (b) at “Korovino” site]
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KOTOPBIX OTYETIUBO MPOSBILIIOTCS B MPOQHIC B BHIC KOMPOIUTOB, MPSIMBIX H
00paTHBIX KPOTOBHH pa3zMepamu 70 20 CM B ITOTIEPEYHOM pa3pese.

Bapuabenvnocmyo ceoticme nous. B Tabdi. 2 nmpuBeeHbl OCHOBHBIC CTATHCTH-
9eCKHe TI0Ka3aTeIH MOP(OIOTHIECKOTO CTPOSHHS OB YIaCTKa: MOITHOCTH T'y-
MycoBoro ropusonta (AU), rymycoBoro mpodums (AU+ AU/BI wmum AU+
AU/BCA) u rnyOuHa oOHapy»XeHHsI BTOPUYHBIX KapOOHATOB (TITyOHMHA BCKHUIIA-
Hust ot 10% HCI). 'ymycoBrrii ropuszont 3anmmaer mpumepHo 60-70% ot
MOIITHOCTH BCETO TYMYCOBOTO IPOGIIIS, OCTATOK MPUXOIUTCS Ha TEMHBIH, XO-
POIIO MPOKPAIICHHBIH OPraHUYECKUM BEIIECTBOM IEPEXOJHBIH K CPEIUHHOMY
ropuzoHT. Mopdonormueckuii 00K MEPEXOAHBIX TOPU3OHTOB CBUACTEIBCTBY-
€T 0 OOJBIION PONM MOYBEHHBIX JKUBOTHBIX B €r0 (POPMHPOBAHUH — TU TOPH-
30HTHI OYCHb HEOTHOPOIHEI, COCTOST U3 MaTepuasa MpsIMBIX U 00paTHBIX Kpo-
TOBWH.

MoOIIHOCTS TYMYCOBOTO TOPHU30HTA B JIBYX HCCIICAOBAHHBIX apeayiaX 4epHO-
3eMa M YepHO3eMa TIIMHUCTO-WUTIOBHATIBHOTO ONIM3Ka, M HAaOJoaeMast pasHUIa
B 3HAUCHISIX HE SIBIACTCS CTATUCTUYECKU-3HAYMMOW COTJIACHO PACCUUTAHHOMY
kputeputo Kpackena—Yommca (p=0,05). Bmecte ¢ TeM MeHblunasg Ha 9cMm
MOIITHOCTh TYMYCOBOTO MPOQUIIL B apeajie YepHO3eMa B CPABHEHHUH C apeaioM
YepHO3eMa DIIMHHCTO-MIUTIOBHANBEHOTO CTATUCTUYECKU 3Hauuma. MccienoBan-
HBIH apeasl YepHO3eMa CTATUCTUYECKH 3HAUYMMO OTIMYACTCS OT BCEX HCCIIEHO-
BaHHBIX B CKB&KMHAX UYEPHO3EMOB IO MOITHOCTH TyMYCOBOTO TOPH30HTa
(menpme Ha 10 cM) 1 podwiist (MeHbIIE HA 27 CM), YTO MOXET SBJIATHCS MO-
TBEPIKICHHEM TPABHIHLHOCTH BBIICICHHS JAHHOTO apeasa Ha KapTe.

BapuabenpHOCTh 3HAYEHHH MOIIHOCTEH T'yMyCOBOTO T'OPH30HTa U TYMYCO-
BOTO PO HEBBICOKA — HE TPEBHIIAET 15% Kak A7 OTASIBHBIX TOYBEHHBIX
mpoQuiIeH, TaKk U UL apeaioB BCEro ydacTka. MOXKHO OTMETHTh, YTO Bapha-
OETBHOCTh T'YMYCOBOTO TOPH30HTa M TYMYCOBOTO Npoduis, HabmogaeMas B
npezenax OJHOro npoduis, On3ka K BapruadeIbHOCTH, HAOMI0AaeMOil B TIpeie-
JIaX MOYBEHHOTO apeaa M BCEro UCCIIeIOBAHHOTO YUacTKa, T.€. UCCIEIOBAHHBIC
aBTOMOP(HBIC HATHBHBIE YEPHO3EMBI JOCTATOYHO OJHOPOAHBI IO MOIIHOCTH
TYMYCOBOT'O TOPH30HTAa U TyMycoBoro npodmis. Bmecte ¢ Tem Moryt BcTpe-
9aThCs OTHENBHBIE YYACTKH C DKCTPEMATbHBIMU 3HAUCHHSMU TIOKa3aTeiei, u
pasHHLA MEXIY STUMH 3KCTPEMAIBHBIMH 3HAUEHUSAMHU MOXKET JocTUrath 30 cM
IUTSL TyMYyCOBOT'O TOPH30HTA M 60 CM 11 TyMyCOBOTO IPO(HIIS.

I'myOuna oOHapyXeHUST BTOPHYHBIX KapOOHATOB, KaK MPABUIIO, MIPHUYPOUCHA
K HIDKHEH 4acTH TYMYCOBOTO MPO(MWISA 32 UCKIIOYEHHEM UYePHO3EMOB TIIHHU-
CTO-WILTIOBUANBHBIX. PasHuIa MeX Iy TIyOMHON OOHapy)KeHHUsI KapOOHATOB IS
apeaia dYepHO3EMa M UYEPHO3EMa TIIHMHUCTO-WIIIOBHAJIHHOTO CTAaTHCTHYECKU
3HaunMa u cocTtaBiasieT 62 cMm. CormacHo 3HaueHHsIM Kputepust Kpackema—
Yommuca, cpefHss TyOrHA BCKUIIAHUS TI0YB B apeajie YepHO3eMa U B YePHO3e-
MaX BCEro yJacTKa JIOCTOBEPHO He oTimyarorcs. Kak u B ciiygae ¢ TyMYCOBBIM
TOPU30HTOM U TYMYCOBBIM Npo(uieM, IIyOMHa BCKUIAHUS XapaKTepH3YyeTcs
HU3KUMH 3HAYCHUSAMH Kod(pQHIUeHTa Bapuaiuu, He npesbimaer 20% — T.e.
Y4aCTOK JOCTATOYHO OAHOPOJEH 10 3TOMY MapaMeTpy, OJHAKO pa3dpoc 3Haue-
HUH B HEKOTOPBIX MECTaX MOXeET AocTurath 70 cM.
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Tabnuna 2 [Table 2]

CraTHCTHYECKHEe XaPAKTePUCTHKU MOP(0JI0rH4eCKHX
CBONCTB N04B yyacTka «KopoBuHo»
[Statistical characteristics of the morphological properties of soils of the "Korovino" site]

Bri6opxka [Sample] n W e min | max c (Z)

I'ymycoBsiii ropu3oHT [Chernic horizon]
Yepnosem, p. I [Haplic Chernozem, p. I] 10 | 552 53 47 67 6,7 13
Yepnosem, p. II [Haplic Chernozem, p. II] 10 | 49,7 | 485 46 60 39 8
Yepnosewm, p. I1I [Haplic Chernozem, p. III] 10 | 49,8 | 49,5 44 54 2,9 6

Apean yepHozema* 30

[Poligon of Haplic Chernozem] >1.6 30 a4 67 33 1

Bce CKBaKHMHBI, TOYBBI KOTOPBIX
JIMAarHOCTUPOBAHBI KaK YEPHO3EMBI 31 | 63,9 60 50 80 76 | 13
[All Haplic Chernozems, studied in soil cores]

UepHO3€eM INIUHUCTO-MLIIOBUANIBHBIH, p. IV

[Luvic Chernozem, p. V] 107} 52,3 4 4l 37 43 8

YepHOo3eM IIIMHUCTO-WILTIOBUANIBHBIN, p. V

[Luvic Chernozem, p. V] 107} 589 60 33 64 3.2 3

YepHo3eM INIMHUCTO-UIUTIOBUATIbHBIN, p. VI 10

[Luvic Chernozem, p. VI] 48,1 48 4l >3 3.2 7

Apean yepHO3eMa TIMHUCTO-
WUTIOBAAIIBHOT O ** 30 | 53,1 54 41 64 5,7 11

[Poligon of Luvic Chernozem]

Bce ckBaxkuHbl, IOYBBI KOTOPBIX JHATHO-
THPOBAHEI KaK YEPHO3EMbI TJIMHUCTO-

CTHpO cpHose cro 5| 63 60 | 60 | 70

WJUTIOBUATBHBIE

[All Luvic Chernozems, studied in soil cores]

4,5 7

Bce nouBsl ckBakuH

[All soils, studied in soil cores] 36| 637 60 30 80 7.2 12

I'ymycoBsiit mpo¢ s [Chernic + Mollic horizon]

Yepnosem, p. I [Haplic Chernozem, p. I] 10 76 76,5 | 63 84 6,1 8
Yepuosewm, p. II [Haplic Chernozem, p. 1] 10 | 829 83 63 98 9,7 | 12
Yepuosewm, p. III [Haplic Chernozem, p. 1II] 10 | 77,8 77,5 70 86 4,6 6

Apean yepHo3ema*

[Poligon of Haplic Chernozem] 30 789 78 63 % 73 10

Bce ckBaxkuHbl, TOYBBI KOTOPBIX
JMAarHOCTHPOBAHEI KaK YePHO3EMBI 31 | 1063 | 105 | 80 | 140 | 133 | 13
[All Haplic Chernozems, studied in soil cores]

YepHo3eM INIMHUCTO-UIUTIOBUATIbHBIN, p. [V 10

[Luvic Chernozem, p. IV] 884 87 83 % 4.2 >

YepHO3eM INIMHUCTO-UIUTIOBUANIBHBIH, p. V 10

[Luvic Chernozem, p. V] 90,7 90 86 % 34 4

UepHO3€eM INIUHUCTO-MILIIOBUANBHBIH, p. VI

[Luvic Chernozem, p. VI] 107 79.9 ” 2 %0 33 7
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Bribopxka [Sample] n W e min | max c 9

Apeain yepHO3€EMa
TIMHUCTO-UIIIIOBUAIBHOT O ** 30 | 86,3 87 72 96 6.4 7
[Poligon of Luvic Chernozem]

Bce ckBaxkuHbl, TOYBBI KOTOPBIX
JIMarHOCTUPOBAHbI KaK YEPHO3EMBI
TJIMHUCTO-UIUIIOBUAIBHBIE

[All Luvic Chernozems, studied in soil cores]

5 90 90 80 100 10 11

Bce mouBbI CKBaKUH 36

[All soils, studied in soil cores] 1040100 80| 140 1 1401 14

I'my6una Bekumanust ot 10%-it HCI [Effervescence line]

Yepnosem, p. I [Haplic Chernozem, p. I] 10 | 658 67 50 75 75 | 11

Yepnosewm, p. I [Haplic Chernozem, p. II] 10 56 57 46 63 6,6 | 12

Yepnosewm, p. III [Haplic Chernozem, p. III] 10 | 79,3 79,5 72 85 35 4
*

Apean yepHosema 30| 67,0 | 67 | 46 | 85 | 114 | 17

[Poligon of Haplic Chernozem]

Bce CKBaKHHBI, TOYBBI KOTOPBIX JHArHO-
CTUPOBAHBI KaK YEPHO3EMBI 31 | 83,1 80 50 | 110 | 14,4 | 18
[All Haplic Chernozems, studied in soil cores]

UepHO3€eM INIUHHUCTO-MLIIOBUANIBHBIH, p. IV

[Luvic Chernozem, p. IV] 10 | 106,5 | 1055 | 98 118 | 5.4 5

YepHOo3eM INIMHUCTO-WILTIOBUANIBHBIN, p. V

[Luvic Chernozem, p. V] 10 137 136,5 | 131 | 145 | 4.2 3

UepHO3€eM MNIUHUCTO-MILIIOBUANBHBIH, p. VI

[Luvic Chernozem, p. V1] 10 | 136,2 | 1355 | 125 | 146 | 8,6 6

Apean yepHo3eMa
TIIMHUACTO-UIIIIOBUAILHOTO ** 30 | 126,6 | 132 98 | 146 | 157 | 12
[Poligon of Luvic Chernozem]

Bce ckBakuHbI, NOYBBI KOTOPBIX
JIAarHOCTHPOBAHBI KaK YEPHO3EMBI
TJIMHUCTO-UIUTIOBUATIBHBIE

[All Luvic Chernozems, studied in soil cores]

5 116 120 110 | 120 | 5.5 5

Bce nouBsl ckBakuH

[All soils, studied in soil cores] 36| 876 %0 S0 120 117,71 20

Tlpumeuanue. n — pazmep BBHIOOPKH; | — CpPEIHEE 3HAUCHHE; |l — MEMAaHA; Min — MUHAMATb-
HOE€ 3HAYCHHE; MAax — MAKCUMAaJbHOE 3HAYCHUE; G — CPEIHEKBAPATHUECKOE OTKIOHCHHC;
V, % — xoadduimenT Bapuanuu; * — 3HadeHus npuseneHs! 11 paspesos I, 1T u IIT Bmecre;
** _ 3HaueHuUs MpUBEIeHBI i pa3pe3os [V, V u VI Bmecre.

[Note. n - sample size; u - mean value; p. - mediana; min - minimum value; max - maximum value; o -
standard deviation; V, % - coefficient of variation; * - values are given for soil pits I, II and III together;
** - values are given for soil pits IV, V and VI together].

BaxXHBIM WHIUKATOPOM T€HETUYECKUX OCOOCHHOCTEH MOYB Y4acTKa BBHICTY-
MaeT CTerneHb aCUMMETPUYHOCTH IOJIMTOHOB pachpejeieHus Mophomerpuue-
CKHX CBOWCTB 1mouB (puc. 5). Kak BUIIHO HA MPENICTaBIEHHOM PUCYHKE, B U3y4a-
€MBIX YepHO3eMax MMEIOT MECTO JIEBOCTOPOHHSS aCUMMETPUs paclpeaeseHHs
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MOIIHOCTUA TYMYCHPOBAHHOW YacTH MpOQHICH YEPHO3EMOB H JIEBOCTOPOHHSIS
aCHMMETpHS pacIpelesieHiss MOIIHOCTH ropu3oHTta BCA, T.e. B u3ydaeMoM
MMOYBEHHOM IIPOCTPAHCTBE IpeolnagaeT TEHICHIUS CHIDKCHHS MOIIHOCTH TY-
MyCUpOBaHHOU yacTu npodumieii u MmourHoctn ropuzontoB BCA. Ilo mokasare-
JI10 TITyOMHBI BCKUIIAHHS HaOMI0JaeTCs TPAaBOCTOPOHHSISI aCHMMETPHSI TPU3HAKA,
T.€. TEHJICHIIUS K BBIICIAYMBaHUI0 KapOOHATOB (pHC. 5).

Pa3bpoc 3HaveHMiT MOIITHOCTEH TyMyCOBOTO TOPU30HTA, TYMYCOBOTO MPOQH-
7S U TIyOMHBI BCKUMAHUS UIS IEIWHHBIX YEPHO3EMOB 3aIOBEIHBIX yIaCTKOB
BapbUpyeT B 3HAYUTEIBHBIX Tpejenax; mo o00o0meHHbpIM JaHHbM [9, 12, 15],
MOIITHOCTh TYMYCOBOTO TOPHU30HTa aBTOMOP(MHBIX HATUBHBIX YCPHO3EMOB Baph-
upyet ot 40 mo 100 cm, rymycoBoro mpoduist — ot 70 mo 140 cMm, a riryOuHa
Bekunanusi — oT 20 mo 180 cm. TlomydeHHble HAMU JaHHBIE YKIIAIbIBAIOTCA
B 0003HaUEHHBIC Auana3oHbl. CpaBHEHUE CPEAHUX 3HAYCHHUH IO MEPEUHCIICH-
HBIM BBIIIIE TTApaMeTPaM C 3alOBEAHBIMU YJacTKaMH (CpeJHUE 3HAUYEHHs IOy-
yeHbl 111 BbIOOpok Oonee 800 Touek [15]) moka3piBaeT, 4TO MOYBBI yyacTKa
«KopoBHHO» XapaKTepHU3yIOTCs MEHBIOIEH Ha 3 CM MOIIHOCTBIO T'YMYCOBOTO
TOPU30HTA U T'yMYCOBOTO Mpoduist U Ha 17 cM OoJibleid riiyOMHON BCKHUIIAHUS;
BMECTE C TeM 3TU MU(PHI HE MPEBBIIIAIOT 3HAYEHUH CTAHIAPTHBIX OTKIOHCHUH,
MOATOMY HE MOTYT CUUTATHCS 3HAYHMBIMHU.

Tloygennulii nOKPO8 1 OYeHKa NOYBEHHO20 PA3HOOOPA3US HA PAZHBIX KIACCU-
uxayuonnvix yposHsix. B penenax MOUYBEHHOTO MIOKPOBA BBIIEIISIOTCS HECKOJb-
KO 30H (puc. 6) — camas mmpokasi, npotsokeHHas ¢ FO-3 Ha C-B nentpanbHas 30Ha
¢ OoJsiee ONMM3KUM 3aJIETaHUEM K TIOBEPXHOCTH KapOOHATOB M JIOCTATOYHO MOIII-
HBIM TYMYCOBBIM IIpodrieM, U JBe 30HEI, mpuypodeHHble kK C-3 u FO-B gactu
ydacTka ¢ 6oree riryOOKHMM, YeM B IIEHTPAIbHON YacTH, 3ajleTaHueM KapOOHATOB,
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Puc. 5. ['ucrorpammsl pacrpeeieHns: MOLHOCTH TyMycoBoro mpoduist (a),
ropuzoHToB BCA (b) n riryOunbI Bckunanus (¢) B BRIOOpPKE YEPHO3EMOB
Ha ydactke «KopoBuHO» (1 = 34, 00beIMHEHBI JTAaHHBIC 110 TI0YBaM
pa3pe3oB 1 OypOBBIX CKBAXKIH)

[Fig. 5. Distribution histograms of the Chernic + Mollic horizon thickness (a),
horizons with secondary carbonates (b) and effervescence line (c) in a sample
of Chernozems at the “Korovino” site (n = 34, data on soils
of open pits and boreholes combined)]
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Puc. 6. MomHocTs ryMycoBoro npoduis («) u TiTyOrHa BCKUIIAHUS TTOYB
nipu peakuu ¢ 10% HCI (b) na ygactke «KopoBHHO»
[Fig. 6. The Chernic + Mollic horizon thickness (@) and the effervescence line (b)
at the site “Korovino”]

HO Oonee mouHbM (Ha C-3) u MeHee mMomHbIM (Ha HO-B) rymycoBeim mpodu-
JieM. Apeanbl TOHMKEHHOT'O BCKUITAHUS TIOYB JIMHEWHO BHITSHYTHI ¢ F0-3 Ha C-
C-B; mpeamnonoXuTeIbHO OHU MOTYT OBITH CBSI3aHBI C PEIMKTOBBIME IIOJIUTO-
HaJIbHO-OJIOUHBIMHU CTPYKTYpPaMH, BOSHUKIIIMMH Ha CTAJWU BHITAUBAHUS MHOTO-
JIETHEH Mep3J0TH B MO3JHEM IICHCTOICHE (BBIIICTIOYECHHBIC MOYBBI COOTBET-
CTBYIOT MEXOJOYBSIM, B KOTOPBIX NPOUCXOIMJIO BHITAUBAHUC JICISHBIX KIIT)
[25]. UToObI mOATBEPAUTH WM OMPOBEPTHYTH JIAHHOE TPETONO0KEeHNE, TpeOy-
eTcs IPOBEICHUE NOMOJIHUTEIBHBIX HMCCIICAOBAHUI C 3aJI0KEHHEM TIIyOOKHX
MMOYBEHHO-TEOJIOTHYCCKUX IIYP(OB.

ITouBeHHBIC KapTHI KJIIOYEBOTO YUacTKa, IOCTPOCHHBIE AJISI PAa3HBIX YPOBHEH
KJIacCU(pUKALINY, TIOKa3aHbl Ha pHc. 7. UepHO3eMbI 3aHUMAIOT 76% OT IUIOIIA M
BCET0 y4acTKa, HanOOJIbIIHUE TUIOMIAAN CPEAN KOTOPBIX MPUXOSATCS Ha YepHO3e-
MBI MHTPAIlMOHHO-MHLEISIPHBIE MOIIHBIE TTyOoKokapOoHaTHBIE (26% OT IIO-
miaay Bcero ydactka u 34% oT 1uiomagu BceX YepHO3EMOB) U MUTPAIIMOHHO-
MULEJIPHBIE MOIIHBIE cpeHeKapOoHaTHbIe (21% 0T MIIomaay BCero yyacTka u
28% OT MJIOMAgN BCEX YEPHO3eMOB). UepHO3eMbl MHUIPAIIMOHHO-MHIIEISIPHEIC
MOIIHEIE CpeaHeKapOOHaTHBIE (POPMHUPYIOTCS MPEUMYIIECTBEHHO HA TKEIBIX
JIECCOBUJIHBIX CYTJIMHKAaX, NTyOOKOKapOOHATHBIC — MPUOIU3UTEIHLHO B paBHON
Mepe Kak Ha JICCCOBHIHBIX TSDKEINBIX CYIVIMHKAX, TaK M Ha JIECCOBUAHBIX INIHHAX.
MurpanoHHO-MUIIEISIPHBIN U MULEISPHBINA KBa3HUIIICCBATHIN ITONTHITEI YePHO-
3€MOB INTUHUCTO-WUTIOBHATIBHBIX 3aHUMAIOT MIPUOJIM3UTENFHO OJJHHAKOBEIE III0-
maau (1o 7% OT BCEro y4yacTKa), Bce BUABI IPEICTABICHBI MOIIHBIMU INTy0OKO-
KapOOHATHBIMH, B Ka4€CTBE MIOYBOOOPA3YIOMINX MOPO MPE00IaaatoT JIECCOBH/I-
HBIC TSKEIIBIE CYTIIHHKH.

OcCHOBHast 4acTh y4acTKa MPUXOAUTCS HA 00JIACTH C MOIIHOCTBHIO TYMYCOBO-
ro npoduns B 100-110 cMm u rimyOuHO#M 3aneranus kapoonaroB Ha 80-90 cm.

47



Ilousoeeoenue | Soil science

—_——

—_—

MM KT L‘l 1 MMKT l_r LI
MKr M K MM KL

Puc. 7. [louBeHHbIE KapThl KJIIOUEBOTO ydacTka « KOpOBHHOY, TOCTPOCHHBIE VIS €IUHHUI]
pa3Horo Kiaccu()UKaHOHHOTO YPOBHSI: THIIOB 1OYB (a), moaTunoB (b), BUAOB (c),
paspsinos (d). Tunst mous: U — yepro3embl, Uru — 4epHO3EMBI [IMHUCTO-HILTIOBUAIIBHBIC,
MOATUIIOBBIE IPU3HAKU: M — MULIESIPHBIE, MM — MUTPALlIOHHO-MULIENIAPHBIE,

KT — KBa3UIJIeeBaThIe; BUIOBbBIC MPU3HAKU: * — CBEPXMOIIHBIE, TPA OTCYTCTBUH * — MOIITHEIE;
1 — cpenHekapOOHATHBIE, TPH OTCYTCTBUU | — TITyOOKOKapOOHATHBIE;

Cepoii MTPUXOBKOW MOKA3aHBI MOYBBI, (POPMUPYIOIIHECS HA JIECCOBHIHBIX TIMHAX,

B OCTaJIbHBIX CIIy4asX — Ha JIECCOBUIHBIX TSKEIJIBIX CYTJIMHKAX
[Fig. 7. Soil maps of the “Korovino” site, constructed for units of different classification levels:
soil types (a), soil subtypes (b), soil species (c), soil phases (d). Soil types: Ch - chernozems
(Haplic Chernozems), Chgi - clayey-illuvial chernozems (Luvic Chernozems); subtype characters:
M - mycelial, MM - migratory-mycelial, kr - quasi-gleyic; species characteristics - * - humus profile
thickness is more than 120 cm, in the absence of * - humus profile thickness is 80-120 cm;

1 - effervescence line at 50-80 depth, in the absence of 1 - effervescence line at 80-120 depth;
gray shading shows soils formed on loess-like clays, in other cases - on loess-like heavy loams]

[TouBeHHBIE KapTHI KJIIOYEBOTO YYACTKA, IMOCTPOCHHBIC IS PAa3HBIX ypPOBHEH
KJIacCU(HKAIMU, TTOKa3aHbl Ha pHUC. 7. UepHO3eMbl 3aHMMaIOT 76% OT TIJIOMIA N
BCET0 y4acTKa, HanOOJBIINE IUIOIMAAN CPEIU KOTOPBIX PUXOATCS Ha YEPHO3E-
MBI MHTPAIMOHHO-MHLIEJISIPHBIE MOIIHBIE TTyOoKoKapOoHaTHEIE (26% OT IUIO-
miaay Bcero yyactka u 34% OT IuiomaM BCeX YepHO3EMOB) U MUTPAIIMOHHO-
MUIIETSIPHBIE MOIIHBIE cpeiHekapOoHaTHbIE (21% OT MioIaau BCero y4acTka u
28% ot miomanyd Bcex YepHO3eMOB). UepHO3eMbl MHUTPAllMOHHO-MULIEIISPHbBIE
MOIIHEIE CpeaHeKapOoHaTHBIE (HOPMHUPYIOTCS MPEUMYIIECTBEHHO Ha TKEIBIX
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JIECCOBHIHBIX CYTIIMHKAX, TITyOOKOKapOOHATHBIC — MPUOIM3UTEIHFHO B PaBHOM
Mepe Kak Ha JISCCOBUIHBIX TSDKEIBIX CYTIIMHKAX, TaK M HAa JIECCOBUIHBIX IIIMHAX.
MurpanoHHO-MULIETISIPHBINA ¥ MUIIETISIPHBIA KBa3WUTJIEEBATHIN MOATHUITBI YEPHO-
3eMOB TJIMHUCTO-WITIOBUAIBHBIX 3aHUMAIOT MPUOIU3UTENBHO OJMHAKOBBIE IJ10-
manu (mo 7% OT BCero ydacTka), BCe BUAbI PEACTaBICHbl MOLUIHBIMH TITYOOKO-
KapOOHATHBIMH, B Ka4eCTBE IMOYBOOOPA3YIOMIMX IOPOJA MpeodianarT Jiecco-
BUJHBIE TSDKEIBIE CYTIIHHKH.

B kagectBe npeo0Oiiagaomux Ha KapTe TUIIOB M MOJATHUIIOB MOYB BBICTYMAIOT
COOTBETCTBEHHO apeaybl YepPHO3EMOB M UYEPHO3EMOB MHIPAIIHOHHO-MHIIEIISP-
HBIX. Ha X ¢oHe BBIIENAIOTCS apeaisl IPyTruX MOYB, UMEIOIIHNE MPEUMYIIECT-
BEHHO BHITAHYTYIO ¢ FO-3 Ha C-B ¢dopMy, COOTBETCTBYIOLIYIO HANIPABJICHHUIO I1a-
JIeHUs] O4eHb IOJIOTOT0 CKIIOHA yuacTka. KpymnHblil apean uepHo3zema apoburcs
Ha 0oJiee MeTKUe NPYU U3MEHEHUH eMHUI] KapTorpadgupoBanus oT 6oJiee BBICO-
KHX KJIACCH(HUKAIMOHHBIX YPOBHEH K O0Jiee HU3KHUM; B CIy4ae YepHO3EMOB TJTHU-
HUCTO-WLUTIOBHATBHBIX TPAHHIBI JBYX apeajioB, BBIICICHHBIC HA KapTe THIIOB
nmoyB B C-3 9acTH y4acTKa, OCTAIOTCS HEM3MEHHBIMH IPH TMOHIWKECHUH KIIACCH-
(bUKaIMOHHOTO YpOBHS KapTorpadupyembix enunmil. Exwaeii apean B 10-B
YacTH ydacTKa APOOHTCS Ha 3 9acTU TPH MEPEeXo]ie OT YPOBHS THIIA K YPOBHIO
paspsna.

Hanbonpiiee KoMn4ecTBO apeanoB Ha KapTe pa3psmaoB IPEAICTABICHO YEPHO-
3eMaMH MUTPAITHOHHO-MUIICISIPHBIMA MOIIHBIMH TJTyOOKOKapOOHATHRIMHU Ha
TSDKETIBIX JIECCOBUIHBIX CYTTTMHKAX (4 apeana), 4epHO3eMaMH MUTPAHOHHO-MHU-
LEJSPHBIMU CBEPXMOIITHBIMH CpPEIHEKapOOHATHRIMY Ha JIECCOBHIHBIX TSKEIBIX
cyrmuHKax (3 apeana), YepHO3eMaMU MUTPANMOHHO-MHUIECIIPHBIMUA MOIIHBIMHE
rITy0OKOKapOOHATHRIME Ha JIGCCOBUAHBIX TiuHAX (3 apeama). OcranbHbe pas-
PSIBI PEUMYIIECTBEHHO TPEICTABIEHB! IByMs apeanamu. Hambombiee uncio
COCEJICTB XapaKTepHO MAJs apeajioB YEepPHO3EMOB MUTPALMOHHO-MULEISPHBIX
MOIIHBIX TTyOOKO- M CpeJHEKapOOHATHBIX HA JICCCOBUIHBIX TSXKEIBIX CYTJIMH-
Kax; HaMEHBIIIEe YHCIIO COCEACTB — ISl YEPHO3EMOB MUTPAIIMOHHBIX KBAa3HTJIC-
€BaThIX MOIIHBIX NTyOOKOKapOOHATHBIX HA JIGCCOBUIHBIX TJIMHAX M CpPEIHEKAp-
OOHATHBIX HA JICCCOBHUIHBIX TSIKEIBIX CYTTHMHKAX.

CTpyKTypa MOYBEHHOTO MTOKPOBA MOXKET OBITH ONMHCAHA KaK CIOPAIMICCKH-
MSTHACTAsT MUKPOKOMOWHAINS YEPHO3EMOB MUTPAMOHHO-MHUIECISPHBIX MOII-
HBIX TTyOOKO- U CPeIHEKapOOHATHBIX, BEICTYNAIONINX B Ka4ecTBe (DOHA U BBITSI-
HYTBIX, TPEHMYIIECTBEHHO OBAJIBHBIX apeajoB YCPHO3EMOB TIIMHHUCTO-HII-
JIOBUAJBHBIX MHTPAIMOHHO-MHICISIPHBIX W MHIEISPHBIX KBa3HIJICEBATHIX
MOIIHBIX TIyOOKOKapOOHATHBIX, YEPHO3EMOB MUTPAHOHHO-MHUIICTSPHBIX
CBEPXMOIIHBIX TIIYOOKO- U CPeIHEKapOOHATHBIX, YEPHO3EMOB MUTPAI[HOHHO-
MUIEISIPHBIX KBAa3UITIEEBATHIX TIIyOOKO- M CpeIHEKapOOHATHBIX, YEPHO3EMOB
MUUEIAPHBIX CBEPXMOILIHBIX U MOIIHBIX CPEAHE- U NTyOOKOKapOOHATHBIX.

®opma MOYBEHHBIX apeajoB M HSBOJIOLHMS IMOYBEHHOI'O IOKPOBAa CBs3aHa
C poromiel NesITebHOCTRIO JKUBOTHBIX U (POPMHPOBaHMEM TaKUM 00pa3oM MHK-
popenneda, 00ycIOBIMBABIIETro IepepacpeaecHNe BIark B Mpeaeiax yaacTKa
[26]. TTouBeHHBIN MOKPOB y4acTKa SBISIETCS TUMUYHBIM JJIs BOAOPa3AeiIbHBIX
MIPOCTPAHCTB 3alOBEHOM JiecocTend [9, 12, 14]. PucyHOK MOYBEHHOT'O TOKPOBa
Y 9HCJIO0 KOMIIOHEHTOB ITOBTOPSIFOT PUCYHOK W YHCJIO KOMIIOHEHTOB B TIpenenax
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CTa0OHAKIIOHHBIX TAaXOTHBIX CKIOHOB CpeaHepyccKod BO3BBIIEHHOCTH [27],
BMECTE C TEM COCTaB KOMIIOHCHTOB pa3JIn4eH — Ha TAIIHE MOSBIIOTCS Clabo-
SPOIUPOBAHHBIC TIOUBEHHBIE Pa3HOCTH. [10UBCHHBIH TOKPOB MaXOTHBIX MOJIOTUX
U KPYTHIX CKJIOHOB 3HAUMTEIHFHO OTINYACTCS OT MMOYBEHHOTO ITOKPOBA HEMAXOT-
HBIX yYaCTKOB HE TOJIbKO COCTAaBOM KOMIIOHEHTOB, HO U IPOCTPAaHCTBEHHBIM
PUCYHKOM — peo01aJatoT IPEBOBUIHBIE CTPYKTYPHI, IBOJIOLUS KOTOPBIX OIpe-
JEeTSeTCsl 3PO3NOHHO-aKKYMYJISITUBHBIMH, a4 HE BOJHO-MUTPALMOHHBIMH IIPO-
1eccaMy Kak Ha HETaxOTHBIX ydacTkax [9, 12, 27].

AHanu3 KOHTPACTHOCTHU MOYBEHHOTO MOKPOBA, OCHOBAHHBIN Ha pacueTe Tak-
COHOMHYECKUX PACCTOSHUM MEXAYy NMOYBEHHBIMHU TPYINIaMU YPOBHS pa3psioB,
MOKa3aJl, 9T0 CaMOW KOHTPACTHOW Mapod B TpeJenax ydacTKa SIBISIETCS mapa
YepHO3eMa MUTPAIOHHO-MHUIIEISIPHOTO CBEPXMOIIHOTO CpeIHEKapOOHATHOTO
Ha JIECCOBHIHOM TSDKEJIOM CYTJIMHKE (CKBaXKMHA 5) M YepHO3eMa TIIHMHUCTO-
WTIOBUAJIBHOTO MUIENSPHOTO KBa3WIJIEEBATOIO MOIIHOTO TIyOOKOKapOOHAT-
HOT'O Ha JIECCOBUJHOM TIMHE (CKBa)kHA 25), 3HaUeHHE TAKCOHOMHYECKOTO pac-
cTostHUS paBHO 1,6. Apeaibl 3TUX TTOYB YAAJICHEI APYT OT APYra U HAXOJATCS Ha
Pa3HBIX KOHIaX ydacTka. Hambonee KOHTpacTHas mapa IOo4B, apeabl KOTOPBIX
COCEJICTBYIOT Ha y4acTKe, MpejCTaBlIeHa YepPHO3EMOM MUIEIAPHBIM MOIIHBIM
cpeaHeKapOOHATHBIM Ha TSHKEJIOM JIECCOBHJIHOM CYTJIMHKE W YEPHO3EMOM IJIH-
HUCTO-WJUTIOBHATBHBIM MUTPAIHOHHO-MHUIICISIPHBIM MOIIHBIM TITyOOKOKap0Oo-
HAaTHBIM Ha JIECCOBHIHOH TJMHE; 3HAYCHHE TAKCOHOMHYECKOTO PaCCTOSHHS
MEXIy HouyBaMu paBHO 1,4. HanMeHee KOHTPACTHBIMHU SIBJISIIOTCSI Hapbl, OTIIHU-
YaroIIMecs TOJBKO MO XapakTepy MOYBOOOPA3YIOUINX MOPO/I, HAPUMED, YePHO-
3eMbl MUTPAIHOHHO-MUIEISIPHBIE MOIIHBIE TITYOOKOKapOOHATHEIC HA TKEIBIX
CYITTMHKAX W TJIUHAX CO 3HAYCHHUSIMH TaKCOHOMUYECKOTO PACCTOSIHUS, PAaBHOTO
0,1. Kak mpaBuio, apeajibl 3THX IPyII IIOYB COCEACTBYIOT APYr C JAPYIOM.
CpenHee 3HaYCHHE TAKCOHOMHYECKOTO PACCTOSHUS HA ydacTke paBHo 0,7, mou-
BEHHBII MTOKPOB yIaCTKA MOKHO 0003HAYUTH KaK CIIA00OKOHTPACTHBIH.

B Tabu. 3 nmpuBeneHs! 3HAYCHUS HHACKCOB Pa3sHOOOpa3usl, paCCUNTAHHBIC IS
Pa3IMYHBIX EAWHUII KapTOrpagupOBaHUS OYB. 3HAYCHUS WHACKCOB OXKHIIAEMO
pacTyT MpH yYMEHBIUIEHHH KJIaCCU(PHUKALMOHHOIO YPOBHS KapTorpaupyeMbix
€JIMHUII, COMTPOBOXKIAEMOTO yBEITMUCHUEM YnciIa apeanos [28]. O0mel TenneH-
Mel A1 9yuciia apeajoB, HHAeKcoB OoratcTBa, lllenHona n CumIicoHa sBJISET-
Csl IPUOIM3UTEIFHO TBYKPATHOE YBEIMYCHUE 3HAUCHUHN TIPU TIEPEXOe OT KJIac-
CU(UKAITMOHHOTO YPOBHS THIIA K YPOBHIO MOATHIIA U YPOBHIO BHIa. [IBykpar-
HOE yBEJMYCHNE 3HaUCHUS HHIEKca Pao HabmomaeTcst TOIBKO IpH IEPexXoe OT
KJIacCU(UKAIMOHHOTO YPOBHS IMOATHIIA K YPOBHIO BHIA; 3HAUEHHS WHICKCOB
Pao, paccunTanHbie IS KIacCU(UKANMOHHOTO YPOBHS BHIA M pa3psjia, Mpakx-
TUYECKH HE OTIIMYAIOTCA. TakuM 00pazoM, pe3Kuil pocT 3HAYEHHUM BCEX MHIIEK-
COB pa3HOo00Opa3us HaOIroMaeTCs TIPU MepPexoJie OT KIACCH(PUKAIIMOHHOTO YPOB-
HS IOATUIIA K YPOBHIO BHIIa; HAMMEHBIINH POCT — IIPH MIEPEXo/ie OT YPOBHS BH-
Jla K YPOBHIO pa3psizia. BeposTHO, ypoBeHb BHJa SBISIETCS HanboJiee OnTuMalb-
HBIM 7151 IPOBEICHUS OLIEHOK KOJIMYECTBEHHOT'O pa3Ho00pa3usi HATUBHBIX TOYB
JIECOCTEH.
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Tabnuna 3 [Table 3]

3Ha4eHHs HHIEKCOB Pa3HO00pa3us NOYBEHHOI0 NOKPOBa yuacTka «KopoBuHo»,
paccyuTaHHBIE VISl Pa3HBIX KIacCH(UKANMOHHBIX YPOBHeEMH
[Values of diversity indices for the soils of “Korovino” site,
calculated for different soil taxonomic levels]

. Wunexcsl pasHooOpasust
KnaccupukaunoHHbli ypoBeHb, Yucno [Diversity index]
Ha KOTOPOM BBITIOJTHEHO apeajoB
KapTorpadupoBaHue OYB [Number Borar- Ulen- Cumn-
[The soil classification level at which | of poly- CTBa HOHa CoHa Pao
the soil mapping has been conducted] gons] [Rich- [Shan- [Simp- [Ruo]
ness] non] son]

Tum (cM. puc. 7a)

[Soil type (see Fig. 7a)] > 2 061 0.28 0,12
Hoxarum (cm. puc. 7b)

[Soil subtype (see Fig. 7b)] 12 6 1,28 0,52 0.16
Bupx (em. puc. 7¢)

[Soil species (see Fig. 7¢)] 2 12 249 0.87 0,31
Pazpsin (em. puc. 7d)

[Soil phases (see Fig. 7d)] 30 19 3,07 0,94 0.33

KonndecTBeHHast OlleHKa MOYBEHHOTO Pa3HOOOPA3Hs SIBISIETCS OTHOCHTENb-
HO HOBBIM HAIpaBJCHUEM B reorpaduu moyB u pabOTHI, TOCBSIICHHBIC OI[CHKE
pa3zHoobpazus mous jecocteny, eAuHU4HbI [17]. TlonydyeHHble HAMU HHIEKCHI
pa3sHooOpasus, pacCUWTaHHBIE HAa YPOBHE IOITHIIA JUIS KIIOUEBOTO YJacTKa
C HaTHBHBIMU aBTOMOP(HBIMHA YEpHO3EMaMH, OKA3aJUCh HIKE, YeM HHICKCEHI,
pacCcUMTaHHBIC ISl Y9acTKa TOPHOM JiecocTenmn Anrtas (pa3Mep ydacTka 7 KM X
4,5 km, unpekc lllennona 2,4, Cummncona 0,8) [29] u ansg AByX MaxOTHBIX
yaacTkoB pasmepamu 30 M x 50 M B arponanamadTe necocrenu benropoackoit
obnactu (cpenHue 3HaUYCHUS MHACKCOB OorarctBa — 8, lllennona — 1,5, Cumi-
cona — 0,86, Pao — 0,57) [30], HO BbIIIEe YeM JuIsl TpaHCEKTHI (pazmep 30 M X
50 M) o necononocoii (uaAeKkc 6orarctBa — 8, Illennona — 0.89, Cumrncona —
0,83, Pao — 0,42).

Takum 06pa3om, HcCiIeJOBAHHBIN MOYBEHHBIN TTOKPOB YUaCTKa C HATUBHBIMU
YepHO3eMaMU XapaKTepHU3yeTcs HEBBICOKMM IIOYBEHHBIM pa3HOOOpaszueMm, a
CTPYKTypa MOYBEHHOTO INOKPOBA THUIHYHA IS 3aIIOBETHBIX yYaCTKOB JIECO-
CTEMHBIX JAHIMA(PTOB KaK JJs IUTAaKOPOB, TaK W IOJOTHUX CKIOHOB. [IpocT-
PAHCTBEHHBIA PHCYHOK M YHCIIO KOMIIOHEHTOB, 8 3HAUNT, H YPOBEHb MOYBEHHO-
ro pazHooOpa3usi CXOIHBI JJIs UCCIEAOBAHHOIO HAMH Y4acTKa U MaXOTHBIX MpH-
BOJIOpPa3/ICIbHBIX CIAa0OHAKJIOHHBIX CKJIOHOB (YKJIOH A0 2°) Ha TeppUTOpHUU
CpenHepycckoi BO3BBIIIEHHOCTH, XOTA M OTIMYAIOTCS KOMIIOHEHTHBIM COCTa-
BOM. BMmecTe ¢ TeM IMOYBEHHBIN MTOKPOB MAXOTHBIX MOJIOTUX M KPYTHIX CKIOHOB
MpeTepreBaeT CYIIECTBCHHBIE W3MEHECHUS 10 CPAaBHEHHIO C HEMaXOTHBIMH
Y9aCTKaMU — HE TOJNBKO B COCTaBe KOMIIOHEHTOB, HO M B IPOCTPaHCTBEHHOM
PHUCYHKE; pacnalika TPUBOAUT K JTOMHHHUPOBAHUIO 3PO3MOHHO-AKKYyMYIISTHUB-
HBIX, 2 HE BOJJHO-MHUTPALIMOHHBIX MEXaHU3MOB B IIPOIIECCAX CBSI3U KOMIIOHEHTOB
Y 3BOJIFOIIMH MTOYBEHHBIX KOMOHHAIIWH.
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BriBoabl

Ha ocHOBaHum wu3y4eHWs TMOYBCHHOTO IOKpOBa ydacTka (pa3mepsl 50 x
50 M), GDYHKIIMOHUPYIOIIETO B PEKUME CEHOKOCA/BBITOHA 10 KpaliHe# mMepe 1o-
cnennane 240 jet B mpenenax crapo ocBoeHHoM Jiecoctenu CpeHepyCcCKOn BO3-
BeimeHHocTu (benropojackas o6macte), MOTYT OBITH CPOPMYJIMPOBAHBI CIIEY-
OIITHE BBIBOIBL.

1. CTpykTypa HOYBEHHOT'O IMOKpPOBA IPEACTABICHA CHOPAIMICCKU-TISITHHC-
TOW MHKPOKOMOHWHAITMEH YEepHO3EMOB MHUTPAMOHHO-MHIEISIPHBIX MOIIHBIX
rIy0OKO- M CpeqHeKapOOHATHBIX, BRICTYIAMONINX B KadecTBe (poHa (MIpHOIU3H-
TEJIEHO TIOJIOBHHA OT IUTOIIAIH BCETO YYaCTKa) U BBITSHYTHIX, IPEUMYILIECTBEH-
HO OBAJIBHBIX apeajoB YEPHO3EMOB TJIMHUCTO-WIIIOBHAIBHBIX MHUTPAIIOHHO-
MUIEISIPHBIX U MUIEISPHBIX KBAa3UIJICCBATHIX MOIIHBIX ITyOOKOKapOOHATHBIX,
YEPHO3EMOB MHTPAIIMOHHO-MHIEISIPHBIX CBEPXMOIIHBIX TIIyOOKO- U CpenHe-
KapOOHATHBIX, YEPHO3EMOB MHIPAIIHOHHO-MHIIEISPHBIX KBa3WUTIEEBATHIX TIIY-
00KO- M cpemHEKapOOHATHBIX, YEPHO3EMOB MHUIICISPHBIX CBEPXMOIIHBIX H
MOIIHEIX CPEIHEe- U ITyOOKOKapOOHATHBIX. [l0UBEHHEINH MTOKPOB ydacTka ci1abo
KOHTPACTHEIH, YTO MOATBEPKIACTCS pacdyeTaMi TAKCOHOMHYCCKHUX PaCCTOSHHMH.

2. CpenHsAs MOIIHOCTh TYMYCOBOTO TOPHU30HTa cocTaBisieT 60 cM Kak mJis
YEpPHO3EMOB, TaK U JUIS YEPHO3EMOB TIIMHUCTO-WILTIOBHAIBHBIX; MOITHOCTD T'y-
MycoBoro npodmist — 105 cm s yepHO3eMOB U 90 CM ISl 9EPHO3EMOB TIIHHU-
CTO-WJUTIOBUANBHBIX, TTyOuHa Bekunanus — 80 u 120 cm coorBeTcTBeHHO. Ko-
3G OUIUCHTE BHYTPUNPOMUIEHOW BapHalldy, BapUaldd BHYTPU apeajoB H
B Ipe/ieiaX BCErO yYacTKa Ul MOITHOCTEH TYMYCOBOTO TOPH30HTA, TPO(MIsi 1
ITyOMHBl BCKHUINAHUS ONM3KM MeXITy coboil n He mpessimaiorT 20%. Bmecte
C TEM pa3HHIa MEXIy 3KCTpeMyMaMH B IpefeiiaX yJacTKa MOXET JIOCTHUraTh
30cM A TyMycoBOro ropusonra, 60 cm ans rymycoBoro mnpodpuiast u 70 cMm
JUTSL TTyOWHBI BCKHUIIAHHS.

3. PazHooOpa3ue MoYB KIIOYEBOTO y4acTKa HEBEIIMKO; 3HAUCHHS HHICKCOB
pasHooOpasus lllennona, CHMIICOHa M YHCIIO apealoB Ha KapTe IBYKPaTHO
YBEIUYUBAIOTCS TIPH YMEHBIICHUN KITACCH(DUKAIIMOHHOTO YPOBHS KapTorpadu-
PYEMBIX SIUHMII OT THIIOB K TIOATUIIAM M OT MTOATHIIOB K BHIaM; 3HAUCHUS WH-
JIeKca KBaJIpaTHOH dHTponHy Pao, yUUTHIBAIOIIETO HE TOJBKO YHCIIO apeayioB U
3aHUMAEeMyI0 UMH JIOJI0 OT IUIOIIAAN BCETO yJacTKa (Kak mHAeKcH llleHHoHa
Cumricona), HO ¥ KOHTPAaCTHOCTh ITOYB 10 OTHOUICHHUIO PYT MPYTY, TOXE YBeE-
JUYUBAIOTCS TIPH YMEHBIICHUHU KIIACCH(UKAIIMOHHOTO YPOBHS KapTorpadupye-
MBIX CIHMHUII, OJHAKO PE3KOEe MBYKPATHOE YBEIMYCHUE 3HAUYCHHUHA HAOIIOIACTCs
TONBKO TIPH TEPEX0e OT YPOBHS MOATHUIIA K YPOBHIO BUa. BeposiTHO, ypoBEHB
BHAA SIBIISETCS HamOoliee ONTHUMAJIBHBIM ISl IPOBEICHUS OIIEHOK KOJIM4e-
CTBEHHOTO Pa3HO00Pa3ns MIOYB JIECOCTEIIH.
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AnHoTanms. CymiecTBylollee TeHeTHIeCKOoe pasHooOpas3ue mpeacTaBuTenei po-
na Syringa L. u copTocnenuduyeckas peakiys Ha peryIaTopsl pocTa B MUTATeIbHOM
cpene 00ycCIaBIMBAIOT HEOOXOJAUMOCTh B MPOBEICHUN HCCICIOBAHUN IO ONTHMH3a-
UM METOJIMKH Pa3MHOKEHHSI CUPEHH B YCIIOBHSAX in vitro. V3yueHsl Mopdomerpude-
CKHE TIOKa3aTel 1 0COOCHHOCTH MOp(doreHe3a MUKpPOIOOEroB Ha MUTATEIbHBIX Cpe-
JlaX ¢ Pa3HBIMHU PETYIITOPAMHU POCTa YEThIpeX copToB Syringa vulgaris L. ('Kpacasu-
a Mockssl', TLII. Konuanosckuit', 'Frank Paterson', 'Sensation') Ha atame coGCTBEH-
HO MHUKPOPa3MHOXKEHHs. DKCIUIAHTHI KyJbTHBUPOBAIHN Ha MUTATENBHBIX cpepax Mu-
rahige-Skoog, nomonuennsix 0,5 wn 1,0 Mr/i 6-6ensunamunonypuna (BAII), mema-
Tononuna (mT) wnu tuanazypona (T/3) niu komOunanusmu BAIL + v T, BAIT + T3
wm uT+ T3 B konnenrpanuu 1,0 mr/in. [Tokaszanel npeumymiectsa T Han TA3 u
MIMPOKO HCoib3yeMbiM BAIT: mpu kynbTHBHpOBaHUU Ha cpeaax ¢ mT y MUKpomnooe-
roB HaOJIOaIN caMble BBICOKHE ITOKa3aTeln BBICOTHI oberoB (48,3 + 1,6 Mm) 1 ko-
¢ dunmenta pazmaoxkerus (21,9 +0,8). T cocobcTBOBaN POOYKICHHUIO TTa3yIl-
HBIX 1oueK (79,8%) 1 00pa3oBaHMIO HECKOJIBKUX aBEHTHBHBIX OOETOB Ha 3KCILIAH-
te (2,3+0,1 mr.). CoBMecTHOE npuMeHeHue peryisatopos pocta (BAIT+mT, BAIL+
T3, T+ T/3) oxazano MOJIOKHUTENBHOE BIMSHHE HAa PAa3MHOKEHHE H3y4aeMBIX
coproB. Ucnonws3zoBanue mT unmu BAII coBmectno ¢ T/I3 nmo3Boiuiao yMEHbIIUTH He-
KOTOpBIC HEraTHBHBIE BO3JCHCTBHS 9TOTO peryisitopa pocra. [lomydeHHble pe3ybra-
THI MTO3BOJISIFOT ONITUMHU3UPOBATH METOJIUKY KYJIBTHBHPOBAHHUS in Vitro MOCPEICTBOM
peanm3yeMoro Myt MOpQoreHe3a u yBeIHYeHUs KOd((GUIIMEHTa Pa3MHOXKCHUS IS
cOpTOB Syringa vulgaris.

KiroueBble cjioBa: MHKpOpa3MHOXKEHHE, pereHepauusi, OCH3MIaMHHOIYPHH,
Mmema-ToNoONMH, TUANA3YPOH, Syringa vulgaris
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Summary. The lilac (Syringa L.) is a genus of woody plants widely used in land-
scaping and also in perfumery, pharmacology, and other industries. Studies to opti-
mize the technology of in vitro propagation and preservation of lilac are needed due to
the existing genetic diversity of the genus members and cultivar specificity to growth
regulators in nutrient media. In this research, we evaluated the micropropagation effi-
ciency and morphometric parameters of Syringa vulgaris L. explants on media with
different cytokinins and their mixes. The aim of the study was to determine the effect
of plant growth regulators (6-benzylaminopurine, meta-Topolin, and thidiazuron) on
the development of lilac explants at the micropropagation stage.

The studies were conducted in the Laboratory of Plant Biotechnology of Tsitsin
Main Botanical Garden in 2023. The shoot cultures of four ornamental cultivars of
Syringa vulgaris with high regeneration potential ('Krasavitsa Moskvy', 'P.P. Kon-
chalovskii', 'Frank Paterson', and 'Sensation') from the in vitro collection of the Labor-
atory were used in the research. For the cultivation of explants (about 5 mm long, con-
taining 1-2 metamers), Murashige-Skoog media supplemented with 7 g/L agar, 30 g/L
sucrose, and growth regulators 6-benzylaminopurine, meta-Topolin, and thidiazuron
at concentrations of 0.5 or 1.0 mg/L were used in the experiments. Nine variants of a
nutrient medium were tested (see Table 1). The comparison of the growth regulators
showed the advantage of meta-Topolin over thidiazuron and the widely used 6-ben-
zylaminopurine (See Figs. 1-3). When cultured on media with meta-Topolin, the
greatest microshoot height (48.3+1.6mm vs. 35.6+ 1.3 mm (on 6-benzylamino-
purine) and 39.4 + 1.3 mm (on thidiazuron)) and micropropogation rate (21.9 +0.8 vs.
8.0£0.2 and 9.7+ 0.4) of explants were observed. Meta-Topolin promoted the induc-
tion of axillary buds (79.8% vs. 27.6% and 33.2%) and the formation of several ad-
ventitious shoots per explant (2.3+0.1 vs. 1.3£0.1 and 1.6+ 0.1).

The results showed that the combinations of the growth regulators (6-benzylami-
nopurine + meta-Topolin, 6-benzylaminopurine + thidiazuron, meta-Topolin + thidi-
azuron), added to the medium had a positive effect on micropropagation of the studied
cultivars (See Table 2, Fig. 4). When cultured on the media supplemented with a mix
of cytokinins, most studied cultivars produced the highest microshoots and developed
more adventitious shoots per explant (2.3 0.2 (6-benzylaminopurine + meta-Topo-
lin), 2.2+ 0.2 (6-benzylaminopurine + thidiazuron), 3.0 £0.2 (meta-Topolin + thidi-
azuron)). The combined use of cytokinins increased the micropropagation rate only
relative to cultivation on medium with 6-benzylaminopurine and thidiazuron added
separately. For instance, 'Frank Paterson' increased its micropropagaton rate from
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10.1+0.8 (1.0 mg/L thidiazuron) to 22.7+ 1.1 on the medium with meta-Topolin +
thidiazuron, and 'Sensation' increased it from 8.1+0.3 (1.0 mg/L 6-benzylamino-
purine) to 21.0+2.2 on the medium with 6-benzylaminopurine + thidiazuron. We re-
vealed the reduction of some negative effects of thidiazuron when used together with
other growth regulators. For instance, 'Krasavitsa Moskvy' produced higher mi-
croshoots on the medium with the mix of phytohormones (86.0+4.4 and 74.4+
3.9 mm), while 'P.P. Konchalovskii' increased its micropropagation rate from 8.1+ 1.0
(0.5 mg/L thidiazuron) and 6.7+ 0.6 (1.0 mg/L thidiazuron) to 13.0+2.0 due to the
addition of meta-Topolin to the medium. However, application of other cytokinins to
thidiazuron in the medium could not completely prevent large callus formation in
some lilac cultivars ('P.P. Konchalovskii' and 'Frank Paterson').

Since lilac micropropagation occurs mainly through the formation and further de-
velopment of adventitious shoots at the base of explants, the observed formation of
several shoots per explant on the tested media significantly increased the efficiency of
propagation of Syringa vulgaris cultivars. During the research, we observed almost no
root formation in explants on the media with meta-Topolin. Only 'Sensation' showed
spontaneous rhizogenesis on the medium with 0.5 mg/L meta-Topolin (10%) and the
medium with 6-benzylaminopurine + meta-Topolin (12.5%). When cultured on the
media with 6-benzylaminopurine, the studied cultivars had 27.7% of rooted explants.
When cultured on the media with thidiazuron, some cultivars showed root formation
(‘Krasavitsa Moskvy' (17.6%); 'Frank Paterson' (27.8%)), while other cultivars had
callus formation at the base of explants. Application of cytokinin combinations to the
medium suppressed root formation in explants; most cultivars on these media had no
rooted explants. Thus, to obtain rooted microplants before adaptation and exclude a
separate rooting stage, we recommend using media with low auxin content or media
with low cytokinin content with the addition of auxins.

To conclude, we investigated the morphometric parameters of microshoot devel-
opment and morphogenesis of lilac cultivars on the media with different growth regu-
lators and their combinations at the micropropagation stage. Therefore, we optimized
the micropropagation technique for Syringa vulgaris cultivars.

The article contains 4 Figures, 2 Tables, 50 References.

Keywords: micropropagation, regeneration, benzylaminopurine, meta-Topolin,
thidiazuron, Syringa vulgaris
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BBenenne

Pox Syringa L. (cem. Oleaceae) BrirodaeT B ce0s 12 BumoB (cormmacao WFO
Plant List [1]), KyIbTUT€HHBIN apean KOTOPBIX OXBaTHIBACT TEPPUTOPHUU OT Ce-
BEpPO-BOCTOYHON EBpONBI 10 10r0-BOCTOYHOM A3WM, B BOCTOYHOW M CEBEPHOU
yacTsix CeBepHoit Amepuku u Ha 1ore IOxnoit Amepuku. [Tomumo o3zenenenus
CUpEHb HAXOJWUT NPUMCHEHHWE B KYJIWHAPHH, Map(IOMEPUH H KOCMETOJOTHH.
Bnaronapst BEICOKOMY COEpXKaHHUIO OUMOJOTHYECKH aKTHBHBIX BEIIECTB, 00Ja-
JIAIOIIMX AaHTHOKCHUJIAHTHBIMU, MPOTUBOBOCHAIUTEIHHBIMH, >KapOTOHMKAIOITH-
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MU U JPYTUMH IOJIE3HBIMU CBONCTBaMM, CUPEHb UCIOJNB3YIOT B HApPOAHOH U
TPaJUIMOHHON MEIHUIIHE, a Takke Gapmakonoruu [2, 3].

Syringa vulgaris L. — BBICOKOJIEKOPATUBHBIA KyCTapHUK, HAHOOJIee ITUPOKO
UCTIONIE3yeMbIl B o3eeHeHnn u (uopuctuke. Kak u npyrue Bupl, S. vulgaris
SIBJIACTCS] ICTOYHUKOM JIEKAPCTBEHHOTO ChIpbs [4—6]. 3a mecATuieTus cenekuu-
OHHOH paboThI OBIIO BHIBEJCHO U 3aperucTpupoBano 6osnee 2000 copToB 3TOTO
BHja [7], BO MHOTHX CTpaHax CEJIEKIHsI MPOJOIIKAETCSI, TOITOMY BOIPOC ONTH-
MHU3aLUU METOAUKH Pa3MHOXKEHHSA U COXPaHEHUs] CUPEHH HEe TepseT CBOeH ak-
TyalibHOCTU. MHorue copta S. vulgaris CUIBHO OTIMYAIOTCA IO XapakTepy po-
CTa ¥ Pa3BUTHIO MOOETOB, ((OPMUPOBAHHUIO KOPHEH, YTO 3aTPYAHSICT Pa3pabOTKy
€IMHOTO MPOTOKOJIa KYJITHBUPOBAHUS JJISI JAHHOW KYJIBTYPHI.

Jig pa3MHOXEHHsSI CUPEHHM HCIONB3YIOT KaK TPaJulUOHHBIE METOJIbI (ue-
pEeHKOBaHMe, IPUBUBKA | T.1.) [8], Tak u Ouorexnosornvyeckue [9—11]. Bo MHO-
IUX HEOONBIINX MUTOMHHKAX MPUMEHAIOT YEePEHKOBAHHUE, OMHAKO IS IPO-
MBILUIEHHOTO IMPOU3BOACTBA BBIPOBHEHHOI'O BBICOKOKAUECTBEHHOTO IOCAI0Y-
HOro MaTepHala, B OCOOEHHOCTH TPYAHO YKOPEHSIEMBIX U MallopacipoCTpaHeH-
HBIX COPTOB, IPEANIOYTCHUE OTAAIOT KIIOHATHFHOMY MUKPOPA3MHOKEHHIO.

Hanwmuune 3¢ pekTrBHON M ONITUMU3UPOBAHHONW METOJMKH KIOHATLHOTO MUK-
POpa3MHOXKEHUsSI HEOOXOAUMO IS Pa3MHOXKEHHUSI U COXPaHEHHSI SKOHOMHUYECKU
BXKHBIX KYJIBTYp, B TOM UHCIIE JEKOPATUBHBIX. M3-3a cCOPTOBOrO MHOT000pa3us
B Ipezenax BUna S. vulgaris cymecTByeT MHOXKECTBO HCCIEJOBAHHUN IO ONTH-
MH3alUU TEXHOJOTHH KYJIBTUBHPOBaHUS in vitro [12—15], ograko pabor, omu-
CBHIBAIOLUX BJIMAHUE HECKOJIBKMX LIUTOKMHUHOB Ha OpPraHOreHe3 MHUKpopacTe-
HUH, KpaitHe maio [16].

Jns cupeHn XapaKTepHO pa3iMyuue B PEAaKIUH Ha PEryJISTOPHI pocTa M UX
KOHUEeHTpauuu. Y B HalIMX NpebIAyIHIUX UCCIEIOBAHUAX, U B paboTax Apyrux
aBTOPOB HaOJIONAM CWIBHOE BIIHMSHUE COPTOBBIX OCOOCHHOCTEH H3ydaeMbIX
00OBEKTOB Ha POCT M Pa3BUTHE PACTCHUW B ycnoBusx in vitro [11, 15]. Benen-
CTBHE 3TOTO BEBIIBICHHE ONTHUMAJBHBIX YCIOBHI KyJIBTHBHPOBAHUS Ui 0OJb-
LIMHCTBA COPTOB HEOOXOIMMO JIJIsl YCOBEPILIEHCTBOBAHMSI METOJUKH MUKpPOpa3-
MHO>XEHUS MpeacTaBuTeneit poaa Syringa L.

Pasnpie nccnenoBaTeny s pa3sMHOKEHHS CHPEHH PEKOMEHITYIOT HUCTIONB30-
Bath 6-OcH3mnamuHonypuH (BAIT) wmm 2-u3oneHTmiiageHuH (2ip), KOHIICGHTpa-
UK KOTOPBIX BapbupytoT oT 1,0 mo 5,0 mr/x [10, 13, 17]. B Hammx npexnsiny-
IUX HCCIEAOBAHUAX YCTAHOBJIEHO, YTO ONTHUMAaJbHOM KoOHIEeHTparumein BAII
seisiercst 1,0 mr/ [18]. BAII siBisiercss Hanbosiee MUPOKO HCIIOIB3yEeMbIM ITH-
TOKHHUHOM JUISI KJIOHATBHOTO MHKPOPAa3MHOXKCHHUS PACTCHHUIN Oaromaps cBOEi
3¢ GEKTUBHOCTH U JOCTYIHOCTH [19, 20], oqHaKO AT HEKOTOPBIX KyJIbTYp 3TOT
PEryIsTOp pOCTa MOXKET OKa3bIBaTh HeratnBHOE BiusiHKE [21, 22]. B xynbType
in vitro HakoIUIeHHWe NMpou3BOAHBIX BAIl B OCHOBaHWM MHKPOIIOOETOB MOXET
BBI3bIBAaTh HEOAHOPOJHOCTb POCTa M TOPMOXKEHHE MPOLIECCOB KOpHEOOpa3oBa-
HUS, @ €r0 BBICOKME KOHUEHTPALMU U JIUTENbHOE KYJIbTUBHUPOBAHUE MOTYT
CTaTh MPUYWHON OBOJHEHHOCTH Y MHOTHX KyJbTyp [23].

Tomonuuer 60siee 3pPEeKTHBHBI U 00JIAAAIOT MEHBIIEH TOKCHYHOCTBHIO TPH
0oJsiee BBICOKMX 3KBHUMOJISIPHBIX KOHIICHTpanusx, 4yeM BAIl: onu He Hakaruiu-
BAaIOTCSI B PACTCHUsX Oxaromapst OBICTPOI TPAHCIIOKANUH MO TKAHSIM PACTCHHUS,
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a ux Metabomuthl (O-TITUKO3HIBI) JIETKO pasznaratorcs [22, 24, 25]. B pabote
llczuk u Jagietto-Kubiec [16] 6pU10 MOKa3aHO MPEBOCXOACTBO Mema-TomonuHa
(MT) Ham oObryHO HcmoNb3yeMbIMU BAIT u 2ip ans KylIbTUBUPOBAHUSI CUPCHH
in vitro. MT — apoMaTU4YECKUH IUTOKWHUH, NIPOU3BOJHOE OT OCH3WJIA/ICHUHA,
KOTOPBI 9acTO HMCHONB3YIOT IS YIIy4IIeHHs mo0eroo0pa3oBaHus W MOBHIIIE-
HUS 3QPEKTUBHOCTH KOPHEOOPAa30BaHUsS Y SKOHOMHYECKH Ba)KHBIX PACTCHUU.
MT merabonmusupyetcs ObicTpee, 4eM OOBIYHBIE IIUTOKWHHIHEI, BCICICTBHE YETO
MPeOTBpaIlaeT BO3HUKHOBEHHE MOP(O-aHATOMUYECKUX M (PU3UOTOTHUECKUX
OTKJIOHEHHH M CIIOCOOCTBYET BOCCTAHOBJICHHIO HOPMAJBHOH CTPYKTYpPHI U Me-
Taboar3Ma MUKpopacTeHuit [26, 27].

Hnst papa kynetyp TuauaszypoH (T3) ucnons3yor HapaBHe ¢ BAII Ha sTane
MukpopazmHoxenus [21, 28]. T/I3 oTHOcUTCS K 3aMelEHHBIM (DeHUIMOYEBU-
HaM ¥, B OTIIMYHE OT JAPYTUX PETYISATOPOB POCTA PACTEHUH, 00JIaTaeT BBICOKOM
KaK [IUTOKUHUHOBOM, TaK U ayKCMHOBOM aKTUBHOCTHIO [29]. B ycioBusx in vitro
OH CTHMYJUPYET pa3BUTHE OOKOBBIX IMOYCK U TTOOETOB, HO HHIHOUPYET BBITSITH-
BaHHWE MOOETOB M MOXKET OKa3bIBaTh PsiJi HEraTUBHBIX Bo3aehcTuit [30]. Heko-
TOpBIC HCCIIEAOBAHUS MoKa3amu 3¢ GeKTHBHOCTL nobapnenus T3 B muTarens-
HYIO CpeAly [Ulsl YCIIELIHOTO MUKPOpa3sMHOXKeHUs cupenu [15, 31].

1 ipenoTBpalieHus MOSIBICHNUST HETATUBHBIX A(P(PEKTOB OTACIBHBIX Pery-
JATOPOB pocta U Oojee 3(PpPEKTHBHOIO MUKPOPA3MHOKECHHUS HCIOIB3YIOT HX
KoMOuHaIuK (0OBIYHO NUTOKUHUHEI C AyKCUHAMU B OIPEACICHHOM COOTHOIIIE-
wun) [19, 32, 33], B TOM YuClIe HECKOJBKO ITMTOKHHHHOB OJHOBPEMEHHO.
Bcenencreue atoro B naHHOR paboTe oneHWBaIHM Kak 3((HEKTUBHOCTH MHUKPO-
pa3MHOXeHHUs U MOP(HOMETPUUYECKUE TTOKA3aTeNN SKCIUIAHTOB COPTOB S. vulga-
7is TIpU KyJbTUBUPOBAHUM Ha Pa3HbIX IUTOKMHWHAX, TaK M BO3JEHCTBUE pa3-
JIMYHBIX UX KOMOWHAIIHH.

Ienb uccnenoBanus — u3ydeHue BIMAHUS peryistopos pocta (BAIL »T u
T/3) Ha pa3BUTHE SKCIUIAHTOB CHUPEHH Ha 3Tarne COOCTBEHHO MHUKPOPa3MHO-
KCHUSL.

MarepuaJbl © METOIMKA UCCJIEA0BAHUS

UccnenoBanus nmpoBoaunu B Jlaboparopuu OmotexHosoruu pacrenuii I'bC
PAH B 2023 1. B pabGote nmpumensuiiu oOuienpussteie [34] u pa3paboTaHHbIE
B mabopatopun Ouotexnomorun pacternii [BC PAH [35] mpuemsr pabothr
C KyJlbTypaMH M30JIMPOBAHHBIX TKAaHEH U OPraHOB PACTCHUIL.

B kxauecTtBe 00BEKTOB HCIIONB30BATIH CTEPHIIBHYIO KYIBTYPY YETBIPEX BBICO-
KOJIEKOPATUBHBIX COPTOB S. vulgaris W3 KOJUJIEKIHMH in Vitro 1abopaTtopuu, xa-
PAKTEePH3YIOIINXCSl BBICOKMM pEreHepalMoHHBIM moTeHnuanoM: 'Kpacasuia
Mockesl', TLII. Konuanosckuit', 'Frank Paterson' u 'Sensation'. [[nst sxcnepu-
MEHTOB KCIOJIB30BAIM HKCIUIAHTHI OKOJIO 5 MM JAJIMHOM, coaepkaiiue 1-2 mera-
Mepa, B CTaJNH aKTUBHOTO Pa3MHOKEHHSL.

Jns KyIbTUBUPOBAHUS SKCIUIAHTOB HCIIONB30BATIM CPEOBl C MHHEPAIBbHON
ocHOBOIl Murashige-Skoog, nomonnennsie 7r/m arapa (C.E. Roeper GmbH,
Hamburg, Germany), 30r/n caxapo3sl u perymsatopamu pocta BAIT (Merck
KGaA, Darmstadt, Germany), #T u T/I3 (Duchefa Biochemie B.V., Haarlem,
Netherlands) B xonnentpammsax 0,5 wmu 1,0 Mr/n. B wccrnemoBanuu u3ydanu
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9 BapuaHTOB MHTATEIBHBIX cpel (Tabi. 1). B kauecTBe KOHTPOIBEHOTO BapHaHTa
HCTIONBE30BANIN TIHTATENbHY0 cpeny ¢ nodaenennem 0,5 mr/n BAII, mockombky
mpenbiaynie uccienoanus [18] mokaszamu, yto O6e3ropMoOHaNbHAs Cpela He-
3¢ peKTHBHA Ha dTane COOCTBEHHO MHKPOPAa3MHOMXKCHUS (MEIJICHHBIA POCT TI0-
OeroB, (OpMHPOBAaHHE MaJlOTO YHCJIA METaMEpOB H T.I.); B TO BpeMs Kak
0,5 mr/n sBisiercss MUHUMaIbHO 3 dekTuBHOM KoHIeHTparue BAIl nns ax-
THUBHOTO pa3MHOKEHUs cupeHH. [IutaTensHbIe cpeasl CTEpUIN30Bai B aBTOMa-
trdyeckoM aBTokiaBe MAC-235EX (Sanyo Industry Co., Ltd., Japan) Haceiien-
HBIM BOJITHBIM mapoM 1o nasieHueM (1 arm.) mpu 121°C B teuenne 20 MuH.
PerynsaTopsl pocTa CTEpHIN30BATIH ITyTEM aBTOKJIABUPOBAHUS B COCTAaBE IHTa-
TEJIbHOU CpEJIbI.

OKCIIaHThl KyJIbTUBHPOBANU Npu Temmeparype 23 4+ 2°C, OCBEIEeHHOCTH
4000-5000 mk (cBerommonnbpie sammel JII1O-36BTt, mBeroBas Ttemmepartypa
6500; ocBemeHHOCTh U3MepeHa npubopoM Lux-Meter model LU-345 (Nieuw-
koop B.V., Aalsmeer, Holland)) u 16-u ¢ortonepuoze. [locne 45 nueit KynbTu-
BHPOBAHMUS YYUTHIBAIH ITOKA3aTENN BEICOTHI MUKPOIIOOETOB, YHCIIa MUKpOIo0e-
TOB OT OCHOBAaHHMS, KOJHYECTBO KOPHEH; BBIYUCIUTH KO3 (HUITMEHT pa3MHOKe-
HUs (KaK IPOM3BEACHUE YHUCiia MOOEroB Ha SKCIUIAaHTE Ha KOJUYECTBO Y3JIOB Ha
MHUKpOTIO0ere), 9acToTy aKTUBH3ALWH Ma3yIIHBIX MMOYEK W YacTOTy CIIOHTAHHO-
T'0 pU30TeHE3a.

OKCIEepUMEHTHI MTPOBOAMIM B TPEX MOBTOPHOCTSIX, MO 10 3KCIIAHTOB B KaX-
JOH U KaKI0To BapHaHTa cpeabl. OOpaboTKy pe3ylbTaToB MIPOBOIIIIH C II0-
Molnbto nporpammbl SPSS statistics. JIJis1 OIICHKH 3HAYUMOCTH BIIMSIHUS PETYJIsi-
TOPOB POCTa U X KOMOMHALIMI Ha MOKa3aTeTd MUKPOPA3MHOXKEHHUSI COPTOB CH-
peHn ucnoibp3oBany muctnepcuonHbrit anamm3 ANOVA (ANalysis of VAriance)
C MHOXXCGCTBCHHBIM pAaHTOBBIM KpuTepueMm JlyHKaHa ¢ ypOBHEM 3HAUMMOCTU
p<0,05. Pe3ynbraTel mpuBeieHBl B BUAE cpenHero apudmermyeckoro £ SE
(standard error). BenencTBre KOHTAMUHAIIMY TUTATENBHOM CPEibl B HEKOTOPBIX
Bapuantax ('TLII. Konuamosckuit' 1,0 mr/n BAII; 'Sensation' 1,0 mr/m umT +
1,0 mr/n TA3) COKpaTUIOCh KOMHYECTBO YYCTHBIX PACTEHHU B MOBTOPHOCTSIX.

TabGnuma 1 [Table 1]

CopepsxkaHne HMTOKMHHHOB B MCIIO/Ib3yeMbIX BAPHAHTAX MUTATEIbHBIX Cpell
[Cytokinin content in the studied variants of the medium]

KonnenTpamyst peryssropa pocTa B cpefiax, Mr/Jt
uroxuHuH [Concentration of a growth regulator in a medium, mg/L]

Cytokini

[Cytolcinin] 1t 23] a]sTse] 778709
6-66H3HHaMHHOHypHH 0.5 1.0 _ B _ _ 1.0 1.0 _
[6-benzylaminopurin]
Mema-TOHQJmH B B 05 | 1,0 _ _ 1.0 B 1,0
[meta-Topolin]
Tumasypon - - Jos o] - [ 10] 10

[thidiazuron]

Ilpumeuanue. «—» 03HaYaeT OTCYTCTBHE PETYJSATOPA pOCTa B Cpesie.
[Note. “— indicates the absence of the growth regulator in the medium].
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Bo u3bexaHrne BO3HHKHOBEHHS CTaTHCTHYCCKHX OIIHOOK JAHHBIC BapHAaHTBI
OBbLIN U3BATHI U3 aHajin3a, 4YTO HC OKas3aJlo CYHICCTBCHHOI'O BJIMAHHA HA BbIAB-
JICHHBIC B PE3YJIbTATEC UCCICAOBAHNA 3aKOHOMEPHOCTH.

Pe3yJI])TaTl)I HCCJICI0BAHUSA

[IUTOKMHUHBI ABJIAIOTCS OCHOBHBIM KJIACCOM PErYJSTOPOB pOCTa, OTBEYAIO-
LIMX 32 PErYJSILUI0 Pa3TUYHBIX [IPOLECCOB Pa3BUTHUS PACTEHUIA, BKIIOYas Jelie-
HUE KJIETOK M UX TU(PPEepeHIINANNI0, aKTUBHOCTh AlMKAIBHBIX MEPHCTEM MO0e-
ra v KOpHs, MPOIOPIIMOHATIbHOE (POPMHUPOBAHUE OPTraHOB U T.1. [36].

AHanu3 BrusiHUS pasHbIx perynstopoB pocta (BAIL, mT u T/13), npumens-
€MBIX 10 OTAENBHOCTH, MOKasan, 4to M1 oOKa3blBacT HAWOOJNBIIEE ITOJIOKH-
TEJEHOE BO3JCHCTBHE Ha pa3sBUTHE MHKpOIoOeroB. OH criocoOCTBOBAN 3HAUH-
TEJIBHOMY YBEJIMUYCHHIO BBICOTBI MHUKpOIoOeroB (48,3+ 1,6 MM OTHOCHTEIHHO
35,6 £1,3mm (BAII) u 39,4+ 1,3 mm (T/I3)), pa3BuTHiO aJIBEHTHBHBIX MOOETOB
(2,3+0,1 mt. otHocutenbHo 1,3 +£0,1 . (BAIT) u 1,6 +0,1 mr. (TA3)), a Tak-
e CYIIECTBEHHO yBEMUYMBaT KO3QuueHT pasmMHoxenus (21,9 £0,8 orHocu-
tensHO 8,0+ 0,2 (BAIT) u 9,7+ 0,4 (T13)).

PesynbraThl HccnenoBaHus MOKa3aid, YTO BbICOTa PACTEHH BO MHOTOM 3a-
BHCHT OT COPTOBBIX OCOOCHHOCTEH pacTeHHH, HO TPH KYIHTUBUPOBAHUH HA ITH-
TaTenbHOM cpere ¢ mobasnenueM 0,5 mr/in mT HabIrONANMM O0JNIEe BEICOKHE MOKa-
3aTeiu, YeM Ha cpelie ¢ TPaAULKUOHHO UCIOIB3yeMbIM I Pa3MHOXKEHUS CUpe-
Hu BAII B Toit e koHueHTpanuu (30,7 +2,1-65,2 + 3,7 no cpaBHeHuto ¢ 23,7 +
2,3-48,4+£2.4) (puc. 1). [Ipu nossiennu konueHTparyu ¢ 0,5 mo 1,0 mr/n y T
u BAII Beicota Mukpomobero yBenuuuBanach. Biusaue T3 u yBennuenue
€ro COJIepXKaHWs B IHUTATEIBHOW Cpele Ha BHICOTY MHKPOIOOETOB y Pa3sHBIX
COPTOB MPOSIBIISUIOCH MO-pa3HOMYy. Tak, y copTa 'Sensation' ¢ OBBIIIEHUEM KOH-
ueHTpauun T/I3 mpousonuio yBelndeHue BBICOTHI pacTeHwii ¢ 32,6 +2.3 no
53,2+ 6,8 MM, B TO Bpems kKak y 'KpacaBuiibl MOCKBBI' MEKPOTIOOETH CTaJld HU-
xe (c 43,6 1,4 mo 32,1 +£1,1 Mm).

KynpTHBHpOBaHME Ha THUTATENBHOHN cpenme ¢ moOaBnenuem mT crmocoOCT-
BOBAJIO Pa3BUTHIO MAa3ylIHBIX MOYEK Ha OSKCIUIAHTaX: 4YacTOTa aKTUBU3ALUHU

80 5

. Py 51,355063.2 w6 484%93100416307 454 . 638500 332
S = 40 a3 e TEal L [N 30,730:93‘28 = 264330 326 ok
€ £ 2 : -| I il :

= = 0

Eo8 R

£Z25E |05 1005 10/05 1,0/05(05 1.0/05 10|05 Lofos 1.0[05 10(05 1005 10[05 10
E 8

g g BAN | wT | TO3 BATl wT | TA3 | BAI | wT | TA3 | BATI | wmT | T3
g g [BAP| | [wT] | [TDZ][BAE] [mT] | [TDZ] | [BAP] | [mT] | [IDZ] | [BAP] | [wI] |[TDZ]
o2

-]

'Kpacasuua Mockssr' | TLII. KoH1anoBckmit' Frank Paterson' 'Sensation’
['Krasavitsa Moskvy'] |['P.P. Konchalovsku']

Puc. 1. Biusnue NUTOKMHUHOB Ha BBICOTY MUKPOTIOOETOB COPTOB Syringa vulgaris.
BAII — 6-6ensunamunonypus; uT — mema-Tonomun; T3 — Tuauazypos.
KoHrmenTpanus peryastopoB pocTa yka3aHa B MI/

[Fig. 1. Effect of cytokinins on the microshoot height of Syringa vulgaris cultivars.

BAP (6-benzylaminopurine), mT (meta-Topolin), TDZ (thidiazuron).

The concentration of growth regulators is expressed in mg/L]
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Puc. 2. BiusiHre TUTOKMHUHOB Ha 00pa30BaHNe aJIBEHTUBHBIX IOOETOB y COPTOB
Syringa vulgaris. BAIIl — 6-6enzmnamunonyput; mT — mema-Tononun; TA3 — THaHa3ypoH.
KoHrmenTpanus peryiastopoB pocTa ykazaHa B MI/

[Fig. 2. Effect of cytokinins on the adventive shoot formation on Syringa vulgaris cultivars.

BAP (6-benzylaminopurine), mT (meta-Topolin), TDZ (thidiazuron).

The concentration of growth regulators is expressed in mg/L]

Na3ylHBIX [Touek cocTasisia 62,5-95,0%, B To BpeMs kak Ha cpene ¢ T/I3 ya-
CTOTa aKTHUBHU3AIlMM IMAa3YIIHBIX TOYeK Koiebanack oT 15,4% mo 54,5%, a Ha
cpene ¢ BAIT — ot 6,7% no 58,8%. MT B Gomblieii cTeneH: cnoco0CTBOBa 00-
Pa30BaHUIO aJJBEHTUBHBIX MOOETOB OTHOCHTENBHO JAPYTHX IIMTOKHMHUHOB (2,3 £
0,1 wr. mo cpaBuenuto ¢ 1,6 +0,1 wr. (BAIT) u 1,6+0,1 mr. (TA3)); naxe
MeHbIas KoHreHTpanus (0,5 Mr/in) npuBoauia k odpasoanuto Ooisee 2 mobe-
roB Ha 3KciuianTe (cM. puc. 2). B pesynbrate dhopMupoBaHue a[BEHTUBHBIX T10-
0EroB M aKTHBALUS Ta3yIIHBIX MEPHUCTEM KaK peau3yeMblil myTh Mopdorenesa
CYIIECTBCHHO YBEIHYUIN KOA(PPUIUCHT pasMHOxeHus (puc.3). HabGombmue
3HAYEHUs OBUIM TONYYEHBI NMPH KYJIbTHBHPOBAHHK HA IMUTATEIBHBIX Cpeaax
¢ nobasnenneM #T; comepaHue 3TOTO HUTOKMHHMHA AK€ B HEOONBIION KOH-
neHTpauu (0,5 MIr/ir) mokasano 3HAYMTEIbHOE IPEBBIINICHHE KO3 QUIMESHTA
Pa3sMHOXKEHHS OTHOCHTEIBHO APYTHX PETYIATOPOB POCTA.

U3z-3a cunepretndeckoro 3ddexra, 0Ka3pIBAEMOr0 MPUMEHEHUEM HECKOJb-
KHX [IUTOKMHUHOB, HCIIOJh30BaHIE KOMOMHALINI PETYISTOPOB POCTa CUUTACTCS
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Kospdpunnent
pA3MHBOKeHAS

BAIl | wT | TI3 wT | TH3 | BAIl | T | TO3 | BAIL | nT | TO3
[BAP] | [mT] | [TDZ] [BAF] [mT] | [TDZ] | [BAP] | [mT] | [TDZ] | [BAP] | [mT] | [TDZ]

'KpacaBnna Mockssl' | 'TLIT. Koruanosckui' 'Frank Paterson' 'Sensation’'
['Krasavitsa Moskvy'] |['P.P. Konchalovskii']

Puc. 3. BimsiHre IUTOKHHUHOB Ha KO PHUIUCHT pa3MHOXKEHUs COPTOB Syringa vulgaris.
BAII — 6-6en3unamutonypus; mT — mema-Tononuu; T3 — TunuazypoH.
KoHueHTpanus peryastopoB pocta ykazaHa B MI/J
[Fig. 3. Effect of cytokinins on the micropropagation rate of Syringa vulgaris cultivars.

BAP (6-benzylaminopurine), mT (meta-Topolin), TDZ (thidiazuron).

The concentration of growth regulators is expressed in mg/L]
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3¢ PEKTUBHBIM CIIOCOOOM YCOBEPIICHCTBOBAHUS MUKPOPAa3MHOXKECHUS U MPEIOT-
BpalIcHUs] BO3HUKHOBEHUS HAPYIICHUH B CTPOSCHHU U (DU3UOIOTUUECKUX IPO-
neccax. Pe3ynpTaTel McciaeoBaHUS MTOKA3aIM, YTO HCIIOIB30BAHNE HECKOIBKUX
LUTOKMHUHOB B CPeJie OKa3ajio MOJIOKUTENIbHOE BO3eHCTBIE HA MUKPOPa3MHO-
JKeHHe cupeHu (Tadu. 2, puc. 4).

Hcnonp3oBanne KOMOMHAIWI LUTOKWHIHOB OKAa3alo MOJOKUTEIBFHOE BO3-
JICCTBHE Ha BhICOTY MUKporoberoB y coptoB 'Kpacasumia Mockssl' u 'TLI1. Kon-
yanoBckuil'. 1 copra 'Frank Paterson' coBMecTHOE IpUMEHEHHE PETYIISTOPOB
pocTa He J1ajio TOBBIIICHUS BBICOTHI TI00OETOB, a JJis copTa 'Sensation' UCIIONIB30-
Banue BAII coBmectHO ¢ T/I3 3HaUMTENLHO TIOBBICHIO BBICOTY PACTEHHH ([0
76,4+ 6,4 mm). [Ipumenenune »T COBMECTHO ¢ APYrUMH LIUTOKMHUHAMH CIIOCO0-
CTBOBAJIO aKTMBM3AllUM MAa3ylIHBIX MOYEK, HO B MEHbLIEH CTENeHH, YeM MpH
OTIENTBFHOM IPUMEHEHHH. Pe3ynpTaTsl SKCIEPUMEHTOB ITOKA3aId, 9YTO COBMECT-
HO€ HUCIOJIb30BAHUE PETYISATOPOB POCTAa CIOCOOCTBYET Pa3BUTHIO HECKOJIBKUX
aJBEHTUBHBIX I00EroB y OONBUIMHCTBA H3ydaeMbIX coproB (2,3 +0,2mrT.
(BAIT+uT), 2,2+0,2 mt. (BAIT+THA3), 3,0+0,2 mr. (T +T/I3)). CoBmecT-
HOE NMPUMEHEHNE UTOKUHUHOB HE MOBBICWIIO KO3(DHUIMEHT pa3MHOXKEHUS, IO
CpPaBHEHHUIO C MOKa3aTeNsiMH, NOJYYEHHbIMH Ha cpelax Toibko ¢ MT, omHaKo
otHocutenbHO mpumeHeHuss BAIl u T/I3 mo oTaenpbHOCTH MOKa3aTenu CTald
cymecTBeHHO Bbme. Tak, y 'Frank Paterson' koadduumeHT pasMHOKEHUS
¢ 10,1+0,8 (1,0 mr/n TA3) yBemwmumncs mo 22,7+ 1,1 na cpege ¢ mT+ T3,
ay 'Sensation' ¢ 8,1 +0,3 (1,0 mr/nm BAII) mo 21,0 +2,2 Ha cpene ¢ BAIT+ T/I3.

Tabnuna 2 [Table 2]
BiausiHue HIUTOKMHUHOB U MX KOMOMHAIMI HA NOKAa3aTeIn
MHKPOPa3MHOXKeHUSsI COPTOB Syringa vulgaris
[Effect of cytokinins and their combinations on the micopropagation
parameters of Syringa vulgaris]

Perynsatopst
pocta, Mr/a BeicoTa Mukpo- Ii:lcnlf E?ISEEOB Koa¢pdumment
Copr [Growth regulators, | poGeros, Mmm ke © Pa3sMHOXKEHHUS
[Cultivar] mg/L] [Microshoot height, LT [Micropropagation
mm] [Shoot number rate]
[IISBAAPI?I] [/rZ'{] ['"lfIDl;] per explant]
05 | — | — 243+1,5¢ 1,6+0,1° 7,8+0,4¢
10| — | — 51,3+3,0¢ 1,2+0,1° 9,1 +£0,4¢
- 05| — 55,0+2,6° 22+0,1% 273+1,6"
'Kpacasuua — |10 — 652+3,7° 2,6+0,2% 25,1+1,8°
Mockast — | =105 43,6+1,4¢ 1,5+0,1° 10,0 +0,5¢
['Krasavitsa
Moskvy'] — | =10 32,1 +1,1° 1,5+0,2° 8,9+0,7¢
1,0 | 1,0 72,4+53° 2,3+04° 18,5+1,9%
0] —| 1,0 86,0 +4,4° 1,7+0,2° 153+ 1,4°
— |10] 1,0 74,4 +3,9° 2,5+0.2° 203+1,7°
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Perynsatopst q 5
pocra, Mr/n BeicoTta MuKpo- 1O TIOBEroB Koadpuuent
Copr [Growth regulators, | yogerop, MM | D0 0N CHAHTE, Pa3sMHOMKEHHUS
[Cultivar] mg/L] [Microshoot height, T [Micropropagation
BAII | T | T/13 mm] [Shoot mllmlt’]er rate]
[BAP] |[mT]|[TDZ] perexpian
05 | — | — 48,4+2.4° 2,1+0,2% 9,2+0,7°¢
- los5| — 493 +59° 2,4+0,3%® 11,1 £1,0%
- 10| - 49,9+2,5 3,1+0,7° 16,1 £2,6°
iﬁ%ﬁpﬁl’,ﬂqa' — | =105 41,6+4,1° 1,040,3° 8,1+1,0
I['P-Pk,lf]oncha- - | =110 39,7 +6,8° 1,8+0,2° 6,7+0,6%
OVSKI1
1,0 [1,0] — 53,8 +5,2° 2,4+0,2%® 9,9+ 0,8
1,0 | — | 1,0 50,6 +4,4° 2,34+0,4% 10,3 + 1,254
- |10] 1,0 457+7,8 2,240,4% 13,0 £2,0%
05 | — | — 23,7+2,3¢ 1,2+0,1¢ 5,5£0,5°
10| — | — 48,4+22° 1,2+0,1¢ 6,9+0,3%
- los| - 30,7 +2,1% 2,1+0,2° 17,6 +£1,2°
- |10 - 30,9 +2,4% 2,5+0,3% 18,8 +1,2°
"Frank Paterson' | — | — | 0,5 34,8 +2,8™ 1,4+0,1¢ 8,4+0,6%
- | =110 39,1 £3,7™ 2,1+£0,2° 10,1+0,8%
1,0 [1,0] — 42,8 +3,9% 2,9+0,3° 20,6+ 1,5%
1,0 | — | 1,0 37,5+53% 2,4+0,3% 12,1 £2,0°
— 10| 1,0 254+149 3,8+0,2° 22,7+1,1°
05| — | — 26,4+1,5 1,1£0,1° 9,2+0,6
10| - | — 33,0+1,6 1,240,1° 8,1+0,34
- 105| - 63,8+3,0° 2,3+0,2° 30,7+1,3°
- |10 — 50,0+4,7° 2,1+0,1° 233+24°
'Sensation'
— 1 =105 32,6+2,3¢ 1,1£0,1° 9,7+0,2¢
— | =110 53,2+6,8" 2,0+0,3° 142+2.2°
1,0 |1,0] — 523+5,5¢ 1,1+0,1¢ 7,8+0,5¢
1,0 | — | 1,0 76,4 +6,4° 3,0+£0,4° 21,0+2,2°

Tpumeuanue. B xaxaom cronbue pa3HBIMU OyKBaMH 0003HAUEHbI CTATUCTHYECKU 3HAYUMBIC
pazmmuns (p <0,05) Mexay BapuaHTaMu cpefsl Ut Kaxnoro copra. BAII — 6-6en3miaMuHo-
nypuH, MT — mema-Tononun, T/I3 — TuIUa3ypoH.

[Note. Statistically significant differences (p <0.05) between the medium variants for each cultivar are
indicated by different letters in each column. BAP - 6-benzylaminopurine, mT - meta-Topolin, TDZ -
thidiazuron)].
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Puc. 4. Pa3Butne Mukpomnoberos copra Syringa vulgaris 'KpacaBuiia MockBbI' Ha pa3HbIX
peryisiTopax pocra U uX KoMOuHaiusx nociue 45 nueit kynprusuposanus: 1 — 0,5 mr/n BATI,
2-0,5mr/n MT, 3 —0,5mr/n T3, 4 — 1,0 mr/n BAIT, 5 — 1,0 mr/n mT, 6 — 1,0 mr/in T/13;
7 — 1,0 mr/n BAIT + 1,0 mr/nn 4T, 8 — 1,0 mr/n BAIT + 1,0 mr/n TA3, 9 — 1,0 mr/n mT +
1,0 mr/n TJ3. BAII — 6-6en3unamunonypus; uT — mema-Tononun; T3 — THAMA3ypOH.
MacnirabHas nuHeika — 1 cm
[Fig. 4. Microshoot development of Syringa vulgaris cultivar 'Krasavitsa Moskvy' on different
growth regulators and their mixtures after 45 days of subculture: 1 - 0.5 mg/L BAP, 2 - 0.5 mg/L mT,
3-0.5mg/L TDZ, 4 - 1.0mg/L BAP, 5 - 1.0 mg/L mT, 6 - 1.0 mg/L TDZ; 7 - 1.0 mg/L BAP +
1.0mg/L mT, 8 - 1.0 mg/L BAP + 1.0mg/L TDZ, 9 - 1.0 mg/L mT + 1.0 mg/L TDZ.

BAP - 6-benzylaminopurine, mT - meta-Topolin, TDZ - thidiazuron. Scale bar — 1 cm]

CTtouT OTMETHTH, YTO Tam, riae mnossimeHue copepxkanus T3 c¢ 0,5 mo
1,0 Mr/n OKa3bIBallo HETAaTUBHOE BIIMSHUE, NOOaBJICHUE B Cpely IPYroro Iu-
TOKMHUHA TIO3BOJIWIIO U30ekaTh HeraTHBHBIX d¢dekroB. Tak, y 'KpacaBuiipr
Mockss!' ucnonszoBanre BAIl+ T3 u mT + TA3 mo3BoIMIO MOTYyYUTh MHUK-
pomoberu 6osbieit BEICOTH (86,0 +4,4 u 74,4+ 3,9 mm). A y copra TLII. Kon-
ganoBckuil' npumenenue M1 + T/3 MOBBICHIO KOI(PPHUIUCHT pa3MHOKEHHSI
¢ 8,1+£1,0(0,5wmr/n TA3) 1 6,7+0,6 (1,0 mr/n T/3) no 13,0+2,0.

Heo0xoauMo OTMETHTh, YTO Y BCEX M3Y4aeMbIX COPTOB Ha Cpelax ¢ J100aB-
nenreM BAII (kak 0,5 mr/m, Tak u 1,0 Mr/;1) HaGJIIOaTd CIIOHTAHHBIN PU30TeHE3
(ot 12,5% y 'Kpacasuubsl Mockssl' 1o 57,1% y 'TLII. Konuanosckoro'). Ha cpe-
nax ¢ pobasinenueM T/I3 GopmupoBaHue KOpHEH MPOMCXOIMIO JIUIb Y HEKO-
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topeix coptoB ('Kpacasuiia Mockssr' (17,6%) u 'Frank Paterson' (27,8%)), B To
Bpems kak y coptoB 'TI.I1. Konuanosckuit' u 'Frank Paterson' B ocHOBaHMU SKC-
IJIAHTOB 00Pa30BBIBAIIOCH OOJIBIIIOE KOJIMYECTBO Kaytyca. JloOaBieHue B IUTa-
TENBHYI0 CpPEAy HECKOJNBKUX LUTOKHHUHOB MONIABIUIO KOpPHEOOpa3oBaHUE
('Sensation' 0—20,0%, y octanbHbBIX copToB — 0%).

O6cy:kneHne pe3yJIbTATOB UCCJIE0OBAHMS

Perenepauus pacteHuil B YCIOBUSX in Vifro OT 3KCIUIAaHTa JO MOJHOCTBIO
c(OPMHUPOBAHHOTO PACTEHUS MO CYTH SIBISICTCS OCHOBOM MHKPOPAa3MHOXKCHUSI.
DTO JOCTUTaeTcs 3a CUeT OMpPENENIEHUS ONTHUMAJIbHOIO COCTaBa MHUTATEIbHOM
cpelbl, BRIOOpA IKCIDIAHTA, a TAKXKE YCTAHOBICHUS U MOICPKAHNS ONTAMAITh-
HBIX YCJIIOBHM KyJnbTUBHUpOBaHUs [37]. st pa3MHOXKEHMSI IPECTaBUTENEH poia
Syringa UCTIONB3YIOT MPSIMOM OpraHoreHe3 — 00pa3oBaHNe BETETaTHBHBIX Opra-
HOB 0€3 MPOMEXYTOYHOW CTaaAuU KajurycooOpa3oBaHUsA. MHKpOpa3MHOXXEHUE
copToB S. vulgaris MPOUCXOANUT B OOJIBIICH CTENEHU 3a cYET (POPMUPOBAHUS U
JATBHEHIIEr0 pa3BUTHUS aJIBEHTUBHBIX IMOOETOB B 0a3abHOM YacTH JKCILIAHTOB.
DTO0 AOCTUTAETCS B OCHOBHOM IOJI00POM PETYIIATOPOB POCTa U MX KOHIICHTPAITHH.

BI)I60p OUTOKWHWHA JJIs1 UCIIOJIb30BAaHUA IJId aKTHUBHOI'O MUKPOPAa3MHOXKE-
HUS OTIPENENSACTCS ero KOMIUICKCHOW 3((EKTHBHOCTHIO B WHAYIUPOBAHUHU OII-
TUMAJBHON CKOPOCTH POCTA IKCILIAHTOB, 00Pa30BaHUU HOPMAIILHBIX TOOETOB U
KOpHEW, a TakKe BJIMSHHUEM Ha MOCIEAYIOIIYIO alanTalldio MHUKPOPAcTeHUH
K yCIOBHSIM ex vitro [23]. HeoOXoauMo OTMETHTh, YTO IIATOKHMHUHBI B COCTaBE
MUTATCIBHON Cpe€abl MOT'YT OKa3bIBaTb pPa3JIMYHBbIC BO3JIBI>1CTBI/I$I Ha pa3HbIX I'c-
HOTHUIIaX OJHOTO TAaKCOHA M ATO HEOOXOMUMO YUUTHIBATH IIPH IUIAHHPOBAHUU H
MPOBEICHUN AKCIIEPUMEHTOB HA PACTEHHUSIX C BHICOKUM T€HETUIECKUM Pa3sHOO00-
pasuem [21].

OO0pazoBanue MoOEroB, MX POCT, aKTHBH3AIMS MA3yITHBIX MTOYEK, HaOIr01a-
€MBIC B JJAHHOM HCCIIEIOBAaHUH, OOYCIIOBJICHBI HE TOJMBKO T€HETHIECKUMH OCO-
OCHHOCTAMH HCCIIEyEMBIX COPTOB, HO U Tak)e BO MHOTOM 3aBHCENH OT THUIa
IIUTOKMHHWHA M €r0 KOHIICHTPAINH B MTUTATENBHOM cpene (cM. Tab. 2). s yBe-
JTUYCeHUS KO3(PPUIIMEHTa Pa3MHOXKEHHS TPU MPsIMOM Mop(doreHe3e BaXKHO J10-
OWUTBCSI HE TOJBKO PAa3BUTHUS aBEHTUBHBIX ITOYCK, HO TAKXKE aKTHBU3AIMH IIa-
3YIIHBIX MEPUCTEM BHOBH OOpa30BaHHBIX aJBCHTUBHEIX 1moberos. Mccienosa-
HUS IOKazand, 910 #T B Gonblieli cTerneHy HHAYIMPYET TPoOYKICHHE Ma3yIl-
HBIX MMOYEK TI0 CPABHEHHIO C JPYTUMU peryistopamu pocta (79,8% mo cpaBHe-
Huto ¢ 27,6% (BAIT) u 33,2% (TA3)). Kpome Toro, mT oka3zan Ooibiee CTUMY-
JUPYIOIIee BO3JCHCTBHE HAa POCTOBBIE MPOIECCHl Y AKCIUIAHTOB: HA MUTATENb-
HBIX cpenax ¢ MT HaOmomanu HauOoIblee YUCIO 0Opa3OBaHHBIX MOOETOB Ha
skcmanTe (Boime, yeM Ha BAIT m T/I3, Ha 43% u 31% cooTBeTCTBEHHO), a
Takke OoJiee BHICOKHE IMOKA3aTeNN BBICOTH MUKpomoOeroB (Ha 26% u 20% co-
OTBETCTBEHHO). HeoOXoanMO OTMETHTh, UTO MpPH IMOBBHIIICHUH KOHIICHTPALIUH
MT KOIMYeCTBO MHKPOIIOOETOB Ha JKCIUIAHTE YBEIHUYHBAJIOCHh, B OTIMYHE OT
BAII [24]. CniocobrocTh MT cTuMynupoBaTh 00pa3oBaHHE aJBEHTUBHBIX Mmo0e-
roB B Ooubleit crenienr, yeM BAII, nmoka3ana M Ha MHOTHX JIPYTHX KyJIbTypax
[21, 38-40].
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Hust mexotopeix KynbTyp T3 Gonee s dekTHBEH s MHIYKIUH 00pa3oBa-
HUS aJBEHTHBHBIX MMOOEroB, YeM MpOM3BOJHBIC ajcHuMHA [19]. OmHako u3-3a
BBICOKOH (DH3HOJIOTHYECKONW aKTHBHOCTH 3TOT PETYIATOP pocTa 3 (deKTUBEH
B OY€Hb HU3KHMX KOHLEHTpAIMSX, U MX MOBBIIIEHHE MOXXET HEraTHBHO CKa3bl-
BaTthbcsl Ha Kynbrype in vitro [30]. And cupeHu KyJIbTHUBHUPOBAaHWE Ha Cpene
¢ T/I3 MoxeT oka3bpIBaTh KaK MOJIOKUTENBbHOE, KaK 3TO MPOAEMOHCTPUPOBAHO
B pabote UypukoBoii u KpuHuieiHOM [15], Tak U OoTpUIaTENbHOE BO3CHCTBHE.
PesynbraThl Hamero ucciefoBaHus Mokasand, yrto npumeHenune 0,5 mr/m TJI3
CTUMYJIMPOBAJIO pa3BUTHE OOKOBBIX MOYeK U M00eroB. [loBbIlIeHNe KOHLIEHTpa-
muu 70 1,0 MI/11 CyIecTBEHHO CHIDKANIO 3(P(GEKTHBHOCTH MUKPOPA3MHOKCHUSI.
Y HEKOTOPBIX COPTOB YBEIHYHMBAIOCH OOpa3zoBaHue HeauddepeHIIMPOBAaHHOTO
KaJuTyca B OCHOBAaHHMH SKCIUIAHTOB, YTO MOYKET HETAaTUBHO MOBJHATH Ha UX YKO-
PCHEHHE U TOCIEAYIONIYI0 aanTalnio, a TAKKE MOBHINIACT BEPOSTHOCTH BO3-
HUKHOBEHHSI COMaKJIOHAIbHBIX BapuaHTOB [41]. CTOUT OTMETUTH, YTO B UCCIIE-
noBaruax UypukoBoit u KpunuiperHo# [15] Takxke Habmrogamm KamurycooOpas3o-
Banue y copta 'TLII. KonuanoBckuit'. CnenoBaTeabHO, MOKHO HPEANOJIONKHUTS,
YTO JaHHOE SIBJIEHHE OOYCIOBJICHO TEHETUYECKUMH OCOOCHHOCTSIMU COpPTa. JTO
MPEICTABISIET HHTEPEC IS OTJICIFHOTO HCCIIEA0BAHNS, IOCKONBKY pa3pacTaHue
Heau(PepeHIIMPOBAHHOTO KAJTyca B OCHOBAaHUU 3KCIJIAHTOB OCJIOKHSET KYJb-
TUBUPOBAHUE i Vifro U HEKOTOPHIX APYTUX LIEHHBIX COPTOB.

Takum 00Opa3oM, HECMOTpSl Ha CTUMYJIHPOBAHHE MOOErooOpa3oBaHUs, T0-
Oasnenne TJI3 B coctaB muTatenbHOW cpenbl He obecrieunBaeT 3((HEeKTUBHOE
MHKpOpa3MHOXEHHE COpTOB S. vulgaris. B To BpeMs Kak UCToib3oBaHue m1 He
TONBKO TMOBBIIACT dPPEKTHBHOCTE MHUKPOPA3MHOXKCHHUS 33 CUET YBEIMICHUS
kod(ddurmenta pazmHoxenus (Ha 62% orHocurensHo BAIL u Ha 55% oTHOCH-
tenbHO TJ3) depe3 MHAYKLHMIO aJBEHTUBHOTO 1M0oOerooOpa3oBaHUs, HO U HE
OKa3bIBACT HETATUBHOTO BIMSHUS Ha SKCIUIaHTHI. [loiydeHHbIE pe3yabTaThl co-
rimacyrotes ¢ uccnenoanusmu llczuk u Jagielto-Kubiec [16], B koTopsIx ObLT1O
MOKa3aHo MpeBOocxoAcTBO MT Ham oObdHO mcmoib3yembiMu BAIT u 2ip mis
MHUKPOPa3MHOXKECHHUS CHPEHH. YUYHUTHIBAS MEHBIIYI0 TOKCHYHOCTH TOTIOJHMHOB,
clenyeT peKoMeHIoBaTh M1 I KyIbTUBHPOBAHUS COPTOB S. vulgaris B ycio-
BUSIX In Vitro.

KomOunarmu peryiasTopoB pocta IPUBOAST K MHOKECTBEHHBIM (PH3HOJIOTH-
YECKUM PEaKLHsAM, BCIEACTBUE YEro UCIOJIb30BaHUE HECKOIBKUX LUTOKMHUHOB
MO>eT OBbITh 3(p(heKkTHBHEE, YeM NMpHMEHEeHNe uX Mo oTaensHocTH [19, 20, 42].
U3BecTHO, 4TO Yy HEKOTOPBIX KyibTyp npumenenue BAII coBmecTHO ¢ Apyrumu
UTOKMHUHAMHM OKa3bIBaeT CHHEpreTudeckuit adexr [43]. lobaBnenue npyrux
LMTOKMHHUHOB ITO3BOJIsIET U30€XKaTh HEraTUBHBIX BO3/ieicTBUI Kak camoro bATI,
Tak ¥ M00aBIEMOT0 IUTOKHHHHA, & TAKXKE MOBBICUTH d(P(PEKTHBHOCTH MUKPO-
pasmuoxenusi. Comectnoe npumenenne M1 ¢ BAIl okazano mosoxxureabHOE
BIIMSIHUE HAa Pa3MHOKCHHE OOJIBIIMHCTBA M3YYaeMBIX COPTOB. [1OCKONBKY IS
cupenn BAII mo-mpekHeMy ocTaeTcst J0CTaTOuHO 3(P(PEKTUBHBIM PETYISATOPOM
pocTa, menecooOpa3HO HE MEepeXOANTh Ha TpUMeHeHne M1, a MCIoIb30BaTh
koMOuHanuu 1UTOKHHUHOB (BAIT+MT) mis mpemoTBpaimieHus HETaTHBHOTO
BrusHusg BATI v noBbIIeHUs TOKa3aTeaeil MUKPOPa3MHOKEHHUS.
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Hockoneky T/I3 MOXeT OKa3bIBaTh HEKOTOPHIC HETATUBHBIE dPPEKTHI (YKO-
poueHHbIe MO0eru, OBOJAHEHHOCTh), IJISl MHOTHUX KYJbTYP PEKOMEHAOBAaHO HC-
MOJI30BATh €T0 COBMECTHO C IPYTUM IIUTOKHHUHOM JUISl ITPEIOTBPAILCHHS HIIH
YMEHBIIECHUS] OTPUIATENbHBIX Bo3nercTBuid [44—46]. B Hamux uccrneqoBaHusx
npumenenue mT u BAII coBmectHo ¢ T/I3 He cMOIIO MOJTHOCTBIO MPENOTBpa-
TUTh KajrycooOpazoBanue y HekoTopbix copToB ('TL.I1. Konuanosckuit' u 'Frank
Paterson'), HO cMOrJI0 MOBBICUTH MOP(HOMETPHUYECKUE TMOKa3aTenu. Tak, mpu
KyJapTUBHpOBaHuK Ha cpene ¢ T/13 + BAII HaGmonanu cyecTBeHHOE MOBBILIe-
HUE pacCMaTPUBACMBIX MOKAa3aTeleH MUKPOPAa3MHOXKEHUS (BBICOTA MUKpPOIOOe-
T'OB, YUCJIO MUKPOITOOETOB OT OCHOBAHMsI AKCIUIaHTa, KOA((UIIUEHT pa3MHOXKe-
HUs) He Toabko oTHOocutenbHO TJI3, HO M BAIIL. Takum obOpa3om, mponeMoOH-
CTpUpOBaHa dPPEKTUBHOCTh COBMECTHOTO MPUMEHEHHS MPOU3BOTHBIX aJJCHUHA
¢ T3 ansg yMeHbIIEHNS €r0 HEraTUBHOTO BIMSHUS HA MUKPOPACTEHHSI.

Bricokue KOHIEHTpalMy IMUTOKHHWHOB MOTYT IOJABJIATH HPOLECCH (op-
MHUPOBaHUS KOPHEW Jake B MPUCYTCTBUU ayKCHHOB, MO3TOMY IJIsl YKOPEHEHUs
MHUKPOPACTeHUI OOBIYHO BBIAETSIOT OTJAENBbHBIA 3Tal, Ha KOTOPOM 3KCILIAHThI
KyJTbTHUBHPYIOT Ha Oe3ropMOHANBHON WM ayKCHH-CONEpIKalleld cpele B Teue-
HUE OJIHOTO WM HECKONBbKUX Tmaccaxeil [47]. OgHAKO MOCKOJIBbKY 3K30TE€HHbBIE
LUWTOKHUHUHBI PUHUMAIOT y4acTHe B OMOCHMHTE3€ 3HIOTEHHBIX ayKCHHOB [32],
Ha HEKOTOPBIX KYJIBTypax MOKHO HAOIIONaTh CHOHTAHHOE YKOPEHEHHE JKC-
IUTAaHTOB HE TOJBKO Ha OE3rOPMOHATBHBIX Cpelax, HO M Ha Cpelax C BBHICOKUM
COOTHOLIEHHEM UTOKMHUHOB-ayKCHHOB WJIM TOJIBKO ¢ HUTOKUHUHamMu [48—501].
[Ipu ontumMHU3aMK TPOTOKOJIA KYJITUBUPOBAHUA iN Vitro CIEAyeT yYUTHIBATh
HaJIMYME CIIOHTAHHOTO PU30TeHE3a y SKCIUIAHTOB, MOCKOJBKY 3TO TO3BOJIIET
KapAMHAJIbHO U3MEHHUTH COCTaB Cpell, @ B HEKOTOPBIX CIIydasx HCKIIOYUTH OT-
JeNIbHBIA 3Tanm yKopeHeHHd. McciemoBaHUsl MOKa3bIBAIOT, YTO Y HEKOTOPBIX
COPTOB CHPEHH MOJET NPOUCXOINTH CIHOHTAaHHOE yYKOpEHEHHEe Ha cpene 6e3
aykcuHOB [15].

Hecmortpst Ha TO, uTo MT mOJKEH CIIOCOOCTBOBATH JydllIeMy KOpHeoOpas3o-
BaHHUIO OJarofgapsi MEHBIIEMY TOPMO3SIIEMY BO3JICHCTBHIO Ha 3TOT IPOIECC
[22-27], B maHHBIX MCCIEJOBAHUIX MIPH KYJITHBUPOBAHUU Ha cpefe ¢ M1 3Kc-
IUTaHTBI IpakTUYecku He opmupoBanu kopHeill. Tombko y 'Sensation' Habmro-
JTAJIA CIIOHTAaHHBIN pu3oreHe3 Ha cpexax ¢ 0,5 mr/m T (10%) u ¢ BAIlI+wnT
(12,5%). CtouT OTMETHTB, UTO, HECMOTPSI Ha BOSMOYXHOE HETATHBHOE BIIMSTHHE
BAII Ha dopmupoBanme KOopHEH y 3kcmuianToB [21], 27,7% 5KCIUTaHTOB nM3yda-
€MBIX COPTOB YKOPEHWJIHUCh NPU KYJIbTUBUPOBAHUH HA Cpelax C 3TUM IUTOKH-
HuHOM. COBMECTHOE IPUMEHEHNE ITATOKMHUHOB MOAABILIIO KOPHEOOpa30oBaHHe
Y OKCIUIAaHTOB, Y OOJBIIMHCTBA COPTOB Ha Cpenax ¢ KOMOMHAIMSIMU [UTOKUHH-
HOB ero He mpoucxonuwno. CienoBarenbHo, U3y4aeMble COpTa SBJISIOTCA XOPO-
110 YKOPEHAEMBbIMU, U I MOJYYeHUs YKOPEHMUBIIUXCA MUKPOPACTEHHI Tepes
aJlanTanueld MOXKHO HCIIONB30BaTh CPEIbl C HHU3KUM COJCpKaHHEM ayKCHHOB
WM Cpelbl C HU3KUM COICP)KaHHEM LIUTOKMHWHOB B NPHCYTCTBHU AyKCHHOB,
WCKJIIOYMB OTIENbHBIN Tan yKOPEHEHHUI.
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3akiiouenue

Wzyuensl MophoMeTprIecKre MOKa3aTeNN pa3BUTHS MHUKPOIIOOETOB, a TaK-
ke 0cOOEHHOCTH MOp(OreHe3a YeThIpeX COpToB S. vulgaris HA MUTATENBHBIX
cpelax ¢ pa3HBIMH PETryJIITOPaMU POCTa W UX KOMOWMHAIIMSAX HA JTame coO-
CTBEHHO MHKPOPa3MHOKCHUS. BBIABICHO, YTO M3 HCIOIB30BAHHBIX PETYIISITO-
pos pocra (BAII, »T, TA3) HanOoJblne MOKa3aTeNH BBHICOTHI MOOETOB, YUCIIA
moOeroB Ha HKCIUIAHT, KO3 UIMeHTa pa3MHOXKEHHS OBLTH TIOJTYYEHBI Ha cpe-
nax ¢ pobaenenuem mT. [Ipumenenne mT cHOCOOCTBOBANO AKTUBU3AIMM Iia-
3YIIHBIX MMOYEK M (POPMHUPOBAHUIO HECKOJIBKUX aJIBEHTHBHBIX IMMOOETOB HA JKC-
wranTe. [loka3aHo, 4TO COBMECTHOE NOOABICHUE B CPENy PEryISTOPOB pOCTa
(BAIT+MT, BAIT+ TA3, »T + TA3) oka3ano MONOKHUTEIBHOE BIUSHUE Ha pas-
MHOXeHHe n3ydaeMbix copToB. Mcnons3oBanne #T nmn BAII coBmectro ¢ T3
MO3BOJIMIIO YMEHBIIINTH HEKOTOPHIE HETATUBHBIE BO3AEHCTBUS 3TOTO PETYITOPa
pocta. Peamu3yeMblii ¢ TOMOIIBIO HCIONB3YEMBIX DPEryIsSTOPOB POCTa MYTh
Mopdorenesa (GopMupoBaHue U AadbHEHINCE pa3BUTHE aIBEHTUBHBIX MTOOETOB)
CYIIECTBECHHO MOBBICHI 3()(EKTHBHOCTH MUKPOPA3MHOXCHUS, YBEITHIUB KOI()-
(UIHMEHT pa3MHOKECHHS U3y9aeMBIX copToB. Habmomaemoe y m3ydaeMbIX cop-
TOB CHOHTaHHOE YKOPEHEHHE MHKPOIIOOETOB Ha MHUTATEIBHBIX Cpelax Uil pas-
MHOKEHHS TI03BOJISIET COKPATHTh COJEep)KaHIE ayKCHHOB B CPE/ie Ha dTamle yKO-
PCHEHUsI WIH U BOBCE MCKIIOYUTH OTJCIBHBIA ATal YKOpeHeHus. Takum obpa-
30M, B Pe3yJbTaTe UCCICIOBAHMS MPOBEACHA ONTHMHU3AINS METOJAUKUA MUKPO-
Pa3sMHOXKEHHS ISl COPTOB S. vulgaris.
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AHHOTamus. B craThe npuBeneHB! pe3yNbTaTHl SKCHEPHMEHTOB 110 M3YYCHUIO
CTUMYJIUPOBAHUS POCTa PACTEHUH M OMONPOTEKTOPHBIX CBOMCTB H30JATOB U3 CTOY-
HBIX BOJ TOPOJCKHMX OUYHCTHBIX coopyxeHHN Pseudomonas protegens u Gordonia
paraffinivorans. VccinenoBany HHIMOUPYIOLIYIO aKTUBHOCTb IITaMMOB P. protegens
A-CMC-05 u G. paraffinivorans A-CMC-11 1o oTHOLIEHHIO K (DUTONATOTCHHOMY
rpudy Fusarium equiseti. IHTHOMpOBaHHE PaJUATLHOTO POCTa MUIEIHS COCTABHIIO
ot 11% no 13% mns mramma A-CMC-11 u ot 36% 10 67% mis mramma A-CMC-05.
[okazano, yto mramm A-CMC-05 o6namaer BEIpa)KEHHBIMUA CBOMCTBAMH, CIIOCOOCT-
BYIOIIIUMH PHU30TEHE3Y Y SKCIUIAHTOB Oapbapuca (Berberis thunbergii Aurea). B ombi-
Tax ¢ NpopalBaHueM ceMsH nmeHuLs! (7riticum aestivum L.) He 0OHapy>KEHO Kako-
ro-m6o BimusiHUS WTaMMoB G. paraffinivorans A-CMC-11 u P. protegens A-CMC-05,
B TOM YHCII€ B COCTaBE KOHCOPIIMYMa, Ha BCX0XKECTh CeMsH. OIHAKO BBISBICHBI CTa-
TUCTHYECKU 3HauuMble (p <0,05) oTaM4Ms M0 MPHU3HAKY UIMHBI IPOPOCTKOB U KOP-
Hel mmeHnIbl npu o6paboTke cemsH mrammamu G. paraffinivorans A-CMC-11 n
P. protegens A-CMC-05 coorBercTBeHHO. OOpabOTKa IKCIUIAHTOB MaiHHBI (Rubus
ideus L.) xynbTypanbHON *uaKocThio mrTamma A-CMC-05 crocoGcTBOBaNa yBenu-
YEHHIO CpeAHEeH UTMHBI MOOEroB IO CPaBHEHUIO C OTPHIATENBHBIM U TMOJIOXKHUTEIb-
HBIM KOHTponsiMu Ha 40% u Ha 73% cooTBeTcTBeHHO. Mcmonb30BaHUE MITAMMOB
B COCTaBE€ KOHCOPLIMYMa HE MOKa3ajao 3HaYMMbIX pe3yabTaroB. Jns mramma P. Pro-
tegens A-CMC-05 BoLaBiieHBI 0oJiee BBICOKHE MOKa3aTeNd 10 BCEM HCCIEeIOBaHHBIM
XapaKTePUCTUKaM, TakMM Kak 5((EeKTHBHOCTb MHIMOMpOBaHHMSA (uUTONaToreHa u
MIPOLIEHT SKCIUIAaHTOB C MPU3HAKAaMH pPH30TeHe3a.

KnroueBble ci10Ba: MUKPOOPTaHW3MBI — NPOJYIEHTH OMOAKTUBHBIX BEIIECTB,
HHTHOMpOBaHNE POcTa (PUTONATOT€HHBIX MUKPOOPTaHU3MOB, CTUMYJIHPOBAHHE POCTa
pacTeHui, pU30reHes

HcrouHuK (PUHAHCUPOBAHMA: WCCIICAOBAHUE BBHITOJHEHO NIPHU MOJNEpxkKe ['paHnTa
Ne 075-15-2022-1152 (Iloctanosnenue Ne 619 ot 8 anpesns 2022 1.).
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Summary. Excessive use of chemical fertilizers has led to various negative conse-
quences such as accumulation of harmful elements in the soil, groundwater pollution,
reduction of soil organic matter content and fertility, and deterioration of soil physical
and chemical properties. In recent years, special attention has been paid to the indus-
trial potential of microorganisms for use as biological fertilizers, their ability to im-
prove nutrient availability, enhance plant growth and productivity, and protect the en-
vironment from negative impacts. A large group of soil bacteria has been shown to
have a positive effect on plant growth, which is associated with such properties as in-
creased availability of mineral nutrition elements for plants, production of metabolites
with hormonal and signaling functions (auxins, cytokinins, gibberellins, abscisic, sali-
cylic and jasmonic acids), induction of mechanisms of systemic resistance to stresses
of abiotic and biotic nature. Bacillus and Pseudomonas are among the most studied and
widely used producers of bacterial enzymes and destructors of organic compounds, as
well as plant growth-promoting bacteria and antagonists of plant pathogens.

In the present study, the growth-stimulating and bioprotective properties of strains
Pseudomonas protegens A-CMC-05 and Gordonia paraffinivorans A-CMC-11,
which we had isolated earlier from municipal wastewater treatment plants in Sura-
baya, Indonesia, were investigated. The representatives of Pseudomonas and Gordo-
nia are widely distributed in nature and are actively studied due to their ability to de-
struct, transform and synthesize organic compounds. P. protegens is known as a plant
growth-promoting rhizobacterium. No published data were found for G. paraffinivo-
rans to investigate their potential as plant growth stimulators or biocontrol properties,
but such works are available for other members of the genus Gordonia.

The inhibitory activity of strains P. protegens A-CMC-05 and G. paraffinivorans
A-CMC-11 against the phytopathogenic fungus of the genus Fusarium, representa-
tives of which are often associated with severe crown and root rot diseases of wheat,
was investigated. When Fusarium equiseti D1 was co-cultured in the presence of each
of the bacterial strains, changes in the morphology of the fungal mycelium and inhibi-
tion of the growth zone were observed (See Fig. 14). When the fungal fragment was
inoculated onto freshly grown bacterial turf, the inhibitory activity of P. protegens
A-CMC-05 was as prominent, whereas strain G. paraffinivorans A-CMC-11 showed
less pronounced antagonism (see Fig. 1B). In the third cultivation variant, which con-
sisted of inoculating the fungal mycelium into the center of the Petri dish at the same
distance (3.5 cm) between two bacterial growth zones (0.7-0.8 mm in diameter), in the
presence of the Pseudomonas sp. strain A-CMC-05, a more noticeable inhibition of
mycelial growth was also observed than in the presence of the Gordonia sp. strain
A-CMC-11 (See Fig. I1C). Inhibition of radial mycelial growth ranged from 11% to
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13% for strain A-CMC-11 and from 36% to 67% for strain A-CMC-05. In addition to
inhibition of the growth zone, strain A-CMC-05 inhibited the development of aerial
hyphae of Fusarium equiseti D1, only weak growth in the depth of the agarized medi-
um was observed (See Table 1).

An experiment was conducted to study the growth-stimulating properties promot-
ing rhizogenesis of unrooted explants of barberry of Thunberg (Berberis thunbergii
Aurea), selected as an object for research (See Fig. 2). As a result, rhizogenesis pro-
cesses were observed in 12.1% of explants planted in sterile soil treated with the cul-
ture liquid solution of strain A-CMC-05. In the experiment with strain A-CMC-11,
root formation was detected in 7.5% of explants. In the control experiment with the
addition of the Kornevin commercial preparation based on 4(indol-3yl)butyric acid
(IBA) the efficiency of rhizogenesis was 15%. Analysis of the obtained results indi-
cates that strain A-CMS-05 has pronounced properties promoting rhizogenesis in bar-
berry plants used as an object of research and its efficiency in stimulating rhizogenesis
is comparable to the efficiency of the preparation based on IBA. In subsequent exper-
iments, in addition to the effect of strains A-CMC-05 and A-CMC-11 individually,
their effect on plant growth and rhizogenesis in the consortium was investigated. In
experiments with germination of wheat (Triticum aestivum L.) seeds in sterile soil,
strains of G. paraffinivorans A-CMC-11 and P. protegens A-CMC-05, including as
part of a consortium, had no effect on seed germinability (See Fig. 34). At the same
time, the formation of a denser earth clod at the roots of wheat seedlings in the exper-
iments with each of the strains and as part of the consortium compared to the control
was noted (See Fig. 3B). Statistically significant differences were also revealed be-
tween the lengths of seedlings when seeds were treated with G. paraffinivorans
A-CMC-11 and the lengths of wheat roots under the influence of P. protegens
A-CMC-05 (See Fig. 4). The use of strains as part of a consortium showed no signifi-
cant results. Additionally, the effect of bacterial strains and consortium on rooting ef-
ficiency and shoot length in raspberry (Rubus ideus L.) explants of “Cassiopeia” vari-
ety was investigated (See Fig. 5). In contrast to the experiment with barberry explants,
no positive effect of individual strains or their consortium on rhizogenesis processes
in raspberry was found. Moreover, the efficiency of root formation by the number of
rooted explants was the most significant in the negative control without any soil or
explants treatment and amounted to 87% (See Fig. 54). We did not analyze root and
shoot masses except for visual assessment. The total root mass in experimental and
control experiments could differ and, among other things, affect the average shoot
mass, which visually increased after treatment with culture liquid of the strains and
consortium due to a wider leaf plate (See Fig. 6). In addition, treatment of explants
with the culture fluid of P. protegens A-CMC-05 increased the average shoot length
by 40% compared with the negative control and by 73% compared with the positive
control (See Fig. 5B). The studies demonstrated the potential of P. protegens A-CMC-05
and G. paraffinivorans A-CMC-11 as biocontrol agents and plant growth stimulators.
P. protegens A-CMC-05 showed more pronounced results and is a more promising
agent for further studies of growth-stimulating and bioprotective properties.

The article contains 6 Figures, 1 Table, 40 References.
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BBenenne

OnHolt M3 BaXKHBIX 33124 arporpoMsbiinuieHHoro komiuiekca (ATIK) siBisercs
HEOOXOMMOCTh TPOU3BOJCTBA BCE OOJNBIIETO KOJINYECTBA MPOIYKTOB MUTAHHS
IUIsl YIOBJIETBOPEHUS! pacTyllero crpoca HaceneHus. Kpome Toro, ceibckoe
XO3HCTBO CTAIKHBAETCS ¢ MPoOIeMaMH MOCIEACTBUH 3arps3HEHHS OKPYKAro-
el cpensl, TAKUMH Kak M3MEHEHHE KIIMMaTa M HeXBaTKa BOJBI, KOTOPhIE CHU-
KAIOT YPOKANHOCTb CENbCKOXO3SHUCTBEHHBIX KYJIbTYp. Upe3aMepHOe HCIIOJIb30-
BaHHE XMMHUYECKHX YJOOPEHUH NpUBEIO K pa3jiMyHbIM HEraTUBHBIM MOCIEN-
CTBHSIM, TaKUM KaK HAaKOIUIEHHE BPEIHBIX DJIEMEHTOB B IIOYBE, 3arps3HEHUC
TPYHTOBBIX BOJ, CHIDKCHUE COJIEPKAHUS OPTaHUIECKOTO BEIIECTBA B MOYBE U €€
IUTOIOPOIHSI BMECTE C YXYAIICHAEM (DPU3NICCKUX M XUMUYCCKUX CBOMCTB ITOYBBI
[1]. Takum oOpa3oM, COBPEMEHHOE CEJIbCKOXO3SHMCTBEHHOE IIPOM3BOJICTBO
B PA3IMYHBIX CTPaHAX MHPA CTAIKHUBACTCS C HEOOXOOMMOCTBIO PEIICHHS Cpasy
JBYX BaXXHEMIINX MpoOJieM, a UMEHHO 3allUThl CEIbCKOXO3SHCTBEHHBIX KYJIb-
Typ OT BpEIUTENeH, 00Jie3HEH M COPHAKOB M 3aIlUThl OKPYKAIOLIEH Cpeibl OT
TEXHOTEHHOTO 3arps3HeHus [2].

B mocnennue ronbl 0co60e BHUMaHUE YACISETCS MPOMBIIUICHHOMY TOTCH-
OUasy MUKPOOPTaHW3MOB [UIS HCIOJNB30BaHHUS B KayeCTBE OMOJIOTHYECKUX
yInoOpeHuii, UX CHOCOOHOCTH YIy4IIaTh JOCTYITHOCTh HMUTATEIBHBIX BEIUICCTB,
YCUJIMBATh POCT U MPOIYKTHUBHOCTh PACTEHUH U 3alUILATh OKPYKAIOILIYIO Cpe-
Iy OT HEeraTUBHBIX Bo3zeicTBuil [3, 4]. Jnst OonbIIoi rpymnibl HOYBEHHBIX Oak-
TepUil MOKa3aHO TOJIOKUTEIBHOE BIFSHHE HA POCT U Pa3BUTHE PACTCHUIL, UTO
CBSI3BIBAIOT C TAKUMH CBOWCTBAMH, KaK MTOBBIIICHHUE JOCTYITHOCTH ISl PACTEHHIH
3JIEMEHTOB MUHEPAIBLHOIO MUTAHUS, TPOAYKIUS METaOOTUTOB C TOPMOHAJIbHbI-
MH ¥ CUTHaJIBHBIMH (DYHKIHMSIMH (ayKCUHBI, INTOKUHUHBI, THOOEpeIunHbI, abc-
[U30Bas, CAIHIIIIOBAS M JKACMOHOBAsI KUCIJIOTHI), HHAYKIMS MEXaHH3MOB CH-
CTEMHOW YCTOHYUBOCTH K CTpeccaM aOHMOTHYECKONH M OMOTHYECKOH MPUPOJIBI
[5, 6]. TloMrMoO 3TOrO, HEKOTOpHIE POCTOCTUMYIUPYIOIINE MHUKPOOPTAaHU3MBI
MOTYT 00JIaJlaTh ¥ CBOWCTBAMH OMOKOHTPOJIS, TIOJABJISS POCT (PUTOMATOTCHOB
C IIOMOIIBI0 TPOM3BOJACTBA AHTUMUKPOOHBIX COCIUHEHUH WM KOHKYPEHIHH
3a 9KOJIOTUYECKHE HMIIM WIM NHUTaTellbHble pecypchl. M3yueHue moTeHIuana
TaKUX MHUKPOOPTAaHU3MOB U MX NPHMEHECHUE B YCTOWYNBOM CEIIBCKOM XO03SHCTBE
B KauecTBe aJbTePHATHB XUMHUYECKUM YAOOPEHUSIM M MecTHuugam OyneT cro-
co0CTBOBAThH YJIYULIEHUIO COCTOSHHUS OKPY)KAIOIIEH Cpelbl U MOBBIILIEHUIO MPO-
HU3BOJIUTEIHLHOCTH CEIBCKOTO X03scTBA [7].

Bo Bcem mupe OHOCTHMYIATOPH pOcTa Ha OCHOBE OAaKTepwil Bce IMpe HC-
MOJIB3YIOT B PACTEHHEBOACTBE ISl YBEJIMYEHHUs YyporkKaHOCTM pacTeHuil [8].
OpHako HECMOTPSI HAa JOCTATOYHO IIMPOKUI aCCOPTUMEHT IPUCYTCTBYIOIINX Ha
PBIHKE IIpenapaToB HA OCHOBE KUBBIX OaKTEPHH LIS 3aIUTHI U PETYISIIUU PO-
CTa pacTeHUH, UX NPUMEHEHHE 3aHUMAET JIULIb HEOOJBILYIO TOJIO B CEIbCKOXO-
3stiicTBeHHOM oTpaciu. OJHONW M3 OCHOBHBIX TMPHYWH, ONPAaHUYUBAIONINX TPH-
MEHECHHE TaKuUX OWONpenapaToB, MOXKET SIBISTHCS HEJOCTATOYHOEC H3YyUCHHE
MEXaHH3MOB, 00ECIICUMBAOIINX OUOMPOTEKTOPHBIE (00eCIIeUnBaIOIIUe (PYHTH-
IUAHBIHA 3Q(EKT B OTHOMICHUU (PUTOMATOr€HHBIX TPHOOB) U POCTOCTUMYIIUPY-
OIIHE CBOMCTBA MUKPOOPTaHI3MOB Pa3HOOOPA3HBIX (PHIOTEHETHIECKUX IPyYII,
a TaKk)Ke M3MEHAIOLIUECS CBOMCTBA MHOKYJIUPOBAHHBIX B MOYBY MUKPOOPTraHU3-
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MOB, KOTOPBIE MOTYT BJIMSTH Ha MPOU3BOJACTBO CEIbCKOXO3AUCTBEHHBIX KYJIb-
Typ. YCIEIIHOE UCIOJIE30BaHUE MUKPOOHBIX OHOCTUMYIISATOPOB 3aBUCHT OT HX
BEDKHMBAEMOCTH B II0YBE, CIIOCOOHOCTH B3aUMOICHCTBHS ¢ MECTHBIMH MHKPOOP-
raHU3MaMH B MoYBe U (hakTopaMu okpyxaromiei cpens [9, 10]. Taxke s dek-
THUBHbIE MUKPOOPTaHU3MbI JOJDKHBI YCHIUBATh BO3MOKHOCTH POCTa PACTEHHIA,
MMETh NIUPOKHUIA CHEKTP NEHCTBUsI, OBITh OC30MACHBIMU I OKpPYIKAIOIIel cpe-
IbI, OBITH YCTOMUYMBBIMH K Pa3sHOOOpAa3HBIM TEMIIEPaTypHBIM BO3IACHCTBHSM,
YO-uznyyennto v uHbIM ¢axtopam [11]. YuuThiBas BCE BbIIECIEPEUUCIECHHOE,
HEOOXOAMMOCTh B pa3paboTKe HOBBIX OMOYHIOOpEHWI Ha OCHOBE POCTOCTHMY-
JTUPYIOIINUX OaKTEpHUd OCTACTCs aKTyalbHOM.

Lenpto HACTOAIIETO MCCIEAOBAHUS SBUJIOCH M3yYEHHE POCTOCTHMYIIUPYIO-
OMX U OMONPOTEKTOPHBIX CBOWCTB IBYX INTAMMOB Oaktepuii, Pseudomonas
protegens A-CMC-05 u Gordonia paraffinivorans A-CMC-11, obnagaromux
JUNOJIUTUYECKIMHU CBOMCTBAMHM M SBJISIIOIIMXCS JECTPYKTOpaMH IIMPOKOTO
Kpyra opraHu4ecKux BElIeCTB.

MarepuaJibl 1 METOABI

tammer 6akrepuii Pseudomonas protegens A-CMC-05 (VKM B-3844D) u
Gordonia paraffinivorans A-CMC-11 (VKM Ac-3071D) KyJabTHUBHpPOBaH Ha
cpene PCA (plate count agar) u arapu30BaHHON HJIH YKHIKOW Cpelic HAa OCHOBE
rugponu3ara peioHord Myku (I'PM). BiusHue mramMmoB GakTepuid Ha POCT IO
OTHOIICHUIO JIPYT K IPYTY ONPEEIISUIN C TOMOIIBIO IOCEBOB HA arapu30BaHHYIO
MUTATENBHYIO CPely METOIOM IIEPEeKPECTHRIX ITPUXoB. Ha cepenuHy 9amku ot
OJIHOTO Kpas JI0 IPyroro HaHOCWJIU MOJIOCKY OaKTepUaIbHOTO MHOKYJISTa OAHO-
ro mramMMma u WHKyOupoBanu nipu 28°C B TeueHue HouW. Jlajiee HAHOCHIIM Ha
YalKy IOJIOCY WHOKYISATa BTOPOTO INTaMMa, IEPIEHANKYISIPHO BBIPOCIIEMY
OakrepuansHOMy mTammy. Eme uepes cytkn makyOupoBanus npu 28°C npose-
PSUTH 30HY pOCTa BTOPOTO IITaMMa M OTPEIEeNIsUIA HAJIMINE W OTCYTCTBUE MH-
THOMPOBAHMSI OJHOTO IITaMMa ApyruM. [loceBrl MpOBOIMIN B IBYX HOBTOPHO-
CTSIX ¢ 00OMMU BapHaHTaMH MEPEKPECTHBIX MTPUXOB.

WNurubupyromuit a3¢dext mrammo A-CMC-05 u A-CMC-11 Ha pocT u pasz-
BUTHE (HUTOMATOTCHHBIX MHKPOOPTaHU3MOB HCCIEIOBATH HA TECT-IITaMMe
Fusarium equiseti D1. DxcriepuMeHT NPOBOJWIN HA CPEE C MAIBTO3HBIM 3KC-
TpaktoM (MD: ManmbTO3HBIA 3KcTpakT — 30 71/7; mentoH — 51/n; arap — 1571)
¢ no6aBneHreM | M1 CTOKOBOTO pacTBopa MukpodnemeHToB (CuSO4x5H,0 —
5r1/m; ZnSO4x7H,0 — 1 1/m) m PCA (plate count agar). Mcnonp3oBanu tpu pas-
HBIX MOAXO0Ja K KYJIbTUBUPOBAHUIO MPHU MPOBEJCHUHU dKCIepUMeHTa. B nepsom
BapHaHTE C COBMECTHBIM KyJIHTHBHUPOBAHHEM BBICEBATH HA YAIlIKU C arapuso-
BaHHOM cpenoit 0,1 MIT cBeXel KUAKOW OaKTepHaIbHOW KYJIBTYPEI M paBHOMED-
HO pacnpenessuid 1o NOBEPXHOCTH arapa. Jlajgee Ha HHOKYJIUpOBaHHbIE OakTe-
PUSIMM YaIlK¥ TTOMEIIAIH JJBa arapoBbIX OJIOKa CBEKEBBIPAIIEHHOTO TPHOHOTO
MUIIETHS HA PACCTOSHUHU JAPYT OT Ipyra He MeHee 3 cM. Bo BTOpoMm Bapmante
JKCIIEpUMEHTa MPOBOJWIN ITOCEB KUAKOH OaKTepUaNbHOM Ky/5TYDB Ha HallIKy
Ietpu (0,1 M1 cycrieH3UH KIETOK C KOHLIEHTpanuei He MeHee 10° ki/min), gepes
1 cyrku wHKyOupoBaHus mpu 28°C Ha TMOBEPXHOCTH arapa IOMEIIATH JBa
(dparMeHTa MUIIETHs, KaK OMHCAHO BBINIC. TpeTHil BapUaHT KyJIbTHBHPOBA-
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HUS 3aKITIOYAICS B CICAYIOMIEM: 3 MKI JKHIKOW OaKTEpUAIbHOH KYyJIbTYPBI
(108 KJI/MJT) HHOKYJUPOBAJM C JBYX MPOTHBOMOJIOKHBIX CTOPOH 4ariku [letpu
¢ KIA (xaprodenbHO-nekcTpo3Hblid arap: kaprodens — 2001/, Tmokoza —
201/n; arap — 151/1) HAa paBHOM pAcCTOSHUHM OT LeHTpa (HE MeHee 3 cM) |
KynbTuBUpOoBaIM npu 28°C B TeueHue 24 u; nocne B UeHTp vamku Iletpu mo-
MEIIaI arapoBblid OJIOK MUIENUs AaMeTpoM 5 MM. KynbTHBHUpOBaHHE BCeX
BapHaHTOB SKCIICPUMEHTA B TPEX HE3aBHUCHUMBIX TOBTOPHOCTSX IPOBOIIIH B Te-
4geHue 5 cyTok. Jlanee u3MepsuIi TuaMeTp TPHOHOTO MUIETUS B KOHTPOJIBHBIX H
9KCIIEPUMEHTAIILHBIX YaIllKaX ¥ PACCYMTHIBAIN MHTHOUpYROIUi 3¢ dekt Oakre-
pHANIBHBIX IITAMMOB TI0 ONMCaHHOH paHee hopmyie [12].

OKCHEPUMEHT IO BIHMSHUIO META0OIHUTOB KyJIbTYPAIFHON JKUAKOCTH IITaM-
MOB P. protegens A-CMC-05 u G. paraffinivorans A-CMC-11 Ha BCXOXECTh
CeMSH TIICHUIBI spoBoit (Triticum aestivum L.) TIpOBONWIM TIO CIEXYyOMIEH
cXeMe: ceMeHa MIICHUIIB BBIMAYMBAIIK | U B CBEXKEH XKHUIKOU KYJIBTYpe KaKIo-
ro mramma (He MeHee 10° Ki1/MiT) [0 OTACIBHOCTH M KYJIbTYPalbHON KHIAKOCTH
KOHCOpIIyMa M3 JBYX IITAMMOB, 3aT€M BBICEBAIM B CTCPHIIbHYIO mouBy. Ila-
paAJUIENBHO MPOBOIMIN KOHTPOJBHBIN MOCEB HEOOPaOOTAHHBIX CEMSH. DKCIIe-
PUMEHT IPOBOAWIA B CTEPWIBHBIX IUIACTHKOBBIX HMAPHHUKAX C IMPO3PAYHBIMHU
KpBILIKaMU C PEXKUMOM MHCOJSLUHN JleHb-HOuYb (16:8) B Teuenue & cyr. s
KaXXJIOTO BapUaHTa JKCIICPUMEHTA, BKIFOYAst KOHTPOJIBHBIN, HCIOIB30BAIN TPH
Onoornyeckux MoBTOpHOCTH 1Mo 100 ceMsiH MIIeHUIIBI B Kax10i. B xoHIIe sKC-
MEPUMEHTA OIPEIEISUI MPOIIEHT BCXOXKECTH CEMSH, a TaKKe aHATU3UPOBAIH
JUTMHY KOPHEH U IPOPOCTKOB.

DKCHEpUMEHT 110 CTUMYJIUPOBAHUIO MPOIECCOB PU30TEHE3a Y PACTCHUN Me-
TabonuTaMu, 00pa3yeMbIMH MITaMMaMU OaKTEpHid, MPOBOIUIN C HCIIOIH30Ba-
HUEM JKcIUtaHToB Oapbapuca TynOepra (Berberis thunbergii Aurea). [Tomxydaen-
HbIE MUKPOKJIOHAIBHBIM Pa3MHOKEHHEM 3KCIIAaHThI Oapbapuca 0e3 MpU3HAKOB
pHU30TreHe3a OBUIH BBHICAXKCHBI B CTEPHIIFHYIO ITOYBY, 00pab0OTaHHYIO PacTBOPOM
(150 M1 pacTBOpa Ha 2 71 TOYBKI) KYJIBTYPaIbHOU KHIKOCTH IITAMMOB P. prote-
gens A-CMC-05 u G. paraffinivorans A-CMC-11 ¢ KoHIEHTpaIen 10% ko1/mun.
[IpoBoaMIHM OTHENBHBIN YKCIIEPUMEHT IS KaXKIIOro ITamMma. B kaxmom skcre-
puMeHTe OBLIO MCTIONB30BaHO 66 AKCIUTAHTOB Oapbapuca. B KOHTPOIBHOM JKC-
MEPUMEHTE HKCIUIAHTHl BBICA)KUBAIUCH B CTEPWIBHYIO HOYBY 0e3 KakoH-IH00
00paboTKu. J[OMOIHUTENBHBIA KOHTPOIBHEIA SKCIIEPUMEHT BKIIIOYAT 00paboTKy
9KCIUTAHTOB (OIyApPUBAHME) PEryJIATOPOM pocTa pacTeHuid (mpemapatr «Kop-
HEeBUH», conepxamuid 4(unpon-3un)macisnyto kucinory (UMK) B kaudectBe
JICHCTBYIOIIETO BEIIECTBA), & TAK)KE BHECEHHUE JKUAKON (hOpPMBI OHompenapaTta
Ha OCHOBE crop (B KOHewHON KoHeHTpauun 10° Ha M) M MuLenus rpuba
Trichoderma virens 6 (npousBoautens OO0 «/lapBun», r. ToMck) isi mogaB-
JICHUS Pa3BUTHUS HEXKENATEIEHBIX MHKPOOPTaHIM3MOB. DKCIEPHUMEHT IIPOBO AU
MpU KOMHATHOW Temmeparype Ha NpoTsbkeHuu S Hezenb. [lepBoie 2 Hemenu
KOHTEHHEpHl C OSKCIUIAHTAaMH OBLUTH 3aKPBITHl TePMETHYHBIMH ITPO3PAYHBIMU
KPBIIIKAMHU JJISI TOACPIKAHHUST BHICOKON BJI&)KHOCTH M aJallTallid 3KCIUIAHTOR.
Janee B TeueHue 3 HeAeNb BIAXHOCTh IMMOCTEIIEHHO CHIDKAIM 33 CYET HapyIle-
HUS TEPMETHIHOCTH Kphimek. [locie ncmapeHns Bcell BIaru pacTeHHUs H3BIICKa-
JIY U3 TIOYBBI ¥ ITPOBOJIMIIM TIOJICYET SKCILIAHTOB C MPU3HAKAMH PU30TeHE3A.
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JJ1sl TTOCNeNYFOMEero UCCIENOBAHUS POCTOCTHMYIHPYIOIIMX CBOMCTB ITaM-
MOB, BKJIOYas 0Opa3oBaHHME KOpHEW W IUTHHY MOOETOB, BBIOPAHBI KCIUIAHTHI
MauHbl (Rubus idaeus L.) copra «Kaccuones». JKCIIanThl 6€3 IPU3HAKOB PH-
30reHe3a ObLIH BBICR)KEHBI B CTEPIUIBHYIO MOYBY, KaK OMKCAHO BbIme. Bo Bcex
TpeX BapUaHTaX SKCIEPUMEHTA, 8 IMCHHO ¢ 00pabOTKON KYIbTYPAIBHOM KHITKO-
cThio mTamma P. protegens A-CMC-05, mrtamma G. paraffinivorans A-CMC-11
U KOHCOpLHMYMa M3 JBYX IITAMMOB, UCIIOJIB30BAIH MO 70 SKCIUIAHTOB MAJIUHEI.
B KOHTPOJBHBIX 3KCIIEPUMEHTAX BHICAXKUBAIU 3KCIUIAHTHI B CTEPHIIBHYIO ITOYBY
0e3 kakoii-mnbo 00paboTkm u ¢ obpaboTkoi mpenapatom «KopueBun». Ipo-
JOJDKUTEIBHOCTh U YCIIOBHS IPOBEICHUS SKCIEPUMEHTA C SKCIUIAHTAMH Malli-
HBI COBMAJAJI C OMUCAHHBIM BHIIIE ¢ ydacTueM OapOapuca. OIHAKO B TaHHOM
Cllydae IO 3aBEpIICHUU JKCIIEPHMEHTa OLICHHBAJIHM HE TOJBKO YHCIIO JKCIUIAH-
TOB C IPU3HAKAMH PU30T€HE3a, HO M JUIMHY ITOOETOB.

CratucTrdeckyro 00pabOTKy MONYYSHHBIX JAHHBIX IMPOBOIUIN C IIPUMCHE-
HUeM Hemapamerpuueckoro U-kputepus ManHa—YutHu. OTiIHYusS CUUTAIH
3HaYUMBIMH 11pH p < 0,05.

Pe3yJI])TaTl)I HCCJICI0OBAHUA U 06cym)1e}me

B uccrenoBanny MCHOIR30BANIN IITAMMBI OaKTEpPHi, BEIICIICHHBIE HAMHU pa-
Hee U3 FOPOJICKUX OYUCTHBIX coopykeHuil r. Cypabas (MHooHe3us1) U UACHTH-
(GUIMPOBaHHBIE HA OCHOBE MOJEKYIISPHO-OMOJIOTMYECKOTO aHamm3a Kak Pseu-
domonas protegens A-CMC-05 (VKM B-3844D) u Gordonia paraffinivorans
A-CMC-11 (VKM Ac-3071D) (manHbie He omybOnukoBaHbl). Mccnemyembie
IITAMMBI OTHOCATCSI K (DMIIOTEHETHYECKH yIAICHHBIM APYT OT APYra TaKCOHaM
(Gammaproteobacteria u Actinomycetia COOTBETCTBEHHO) U TPEACTABIISAIOT WH-
Tepec KaK MOTCHINAIBHBIC areHThI U1 HCIONb30BaHMS B PA3IMYHBIX AKOJIOTHU-
YEeCKUX U CEIbCKOXO35IICTBEHHBIX OnoTexHonorusx. [pencrasurenu Pseudomo-
nas u Gordonia IMPOKO PACIPOCTPAHEHBI B MPUPOJIE M AKTUBHO H3y4arOTCs
Onaromapsi CBoel CIocOOHOCTH paszjiaraTh, MPeoOpPa30BhIBATH M CHHTE3UPOBATH
opranuyeckue coeaunenus [13, 14]. P. protegens U3BeCTeH KaKk CTUMYIUPYIO-
miast poct pactenuit puzodakrepus [15]. s G. paraffinivorans ue oGHapyXeHO
OITyONMKOBaHHBIX JAHHBIX 00 HMCCIIEIOBAHMU WX MOTCHIMANA B KA4eCTBE CTH-
MYJISITOPOB POCTa PACTEHHU MM CBOWCTB OMOKOHTPOJISI, OJHAKO MOJOOHBIE pa-
OOTHI €CTh JJIs IPYTUX TpeacTaButeneit poga Gordonia [16].

UccnenoBanyu MHTHOUPYIOIIYIO aKTUBHOCTh IITaMMOB P. protegens A-CMC-05
u G. paraffinivorans A-CMC-11 mo oTHOIICHHIO K (DUTOMIATOTCHHOMY TPHOY
pona Fusarium, mtamm D1, BBIICIICHHOMY HaMH paHee U3 MOPaKEHHBIX (y3a-
puo3oM pacteHuit knyOHUKH. Fusarium D1 no ananmmsy rena ITS (Homep no-
cryna GenBank NCBI PV390695) otHocutcs k Fusarium equiseti, IpeicTaBu-
TEJI0 KOMIUIEKCA BUIOB Fusarium incarnatum-equiseti, KOTOPBIA SBISETCS Na-
TOTEHOM JJIS Pa3HOOOPa3HbBIX pacTeHuit [17, 18].

Fusarium spp., IIUPOKO PacpOCTPAHCHHBIA MUIEIUANBHBIA TPHO, BCTpe-
YAFOIIUIACS B TIOYBE M PACTCHUSX, MHOTHE BUABI KOTOPOTO SIBISIOTCS BAYKHBIMHU
natoreHaMu pacteHuil [19, 20], BIMAIOT Ha KayecTBO ypoxkas M MPUBOISAT
K IOp4Ye MPOAYKTOB NMuTaHus [21], a Takke OKa3bIBAIOT 3HAYUTENILHOE BIHSHHE
Ha 3JI0pOBbE 4eJIOBEKa U JKUBOTHBIX [22, 23].

86



Cuicoesa A.H., Heacenko M. /1., Heacenko /1. A., I'epacumuyk A.JI. H3yuenue nomenyuana

[Ipu coBMecTHOM KyIbTHBHPOBAHUU F. equiseti D1 B IPUCYTCTBUU KaXOT'0
13 OaKTEepUABHBIX ITAMMOB HAOIIOAAIH HHTHONPOBAHUE 30HBI POCTA MUTICITHSI
(puc. 14). Ilpu mHOKyIMpOBaHUM (PparMeHTa rpuda Ha CBEKEBBIPOCHINHA Oak-
TEePUATBHBIA Ta30H HHTHOMPYIOIIAs aKTHBHOCTh IITamma Pseudomonas sp.
A-CMC-05 Obira Tako¥ jxe 3aMETHOH, Torma Kak jus mramma Gordonia sp.
A-CMC-11 nabnromany MeHee BhIpaXXEHHBIA aHTaroHusM (puc. 1B8). [Ipu tpetsb-
€M BapHaHTE KYyJbTHBHPOBAHUS, KOTOPBIM 3aKIIOYANCS B WHOKYJIHPOBAHUH
rpUOHOr0 MUILIENHUs B IIEHTp Jaiku [leTpu Ha oquHAKOBOM paccrosHuH (3,5 cMm)
MEXIy ByMsl OakTepralbHBIMHU 30HaMu pocTa (auameTpom 0,7—0,8 MM), B Tipu-
cyrctBuU mramma Pseudomonas sp. A-CMC-05 taxke Habmonanmu Oosee 3a-
METHOE HHTHOMPOBAHUE POCTA MHILICIHUS, YeM B IPUCYTCTBHUHU ITamMa Gordonia
sp. A-CMC-11 (puc. 1C).

WurnbrupoBanne paguaibHOrO POCTa MULECTHS HA CPEAe T MUKPOMHILICTOB
coctaBwiio 11-13% misa mramma A-CMC-11 u ot 36% 1o 67% nindg mramma A-
CMC-05. Hnsa mramma A-CMC-11 ormedeHo HamOolbllee WHTHOUpYIOIICE
BO3zeiicTBHe Ha Mmunenui (1o 57%) mpu KynbTuBHpoBaHuHM Ha cpene PCA,
MpeIHAa3HAYCHHON Ml KyJIbTUBUPOBAaHWS OaKTepWil W TMOJCYETa KOJOHHUH.

Fusarium equiseti D1 P. protegens A-CMC-05 G. paraffinivorans A-CMC-11

KoHTponb

[Control] A B A B

Fusarium sp. D1 P. protegens G. paraffinivorans

Puc. 1. [logasnenne pocra Fusarium equiseti D1 mpu pa3HBIX BapHaHTaX KyJIbTUBHPOBaHUS
Ha cpelax ¢ MajabTO3HBIM 3KcTpakToM (MO) u PCA (4 — coBMecTHOE KyIbTHBUPOBAHHUE;
B — nHOKYIMpOBaHHE rPUOHOTO MULIEIHS Ha BHIPOCIIHI OaKTepHaIbHBIN a30H;

C — MHOKY/MPOBaHNE MHULIEIUSI MKy ABYyMsI OaKTepHaIbHBIMU 30HAMH POCTa)

B npucyTcTBUU mTaMMoB Gordonia sp. A-CMC-11 u Pseudomonas sp. A-CMC-05
nipu 28°C B TeyeHHe 5 cyTOK
[Fig. 1 Inhibition of Fusarium equiseti D1 growth under different cultivation conditions on media with
maltose extract (ME) and PCA (4 - co-cultivation; B - inoculation of fungal mycelium onto the grown
bacterial lawn; C - inoculation of mycelium between two bacterial growth zones) in the presence
of strains Gordonia sp. A-CMC-11 and Pseudomonas sp. A-CMC-05 strains at 28°C for 5 days]
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[MomMumo mHTHOMpOBaHHS 30HBI pocta, mTtamM A-CMC-05 mpenstcTBoBan pas-
BUTHIO BO3AYIIHBIX TH] (y3apruyma, HAOTIOANHN JIUIIb CIA0BIA POCT B TITyOHHE
arapu3oBaHHOM cpensl (Tadu. 1).

Panee mpomeMOHCTpHPOBAHO HHIHOMPOBAHUE POCTA MUILEHHS Fusarium
equiseti, BBIZIEIEHHOTO W3 OOJIBHBIX cTebJiell U KOpHEW mepla xabaHepo, Mmoy-
BEHHBIMU InTamMamu Paenibacillus sp. u Bacillus spp. Kak Tpd COBMECTHOM
KyJIbTHBHPOBAaHHUU (710 66%), TaK W IPU HCIIOIH30BAHIH OECKIETOYHBIX (I
TparoB (10 69%) [24]. B mpyrom mccieaoBaHuu sl pu3oCc(EpHBIX IITaMMOB
Bacillus amyloliquefaciens, B. velezensis, B. subtilis u B. mojavensis ioka3ana
BBICOKAsl CTETICHb CHIDKEHUS (PY3apHO3HOTO YBsaHus y Vicia faba, BBI3BBAHHOTO

Tabnuma 1 [Table 1]

HMurnduposanue pocra Fusarium equiseti D1 nipu Ky1bTHBHPOBAHMH B IPUCYTCTBHH
wrammoB Gordonia sp. A-CMC-11 u Pseudomonas sp. A-CMC-05
[Inhibition of Fusarium equiseti D1 growth when cultivated in the presence

of Gordonia sp. A-SMS-11 and Pseudomonas sp. A-SMS-05 strains]

Wurubuposanue pocra munenns, %
[Inhibition of mycelium growth, %]

Wnoxynupo-
BaHHE MHIIC-
Haunero- HuokymupoBanue IS MEKILY
BaHme IpHOHOTO MULIENHUS JByMsi GakTe-
" 3 CosmecTHOE Ha GaKTepUAIbHBIH PHATBHEIMH
Muuenuit KYJIbTUBUPOBaHHE ra3oH 30HaMU pocTa
aH[TI?IFOHHCfTa [Mycelium] [Co-cultivation] [Inoculation of fungal [Inoculation
ang:)en ?st mycelium on bacterial of mycelium
strain] lawn] between two
bacterial
growth zones]
M3 M3 KIA
[malt PCA [malt PCA [potato dextrose
extract] extract] agar|
Boznym-
HbIE TU(BI 83,8+ 100 82,7+ 100 39.0+24
[Aerial 4,1 34 ’ ’
Pseudomo- hyphae]
nas prote-
gens FHy6IfH'
A-CMC-05 HBIM 36,1+ 35,0+ 67,66+ 349+ He nabmomanu
MHLEIHN 1,2 7,3 6,7 5,5 [Not observed]
[Deep
mycelium]
Bo3nym-
Hble rudbl 23,8+ 16,8 + 114+ 573+
[Aerig 9,1 1,4 0,0 23 13,074
Gordonia hyphac]
paraffinivo- v6 He He He
rans TYOUH Habmo- | Habo- Halmo-
A-CMC-11 HBIM 10,5+ nam nam namm | He Habmomamu
MHLenit 9.1 [Not [Not [Not | [Notobserved]
[Def:p ob- ob- ob-
mycelium] served] served] served]

88




Cuicoesa A.H., Heacenxo M. /1., Heacenxo /1. A., I'epacumuyx A.JI. Hzyuenue nomenyuana

F. equiseti, B TetuinynbIX ycnoBusx [25]. Ilomumo Bacillus v pOJCTBEHHBIX eMY
BHJOB IOKa3aHa (YHTHUIUIHAS aKTHBHOCTH Jis Imtamma Chryseobacterium
rhizoplanae 1M u ero merabonuTOB, aneTonHa u 2,3-0yTaHenuomna, B OTHOIIIE-
HUM Bo3Oymutenei (ys3apuosa mama (Vigna radiata), cpenu KOTOPBIX OBLI
Fusarium equiseti [26].

OyHrInMIHAsS AaKTUBHOCTH IITAMMOB Pseudomonas protegens OTHOCUTEIBHO
npencTaBuTeNneit poaa Fusarium Takxke ObUIa IMOKa3aHa paHee APYTUMH HCCIie-
noBatensmu [27]. Ilpu 3ToM B OmHOW W3 ONMyOJMKOBaHHBEIX paboT Mmpoje-
MOHCTPHPOBAHO OTCYTCTBHE WHTHOWPYIOIIEH aKTHBHOCTH Yy ABYX LITaMMOB
P. protegens B oTHOmEHNU TpubOB poxa Fusarium, Toraa Kak s Ipyrux Qu-
TONATOT€HHBIX TPUOOB (PyHTHMIUAHAS aKTHBHOCTHh NpuUcCyTcTBoBana [28]. MH-
(dopmarun 00 UCCIeOBaHUAX HHIHOUPYIOIIEH aKTUBHOCTH ITaMMOB Gordonia
MIPOTUB (PUTONATOTCHHBIX TPUOOB HAMH HE OOHAPYKEHO.

BakrepuanpHble aHTarOHUCTHI (PUTOMATOTEHHBIX IPUOOB, KaK U CTHMYIHPY-
IOIIHME POCT pacTeHU OAKTEpHid, OOBIYHO BBIICISIOT U3 TIOYB U KOPHEH pacte-
HUH Kak OCHOBHOTO MECTOOOMTaHHWs pu3o0akTepuil. B oTmenbHbIX paborax
OIKCHIBACTCS BBIJICIICHIE CIIOCOOCTBYIOIUX POCTY PACTCHHN OaKTepHid W3 Opo-
IaeMbIX CTOYHBIMH BOJAaMHU CEIbCKOXO03SHCTBEHHBIX mouB [29, 30] u apyrux
TUTIOB TIOYB, MOABEPKEHHBIX aHTponoreHHoMy BiustHUIO [31]. OgHaKko HEKOTO-
pBIE UCCIEIOBAaHMS IPOAEMOHCTPUPOBAIH, YTO MUKPOOPTaHU3MEBI, BEIACICHHBIC
U3 JPYTHX 3KOJIOTHYECKUX HHII, TAKUX KaK BOIHAS cpena (MOpPCKasi BOJIA, MUTh-
eBas BoJa), Takxke 3(Q(HEKTUBHO MOJIABIISUTA POCT MATOTEHOB ¥ CIIOCOOCTBOBAIIN
pocty pacrenwii [32, 33]. Kpome Toro, mpoaeMoHCTpUpOBaH 3PEKT CTUMYIH-
POBaHUsI POCTA PACTCHUI U 3aIUTHI PaCTEHUI OT MTATOTCHOB poja Fusarium spp
OaKkTepHsMU, BHIICICHHBIMH M3 OYHCTHBIX COOPY>KEHHU CTOYHBIX BoX [34]. AB-
TOpaMH TIOKa3aHO WHTHOHpYIOlIee JeiicTBue Oaktepuil ponoB Pseudomonas,
Proteus na poct Fusarium culmorum wu Fusarium graminearum W HaJU4due
CBOMCTB, CTUMYJIUPYIOIIUX POCT pacTeHui. Takike aBTOpHI JaHHOW pabOThI Ipe-
TOJIArar0T, YTO y PH30CHEPHBIX U HEPU30CHEPHBIX OAKTEPUN MOTYT OTIIMYATHCS
MEXaHU3MBI, OTBETCTBEHHBIC 33 MMPOTUBOIPHOKOBBIC CBOWCTBA. DTUMH XK€ aBTO-
paMu MOKa3aHo, YTO OAKTEPUH MOTYT MEPEHOCUTHLCS U3 PU30C(HEPHl OJJHOTO BUAA
pacteHuid B pu3ocdepy Ipyroro BUa pacTeHHH 0e3 MOTepH X CBOKCTB, CIIOCO0-
CTBYIOIIUX POCTy pacTeHuil [35], 4To moATBEep:KIaeT BO3MOXKHBIN IOTEHIINAT
pa3HBIX OaKTepHid B CTUMYIUPOBAHUU POCTA PA3HOOOPA3HBIX PACTCHUM.

ITomumo wccnenoBaHMsl MOTCHIMANA IITAMMOB B KauecTBE arcHTOB OWO-
KOHTPOJIS, TPOBENEH OSKCIEPUMEHT II0 W3YYCHHIO POCTOCTHMYIHPYIOIINX
CBOIICTB, @ UMEHHO CHHTE3a OMOAKTUBHBIX BEILIECTB, CIIOCOOCTBYIOIINX PU30TE-
He3y dKCIUIaHTOB Oapbapuca (puc. 2). Jlist mpencraBuTeneid pa3HbIX BUAOB Oap-
Oapuca coolmIaeTcs 0 CIOKHOCTIX ¢ YKOPEHEHHEM W BBEICHHEM B KYIBTYPY
MIPY MUKPOKJIOHAJIILHOM pa3MHOKeHUH [36, 37], ueM 1 000CHOBaH BBIOOD JAEKO-
patuBHOTO KycrapHuka O6apbapuca Tynbepra (Berberis thunbergii Aurea) B Ka-
YyecTBe 00BeKTa JUIsl ucchenoBanuii. B utore y 12,1% sKCIUIaHTOB, BBICAXKEH-
HBIX B CTEPIWIBHYIO MOYBY, 00Pa0OTaHHYIO PACTBOPOM KyJIbTYPAILHON JKUIKO-
cti mrtamma A-CMC-05, nabironanu mpoueccsl pu3orenesa. B skcrnepumMente
co mrammoM A-CMC-11 obpa3oBaHme KOpHEH BBHISABICHO y 7,5% SKCIUIAaHTOB.
B KOHTPOTBHOM O3KCIIEpUMEHTE C IOOaBICHHEM KOMMEPYECKOTO IperapaTa
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Puc. 2. DKCIiepUMEHT 10 CTUMYJIMPOBAHUIO KOpHEOOpa3oBaHusl y IKCIUIaHTOB Oapbapuca
mrammami P. protegens A-CMC-05 u G. paraffinivorans A-CMC-11: BHemHUIA BUJ
skcIutanToB Oapbapuca Tynbepra (Berberis thunbergii Aurea) B Hauaine KcriepuMenTa (4);
9KCIUIAHTHI C KOPHSAMH B KOHIIE SKCIIEpHMEHTa (B); IKCIUIaHTHI 6e3 IPU3HAKOB PHU30TeHe3a
B KoHIIe okcniepumenTa (C)

[Fig. 2. Experiment on stimulation of root formation in barberry explants by strains P. protegens
A-CMC-05 and G. paraffinivorans A-CMC-11: external appearance of explants of Thunberg
barberry (Berberis thunbergii Aurea) at the beginning of the experiment (4); explants with roots at the
end of the experiment (B); explants without signs of rhizogenesis at the end of the experiment (C)]

«KopueBun» u Ouomnpanapara Ha ocHOBe Trichoderma virens 6 3pdexTHBHOCTH
pusorenesa cocrasmia 15%. AHanu3 noaydeHHBIX Pe3y/IbTaTOB CBUIETENBCTBY-
eT o ToM, 4to mramMmm A-CMC-05 obrnamgaer BbIpaXKEHHBIMUA CBOMCTBaMH, CIIO-
COOCTBYIOIIUMH PHU30TEHE3Y Y HCIOJIb30BAHHBIX B KA4eCTBE 0OBEKTA HCCIICIO-
BaHUs pacTeHuil OapOapuca, u ero 3pPeKTUBHOCTh B CTUMYJIMPOBAHUU PU30TE-
He3a cpaBHUMa ¢ 3G PEKTUBHOCTHIO Tipenapata Ha ocHoBe UMK. JluTtepaTypHbIii
MIOWCK JIJIsl CPABHUTEIBHOTO aHAIHM3a TOIYYSHHBIX PE3yIbTaTOB IPAKTHYCCKH HE
BBISIBIJI ITyOJIMKAIIUH, KACAFOIIUXCSl OMOCTUMYIHPOBAHUS POCTA M YKOPCHEHHUS
9KCIUTAaHTOB Oapbapuca. B ofHO# W3 00HapYKEeHHBIX paboT MPUBOIUTCS TPOTO-
KOJI TI0 MHIYKIUU Pa3BUTHs KOPHEBBIX BOJOCKOB Y JKCIUTAHTOB WHIHICKOTO
bapbapuca (Berberis aristata DC) mtammamu Agrobacterium rhizogenes [38].

B nocnenyromux sxcnepuMenTax, noMuMo Biusiaus mrammoB A-CMC-05 u
A-CMC-11 no oTnensHOCTH, UCCIENOBAIM MX BO3JEHCTBUE HA POCT M pU3OTe-
HE3 pacTeHUil B cocTaBe KoHcopuuyMa. COBMECTHOE KYJIBTUBHPOBAHHE IITAM-
MoB A-CMC-05 n A-CMC-11 Ha nIOTHBIX MUTATENBHBIX Cpefax MOATBEPANIIO,
9YTO OHHM HE TPOSBIIAIOT AHTAOHUCTHYECKOW aKTHBHOCTH B OTHOIICHHU JAPYT
JpyTa ¥ MOTYT IPUMEHSATHCS B BHJIE KOHCOPIIUYMA.

B ombiTax ¢ npoparmBanueM ceMsiH nmeHusl (Triticum aestivum L.) Kylb-
TypaJibHas KUAKOCTh MTamMMoB G. paraffinivorans A-CMC-11 u P. protegens
A-CMC-05, B TOM ymclie B COCTaBe KOHCOpLIMYMa, HE MOKa3aja KaKoro-imoo
BIIMSIHUSI HA BCXOXKECTh CeMsH (puc. 3). 3HAYMMBIX OTIHYUA OT KOHTPOIHHOTO
JKCIIepUMEHTa He oOHapyxkeHo (puc.34). [Ipu 3ToM oTMedeHo popMupoBaHue
0oJiee IIOTHOTO 3EMIITHOTO KOMa Y KOPHEH MPOPOCTKOB MIIICHHIIBI B SKCIICPH-
MEHTaX C KaXIbIM H3 IITAMMOB M B COCTaBE KOHCOPIMYMa II0 CPaBHEHHIO
¢ xoHTponem (puc.3B). BMmecTe ¢ TeM BBISBICHBI CTAaTHCTUYECKH 3HAYMMBIC
OTIIMYHSI ITMH TIPOPOCTKOB M KOPHEH IMIIEHHUIBI TIPH 00paboTKe ceMsH KyIbTy-
pambHOM KUAKOCTBIO mTaMMOB G. paraffinivorans A-CMC-11 u P. protegens
A-CMC-05 cootBetcTBeHHO (pHc. 4). Mcronb30BaHUE MITAMMOB B COCTaBE KOH-
copIMyMa He TI0Ka3aJI0 3HAUNMBIX PE3YJIbTAaTOB.
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BexoxecTb cemaH, %
[Seed germination, %]
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[Control] [Consortium]
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Puc. 3. Bmusaue mrammoB P. protegens A-CMC-05 u G. paraffinivorans A-CMC-11
Ha BCX0XKECTh CEMSIH MIICHUIIBI (4) U BHEIIHUI BUJI IPOPOCTKOB U KOPHEH MIeHuIs (B)
[Fig. 3. The effect of P. protegens A-CMC-05 and G. paraffinivorans A-CMC-11 strains
on the germination of wheat seeds (4) and the appearance of wheat seedlings and roots (B)]
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Puc. 4. Biusinue wtammoB G. paraffinivorans A-CMC-11 u P. protegens A-CMC-05
Ha JAMHY KopHel (4) u noberos miuexuis! (B). Ha rpadukax oTodpaxeHb
cpenHeapupMeTHIECKHe 3HaUSHHUS [UTHHBI TI0OSTOB ¥ KOPHEH MIISHHIBI CO CTaHIapTHON
oumbKkoii cpenrero. 3HakoM (*) mokazaHbl CTATHCTUYECKH 3HaYUMbIe pasnuyust (p < 0,05)
[Fig. 4. Effect of G. paraffinivorans A-CMC-11 and P. protegens A-CMC-05 strains on the length
of wheat roots (4) and shoots (B). The graphs show the arithmetic mean values of the length of shoots
and roots of wheat with the standard error of the mean. The sign (*) shows statistically significant
differences (p < 0.05)]

B crenyromeM 3KCiepUMEHTE HW3y4ald BIMSHUEC METa0OJIHMTOB IITAMMOB
G. paraffinivorans A-CMC-11 u P. protegens A-CMC-05 nHa 3(dexkTHBHOCT
YKOPEHEHHS ¥ JUTUHY MOOEroB y AKCIUIAHTOB MannHbl (Rubus ideus L.) copra
«Kaccuonest» (puc. 5). Bei6op pacTUTENTFHOTO 0OBEKTA CBA3aH CO CIOKHOCTIMHU
pHU30TeHEe3a IKCIUTAHTOB MANMHEI i1 Vitro. IIpOU3BOIUTENSIM TPUXOTUTCS BBI-
CaKMBATh IKCILIAHTHI O3 MPU3HAKOB PU30T€HE3a Uil YKOPEHEHUsI U aJlalTaluu
pactenuii. OJHaKO, B OTJIMYME OT DKCIEPHMEHTa C 3KCIUIaHTaMu OapOapuca,
MOJIO)KUTEIFHOTO BIHMSHUS IITAMMOB WIIM WX KOHCOPIIMYMa Ha IMPOIECCHl PU-
30T¢He3a y MajJHbl He OOHapyXeHO. DPPEKTUBHOCTh KOPHEOOPA30BaHHUSI 110
KOJIMYECTBY YKOPEHMBIINXCS OKCIUIAHTOB OKa3alach CaMOM 3HAYUTENbHOM
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87% 56 % 80% -8 Y 69 %

CrepunbHan nousa (K-) «KopHesuH» (K+) P. protegens G. paraffinivorans KoHcopupym
[Sterile soil (K-)] ["Kornevin” (K+)] B [Consortium]
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[Raspberry explants without signs of rhizogenesis] | - WK+ ®A-CMC-05 B A-CMC-11 [EDHCOP#"V"; /
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A B

Puc. 5. Biusinue wtammoB G. paraffinivorans A-CMC-11 u P. protegens A-CMC-05
Ha KopHeoOpa3oBanue (4) u anuHy nmoderos ManuHsl (B). Ha rpaduke otobpaxenst
cpenHeapupMeTHIeCKre 3HaUSHNUs! [UTHHBI TI0OETOB CO CTaHAAPTHON OIIUOKON CpeaHero.
3HakoM (*) moka3aHbl CTAaTUCTUUECKU 3HaUMMBbIe pasnuuus (p < 0,05)

[Fig. 5. Effect of G. paraffinivorans A-CMC-11 and P. protegens A-CMC-05 strains on root formation
(4) and shoot length (B) of raspberry. The graph shows the arithmetic mean values of shoot length with
the standard error of the mean. The sign (*) indicates statistically significant differences (p < 0.05)]

B OTPUIIATEIILHOM KOHTpOJIe 0e3 KakoH-Tnbo 00paOOTKU MOYBHI MIIM JKCIUIAH-
ToB 1 coctaBuna 87% (cm. puc. 54). [1o Bceil BuAMMOCTH, BIHUSHUE UCCICTye-
MBIX INTAMMOB Ha PH30T€HE3 CHENU(PHYHO, 3aBUCHT OT KOHKPETHOTO PaCTH-
TEJNBHOTO 00BEKTa U M30MPATEITHHO MOXKET OKa3bIBATh IOJIOKUTENBHOE BO3ICH-
CTBHE Ha Mpolecc oOpazoBaHus kopHeid. Camas HU3Kast 3((EKTUBHOCTH PU30-
reHe3a oOHapy»XeHa B ITOJOKUTEIILHOM KOHTpOJIEe ¢ 00paboTKOH KOMMEpPUYECKUM
npenapaToMm, cogepxxkamum UMK, urto cnoxkHo nomnaercst oobscHeHusM. OnHa-
KO B HAaCTOAMIEM HCCJICAOBAaHHUU YYUTBIBAJIOCH TOJIBKO YHCIIO YKOPCHUBIINXCHA
SKCIUTAHTOB, U3MEPEHHI MacChl KOpHEH He MpoBoaiiIock. O0Imas Macca KOpHeH
B KOHTPOJIBHBIX U ONBITHBIX 3KCIEPUMCHTAX MOIJIa OTJINYaThCA U B TOM YHUCIIC
BIIMSITH Ha CPEIHIOI0 MAaccy MOOEroB, KOTOPasi BU3yalbHO YBEITHUMBAJIACH ITOCTC
00pabOTKU KyJIBTYPaIbHOM YKHIKOCTHIO MITAMMOB M KOHCOPIIMYMa 32 CYeT 00-
Jiee IMUPOKOH MMCTOBOM minactunbl (puc. 6). Kpome Toro, o06paboTka 3KcIIaH-
TOB KyNbTypaldbHOH KUAKOCTBIO TaMMa P. protegens A-CMC-05 crioco0cTBO-
BaJyia YBEIHYCHHUIO CpemHEH JMIHHEI moderoB Ha 40% 1O CpaBHEHUIO C OTpHIIA-
TEJIbHBIM KOHTPOJIEM U Ha 73% 10 CpaBHEHUIO C IOJIOKUTEIBHBIM KOHTPOJIEM
(cM. puc. 5B). TlonoxuTtenabHbIi 3G GheKT MOKeT ObITh CBSI3aH KaK C CHHTE30M
UMK oGakrepuel, Tak U Ipyrux OMOAKTHBHBIX BEIIECTB, CIIOCOOCTBYIOMIUX PO-
CTy pacTeHHH U OMHMCAHHBIX paHee I mpezacTtaBuTenet P. protegens [39]. Po-
CTOCTUMYJIMPYIOIIYE CBOICTBA y IpeAcTaBUTENEH P. protegens onucaHbl paHee,
BKJIIOYasl yJIyullleHHe pocTa nuieHuts! [40].
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CrepunbHas nodsa (K-) «KopHesuH» (K+) P. protegens G. paraffinivorans KoHcopuuym
[Sterile soil (K-)] [“Kornevin” (K+)] [Consortium]

Puc. 6. Buennuii Buj 9KCIUIaHTOB MaJIMHBI 110 OKOHYAHUU SKCIIEPUMEHTA
110 CTUMYJIHPOBAHHUIO POCTa ¥ KOPHEOOpa30BaHus mTaMMaMu Pseudomonas
protegens A-CMC-05 u Gordonia paraffinivorans A-CMC-11
[Fig. 6. Appearance of raspberry explants at the end of the experiment on stimulating growth and root
formation with strains of Pseudomonas protegens A-CMC-05 and Gordonia paraffinivorans A-CMC-11]

3akioueHue

B nanHOW pabore m3ydanu OWMONPOTEKTOPHBIE W OHMOAKTHBHEIC CBOHCTBA
JIBYX H30JIATOB M3 OYHUCTHBIX COOPY)KCHUH, MONYyYaIOUIMX MYHUIHUIAJIbHbIE
crounble Bonbl (T. Cypabast, UHAOHE3Ms), JUIS KOTOPBIX paHee HaMU TIOKa3aHbI
JUTIOJUTUYECKHE CBOICTBA M CIIOCOOHOCTH K JIECTPYKIMHM MAJIbMOBOTO Macia
(mannbie He omyOmukoBaHbl). LltamMer P. protegens A-CMC-05 u G. paraffi-
nivorans A-CMC-11 npoaeMoHCTpUpPOBaIY i Vitro aHTarOHUCTHYECKUHA MTOTEH-
[UaJ IPOTUB (PUTOMATOTCHHOTO Tpuba Fusarium equiseti D1, a Takxke psin npu-
3HAKOB, CIIOCOOCTBYIOIIUX POCTY PACTCHHHU.

B Hamem wuccremoBaHWM WHTHOMPOBAHHME PAIMAIBHOTO POCTA MUIICITHS
Fusarium sp. D1, sBasttoerocst npencraBureneM Fusarium equiseti, COCTaBUIIO
or 11% mo 13% mna mramma A-CMC-11 u ot 36% mo 67% mist mrramma
A-CMC-05. Cnenyer otmeTuts, uto mramm P. protegens A-CMC-05 momnHo-
CTBIO MOJIABIISUT PA3BUTHE BO3AYIITHOTO MHIIEIHS, OXHAKO Y(PPEKTUBHOCTH NHTHU-
OMpOBaHMS PACCUUTHIBAIH IO MOJABICHHIO POCTA HE TOJBKO BO3IYIIHBIX TH(,
HO ® rinyOuHHOro Muuenus. [lomumo QyHIHIMAHOW AaKTUBHOCTH, IITAMM
A-CMC-05 obnamaeT BIpaXEHHBIMU CBOHCTBaMH, CIIOCOOCTBYIOIIMMHU PU30Te-
He3y Yy JKCIUaHToB Oapbapuca (Berberis thunbergii Aurea), n ero 3¢gdexrus-
HOCTh B CTUMYJIMPOBAHUU PU30TeHE3a CpaBHUMA C A((EKTUBHOCTHIO MperapaTa
Ha ocHoBe UMK.

B ompitTax ¢ npopaiuBanieM ceMsiH niueHulsl (7Triticum aestivum L.) BbIsB-
JIEHBI CTATUCTUYECKH 3HAYUMBbIE YBEJIMUYEHHs IJIMH MPOPOCTKOB M KOPHEH IIiIe-
HUIBI TIpU 00paboTke ceMsH mrTammamu G. paraffinivorans A-CMC-11 nu
P. protegens A-CMC-05 cootBercTBeHHO. OOpaboTKa 3KCIIAHTOB MAJIMHBI
(Rubus idaeus L.) xynbTypanbHOH xunkocTeio mramMmma A-CMC-05 croco6-
CTBOBAJIa YBEIMUEHHUIO CPEAHEH UTMHBI TOOETOB MO CPABHEHHUIO C OTPHUIIATEIb-

93



buomexnonozus u muxkpooéuonozusn | Biotechnology and microbiology

HBIM U MOJIOKUTENbHBIM KOHTpoJisiMU Ha 40% u Ha 73% cooTBeTcTBEHHO. JliIst
mramma P. protegens A-CMC-05 BbIsSBIEHBI Oojiee BBICOKHE ITOKa3aTeNH II0
BCEM HCCJICIOBAHHBIM XapaKTEPUCTUKAM, TaKUM Kak 3((EeKTHBHOCTh MHIHOU-
poBaHusI (PUTONATOTCHA ¥ MIPOLIEHT YKCILIAHTOB C MPH3HAKAMH PH30TCHE3A.

PesynbpraThl TPOBEACHHBIX WUCCICIOBAHMHA IOATBEPKIAIOT JIUTEPATYPHBIC
JaHHBIE O TOM, YTO HEpH30C(epHbIe OAKTEPUH MOTYT 3HAYUTEIHHO YIydIIaTh
CBOMCTBA CEIBCKOXO3SIICTBEHHBIX pacTeHui. [lomydeHHble qaHHBIE MPOJIEMOH-
CTPUPOBATH MOTEHIUA TaMMOB P. protegens A-CMC-05 u G. paraffinivorans
A-CMC-11, BbIIETEHHBIX U3 a’POTEHKA TOPOJCKUX OYUCTHBIX COOPYXEHUH, B
Ka4ecTBE areHTOB OHMOKOHTPOJII M CTUMYJIATOPOB pocra pactenuit. Llltamm
P. protegens A-CMC-05 mokasan 6oJiee 3HAUUMBIC PE3YJIBTATHI H SABIACTCS 00-
Jiee MEePCHEKTUBHBIM JIJIS NATGHEHIIINX UCCICAOBAaHUN POCTOCTUMYIUPYIONIHX U
OMOITPOTEKTOPHBIX CBOMCTB.

CnMcok HCTOYHNKOB

1. Froéna D., Szenderak J., Harangi-Rékos M. The challenge of feeding the World // Sustai-
nability. 2019. Vol. 11, Ne 20. 5816. doi: 10.3390/sul 1205816

2. Pathak V.M., Verma V.K., Rawat B.S., Kaur B., Babu N., Sharma A., Dewali S.,
Yadav M., Kumari R., Singh S., Mohapatra A., Pandey V., Rana N., Cunill J.M. Current
status of pesticide effects on environment, human health and it’s eco-friendly manage-
ment as bioremediation: A comprehensive review // Frontiers in Microbiology. 2022.
Vol. 13.962619. doi: 10.3389/fmicb.2022.962619

3. Khan A., Upadhayay V.K., Panwar M., Singh A.V. Soil microbiota: A key bioagent for
revitalization of soil health in hilly regions / Microbiological advancements for higher
altitude agro-ecosystems & sustainability / ed. by R. Goel, R. Soni, D.C. Suyal. Singa-
pore : Springer, 2020. PP. 183-200. doi: 10.1007/978-981-15-1902-4 10

4. Ayilara M.S., Adeleke B.S., Akinola S.A., Fayose C.A., Adeyemi U.T., Gbadege-
sin L.A., Omole R.K., Johnson R.M., Uthman Q.O., Babalola O.O. Biopesticides as
a promising alternative to synthetic pesticides: A case for microbial pesticides, phy-
topesticides, and nanobiopesticides // Frontiers in Microbiology. 2023. Vol. 14. 1040901.
doi: 10.3389/fmicb.2023.1040901

5. MakcumoB U., Becenosa C., Hyxnas T., CapBaposa E., Xaiipymun P. Ctumynupyto-
[IHEe POCT pPAaCTEHUH OaKTepHu B PErysIUU YCTOWYMBOCTH PACTEHHIl K CTPECCOBBIM
¢axropam // ®dusmonorus pacrenmit. 2015. T. 62, Ne 6. C. 763-775. doi: 10.7868/
S0015330315060111

6. Vejan P., Abdullah R., Khadiran T., Ismail S., Nasrulhaq B.A. Role of plant growth pro-
moting rhizobacteria in agricultural sustainability — a review // Molecules. 2016. Vol. 21,
Ne 5. 573. doi: 10.3390/molecules21050573

7. Taheri P., Puopolo G., Santoyo G. Plant growth-promoting microorganisms: New in-
sights and the way forward // Microbiological Research. 2025. Vol. 297. 128168. doi: 10.
1016/j.micres.2025.128168

8. Glick B.R. Plant growth-promoting bacteria: Mechanisms and applications // Scientifica
(Cairo). 2012. Vol. 2012. 963401. doi: 10.6064/2012/963401

9. Martinez-Viveros O., Jorquera M.A., Crowley D.E., Gajardo G., Mora M.L. Mechanisms
and practical considerations involved in plant growth promotion by rhizobacteria // Jour-
nal of Soil Science and Plant Nutrition. 2010. Vol. 10, Ne 3. PP. 293-319. doi: 10.4067/
S0718-95162010000100006

10. Choudhary D.K., Sharma K.P., Gaur R.K. Biotechnological perspectives of microbes in
agro-ecosystems // Biotechnology Letters. 2011. Vol. 33, Ne 10. PP. 1905-1910. doi: 10.
1007/510529-011-0662-0

94



Cuicoesa A.H., Heacenxo M. /1., Heacenxo /1. A., I'epacumuyx A.JI. Hzyuenue nomenyuana

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Nakkeeran S., Fernando W.G.D., Siddiqui Z.A. Plant growth promoting rhizobacteria
formulations and its scope in commercialization for the management of pests and
dideases // PGPR: Biocontrol and biofertilization / ed. by Z.A. Siddiqui. Dordrecht, The
Netherlands : Springer, 2005. PP. 257-296. doi: 10.1007/1-4020-4152-7 10

Whipps J.M. Effect of media on growth and interactions between a range of soil-borne
glasshouse pathogens and antagonistic fungi / New Phytologist. 1987. Vol. 107, Ne 1.
PP. 127-142. doi: 10.1111/J.1469-8137.1987.TB04887.X

Afonso L., Gionco-Cano B., Simionato A.S., Niekawa E.T.G., Pega G.E.A. et al. Chap-
ter 3 — Microbial bioactive compounds in plant disease management // Food security and
plant disease management / ed. by A. Kumar, S. Droby. Woodhead Publishing, 2021.
PP. 37-61. doi: 10.1016/B978-0-12-821843-3.00013-1

Silva N.M., de Oliveira A.M.S.A., Pegorin S., Giusti C.E., Ferrari V.B., Barbosa D. et al.
Characterization of novel hydrocarbon-degrading Gordonia paraffinivorans and Gordo-
nia sihwensis strains isolated from composting // PLoS ONE. 2019. Vol. 14, Ne 4.
¢0215396. doi: 10.1371/journal.pone.0215396

Ramette A., Frapolli M., Fischer-Le S.M., Gruffaz C., Meyer J.-M., Défago G., Sutra L.,
Moénne-Loccoz Y. Pseudomonas protegens sp. nov., widespread plant-protecting bacte-
ria producing the biocontrol compounds 2,4-diacetylphloroglucinol and pyoluteorin //
Systematic and Applied Microbiology. 2011. Vol. 34, Ne 3. PP. 180-188. doi: 10.1016/
j-syapm.2010.10.005

Kayasth M., Kumar V., Gera R. Gordonia sp.: A salt tolerant bacterial inoculant for
growth promotion of pearl millet under saline soil conditions // 3 Biotech. 2014. Vol. 4,
Ne 5. PP. 553-557. doi: 10.1007/s13205-013-0178-5

El Hazzat N., Adnani M., Msairi S., El Alaoui M.A., Mouden N., Chliyeh M. et al.
Fusarium equiseti as one of the main Fusarium species causing wilt and root rot of
chickpeas in Morocco // Acta Mycologica. 2023. Vol. 58. PP. 1-10. doi: 10.5586/am.576
Bibi A., Mubeen F., Rizwan A., Ullah 1., Hammad M., Wagas M.A.B., Ikram A., Ab-
bas Z., Halterman D., Saeed N.A. Morpho-molecular identification of Fusarium equiseti
and Fusarium oxysporum associated with symptomatic wilting of potato from Pakistan //
Journal of Fungi. 2024. Vol. 10, Ne 10. 701. doi: 10.3390/jof10100701

Pecoraro F., Giannini M., Beccari G., Covarelli L., Filippini G., Pisi A., Nipoti P., Pro-
di A. Comparative studies about fungal colonization and deoxynivalenol translocation in
barley plants inoculated at the base with Fusarium graminearum, Fusarium culmorum
and Fusarium pseudograminearum // Agricultural and Food Science. 2018. Vol. 27, Ne 1.
PP. 74-83. doi: 10.23986/afsci.67704

Moya-Elizondo E.A., Rew L.J., Jacobsen B.J., Hogg A.C., Dyer A.T. Distribution and
prevalence of Fusarium crown rot and common root rot pathogens of wheat in Montana
// Plant Disease. 2011. Vol. 95, Ne 9. PP. 1099—1108. doi: 10.1094/PDIS-11-10-0795
Scherm B., Balmas V., Spanu F., Pani G., Delogu G., Pasquali M., Migheli Q. Fusarium
culmorum: Causal agent of foot and root rot and head blight on wheat // Molecular Plant
Pathology. 2012. Vol. 14, Ne 4. PP. 323-341. doi: 10.1111/mpp.12011

Rohweder D., Valenta H., Sondermann S., Schollenberger M., Drochner W., Pahlow G.,
Doll S., Dénicke S. Effect of different storage conditions on the mycotoxin contamina-
tion of Fusarium culmorum-infected and non-infected wheat straw // Mycotoxin Re-
search. 2011. Vol. 27, Ne 2. PP. 145-153. doi: 10.1007/s12550-011-0087-6

Nordkvist E., Higgblom P. Fusarium mycotoxin contamination of cereals and bedding
straw at Swedish pig farms / Animal Feed Science and Technology. 2014. Vol. 198.
PP. 231-237. doi: 10.1016/j.anifeedsci.2014.10.002

Mejia-Bautista M., Cristobal-Alejo J., Tun-Suarez J., Reyes-Ramirez A. In vitro activity
of Bacillus spp. on mycelial growth inhibition of Fusarium equiseti and Fusarium solani
isolated from habanero peppers (Capsicum chinense Jacq.) // Agrociencia. 2016. Vol. 50,
Ne 8. PP. 1123-1135.

Haddoudi I., Cabrefiga J., Mora 1., Mhadhbi H., Montesinos E., Mrabet M. Biological
control of Fusarium wilt caused by Fusarium equiseti in Vicia faba with broad spectrum

95



buomexnonozus u muxkpooéuonozusn | Biotechnology and microbiology

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

96

antifungal plant-associated Bacillus spp. // Biological Control. 2021. Vol. 160, Ne 1.
104671. doi: 10.1016/j.biocontrol.2021.104671

emmrypa O.H., baitnanunos A.U., Cyneiimenosa XK.b., [lxxakubaesa I'.T., baiimaxano-
Ba I'.b., Mom6GexkoBa I A. Illtamm Chryseobacterium rhizoplanae 1M — ocHoBa 6uonpe-
napara npotuB (y3apuo3Hoi rHWIHM Vidna radiata w oueHka ero 6muoGe3omacHocTH //
Muxkpoouonorus xoHe Bupyconorus. 2022. T. 2, Ne 37. C. 80-91. doi: 10.53729/MV-
AS.2022.02.0

Bensidhoum L., Nabti E., Tabli N., Kupferschmied P., Weiss A., Rothballer M.,
Schmid M., Keel C., Hartmann A. Heavy metal tolerant Pseudomonas protegens isolates
from agricultural well water in northeastern Algeria with plant growth promoting, insec-
ticidal and antifungal activities / European Journal of Soil Biology. 2016. Vol. 75.
PP. 38-46. doi: 10.1016/].ejsobi.2016.04.006

Andreolli M., Zapparoli G., Angelini E., Lucchetta G., Lampis S., Vallini G. Pseudomo-
nas protegens MP12: A plant growth-promoting endophytic bacterium with broad-
spectrum antifungal activity against grapevine phytopathogens // Microbiological Re-
search. 2019. Vol. 219. PP. 123-131. doi: 10.1016/j.micres.2018.11.003

Uno S., Preece J. Micro and cutting propagation of ‘Crimson Pygmy’ Barberry // Hort
Science. 1987. Vol. 22, Ne 3. PP. 488-491. doi: 10.21273/HORTSCI.22.3.488

XKapacosa [I.H., Tomen H.A. OcobeHHOCTH BBEICHUS B KYIBTYpY in vitro OGapbapuca
unuiickoro (Berberis iliensis M. Pop.) // Bectauk Kaparanauackoro yausepcurera. Ce-
pus «buonorns. Menununa. ['eorpadus». 2022. T. 4, Ne 108. C. 29-33. doi: 10.31489/
2022BMG4/29-33

bakaesa M./I., Kenmxuesa A.A., Crapukos C.H., Yersepukos C.I1., YerBepukona /1.B.
Bmmsane crumysmpyrommeit poct 6akrepun Pseudomonas protegens DA1.2 n ee Metabo-
JIMTOB Ha MOBPEXCHHE Parica MOYBEHHBIMH OCTaTKaMH MeTCyIb(ypoH-MeTHia / Arpo-
xumust. 2024. Ne 12. C. 30-35. doi: 10.31857/S0002188124120041

Ajmal A.W., Saroosh S., Mulk S., Hassan M.N., Yasmin H., Jabeen Z., Nosheen A. et al.
Bacteria isolated from wastewater irrigated agricultural soils adapt to heavy metal toxici-
ty while maintaining their plant growth promoting traits // Sustainability. 2024. Vol. 13.
7792. doi: 10.3390/5u13147792

Sarawaneeyaruk S., Lorliam W., Krajangsang S., Pringsulaka O. Enhancing plant growth
under municipal wastewater irrigation by plant growth promoting rhizospheric Bacillus
spp // Journal of King Saud University — Science. 2019. Vol. 31, Ne 3. PP. 384-389.
doi: 10.1016/j.jksus.2018.04.027

Barbaccia P., Gaglio R., Dazzi C., Miceli C., Bella P., Lo Papa G., Settanni L. Plant
growth-promoting activities of bacteria isolated from an anthropogenic soil located in
Agrigento province // Microorganisms. 2022. Vol. 10, Ne 11. 2167. doi: 10.3390/
microorganisms10112167

Goswami D., Vaghela H., Parmar S., Dhandhukia P., Thakker J.N. Plant growth promot-
ing potentials of Pseudomonas spp. strain OG isolated from marine water // Journal of
Plant Interactions. 2013. Vol. 8, Ne 4. PP. 281-290. doi: 10.1080/17429145.2013.768360
Przemieniecki S.W., Kurowski T.P., Karwowska A. Plant growth promoting potential of
Pseudomonas sp. SP0113 isolated from potable water from a closed water well // Ar-
chives of Biological Science. 2015. Vol. 67, Ne2. PP.663-673. doi: 10.2298/
ABS141002029P

Przemieniecki S.W., Kurowski T.P., Kotlarz K., Krawczyk L., Damszel M. et al. Bacte-
ria isolated from treated wastewater for biofertilization and crop protection against
Fusarium spp. pathogens // Journal of Soil Science and Plant Nutrition. 2019. Vol. 19,
Ne 1. PP. 1-11. doi: 10.1007/s42729-018-0001-9

Brijwal L., Tamta S. Agrobacterium rhizogenes mediated hairy root induction in endan-
gered Berberis aristata DC // SpringerPlus. 2015. Vol. 4, Ne 1. 443. doi: 10.1186/s40064-
015-1222-1

Przemieniecki S.W., Kurowski P.T., Kotlarz K., Krawczyk K., Damszel M., Karwow-
ska A. Plant growth promoting properties of Serratia fonticola ART-8 and Pseudomonas



Cuicoesa A.H., Heacenxo M. /1., Heacenxo /1. A., I'epacumuyx A.JI. Hzyuenue nomenyuana

40.

10.

11.

12.

13.

14.

putida ART-9 and their effect on the growth of spring wheat (Triticum aestivum L.) //
Environmental Biotechnology. 2016. Vol. 12, Ne 2. PP. 35-39. doi: 10.14799/ebms263
Bakaeva M., Chetverikov S., Timergalin M., Feoktistova A., Rameev T., Chetveriko-
va D., Kenjieva A., Starikov S., Sharipov D., Hkudaygulov G. PGP-bacterium Pseudo-
monas protegens improves bread wheat growth and mitigates herbicide and drought
stress // Plants. 2022. Vol. 11, Ne 23. 3289. doi: 10.3390/plants11233289

References

Frona D, Szenderak J, Harangi-Rakos M. The Challenge of Feeding the World. Sustain-
ability. 2019;11(20):5816. doi: 10.3390/sul11205816

Pathak VM, Verma VK, Rawat BS, Kaur B, Babu N, Sharma A, Dewali S, Yadav M,
Kumari R, Singh S, Mohapatra A, Pandey V, Rana N, Cunill JM. Current status of pesti-
cide effects on environment, human health and it’s eco-friendly management as bioreme-
diation: A comprehensive review. Front. Microbiol. 2022;13:962619. doi: 10.3389/
fmicb.2022.962619

Khan A, Upadhayay VK, Panwar M, Singh AV. Soil microbiota: A key bioagent for
revitalization of soil health in hilly regions. In: Microbiological Advancements for High-
er Altitude Agro-Ecosystems & Sustainability. Goel R, Soni R, Suyal DC, editors. Singa-
pore: Springer; 2020. pp. 183-200. doi: 10.1007/978-981-15-1902-4 10

Ayilara MS, Adeleke BS, Akinola SA, Fayose CA, Adeyemi UT, Gbadegesin LA,
Omole RK, Johnson RM, Uthman QO, Babalola OO. Biopesticides as a promising alter-
native to synthetic pesticides: A case for microbial pesticides, phytopesticides, and nano-
biopesticides. Front. Microbiol. 2023;14:1040901. doi: 10.3389/fmicb.2023.1040901
Maksimov I, Veselova S, Nuzhnaya T, Sarvarova E, Khairullin R. Plant growth-promot-
ing bacteria in the regulation of plant resistance to stress factors. Russ. J. Plant Physiol.
2015;62(6):763-775. In Russian, English summary. doi: 10.7868/S0015330315060111
Vejan P, Abdullah R, Khadiran T, Ismail S, Nasrulhaq BA. Role of plant growth promot-
ing rhizobacteria in agricultural sustainability - A review. Molecules. 2016;21(5):573.
doi: 10.3390/molecules21050573

Taheri P, Puopolo G, Santoyo G. Plant growth-promoting microorganisms: New insights
and the way forward. Microbiological Research. 2025;297:128168. doi: 10.1016/
j-micres.2025.128168

Glick BR. Plant growth-promoting bacteria: mechanisms and applications. Scientifica
(Cairo). 2012;2012:963401. doi: 10.6064/2012/963401

Martinez-Viveros O, Jorquera MA, Crowley DE, Gajardo G, Mora ML. Mechanisms and
practical considerations involved in plant growth promotion by rhizobacteria. J. Soil Sci.
Plant Nutr. 2010;10(3):293-319. doi: 10.4067/S0718-95162010000100006

Choudhary DK, Sharma KP, Gaur RK. Biotechnological perspectives of microbes in
agro-ecosystems. Biotechnol. Lett. 2011;33(10):1905-1910. doi: 10.1007/s10529-011-
0662-0

Nakkeeran S, Fernando WGD, Siddiqui ZA. Plant growth promoting rhizobacteria for-
mulations and its scope in commercialization for the management of pests and dideases.
In: PGPR: Biocontrol and biofertilization. Siddiqui ZA, editor. Dordrecht, The Nether-
lands: Springer; 2005. pp. 257-296. doi: 10.1007/1-4020-4152-7 10

Whipps JM. Effect of media on growth and interactions between a range of soil-borne
glasshouse pathogens and antagonistic fungi. New Phytol. 1987;107(1):127-142. doi:
10.1111/1.1469-8137.1987.TB04887.X

Afonso L, Gionco-Cano B, Simionato AS, Niekawa ETG, Pega GEA et al. Chapter 3 -
Microbial bioactive compounds in plant disease management. In: Food Security and
Plant Disease Management. Kumar A, Droby S, editors. Woodhead Publishing; 2021.
pp. 37-61. doi: 10.1016/B978-0-12-821843-3.00013-1

Silva NM, de Oliveira AMSA, Pegorin S, Giusti CE, Ferrari VB, Barbosa D et al. Char-
acterization of novel hydrocarbon-degrading Gordonia paraffinivorans and Gordonia

97



buomexnonozus u muxkpooéuonozusn | Biotechnology and microbiology

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

98

sihwensis strains isolated from composting. PLoS ONE. 2019;14(4):¢0215396. doi: 10.
1371/journal.pone.0215396

Ramette A, Frapolli M, Fischer-Le SM, Gruffaz C, Meyer J-M, Défago G, Sutra L,
Moénne-Loccoz Y. Pseudomonas protegens sp. nov., widespread plant-protecting bacte-
ria producing the biocontrol compounds 2,4-diacetylphloroglucinol and pyoluteorin. Syst.
Appl. Microbiol. 2011;34(3):180-188. doi: 10.1016/j.syapm.2010.10.005

Kayasth M, Kumar V, Gera R. Gordonia sp.: A salt tolerant bacterial inoculant for
growth promotion of pearl millet under saline soil conditions. 3 Biotech. 2014;4(5):553-
557. doi: 10.1007/s13205-013-0178-5

El Hazzat N, Adnani M, Msairi S, El Alaoui MA, Mouden N, Chliyeh M et al. Fusarium
equiseti as one of the main Fusarium species causing wilt and root rot of chickpeas in
Morocco. Acta Mycol. 2023;58:1-10. doi: 10.5586/am.576

Bibi A, Mubeen F, Rizwan A, Ullah I, Hammad M, Waqas MAB, lkram A, Abbas Z,
Halterman D, Saeed NA. Morpho-molecular identification of Fusarium equiseti and
Fusarium oxysporum associated with symptomatic wilting of potato from Pakistan.
Journal of Fungi. 2024;10(10):701. doi: 10.3390/jof10100701

Pecoraro F, Giannini M, Beccari G, Covarelli L, Filippini G, Pisi A, Nipoti P, Prodi A.
Comparative studies about fungal colonization and deoxynivalenol translocation in bar-
ley plants inoculated at the base with Fusarium graminearum, Fusarium culmorum and
Fusarium pseudograminearum. Agricultural and Food Science. 2018;27(1):74-83.
doi: 10.23986/afsci.67704

Moya-Elizondo EA, Rew LJ, Jacobsen BJ, Hogg AC, Dyer AT. Distribution and preva-
lence of Fusarium crown rot and common root rot pathogens of wheat in Montana. Plant
Disease. 2011;95(9):1099-1108. doi: 10.1094/PDIS-11-10-0795

Scherm B, Balmas V, Spanu F, Pani G, Delogu G, Pasquali M, Migheli Q. Fusarium
culmorum: Causal agent of foot and root rot and head blight on wheat. Mol. Plant Pathol.
2012;14(4):323-341. doi: 10.1111/mpp.12011

Rohweder D, Valenta H, Sondermann S, Schollenberger M, Drochner W, Pahlow G,
Doll S, Dénicke S. Effect of different storage conditions on the mycotoxin contamination
of Fusarium culmorum-infected and non-infected wheat straw. Mycotoxin Res.
2011;27(2):145-153. doi: 10.1007/s12550-011-0087-6

Nordkvist E, Haggblom P. Fusarium mycotoxin contamination of cereals and bedding
straw at Swedish pig farms. Anim. Feed Sci. Technol. 2014;198:231-237. doi: 10.1016/
j-anifeedsci.2014.10.002

Mejia-Bautista M, Cristobal-Alejo J, Tun-Suarez J, Reyes-Ramirez A. In vitro activity of
Bacillus spp. on mycelial growth inhibition of Fusarium equiseti and Fusarium solani
isolated from habanero peppers (Capsicum chinense Jacq.). Agrociencia. 2016;50(8):
1123-1135.

Haddoudi I, Cabrefiga J, Mora I, Mhadhbi H, Montesinos E, Mrabet M. Biological con-
trol of Fusarium wilt caused by Fusarium equiseti in Vicia faba with broad spectrum an-
tifungal plant-associated Bacillus spp. Biological Control. 2021;160(1):104671. doi: 10.
1016/j.biocontrol.2021.104671

Shemshura ON, Baidalinov Al, Suleimenova ZhB, Dzhakibaeva GT, Baimakhanova GB,
Mombekova GA. The strain Chryseobacterium rhizoplanae 1M - a basis of a biological
preparation against fusarium rot Vidna radiata and its biosafety assessment. Microbiolo-
gy and Virology. 2022;2(37):80-91. In Russian, English summary. doi: 10.53729/MV-
AS.2022.02.0

Bensidhoum L, Nabti E, Tabli N, Kupferschmied P, Weiss A, Rothballer M, Schmid M,
Keel C, Hartmann A. Heavy metal tolerant Pseudomonas protegens isolates from agri-
cultural well water in northeastern Algeria with plant growth promoting, insecticidal and
antifungal activities. Eur. J. Soil Biol. 2016;75:38-46. doi: 10.1016/].€js0bi.2016.04.006
Andreolli M, Zapparoli G, Angelini E, Lucchetta G, Lampis S, Vallini G. Pseudomonas
protegens MP12: A plant growth-promoting endophytic bacterium with broad-spectrum



Cuicoesa A.H., Heacenxo M. /1., Heacenxo /1. A., I'epacumuyx A.JI. Hzyuenue nomenyuana

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

antifungal activity against grapevine phytopathogens. Microbiol. Res. 2019;219:123-131.
doi: 10.1016/j.micres.2018.11.003

Uno S, Preece J. Micro and cutting propagation of ‘Crimson Pygmy’ Barberry. Hort
Science. 1987;22(3):488-491. doi: 10.21273/HORTSCI.22.3.488

Zharassova D, Tolep NA. Features of the introduction of Berberis iliensis M. Pop. into
in vitro culture. Bulletin of the Karaganda University. “Biology, medicine, geography
Series”. 2022;4(108):29-33. In Russian, English summary. doi: 10.31489/2022BMG4/
29-33

Bakaeva M, Kendzhieva A, Starikov S, Chetverikov S, Chetverikova D. Effect of the
growth-stimulating bacterium Pseudomonas protegens DA1.2 and its metabolites on
damage to rapeseed by soil residues of metsulfuron-methyl. Agrohimia. 2024;12:30-35.
In Russian, English summary. doi: 10.31857/S0002188124120041

Ajmal AW, Saroosh S, Mulk S, Hassan MN, Yasmin H, Jabeen Z, Nosheen A et al. Bac-
teria isolated from wastewater irrigated agricultural soils adapt to heavy metal toxicity
while maintaining their plant growth promoting traits. Sustainability. 2024;13:7792. doi:
10.3390/5u13147792

Sarawaneeyaruk S, Lorliam W, Krajangsang S, Pringsulaka O. Enhancing plant growth
under municipal wastewater irrigation by plant growth promoting rhizospheric Bacillus
spp. J. King Saud Univ. Sci. 2019;31(3):384-389. doi: 10.1016/j.jksus.2018.04.027
Barbaccia P, Gaglio R, Dazzi C, Miceli C, Bella P, Lo Papa G, Settanni L. Plant growth-
promoting activities of bacteria isolated from an anthropogenic soil located in Agrigento
province. Microorganisms. 2022;10(11):2167. doi: 10.3390/microorganisms10112167
Goswami D, Vaghela H, Parmar S, Dhandhukia P, Thakker JN. Plant growth promoting
potentials of Pseudomonas spp. strain OG isolated from marine water. J. Plant Interact.
2013;8(4):281-290. doi: 10.1080/17429145.2013.768360

Przemieniecki SW, Kurowski TP, Karwowska A. Plant growth promoting potential of
Pseudomonas sp. SP0113 isolated from potable water from a closed water well. Arch.
Biol. Sci. 2015;67(2):663-673. doi: 10.2298/ABS141002029P

Przemieniecki SW, Kurowski TP, Kotlarz K, Krawczyk L. Damszel M et al. Bacteria
isolated from treated wastewater for biofertilization and crop protection against Fusarium
spp. pathogens. J. Soil Sci. Plant Nutr. 2019;19(1):1-11. doi: 10.1007/s42729-018-0001-9
Brijwal L, Tamta S. Agrobacterium rhizogenes mediated hairy root induction in endan-
gered Berberis aristata DC. SpringerPlus. 2015;4(1):443. doi: 10.1186/s40064-015-
1222-1

Przemieniecki SW, Kurowski PT, Kotlarz K, Krawczyk K, Damszel M, Karwowska A.
Plant growth promoting properties of Serratia fonticola ART-8 and Pseudomonas putida
ART-9 and their effect on the growth of spring wheat (Triticum aestivum L.). Environ.
Biotechnol. 2016;12(2):35-39. doi: 10.14799/ebms263

Bakaeva M, Chetverikov S, Timergalin M, Feoktistova A, Rameev T, Chetverikova D,
Kenjieva A, Starikov S, Sharipov D, Hkudaygulov G. PGP-bacterium Pseudomonas
protegens improves bread wheat growth and mitigates herbicide and drought stress.
Plants. 2022;11(23):3289. doi: 10.3390/plants11233289

Hudpopmanyusa 06 asmopax:
CbicoeBa Anactacuss HukosiaeBHa, acriupant, buonornueckuit uncrutyt, HannonansHbii

uc
BO

clieoBaTeNbCKui TOMCKHMH TOCYyapCTBCHHBIH YHHBEPCHUTET; HAYaIbHHK OTJENa MpPOU3-
ncra 6nonpenaparo, OO0 «/lapsun» (Tomck, Poccus).

ORCID: https://orcid.org/0009-0000-3716-3338

E-

mail: nastena.sysoeva.97@bk.ru

HNBacenko Mapusi /leHHCOBHA, CTyIeHT, buonoruueckuit ”HCTUTYT, HanmoHanbHbIi uccie-

JI0
(T
E-

BaTenbckuid ToMckuil rocymapcTBeHHBIH yHHBepcuTeT; ammapatdyuk OOO «lapBun»
oMCcK, Poccus).
mail: ivasenko.mary@mail.ru

99



buomexnonozus u muxkpooéuonozusn | Biotechnology and microbiology

HBacenko Jlenuc AJiekcaHIpPOBWY, KaHA. OHOJN. HAyK, JOLCHT KadeApbl MXTHOIOTHU U
rugpoduonorun, buonornyeckuit uHcTuTyT, HanmonaneHelit uccnenoBatenbekuii ToMCKHIA
rocyaapcTBeHHbIH yHuBepcureT; qupekrop OO0 «apsun» (Tomck, Poccus).

ORCID: https://orcid.org/0000-0001-7132-182X

E-mail: ivasenko.da@mail.ru

I'epacumuyk AHHa JleoHHI0BHA, KaHJ. OMON. HAyK, JOUCHT KadeIpbl HXTHOJIOTUU H THI-
po6uonoruu, buonornueckuii HHCTUTYT, HaroHanbHEIA HcciienoBaTenbckuii ToMckuid ro-
cynapcTBeHHBIH yHuBepcuteT (Tomck, Pocenst).

ORCID: https://orcid.org/0000-0002-2945-2364

E-mail: gerasimchuk ann@mail.ru

A8m0pbl 3anaenaom o6 omcymcmeuu KOHd)Jlllea unmepecoes.

Information about the authors:

Anastasia N. Sysoeva, PhD student, Biological Institute, National Research Tomsk State
University; Head of the Biological Products Production Department at Darwin LLC (Tomsk,
Russian Federation).

ORCID: https://orcid.org/0009-0000-3716-3338

E-mail: nastena.sysoeva.97@bk.ru

Maria D. Ivasenko, student, Biological Institute, National Research Tomsk State University;
operator of Darwin LLC (Tomsk, Russian Federation).

E-mail: ivasenko.mary@mail.ru

Denis A. Ivasenko, Cand. Sci. (Biol.), Assoc. Prof. of the Department of Ichthyology and
Hydrobiology, Biological Institute, National Research Tomsk State University; Director of
Darwin LLC (Tomsk, Russian Federation).

ORCID: https://orcid.org/0000-0001-7132-182X

E-mail: ivasenko.da@mail.ru

Anna L. Gerasimchuk, Cand. Sci. (Biol.), Assoc. Prof. of the Department of Ichthyology
and Hydrobiology, Biological Institute, National Research Tomsk State University (Tomsk,
Russian Federation).

ORCID: https://orcid.org/0000-0002-2945-2364

E-mail: gerasimchuk ann@mail.ru

The Authors declare no conflict of interest.

Cmamws nocmynuna 8 pedaxyuro 20.01.2025;
0006pena nocne peyensupogarus 08.04.2025; npunama x nyonuxayuu 04.09.2025

The article was submitted 20.01.2025;
approved after reviewing 08.04.2025; accepted for publication 04.09.2025

100



Bectauk Tomckoro rocynapcTBeHHoro yausepceurera. buonorus. 2025. Ne 71. C. 101-121
Tomsk State University Journal of Biology. 2025;71:101-121

BOTAHHMKA

Hayunas crarbs
YK 504.062.4 (571.513)
doi: 10.17223/19988591/71/5

EctecTBeHHOE BOCCTAaHOBJIEHHE PACTHUTEILHOIO OKPOBA
HA ABANATUWIETHUX 0TBAJIAX YITOJbHOI0 pa3pe3a
«YepHoropckmuii» B Pecnnydsimke Xakacust

Hatanus Bnaguvuposna Illepemer’, Onbra Cepreesna Cagponosa’,
Tarbsana I'puropresna Jlamanosa

L3 [enwmpansuwiii cubupcxuii 6omanuueckuti cad CO PAH, Hosocubupck, Poccus
2 Hayuno-uccredosamenvckuii uncmumym azpapuvlx npotnem Xaxacuu,
¢unuan ®UL] KHL] CO PAH, 3enenoe, Pecnybnuka Xaxacus, Poccus
! https:/forcid.org/0000-0003-2973-3008, nsheremet@yandex.ru
2 https://orcid.org/0000-0003-1181-5224, olya_egoshina@mai.ru
3 https://orcid.org/0000-0001-6691-3732, tlamanova@yandex.ru

AnHOTanus. [IpoaHanu3upoBaHsl CTPYKTYpHBIE 0COOCHHOCTH M HPOAYKTUBHOCTD
PACTUTENBHBIX COOOLIECTB HA 3€MIIX, HAPYMIEHHBIX MPHU JOOBIYE YIJIST OTKPBITHIM
croco6oM Ha Tepputopuu Pecriybnmnku Xakacus. B TeueHne msaTu JIeT Mbl HCCIIe0Ba-
JIM PAaCTUTEJNIbHBIE COOOIIECTBA HAa PA3IMYHBIX 3JIEMEHTaX Me3openbeda OTBAIOB U
YCTaHOBMJIU CIIYIOIINE XapaKTepHbIE OCOOEHHOCTH 3THX coobuiecT. [lepBuunbIe
CYKILIECCHU XapaKTepU3YIOTCs TPaBsIHBIM TUIIOM 3apacTaHus. BeiaBineno 42 Bupa co-
CYAWCTHIX pacTeHuii, cpean koTopsix 40 (95,2%) — abopurenssie. JJOMHHUPYIOT BH-
Il pa3HOTpaBbsi Artemisia sieversiana, Salsola collina, Erysimum cheiranthoides
U JIp., a Takke 3nakoB Calamagrostis epigeios, Leymus racemosus, Elytrigia repens
u Ap. B BUIOBOM cocTaBe OTCYTCTBYIOT SHAEMUYHbIE BUIbI [Ipuenuceiickux crenei,
LIMPOKO TMPEACTaBICHHBIE BO (DIope KaMEHHCThIX crerneil Xakacuu. BeprukanbHas
CTPYKTypa XapaKTE€pU3yeTCsl 3HAUUTENbHOM BBICOTOM TpaBocTOsA. IIpomyKTMBHOCTH
61M3Ka MM MPEBBINIAET MOKA3aTeNN 30HANBHBIX (PUTOIIEHO30B, €€ 3HAYEHHS MaKCH-
MasbHbI Ha jaENNe (2,1 +0,7 1/ra) u ceBepHoM ckiore (2,6 +0,2). Hagzemuas ¢uro-
Macca Ha BCEX ydacTKax npodmisi mpeoOiiajaeT HaJl IOJ3eMHOH. AHaIN3 KPHUBBIX
3HaYMMOCTH BHJOB II0KA3ajl, YTO B XOJ€ CYKLECCUU IPOUCXOAUT YCIOKHEHUE CTPYK-
TYypBbI, CBI3aHHOE C YBEINYEHNEM YNCIIa BUJIOB M BRIPaBHEHHOCTHIO X oomms. Coo0-
miecTBa, copmupoBaHHble 3a 20 JIeT caMo3apacTaHusl OTBAJIOB, HAXOATCSA HA OTHON
13 IPOMEXYTOUHBIX CTaJUii BOCCTAHOBIIEHHS U OTIHYAIOTCS MO COCTaBY M CTPYKTYpe
OT 30HAJIbHBIX COOOIIIECTB.

KnroueBble cj10Ba: pacTUTENbHBINH MOKPOB, ME30peNbe(d, BCKPHIIIHBIE TOPOAHBIE
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Summary. The natural complexes of the Republic of Khakassia are in the process
of anthropogenic transformation as a result of large-scale mining. The volume of an-
thropogenic pollution can be reduced by forming a vegetation cover on the slopes of
spoil dumps, therefore studying the aspects of the formation of plant communities on
spoil dumps is of actual importance. The fundamental side of the study is to investi-
gate the problems of plants adaptation to new industry caused environmental factors.
The applied side is to develop and improve reclamation technologies for disturbed ar-
eas. The purpose of the research is to study the structure and productivity of plant
communities on 20-year-old open cut spoil dumps with the aim to estimate processes
of natural revegetation of the disturbed lands in the arid zones of the Republic of
Khakassia. The objects of the research are formed in the 1990’s plant communities on
the floor and slopes of different exposures of the “Chernogorsky” open cut spoil
dumps (53°44'42"N, 91°02'27"E) by LLC SUEK-Khakassia.

The climate of the research area is sharply continental with a cold long winter (the
absolute minimum temperature is -40.6°C) and a hot dry summer (the absolute maxi-
mum is +35.6°C), while the average annual precipitation is from 270 to 300 mm per
year. The composition of the rocks covering the coal seams of the “Chernogorsky”
deposit includes sandstones, siltstones, and carbonaceous mudstones, which, in turn,
are overlain by a cover of quaternary deposits. Geobotanical zoning relates the area of
the “Chernogorsky” open cut to Near-Abakan (Central Khakassian) district of the Mi-
nusinsk basin. Bunch-grass steppes, in the typical form of the four-grass steppe dis-
tinguished by V.V. Reverdatto, are the most prevalent for this area. Collection of ma-
terials on the “Chernogorsky” open cut was conducted in July-August from 2008 to
2012 according to conventional techniques. To examine the species composition, her-
barium material was collected and geobotanical description was carried out. To de-
termine the above-ground phytomass productivity and the economically significant
botanical groups composition, mowing and species separation was carried out yearly,
fourfold in July—beginning of August. To establish the above-ground phytomass verti-
cal structure the standing parts were cut down to the roots, then cut in layers 0-10, 10-
20, 20-30 cm, etc., and then weighed as fresh mass. Under-ground phytomass produc-
tivity was determined in 2009 by threefold sampling 10 cm® soil monoliths in layers
0-10 and 10-20 cm. Roots were rinsed, then dried and weighed. The species distribu-
tion evenness was estimated using species dominance graphs.

The dumps are of external method of formation. On all mesorelief elements
(northern, southern, western, eastern slopes, and the floor), primary successions have
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a grass type of vegetation. The species composition is depleted and includes 42 spe-
cies of vascular plants from 36 genera and 20 families, which is 11.7% of the Khakas-
sian stony steppe flora. The most numerous families are Asteraceae and Poaceae,
which is vastly typical for boreal flora. The peculiarity of the flora of the bunch-grass
steppes of the Republic of Khakassia (which existed on the research area prior to
mines) is the wide presence of endemic species of the near-Yenisei steppes, with leg-
umes and Poaceae as dominating families amongst endemics. The absence of those
endemics is observed in the species composition of plant communities on spoil
dumps. The prevailing economic groups of plants are Poaceae and motley grasses
(See Fig. I). The dominants in the plant communities are synanthropic grasses: Arte-
misia sieversiana Willd., Salsola collina Pall., Erysimum cheiranthoides L., Cheno-
podium aristatum L. etc. Dominating Poaceae species are Calamagrostis epigeios L.,
Leymus racemosus (Trin.) K. Richt., Elytrigia repens L., Agropyron cristatum (L.)
Gaertner. The dominant in legumes is faintly eaten Melilotus officinalis L. The plant
communities on spoil dump contain a significant part (61.9%) of mesophytic group,
which is usually observed in the meadow steppes. Considering life forms, a large part
of vegetation is vegetative plants (which roam the surface of the dump and germinate
in new places without retaining the habitat area). This contrasts the steppe zonal
communities, where prevailing species are of the restative type (capable of living
through unfavorable conditions and “resisting” the seizure of their area by other indi-
viduals). The vertical structure of spoil dumps plant communities was revealed, which
show the herbage to have significant height and be enclosed mostly in a layer 0-40 cm
(See Fig. 2). The productivity of above-ground phytomass is higher on spoil dumps
than that (0.53-1.59 t/ha) in zonal communities: maximal productivities of air-dry
phytomass are observed on the floor (2.1+0.7 t/ha) and the northern slope (2.6 +
0.2 t/ha) due to better microclimatic conditions (See Table 2). The above-ground phy-
tomass prevails over the under-ground one on all areas of spoil dumps, which indi-
cates the environmental conditions to be generally favorable for plants growth. The
significance graphs show the log-normal distribution to be typical for the plant com-
munities on all mesorelief elements, which is characteristic for multi-species zonal
plant communities with predominance of species with an average abundance (See
Fig. 3). Thus, 20-year-old natural vegetation on spoil dumps of “Chernogorsky” open
cut in the arid regions of the Republic of Khakassia prove to be at an intermediate
stage of restoration (primary succession), and it differs in composition and structure
from the indigenous steppe community.

The article contains 4 Figures, 2 Tables, 37 References.

Keywords: vegetable cover, mesorelief, overburden, natural overgrowth, succes-
sion, productivity
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BBenenne

[Tpuponusie Komriekcsl Peciybnmukn Xakacus B pe3ysbTaTe MaclITaOHON
JOOBIYM TOJIE3HBIX MCKOMAEMbIX aKTHBHO BOBJICUEHBI B MPOIECC aHTPOIIOTCH-
HOU TpaHcdopmarmu. [Tnomans HapyIIEHHBIX 3eMelb UepHOropcKoro KaMeH-
HOYTOJIBHOTO MECTOPOXKICHUS MPU JOOBIYE YIS OTKPBHITBIM CIOCOOOM 3a II0-
cinenHue 25 net yBenwuwiack Oonee yeM Ha 50% c 2061 mo 3168ra [1].
YcnemHocTs U BpeMs BOCCTAHOBJICHHUS HApYLUIEHHON SKOCHCTEMBI BO MHOTOM
3aBUCAT OT pereHepaluu PacTUTEIHHOIrO MOKpoBa. JleTanbHOe M3ydeHHE 3aKOo-
HOMEpHOCTEH ero (hOpMHUpPOBAHUSI MMO3BOJIUT OIECHHUTH CIIOHBIIUECS COOOIIe-
CTBa U MPOTHO3UPOBATh WX NaibpHelee pazsutue [2—9]. [lonydyeHHble 3HaHUA
SIBIISIIOTCS. HEOOXOMMOW TEOPETHYECKON OCHOBOH JIJIsl MTOBBIMICHHUS d(PPEKTUB-
HOCTH TEXHOJIOTHI PEKYJIbTHBAIIMK OTBAJIOB TOPHBIX TIOPOJ M BOCCTAHOBIICHUS
0JIArONpUATHOM JJIs MPOXKUBAHUsS 4esioBeka cpennl [10—14]. B apuaHbix paiio-
Hax XaKacuu MEepBbIC MCCICIOBAHUS B 00JACTH U3yYCHUST OCOOCHHOCTEH ecTe-
CTBEHHOT'O 3apacTaHUs OTBAIOB TOPHOJOOBIBAIONICH MPOMBIIIJICHHOCTH CBS3a-
Hbl ¢ pabotamu B.U. Illepbarenko u E.P. Konppammua [15]. ABTopamu mpo-
aHAJM3UPOBaHA CKOPOCTh 3apPacTaHUs OTBAJIOB YTOJBHBIX pa3pe3oB AOakaHo-
UepHOropcKOro MpOMBIIIJIEHHOTO pailOHa U YCTaHOBJIEHO, YTO BOCCTAHOBJICHHE
PaCTUTENILHOTO TIOKPOBA €CTECTBEHHBIM ITYyTEM HJIET OYCHb MEIJICHHBIMU TEM-
namu. Pabotsl A.T. JlaBpuHeHKO ¢ coaBTopamu [16] MO BBISBIEHUIO OCOOEHHO-
CTel BHUIOBOTO COCTaBa PETCHEPALMOHHBIX (DUTOIICHO30B HA CILIAHUPOBAHHBIX
otBanax rpedHeBbiX popm, A.A. XKykosa u E.1IO. XKykoroii [17] o u3ydenuro
CYKIIECCHOHHBIX TTPOIECCOB HA PEKYIBFTHBUPOBAHHOM OTBAJIC JOMIOJHMIN MTPE/I-
CTaBJICHUS] O 3aKOHOMEPHOCTSX BOCCTAHOBJICHHMS HAapyLIEHHBIX TEPPUTOPHUIL.
OfHaKO 3TH WCCICOBAaHUS 3aTPAarMBalOT B OCHOBHOM CTaanH (HhOPMHUPOBAHHS
pacTHTeNbHBIX coobmecTB. CTPYKTYpHBIE OCOOEHHOCTH U MIPOJTYKTHBHOCTH Ce-
PpUIHBIX COOOIIECTB MPH CaMO3apacTaHUK BCKPBIIIHBIX OTBAJIOB JIBALATHUIIET-
HEro Bo3pacTta B cTermHou 30He PecnyOnnku Xakacus MpakTHUECKH HE UCCIIe-
JIOBaHBI.

Henbto Hacrosiiel pabOTHI SBISETCS OICHKA IMPOIECCOB (HOPMHUPOBAHHUS
PacTUTENBHOTO MOKPOBA IPU CaMO3apacTaHWU HapyLIEHHBIX 3€Melb B apUAHBIX
paitonax PecnyOonukn Xakacusi Ha OCHOBE M3YYEHUS CTPYKTYPhI U TIPOJTYKTHB-
HOCTH PaCTHTENBHBIX CO00MIEeCTB Ha 20-IETHUX BCKPBIIIHBIX OTBAJIAX.

MaTepHaJIbI H METOAUKH HCCJICTOBAHUSA

OOBeKTaMu HCCIIEJOBAHUN SBISIOTCS IATh PACTHTENBHBIX COOOIIECTB,
c(hOpMHUPOBAHHBIX HA PA3IUYHBIX 3JIEMEHTaX Me3opeibeda OTBATOB BCKPHIII-
HBIX TIOpo YepHOropcKoro yrojiabHOTO paspes3a (0TBaiibl co3nansl B 1990-err.,
paspe3 npuHamnexutT OO0 «CYIK-Xakacusy).

N3yyaembie OTBaJIbI PACIIONOKEHBI B CTETHOM 30HE, KIIUMAT MECTHOCTHU Pe3-
KO KOHTHHEHTAJIBHBIN, C CYXUM YKapKUM JIETOM M XOJIOJHOW MaJOCHEXHOU 3H-
moi. CpeaHeromoBasi Temmeparypa Bo3ayxa usmensiercs ot +1,8 mo —1,0°C.
AOGCOTIOTHBI MUHEMYM TeMIepaTtyp oTMeueH B siHBape —40,6°C, aOCOMOTHBII
MakcumyM — B utoHe +35,6°C. B terisiii nepruoa roga Bemagaet 270 Mmm ocaa-
KOB 1pu obmieM romoBoM KonuvecTBe 300 MmMm. CHEXHBINA MOKPOB HEOOIBIION
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moraocTy (11-18 cM), ero HakoIUIeHHe MPOUCXOUT Ha CKJIIOHAX M B MOHUXKE-
HusX. CUIBHBIC BETPHI B ampelie M Mae MPUBOJIAT K TOSBICHUIO ITBUTHHBIX)
Oypb. [ToUBEHHBII TTOKPOB paiioHa JOCTATOYHO Pa3HOOOPA3HBIN, CPEIH 30HAIb-
HBIX CTEIMHBIX TIOYB MPE00IIaIaloT I0KHbIE YepHO3eMbl [18].

[To reoboTannyeckomy paitonupoBanuio A.B. Kymunosoii [18], Teppuropus
paspe3a otHeceHa Kk [Ipmabakanckomy (LleHTpanbHO-XaKacCKOMY) CTEITHOMY
OKpYry MUHYCHHCKOH KOTJIOBUHBI. Hambomee TUITWYHBI JJIsi JAHHOW TEPPUTO-
PHH HACTOSIIIHE MEIKOICPHOBUHHEBIC 3JIAKOBBIC CTENMM B THIIMYHOM BapUaHTE
YEeTBIPEX3MakoBor crenu, BhiAereHHONW B.B. PeBepmarro. OcHOBY TpaBocTOA
CO3/IaI0T JICPHOBHHHBIC BUIBL: Stipa krylovii Roshev., Festuca valesiaca Gaudin,
Koeleria cristata (L.) Pers., Cleistogenes squarrosa (Trin.) Keng. Otu crenu
npeoOiagaiy Ha TEPPUTOPUH pa3pes3a B MPOILIOM JIO MPOBEICHUS BCKPHIIIHBIX
pabor.

Hamu HaOronieHus, MPOBEICHHBIC HA BCKPBIIIHBIX OTBAJIAX YTOJBHOTO pa3-
pe3a «HepHoropckuii», oxBaTbiBatoT nepuoj ¢ 2008—-2012 rr. B xoxe uccneno-
BaHUS TPUMEHSITUCH OOMIETIPUHATEIE reo0oTaHnueckue Metonst [19]. [l usy-
YEeHUS] BUIOBOTO COCTaBa COOOIIECTB HA BCEX IIEMEHTAX Me3openbeda MmpoBe-
IeH cOop repOapHBIX MaTepPHAIOB M BBIMOJHEHBI T€000TAHUYECKUE OMUCAHUS
CYIIECTBYIONINX TPyNIUPOBOK coriacHo A.I'. Boponosy [20]. Hasanue ¢uro-
[IEHO30B JIaHO 10 COBOKYITHOCTH TOMHUHHPYIOIINX BHIOB. JIaTHHCKHME HA3BaHUS
BUJIOB PACTEHHI MPUBEICHBI COTIACHO MOCIICAHAM HOMEHKJIATYPHBIM CBOIKAM
[21]. B pabote ucronbp30BaHa OOMICTIPHHATAS KJIACCH(PHUKAIMS 3KOJOTHUSCKUX
rpynm, yrouneHHas u npumenenHas A.B. Kymunosoii [18].

Hamzemuyto ¢uromaccy u J0JI0 ydacTusl B HEW OTJCNBHBIX BUIOB, COCTaB
X035IICTBEHHO-00TAaHMYECKUX TPYIIl ONpeAessuii MeTOoAoM YKocoB [22, 23].
B kax10M MeCTOOOMTaHHUHU €XErOHO B MEPHO MaKCHMAIBFHOTO PA3BUTHS Tpa-
BOCTOSI Ha uiomazkax 0,25 M> OTOUPAIN PACTHTEIbHBIEC IPOOBL. YKOCHBIE IUIO-
IIAJKU 3aKTaJBIBATUCH B THITUYHBIX MECTaX, MOBTOPHOCTh YKOCOB YETBIPEX-
KpatHas. PacTeHns kaxmoro u3 BHIOB, IPUCYTCTBYIOIINX Ha IUIOMIAIKE, Cpe3a-
JIU Ha YPOBHE MOYBHI, JOBOIMJIH JI0 BO3IYIIHO-CYXOrO COCTOSIHUSI Y B3BEIIHMBA-
mu. Beero B3smu 100 ykocoB; Bce 0OHapy»KeHHbIE BHIBI OTHOCSTCS K OHOM 13
TpeX XO3SMCTBEHHO-OOTAaHMYECKUX TPYII: 3JIaKk, OOOOBBIE W Pa3HOTPaBbE
(OCOKH OTCYTCTBOBAJIH).

[IpoOsr mom3eMHOM (UTOMACCH OTOMPANH MAPALISIBFHO ¢ HA3EMHOM (uTO-
maccoil B 2009 r. MEeTOIOM BBIEMKH [HOYBEHHBIX MOHOIUTOB 00BbeEMOM 10 oM’ u3
cioeB rryounoi 0—10 u 10-20 cM (oTOop Ha O0BITYIO TIYOHHY OBLIT HEBO3MO-
KEH U3-3a KAMCHHUCTOCTH). [IoBTOpHOCTE B3sATHS P00 TpexkpaTHast. [lomn3eMHast
¢uTomMacca OTMBIBANIACh OT MOYBHI C MCIIOJIH30BAHHEM IOYBEHHOTO CHTA C OT-
BepctueM 0,5 MM, 3aTeM MMOTy4eHHBIE 00Pa3IIbl BHICYIINBAIN 1 B3BCIIUBAIHN Ha
AJIEKTPOHHBIX JTa0OPAaTOPHBIX BeCaX.

JIJis ycTaHOBJIGHUS BEPTHKATIBHOTO CIIOXKEHUS TPABOCTOS B IIEPUO/T TIOITHOTO
Pa3BUTHS PACTCHUH B KAXKIOM M3 IIATH U3Y4aeMbIX COOOIIECTB MPOBOIIIIHN YUET
HA/I3eMHOH (PUTOMACCHI ITO0 TOPH30HTaM B 10 cM, HAUMHAS OT OCHOBAHHUS pacTe-
Hui. TpaBocTO# cpe3anu mojJ KOPEeHb W COOMPAIH B IMy4OK TaK, YTOOBI COXpa-
HUTbH €r0 €CTECTBEHHOE MOJOXKEHHUE. 3aTeM My4yoK pazpe3anu Ha BoicoTy 0—10,
10-20, 20-30 cm u T.1. 1 B3BEIIMBAIH B CHIpOM Buje [24].
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BBIpaBHEHHOCTh OTHOCUTENIBHOTO paclpeaeneHus ocodeil cpeny BUIOB CO-
CYJUCTBIX PACTEHUH OLIEHUBAIM C MIOMOIIbEO KPUBBIX OTHOCUTEJIBHON 3HAUUMO-
CTH BHJOB: IO OCH aOCIHCC pacIoJiaraid BUbI, PAH)KHPOBAaHHBIE OT HauOoIee
K HalMeHee OOMJIbHBIM, a M0 OCH OPAMHAT OTKJIAAbIBAIM JONIO KaXKAOTO BUJA
B BBIOOpKE B JIorapu(pmMuieckoM Macirabe [25-27].

3HAYUMOCTb TPEACTABIAET TIPYIIYy OLEHOK, C IOMOIIBI0O KOTOPBIX BHIBI
B COOOIIECTBE MOTYT CPaBHUBATHCS APYT € APYroM. Jjis cpaBHEHMS MOyl
pacTeHuii Mexay co00i MCIONB30BAIN BEC BO3AYLIHO-CYXOH HaJa3eMHON (HTO-
MacChl Ha AMHUIY TIOIIAIN.

Jlns aHanu3a BHAOBOTO pPa3zHOOOpa3Hsi COOOIIECTB HCIOJIB30BAIU UETHIPE
MOJIEJIM: TEOMETPUYECKHH psiJl, JIorapu(MHU4ecKoe pacrpeeseHue, JIor-Hop-
MaJIbHOE PacIpeieIeHUe U «MOAENb Pa3IOMaHHOTO CTepxkHsS». CunuTaercs, 4To
UMEHHO B 3TOH IOCIIENOBAaTENBbHOCTH CHIJKAETCS CTENEHb JOMHHHUPOBAHMSA U
pacTHTeNbHOE COOOIIECTBO CTAHOBHUTCS 00JIee BBIPABHEHHBIM 110 OOHIIHIO.

Pe3yJ’leaTbl HCCJICT0OBAHUA U UX oﬁcymz[elme

OTBaN MO TEXHOTCHHOMY pelibedy OTHOCHTCS K BHEIIHUM M IPEICTABIISIET
€000 JIOT, KOTOPBIH BBITSHYT C BOCTOKA Ha 3amajll M PacIIUpSCTCS B 3aragHOMI
4acTH, TJIe €r0 MEePEKPHIBACT MOMEPEYHBIH OTBA IPEOHEBUIHON MOBEPXHOCTH.
Ha oTBasne npencTaBieHsl CIeAyIOIMUe 3IEMEHTEI Me30pelbeda: THUIIEC H CKIO-
Hbl CEBEPHOM, IOXKHOM, 3amagHOd M BOCTOYHOU dKcmo3uuui (puc.1). Yribl
ckJ10HOB — OT 31 1o 34°, BeicoTa — OT 22 10 59 M OTHOCUTEIIBHO €CTECTBEHHOM
noBepxHocTH. I'eorpaduueckne koopauHaTel oTBasa 53°44'42"N, 91°02727"E.
B cocraB ropHbIX MopoJ, MOKPBIBAIOIIMX YrOJbHBIE IJIACTHl YepHOTrOpcKOro

Puc. 1. DnemeHTs! Me30pernbeda BCKPBIIIHBIX OTBAIOB pa3pe3a «epHOropckuiiy

(poto O.C. CadponoBoit)
[Fig. 1. Mesorelief elements of “Chernogorsky” open cut spoil (photo by O.S. Safronova)]
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MECTOPOXICHUS, BXOJAT aJeBPOJIUTHI, YTIUCTbIE apTHJIIUTHI U TIECUaHUKH, KO-
TOpBbIE, B CBOIO OUEPE/lb, IEPEKPHIBAIOTCS YETBEPTUUHBIMU OTIOXKEHUAMHU [15].

OnTuManbHBIC YCIOBUS I BOCCTAHOBIICHUS PACTUTEIIFHOCTH CO3AAI0TCS Ha
JIHUILE U CEBEPHOM CKJIOHE. 3aTeM, IO CTENEeHU YXYIUICHHUS SKOJIOTMYECKHX
YCIIOBUI, UAYT BOCTOUHBIH, 3aMaJHbId U FOXKHBIM CKJIOHBI, 3Ta TEHAEHLMS OT-
MeYeHa HaMU Ha oTBajax paspe3a «UepHoropckuit», chopMupoBaHHBIX B 70-X,
80-x 1 2000-x rogax.

[pormecc GpopMupOBaHUS PACTHTEIHFHOTO MOKPOBA HAa BCKPBIIIHBIX OTBAJIaX
IUTATENBHBIA, XapakTepu3yeTcst 00eTHEHHEM BHOBOTO COCTaBa TPABOCTOS H €T0
HENIb3s CUMUTATh NMPUEMIIEMBIM Ul peabriIuTanyuy HapyIICHHBIX TEPPUTOPHUI.
OOIHil CIIMCOK BHIOB, OTMEUEHHbIX Ha 20-IETHUX OTBalax, BKIIIOYaeT 42 BHIa
COCyAUCTBIX pacTeHuit u3 36 ponoB u 20 cemeiicTB, uto coctaBiger 11,7% ot
yucila BUIOB KAMEHUCTBIX cTernied Xakacuu.

BosibMHCTBO BUJOB, KOTOPBIE MOCENSIOTCS HA OTBajaX, SBISAIOTCS abopu-
reaHbiMu — 40 (95,2%). Haiinensl Tpu ajaBeHTUBHBIX Buna: Hordeum juba-
tum L., Melilotus officinalis (L.) Pall. u Ulmus pumila L., KoTOpbIe BKIFOYCHBI
B CIIMCOK MHBa3UBHBIX BUIOB «HepHol kHuru ¢uiopsr Cubupu» [28]. 3ameTHyrO
yacThb (0K0JIO 5%) BUIOBOI'O cOCTaBa KAMEHUCTHIX cTeneit PecnyOnnku Xakacus
3aHUMAIOT SHAEMHUYHbBIE BU/IbI [[preHnCceCKUX CTeTel, cpeu 3TUX BUIOB Ipe-
007a1at0T MPENCTaBUTEIN CeMEeUCTB 000O0BBIX M 311aKOBbIX [29]. Haubonee mu-
POKO BHUJIBI 3TOM TPYIIIBI PACIIPOCTPAHEHBI B MEITKOJAEPHOBUHHBIX CTEISAX XaKa-
cun. OTHAKO B COCTABE PAaCTUTEIBHBIX COOOIIECTB HA OTBAJIaX JAHHBIC SHAEMHU-
KH OTCYTCTBYIOT.

PactutenbHble coolliecTBa Ha OTBajlaX COCTOAT B OCHOBHOM M3 TPaBSIHU-
CTBIX MHOTOJIETHUKOB (24 BHJIa) U OJHO- U JBYJIETHUKOB (14 BUIOB); HE3HAUU-
TEJEHBIM YHCIIOM TIPENICTABICHBI APEBECHBIC pacTeHHs (2 BHOa), a TaKke Ky-
CTapHUYKU U noiykyctapHuuku (2 Buna). Ilo manaemm T.I'. JlamanoBoil [29]
B KAMEHHUCTBIX CTEMSX XaKacHUH BCTPEHAIOTCS 256 BUAOB TPABSHUCTHIX MHOTO-
JIETHUKOB, 48 BH/IOB KYyCTaPHUYKOB W TOJYKYCTapPHUYKOB, 36 BHIOB OJHO- U
JIBYJETHUKOB U 18 BUIOB KycTapHUKOB. CpaBHEHHE TIOKA3bIBAET CYILIECTBEHHbBIE
OTIMYMSI B PACIIPOCTPAHEHHOCTH OMOTIOrHYecKuX rpymnmn (Tabdi. 1).

B menom MOXHO OTMETHTH, YTO TMEpPBHYHBIE cyKueccuu Ha 20-TeTHHX
BCKPBIIIHBIX OTBaNaX paspe3a UepHOTOPCKUI XapaKTEepU3yIOTCSl TPABSIHBIM TH-
oM 3apactanus. CyIecTBYIOT IPUMEPHL, KOraa (OPMUPOBAHUE PACTUTEIHHBIX
co00IIecCTB Ha HApYIIEHHBIX 3¢MJISIX B apUAHBIX palfOHAX MIET Ha IEPBBIX dTa-
max 1o cMemanHoMy Ttumy. B Pecniybnuke Xakacus B cyxort KoiiOanbsckoii cre-
i Ha U3sixckom yrnepaspese M.C. AnToHOB U ap. [30] Habmronanu 3apacTaHue
yuactka otBana «beperosoit» Populus x sibirica G.V. Krylov & G.V. Grig. ex
A.K. Skvortsov 3a cuer mepeHoca ceMsiH ¢ ocTpoBoB p. AbakaH. [To gocTixke-
HUU BBICOTHI 6—8 M JIepeBbs Ha4aJl CyXOBEPILIMHUTH U B Bo3pacte okojo 20 yer
3aCOXIJIH, TaK CO BPEMEHEM HaYMHACT MPOSIBIATHCS CTEITHON OOJIUK cOOOIIeCTRa.
A.A. TutnsnoBa u A.Jl. CamOyy [31] ycranoBwin, 4to k 40-My romy camosa-
pacTtaHus ydacTku oTBajioB Kaa-XeMcKoro yrojpHOro paspesa B CyXOil cremnu
Pecny6nuku ToiBa 3aKycTapeHbl UBaMH, HOCTUTAIOIIUMU 4 M BbicoTol. CeMeHa
U CTIOPBI HEKOTOPBIX JIECHBIX BHJOB IOMATH HA OTBaJBI ¢ Oepero p. Kaa-Xewm.

107



bomanuxa | Botany

Tabnuna 1 [Table 1]
Buonornyeckue rpynnbl KAMEHUCTBIX cTeneil XaKkacuu U 0TBAJIOB
paspe3a «UepHoropckuii»
[Biological groups for stony steppes of Khakassia and “Chernogorsky” spoil dumps]

OxHo- 1
JBYJICTHUKU
[Annials and

biennials]

Buonoruueckue Kycrapauuku u
TpyIIIBI JHepeBbs | Kycrapuuku | monykycrapHUYKH
[Biological [Trees] [Shrubs] [Dwarf shrubs and
groups] subshrubs]

Msnoro-
JICTHUKHA
[Perrenials]

OTBaJbL:
YHUCJIO BUJOB
(mons B %)
[Spoil dumps: 2(5 0(0) 205 24.(57) 14 (33)
number
(percentage)
of species]

Kamenuctsie
CTEIH:
YHCIIO BHJIOB
(no1s1 B %0) 0(0) 18 (5) 48 (13) 256 (72) 36 (10)
[Stony steppes:
number
(percentage)
of species]

UYepes kakoe-TO BPeMsi BBl BBIMANIAIOT M CYKIIECCUU MEIUICHHO ¢ (pIrOKTyarus-
MU JIBIDKYTCSI B CTOPOHY CyXOU CTEIH.

Jis M3ydeHns MEXaHU3MOB BOCCTAHOBJICHHUS PACTUTEIBHBIX COOOIIECTB Ha
HApPYIICHHBIX 36MJISIX BaKHO YCTAHOBHUTH NPUHA UICKHOCTh PACTEHHUN K OIpeie-
JICHHBIM DKOJIOTHYECKUM TpymnmiaM. J{JIsi MeIKOIepHOBHHHBIX 31aKOBBIX CTeTeit
Xaxacuu T.I'. JlamanoBa [29] npuBOIUT Takue JaHHbBIE O YHUCIEHHOCTH 3KOJIO-
THYECKHX TPpym: Me3okcepoputsl — 34,0%, kceporerpodutsl — 26,1%, kcepo-
¢utst — 22,0%, nerpoputs-ncuxpodutsl — 5,8%, mezodutsl — 5,0%, Me3omeT-
poduts! — 4,6%, ranodursr — 2,1%, kceporurpodurs — 0,4%. Ha orBamax pas-
pe3a «HepHOrOpCKUil» IKOJOTMIECKUN CIIEKTP PACTHUTENBHBIX COOOIIECTB Clie-
nytommid: Me3oputsr — 35,7%, kcepodutsl — 26,2%, mezokcepodutst — 26,2%,
nerpoutsl — 4,7%, ncammodutsl — 4,7%, kceporurpodutsl — 2,4%, ramopu-
Tbl — 2,4%. MOXHO 3aMeTUTb, YTO Ha OTBajax MPOLIEHT BUIOB Kcepo(UTHON
TPYIIBl YMEHBIIAETCS 110 CPAaBHEHHIO C 30HAIBHBIMU COOOIIECTBAMH, a ME30-
(uTHON — HA0OOPOT BO3pacTaeT. YBEJIUYCHUE YMCIIa ME30(HUTOB CBA3aHO C TEM,
910 0OJbIIAs KAMEHUCTOCTh CYOCTpaTa MOPOAHBIX OTBAJIOB M PE3KHE KOJNeOaHHs
TEMIIepaTyp CIOCOOCTBYIOT 00pa30BaHUIO KOHACHcaTa Biard. [1o MHEHHUIO psina
aBTopoB [32, 33], B MyCTHIHHBIX M 3aCYILIUBBIX 00JIACTIX aTMOC(HEPHBIC OCAIKH
HE SIBJISFOTCS SIUHCTBEHHBIM HCTOYHUKOM BOJBI B TTOYBE M KOHACHCAIUS BIIArH
3HAYHUTENIHHO BIUSIECT HAa OOLIUi BOMHEBIN Oanmanc. Ha mopoaHBIX oTBaiax mMe3o-
(UTHI yale 3aHUMAlOT JHUIIE OTBAJIA, €r0 CEBEPHBIN M BOCTOYHBIA CKIIOHBI, TaK
Kak HamOoJiee BBICOKHE TEMIIEpaTyphl BO3/AyXa M MOYBH XapaKTEPHBI AT F0XK-
HBIX W 3amagHbiX cKiIoHOB [34]. HabmiogeHus 3a BUAOBBIM COCTaBOM OTBAJIOB
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Kaa-Xemckoro yroipHOro paspes3a B crenu PecnyOnmku ThiBa moka3anu, 4To
C TEYCHUEM BPEMEHH POUCXOTUT KeepoduTusanus pactutrenbHocTy [31].

Bennocts BumoBoro cocraBa MmeTpo(UTOB TAKKe OTIMIAECT CEPHUHHBIC CO-
o0IIecTBa HAPYIICHHBIX TEPPUTOPHHA OT TPABOCTOS 30HAJIBHBIX COOOIICCTB.
Ha pacmpoctpanenue nerpoduros, mo ganasiM A.U. [Tska [35], naubonbiiee
BIIUSTHUE MOTYT OKa3bIBaTh Crield(UKa caMoro cyocTparta (XUMHUYECKUN COCTaB
TOPHBIX [TOPOJ), CTETIEHb U XapaKTep UX YBIAKHEHHS, OCBEIICHHOCTb.

CrocoOHOCTh PACTEHUH 3aKPEIUIATHCS H COXPAHATH 32 COOOH Ha BO3MOXKHO
OoJiee IITUTENBHBIA CPOK MECTO OOMTAHHSI HTPACT CYIIECTBEHHYIO POJIb B OCBO-
€HUH TEeXHOTCHHBIX 3KOTOMOB. CHcTema >kxu3HeHHbIX (popm .M. 303ynuHa [36]
paccMaTpuBaeT MPHUCIOCOOUTENBHBIC MPH3HAKYA, KOTOPHIC MO3BOJISIOT PACTHU-
TEJIbHBIM OpPTraHu3MaM PacHpOCTPAHATbCA U YIAEPKUBATHCS MO IMOBEPXHOCTHU
oTBajya. THIBI )KU3HEHHBIX ()OPM BBIAEJICHBI IO BO3MOXXHOCTH BOCCTAHOBJICHHS
0cOOM TIpU YHHYTOKCHHU TI0 KaKOW-TMOO MpHYMHE €€ HaI3eMHOM 4YacTu:
1) penauTUBHBIE PACTEHHUSI — MHOTOJIETHUKH, HE BO30OHOBIISAIOIIMECS TIPU YHU-
YTOKEHUH HA/I3eMHOHN YacTH; 2) PeCTaTUBHBIC PAaCTEHHS — MHOTOJICTHHKH, BO-
300HOBJISIOIIMECS B CIIydae YHUUYTOXKEHUS HAA3E€MHON 4acTH; 3) UpPYNTUBHbBIE
pacTeHHss — MHOTOJICTHUKH, HE TOJEKO BO3OOHOBIISIONIMECS B CIIydae YHHUYTO-
KCHUS MX HAA3eMHOW 9acTH, HO MMEIOIINE HAA3EMHBIC HIIH [TO3€MHbIE TT00ETH,
(YHKIIMOHUPYIOIINE KaK OPTaHbl BETCTATHBHOTO Pa3pacTaHUs U Pa3sMHOKCHHUS;
4) BaraTUBHbIE PAaCTE€HHUSI — OJHOJIETHUE WM JBYCE30HHBIE BUIBI, 0COOU KOTO-
PBIX HE YACP>KUBAIOT IUIOMIaAN OOUTAHUS, a «OIyKIAI0T» 110 IDIOMIAAH, TIpopac-
Tasi Ha HOBBIX MeCTax.

Mo nanubsim T.I'. JlamanoBo# [29], cocTaB TpaBOCTOS MENKOJAEPHOBHHHBIX
31MaKkoBbIX creneil PecnyOnuku Xakacusi Takoil: 78,8% — pecTaTuBHBIE BUBI,
12,0% — uppynrtusHsle u 9,2% — BaratuBHble. Ha oTBanax paspesa «HepHorop-
CKHil» pacIpelelcHue KU3HEHHBIX (OPM OTIMYAeTCsl OT 30HAIBHOTrO: 41% —
pectatuBHble BUIBL, 33% — BaratuBHble U 26% — uppyntuBHble. CHUXKEHHE
YHCIa BUIOB PECTATHBHOW TPYMIIBI HA OTBajaX, 10 CPABHEHHIO C 30HABHBIMHU
COOOIIECTBAMH, CBS3aHO CO CHIDKEHHEM POJIM MEeTPO(pUTOB, OOJbIIas YacTh KO-
TOPBIX SABJSIOTCS YJIEP>KUBAIOUIMMU BUIAMHU. PecTaTUBHBIE BHUIIbI COXPAHSIOT
3aHUMAEMYIO IUIOMIab, OCTaBAsCh HAa MecTe 0e3 CYIIECTBEHHOTO YBEINYCHIS
KOJIMYECTBa HAI3eMHBIX 1MO0EroB. B cepuitHBIX coobmiecTBax K HUM OTHOCSTCS
TUTIMYHbIE cTenHble BUAbl Koeleria cristata, Stipa krylovi, Festuca valesiaca,
Aster altaicus Willd. Novopokr u np.

Ha oTBanax BcTpedaeTcs OOJBIIOE YNCIIO BaraTHBHBIX BUAOB, IJIST KOTOPBIX
XapakTepeH yXOJ OT aKTUBHOW KOHKYpPEHIIMHM 3a Iulomans ooutanus. I.M. 3o-
3ynuH [36] paccMaTpuBaeT BaraTUBHBIN THII KaK KPaHHIOK MPUCIIOCOOUTEIh-
HyI0 OpMy, XapaKTEPHYIO AJIsl apUIHBIX 00JIacTeH, a Ul TYMHIHBIX — B Hapy-
LIEHHBIX MeCcTOOOMTaHusAX. [1o MOBEepXHOCTH OTBajla KOYYIOT, Mpopactas Ha
HOBBIX MECTaX, OJJHO- U IBYNETHUKH (Amaranthus retroflexus L., Panicum mil-
iaceum L., Salsola collina Pall., Sinapis arvensis L., Teloxys aristata (L.) Moq.
u ap.).

UppyntuBHble BUIBI IOCENAIOTCS HA Pa3sHBIX dJEMEHTax penbeda Tam, rie
CO BpeMEeHEM 00pa3yeTcs CIIOW MeNTKo3eMa M MOSBISIETCS] BO3SMOXKHOCTh pa3BU-
BaThCs JUIMHHOKOPHEBUITHBIM pacteHusMm (Calamagrostis epigeios L., Elytrigia
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repens L., Elymus racemosus (Trin.) K. Richt., Veronica incana L., Artemisia
frigida Willd, Chamaenerion angustifolium (L.) Scop. u np.). Ocobu >Tux BHU-
JIOB PacCIpOCTPAHSIOTCS HAa HEOOJBIINE PACCTOSHISL, YTO COINPOBOXKIAETCS 3HA-
YUTENFHBIM YBEIHMUCHUEM YHCIIa HAI3EMHBIX MOOETOB M BHEIPCHHEM HX Ha
IUTOINA/IM, 3aHATHIC APYTMMHU PAacTCHUSAMH. [IpencTaBUTENN ITOH KU3HECHHOM
(dhopMBI  SBISIFOTCS HauOoJiee KOHKYPEHTOCIIOCOOHBIMH, MPHUCIIOCOOICHHBIMH
K COBMECTHOMY OOWTaHHMIO B IIEHO3aX, U B COOOINECTBAX apHIHBIX oOacTeit
B OOJIBIIMHCTBE CJ1y4aeB SBJSIOTCS JOMUHAHTaMu [36].

Oo6mee mnpoektuBHoe mokpbiTHe (OIII) cepuitHpix coobmiecTB, (HopMu-
PYIOIIMXCS B XO/€ MEPBHYHON CYKIIECCHHM Ha BCKPBIIIHBIX OTBajax, 3aMETHO
pasu4aeTcs B 3aBUCHMOCTH OT SKCHO3uIu. Ha JHWINE OTBana CIOXHIOCH
Pa3HOTPABHO-IIBIPEHHO-BEHHUKOBOE cepuiiHoe coobmectBo (Calamagrostis epi-
geios + Elytrigia repens + Artemisia vulgaris + Linaria vulgaris). TpaBoctoit
comkryThIH, OIIIT 90%. Ha ceBepHOM CKIIOHE CHPOPMUPOBATIOCH PA3HOTPABHO-
JKUTHSAKOBO-BEHHUKOBOE cepuitHoe coobmmectBo (Calamagrostis epigeios + Ag-
ropyron cristatum + Erysimum cheiranthoides + Artemisia glauca). TpaBocToit
noBosibHO ryctoii, OIIII Bcex BuaoB cocraBisier 87%. biuskue no 3HaueHUSIM
noka3zarenu OIIII (oxomo 80%) xapakTepHBI Al COOOIIECTB MEJIKOACPHOBHH-
HoM1 3nakoBo# crenu [18]. Ha BocTouHOM CKJIOHE BO3HMKHOBEHHIO COMKHYTOTO
MTOKPOBA IPEISITCTBYET NEPHOAMYECKOE OCHITAHNE U PAa3MBITHE OYBOIPYHTOB.
31ech BO3HUKIIA pa3HOTPaBHO-MapeBasi OTKphITas rpynnupoBka (Chenopodium
aristatum + Aster altaicus + Artemisia tanacetifolia). TpaBocTON U3pexkeH, pac-
TEHHS PaCIONIararoTCsl HAa 3HAYUTENIBHOM paccTOsSHUM Apyr oT apyra, OIIII
10%. Ha 3anasiHOM CKJIOHE 00pa3oBajioch COJITHKO-MapeBOe CEpPUiiHOE cOooOIIIe-
ctBo (Chenopodium aristatum + Salsolla collina) ¢ OIIIl 28%. Ha roxHOM
CKIIOHE BO3HHKJIO Pa3HOTPABHO-COJISIHKOBOE cepuifHOe coolmiecTBo (Salsolla
collina + Artemisia sieversiana + Erysimum cheiranthoides) ¢ OIIII 25%.

Jisi OLEHKM BOCCTAHOBJICHHSI PACTUTEIBHOTO IOKPOBA OMIOJHHUTEIBHYIO
nH(pOPMAIINIO TaeT HaM BBISBICHHE COCTaBa XO3SHCTBEHHO-OOTaHMYECKUX TPYIIIT
U JOMUHHPYIOIIUX BHIOB (POPMUPYIOMIMXCS COOOIIECTB. B M3ydaemblil iepron
HanOOJBIINIA BKIAI B HaJI3eMHYI0 (PUTOMACCy Ha BCEX Y4acTKax Me3opelbeda
BHECITH BHABI CHHAHTPOITHOTO Pa3HOTPaBhs, a HA CEBEPHOM CKJIOHE W JTHHIIC
B OTAEIBHBIEC TOABI — 37aku (puc. 2). K urciay JOMHHAHTOB B TpyIIle pasHOTpa-
BbsI OTHOCSITCS: Ha CEBEPHOM CKIIOHe — Erysimum cheiranthoides L., Sinapis
arvensis, Artemisia glauca Pall.; Ha BocrouHOM ckiione — Chenopodium
aristatum L., Salsolla collina, A. Tanacetifolia Willd, A. Tanacetifolia L., Aster
altaicus, Linaria vulgaris Mill.; Ha 3anamgnom ckione — Salsolla collina, Cha-
merion angustifolum (L.) Holub, Artemisia glauca Pall. ex Willd.; Ha 10)xHOM
ckione — Salsolla collina, Artemisia sieversiana, Evysimum cheiranthoides, As-
ter altaicus, Solanum dulcamara L. Ha nHuiie NOMUHUDPYIOT Artemisia vulgaris
L. Potentilla acaulis L. u Linaria vulgaris.

BobGoBbIe Ha OTBaax MpeacTaBiIeHbl IBYMs BUAaMu MeaoHOCcOoB Melilotus of-
ficinalis 1 B HEOONBIIOM KONUYECTBE HA CEBEPHOM M 3alaJHOM CKJIOHAX —
Onobrychis arenaria (Kit.) DC. Cpenun 3makoB, CHOCOOHBIX YKPEIUISATh TTOBEPX-
HOCTh OTBajJa, HAWOONBIINM OOWINEM HA CEBEPHOM CKIIOHE OTJIMYAIOTCS
Calamagrostis epigeios n Agropyron cristatum (L.) Gaertner. Elytrigia repens n
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Puc. 2. CocraB x03HCTBeHHO-00TaHIMYECKUX IPynI (%) TpaBOCTOS Ha BCKPBIIIHEIX OTBaJIaxX
paspesa «HepHOropckuii»: — 3JIaKH, — 6000BbIe, — pa3HOTpaBbe
[Fig 2. The composition, in %, of economical groups of vegetation on “Chernogorsky” open cut spoil

dumps: - - poaceae,| |- legumes, |- motley grasses]

C. epigeios SBISAIOTCS OCHOBHBIMH IICHO300pa3oBaTe/sIMH Ha JIHE, a BMeECTe
¢ Panicum miliaceum BCTpe4aroTCsl HA CKIIOHAX BOCTOYHOM W FOXKHOM IKCIIO3U-
muit. B 2012 r. Ha ceBepHOM M BOCTOYHOM CKJIOHAX TOMUHHPOBAN Stipa krylovii.

BaxHbIM mOKa3zaTeneM pa3BHTHS COOOIIECTBA SBISIETCS €r0 BEpTHKAJIbHAsS
CTPYKTYpa, KOTOopasi OTPa’KaeT COCTaB KOMIIOHEHTOB M yciioBusi cpesl. 1. Jlox-
MaH [37] oTMeuana, 4T0 BEepTHKaJbHAs CTPYKTYpa TPABOCMECH CO3JAET BHYTPU
TPaBOCTOSI OIPE/ICIEHHBIC KIIMMAaTHIECKUE YCIIOBHUS, 00YCIaBINBAIONINE HHTCH-
CHUBHOCTb HCIIOJB30BaHMS COTHEYHON SHEPTUH M YTIICKHCIIOTO ra3a, COBOKYITHO
OTpeNeNAIomuX ypoxail. HaOnroneHus 3a BepTHKaNbHOW CTPYKTYpOU pacTH-
TEJBHBIX COOOIECTB HA OTBajax paspe3a «UepHOrOPCKUi» BBIBIIU PSI OTIIH-
YU OT CTPYKTYPHBIX OCOOCHHOCTEH 30HAITBHBIX COO0IIEeCTB. Bo-MepBhIX, BBICO-
Ta TPaBOCTOA HAPYLIEHHBIX MECTOOOMTAHMI NPEBBIIIAET BBICOTY TPaBOCTOS
MEJIKOIGPHOBUHHOM 3/1aKOBOM cTemu, KoTopas, no JaHHbIM A.B. KymuHoBoi
[18], coctaBmser 40-90 cm (muarpamma ST nHa puc. 3). B pasHble ronsl B ce-
puitHBIX cooOliecTBax Moka3aTenb BapbupyeT: Ha nHuie ot 100 mo 118 cm
(cpennee 3nauenue 111,2 £3,3 cm), Ha ceBepHOM ckiloHe oT 60 10 98 cm (80,0 +
6,0), Ha 10)KHOM cKJIOHE OT 63 110 80 cMm (69,4 +2,9), Ha 3amagHOM CKIIOHE OT 53
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Puc. 3. BeprukansHoe pacnpenencHue Haa3eMHOH GuroMacch (%) B MEIKOICPHOBHHHON
3JIaKOBOI1 CTENHM M Ha oTBajax paspesa «UepHoropckwuit» (2008-2012 rr.).
BepruxansHas ock — BeIcoTa B cM. CepbIM IIBETOM BBIAEIEHEI 85%, OCHOBHas (uToMacca
[Fig. 3. Vertical distribution in % of the above-ground phytomass in bunch grasses steppe
and in natural vegetation on “Chernogorsky” spoil dumps (2008-2012). The verical axis
indicates the height in cm. The grey colouring indicates 85%, the main phytomass]
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o 85cm (70,8 +5,5), Ha BocTrouHOM ckjoHe oT 51 g0 68 cm (60,6 +2,9) (cMm.
puc. 3). YBenuueHue BbICOThI TPABOCTOS, BEPOSITHO, CBA3AHO C HAJIMYUEM B 110Y-
BOTPYHTaX OKHCIEHHOTO YT, KOTOPBIH CHOCOOCTBYET POCTY M OoJiee MOITHO-
My Pa3BHUTHUIO PacTEeHUil, 00pa3oBaHUIO Tymyca. [Ipu M3ydeHHH MpoIeccoB ca-
MO3apacTaHusl CIUIAHUPOBAHHBIX MOPOJHBIX OTBAJIOB B yiecoctenu KysHeukoit
KOTJIOBUHBI HAMH YCTAHOBJICHO, YTO BBICOTAa TPAaBOCTOS Ha JAHHBIX MECTOOOH-
TAaHUAX TaKXKE IMPEBBHIIIACT BHICOTY TPABOCTOSI CyXOIONBHBIX JIYTOB, KOTOPBIE
npeoOiagaiu Ha 3TOH TEPPUTOPUH IO IPOBEACHUS BCKPHIIIHBIX padot [10].
MOXHO OTMETHTB, UTO 3HAYUTENBHBIC TTOKA3aTENN BBHICOTHI TPABOCTOS SIBIISIOT-
Cs OTIIMYUTENILHON YepPTON PACTUTEIHLHOCTH HA OTBAJaX.

Bropoii 0cOOCHHOCTBIO BEPTUKATBHOW CTPYKTYPHI COOOINECTB Ha OTBaJlax
SIBISICTCSL pacIpe/elicHUe HaJA3eMHOW (DPUTOMACCHI [0 BEPTUKAIEHOMY Tpodu-
mio. I'.I'. [TaBnoBa [23] BbIAENSICT TPU THIMA PACTIPECICHUS MO BEPTUKAIBLHOMY
npodwIo: pacTsIHyTOE, NP KOTOPOM OCHOBHas Macca TpaBoctos (85% ot 00-
uieit puromaccer) 3akmoyena B cinoe 0—-60 cm; cpennee — 0-50 cM 1 npu3eMHOE,
KOTJla 3TOT IMOKa3aTeslb mpuypodeH K cioro 0—40 cm. Pactsaayrocth mpodums
CBOICTBEHHA JIECHBIM BapHaHTaM CyXOJOJIbHBIX JiecoB. [Ipu3eMHbIM paciipene-
neHreM (UTOMACCHl OTIMYAIOTCS CTCIHBIC (PUTOLEHO3bI M MACTOWIIHBIC JyTa.
Cpenuuii THIT pacnpeaeIeHus XapakTepeH Uil HanOoJee CI0KHO OpraHN30BaH-
HBIX TTOJUIOMUHAHTHBIX JIYTOB C JOMHHHPOBAHHEM 3JaKOB M 0000BBIX. Pac-
npenenenue (GUToMacchl Mo BEPTUKAIBHOMY MPOGUIIO TPABOCTOSI B KOPEHHOM
COO0OIIeCTBE ONMCHIBACTCS NPU3EMHBIM THIIOM PACIpPEIeNCHHsI, TaKUM OHO
0CTaeTcsi M B CEPUHMHBIX COOOIIECTBAX MPU CaMmo3apacTaHUK OTBAIOB. VcKiro-
YeHHEe COCTaBISAET (PUTOIEHO3, CHOPMHUPOBABILUICS Ha HUILIE, TJ€ B TEUEHUE
JIBYX JIET HAOIOAAICS CPEIHHUIA THIT PACTIPEICIICHHS.

B-Tperpux, oOmuii Buj rpaduka MpPOIEHTHOTO paclpeleieHns Haa3eMHON
(uTOMacCchHl MENKOIEPHOBUHHOM 3J1aKOBOM cTenu 1o cioaM B 10 cM umeer Buj
mupamugsl [18] (em. puc. 3). D10 onTuManbHas (opMa pacrpeaeiacHus GUTo-
MAacchl B TPaBSIHUCTBIX COOOIIECTBAX, PU KOTOPOM HPOUCXOIUT MaKCUMAIBHOE
WCIIOJIb30BaHUE TIOCTYMAIOIEH dHepruu. [ padMKu BepTUKANBHOU CTPYKTYPEI,
MpUOIIDKAIOIUeCs M0 KOH(QUTypanuu K rpaduky 30HAIBHBIX COOOIIECTB, ITO-
mydeHbl Ha 3anagHoM ckione B 2008, 2011, 2012 r. Ha apyrux ywactkax me3o-
penbeda 3To pacpenesieHre UMENI0 HHYI0 KOH(UTYpaITIo.

[ponykTuBHOCTh (Hag3emHas (uTOMAacca) METKOICPHOBUHHOM 37IaKOBOU
crern cocraBusier 0,8 T/ra (MuHuManbHas — 0,53, makcumanbHas — 1,59 1/ra)
[18]. TIpoyKTHBHOCTh CEPUIHBIX COOOIIECTB HA BCKPBIIIHBIX OTBAJIaX JOCTH-
raer 30HaJbHOTO YPOBHSI, MAKCUMaJbHas MPOJYKTUBHOCTh OTMEUEHA Ha JHHIIE
(2,1£0,7 t/ra) u ceBepHoM ckioHe (2,6 £0,2 T/ra) (Tadmn.2). Taxke BbICOKas
MPOAYKTUBHOCTh OTMEUYECHA paHEee NPH E€CTECTBEHHOM 3apacTaHWU CIUIAaHHPO-
BAaHHBIX BCKPBIIIHBIX OTBajJIOB B JecocTtenu Kysneukoil komnoBunsl [10] u
B cTenHol 30He PecyOnmku TeiBa [31]. K oOmieli 3akOHOMEPHOCTH, BBISBIICH-
HOW I THOHEPHBIX COOOIIECTB IPH CaMO3apacTaHUM IOPOXHBIX OTBAJIOB
B JIECOCTEIIHOM, CTEIMHOM u cyxocTemHoH 30Hax IOxHo#i Cubupu, cienyer oT-
HECTH BBICOKHE TIOKa3aTeIl HaJA3eMHON (PUTOMACCHI.

Ha Bcex anmemenTax me3openbeda oTBasioB UepHOrOpCKOTO paszpe3a HaJ3eMHast
¢uToMacca TPEBHIMIACT MOA3EMHYIO (PUTOMACCYy M OTMEPIIYIO0 PACTHTEIBHYIO
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Tabnuna 2 [Table 2]

®uromacca (T/ra) pacTUTEIbHBIX COO0ILECTB HA PA3HBIX yYACTKaX
Me3opebeda IpU caM03apacTaHUuU 0TBAJIOB paspe3a «YepHoropckuii»
[The phytomass of natural vegetation on different mesorelief elements
of “Chernogorsky” spoil dumps, t/ha]

DKcno3unus cKioHa [Slope exposure]
KomnoneHT puromaccsl
[Phytomass component] Cesep IOr Bocrox 3anan Juue
[North] [South] [East] [West] [Floor]

Hanzemnas [Above-ground] 2,8+0,7 1,7£0,2 | 1,4+0,2 | 2,2+0,2 | 3,5+0,4

¢duromacca [phytomass] 2,1£0,7 1,0£0,3 | 0,8+0,1 | 1,6+0,1 | 2,6+0,2

MopTMacca [mortmass) 0,6+0,5 0,7+0,2 | 0,7+0,2 | 0,6+0,1 | 1,0£0,2
ITonzemnuas [Underground] 0,3+0,05 {0,1+0,03]|0,2+0,05|0,1+0,02 | 0,3+0,03
O6was [Total] 3,1 1,8 1,6 2,3 3,8

Maccy, NpH 3TOM MaKCHUMajbHOE 3HaueHHWe Haa3eMHoi ¢uromaccer (1,0+
0,2 T/ra) 3aperucTpupoBaHo Ha guHIIEe (cM. Tab. 2). [IpeBblieHne Haa3eMHOM
Macchl HaJ MOA3EMHON MOXXHO OOBSCHUTH TE€M, YTO KOpHEBas CUCTeMa pacTe-
HUH U3-3a MaJOr0 KOIWYECTBA MeNKo3eMa c(hOpMHUPOBaHA HEJOCTATOYHO MOII-
Ho. [Tom3eMHast huTomMacca HaxomUTCA B mporecce popMUpoBaHus, e¢ 3HAUCHHS
HEBEJIMKHU: MaKCUMAJbHbIE MoKa3aTeau oTMedeHsl Ha gaumie (0,3 +0,03 t/ra) u
Ha ceBepHOM ckioHe (0,3 £0,05 1/ra). Camble BhICOKHE 3HA4YCHUS 00MIeH (HUTO-
Maccel B coolmiecTBax MNpu 3apacTaHuy 20-TeTHUX BCKPBHIIIHBIX OTBAJIOB
B apUIHBIX pailoHax XakacuM BbISBJICHBI HAa JTHUILE M CEBEPHOM CKIIOHE, TJe
CO3/1AI0TCA JIyYIINEe MUKPOKINMATHIECKUE YCIIOBHSI.

Bennunna pasHooOpasust OHOTHI YacTO CUMTAETCS MOKa3aTeNleM JIydIIero
WM XYJIIIEr0 COCTOSHHS 3KOCHCTEMEBI. [Ipu omeHKe pa3HOooOpasusi MPUHIMAIOT
BO BHUMMaHHE J1Ba (aKTopa: BHIOBOEC OOraTCTBO — YWCIO BUIOB HA €AWHHILY
IUTOIIAIN ¥ BRIPABHEHHOCTH — PACTIPEICIICHHS BUIOB [0 UX OOWMIMIO B COOOIIe-
ctBe. Pa3zHooOpasue coolmecTBa TeM BBIIIE, YeM OOJIBIIE BUIOB BKIFOYACT 3TO
c000IIeCTBO U YeM OOJIbIIe BBHIPABHEHBI BUABI IO OOWINIO. MOJEnu BHIOBOTO
OoOMIIHST OIUCHIBAIOT PACHpEAEICHUE OOWIHMS BHAOB OT CUTYAllMH C BBICOKOM
BBIPaBHEHHOCTBIO JI0 T€X CIy4aeB, KOr/la YUCIAEHHOCTH BUIOB BeChbMa HEOJAMHA-
KOBHI [27].

[Tocne 20 et BoccTaHOBJICHHS PACTUTEIHLHOTO MTOKPOBA HA OTBAJIAX pa3pesa
«YepHOTOpPCKHD» OTMEUEHO YCIIOKHEHHE CTPYKTYPHI PACTHTENBHOCTH B XOHAE
CYKLECCHUHU: IMOCTENEHHO PAacTyT YUCIO BUAOB U BBIPABHEHHOCTh WX OOMIIHS,
TUIWYHBIM UL BCEX COOOIIECTB Ha Pa3sHbIX ydacTKaX Me30penbeda CTAaHOBUTCS
JIOT-HOpMaJibHOE pacrpeneicHue (puc.4). JlaHHblid THUIT pacnpeaeneHust 0To0-
pakaeT HamboJIee PaCIPOCTPAHCHHYIO B IPUPOJIE CUTYAIIMIO M XapaKTepeH s
MHOTOBHJIOBBIX 30HAIBHBIX (PHTOIIEHO30B, KOTOPHIM CBOMCTBEHHO HIpeobiana-
HHUE BHIOB CO CpeqHNM oOmireM. PacnipeneneHue, Hanbosee COOTBETCTBYIONIEE
TUIIOTETUYECKOW KPUBOM «MOJENIM Pa3lIOMaHHOTO CTEPXKHA», HaOJI0anoch
€IMHCTBEHHBIH pa3 B 2012 1. Ha CKIIOHE CeBepHON dKcno3uimu. OOWINs BHIIOB
B ATOM CITydae pacHpe/ieleHbl ¢ MaKCUMAIIbHON BO3MOXXHOH PaBHOMEPHOCTBIO,
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Puc. 4. KpuBble 3HauMOCTH BHJIOB JUISI CEpUIHBIX COOOIIECTB HA Pa3HBIX DIIEMEHTAX
Me3openbeda BCKPHIIIHBIX 0TBAJIOB pa3pesa «HepHoropckuii», co3ranHbx B 1990-x T.
l'opuzoHTaneHast 0ch — paHTU BUIOB 10 YOBIBaHUIO 0OMIbHOCTH. BepTukanbHas ock —
OTHOCHTENbHASI 3HAYMMOCTb B %, JorapudmMuyeckas mkana
[Fig. 4. Species significance curves for vegetation on different mesorelief elements of “Chernogorsky”
spoil dumps formed in the 1990’s. The horizontal axis indicates species ranks in the descending order
of abundances. The vertical axis indicates relative significance in %, logarithmic scale)]

YTO, BEpPOSATHEE BCEro, MPOUCXOAUT M3-3a HEBBICOKOHM IIJIOTHOCTH ocobei. B co-
cTaBe TpaBocTos TpeobianaroT MHoroneTHUKHN: Calamagrostis epigejos, Stipa
krylovii, Artemisia glauca, A. sieversiana, Linaria vulgaris, Sonchus arvensis L.
u ap. Bricokas BEIpaBHEHHOCTH CBHIETEIBCTBYET O MpeobiIagaHnuu B COOOIIe-
CTBE BHUJIOB C MPUMEPHO PABHON KOHKYPEHTOCIIOCOOHOCTBIO M OJIM3KO pacIio-
JIO’)KEHHBIMHU HKOJIOTUYECKUMHU ONTHUMyMaMHd. B 11eoM aHanu3 KPUBBIX 3HAYM-
MOCTH BHUJIOB MOKa3ajl, YTO CTPYKTYpa U3y4aeMbIX COOOIIECTB 10 JAHHOMY IIO-
Kazateno OoJiee Wi MeHee chopMUpOBaIach.

BriBoabl

1. TlepBuuHBIE CyKIleCCHH Ha BCKPBIIIHBIX OTBAJIaX B apUIHBIX palloHax Xa-
KacHH XapaKTepU3yIOTCsl TPaBsSHBIM THUIIOM 3apacTaHus. BumoBoil cocrtas pac-
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TUTETBHOCTH OOCTHEH M HACUMTHIBAET 42 BUIA COCYAMCTHIX pacTeHuil. Ha ot-
BaJax IOCEJNSIOTCS WHBA3WUBHBIC PACTEHUs, B MX uucie Tpu Buna (Hordeum
Jubatum, Melilotus officinalis v Ulmus pumila) BKIIOYEHBI B CIIUCOK H3IAHUS
«UYepHoii kauru haopsr Cudbupm.

2. Ha Bcex anemeHTax mesopenbeda GopMUpPYIOTCS cepUiiHBIe COOOIIeCTBa,
KoTopble mocie 20 JeT camMo3apacTaHUs OTBAIOB OTIMYAIOTCS MO COCTaBY H
CTPYKTYpE OT KOPECHHBIX MEIKOJCPHOBHHHBIX 3JIAKOBEIX cTemeil. Haxomsach Ha
OJTHOH W3 MPOMEXYTOYHBIX CTaIWi BOCCTAHOBJICHWS, MUOHEPHBIC COOOIIECTBA
XapaKTePHU3YIOTCS 3HAUUTEFHON BBICOTOW TPAaBOCTOS, TOMHHHUPOBAHUEM BHIIOB
CHHAHTPOITHOTO Pa3HOTPABbs, BHICOKON JOJEH BUIOB PAacTCHUH Me30(HUTHOU
rpymisl (61,9%) u BaratuBHoro tuna (33,2%). Duaemuynsie Buabl [lpueHucei-
CKHX CTeleH, NIMPOKO IMPEICTaBIeHHbIC BO (priope KaMEHUCTHIX cremneil Xaka-
CHH, Ha OTBaJIaX OTCYTCTBYIOT.

3. Ha cOmmkeHre C 30HAIBHBIMH COOOIIECTBAMH YKAa3bIBACT MPOIYKTHB-
HOCTh PacCTUTENIBHBIX COOOIIECTB HapyIICHHBIX Tepputopuit (2,1 +0,7 T/ra Ha
CeBEpHOM ckJloHe U 2,6 +0,2 T/ra Ha AHHMIIE), KOTOpas OJHM3Ka WM MPEBBIIIACT
30HaNBHBIA ypoBeHb (0,53—1,59 1/ra). Kpome Toro, aHanu3 pacnpeneicHus Bu-
JIOB IO OOWJIMIO ITOKAa3ajl, YTO C YBEIMYEHHEM BO3pacTa OTBajJa Ha Pa3HbIX THU-
Max CKIIOHOB OTMEUAIOTCS POCT YHCJIA BUIOB U BHIPABHUBAHHE MX OOWIIHUS, UTO
SIBIISICTCS. XAPaKTEPHBIM JJI1 MHOTOBHIOBBIX 30HAIBHBIX PACTHTENBHBIX CO-
0O0IIEeCTB.
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Bectauk Tomckoro rocyaapcTBeHHOTO yHUBepcuTeTa. buonorus. 2025. Ne 71. C. 122
Tomsk State University Journal of Biology. 2025;71: 122

300J10I'us1
doi: 10.17223/19988591/71/6
YBaskaemble YnTaTe H!

170 sret Ha3aa pOAMIICS BBIIAIONIMIICS HCCIIeA0BATENb MPUPoabl CHOMPH, TOKTOP
MEJMIMHBI U JIOKTOP 300JI0THH, 3aciyXEHHBIH opauHapHbI npodeccop Mmnepa-
Topckoro Tomckoro ynuBepcurera Hukonait ®eodpanosuu Kamenko. OH Bomén
B MICTOPHIO 300JIOTHHM KakK TEpBBIH IPOoQeccop-300JI0T, HAuyaBIIUHA IUIAHOMEPHBIE
nccIe0BaHMs )KUBOTHBIX CHOMpH.

H.®. KammeHko moiy4mn MeaunuHcKoe oOpazoBanue B MMmneparopckom Xapb-
KOBCKOM YHHBEPCHUTETE M HauaJl CBOIO HAYYHYIO AEATENBHOCTh C THCTOJOTHH, M-
OpHOJIOTHH M MUKPOCKOIMYECKOW TEXHWKH, XOTS TIEPBBIM MHTEPEC K 300J0THH
Yy HETO BO3HHUK emé npu 00y4YeHHH Ha MEPBOM Kypce MEIUIMHCKOTO (haKyIbTeTa
HmnepaTopckoro MOCKOBCKOIO YHHBEPCHTETa B TaK Ha3bIBAEMOM «PACCATHHUKE)
30010roB Poccnn — HaygHO# mmKoe mpogeccopa AHaronus [lerposuya bormanosa.
Opnnako nmeHHo B Cubupn Hukomait deodanoBry cMoOr peanm3oBaThCS Kak ydé-
HBII-300J10T, ITOCKOJIBKY ITOHUMAaJ BaXKHOCTh M HEOOXOJMMOCTh HCCIICIOBAHUS TaK
c1ab0 M3y4EeHHOTO B TO BpeMs XKHMBOTHOT'O MHpa 3TOH Teppuropuu. B Tomckwuii me-
PHOJ CBOEH Hay4HOU AEATEILHOCTH OH 3aHSUICS BOIIPOCaMH (hayHHCTHKH, CHCTEMa-
TUKH, Napa3suTOJOTHH, Mal€0300JIOTHH, a O00BEKTAMH HCCIIEHAOBAHUI BBICTYITHIH
pa3HbIe TPYIIBI OECIIO3BOHOYHBIX, PBIOBI, NTHIBI, HO 0c000e BHUMAaHUE OBIIO yIe-
JICHO 3€MHOBOJHBIM, MpeCcMbIKaroImumcs U miiekonurtatonmM. [Ipu stom H.®. Ka-
IIEHKO BCEerJia BHUE] BAXHOCTH CBS3M (yHAaMEHTAILHOIN HAyKH C 3aJlauaMy Mpak-
TUKH, NOAYEPKUBAsi HEOOXOAMMOCTh W3y4YEHHS! OWOJOTHH IPOMBICIOBBIX BHOB,
peleHust 3a1a4 B 00JIaCTH aKKIMMAaTH3aIMK KUBOTHBIX, pa3paboTke Mep O0phOBI ¢
SMU300TUSAMU U JAPYTUX ACMEKTOB MPHUKIATHON 300JI0TUH.

H.®. Kamenko opranuzoBan padoTy kKaOWHeTa 300JI0THH U CPaBHUTEIHHON aHa-
TOMHH, 300JI0THYECKOr0 My3est TOMCKOro yHHBEpPCHTETA, KOTOPBIE BMECTE C Ipema-
pPaTOpCKOil IMEHOBAIHCh 300JI0THYECKIM HHCTHTYTOM, C(hOPMUPOBAI IPOTPAMMy U
MTOJIXO/IBI K MCCIIETOBAHMIO KUBOTHOTO Mupa CnOupH, 3aJI05)KUB TEM CaMBbIM OCHOBBHI
JUTA JeSITeIbHOCTH B 3TOM 00J1aCTH €To MmocieIoBaTenel — MpeICTaBUTENIeH TOMCKON
HAyYHOH 300JIOTHUECKOH MIKOJBI, KOoTopas, mpoias Oomee gem 100-meTHuHil myTsh,
B HACTOsIIIEEe BPEMsI NIPECTaBlIeHa KadeapaMy 300JI0THH OECII03BOHOYHBIX, 300J10-
TMU MO3BOHOYHBIX WM JKOJOTHH, UXTHOJIOTUH U TUAPOOHOIOTHH U 300JI0THYECKUM
Mmyseem TT'Y.

B pasnene «3oonorus» Beimycka Ne 71 xxypHana «BectHuk Tomckoro rocynap-
CTBEHHOT'0 YHHMBEpCHTETa. bronorus» npeicraBiieHbl pabOThl MCClleioBaTeNeH n3
BCEX 300JIOTMYECKUX MOJpa3JeleHUH YHHUBEPCUTETa, MOATOTOBJIECHHBIE MO OTAENb-
HBIM HaIlpaBJICHUSIM, CBSI3aHHBIM C Hay4HBIM TBOpuYecTBOM npodeccopa Hukonas
®deodanosnya KameHko, — MUKPOCKOIIMYECKONH aHATOMHUH KMBOTHBIX, TEPHUOJIOTHH,
TepIETOJIOTHH, TAPA3UTOIOTMH U CUCTEMATUKE KUBOTHBIX.

B.B. SApues,
3aB. Kadeapoii 300JI0TUH TO3BOHOYHBIX U IKOJIOTHH,
3aB. 3ooorudeckuM my3eeM TI'Y, kaHa. OHOJ. HayK, JOICHT
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AHHOTanmsi. HempoMeIcioBbIe BHIBI PBIO YacTO OCTAIOTCS CcIa00 M3YYCHHBIMHU,
COXPAHSIIOTCSI BOMPOCHI KaK MO CHCTEMATHYECKOMY MOJIOKEHHIO BUJA, TaK U MO €ro
Ouostoruu 1 3kosoruy. Pabora mocesieHa n3yuyeHno OMOIOTHYEeCKUX 0cOOEeHHOCTEH
cubupckoro neckapst Gobio sibiricus Nikolsky, 1936 B Gacceiine pexu Toms (cpen-
usst O6b, Tomckast o6macTp, 3anagHast Cubups). ToMckas 00JlacTh pacIooKeHa B
kpynHeinem B Mupe O0b-HpTHIIICKOM IPHPOIHOM OYare OMHUCTOPX03a, BEI3HIBAEMO-
ro Tpemaronamu Opisthorchis felineus Rivolta, 1884. Cnbupckuii meckapb OTHOCHTCS
K cemeiicTBy kapnoBbix Cyprinidae v CIyXKUT MOTEHIHAIBHBIM HOCHTEIEM MeTallep-
kapuii onucropxua. Ha ocHoBe aHann3a MHOroneTHuxX AaHHbIX (¢ 2000 mo 2024 r.) mo
3apaXKEHHOCTH TECKapsi YCTAaHOBJIEHO, YTO PBIOBI B YCIOBHsX Oacceitna Tomu mon-
Bep KEHbI 3apakeHuI0. B nccienoBaHHbIX BojJoeMax Hanbonee 3apakeHHBIMH OKa3a-
ek ocodbn n3 Tomu (3KCTEHCHBHOCTH MHBa3uM — 16,6%). HanMenee 3apakeHbI pbI-
051 13 pex bacannaiika u Ymaiika (10%, 1,4% cooTrBercTBeHHO). FIHTEHCHBHOCTD MH-
Ba3UM BO BCEX HCCIENOBAHHEIX BojoeMax Hu3Kas (1—4 9k3./0co0p). 3aBucumoctn
YPOBHSI 3apa)XEHHOCTH OT pa3Mepa M BO3pacTa He BBUIBICHO. DTO MOXET OBITh CBsI3a-
HO C DKOJIOTHEH IecKapsl B yCIOBUsIX OacceitHa pekn ToMb.

KnroueBble cj10Ba: pa3Mepbl, BO3pacT, IMI0JOBUTOCTh, SKCTEHCUBHOCTb U MHTEH-
CHBHOCTb HHBa3U1

Hcrounuk ¢puHAHCHPOBAHHUSI: HCCIICAOBAHUE BBIIOJIHEHO B paMKax rOCyJapCTBEH-
HOTO 3a7aHus MUHHCTEpCTBA HAyKH M BBICIIEro obpaszoBanus Poccuiickoit denepa-
i (mpoext Ne FSWM-2024-0006).
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Summary. In the Ob basin, the Siberian gudgeon Gobio sibiricus Nikolsky, 1936
is widespread in the river system. This species is a typical rheophile; it prefers tribu-
taries of the first and second orders and adheres to coastal areas of rivers with rocky-
pebble, pebble-sandy soils. The biology and morphology of the Siberian gudgeon are
currently poorly studied, and there are also questions related to the taxonomy of Sibe-
rian gudgeon. The species is also interesting from the point of view of its contribution
to the circulation of trematodoses. Being representatives of the carp family, gudgeon
can be intermediate hosts of trematode metacercariae, including opisthorchis. In this
regard, an interesting fact is that the Siberian gudgeon is included in the opisthorchi-
asis outbreak operating in Tomsk Oblast. Almost all territories adjacent to the Ob-
Irtysh basin are unfavorable for opisthorchiasis. Tomsk Oblast is one of the leaders in
terms of population infected with cat fluke.

For reservoirs of Tomsk Oblast, it was previously indicated that gudgeon was free
from opisthorchis invasion. In other regions within the Ob-Irtysh basin, infection of
gudgeon with opisthorchis was noted in the Chumysh River (Kemerovo Oblast), in
small rivers in the south of Tyumen Oblast, in Novosibirsk Oblast. The aim of the
work was to study the biology of gudgeon and assess the level of its infection with
opisthorchis metacercariae in tributaries of the Middle Ob. Gudgeons have no com-
mercial value, they are objects of amateur fishing, they are used both as food for hu-
mans and domestic animals, although its share in human preferences is not large,
about 1%, its share in catches in second-order tributaries is quite large, on average,
about 25%.

The material for the study was obtained during monitoring studies of fish biodi-
versity in water bodies of Tomsk Oblast, in the south of Western Siberia. The Tom
River is one of the major right tributaries of the Ob River. A significant part of the
lower section of the river is located within Tomsk Oblast. The largest tributaries of the
Tom (in the lower reaches) are the Basandaika and the Ushaika rivers (right-bank
tributaries of the 1st order). The material on the gudgeon was collected from 2000 to
2024. The Ushaika River, 2000 - 71 specimens, the Basandaika River, 2010 - 35 spec-
imens, 2020 - 10 specimens, the Tom River, 2004 - 78 specimens, 2005 - 38 speci-
mens, 2009 - 43, 2024 - 17 specimens. The ichthyological material was analyzed us-
ing morphological and biological analysis methods. Muscle infestation of gudgeon
with Opisthorchis felineus metacercariac was studied using the conventional compres-
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sor method. Morphological characteristics of the Tom River gudgeon: SL 124.7 mm,
DI 7, AII-III 6, VI7,1141.7; the antedorsal distance (47.4% SL (standard length))
is greater than the postdorsal (42.9% SL); the height of the caudal peduncle (8.4% SL)
is 33.2% of the head length (25.0% SL) and 38.5% of the caudal peduncle length
(18.7% SL).

Gudgeon in the Tom River basin are found at the age of up to 7+ years. The size
characteristics of the gudgeon vary somewhat, so it can be noted that the gudgeon
from the Tom River is larger, while the gudgeon from the Basandaika River is smaller
(See Table I). In the Ushaika River, gudgeon was noted with an average body length
of 103.8 and a body weight of 16.8 g, in the Basandaika River with an average body
length of 70.4 mm, a body weight of 6.4, and in the Tom River with an average body
length of 110.7 mm, a weight of 23.2 g. The food spectrum of the gudgeon of the low-
er Tom River consisted of: chironomid larvae, mayflies, caddisflies, crustaceans, bi-
valves, beetles, and detritus. The majority of the gudgeon's food spectrum consisted of
mayfly and caddisfly larvae (more than 50%). The gudgeon becomes sexually mature
at the age of 2+ years. Spawning of the gudgeon in the Tom River is portioned, begins
in the first ten days of July and can stretch until the end of July. Individual absolute
fecundity varies considerably (3406-21984 eggs, average - 11588 +1502) (See Ta-
ble 2), increasing with the size of the fish.

We have established that gudgeon, like most other carp fish, despite its confine-
ment to fast-flowing water bodies and spawning in the summer period, is susceptible
to invasion by O. felineus metacercariae. The average long-term infestation (PI preva-
lence of infection) of the gudgeon in the Tom River basin was 8.3%, the intensity of
infestation was 1.75 metacercariae/individual. Some differences in infestation in dif-
ferent water bodies are observed; the gudgeon from the Tom River was more infested
(See Table 3). An assessment of the dependence of the infection level on the size of
the fish was made. According to our data, no such dependence was found, however, it
can be noted that among the largest fish (Tom River, 2009) no infected individuals
were noted (See Fig. I).

The article contains 1 Figure, 3 Tables, 37 References.

Keywords: size, age, fertility, prevalence of infection and intensity of invasion
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BBenenne

Cubupckuii neckapb Gobio sibiricus Nikolsky, 1936 B 6acceitne O6u pac-
MPOCTPaHEH B PEYHON CHUCTEME MOBCEMECTHO, MPEANOYUTAET IIPUTOKU MIEPBOTO
U BTOPOTO IMOPSIKOB, MPHUICPKUBACTCS MPHUOPEKHBIX YIACTKOB PEK ¢ KaMCHU-
CTO-TaJICYHBIMH, T'aJICYHO-TIECUAHBIMU T'PYHTaMH, SIBJISICTCS THUIMYHBIM peodu-
nom. buonorust u Mopdonorus cHOMPCKOTO MecKapsi B HACTOsIIIee BpeMs U3y-
4eHa cl1abo, TaKXKe OCTAIOTCS BOIPOCHI, CBSI3aHHBIE ¢ ero TakcoHomueii [1]. Cu-
OMpPCKUii ecKapb UHTEPECEH U C TOYKH 3PEHHUS €ro BKIaa B UPKYISIUIO Tpe-
Maroj030B. SIBIssICh MpEACTABUTENEM CeMeiCTBa KapIOBbIX, OH MOXET ObITh
MPOMEXYTOYHBIM XO35SHHOM METallepKapHii TPEMATO, B TOM YHCIIE OMHCTOPXH-
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ca. B cBs3M ¢ 3TUM HHTEpeC MpeAcTaBiseT BKIOYEHHOCTh MecKaps B JIeHCTBY-
omuid Ha TeppuTopuu ToMckol obnacTu owar omwctopxo3a. Hebmaromomyd-
HBIMH TI0 3TOMY 3a00JICBAHUIO SIBIISIOTCS MPAKTHUECKH BCE TEPPUTOPHH, OTHO-
csmmecst kK O0b-MpTteimickoMy Oacceitny. Tomckast 001acTh 3aHUMAeT OJHO U3
JTUIUPYIONINX MECT IO 3apaKEHHOCTH HACEICHHS KOIAYbei BYYCTKOM [2].

[leckapy POMBICTIOBOTO 3HAYCHUSI HE UMEIOT, SIBIISIOTCS 00BEKTaMH JIFO0H-
TEJIECKOTO JIOBA, MUCIIONB3YIOTCS KaK B IHUINY YENOBEKa, TaK U JOMAIITHHUX >KH-
BOTHBIX, XOTS UX J0Js B IPEANOYTEHUSIX YeJoBeKa cocTaBisieT okoso 1% [3],
B TO BpeMs KaK JJOJISI B YJIOBaX B IIPUTOKAaX BTOPOTO HMOPSIKA — B CPEIHEM OKOJIO
25% [4, 5].

Tpematoasl cemerictBa Opisthorchidae BBI3BIBAIOT cepbe3HbIe 3a00JIEBAHUS
JKEITYHBIX MPOTOKOB W TMEYCHH Y IUIOTOSITHBIX J>KUBOTHBIX M 4enoBeka. Omu-
CTOPX03 MOXKET CIIPOBOLMPOBATH 3J0KAYECTBEHHBIE HOBOOOPA30BaHMS IemaTo-
OwnmapHoi cuctemsl [6—9]. Tpu Buia MEYCHOYHBIX COCATBITUKOB TPEICTABIIS-
10T HauOOJNBIIYI0 ONMACHOCTh JUIA HaceleHus IuaHetsl: Opisthorchis viverrini
(Poirier, 1886) Stiles & Hassal, 1896, Be3biBarommii 3a06oneanue B FOro-Boc-
tounoit Asum (BwretHam, Jlaocckas Hapoano-/lemokparuueckas PecnyOinuka,
Kambomxa, Taunann); Clonorchis sinensis Looss, 1907, — B Kutae, CeBepHoM
Boretname u Pecniyonuke Kopest; u, Hakonen, O. felineus Rivolta, 1884, — B EB-
porne, Poccun, Kazaxcrane u Yipaune [10-15]. Pucky 3apaxenus: 3Tumu mnapa-
3UTAaMH B MHPE MOABEPKEHB OKOiO0 700 MIJUIMOHOB YEIIOBEK, B TOM YHCIC
12,5 mummmmonos — O. felineus [16, 17].

Jlnst BogoemoB ToMcKoO# 00JIacTH paHee YKas3bIBAIOCh, YTO TecKapb CBOOO-
JleH oT uHBa3uu onucropxuca [18]. B apyrux permonax B rpanunax OOb-
Hpreiickoro 6acceiiHa 3apak€HHOCTh I3TUX PBHIO OMHCTOPXUIAMH ObLIa OTMe-
yena B p. Uymbim (KemepoBckast 06macTh), B MalbIX pekax tora THOMEHCKOH
obxactu, B HoBocubupckoii oomactu [19-22].

Henp HacTosmied paboThl — U3ydeHUE OHOJIOTHH IMECKapsl U OLCHKA YPOBHS
€ro 3apaXCHHOCTU MeTtanepkapusmu Opisthorchis felineus B peke Tomb U ee
MPUTOKAX.

MaTepna.m,l H METOABbI

Martepuain i UCCIEJOBaHUS MOMYyYeH B XOJ€ MOHUTOPHUHIOBBIX HUCCIIEI0-
BaHUII OWopa3zHooOpasusi pel0 B BOAHBIX 00bekTax Tomckoi obmacth. Peka
ToMmb siBIsieTCS TPaBBIM MPUTOKOM IEpBOro mnopsizka p. O0b, B mpenenax Tom-
ckoit obiact porekaet okoio 700 kM peku ot c. Sp (56°06' c. 1., 84°47'B. 11.)
10 yctba (56°50' ¢. 1. u 84°29' . nn).

Pexa Tomb MMeeT MOJYTOPHBIM XapakTep, C HOCTATOYHO BBICOKUMHU CKOPO-
crsmu Teuenus (0,5-0,6 m/c), KoTopble K ycThio 3amemiitores 1o 0,2 m/c [23],
peka npuodpeTaeT paBHUHHBIN XapakTep. Boie r. ToMcka TpyHThl KAMEHUCTO-
rajieyHble, HIKe — rajleyHble ¥ necuaHo-wincTele. Ha nccnenoBaHHOM ydyacTke
peKu muprHa TOWMBI MOXeT gocturath 0,9 kM, mmpuHa pycna AOCTUTaeT
0,6 kM. I'myOnHbI HEOONBIIHE, HE TpeBhIIAOT 5 M. Peka Bacannaiika — npaBo-
OepeXHbIH MPUTOK p. TOMb mepBOro mopsjaka, JUIMHOW OKOJO 85 KM, BIagacT
BhIe T. Tomcka. Peka ¢ rimyounamu 1o 1,0 M, UMeeT kKaMeHUCTBIe TPYHTHI. Peka
VYraiika — npaBoOepeKHbI MPUTOK MEPBOTr0 MOPSIKA, ATUHOH 78 KM, OKOJIO
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10 kM peku mpotekaeT 1o Teppuropuu r. Tomcka. llupuHa pyciia B MeXeHb HE
npesbimaer 15 M, B naBogok 50 M. I'my6unsl ot 0,3 1o 1,2 M, TpyHTHI IpeuMy-
[IECTBEHHO KAMECHUCTO-TaJICUHEIE.

Marepuan no neckapio Gobio sibiricus Nikolsky, 1936 [1] coOpan B nmepuon
¢ 2000 mo 2024r. B p. Ymaiika B 2000T. cobpan 7123k3., B p. bacannmaiika
B2010T. —359k3., B 2020 1. — 10 3K3., B p. Tomb B 2004 1. — 78 3Kk3., B 2005 T. —
38 9Kk3., B 2009 1. — 43 3Kk3., B 2024 1. — 17 3k3. [l uccnenoBaHus pbid HCITOIb-
30BaH MOP(OJIOTHYECKUI W OMOJIOTUYECKI aHau3. Marepual nmpoaHaiu3upo-
BaH, COIJIACHO COOTBETCTBYIOIIMM HWXTHOJIOTHYECKHUM MeToaukam [24, 25].
Mopdonoruueckuii aHanu3 NPoBeACH Ha (PUKCHPOBAHHOM 4%-bIM PacTBOPOM
dopmanpneruia Matepuane. M3ydeH pa3MepHO-BO3PACTHOW COCTaB IecKaps
B OacceliHe ToMu, OLIEHEH CMEKTp MUTAHUS IO CTAHIAAPTHOM MeTomuke [26].
J7st oueHKH penpoAyKTUBHOM CHCTEMBI MECKapew paccuuTaHbl WHANBUAYaNb-
Has abcomoTHas miogoBuTocts (MAIL), mHOMBHYaIbHAST OTHOCUTENBHAS TUIO-
nmoButocTh (MOIT), k03¢ UImMeHTs 3penocT roHa/.

Mpliednble TKaHW TiecKaped o0cieoBaHbl Ha HAlM4YUe MeTanepKapuit
Opisthorchis felineus KOMIPECCOPHBIM METOJOM, BCETO HCCIenoBaHO 141 k3.
PpBI0. MBIIIIIBI OT KaXKAO0T0 SK3eMIUIsIpa PbI0 MPOCMaTPUBAIKMCh MOJHOCTBIO [27,
28]. Unentudukanuto O. felineus TPOBOAMIN C HCIIOJIB30BAHHEM TMATCHTA
Ne 2018144035 u «OnpenenuTens apa3uToB MPECHOBOAHBIX PbIO...» [29, 30].
Omnpenensim 3kcTeHcUBHOCTH MHBa3uu (DU, %), nateHcuBHOCTh MHBa3uu (MU,
9K3./Ha 3apaKeHHYI0 pbIOy) u uHIekc oounmns (MO, 3x3./0co0b).

CpaBHeHHE YpPOBHS 3apaKCHHOCTH B Pa3HBIX BOJOEMAaxX IPOBEACHO C HC-
nonb3oBaHreM TouHoro tecta @umrepa (Fisher's Exact Test) u qucriepcoHHOTO
aHanuza (ANOVA, a1 nomnapHOro cpaBHEHHs Hcronb3oBaHo PostHoc ananus
TukeyHSD), paznuuus CUMTAINCh CTATUCTHYECKH 3HAYMMBIMH Tipu p < 0,05
[31-34]. AHaM3 B3aMMOCBSI3M KOJIMYECTBA METaIlepKapHii B MBIIIIAX ¢ OUOJIO-
TUYECKUMU MapaMeTpaMu MecKapsi IPOBEAEH C HCIOJIb30BaHUEM KOPPESUOH-
Horo aHamu3a [lupcona. CratucThdeckwidi W Trpaduveckuii aHamu3 (MakeT
ggplot2 [35]) mpoBeseH ¢ ucmons30BaHUuEeM porpaMMHOi cpeabt R 4.0.2 [36].

Pe3yJ’leaTbl HCCIICI0OBAHUA U oﬁcyme}me

Cubupckuil Teckapb SBIICTCS ONHUM H3 JOMUHHPYIOIIMX BHIOB PBIO
B PUIATOYHON CHCTEME BOIOTOKOB p. ToMb 1 B camoii ToMU, OJJHAKO YHCIICH-
HOCTbh €0 BBICOKA HE Ha BCEM NPOTSHKEHUH PEKH, B OCHOBHOM €T0 CKOTUICHUS
OTMEYaroTCsl BhImie T. TOMCKa, TJe MPEUMYIIECTBEHHO KaMEHHUCTO-TAICYHbBIE
TPYHTHI U BBIIIE CKOPOCTh TeueHus. B p. Tomb ero moins B ynoBax (IpeumyIie-
CTBEHHO B NPOTOKaX) MokeT pocturats 20%, B yloBax M3 MalbIX peK (IpHUTO-
kax p. Tomp) mocturaer 60% [5].

SL 124,7mm, D I1 7, A TI-1IT 6, V' 1 7, Il 41,7; anTenopcalibHOE pacCTOSIHHE
(47,4% SL) 6ompme moctropcaiasHoro (42,9% SL); BEICOTa XBOCTOBOTO CTEOIIS
(8,4% SL) cocrasmusier 33,2% mnuabl TosoBel (25,0% SL) u 38,5% mmHBI XBO-
croBoro crebmst (18,7% SL). B uccnegoBannu A.JI. MapteinoBoit u E.JI. Ba-
CIITbeBOH [1] moka3aHo, YTO CHOMPCKHIA MECKaph OT TecKaps U3 €BPONEHCKON
4acTh MO OOJIBIIMHCTBY TUIACTHYECKUX MPU3HAKOB OTIMYHUTH 3aTPYAHHUTEIBHO,
3HAYUTEJbHBIC OTJMYHS BBISIBIICHBI TOJBKO MO OTHOIIECHHIO BBHICOTHI XBOCTOBOI'O
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cTeOJIs K JUTHHE TOJIOBBL, Il CHOUPCKUX MOIYJISIIUAN 3TO COOTHOIICHHE COCTaB-
nsiet 6onee 30% (s eBponetickux meHee 30%).

[Teckapp B OacceitHe Tomu BcTpevaercs B Bo3pacte 10 7+ yet. PazmepHbie
XapaKTePUCTUKKN PBI0 HECKONBKO pa3NuyaroTcs. Tak, MOXXHO OTMETHUTh, YTO
OoJbIIne MpeAeIbHbIC pa3Mepbl OTMEUCHBI Y HUX B P. TOMB, MEHBIIINE — Y 0CO-
Oeii u3 p. bacannaiika u p. Ymaiika (ta6mn. 1). B p. Ymaiika peiObl 0OTMEUYESHBI CO
cpenueit nmuaO# Tena 103,8 (ot 67 no 132 Mmm) u Maccoli Tena 16,8 r (ot 3,2 1o
30,4 1), cpennnii Bo3pact 3,0 (ot 1+ mo 4+ net), B p. bacannaiika — co cpenuei
quHoi Tena 70,4 MM (oT 45 no 125 MMm), maccoid Tenma 6,4 (ot 1,2 go 3271),
cpenuuii Bospact 2,3 (ot 1+ mo 4+ ner), B p. ToMb — co cpeHel ATMHON Tena
110,7 MM (ot 50 mo 154 mm), maccoit 23,21 (ot 2,3 a0 61 1), cpenHuil Bo3pact
3,6 (ot 1+ ;mo 7+ meT).

[Teckapp TrnuuHbBIH OeHTO(Ar. B ero nuie BCTpeyaroTcs TUYUHKA XUPOHO-
MUJI, TIOJICHOK, PYYeHHHKOB, PaKoOOpa3HbIe, MOJUTIOCKU, U3PEAKa B KUIICYHU-
Kax OTMedaeTcss WMKpa pel0. B muranmm monomm mpeobnamaer GUTO- U 300-
IUIAHKTOH. B muimeBoMm criektpe 3TUX pbli0 HmkHEW ToMM HaMu OTMEYCHO
7 KOMIIOHEHTOB (JIMYMHKH XHPOHOMHUJ, MOJCHOK, PyYeHHUKOB, PaKOOOpa3HbIE,
JBYCTBOPYATHIC MOJUTIOCKH, XKYKH, neTput). Oxono 50% crekTpa nuTaHus mec-
Kapsl COCTaBIISUIN JIMIMHKH MTOJCHOK W PYYCHHUKOB.

[TonmoBo3penocts HacTymaeT B Bospacte 2+-3+jer. Hepect y meckaps
B p. ToMb MOPIIMOHHEIH, HAYUHACTCS B TIEPBOM JCKaC HIOJS U MOXKET PaCTsTH-
BaThCs 10 KoHIA miojsl. OH OTKIAABIBACT UKPY HA JHO, MPEUMYIIECTBEHHO Ka-
MEHHUCTO-TaieyHoe (urTo-nicammodmn). B mepBbix uucnmax wrons (1-7, IV—
V ctaaus 3penoctd ToHan) Kod((GUIMEHT 3PEIOCTH MOJIOBBIX MPOIYKTOB (OT-
HOIIICHUE BECa TOHAJ K BECY TeJia PhIOBI, BBIPAXKCHHOE B MPOICHTAX) JOCTUTACT
MaKCUMaIbHBIX BesmduH 0T 10,4% 1o 15,4% (B pasHbie TO/bBI), B KOHIIC HIOJS
(24) emUHUYHO BCTPEYAIOTCS 0COOM C KOX(PQHIIMEHTOM 3perocTH ToHan 6,6—
8,7% (ukpa BbIMeTaHa YacTU4HO). WHAuBHIyadbHass aOCOJIOTHAS IUIONOBH-
TOCTh BapsupyeT oT 3406 no 21984 ukpuHOK (B cpemHeM coctabisieT 11 588).
Ukpa nexpynnas — ot 0,61 1o 0,96 mm (Tabdi. 2). AGconmoTHast UHAUBUIYaTbHAs
IUTOIOBUTOCTH TEeCKapsl 3HAYUTEIBHO YBEIUUMUBACTCS C YBEIMUCHUEM BO3pacTa
u pa3mepoB peIOBL. Tak, B ISITWIETHEM BO3pacTe IUIOJOBHUTOCTH COCTaBIIAIA
10 870 ukpunOK, B BocbMusieTHeM — 17 500 nkpuHOK.

[Mapa3uTonorudecKue UCCIICAOBAHUS OKA3aIH, YTO IIeCKaph, KaKk OOJBIINH-
CTBO APYIWX KapHOBBIX PBHIO, HECMOTPSI HA NPHYPOUYCHHOCTH €TO OOMTAHIS
K OBICTPOTEKYYHM BOJOEMaM M HEPECT B JICTHUI mepuo (0ojiee HHTEHCHBHOE
3apaKCHUE OTMEYACTCSl Y BECCHHE-HEPECTYIONIMX BUIOB — €Ibla U 51351), BOC-
MPUUMYUB K HHBa3uu Metanepkapusmu O. felineus. 3a UCCIICIOBAaHHBINA IEPUOJ
cpenHsis 3KcTeHcuBHOCTh MHBa3uu (OU) peid B Oacceiine p. ToMb coctaBmia
8,3%, wunreHcuBHOCTh wHBazum (M) — 1,7593K3./Ha 3apaxeHHYIO pEIOY.
HabromaroTcst HEKOTOpBIE Pa3lIMyudsl 3apaKCHHOCTH B Pa3HBIX BOJOEMaX, B Iie-
JoM OoJiee 3apakeHHBIM OKa3aJics ieckapb u3 p. Tomb (Tabu. 3). Tounblil KpuTe-
puii durepa Ipu CpaBHEHHU COOTHOIICHHUS KOJMYECTBA 3apaXKCHHBIX M He3apa-
KEHHBIX 0CO0ei B TpexX BOJOEMax IMOKa3al CTATHCTHYCCKH 3HAYUMBIC Pa3IuIus
(Fisher's Exact Test, p-value =0,005). JlucniepcHOHHBII aHAIU3 MPU CPABHEHUH
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Pa3mepHO-BO3pacTHbIE XapPAKTEPUCTHKH CHOMPCKOI0 NecKaps

B Oacceiine p. Tomb
[Size and age characteristics of the Siberian gudgeon in the Tom River basin]

TaGnuma 1 [Table 1]

Bospacr, ner
Pexa I'on [Tapametp [Age, years]
[River] [Year] [Parameter]
1+ 2+ 3+ 4+ 5+ 6+ 7+
SLoMM 1670 | 802 | 1038 | 1209 | — - -
o [SL, mm]
p. Yinaiika
[Ushaika 2000 | W,r[w, gl | 32 | 80 | 165 | 253 | - _ _
river] . 5K
? ' 1 5 56 9 — — —
[, ind.]
SL, MM
? 51,8 62,4 68,1 — — — _
p. bacan- [SL, mm] ’ ’ ’
Jaiika 2010 | W,r[w. 18 | 33 | 45 - - - -
[Basandaika T el ’ ’ ’
river] n, 5K3.
> 4 2 9 _ - - -
[n, ind.]
SL, mm
’ 56,0 76,0 105,2 121,0 — — —
p. bacan- [SL, mm] ’ ’ ? ’
najika 2020 | W,r[W. 24 | 68 | 187 | 282 | - - -
[Basandaika T el ’ ’ ’ ’
river] n, 9K3.
> 1 2 5 2 — — —
[n, ind.]
SL, mm — | 835 | 983 | 1235 | 1349 | 1402 | 154,0
[SL, mm]
p. Tomn 2004 | W,rw,gl | - 80 | 136 | 303 | 394 | 451 | 610
[Tom river]
7, 9K3.
> — 8 16 19 21 13 1
[n, ind.]
SL, mm - — 1052 | 1133 | 1237 | 1420 | 1500
[SL, mm]
p. Toms 2005 | W,r(w,gl | - — | 169 | 227 | 278 | 413 | 400
[Tom river]
n, 9K3.
’ - — 6 18 11 2 1
[, ind.]
SL, mm
’ 66,5 85,4 95,3 132,0 138,0 — —
[SL. mm] , ; , ) X
p. Tom 42 | 84 | 115 | 346 | 387 | - -
[Tom river] 2009 W.riw.el ? > ’ ’ i
n, 9K3.
’ 13 18 4 3 5 — —
[n, ind.]
SL, mm
, — | 977 | 1061 | - - - -
[SL, mm] ’ ?
p. Toum - 145 | 163 | - - - -
[Tom river] 2024 W.riw. ¢l ’ ’
n, 9K3.
» - 6 1 - - - -
[n, ind.]

HpuMeanue. SL — CTaHJAapTHas AJIMHA, W — macca TCJa, n — KOJIUYECTBO SK3EMILISAPOB.

[Note. SL - standard length, ¥ - body weight, n - number of samples].
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(p. Tomb, 2004 r.)

Tabnuma 2 [Table 2]
Iloka3aTesin penpoaAyKTHBHOM CIIOCOOHOCTH CHOUMPCKOrO NMecKaps

[Reproductive capacity indicators of gudgeon (Tom river, 2004)]

IToxazarenun . n, K3.
[Indicators] M min—max SD Cv [n, ind.]
WAII, . uKpUHOK .
[individual absolute fecundity, eggs] 11588 | 3406-21984 >416,5 46,7
HNOII (1/q), wT. HKpUHOK
[Individual relative fecundity, eggs] 2792 77419 106,5 38,1
Koadduimenr 3penoctu
roHaz, % 10,5 8,1-13,3 1,35 12,8 13
[Gonadosomatic index (GSI, %)]
Cpenuuii 1uamMeTp UKPUHOK, MM 0.83 0.61-0.96 13.99 011
[Average diameter of eggs, mm] ’ ’ ’ ’ ’
Bec ronan, r g
[Gonad weight, g] 5,2 3,50-6,85 0,81 16,9

Ipumeuanue. M — cpenHee, min—max — MHHUMAJIBHOE H MaKCHMaJbHOE 3HAYCHUE ITOKa3aTe-
11, SD — crangapTHOE OTKIOHEHUE, CV — KOO HUIIMECHT BapHaIHH.
[Note. M - mean, min-max - minimum and maximum value of the indicator, SD - standard deviation, Cv -

coefficient of variation].

TaGnuma 3 [Table 3]

IHoka3aTe/u 3apazeHHOCTH CHOMPCKOro neckaps B 6acceiine p. Tomb
[Infection rates of minnows in the Tom River basin]

WU, sk3./Ha 3apa-
S (11 ')KteHH'ty ' fpmf6 i ho, [ indi 1;3. Is]
[PI preva- intensity of infection 3K3./0C06B n, individuals
P.eKa, ToR lence of fish] [1A index of
[River, year] . .
infection, abundance, 3apa- Bee-
%] M min max individual] JKEHHBIX ro
[infected] [all]

Vmaiika,
2000
[Ushaika 1,41 2 2 2 0,03 1 71
river, 2000]
bacannaii-
Ka, 2020
[Basandaika 10,0 1,0 1 1 0,10 1 10
river, 2020]
Towms, 2009
[Tom river, 18,6 1,88 1 4 0,35 8 43
2009]
Towmsb, 2024
[Tom river, 11,8 1,5 1 2 0,18 2 17
2024]

Ipumeuanue. Y1 — skcreHcuBHOCTh MHBa3uu, MW — untencuBHocts uuBazuu, MO — nngexc
obunust, M — cpeHee, n — KOJIMYECTBO IK3SMILIIPOB.
[Note. PI - prevalence of infection, II - intensity of infection, IA - index of abundance, M - mean, n -
number of samples].
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WHJIEKCa OOWJIMS B TPEX BOAOEMAaxX TAKXKe [MOKa3ajl HATHYHE 3HAYAMBIX Pa3iiu-
guii (ANOVA: df=2,138; F=4,04; p-value=0,019). [lonmapHble cpaBHEHUS
C IOMOIIEIO TecTa THIOKM BBISIBHIIM HAJIMYHE 3HAYMMBIX OTIMYHNA Yy MECKaps u3
p. Tomb u p. Ymaiika (TukeyHSD, p-value =0,015).

Ha BceM MaccuBe NaHHBIX NMPOBEACHA OIICHKA 3aBHCHMOCTU YPOBHS 3apa-
KEHHOCTH OT pa3MepoB pbiObl (SL). [To HanmMM JaHHBIM TaKOW 3aBHCHMOCTH HE
BBISIBIICHO (KO3 dummeHT koppeisiiuu [Tupcona: »=-0,15, p-value = 0,08), Tax-
ke HeT 3aBUCUMOCTH OT Macchl Tena (7 =-0,16, p-value =0,06) u Bo3pacta (r=
—0,16, p-value = 0,06), HanGoee KPYyIHBbIC PHIOBI OKA3AIMCh CBOOOIHBI OT Mapa-
3uTOB (puc. 1).

W3BecTHO, YTO MBINICYHBIE TPEMATOABI B MECTaX IIOCTOSIHHOI'O KOHTAKTa
C MeCTaMU OOUTaHUS MEPBHIX MPOMEKYTOUHBIX X035¢B (MOJLTIOCKH pona Bithy-
nia) ¢ BO3pacToM HakarutuBaroTcs B Mbimax [3]. B Tomu 3apakeHHOCTH rec-
Kapsl HECKOJIBKO BBIIIE, YEM B IIPUTOKAX. DTO MOKET OBITH CBSI3aHO C TEM, UTO B
9TOH peKe MHOTO MPOTOK W IMOMMEHHBIX BOAOEMOB, B KOTOPBIX HAMU OBUIH OT-
MEYEHBI MOJUTIOCKH poxa Bithynia, B pekax Ymiaiika u bacaHnnaiika UCKIIOUH-
TEJIbHO HEMHOTO MECT, IJIe MOITH OBl Pa3BHBAThCS MEPBBIC MPOMEKYTOUYHBIC
x03sieBa. Takke OTCYTCTBHE 3aBHCUMOCTH C JJIHHOW Tena U 3P PeKTa HAKOIUIe-
HUSI MeTaIlepKapuil B MBIIIIAX MOXKET CBHICTEIHCTBOBATH O CIYYaiHOM Xapak-
Tepe 3apakeHHs, IPOUCXOISIIETO HE KaXXIbIHA TOJl M JOCTATOYHO JIOKAIBHO.

Panee namu B BOJOCMAax TomMcko# 0061acTi ObLI H3Yy4YCH YPOBCHb 3apaKCHHOCTHU
MmetanepkapusiMu O. felineus y 11 BunoB kapnossix psio. M3 viccien0BaHHBIX BU-
JIOB TOJIBKO 9 BKJIFOUEHBI B IIUPKYIISAIIUIO OMIHUCTOPXO3HOW MHBA3UH, TEM CaMBIM

40

3apaxeHHoCTb
[Infection]

No

[Weight, g]

Yes

Macca Tena, r

50 75 100 125
OnuHa Tena, mm
[Standard Length, mm]

Puc. 1. 3aBucumMocTs 3apaskeHHOCTH MeTtanepkapusimu Opisthorchis felineus oT pa3mepos
cubupckoro meckaps B 6acceiine p. Tomb: No — peiba He 3apakeHa, Yes — ppda 3apaxeHa,
pa3Mep TOUYeK 3aBHCUT OT HHTEHCUBHOCTH MHBa3uH (1—4)

[Fig. 1. Dependence of infection with metacercariae Opisthorchis felineus on gudgeon size
in the Tom River basin: No - fish is not infected, Yes - fish is infected,
the size of the dots depends on the intensity of infection (1-4)]
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MOJIEPAKHUBAIOT ovar onucropxosa [37]. B pekax HanOONbIIyIO 3MHU300TOJIOTHU-
YEeCKYI0 Harpy3Ky IO OMHCTOPXO03Y HECYT CEMb BUIIOB PHIO: MPEUMYIIECTBEHHO
sI3b ¥ €JIell, 3HAYUTEIbHO B MEHBIIIEH CTENEeHH IJI0TBA, TOJIbSH, TIECKapPh, JICH] U
ykieiika. Takum o00pazom, meckapb BOBJE€UEH B LUPKYJSAILHIO OMHCTOPX03a
B p. TOMBb U ee MpUTOKAxX, B pa3HBIX BOJOEMAaX 3apa)XKEHHOCTh PBIO MOXKET BapbH-
pOBarth.

3akioueHue

B Oacceitne p. Tomb cubupckuil neckapb Gobio sibiricus MHOTOYHCIEH,
0o0uTaeT B MPOTOKaX M KypPbsX, MPEAIOYNTAET MECTa C OBICTPBHIM TCUCHHUEM H
KaMEHUCTO-TaICYHbIMU TpyHTaMu. B Tomu pa3smepHO-BO3pacTHOW psj phIO
mmpe, 4YeM B MPUTOKaxX. B mutanum peid mpeoOiaagaroT OpraHu3Mbl OEHTOCA
peodunbHOTO criekTpa (JIMYMHKH TOJICHOK U pyYeHUKOB). HepecT Ha kaMeHH-
cTOM cyOcTpare pacTIHyT C Hadajga HIONS HO KoHelr uioist. I1momoBHUTOCTB
y pBIO BBICOKAs, C YBEIHMUCHUEM Pa3MEpPOB M BO3PACTa 3aKOHOMEPHO BO3pacTa-
er. [leckapp — mpencTaBUTENbh CEMEHUCTBAa KapIOBBIX PHIO M, COOTBETCTBEHHO,
BOCIIPUUMYHMB K 3apakEHHOCTH Metanepkapusmu O. felineus, oqHako ero oou-
TaHWE B BOJJOEMAX C KAMCHUCTO-TaJICYHBIMH TPYHTaMU M TIO3THUI HEPECT B 3HA-
YHUTENFHON CTETICHU OTPaHUYMBAIOT BO3MOXKHOCTH 3apakeHus. Hamm uccieno-
BaHUsI ITOKA3aJIH, YTO MECKaph SBISIETCS HOCUTENIEM MeTauepkapuii Opisthorchis
felineus B Gacceiitne pexkn Tomb, CpeHSS 3KCTCHCUBHOCTh MHBa3UU HEBBICOKA
(8,3%). B pazHble roasl U B pa3HbIX BOAOTOKAX 3apaKEHHOCTh PBHIO MOXKET Ba-
PBHPOBATE.
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Mopdoaornyeckne MpUCMocoOJeHUs KOXKU
YCCYPHIiICKOr0 KOITUCTOr0 TpUTOHA Onychodactylus fischeri
U cuOUpcKoro yruo3yoa Salamandrella keyserlinigii
(Amphibia: Caudata, Hynobiidae) k BogHo¥i cpene

Co¢us Cepreesna EBceea’, Baqum Bagumosuy SIpues’,
Wpuna Braguvuposna Maciiosa’, Jlapssi Anapeesna Poramescikas’

-2 Hayuonansuwiii uccredosamenscxuii Tomckuti 2ocydapemeentpiil yHugepcumen,
Tomck, Poccus
2 Cubupcruii 2ocyoapemeennbiii meduyunckuii ynusepcumem, Tomck, Poccus
4 Dedepanvuviii Hayumbill yenmp 6uopazHoo6pasus HazeMHOI GLOmbL
Bocmounoit Azuu /[BO PAH, Braousocmok, Poccus
! https:/forcid.org/0000-0001-7789-7424, vadim_yartsev@mail.ru
2 https://orcid.org/0000-0002-7644-8501, sofiaewseewa@gmail.com
? https:/lorcid.org/ 0000-0002-6240-3812, irinarana@yandex.ru
* https:/lorcid.org/0009-0004-1820-1385, daria_1844@mail.ru

AHHoTanms. M3ydyensl rucronorundeckue ocobenHoctu koxu crnuusl (KC), rop-
nosoro Memka (KI'M), xBocra (KX), 6proxa (Kb), ronenn (KI') u knoaku (KK) moso-
BO3pEJbIX CaMIIOB M CaMOK cHOMpcKoro yriosyoa (Salamandrella keyserlinigii) Bon-
HOro MopdoTura U yccypuiickoro korrucroro tputona (Onychodactylus fischeri).
C IOMOIIBI0 THCTOJIOTHYECKUX M CTATHCTHYECKHX METOAWK OLCHEHBI BHUIOBEIE pa3-
JIMYHS TI0 OTHOCHTEIBHBIM IUTONIAASM SIHJEPMHUCa, TPaHyIAPHBIX U CIN3UCTHIX JKe-
11€3, 37IeMEeHTOB KopuyMa. Koxka ycCcypHHCKHI KOTTHCTOTO TPHUTOHA OTJINYAeTCs II0T-
HBIM OPOTOBEBIINM SHHJIEPMUCOM M MHOTOYHCICHHBIMH KalWULIpaMU B KOpHyMe,
prarommmMucs B osmuaepmuc. Camusl S, keyserlingii OTAMYAalOTCS OT TaKOBBIX
O. fischeri 601bILIel OTHOCUTENBHOI IUIOLIABIO dTHAEpMUCca AopcaibHoi yacti KX,
rpanymsipabix xené3 KI'M, Kb, KI' u BerrpansHoro ygactka KX, cnu3ucThix xenés
KT, xomnaktHoro ciost nopcansHoi yactu KX, prixioit coeguautensHoi Tkanu KC,
KX, KK u Kb, HO MeHbLIel OTHOCHTENBHOH IUIOIIAbI0 SMUAEPMUCAa BEHTPAIBbHOMN
yacty KX, KK u KTI', rpanysspHbIx skené3 gopcansHoit yactu KX, cnusucteix xenés
KT, KC, Bentpanbnoit uactu KX, Kb n komnakTHOro ciost B BeHTpasibHoi yacti KX.
Camxu S. keyserlingii o cpaBHEHHIO ¢ TakOBBIMU O. fischeri XapaKTepU3yIOTCs yBe-
JHYEHHBIMH TIIOIAIMU SMHEpPMHUCa JOpcaabHOro ydactka KX, rpaHymspHBIX ske-
né3 Kb u BenTpanbHoro ywyactka KX, causucteix xené3 KI', komnakTHOro cinost ko-
pryMa 10pcaibHOTO ydacTKa XBOCTa, pbIxyoi coenqunurenbHoi Tkauu KX u KK, Ho
MeHbIel miomaasio anuaepmuca Kb u BentpanbHoit yactu KX, rpanynspHbIx xe-
né3 nopcanbHoit wactu KX u KK, cnusucreix xene3 B KI' u BenrpansHoit yactu KX,
KOMITAaKTHOTO CJIOSl Ha BCEX y4acTKax KOXKH, Kpome aopcanbHoi KX. Habmonaembie
pas3nuuMs CBS3aHbI C Pa3HOW CTENCHBIO aIaNTalliy JaHHBIX BUJIOB K BOJHOIT cpene.

KnroueBble ciaoBa: am¢puOum, XBOCTaTble 3€MHOBOAHBIC, KOXHBINH IOKPOB,
THCTOJIOTHS, BUJIOBBIC PA3IIHIMS

Hcrounuk ¢puHaHcHpoBanus: paboTa BBINOJIHCHA B PAMKAX FOCYIapCTBEHHOIO 3a-

naHusg MUHHCTEpCTBa HayKH U BbIcuIero odpaszoBanus Poccuiickoit @enepaunu, HoO-
Mep TocynapcTBeHHO! peructpauuu Temsl Ne 124012200182-1.
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Mopdonoruueckue NprCHOCOOIEHHUS KOXH YCCYPUIICKOTO KOTTHCTOTO TpuToHa Ony-
chodactylus fischeri u cubupckoro yrnosyba Salamandrella keyserlinigii (Amphibia:
Caudata, Hynobiidae) k BoxHoii cpene / Bectuk TOMCKOro rocyaapcTBEHHOTO YHH-
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Morphological adaptations of the skin of Onychodactylus
fischeri and Salamandprella keyserlinigii (Amphibia:
Caudata, Hynobiidae) to the aquatic environment

Sofiya S. Evseeva', Vadim V. Yartsev?, Irina V. Maslova’,
Daria A. Rogashevskaya*

L2 National Research Tomsk State University, Tomsk, Russian Federation

2 Siberian State Medical University, Tomsk, Russian Federation

4 Federal Scientific Centre of the East Asia Terrestrial Biodiversity,

FEB RAS, Vladivostok, Russian Federation
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Summary. To understand the role of skin in the formation of morphological adap-
tations in amphibians to different environmental conditions, we studied histological
features of the skin from throat (TS), back (BS), dorsal part of the tail (DPTS), ventral
part of the tail (VPTS), abdomen (AS), cloacal (CS), and shin (ShS) in Salamandrella
keyserlingii males and females of the aquatic morphotypes and Onychodactylus fisch-
eri. These hynobiid species have different ecological preferences: S. keyserlingii is
a limnophylic salamander, while O. fischeri is a reophylic one. Using histological and
statistical methods, interspecific differences in the relative areas of epidermis, strata
compactum and spongiosum, connective tissue in the whole, granular and mucous
glands were measured (See Figs. 1, 2).

Males of S. keyserlingii, in comparison with those of O. fischeri, have larger areas
of the epidermis in DPTS, the granular glands in TS, AS, ShS, VPTS, the mucous
glands in DPTS, the stratum spongiosum in BS, DPTS, VPTS, CS, AS, but smaller
areas of the epidermis in VPTS, CS, ShS, the granular glands in DPTS, the mucous
glands in TS, AS, VPTS, the stratum compactum in VPTS (See Table I). Females of
S. keyserlingii, in comparison with those of O. fischeri, have larger areas of the epi-
dermis in DPTS, the granular glands in AS, VPTS, the mucous glands in TS, the stra-
tum compactum in DPTS, the stratum spongiosum in DPTS, VPTS, CS, but smaller
areas of the epidermis in AS, VPTS, the granular glands in DPTS, CS, the mucous
glands in TS, VPTS, the stratum compactum in all studied skin areas except for DPTS
and VPTS (See Table 2). The skin peculiarities of these species are the result of dif-
ferent levels of adaptation to the aquatic environment: S. keyserlingii changes aquatic
habitat (short breeding season) to the terrestrial one during the year, but O. fischeri is
constantly connected with the aquatic environment.

The article contains 2 Figures, 2 Tables, 31 References.

Keywords: amphibians, salamanders, integument, histology, species differences
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BBenenue

Koxa 3eMHOBOJHBIX — CIIOXKHBIM OpraH, BBIMOJIHSIONIMNA pa3zHOOOpa3HbIe
(YHKITNH: 3aIUTHYIO, TBIXaTEIBHYI0 PECIIUPATOPHYIO, TPAHCIIOPTHYIO U IPYTHE
[1, 2]. OcobeHHOCTH €€ OpraHU3aluk MOTYT BapbUPOBATh Y Pa3HBIX BHIOB, YTO
CBSI3aHO C aJanTaiyeil K YCIOBHAM OOMTaHHS. DTO MPOSBISAETCS B MEXKBUIOBBIX
OTIIMYHSIX TI0 TEKCTYpe KOXKH, PaCIpeACICHUI0 KPOBEHOCHBIX COCYJI0OB, OpTaHu-
3alUH JIUTEIHA, Pa3MepaM M KOJIMYECTBY T'PAHYISPHBIX M CIMU3UCTHIX KEIE3,
a TaK)Ke COCTaBy BBIIEISIEMOro MU cekpera [3—6].

CemeiictBo yrio3yosie (Hynobiidae) BkIO4aeT MPUMUTHBHBIX XBOCTATBIX
36MHOBOJIHBIX C Pa3IMYHON SKOJIOTUYECKOH Crienuanu3anuei [7], 4To mo3Bois-
€T UCIIONIB30BATh MPEACTABUTENCH JaHHOW TPYIIIBI s U3ydIeHUs] OOIMHX 3aK0-
HOMEPHOCTCH aJaNnTUBHBIX HM3MEHEHUH KOXU 3EMHOBOJHBIX K DPa3IHYHBIM
ycnoBusM cpeabl. Cpean yrio3yObIX MEXBHIOBAS W3MEHYMBOCTH MEPHBIX Xa-
PAKTEPHCTHK KOXXM B3POCIBIX JKMBOTHBIX M3y4€HA Ha TPHMEPE IBYX BHUJIOB:
PEOPHIBHOTO ITOCTOSHHO BOJHOTO CBHIYYaHBCKOTO Yyriio3yoa Batrachuperus
pinchonii David, 1872 u nuMHOMMIEHOTO KHTaiickoro yrio3yoa Hynobius
chinensis Glinther, 1889, Haxoasierocst B BoJi¢ TOJIBKO B IEPHO PA3MHOKCHHSI
[8]. BoisBieHo, uto koxa B. pinchonii 6orata KpOBEHOCHBIMH KalWUIAPAMH H
OTJIIMYACTCS] TOJICTBIM JSIMUICPMUCOM, a H. chinensis — MOIIHBIM KOPHYMOM,
KPYITHBIMH TPAaHYJISIPHBIME M CIM3HCTHIME JKele3aMu. Bce oOHapykeHHBIE 0CO-
OCHHOCTH TOKPOBOB MAHHBIX BHIIOB aBTOPHI CBS3AIM C ajanTalueil K cpemne
obutanusa. OMHAKO CpaBHEHHE MPOBEAEHO TOJIBKO Ha CaMIax, IPH 3TOM 0CO-
OCHHOCTH BOJTHOTO M Ha3eMHOTO MOP(HOTUTIOB H. chinensis He YIUTHIBAIUCH.

Bornee momnoe nonnManue cnennUKH afanTaiy KOKH yriio3yObIX K ycio-
BUSIM Cpebl OOMTaHHS BO3MOXKHO IIPY CPaBHEHHWH BHIOB C Pa3HOH CTENEHBIO
aJIanTalui K BOMHOMY 00pa3y *H3HH ¢ YU€TOM moja u MopdoTuna (pu Hau-
yuu OU(a3HOro TOO0BOrO IMKIa). B Hariel paboTe UCTIOIB30BaHBI BHIBI YIIIO-
3yOBbIX C BBIPAKCHHBIMH JKOJIOTHYECKUMH OTIHYHMSIMU — CHOUPCKUN YTiio3yd
Salamandrella keyserlingii Dybowski, 1870 u ycCypHiiCKHiI KOTTUCTBIH TPUTOH
Onychodactylus fischeri Boulenger, 1886. S. keyserlingii — nTMMHO(UIBHBINA BU],
HAXOJAIIUICS B BOJOEME TOJIBKO KOPOTKOE BPEMs B IIEPHOJT PA3MHOXKCHUS, B TO
Bpems Kak O. fischeri — BBICOKO CIICITUATM3UPOBAHHBIA peOPHUIBHBIN MOITYBOI-
HBIN BH [9].

Ienb paboThl — BHIIBUTH MOP(OIOTHIESCKUE TPUCITOCOOICHHS KOXKH CaMIIOB
M CaMOK YCCYPHICKOTO KOTTHCTOTO TPUTOHA M CHOMPCKOTO yriio3yda BOIHOTO
MOpQOTHIIA MYyTEM CPaBHEHHS STHX BUAOB, HMEIOIINX Pa3HBIC SKOJOTHUECKHE
0COOEHHOCTH.
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MarepuaJibl 1 METOABI

MarepuanoM ISl MCCIEIOBAHMS TTOCTYKIIH TIOJIOBO3PENBIE CaMIbl (1= 15,
L.=55,2-60,3mm) u camku (n=35, L.=52,1-66,0 mm) S. keyserlingii BogHOTO
MopdoTHna W3 KOJUIEKUMH KadeApbl 300JI0TMH IMO3BOHOYHBIX W HKOJIOTUHU
HU TT'Y, ucnonp30BaHHBIE paHEE B UCCIEIOBAHUAX CE30HHOM M3MEHYMBOCTH
THCTOJOTUYECKUX IapaMeTPoOB KOXKH IMPEACTaBUTENEH O0OMX IOJIOB TAHHOTO
Buga [10, 11]. Ocobu S. keyserlingii OTIOBIEHBI B OKPECTHOCTIX TI. ToMmcka
(roro-Boctok 3amamHoit Cubupu) B Mae 2012 1. u ampene 2014 r. Cpoku oTiio-
BOB COOTBETCTBOBAIH MEPHOAY PA3MHOKEHHSI [UIS MOMYJSIUN TAHHOTO BHIA
[12]. B paboTe MCIOIB30BaHbI IK3EMIUIPHI S. keyserlingii TONIbLKO ¢ TIPU3HAKA-
MU BOJHOTO MOpdoTHIa.

DK3eMIUIpBl  TOJIOBO3peibIX cammoB (n=4, L.=69,3-81,1 MM) u caMok
(n=4, L.=70,3-91,1 mm) O. fischeri B3atel u3 buopecypcHoii koynekiun De-
JIEpANBHOTO HAYYHOTO IIEHTpa Onopa3sHooOpasus HazeMHOUN Onotsl BocTouHoit
Asmn JIBO PAH (perucrpanuonssiii Homep 2797657). OHU TOIyYeHBI B X0/
MoJIeBLIX paboT Ha tore JlampHero Boctoka B urone 2019 1. B [lapTu3anckoM U
UyryeBckoMm paitonax [Ipumopckoro kpas. OTioB ocobeit TaHHOTO BHIa MIPOBO-
nuics mo paspeinnenuio Pocmpupomgnanzopa PO (Ne AA-10-03-32/17476 ot
03.07.2019) py4HBIM CIIOCOOOM B €CTECTBEHHBIX YKPBITHSX, PACIIOJIOKECHHBIX
B BOJIOEME WJIM HETNOCPEJCTBEHHOM OJIM30CTH OT Hero. M3 BceX BCTpEUEeHHBIX
0co0eil KOrTUCTOTO TPUTOHA U3BIMANIM TOJIBKO T€X, KOTOpPbIE IO pa3Mepam Teja
u MOpP(OJOTMYECKUM TIPH3HAKaM COOTBETCTBOBAIN IIOJIOBO3PEIBIM 0COOSIM.
OTJNOBIICHHBIX XUBOTHBIX YMEPIUBISIN in Sifu WHBeKnuen 2% mnumokanHa
B OPIOIIHYIO TOJOCTh. Bce MaHUWMyNSIMU C TPUTOHAMU (OTJIOB, TPAHCIOPTH-
POBKa, yMEPIIBICHNE) TPOBEICHBI B COOTBETCTBUH C TPEOOBAHUSAMHU TYMaHHOTO
oOpailieHusl ¢ )KMUBOTHBIMH U EBporieiickoii KOHBEHIIMEH O 3aluTe MO3BOHOY-
HBIX JKABOTHBIX, HCIIOJB3YEMBIX JUTS SKCICPUMEHTOB WM B MHBIX HAYYHBIX I[€-
JISX, YTO TOATBEPXkIEHO 3aKkimoueHueM Komuccun mo 6nostuke TI'Y Ne 28 or
14.06.2019.

VY sK3eMIuIsIpoB 000MX BHAOB, (pukcupoBaHHBIX B 10% kuciom (S. keyser-
lingii) u uweirrpansaoM (O. fischeri) pacTBopax (hopMairHa, BEIPE3ATH YIACTKH
KOXH pazMepoM 3 X 3—10 MM ¢ cepeliMHBI CITUHBI, TOpia, Oproxa, FOJIeHHU, Tpa-
BOH CTOPOHBI XBOCTA M KJIOAKH LEJIUKOM. [ MICTONOTHYECKYIO MOATOTOBKY MpPoo
MPOBOAMIM MO Kjaccudyeckod cxeme [13, 14]: maTepuan mOCieIOBaTENbHO
06e3BokuBaind B 70%, 96% u adcomroTHOM 3TaHoie OT 4 10 12 9 juIs KaKaoki
KOHIIEHTpAIIMHU, IPOCBETIISLIN B OyTaHoie (He MeHee 8 4) M MPONUTHIBAIM B Ta-
padune (8 4) ¢ mocneayromei 3anuBKoit B 010k, Cpe3sl TommuHoi 10 MKkM u3-
TOTaBJIMBAIM Ha POTAMOHHOM MuKporome RMD-3000 (MTPoint, Poccus). Ot
Kaxka0ro obpasia moydanu ot 1 1o 5 crékon co cpezamu. Beero u3rotosieHo
300 mukpomnpenapatoB. Cpe3bl i 0030pHBIX METOJIOB OKpallUBaHHWS MOHTH-
POBaIK Ha CTEKJIO C IIOMOIIBIO OETOK-TIIHIIEPUHOBON CMECH, JUIS THCTOXMMUYC-
CKHX METOJIOB OKpalIMBaHMs UCIIONB30BANIM CTekIa kinacca SuperFrost (Menzel,
I'epmanus).

MukporpenapaTbl KOXH I 0030pHONH MHUKPOCKOITUH OKPAIIHUBAIH MOJIH-
¢unupoBaHHeiM azaHoM [13, 14]. T'HCTOXMMHYECKOE BBISBJICHHE YIJICBOJIOB
npoBomwan IMK-peakiuei, KHCIBIX MYyKONOJHCAaXapUaO0B — AIbI[HAHOBBIM
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cuanM (pH =2,5), 6enkoB — cuanm Kymacen [13, 14]. MukpohoTOCHUMKH U3-
TOTaBIUBAIH C TIOMOIIBI0 MUKpocKkora Axio Lab Al ¢ kamepoit AxioCam ERc
5s u mporpammuoro ooecriedenuss ZEN 2012 (Carl Zeiss, ['epmanmus).

O030pHYI0 MUKPOCKOITHIO ITPOBOJIIIIH HA BCEX CPE3aX CEPUU Ml BEISIBICHHUS
Ka4eCTBCHHBIX 0COOCHHOCTEH MHKPOCTPYKTYPBI KOXKH, 8 U3MEPEHHUSI TUIOIIA e
CTPYKTYp KOXH — 10 MUKpO(hoTOorpadusM CIIydaiiHO OTOOpaHHBIX U3 JYUIIHX
10 Ka4ecTBY CPe30B B HaYaue M B KOHIE Cepui. M3Mepsumn (MKM’): MIIOMIah
uccinenyemoro ydactka cpesa (IINY), snuaepmuca (I19), KOMIAaKTHOTO CIIOs
nepmbl (ITKC), rpanymsipabix (ITTXK) u cnmusucteix sxxené3 (IICXK) B ero npene-
nax. Ha ocHOBe JaHHBIX M3MEPEHUN PACCUMTHIBAIIN IJIOMAb PHIXJION COeTUHU-
tenbHOM TkaHu ([IPCT) myrém Beruutanus uz [IMY Bcex apyrux uzMepeHuint —
19, TIKC, II'XK, TICXK. Bece abcomoTHBIE 3HAUCHHUS TTOKa3aTeei (MKMZ) nepe-
BOAWJIN B OTHOCHUTEIBHBIC IMyTEM WX JAEICHUS Ha IUIOMANb HCCIETYEMOTO
ydacTKa cpesa.

CraTUCTUYeCKHil aHalW3 MPOBOAWIM C HCIHOJIb30BAHUEM MPOrpaMMbl
Statistica 8.0 (StatSoft, CIIIA). PaccunTbiBanu ciieayromme onucareibHbIe CTa-
TUCTUKHU: CPEIHIOI (X), MUHAUMYM (Max) U MaKCUMyM (min), CTAaHAAPTHOE OT-
KJIOHEHHE (C), CTaHAAPTHYIO ONIMOKY cpemHei (miz), KOXPQHUIUECHT BapHallUum
(Cv). BBuny UCIOJIb30BaHUsI MAJIBIX BEIOOPOK YUUTHIBAIH TpeOOBaHMsI, HE00XO-
JIUMBbIE JUIsl pa0d0oThl ¢ TaKUMK JaHHBIMU [15—18], U moadupasun cOOTBETCTBYIO-
1IMe CTaTUCTHYECKUE METOAMKH: JJIi OLEHKH XapakTepa paclpeleNeHust uc-
nonb3oBasn Kputepuil [lanmpo—Ywunka, B 3aBUCUMOCTH OT XapakTepa pacrpe-
nenenusi — kputepun CteronieHTa (fs;) miu ManHa—YutHu (U-test) Ui mapHbIX
cpaBHEHUH M OIHO(AKTOPHBIM AucnepcuoHHbI aHanu3 (One-way ANOVA)
wn kpurepuiit Kpackena—Yommuca (Kruskal-Wallis test) — mist cpaBHeHuS TpEX
u 6oJiee BHIOOPOK.

Pe3yJI])TaTl)I HCCJICT0BAHUSA

Obwas cmpykmypa koorcu. CTpyKTypa KOXKHM caMIIOB U caMOK S. keyserlingii
u O. fischeri cxoxa. Y O. fischeri oHa MMeeT OoJiee TUIOTHBIN OPOrOBEBAFOIIHIA
SMHACPMIC W OoJiee MHOTOYHCICHHBIC KAIWUIIPHl B KOPHUYME, BJAIOIINECS
B anunepmuc (puc. 1). Hanportus, y S. keyserlingii poroBoii cioi smuaepMuca
HE BBIPAXKEH, a KAMMULIPBI BCTPEYAIOTCS PEXKE U TOIBKO B KOPUYME.

B kosxe 000HMX BHIOB XOPOIIO PA3JIMYMMbl MHOTOCJIOMHBIN 3MUACPMHUC B KO-
PHYM, B KOTOPOM PACHOJIOKEHBI XKeJe3bl, KATMUIAPH], HEpBHBIC BOJIOKHA U Me-
nanodopsl (puc. 1). B kopuyMme BBIpakeHBI [Ba CJIOS, OTIHYAIOIIUECS 110 ITUIOT-
HOCTH W TIPOCTPAHCTBCHHOW OPHEHTALIMU BOJIOKOH: TyOUaTelid (stratum
spongiosum) U KOMIAKTHBIN (stratum compactum). B cy0snunepMaibHOM MPO-
CTpaHCTBE T'y0YaTOro CJIOS XOPOIIO BU3YAIM3UPYETCS B BHAC TOHKOH SIPKOW
MOJIOCKH €T'0 XpOMO(HIbHAS 00JIACTb.

Koxnbie xenessl y S. keyserlingii u O. fischeri pacroyioxXeHbl B Ty04aTomM
CJI0Oe KOPHyMa U IO XapakTepy CEeKpeTa JEIATCS Ha CIM3KUCTHIC U TPaHyJsIpHBIC.
Bce xene3sl MHOTOKJIETOYHBIC, MOHOIITHXUATBHOTO THIIA, OTKPHIBAIOTCS HA T10-
BEPXHOCTH KOKH. CITHU3UCTHIE JKeIe3bl HEOOIBIIOro pasMepa U OKpyrion ¢op-
Mbl. OHH pacroNaraioTcsi B HEMOCPEACTBCHHONH ONM30CTH K SHHICPMICY.
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VY 000X BHIOB JaHHBIC JKEIE3bl BBIICIIIOT aMOP(HBIA CEKPET, COACPIKAIIUIA
OCHOBHBIE U KHCJIBIE MYKOMIOJHCAXapUAbl, YTO MOITBEPKAACTCS IOJI0XKHU-
TENBHBIM OKpammBaHuem anpiaHoBeiM cuHuM W [INK-peaknumeit, a taxxke
HEOOIBIIOE KOJMYECTBO MPOTEMHOB — ciabas peakuus ¢ cuHuM Kymaccu
(puc. la, 1b, 1d, le). I'panynspHbIe KeN€3bI OKPYIIIbIC, KPYITHBIC, PACIIONAraroT-
csl IO BceMy T'yO4aTtoMy cioro nepMbl. He3aBucuMo oT BUAa, OHH XapaKTepu3y-
FOTCSI 3€PHUCTBIM COJCPKUMBIM OCIIKOBOI MPUPOJBL, YTO BBISBISETCS IONOXKH-
TenbHOU peakimelt ¢ cuauM Kymaccen (puc. lc, 1f).

Tucmonozauyeckue ocobennocmu CMpoenus KOJ#CU Pa3IudHbIX Y4ACmKO8 me-
za. Kak ObUTO MOKa3aHO paHee, y caMIlOB B caMOK S. keyserlingii BOIHOTO MOp-
(oTuna SNHUIEPMIC KOKU XBOCTA BKIIIOYAET 5—8 KIETOUHBIX CIOEB, KOXKU TOpIia
u cnuHbl — 4-6 cnoés [10, 11], a B anuaepMuce KoM rojJeHU HAMH BBISBIECHO

Puc. 1. [Tonepeunblie cpe3bl KOKH CUHbI caMok Salamandrella keyserlingii BogHOTO
Mopdoruna (a—c) u Onychodactylus fischeri (d—f): 1 — poroBoii cioii amuIepmMuca;
2 — snuzepMuc; 3 — xpomouibHas 001acTh ry04aToOro cliosi Kopuyma; 4 — Kamwuuip;
5 — ryOuatslii croit AepMel; 6 — CIU3UCTAs JKene3a; 7 — TpaHyisapHas XKemesa;
8 — KOMITaKTHBIH cioif kKopuyma; 9 — myckynarypa. OKpamBaHue:
a, d — anpiaHoBbIi cunni; b, e — LUK peaxnus; ¢, f— cunnii Kymaccn
[Fig. 1. Dermal skin of aquatic morphotype female of Salamandrella keyserlingii (a-c) and female
of Onychodactylus fischeri (d-f): 1 - stratum corneum of epidermis; 2 - epidermis; 3 - chromophilic
region of stratum spongiosum of dermis; 4 - capillary; 5 - stratum spongiosum of dermis; 6 - mucous
gland; 7 - granular gland; 8 - stratum compactum of dermis; 9 - musculature.
Staining: a, d - Alcian blue; b, e — PAS; ¢, /- Coomassie blue]
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4-7 cnoéB KieTok, Oproxa u kioaku — 4—6. lns camuos u camok O. fischeri xa-
pakTepHO 4—6 CIIOEB KIETOK B SMHUJEPMUCE KOXKM XBOCTA, CIHMHBI U TOJICHU, a
JUTSL KOXKH Topiia, Oproxa U KII0aku — 5—7 clIoéB.

B Koxe xBocTa, HE3aBHCHUMO OT MOJIa U BHAA, BBIACIEHBI JBa y4acTKa: J10p-
CaJIbHBIH, XapaKTepU3YIOIIMHCA KPYMHBIMU TPaHYJSPHBIMH JKeJle3aMH Herpa-
BIWJIBHOH (JOPMBI, ¥ BEHTPAIBHBIH — ¢ 00Jee MEIKHMHU OKPYTJIBIMH TpaHyJIsp-
HBIMH JKene3amu (puc. 2¢, 2d, 2e, 2f), B CBSI3H C 4eM BCE CPAaBHEHHS IPOBOIMITH
OTZAENBHO JUIsl IOPCAIIBHOW M BEHTPAJILHOM 00JacTel Koxku xBocta. Ha nmpyrux
ydJacTKax Tena KOXa OJHOPOAHA Ha BCEM TNPOTHKEHHU M XapaKTEPU3YETCS
OKPYTJIBIMH KEJIE3aMH HE3aBUCUMO OT THIIA.

Pacripenenenre M COOTHOLIEHHE JIBYX THIIOB KOXHBIX JKENE3 pa3siMuacTCs
y UccieayeMbIX BuoB. B xoxe S. keyserlingii clu3ucTble W TpaHyJIspHBIE XKe-
7e3bl OOHApyXEHBl HAa BCEX M3YyYECHHBIX yJacTKax KOXKH, HO Ha BEHTPAIbHBIX
(xoxa ropia u Oproxa) TpaHyJIspHBIE JKeJe3bl BeTpedatoTes pexke (puc. 2a, 2b).

Puc. 2. [Tonepeunslie cpe3bl Koxu Oproxa (a, b), nopcanbHoii (¢, f) 1 BEHTpaIbHOH (d, €)
gacreit XxBocta caMok Salamandrella keyserlingii Bomaoro Mmopdotrumna (a, ¢, d)
u Onychodactylus fischeri (b, e, f): 1 — poroBoii cioii snuaepMuca; 2 — SIUIECPMIC;

3 — xpomodupHas 001acTh ry04aToro cios Kopuyma; 4 — Kanwuisip; 5 — ry04aThlii cioit
JIepMBI; 6 — CIIM3UCTAs JKelle3a; 7 — rpaHyiIspHas jKenesa; 8 — KOMIIAKTHBINA CIIOW KOpHyMa;
9 — myckynarypa. OkpaiuBanue: a, d — anbLUHaHOBbIi cuuuil; b, e — IIINK peakuus;
¢, f— cunnit Kymaccu. OkpammBanne: MOAN(GUIIMPOBAHHBIH a3aH
[Fig. 2. Transverse sections of the abdomen (a, b), dorsal (c, f) and ventral (d, e) parts of the tail skin
of aquatic morphotype female of Salamandrella keyserlingii (a, c, d) and female of Onychodactylus
fischeri (b, e, f): 1 - stratum corneum of epidermis; 2 - epidermis; 3 - chromophilic region of stratum
spongiosum of dermis; 4 - capillary; 5 - stratum spongiosum of dermis; 6 - mucous gland; 7 - granular
gland; 8 - stratum compactum of dermis; 9 - musculature. Modified azan staining]
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Y O. fischeri nBa TuNa xeN€3 BEIBICHBI BE3/e, 32 UCKIIOYCHUEM KOXH Oproxa,
r7ie OOHAPY>KEHBI TOJIBKO CIIU3UCTHIC JKEIE3hI.

Hanuune paznuuuii B CTpyKTYpHOW OpTaHM3aIlMi KOXH B 3aBUCUMOCTH OT
y4YacTKa TeJia MOATBEPKACHO Pe3yNIbTaTaMU MPEIBAPUTEIBHBIX CTATHCTHUSCKIX
cpaBHeHui. Koxka ¢ pa3HbIX yactel Tena y caMUOB U caMok S. keyserlingii n
O. fischeri oTnuyaroTcs 1o BceM mapamerpam (p < 0,05), moaTomy naiabpbHEHIINe
CpaBHEHHMS IIPOBOIMIN OTAENBHO JJIS KaXKI0TO yIacTKa.

Meorceuoosasn usmenuueocmo kooicu camyos O. fischeri u S. keyserlingii.
Koorca eopna. CratucTudeckue pasiauyisi Ha 3TOM y4dacTKe OOHApY>KEHBI
mo INI'X (£=2,42, p<0,05) u IICX (t5,=-4,56, p<0,05) (Tadm. 1). Camus
S. keyserlingii o cpaBHeHHIO ¢ O. fischeri XapaKTepU3yIOTCsl OONbBIIEH OTHOCH-
TEJNEHOU TUIOMIAIBI0 TPAHYIIPHBIX JKENE3, HO MEHBIIIEH — CITU3UCTHIX.

Koowca cnunwt. Y camuioB S. keyserlingii u O. fischeri paznuyaercs no [TCXK
(tsy=-3,56, p<0,05) u IIPCT (#5,=3,55, p<0,05) (tabm.1). Camusl S. key-
serlingii o0nanaroT OOJbIIEH OTHOCUTENBbHON IUIOIAABIO PBIXJIONH COETUHU-
TEJIbHOM TKaHU, HO MEHBIIIEH — CIM3UCTHIX JKEIE3.

Koorca x6éocma. Y cTaHOBIICHO, YTO Y U3y4aeMBIX BHJOB KOXKa JOPCATBHOTO
ydacTka xBocTa paznuyaercs mo 19 (¢5=12,51, p<0,05), III'XK (t5,=-17,49,
p<0,05), I[IKC (£=2,52, p<0,05), [IPCT (#5,= 10,89, p<0,05) (Tabm. 1). s
KOXKH BEHTPAJIBHBIX YIaCTKOB XBOCTAa MEKBUIOBBIC PA3IMYHS BBISIBICHHI 10 1D
(tss=-4.,87, p<0,05), IIIK (£=2,99, p<0,05), I[ICX (t5,=-4,09, p<0,05),
I[KC (#=-9,90, p<0,05), [IPCT (¢s,=4,85, p<0,05) (tabmn.1). Camusl
S. keyserlingii B KOke IOPCATbHOTO y4acTKa XBOCTa MMEIOT OOJIBIIHE OTHOCHU-
TENBHBIC IUIOMAJAN JMUACPMUCA U BCEX DIIEMEHTOB COCTUHHUTENBHON TKAHH U
MEHBIINE pa3Mephbl TPaHYIIPHBIX Kené3, ueM camipl O. fischeri. Koxa BeH-
TPaAILHOTO y4acTka XBocta S. keyserlingii B cpaBHeHUH c TakoBod O. fischeri
UMeeT OOJBIINE pa3Mephl TPAHYISIPHBIX JKENE3 U PHIXJION COCANHUTEIBHON TKa-
HU 1 MEHBIIINE — STHISPMICa 1 KOMITAKTHOTO CJIOS ICPMEI.

Koowca 6proxa. Mexsunosele pasznuuusi BbisiBieHbl 1o [ITK (¢s.= 5,32,
p=0,05), IICXK (t5=-5,05, p<0,05) u I[IPCT (¢5,=5,96, p<0,05) (tabm. 1).
Camugr S. keyserlingii mo cpaBHeHHUIO ¢ TakoBeIMU O. fischeri o0nangaroT 00b-
el OTHOCUTENIbHOM IUIOMIA/IbI0 TPAHYJSIPHBIX JKENE3, PBIXJION COeNNHUTEb-
HOM TKaHU, HO MEHBIIIEH — CIIU3UCTHIX KETIE3.

Kooica knoaxu. 3naunmMple pa3nnyus BeIsIBICHHI 0 110 (Z=-2,52, p<0,05)
u IIPCT (¢5:=5,96, p<0,05) (tabm. 1). Camusl S. keyserlingii B cpaBHEHUH
¢ TakoBeIMH O. fischeri UMEIOT OOJBINYI0 OTHOCHUTEIBHYIO TUIOIAAb PHIXJION
COCIMHUTEIBHON TKAaHH, HO MEHBITYIO — JIUACPMHUCA.

Kooica conenu. MexBunoBsle oTIMYMS 0OHapyxkeHbl mo [19 (f5,=-3,01,
p<0,05), [II'K (£=2,15, p<0,05), I[ICX (ts5= 2,83, p<0,05) (Tadm. 1). Camirst
S. keyserlingii xapakTepu3yIoTcsi OOJBIICH IUIOMAABI0 TPAHYISIPHBIX U CITU3U-
CTBIX JKeJE3, HO MEHBILICH — dIHIEpMHUCA.

Camupl S. keyserlingii B otmuuaune ot TakoBeIx O. fischeri 001anar0T 60IbIIEH
OTHOCHUTEIHHOM TUTOMIAIBI0 AMHICPMICA KOXKH JOPCATBHOM YacTH XBOCTA, Ipa-
HYJLIPHBIX XKeE3 KOXKH ropiia, Oproxa, ToJICHH ¥ BEHTPAIFHOTO y9acTKa XBOCTa,
CIIM3UCTHIX KeNE3 KOKU T'OJICHH, KOMIIAKTHOTO CJIOSI KOKH JOPCAIBHON YacTH
XBOCTA, PBIXJION COCOMHUTEIBHON TKAaHW KOXH CIIMHBI, XBOCTA, KJIIOAKU U OpIO-
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Xa, HO MEHBIICH OTHOCHTEIHHOHN IUIOIMANBI0 JMUICPMUCA KOXKH BEHTPATHHOM
9aCTH XBOCTa, KJIOAKH U TOJICHH, TPaHYIIPHBIX KeJE3 KOKHU JOPCATFHON YacTH
XBOCTA, CIIM3UCTBIX KEE3 KOXH Topiia, CIUHBI, BEHTPAIBHONW YacTH XBOCTa,
Oproxa ¥ KOMITAKTHOTO CJIOS B KOXKE€ BEHTPAIIbHON YaCTH XBOCTA.

Meorceuoosas usmenuueocme kooicu camox O. fischeri u S. keyserlingii 600-
Hoeo mopgomuna. Koowca eopna. Koxa camok S. keyserlingii orTim4aercs ot
takoBoit O. fischeri o TIIK (Z=3,36, p<0,05), [ICXK (t5;,=-2,53, p<0,05) u
[KC (ts:=-5,67, p<0,05) (tadun. 2). Camku S. keyserlingii oOnagaroT 0oibIeit
TUTOINAIBIO TPaHYIIPHBIX KeJE3, HO MEHBIIEH CIU3UCTHIX KelIE3 U KOMITaKTHO-
O CJIOSI KOPHYMa, TI0 cpaBHEHHIO ¢ camkamu O. fischeri.

Koorca cnunvl. Ha nanHoMm ywacTke paznuuus BbsiBIeHBI Tosbko 1o [TKC
(tse=—4,19, p<0,05) (tabmn.2). Camku S. keyserlingii OTINYAIOTCS MEHBIICH
OTHOCHTEIHFHOM IUTOMIA 10 KOMIIAKTHOTO CJIOS.

Koorca x6ocma. Cratuctiueckue pazinyus HA JOPCATEHOM YYacTKE XBOCTA
BeisiBIIeHBl To [1D (Z£=3,36, p<0,05), IIT'XK (t=-12,94, p<0,05), [IKC
(tsy= 6,64, p<0,05) u IIPCT (Z=3,36, p <0,05) (Tabmn. 2).

BenrtpanpHble yyacTku XBocTa pazimyarorcs mo [19 (t.=-7,33, p<0,05),
X (tsc=5,26, p<0,05), IICXK (t=-6,60, p<0,05), IIKC (t5=-6,86,
p <0,05), IIPCT (t5,=4,52, p<0,05) (tadm. 2). Ins camok S. keyserlingii xapax-
TEpHBI OONBIINE OTHOCHUTEIBHBIC TUIOMIAJA SMUISPMHCA U BCEX JIEMEHTOB CO-
CIMHUTENbHON TKAaHW HA JOPCAIIFHOM y4acTKE XBOCTa, TPAHYJIPHBIX KENE3 U
PBIXJION COSIMHHUTENFHON TKAHH B BEHTPAILHOM, HO MEHBINUE — AIHICPMICA,
CIIM3UCTHIX KeNE3 U KOMIIAKTHOTO CIIOSI B BEHTPAIBHOW YacTH XBOCTA, a TaKKe
TPaHyYJSPHBIX JKENE3 B TOPCATBHOM YaCTH XBOCTA.

Kooica b6proxa. Bunosbie paznuuust BeIsBICHHI o 10 (f5,=-3,23, p<0,05),
rx (t.=3,50, p<0,05), IKC (Z=-4,15, p<0,05) (tabm.2). Jas camok
S. keyserlingii XxapakTepHBI OONBIIHE OTHOCHTENBHBIC TUIOMIATN TPaHYISIPHBIX
JKené3, HO MEHBIIHE — SMUACPMHUCA U KOMIIAKTHOTO CIIOST KOPHyMa.

Koorca knoaxu. Cratuctudeckue paznudusi mapameTpoB BoLsiBiaeHb! 1o [TI7K
(tss=-2,41, p<0,05), [IKC (t5;,=-4,89, p<0,05), IIPCT (t5=7,82, p<0,05)
(tabm. 2). Camku S. keyserlingii oTnndaroTcsi OOJIbIIEH OTHOCUTENBHOM IUIOIIA-
JIBIO PBIXJION COCAMHUTENBHOW TKaHU KOPUYMa, HO MEHBIICH — TPaHyJSIPHBIX
JKeNE3 U KOMITAKTHOTO CJI0S1 KOPHyMa.

Koorca zonenu. CtatucTHaecKy 3HAUMMEBIE PA3INIHS IPUCYTCTBYIOT TOIBKO IO
[CXK (t5:=2,68, p<0,05) (1adm.2). dusa camok S. keyserlingii o cpaBHEHUIO
¢ O. fischeri xapakTepHa OONbIIIas IUTOMIA/TH CITIU3UCTHIX JKENE3 KOXKHU TOJICHU.

Takum o0pazom, koxka caMok S. keyserlingii oTAMYaeTCS OT TAKOBOH CaMOK
O. fischeri GomnbIIeli OTHOCHTEBHOM TUTOMA/IBIO SMTHUACPMHICA KOXKH JTOPCATBHO-
r0 yJacTKa XBOCTA, IPAHYJISIPHBIX KeJE3 KOXKHU Oproxa ¥ BEHTPATBHOTO YJacTKa
XBOCTA, CITU3UCTBIX XKeNE3 KOKH TOJEHH, KOMIIAKTHOTO CJIOS B KOYKE JOPCABHO-
r'0 y4acTKa XBOCTa, PHIXJION COCAMHUTEIBHON TKAaHU KOKH XBOCTA U KJIOAKH, HO
MEHBIIIeH OTHOCUTEIBHON TUTOMABI0 SMUACPMICA KOXKH OproXa U BEHTPaIbHOM
9acTH KOXKM XBOCTA, TPAHYJLSIPHBIX KeIE3 KOXKU TOPCATBHOM YacTH XBOCTA H
KJIOAKH, CIIM3UCTHIX JKeJe3 B KO)KE ropila M BEHTPAJIbHOM YacTH XBOCTA, KOM-
MAKTHOTO CJIOS HA BCEX yYaCTKaX KOKU KPOME JTOPCATBHOM YaCTH XBOCTA.
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Eeceesa C.C. u op. Mopghonozuueckue npucnocoodnenusn Koxicu

O0cy:xkneHue

[omy4enHsle pe3yabTaThl IO CTPYKTYypEe KOKH CaAMIIOB M cCaMoOK S. keyser-
lingii n O. fischeri coriacyroTcs ¢ TaHHBIMH O CTPOSHUH KOKH 3€MHOBOJIHBIX
B 1eJIOM [3], 32 MCKIIIOUYCHHEM BBIICICHUS XPOMO(HIBHOW 001acTH Ty04aToro
cios aepmbl. OH onucan M.E. [lunbMmyxaMenoBbIM aisi Koxku S. keyserlingii
[19] u BEIsIBIIEH HAMH y 000X BUJIOB.

Paznuunas Mmopgonorunyeckast OpraHu3anys KOXXH B 3aBUCHMOCTH OT y4acT-
Ka Tella BBIIBJICHA Y XBOCTATHIX M OECXBOCTBHIX 3€MHOBOAHBIX. Koxka mopcaiib-
HBIX M BEHTPAJIBHBIX 00JIACTEH Tena pa3ImyacTcsl Y 3€MHOBOAHBIX 110 CTPYKTYpE
SMUIEPMHUCA, KOJIMYECTBY U TUIIAM kemnés [6, 19-23].

OOHapyxennsie B koke O. fischeri Braromuecs B SIMUICPMUC KAMILIIPHI
BBISIBJICHBI TaKXe Yy JPYroro peodwibHOro Buja u3 cemeilictBa Hynobiidae —
B. pinchonii [8] u emg y psa BOAHBIX BHIOB XBOCTAThIX H OECXBOCTHIX 36MHO-
BOAHBIX [3, 8, 24]. DTO CBA3aHO C YBEIMYEHHEM POJIM KOKHOTO JIbIXaHUS, SIBJISI-
rorerocst 3G HEeKTUBHBIM B JAHHBIX YCIOBUAX. Y B. pinchonii, Kak U y Apyrux
PeodIIFHBIX 3eMHOBOIHBIX, UMCIONINX JIETKHE, B BOZOEMAaX ¢ HU3KOM TemIiepa-
TYpO# WK OBICTPBIX PYYbsX, HACHIICHHBIX KHACIOPOIOM, HHTEHCUBHOCTD KOXK-
HOTO JIBIXaHUS YBEIUYUBACTCS, C OMHON CTOPOHBI, BBUIY €ro Ooublied Y dek-
THUBHOCTH, a C IPyroi — U3-3a MOJABJICHNS YaCTOTHI ABIXaTEIBHBIX COKPAIICHUIH
[24]. ¥V ©e3nérounoro O. fischeri Bce MOTPeOHOCTH OpraHU3Ma B TPAHCIOPTE
ra3oB 00CCIEUYMBACT TOJIBKO KOXKA, IOITOMY BHUJ XapaKTePHU3YeTCs CaMbIM HH-
TCHCUBHBIM KOXXKHBIM Ta3000MEHOM CpEIN HCCIICOBAHHBIX IPEICTaBUTEINCH
Hynobiidae u Salamandridae [25].

B nenoM BBISIBICHHBIE HAMH TCHICHIUH MEXKBUIOBOU M3MEHUYUBOCTH KOXKU
O. fischeri u S. keyserlingii BOTHOTO MOpP(OTHTIA OTIIMYAIOTCS OT PE3YJILTATOB
CpaBHEHUH KOXXM CIIMHBI CAMIIOB PEO(HIBHOTO TIOCTOSIHHO BOIHOTO B. pincho-
nii ¥ TUMHOGWIBHOTO H. chinensis, HaXOIAIIETOCS B BOJE TOJBKO B TMEPHOJ
pasmHoxxeHus [8]. B. pinchonii otnuuaetrcs ot H. chinensis Goiee TOJCTbIM
SMHUICPMICOM W HAJIMYMEM KPYITHBIX KPOBEHOCHBIX KAMIIIPOB B KOPHyME, a
H. chinensis — OONBINEH TOJIIMHON COEAMHUTEIHLHOW TKAaHW M KOMIIAKTHOTO
CIIOSI KopryMa, Oosiee KPYITHBIME TPaHyJSIPHBIME M CITU3HCTBIMU JKeje3aMu [8].
OpHako B JaHHOH paboTe HMCIOJB30BaHO IO OJHOM OCOOM KaXKIOTO BHIA, MPH
atoM mis H. chinensis He yka3aHbl HH JIaTa OTJIOBa, HU MOP(HOTHIL, YTO 3aTpPy/I-
HSET COMOCTABIICHHE MOJTYYCHHBIX aBTOPAMH PE3YJIbTATOB C TAKOBBIMH B HAIIICH
pabore.

HabOmoaemple TEHACHIIMU BHIIOBOW WM3MEHUUBOCTH Koxu O. fischeri n
S. keyserlingii BomHOTO MOP(OTHIIA, BEPOATHO, CBSI3aHBI C PA3HOU CTEICHBIO
aZlanTalyy K Ha3eMHOW W BOAHOM cpenam. Kak y caMIiioB, Tak M y CaMOK JIUM-
HOumIbHOTO S. keyserlingii ¢ BBICOKOH CTETICHBbIO HA36MHOCTH TPaHYJSPHEIC
kKeJe3bl OONBITUHCTBA YYACTKOB TEJIa HMEIOT OOJIBIINE OTHOCUTEIBHEIC pa3Me-
peL, 4eM y O. fischeri, 9TO MOXET OBITh CBSI3aHO C BBIMTOJIHEHUEM UMU 3aIUTHON
(YHKITNH — BBIICIICHHEM SIIOBUTOTO CEKPETa IIPH HATIAICHUN XHUIIHHIKA, 8 TAKKe
JUISL aHTUMHUKPOOHOH 3amuThl [3, 26, 27]. Bo3MOXKHO, CMEHa cpellbl OOUTaHUsS
B T€YEHHE TOJJOBOTO IIMKJIa IIPHUBOJIUT K CTOJKHOBEHUIO S. keyserlingii ¢ 6011b-
MM pa3HooOpaszreM Kak XUIIHUKOB, TaK M MOTCHIIHAIHHO OIMACHBIX MHKPOOP-
rauu3MoB, B otiuuue ot O. fischeri, y KOTOPBIX Pa3MHOMXCHUE MPOHMCXOIUT
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B MOJ3€MHOW YacCTH BOJOTOKOB, HEMOCTYITHOM Il XUINHUKOB, YTO 00yCIIaBIIH-
BaeT HAOIOaeMbIe MEKBHIOBBIC PA3IHUMS B OTHOCUTEIBHBIX pa3Mepax TpaHy-
JSPHBIX Kené3. [y apyroro, CBS3aHHOTO C TOPHBIMH PYYBSIMH BHIA YIIIO3Y-
OBIX — CEMHUPEUCHCKOTO JIATYIIK03y0a Ranodon sibiricus Kessler, 1866 Taxxke
OTMEYEHO HaJIu4ue OOJBIIOrO KOJMYECTBA MPAHYIISAPHBIX XKeJE3 B KOKE CIHHEBI
MIPEATOIOKUTENBHO IS 3aLTUTHI OT XUIIHUKOB [28].

VY mpencraButeneil 000MX MOJOB OTHOCHTENBHBIC IUIOMIATN COCAMHUTEIH-
HOW TKaHW KOXXH YBEJIWYEHBI Y S. keyserlingii B cpaBHennu ¢ O. fischeri, 4To,
BEPOATHO, OOYCIIOBJIEHO IIOIJIONICHHEM €0 OOJNBIIOro KOJIMYecTBa BOJBI, IMO-
CTYIHBIIECH U3 OKPYXKAIOIIEH CpeIbl Yepe3 dMUIepMuc 10 GopMupoBaHus Oapb-
epHBIX MEXaHU3MOB B Koke. PaHee moka3zaHo, 4TO y CaMIIOB M CaMOK S. keyser-
lingii BomHOTO MOp(OTHUIIA B CPABHEHHUH C TAKOBBIMH HAa3€MHOTO MOP(OTHIIA
YBEJUYEHAa OTHOCUTEIbHAS IUIOMIAIh COCITUHHUTEIHLHON TKAaHU KOXH XBOCTa U
KOMIAKTHOI'O CJIOSI IEPMbI B KOXe ropia — Tojbko y camuoB [10, 11]. [Tomo06-
HBII 3¢ (dEeKT THapaTali KOKH B BOJHYIO (pa3y CE30HHOTO ITMKJIA ONMUCAH IS
caMIoB 4€pHOTO yrio3yoa H. nigrescens Stejneger, 1907 [29, 30].

VY peodunbHoOTO, IOTyBoAHOTO O. fischeri HATUYUE IOTHOTO SIHIECPMUCA C
BBIPQKEHHBIM POTOBBIM CJOEM M YTONIICHHOTO KOMIIAKTHOTO CJOSI KOpHyMa
00YyCIIOBIJICHO, C OJHOM CTOPOHBI, 3aTUTHON (PYHKIIMEH OT MOBPEKICHUS KOXKHU
Y TOJISKAIIUX CTPYKTYP, & C APYTOi — MPEeNOoTBPaAICHUEM U30BITOYHON THIpa-
TalMM OpraHu3Ma, 4TO IOKAa3aHO paHee Ha mpumepe H. retardatus [29].
VY O. fischeri civ3uCTBIC KeNe3bl KPYIHbIC, BEPOSATHO, BBUAY MX IMOCTOSHHON
AKTUBHOCTH, KOTOpPasi MOJKET OBITH CBS3aHA C MHTCHCHUBHBIM KOXKHBIM JIBIXaHH-
€M, a TaKkKe B 3alllUTe OT W3OBITOYHOW THAparanmu opranuzma. Kpome Toro,
CJIM3b Ha MOBEPXHOCTU KOXH YMEHBIIAECT CONPOTUBIICHHE BO BPEMs IIaBaHUS,
YTO MMOKa3aHO Ha MpuMepe 0ECXBOCTHIX 3eMHOBOIHBIX [3]. I'panynspHbIie xere-
3bI JopcanbHON yacTu xBocTa O. fischeri Tak xe, Kak u'y S. keyserlingii, yBenu-
YEeHBI BCJICJCTBUC BBITIONHCHHS UMM 3alIUTHBIX (QYHKIUH, YTO OTYACTH MOJ-
TBEPKICHO TE€M, YTO XHUIIHHUKH, KaK IPABIJIO, HE CHEAAIOT XBOCTHl KOTTHCTOTO
TpuToHna [31].

3akioueHue

Jns koxxu muMHOGWIBEHOTO S. keyserlingii BogHOTO MOp(GOTUIIA B CpaBHE-
HUuU ¢ peodunbHbM O. fischeri XapaKTepHO HaJIW4YUE YBEITUYCHHOW PBIXJION
COCIMHUTEIBHON TKaHW KOPHYMa, YTO CBS3aHO, BEPOSTHO, C IIOCTYIUICHHEM
B He€ BoJbI 10 dopmupoBanus O6aprepa. Kpome toro, Oyayun OOJbIIYIO YacTb
TOJIOBOTO IIMKJIA Ha3eMHBIM obutateneMm S. keyserlingii B BomHOM (aze B cpas-
HEHHU C MONMyBOXHBIM O. fischeri mMeeT OOJBIINE OTHOCHUTEIBHBIC IUIOIIAH
rpanynsapHbIX kené3. s O. fischeri Ha GOJBIIMHCTBE YYACTKOB TeJa Xapak-
TEPHBI YTONIMEHHBIE KOMIIAKTHBIN CIIOH KOpUyMa U SMHUICPMUC, a TAKKE KPYII-
HBbIC CIM3UCTHIC XKene3bl. [lociieiHre B 0COOSHHOCTH MO3BOJISIOT 3P EKTHB-
Hee GopMHpoBaTh Oapbep, 3alIUIAIONIMNA OT H30BITOYHOTO MTOCTYIICHHS BOIBI
B OpPraHHM3M B YCIIOBHSAX IOCTOSHHOTO HaxXOXIeHUs B Heil. Habmogaemsbie oco-
OCHHOCTH CBSI3aHBI C Pa3HOW CTENCHBIO aNaNTally JaHHBIX BUIOB K BOJHOU
cpexne.
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BbiaesieHue JeKToTHIIA CHOMPCKOI MUHOTH
Lethenteron kessleri (Anikin, 1905)
(Petromyzontiformes: Petromyzontidae)

Banum Bagnmosuy Spues', JIMurpuii Anekcanaposuy I[epnnonz,
Codbs Cepreesna CosioBbéBa’, Aunpeii Bukropony Barpanun®,
Hpuna Bopucosna bagkuna®
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Tomck, Poccus
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AnHoTtamusi. Onrcanue cubupcekoit MmuHoru, Lethenteron kessleri (Anikin, 1905),
COCTaBJICHO Ha OCHOBAaHMHU M3Y4EHHUs 16 B3POCIBIX SK3EMIUIIPOB 0€3 BBIAEICHUS I'0-
notuna. B pesynbrare 3TOro Bce SK3EMIUIIPHI TUIIOBOH CEPUU MPENCTABIAIOT CO00it
CHUHTHIIBI B COOTBETCTBUHM CO cTaTtbed 73.2 MexayHapoAHOTO KOJAeKca 300J0THYe-
ckoit HomeHnknarypel (MK3H), uTo ompezernser HeoOXOAUMOCTh MPOBEICHUS JIEKTO-
Tummoukanyuu. B Hacrosmell paboTe McciemnoBaHbl § COXPaHUBIIMXCS IK3EMILIIPOB
cubupckoif MmuHorH u3 Gornos 3oonornueckoro myses (3M TI'Y) u xadenpsr nxTro-
noruu U rugpoduonorun Tomckoro rocyaaperBenHoro ynusepcureta (KUul' TI'Y),
COOTBETCTBYIOMINE NEPBOONHUCAHMIO. M3 NBYX BBIIBICHHBIX 3K3EMIUIIPOB THIOBOM
CepHUM OAVH HAXOAUTCS B HEYAOBIETBOPUTEIBHOM COCTOSIHUM COXPAHHOCTH U OIHCAH
Kak mapanektoTun — u3 koutekuuu KUul' TT'Y Ne 3699, B To Bpems Kak Opyroi k-
3emmuip u3 kosutekuuu 3M TI'Y Ne 3698 He nmoBpexa€H, UMeeT BCe MIPU3HAKU IPU-
HaJUISKHOCTH THIIOBOH CEpPHH, IOATOMY OH BBIJEJICH KaK JEKTOTHII CHOUPCKOH MUHO-
ru, L. kessleri (Anikin, 1905), B cooTBeTcTBUU cO ctatbsimu 74.1 u 74.7 MK3H. Jlns
HETO OIIPEe/IeNICHBI CTaHJapTHBIC IIPOMEPEI, OITHCAHBI COCTAB 3y0OB POTOBOH BOPOHKH,
OKpacka TOKPOBOB B (PMKCATOpe, a TAKXKE OMPEAENEH MO METOJOM PEHTTCHOBCKON
MHKpOTOMOTpaduu.

KnroueBble c10Ba: CHCTEMATHKA, TAKCOHOMHS, HOMEHKIATypa, CHHTHUIIBI, TIPO-
XOJIHBIE MUHOTH, HEMTApa3uTHIECKHE MUHOTH

Jas uuruposanus: Spues B.B., lepunos JI.A., ConosnéBa C.C., barpanun A.B.,
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Summary. The conservator of the Zoological Museum of Imperial Tomsk Univer-
sity V.P. Anikin described the Siberian lamprey, Lethenteron kessleri (Anikin, 1905),
after studying 16 adult specimens from the Tom’ River and the mouth of the Kirgizka
River. In the original description, he did not designate a holotype. Due to Article 73.2
of the International Code of Zoological Nomenclature (ICZN), all these specimens are
syntypes. In order to identify a lectotype, we studied all suitable specimens of the Si-
berian lamprey from the collections of the Zoological Museum (ZM TSU) and the
Department of Ichthyology and Hydrobiology of National Research Tomsk State
University (DIH TSU). As a result, we found eight lampreys, only two of which be-
long to the type series. We compared these specimens with those described in articles
by B.G. Johansen (1935) and A.M. Naseka & C.B. Renuard (2020). In accordance
with Articles 74.1 and 74.7 of the ICZN, we designated a specimen from the ZM TSU
(No. 3698) as the lectotype for the Siberian lamprey, L. kessleri (Anikin, 1905). This
lamprey specimen is in satisfactory condition and corresponds to the characteristics of
the type series by date, locality of capture, and measurements. We measured the lecto-
type (See Table I) with an electronic caliper, counted teeth of the oral disc using a ste-
reoscopic microscope and described the color in the preservative. Additionally, we de-
termined the sex of this specimen with micro-computed tomography (See Fig. 1). We
also designated another specimen from the DIH TSU (No. 3699) as a paralectotype
because of its unsatisfactory condition. Below we present the measurements and fea-
tures of the lectotype.

Designation of the lectotype Lethenteron kessleri (Anikin, 1905). ZM TSU,
No. 3698 (No. 8 in Iogansen, 1935b) (See Figs. 14-1C), Russia, Tomsk Province,
Tomsk, mouth of the Kirgizka River near Tomsk, the Tom’ River system, the Ob’
River drainage, the Kara Sea basin, the Arctic Ocean basin, 02.10.1900. Coll.:
V.P. Anikin.

Description of lectotype Lethenteron kessleri (Anikin, 1905). Color of lectotype in
preservative: plain beige. Adult male (See Fig. 2): snout length - 9.6 mm, eye length -
3.6 mm, postocular length - 5.1 mm, prebranchial length - 20.3 mm, branchial length -
17.4 mm, branchial depth - 9.3 mm, prenostril length - 11.2 mm, trunk length - 92 mm,
total length - 188 mm, interocular width - 7.2 mm, disc length - 8.3 mm, trunk depth -
10.8 mm, first dorsal fin length - 30.4 mm, first dorsal fin depth - 5.4 mm, second dor-
sal fin length is impossible to measure, second dorsal fin depth - 4 mm, tail length -
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52 mm, caudal fin length is impossible to measure, interbranchial opening length -
0.65 mm, tail depth at junction of second dorsal and caudal fins - 2.2 mm, maximum
depth of caudal fin is impossible to measure, tail depth at maximum depth of caudal
fin is impossible to measure. Teeth: 21 anterior teeth, supraoral lamina with 2 unicus-
pid teeth, infraoral lamina with 6 teeth: 2 bicuspid lateral teeth, 4 unicuspid intercalar
teeth, 26 posterial teeth, 2 left anterior endolateral bicuspid teeth and one left anterior
unicuspid endolateral tooth; 3 right anterior endolateral bicuspid teeth. Number of
trunk myomeres - 69. The second dorsal fin and caudal fin are in poor condition; it is
impossible to measure three associated characteristics.

The article contains 2 Figures, 22 References.

Keywords: systematics, taxonomy, nomenclature, syntypes, anadromous lam-
preys, non-parasitic lampreys

For citation: Yartsev VV, Deridov DA, Soloveva SS, Batranin AV, Babkina IB. De-
signation of a lectotype for Siberian lamprey Lethenteron kessleri (Anikin, 1905)
(Petromyzotiformes: Petromyzontidae). Vestnik Tomskogo gosudarstvennogo univer-
siteta. Biologiya = Tomsk State University Journal of Biology. 2025;71:156-168.
doi: 10.17223/19988591/71/9

BBenenue

120 ner Ha3ax koHcepBaTop 3oosoruyeckoro myses Mmnepartopckoro Towm-
CKOTO YHHBEPCHTETa, HAXOIIETOCs IO/ pyKOBoACTBOM Tpodeccopa H.d. Ka-
menko [1], Bacunmii [letpoBny AHuknH onuckiBaeT B xypHane «M3Bectus NUm-
neparopckoro TOMCKOro yHHMBEpPCHTETa» CHUOUPCKYIO MHHOTY — Lethenteron
kessleri (Anikin, 1905) [2]. B.Il. AHuKuUH OTHOCHUT BUI K poxy Petromyzon L.,
1758 — P. kessleri Anikin, 1905.

Cubupckass MUHOTA — TIPEICTABHUTEIb HEIPOXOIHBIX TPECHOBOIHBIX Hemapa-
3UTUYECKUX BUJOB OECUEIIOCTHBIX, KOTOPBII OTHOCUTCS K IPYIINe apKTHUYECKUX
MUHOT BMecTe C Le. reissneri, Le. alaskense, Le. appendix, Le. matsubarai [1—
4]. B3aumooTHOmIEHHS BHUJA C JIPYTUMH BUAAMH JAHHOW TPYNIBI U C CHM-
MaTPUYHON el THXOOKeaHCKOW muHOTOU — Le. camchaticum (Tilesius, 1811) —
paccMaTpHuBalOTCs MO-pasHoMy. [t GONBIIMHCTBA MPECHOBOIHBIX BUIOB IPyYII-
IIBI ApKTHYECKUX MUHOT XapaKTepHa FeHeTHYecKass OJIM30CTh APYT K Ipyry [5—
8]. B cBs3M ¢ 3THM X 0003HAYAIOT KaK KOMIUIEKC «BHAOB-CITyTHHKOBY (satellite
species), HAXOIAIIMXCS HAa Pa3HBIX JTamax BHI000Pa30BaHUsS, MOCKOIBKY B
mt/IHK He «Hakonunace kputudeckas macca paznuaui» [3, 4]. C npyroii cro-
POHBI, MUTOXOHIPHAIBHBIA TeHOM Le. kessleri 6mu30k K TakoBomy Le. cam-
chaticum, IOBTOMY Pl aBTOPOB paccMaTpUBalOT CHOMPCKYI0 MUHOTY KakK MO/I-
BHJI WJTH TIPECHOBOJTHYIO (DOPMY THXOOKEaHCKOH MUHOTH [6].

Bompoc o BugoBOoM cTaryce cMOMPCKON MHHOTM BO3HUKad U paHee. Tak,
B pabotax JI.C. bepra [9, 10] u B.I'. Moran3ena [11-13] Bux paccMmaTpuBaics
yKe Kak rmonBuj — Lampetra japonica kessleri (Anikin, 1905). A.H. [Tontopsi-
xuHa [10] mpemioxuina BeLIEIUTh La. kessleri B OTNIENBbHBIA BUJ, HECMOTpPS Ha
TO, YTO OH CUMIATpUICH C La. japonica septentrionalis Berg 1931, nz-3a pa3nu-
quii B MOPQOIOTUH U HKOJIOTHH, YTO JOIOJHEHO M MPHU3HAHO MO3XKE IPYTHMHU
aBTopami [3, 4, 7, 14, 15]. B monorpaduu «Lampreys: Biology, Conservation
and Control» [3, 4] Le. kessleri paccMaTpHBAarOT B TPYIIE MUHOT C OTHOCUTEIb-
HO HeAaBHe#W AuBepreHnueit. MccnemoBanusi MUTOXOHAPUATIBLHOTO MapKEépa H
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KOMILJIEKCa BHEITHUX MOP(HOJIIOTHYECKUX MPU3HAKOB MUHOT (1 =21), OTJIOBJICH-
HBIX B 2014 m 20191. B p. Tomu u OOH, NOKa3ai0, YTO OHH HUMEIOT CXOXYIO
CTPYKTYpy 3yOHOTro ammapara M OTHOCSTCS K OJHOW rarurorpynmne ¢ Le. cam-
chaticum, Ha OCHOBAaHHH Y€TO CIICJaH BHIBOJ O HEBAIMIHOCTU Buna Le. kessleri
[6]. Onnako, eciu MPEANOIOKUTL CHUMIIATpUYECKOoe oOuTanue Le. kessleri u
Le. camchaticum B 6acceiine ToMu, TO HAIMYKE TOJBEKO OJHOIO BHA HE MOKET
03HAYaTh TIOJHOE OTCYTCTBHE JPYroro, BBHJLY TOTO, YTO X YACICHHOCTh MOXKET
BapbUPOBAThH.

Bce npencrarieHHbIe (aKThl YKa3bIBAIOT HA BAKHOCTh UCCIICJIOBAHUS THIIO-
BBIX 3K3eMIUIPOB Le. kessleri JUis pelIeHHs BOIPOCA O CaMOCTOSITEILHOCTH
Buaa. OQHAKO IS 3TOTO TPEOYIOTCS BBISIBICHHE TUIIOBOM CEPUU, a TAKXKE MpPO-
BEJICHHE JIEKTOTHU(PUKALMU, 4TO Nogu€pkuBanock paHee [16]. B.Il. AnHukun
omnwmcaj JaHHBIM BUJ] Ha OCHOBaHWHU 16 SK3eMIUISpOB M3 OacceliHa Tomw, mpu
3TOM HE BBIJICNIUB TOJIOTHII U HE YKa3aB B IPOTOJIOTe MHBEHTapHBbIE HOMEpa CHH-
THIIOB.

B cBs3M ¢ 9TMM Lieb JaHHOTO HCCICAOBAaHUS — BBIACICHHE JIEKTOTHIIA
Le. kessleri. M1 paccMaTpuBaeM cHOMpPCKYIO MUHOTY, Le. kessleri, kak camo-
CTOATENBHBIN BUJ Ha OCHOBaHHMM JUTEPATYpHBIX AaHHBIX [3, 4, 7, 14, 15, 17],
HE CTaBsl IIEJIbI0 OKOHYATEIbHOTO PEIICHUS BOMPOCa O €r0 TaKCOHOMHUYECCKOM
craryce.

MaTepna.nLl H METOABbI

MarepuranoM Al HacTosAImeHd padoThl MOCTYKUIH KOJUICKIIHOHHBIE DK3eM-
IISAPBl cHOUpcKor MUHOTH U3 (hoHIoB 3oomormyeckoro myses (3M TIY) u
Hay4yHOH KoJUIeKIMU Kadeapsl uxtuojoruu u ruapoduonoruu (KUul' TI'Y)
HammonansHOTO HCcnenoBaTenbckoro ToOMCKOTo rocyaapcTBEHHOTO YHUBEPCH-
teta (TT'Y), otnoBnenuslie 10 1905 r. — BpemeHu Bbixoaa pabotel B.I1. Anukuna
W C yKa3aHWeM JIokajuTera (1o MHpOpMaIly Ha aBTOPCKUX 3THUKETKax). Bcero
U3y4eHO § IK3eMIUIIPOB, Bce OHU 3a(pUKCHPOBAHBEI B PacTBOpe (popManuHa He-
u3BectHOW KoHHeHTpauuu: 3M TIY, Ne3698, n=1, ycree p.Kupruskuy,
r. Tomck, Tomckas ob6macte, Poccus, 02.10.1900, Coll. B.I1. Aauxkun; KWul®
TI'Y, Ne 3696, n = 6, u3 300a 4aiiku, yctbe p. Tomu y nepesau Kosronuao, Tom-
ckas o0macth, Poccms, 15.06.1903, Coll. I'.O. Horanzen; Kul' TI'Y, Ne 3699,
n=1, p.Kupruska, okp. r. Tomck, Tomckas oGnacts, Poccus, 12.12.1899 r.,
Coll. A. Heinnaun.

VY uccnenyeMbIX 3K3eMIUIIPOB OMHCHIBATIH OKPACKy B (PUKCHPOBAHHOM CO-
CTOSTHHH, TPOBOJIWIN CHATHE CTaHIAPTHBIX MPOMEPOB U TOACYET 3yOOB IO
HauboJiee TIOJTHON CXeMe, HCTONb3yeMON B CHCTEMaTHKe NaHHOUM rpynmsl [18].
Bce m3mepennst nenanyu MEpHOM JIGHTON WIJIA AJIEKTPOHHBIM IITAHT€HIUPKYIIEM
¢ TouyHocThIo A0 0,1 MM. [Toncyér 3y60B MPOBOIMIN C UCTIOIB30BAHUEM CTEPEO-
ckonmaeckoro mukpockorna MCII-1 (JIOMO, Poccus).

Jns HEMHBAa3WBHOTO OIPEIETICHUS TI0JIa Y MY3EHHOTO 3K3eMIUIsIpa CHoup-
CKOW MHHOTH WCIIOJIB30BATH PEHTTCHOBCKYI0 MHUKPOKOMIIBIOTEPHYIO TOMOTpa-
¢uro, U1 KOTOPOH paHee MOKa3aHa MEePCICKTHBHOCTh IPUMEHEHHS B 00JIACTH
aHATOMUU MHHOT Ha mpumepe u3ydenus Gpopmel muocent P. marinus L., 1758
[19]. UccrnenoBanne MpOBOAWINA HA SKCICPHUMEHTAIBHOW PEHTTE€HOBCKOH TOMO-
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rpaduueckoii ycraHoBke «Opern-MT» (Tomck, Poccust). Pexxum Tomorpaduue-
ckoro ckanupoBaHus: HampskeHue 70 kB, Tok 150 MKA, BpeMs 3KCHO3ULUU
Kaxnoil mpoekuu | ¢, uncno npoekumit 1200 mr., pasmep Bokcens 30 MKM.
st KOHTPOJISE aHAJIOTMYHBIM METOJIOM ONPEAEIIHIIN MOJ Y BCKPBITBIX B3POCIIBIX
camia ¥ caMku peuHod MmuHOTH, La. fluviatilis (L., 1758), oTIOBICHHBIX
19.10.2023 r. B p. Hege, 3aduxcupoBanusix B 10% ¢dopmanuHe u XpaHsIIIXCS B
70% sTaHoNE B yueOHOW KOJUIEKIMH Kadeaphl 300I0THH MMO3BOHOYHBIX M KO-
sgorun TI'Y.

BrisiBneHre cHHTUIIOB MPOBEACHO B COOTBETCTBHH CO CTaThEW 73, a ommca-
HUE JIEKTOTUIIA — CO CTaThaMu 72 1 74 MexIyHapoaHOTrO KOAEKCa 300JI0THYe-
ckoit HomeHkiatypel [20]. IlyOnukamms 3aperucTpupoBaHa B 0ase ITaHHBIX
ZooBank nox momepom LSID: urn:lsid:zoobank.org:pub:7F80317A-C368-4F6E-
9DEO0-3AC1BFODA3C3.

Pe3yabrathl U 00cy:K1eHHE

Buvissnenue cunmunog. B xone aHanu3a KOJJIEKIMOHHOIO MaTepuaia HaMu
YCTaHOBIJIEHO, 4TO B TI'Y U3 Bcex mMerommxcs B POHAaX 300JI0THYECKOTO My-
3es ¥ KaeAphl UXTUOJIOTHU | TUAPOOHONorun 8 3K3. Le. kessleri TONbKO 2 10
CpPOKaM M MECTaM OTJIOBAa MOTCHIHAIBFHO MOIJH OBl COOTBETCTBOBATH THUIIOBOU
cepuu BUAA.

Oxzemmisip U3 UxTHonorndeckoi kowieKuuu 3o0oiorudeckoro mysest TI'Y
(puc. 14-1D) c stukerkoit: «Ne 3698. Munora. Petromyzon Kessleri An. YcTbe
Kupruszku oxono Tomcka. 2-oe Okts16ps 1900 r. B. Anukuab». COOTBETCTBYET
Ne 8 B padore B.I'. Moranzena [12: c. 503], koTropoMy OH Ha€T MOMETKY «THII
kessleri», He uccimemoBaH ApyruMu aBTopaMu [15]. MecTo M cpoku HaxOAKH
MOJTHOCTHIO COOTBETCTBYIOT TaKOBBIM THMOBOM cepun [2: c. 10]. Dx3emruisip
C IaHHBIM «CTapbIM» HMHBEHTapHbIM HOMEPOM INPHUBEAEH B YHUCIIE CHUHTUIIOB
B OHJIalH 0a3e mo cucrematnke «Eschmeyer's Catalog of Fishes» [21]. B cratse
B.I'. Moransena [12] mist maHHOTO 3K3eMIuisapa (puc. 14) MHHOTH TpHBencHA
TOJIBKO 4YacTb MpoMepoB. CONOCTaBIEHUE HAIlMX JAHHBIX C HUMU ITOATBEPANIIO
COOTBETCTBHE 3TOT0 3K3eMIuIsipa onucanuio b.I'. MoranseHa, kotopoe 1aHO UM
B ciuenyromem Buzae [12: c.503]: nnuna Tena mpu usmepenun B 1914r. —
192 MM, MaTeMaTHUECKH BBIYHUCICHHBIE IPWKU3HEHHAS JyHA Tena — 202 MM u
paccTosiHie MEXAy NepBbIM U BTOPbIM CIIMHHBIMU IJIAaBHUKAMU — 9 MM, HUXKHE-
YEeTIOCTHBIC 3yOBl: 2 KpalHUX ABYXBEPIIMHHBIX U 4 MPOMEKYTOUHBIX. ITO CO-
OTBETCTBYET XapaKTePUCTUKAaM THITOBBIX dK3eMIUIIpoB B pabote B.I1. AHMKHHA
[2: c. 10].

OK3eMIUBIp U3 KOJUIEKIMH Kadeapsl UXTUONOTHU M Tuapoomomorun TI'Y
(puc. 1D) [12: Ne 9; 19: TGU 9] cHaOxkEH 3TUKETKO# co creayromield nHhopMa-
uueit: «Petromyzon kessleri An. Munora. Ne 3699. Iloiiman B p. Kupruska.
12.12.1899 r. Aptyp Heitnanay». [1o Bcem npu3Hakam OH COOTBETCTBYET THIIO-
BOM cepuu, HO B HACTOSIEE BPeMs HaxXOOUTCA B HEYIOBJIETBOPUTEIHLHOM CO-
CTOSIHUU COXPaHHOCTH: OTCYTCTBYET KOKa, MMEIOTCS MHOI'OYMCIICHHBIE pa3pbl-
BBl MUOMEPOB TYJIOBHILA, YTPaTa MUOMEPOB Ha XBOCTE, TJ€ TAK)Ke HAa OJTHOM M3
OOKOB OTOMIEN OT XOPIHI IIACT MYCKYJIATYpPhl JUIMHOH OKOJIO 1 CM, OTCYTCTBY-
10T IUIABHUKU. B CBA3M ¢ 3TUM [JI1 HEro HaMu HE IPOBEAEHBI U3MEPEHUS.
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Puc. 1. TunoBsbie 3x3eMIUIpbl cUOUpCKOit MuHOTH Lethenteron kessleri (Anikin, 1905):
A — nexrotun (3M TI'Y, Ne 3698, ycrbe p. Kupruskw, . Tomck, Tomckast o6mactb, Poccus,
02.10.1900, Coll. B.Il. Aankun), Bujg cO0Ky; B — OpUTrHHAIbHAS THKETKA JICKTOTHIIA
L. kessleri; C — ronoBa nekrotumna, Bua cOoky; D — poToBasi BOPOHKa JIEKTOTHIIA, BUJ] CHH3Y;
E — mapanexrorun (KWul' TT'Y, Ne 3699, p. Kupruska, r. Tomck, Tomckast o6nacts,
Poccus, 12.12.1899, Coll. Aptyp Heiinaun). Atopsr doto: B.B. Spres,
C.C. Conossesa, [I.A. [lepunos
[Fig. 1. Type specimen of Siberian lamprey, Lethenteron kessleri (Anikin, 1905): 4 - lectotype (ZM TSU,
No. 3698, Russia, Tomsk Region, Tomsk, mouth of Kirgizka River, 02.10.1900, coll.: V.P. Anikin),
sid view; B - original lectotype label; C - head of lectotype, side view; D - oral disc, bottom view;
E - paralectotype (DIH TSU, No. 3699, Russia, Tomsk Region, Tomsk, Kirgizka River,12.12.1899,
Coll.: Arthur Neiland), side view. Photo by V.V. Yartsev, S.S. Soloveva, D.A. Deridov]

B GnuskoM k sTomy Buzae (0e3 paciueruieHus KOHYMKA XBOCTA) OH MpHUBEIEH
B pabore A.M. Haceka, K.b. P&€no [15: p. 13], rie aBTOpBI YKa3bIBAIOT JUIS HETO
nvHy Tena 182 mM. B pabote B.I'. Moransena [12: c. 503] naHo moyHOE omuca-
HHE MOP(OJIOTHUECKHX MTPU3HAKOB 3TOTO IK3EMIUTIpA: JIMHA Tela Ipu u3Mepe-
Huu B 1933 1. — 183 MM, MareMaTH4eCKN BBIUMCIICEHHbIC PWKU3HEHHAs JUIMHA
tena — 191 MM U paccTostHEEe MEXIy MEPBBIM U BTOPHIM CIIMHHBIMH IUIABHUKA-
MU — 0 MM, IIEpBBIA CIIMHHOW TUIABHUK «KOHYAETCSl OYEHb I10JIOT0, 32 HUM IPO-
JIOJDKAETCSl AKHUPOBasi CKiIagka 6—7 MM», BTOPOW CIIMHHOM IUIABHUK «MEIJIEHHO
MOBHIIACTCS U «0e3 mepepriBa MEPEXOIUT B CIIMHHYIO 00JIACTE» XBOCTOBOTO
IJIaBHUKA, HUKHEUEIIOCTHBIE 3yOBl: «KEJIThIe, POTOBbIE, 3a0CTPEHHBIE; KpaeBble
XOpOULIO BBIPa)KEHBI», KPallHUM JIEBBIA — ABYXBEPUIMHHBIN, KpailHUN IIPaBbIAd —
TPEXBEPIINHHLINA, 4 MPOMEXYTOUHBIX, «BEpXHETYOHBIE 3yOBl MHOTOYHCICHHEI,
ocTpble, OJIM3KO CXOAATCS OCHOBAHUSIMHY, «BHEITHHX OOKOBBIX HET». DTO MO3-
BOJISIET YTBEPXAaTh, YTO OH MPOUCXOAMUT M3 TUIIOBOH CEpUHU, B CBSA3H C ITHUM
paccMaTpuBaeTCsl HAMH, KaKk ¥ aBTopamu paHee [15], B kauecTBe CHHTHIIA.

N3 ucxonnoit cepun B 10 3k3. (Ne 3696), oTy4eHHOM U3 MUIIEBAPUTEIHHOTO
TpakTa cu30i 4aiiku, noObiToi B ycthe p. Tomu B Kostomuno 28.06.1903 .
(o crapomy cruiio) I'.O. Moranzensm [12: Ne 3] k 2020 r. coXpaHUIOCh TOJIb-
Ko 69k3. [15: TGU 3], xoropsie coxpaneHs! 10 HacTosmero Bpemenn. b.I'. Mo-
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raH3eH YKa3blBaeT, YTO ATH MHHOTU «AHHMKUHBIM OINpeaesieHbl Kak kessleri»
[12: c.503]. BeposATHO, IMEHHO 3TO MPHUBEJIO K TOMY, YTO OHU paccMaTpuBa-
JIUCh paHee NPYIrMMH aBTOpaMu Kak cuHTHIBI [15]. OmHako B cBoed pabote
B.I1. Aaukun (1905) ynomMuHaeT 3TUX MUHOT B CPaBHEHHHM C APYTUMH — CO-
OpanubiMU B p. EHucelt y 1. [onpunxa, ykaspIBasi Ha XapakTep UX MOBPEKICHUN
[2: c. 16]. Kpome Toro, AyiMHa Tena TUMOBBIX SK3EMIUISIPOB, MPUBOAUMAS UM [2:
c. 10, 160-210mM], HE COOTBETCTBYIOT TaKOBBIM JaHHOW cepuu [12: 126—
177 MM, n=10; 19: 128-165 MM, n = 6], IPOUCXOK]IEHHE TUIOBBIX IK3EMILISIPOB
(«p. Tomu u ycrbe p. Kupruskm») Takxe He COOTBETCTBYET MECTy cOOpa MUHOT,
noObITEIX .9, MoranzenbM («yctbe p. ToMu»). Be€ aTo ykasbiBaeT Ha TO, YTO
WX HeJb3d OTHECTH K THUIOBOW cepuu. YnomuHanue b.I'. Moranzensim [12:
c. 503] onpexnenenus NaHHBIX 3k3eMIUIApoB B.II. AHUKUHBIM HE yKa3bIBaeT Ha
HCTIONIE30BAHNE CEPUH IS OITUCAHUS BHIA.

B.II. AnukuH [2: c. 10] onucan Le. kessleri mo cepuun u3 16 9k3., IiMHA Tena
KOTOpBIX BapbupoBana oT 160 mo 210 MM, a MecTa OTIOBa COOTBETCTBOBAIH
OmmKalmuM okpecTtHocTsM T. Tomcka: B p. Tomu u B ycrhe p. Kupruskwu, Bra-
natouieir B Tomb Henaneko ot Tomcka. b.I'. Moranzen [12], npoananusupoBas
BECh MaTepuall 1o BUIY B KOJUIEKIIMOHHOM (ouae TI'Y, onuceBan yxe TOIbKO
5 9K3., COOTBETCTBYIOLIUX IO JIaTaM U MECTaM OTJIoBa TuroBoil cepun. A.b. Ha-
ceka, K.b. Péno [15] uccnenoBanu 7 3K3., KOTOpbIE OHU OTHECIH K CHHTHIIAM.
[ITecTs U3 HUX COOTBETCTBOBAIM OJIHOW CEPUU — MHUHOTH, MOJY4YE€HHBIC U3 IH-
MIEBAPUTENLHOTO TPAaKTa CU30M Yaku, Larus canus L., 1758.

Takum oOpazom, u3 16 3k3., 00pa3yronMx HOMEHKIATYPHBIA THII, B HACTOS-
iee BpeMs UMEETCs JIUILb 2, KOTOphle MOXKHO OJHO3HAYHO paccMaTpUBaTh Kak
MIpUHAJJIKAIUE K TUIIOBOK CEPUN — CUHTHUIIBI — B COOTBETCTBUU CO CTaThEU 73,
1. 2 MexayHapogHoro Koaekca 30010rudaeckoir HomeHKIaTypsl [20]: NeNe 3698
1 3699. 13 mux ymme onud — Ne 3698 — npurozeH 11 MOPQOIOTUIECKOTO UC-
CIICZIOBAHMSI B HACTOSINEE BPEMs M MOXET OBITh COOTHECEH C MPOTOJOTrOM,
B CBSI3M C YeM BBIOpaH HaMU Kak JIEKTOTHII (cM. puc. 14—1C), Toraa Kak dK3eM-
wisip Ne 3699 paccmarpuBaercss HAaMH Kak napajiekToTun (cM. puc. 1D).

Onpedenenue noaa rexkmomund. [Ipu peHTTEHOBCKOM MHKpPOTOMOTpadude-
CKOM 00CJIEeJOBaHHY MUHOT BBISIBICHO, YTO YETKOCTD KAPTHHB! Y OTHOCHTEIHEHO
HEJaBHO OTJIOBIICHHBIX M Ooliee KpymHbIX La. fluviatilis Beie, yem y Le. kes-
sleri, xpaHsmerocs B (QUKCHPYIOUmEH >XUIKOCTH 125 5eT. Y HK3eMIUIIpOB
La. fluviatilis 9€TKO IPOCMATPUBAIOTCA KOXKa, MUOMEPBI, MHOCEIITBI, XOpAa, TO-
HaJbl, B TO BpeMs Kak y 3K3. Le. kessleri BUTHBI TOJIBKO, BEPOATHO, OOJIee MIIOT-
HBIC ¥ IIMPOKUE MHUOCENTHI U Xopaa. Y 3k3eMIuisipoB La. fluviatilis Ha KoM-
MBIOTEPHBIX PEKOHCTPYKLHUAX TOHAAbl XOPOLIO OTJIMYAIOTCA APYr OT JApyra
(puc. 24, 2B): B SMYHUKE MOYXKHO YETKO BH3YaIM3UPOBATh OBapUaibHbIC (HOIIIU-
KYJIbl, 10 CPABHEHHUIO C HUM CEMEHHHUK BBITJISIIUT AOCTATOYHO T'OMOIE€HHO, Ce-
MEHHBIE (DOJUTUKYITBI HE TIPOCMATPHUBAIOTCA.

VY uccnenyemoro obpasua Le. kessleri conep uMoe MOJIOCTH Tella B IIEHTpe
TyJOBHILA TOMOTeHHO (puc.2C) U COOTBETCTBYET TAKOBOMY CEMEHHHMKA caMLa
La. fluviatilis (cm. puc. 1B). Ha ocHOBaHHMM 3TOTO MOKHO 3aKJIIOYUTh, YTO K-
semiuisip Le. kessleri (Ne 3698) — camenr. Kpome Toro, y Hero oTCyTCTBYET
aHaAIBHBIN TUTABHUK, XapaKTEepHBIN g caMok [6, 14, 17].
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Puc. 2. BupryanbHble onepeyHble Cpe3bl TPEXMEPHBIX PEKOHCTPYKIUN PEHTTCHOBCKUX
MHKPOTOMOTPAMM TeJla MIHOT, ITOJyYeHHBIX Ha TOMOTPadUIeCKON pEHTTCHOBCKOM
ycranoBke «Open-MT» (Tomck, Poccust) ¢ pasmepom Bokcenst 30 MKM: 4 — caMKn
u B — camuia Lampetra fluviatilis (otnos: 19.10.2023, p. Hera; dukcanus: 10% dopmanun;
xpaHenue: 70% stanon), C — My3eiiHoro obpasua Lethenteron kessleri (otnos: 02.10.1900,
yerbe p. Kuprusku, B.I1. Anukus, 3M TT'Y, Ne 3698; dukcanus: GpopmainH; XpaHeHHe:
70% atanomn). C — koxa, ChD — xopaa, Mm — muomep, Ms — muocenta, Ov — sSIMYHUK,

T — cemennuk. Aptopsl ¢poto — A.B. Barpanun, B.B. Spues
[Fig. 2. Microdissection and orthoslice of lamprey bodies based on X-ray microtomograms
(voxel size 30 pm) obtained with the tomographic X-ray instrument "Orel-MT" (Tomsk, Russia):

A - male and B - female specimens of Lampetra fluviatilis (caught 19.10.2023, Neva River,
fixation with 4% formaldehyde, preserving in 70% ethanol), C - Lethenteron kessleri
from ZM TSU (caught 02.10.1900, mouth of Kirgizka River, V.P. Anikin, ZM TSU, No. 3698;
fixation with formaldehyde, preserving in 70% ethanol). C - skin, ChD - chorda dorsalis,

Mm - myomere, Ms - myosept, Ov - ovary, T - testis. Photo by A.V. Batranin, V.V. Yartsev]

XoTsl UMeromasicsi K HacTosIeMy BpeMeHH B paborte [19] peHTreHoBcKas
TOMOTpadus IEMOHCTPHPYET CKPOMHBIC BO3ZMOXKHOCTH JUISI U3YUCHHST aHATOMUU
MmuHor (Petromyzon marinus; DGHLAMPO020), 3T0 MOKET OOBACHSATLCS HE OI-
TUMAaJFHBIM BEIOOPOM 000pYIOBAaHUS | MIPOTOKOJA cKaHMpoBaHM. IIpoBeneHne
HCCIICIOBAaHUH Ha JOCTYIHOH aBTOpaM YCTAaHOBKE IO3BOJIMIIO MONYYHTH Ooiee
Ka4eCTBCHHBIC M300pakeHUss 0e3 NMPUMEHEHHsT KOHTPACTHBIX BEIecTB. boree
BBICOKOE IIPOCTPAHCTBEHHOE Pa3peIleHHE JAET XOPOIIYIO NETATH3AIUI0 B TOMO-
rpaduu pa3HOOOpPa3HBIX OPTaHU3MOB, YTO OBLIO MMOKa3aHO paHee [22].

Obosnauenue nexkmomuna Lethenteron kessleri (Anikin, 1905). 3M TI'Y,
No 3698 [12: Ne 8] (cwm. puc. 14, 1B, 1C), Poccus, Tomckas obnacts, . ToMck,
yctbe p. Kuprusku, peunoit mogbacceitn Tomu, OGacceiiH peku O0u, GacceliH
Kapckoro mopsi, 6acceiin CeBeproro Jlenosuroro okeana, 02.10.1900. Coll.:
B.I1. AHukuH.

Designation of the lectotype Lethenteron kessleri (Anikin, 1905). ZM TSU,
No. 3698 [12: Ne 8] (cm. puc. 14, 1B, 1C), Russia, Tomsk Region, Tomsk,
mouth of Kirgizka River near Tomsk, Tom’ River system, Ob’ River drainage,
Kara Sea basin, Arctic Ocean basin, 02.10.1900. Coll.: V.P. Anikin.

ZooBank LSID: urn:1sid:zoobank.org:act:03FEE0OF1-D9AB-4A2B-A10B-2A
9C324C68E3

Onucanue nexmomuna Lethenteron kessleri (Anikin, 1905). Oxpacka GpuKcu-
POBaHHOTO PK3EMIUISIpa OJHOTOHHAsS OexkeBas. MeTaMoppHu3upoBaBIIUil caMelr;:
JUIMHA pblia — 9,6 MM, TOPU30OHTAJIBHBIN JUaMeTp riaza — 3,6 MM, IPOMEKYTOK
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MEXIy ITa30M H Ka0epHBIM ammaparoM — 5,1 MM, pacCTOSIHHUE OT KOHIIAa phbLia
JI0 TepBoro »abepHoro orBepctus — 20,3 MM, JJUHA XKaOepHOIro ammapara —
17,4 MM, BBICOTA 5ka0epHOTO ammapara — 9,3 MM, pacCTOSIHUE OT KOHIIA PbLjia JI0
Ho3apu — 11,2 MM, yMHA Tymiky 6e3 sxabepHoro anmnapara — 92 M, JJIMHa Bce-
ro tena — 188 MM, MEXIJIa3HUYHOE MPOCTPAHCTBO — 7,2 MM, MPOJOJIBHBIN IHa-
METp HPOJOIBHO CIOKEHHOTO POTOBOTO IHCKa — 8,3 MM, HauOOJbIIas BHICOTA
tena — 10,8 MM, IMHA OCHOBaHHS MEPBOTO CIMHHOTO IaBHUKA — 30,4 M,
HanOOJbIIAs BBICOTA MEPBOTO CIIUHHOTO TUIABHHUKA — 5,4 MM, JUIMHA OCHOBaHHUSI
BTOPOTO CIIMHHOTO IUIABHUKA — HEBO3MOXKHO H3MEPHUTh, HAaUOOIBINAs BHICOTA
BTOPOTO CHMHHOTO IIaBHUKA — 4 MM, pacCTOSHHE OT aHyca A0 KOHIIa XBOCTa —
52 MM, JUTMHA CIIMHHOW YacTH XBOCTOBOT'O IIABHUKA — HEBO3MOXKHO H3MEPUTh,
JUTMHA TIPOMEXYTKa MKy HEepBOH M BTOPOH kabepHbMU miensmu — 0,65 mm,
BBICOTA XBOCTa B MECTE Iepexo/ia BTOPOTO CIHMHHOTO IUTABHUKA B XBOCTOBOM —
2,2 MM, BBICOTa XBOCTOBOT'O IIABHHKA M BBICOTA XBOCTAa — HEBO3MOXKHO H3Me-
puth. 3yOHast popMyia: BepXHETyOHBIX 3y00B — 21, BEpXHEUESITIOCTHBIX 3y00B —
2, HIKHEUEIIOCTHBIX — 6, U3 HUX 2 Bypa3/AeNbHbIX U 4 MIPOMEKYTOUHBIX, HIXK-
HeryOHBIX 3y00B — 26, OOKOBBIX 3y0OB: clieBa 2 JBYXBEPIIUHHBIX U OAWH OJIHO-
BEPILMHHBIN, cripaBa 3 AByXBepIIMHHBIX. Yncino MuomepoB — 69. Bropoii ciuH-
HOU M XBOCTOBOM IUTABHUKH B IJIOXOM COCTOSIHHH, U3-3a YETO HE MPEICTaBISICT-
51 BOSMOKHBIM TOYHO M3MEPUTH 3 CBA3aHHBIX C HUMH XapaKTEPUCTUKH.

Description of lectotype Lethenteron kessleri (Anikin, 1905). Color of lecto-
type in preservative: plain beige. Adult male: snout length - 9.6 mm, eye length -
3.6 mm, postocular length - 5.1 mm, prebranchial length - 20.3 mm, branchial
length - 17.4 mm, branchial depth - 9.3 mm, prenostril length - 11.2 mm, trunk
length - 92 mm, total length - 188 mm, interocular width - 7.2 mm, disc length -
8.3 mm, trunk depth - 10.8 mm, first dorsal fin length - 30.4 mm, first dorsal fin
depth - 5.4 mm, second dorsal fin length -impossible to measure, second dorsal
fin depth - 4 mm, tail length - 52 mm, caudal fin length - impossible to measure,
interbranchial opening- length - 0.65 mm, tail depth at junction of second dorsal
and caudal fins - 2.2 mm, maximum depth of caudal fin - impossible to measure,
tail depth at maximum depth of caudal fin - impossible to measure. Teeth:
21 anterior teeth, supraoral lamina with 2 unicuspid teeth, infraoral lamina with
6 teeth: 2 bicuspid lateral teeth, 4 unicuspid intercalar teeth, 26 posterial teeth,
2 left anterior endolateral bicuspid teeth and one left anterior unicuspid endola-
teral tooth; 3 right anterior endolateral bicuspid teeth. Number of trunk myo-
meres - 69. The second dorsal fin and caudal fin are in poor condition; it is im-
possible to measure three associated characteristics.
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Abstract. The forest-steppe marmot, Marmota kastschenkoi was historically clas-
sified as a subspecies of the gray marmot M. baibacina. However, based on morpho-
logical, karyological, and ecological characteristics, it has been proposed to elevate its
taxonomic status to that of a distinct species. This species was initially described as a
subspecies from the vicinity of Tomsk, which represents the northern boundary of its
geographic range. This marmot also inhabits Kemerovo and Novosibirsk Oblasts, as
well as Altai Krai. It is estimated that the total population of forest-steppe marmots is
approximately 13 000 individuals, which is the smallest number among all marmot
species in Russia. The proposal to include this species in the Red Data Book of Russia
has been put forward repeatedly, but unfortunately has not been implemented. The
number of marmots in Tomsk Oblast is the smallest of all the regions where this spe-
cies lives. Regrettably, contemporary data regarding this species in Tomsk Oblast are
scarce. Population estimates ranging from several dozen to 200 individuals. The for-
est-steppe marmot is listed in the regional Red Data Book. The study is aimed to as-
sess the current state of population of forest-steppe marmots within some existing
colonies in Tomsk Oblast, as well as to quantify the number of burrows and family
groups present within these colonies. The significance of this study is emphasised by
the ongoing economic activities in proximity to marmot habitats. These activities,
which include cottage construction and mining, pose a substantial threat to the surviv-
al of population of marmots in these rare settlements.

The article contains 5 Figures, 2 Tables, 23 References.

Keywords: marmots, colonies, number of families and animals, Western Siberia,
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AnHoTanms. JlecoctenHolt cypok Marmota kastschenkoi u3HadanbHO ObUT ONU-
CaH Kak MoJBUA ceporo cypka M. baibacina. OnHako Ha OCHOBaHUM MopGoorHye-
CKUX, KapHOJIOTHYECKHX M SKOJIOTHIECKHX XapaKTEPUCTHUK OBLIO MPEUIOKEHO ITOBHI-
CHUTh €T0 TAKCOHOMHYECKHUH CTaTyC 10 OTAENHHOTo Buaa. [lepBoHavansHO 3Ta hopma
cypka ObDIa ommcaHa M3 okpecTHOocTel TOMCKa, Tie M MPOXOAUT CeBepHas IpaHuIa
ero apeana. JlecocrenHoil cypok Takxe oourtaer B Kemeposckoit m HoBocubupckoit
obmacTsx, a Takke B AnraiickoM kpae. IIpenmomaraercsi, 4to o0Imas YHCICHHOCTH
Buaa coctaBisieT okojo 13 000 ocoOeld, 4TO SABIAETCS HAUMEHBIIEH YHCICHHOCTHIO
cpenu Bcex BUIOB CypkoB B Poccun. HeoqHOKpaTHO BBICKA3bIBANOCh MPENIOKEHHE
0 BKJIIOYEHHH 3Toro Buaa B Kpachyio kHury Poccun, HO, K COXKaJIEHHIO, OHO TaK U He
06110 peann3oBaHo. YnciaeHHOCTH CypkoB B TOMCKOIT 00J1acTH SIBIIIETCS. HANMEHBIIEH
13 BCEX PErHOHOB, rzie BHA BcTpedaercs. CoBpeMEHHBIE JaHHBIE 00 STOM BHE
B Tomckoit obmactu ¢parmentapHsl. OIEHKHM YHCICHHOCTH IOIMYJSINA B PETHOHE
BapbUPYIOT OT HECKOJBKUX JecsaTKoB 10 200 ocobeli. Bun 3aHeceH B pernoHaIbHYIO
Kpacnyro kuury. Llenbto ncciaenoBaHus SBISETCS OLIEHKa COBPEMEHHOTO COCTOSHMS
MOMYJISAIMHU JIECOCTEITHOTO CypKa B CYIIECTBYIOIIMX KOJOHMAX B Tomckoi obmactw,
a TaKOKe XapaKTEPHCTHKA PAJa KOJOHWH: KOIMYECTBA HOP M CEMEHHBIX TPYIII, YHC-
JIEHHOCTh 3BE€PHKOB B HUX. 3HAYUMOCTH JAHHOTO HCCIIEOBAHMS MOJUEPKHBACTCS aK-
TUBH3AIMEH X03HCTBEHHOH NeATeIbHOCTHIO BOJIM3M MeCT OOUTaHMs CypKa. JTa Jes-
TEJIBHOCTH BKJIFOYAET JaYHOE U KOTTEKHOE CTPOUTEIILCTBO, a TAKXKE Pa3paboTKy Io-
JIE3HBIX HCKOMAEMBIX M IPE/CTABIICT CYIIECTBCHHYIO YIPO3y BEDKHBAHUIO ITOITYJISI-
LY CYPKOB B ITUX PEIIKUX MTOCEICHUSIX.

KnroueBble c10Ba: cypKH, KOJIOHHH, YHCIIO JKUBOTHBIX M MX ceMeH, 3amaaHas
Cubups, coxpanenne, Kpacnas kaura

Jns nurupoBanus: Katasonova P.A., Shapovalov A.A., Korobitsyn I.G. Current
status of forest-steppe marmot Marmota kastschenkoi settlements on the northern
periphery of its range (Tomsk Oblast) and problems of its protection / BectHuk
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Introduction

The forest-steppe marmot Marmota kastschenkoi Stroganov et Yudin, 1956
was long regarded as a subspecies of the gray marmot Marmota baibacina Ka-
stschenko, 1899. It exhibits distinct differences in fur coloration on the chin and
tail compared to the nominative form M. baibacina, which inhabits the vicinity
of the village Cherga in the Altai Republic of Russia. The holotype of the forest-
steppe marmot subspecies was originally described from the vicinity of
Tomsk [1]. Subsequent studies revealed that forest-steppe marmot also inhabits
the Novosibirsk and Kemerovo regions, as well as Altai Krai. In addition, a
complex of new features of their morphology was identified. Some differences
separating M. kastschenkoi from M. baibacina were found in the form of skull
bones and os penis [2]. It also was revealed that the forest-steppe marmot has 36
chromosomes in contrast to the 38 found in the gray marmot, which served as a
reason to raise the taxonomic status of the forest-steppe marmot to species [3].
In addition to morphology and karyology, there were significant differences in
ecology - the forest-steppe marmot is the only species that lives on forested
slopes and almost never used flat landscapes [4], and also has a geographical
gap from the range of the gray marmot [5]. However, some data suggest a rela-
tively weak differentiation of the forest-steppe marmot when analyzing various
molecular markers, indicating that its taxonomic status may be closer to that of a
subspecies [6, 7]. Thus, both scenarios are possible, when the forest-steppe
marmot is recognized as a species or subspecies [8]. For example, in [UCN Red
List (International Union for Conservation of Nature), the forest-steppe marmot
is not distinguished as a separate species. The status of this species remains a
subject of ongoing discussion. Nevertheless, it is important to note that this par-
ticular form is the least numerous within our fauna and warrants consideration
for protected status, as well as recommendations for inclusion in the Red Data
Book of the Russian Federation [3]. Unfortunately, this proposal has not yet
been implemented. As an exception, this species of marmot has been included in
the regional Red Data Book of Tomsk Oblast since 2003. Similar proposals have
been put forth for the Altai Krai [9], where its population has also experienced a
decline; however, these proposals have not yet to receive support. It is estimated
that the total population of forest-steppe marmots (M. kastschenkoi) within their
range is approximately 13 000 individuals, representing the smallest population
among all marmot species in Russia. Within Tomsk Oblast, which lies at the
northern periphery of this range, the population density is notably lower than in
other regions where this species is present [10]. The forest-steppe marmot was
historically widespread in the south of Tomsk Oblast (Fig. 1), particularly along
the southern slopes of the terraces of the Tom River and its tributaries, including
the Ushaika, Basandayka, and Tugoyakovka rivers. Approximately 15-20 local
settlements of marmots were documented [11]. The biology of this marmot
(nowadays known as M. kastschenkoi) has been relatively well characterized,
encompassing aspects such as phenology, diet, burrows and colony structure,
and daily activity. Unfortunately, contemporary information regarding this spe-
cies in the Tomsk Oblast is exceedingly limited; estimates of population sizes
have fluctuated from several tens [12] to approximately 200 individuals [10].
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Fig. 1. Forest-steppe marmot M. kastschenkoi and the typical habitat of marmots
in the vicinity of the city of Tomsk

These estimates are primarily based on expert opinion, as there is no complete
data on colony sizes and animal populations. Recent findings include new en-
counters that confirm the presence of marmots in previously known colonies, as
well as their disappearance from habitats due to anthropogenic transformation
[13]. Some recent data on the forest-steppe marmot are available from Kemero-
vo Oblast [14, 15] and Novosibirsk Oblast [5], with less information available
from Altai Krai [15, 16]. In the Tomsk Oblast, aside from the aforementioned
limited data, no systematic research has been conducted.

The objective of this study is to assess the current status of forest-steppe
marmot population in both existing and newly identified colonies within the
Tomsk Oblast. This includes estimating the number of burrows, family groups,
and individual animals within colonies, as well as evaluating the risks posed by
anthropogenic activities to the marmot's settlements. In certain instances, eco-
nomic activities threaten the survival of marmots in local settlements that is al-
ready in need of protection.

Material and methods

The studies were conducted in 2022-2024 in the south of Tomsk Oblast,
which corresponds to the sub-taiga forest subzone of Western Siberia, where the
northern boundary of the forest-steppe marmot distribution passes. We exam-
ined three colonies on the right bank of the Tom River south of Tomsk in the
vicinity of the villages of Kolarovo, Baturino, and Vershinino (Fig. 2). All colo-
nies were located on the territory of regional protected areas. Two of them, such
colonies as Kolarovo and Luchanovo, are located on the regional protected rec-
reational area "Coastal Slope of the Tom River". The third is on the territory of
the buffer zone of the Larinsky Sanctuary.

The first colony, Kolarovo, was located on the slope of a ravine running from
the road Tomsk-Yarskoye towards the Tom River. The coordinates of the colony
are 84.9542°N, 56.3581°E. The colony is located between the villages of Aniki-
no and Kolarovo and is 6 and 2 km away from them, respectively. The second
colony, Luchanovo, got its name because it was located opposite the turnoff
from the Tomsk-Yarskoye highway towards the village of Luchanovo. The col-
ony is 0.7km south of the previous one and is located in the next ravine.
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Fig. 2. Scheme of the study area and location of marmot colonies

Its coordinates are 56.3528°N, 84.9468°E. Both slopes inhabited by marmots
have a southern orientation, covered with aspen Populus tremula L., silver birch
Betula pendula Roth., and pine Pinus sylvestris L. The area around the colony is
bounded by a damp lowland below, by bushes and a dirt road running through
the forest towards the river bank above, and by a highway and arable land in the
east. The third colony, Larinsky, was located in the buffer zone of the Larinsky
Sanctuary approximately 2-2.5 km from Baturino and Vershinino in close prox-
imity to another protected area, the Natural Monument "Zvezdny Klyuch". The
coordinates of the colony are 56.2351°N, 84.9791°E. To the north, the colony is
bounded by agricultural lands, and below by a path to the Natural Monument
"Zvezdny Klyuch". The colony is located on a steep slope, also facing south and
southwest. The slope is also covered with rare trees - pine, birch and aspen, as
well as rosehip Rosa majalis Herrm, caragana Caragana arborescens Lam., ro-
wan Sorbus aucuparia L. and bird cherry Prunus padus L. bushes.

The burrows were counted in autumn (October), when the grass had lodged,
or in spring, when, on the contrary, the grass was flattened after the snow had
melted. In each colony, the burrows were counted and mapped using GPS. The
distances between the burrows were then measured in GoogleEarth.pro. The soil
ejected in front of the burrows (the width of the burrow mounds) were measured
using a tape measure with an accuracy of 0.5 m. Differences in the distances
between the burrows within family groups and between individual family groups
were compared using the Mann-Whitney test in the STATISTICA 8.0 program.
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Observations began in the spring, namely in early or mid-April. The emer-
gence of animals from hibernation was determined visually or by the appearance
of paw prints and excrement near the holes. In all studied colonies first individu-
als were recorded in 2023 in the second ten days of April, and in 2024, in early
April. Observations of the number of animals, family composition, and daily
activity were carried out in April-May by visual observation method, using bin-
oculars (BPC 12-40 TENTO) and Filin 120 camera traps. The camera traps were
configured to operate continuously, capturing images and video both during
daylight hours and at night. Observations were primarily focused on the colonies
of Kolarovo and Luchanovo, selected for their accessibility and relatively com-
pact size, which facilitated comprehensive data collection. The devices were
triggered by any movement of individuals, which did not allow recognizing
marmots individually, but was effective for analyzing the daily activity of M.
kastschenkoi and identifying the number of animals in individual families. Such
video registrations were conducted on May 2023 and April-May 2024 during a
week every year. The term "family" was used to refer to a group of marmots of 2
and more individuals of different ages and sexes, jointly occupying a habitat
with burrows of different types and guarding its boundaries from the appearance
of strangers. The term "colony" is understood to refer to a settlement of 2 or
more individuals, constituting 1 or more family groups, living in separate territo-
ries and having visual-auditory communication. The term "settlement" is under-
stood to refer to a set of functionally interconnected individual families, concen-
trated in a certain type of landscape [17]. Colony and settlement in our case
were the same concept.

The boundaries of the colony and its ranges were established based on the
identification of the most peripheral observed burrows. Burrow classifications -
namely wintering, feeding, and protective - were assigned in accordance with
the criteria outlined by Bibikov [18]. Schemes of the maps of marmot colonies
within the Tomsk Oblast were generated utilizing the QGIS software, with the
OpenStreetMap (OSM) Standard serving as the foundational reference for these
maps. Family group structures were ascertained either through direct visual ob-
servation or, in cases involving larger colonies with extensive areas, by noting
the presence of significant burrow emissions. Each group had wintering burrows
with several exits, grouped by 4-8 and located close to each other with a com-
mon burrow mound of significant size. A relatively precise enumeration of ani-
mals was achievable in only two colonies (Kolarovo and Luchanovo), where
observational conditions permitted accurate assessments. In the Larinsky colony,
the number of animals estimated was derived through expert extrapolation, uti-
lizing the count of wintering burrows here and identified family groups, in con-
junction with the average number of individuals per family observed in other
colonies. This methodology allows for a systematic estimation of the total mar-
mot population within the Tomsk Oblast, predicated on the approximate number
of known and identified settlements.

Anthropogenic factors were identified on the basis of observations during the
study period and data accumulated in previous years on human activities in the
region, supplemented by information obtained from various regional open media.
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Results

Description of colonies, number of burrows, families and individuals. In the
study area we examined three colonies - Larinsky, Kolarovo and Luchanovo
(Table 1, Figs. 2 and 3). The colonies in the table are listed in order of their area.
In the largest colony - Larinsky, 143 burrows and 8 family groups were noted, in
Kolarovo 36 burrows and 2 family groups (some of the burrows in this colony
were uninhabited), in Luchanovo there were 26 burrows and 3 families. Thus,
the average number of families in the colonies was 3.3 and the average number
of burrows was 68. The length of the slopes occupied by the colonies ranged
from 200 to 500 m.

In each family area, groups of 4-8 closely spaced burrows were noted on the
elevated parts of the slope and were characterized by dense trampled platforms
merging into a common burrow mound, forming the core (center) of the family
plot. We suggest that 1-2 of these burrows in each group were wintering bur-
rows. From them, paths went to single burrows (feeding, protective, some
served as latrines) on the family plot, and paths also went to neighboring family
groups. The distances between the nearest burrows within family groups
(x=13.4+1.8) were significantly smaller than the distance between the nearest
burrows of neighboring families (x=63.3 £31.5, Z=-2.12, p<0.05).

Almost all burrows had burrow mounds. Some were small - from 0.5 to
1.5 m, but in all three colonies at least one of the families had a large mound,
reaching 5-6 m in width, which indicates the longevity of the colonies [19]. The
Kolarovo colony was discovered in 2009, i.e. it has existed for at least 15 years.
The number of animals in one of the families living in it was also maximum - §
(later one of the animals from this family was hit by a car on the highway). In
other colonies (Luchanovo and Larinsky) in families we observed in spring a
maximum of 2-3 marmots at a time. Based on the number of family groups and
registered animals in individual families, we calculated that up to 25 animals
live in the Larinsky colony, 4-5 animals in the Luchanovo colony, and 9 animals
in the Kolarovo colony. Hence, the average animal number in the colony was
13.3 and the average number of animals in one family was 3.2.

Table 1
Comparison of different characteristics of studied colonies
Burrow mound
Colon Number of Square of the Number of width Number of
y burrows colony (ha) families lim (min-max); individuals
M=+SE, m
. (0.5-5.0);
Larinsky 143 2.7 8 1514011 up to 25
(0.5-6.0);
Kolarovo 36 0.63 2 1554056 9
(1.5-5.0);
Luchanovo 26 0.22 3 294048 4-5
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feeding and
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@ wintering burrows

Fig. 3. Scheme of the colonies studied with family groups outlined, where
A - Larinsky colony, B - Kolarovo colony, C - Luchanovo colony

Anthropogenic activity, predators and protection. A variety of anthropogenic
impacts, directly and indirectly affecting marmots, were identified in the colo-
nies we studied (Table 2). Among the factors, we highlight the presence of stray
dogs both single and in packs barking at the marmot burrows, and uncontrolled
dog walking, riding enduro motorbikes, and ATVs on the slopes, occupied by
marmots. The potential threats that can lead to the loss of the colonies are the
expansion of the cottage construction near Luchanovo and Kolarovo colonies as
well as exploration and development of gold dangerously close to the Larinsky
colony (Figs. 4 and 5).
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Table 2
Types of economic activities on the territory of marmot colonies in Tomsk Oblast
.. Kolarovo Luchanovo Larinsky
Type of activity
colony colony colony
Birch sap collection + + -
Dogs walking with owners, stray dogs and
+ + +

free range dogs
Recreation (excursions, mushroom and berry

o + + +
picking)
Riding enduro motorbikes and ATV’s + + -
Animal deaths on the road + + -
Waste dumping + + -
Cottage and country house construction + + -
Developing of gold mining - - +

Of the natural predators which are potentially dangerous to the marmots we
revealed a nest of a black kite Milvus migrans (Boddaert, 1783), which was
found near the colonies, and camera traps recorded foxes Vulpes vulpes Linnae-
us, 1758 visiting the colony at night and early morning hours in two colonies
(Kolarovo and Luchanovo). A badger Meles leucurus Hodgson, 1847 was also
recorded at night in one of the colonies.

Protected area

'Bank slope of the Tom' river'
@ forest-steppe marmot colonies

1 - Kolarovo @
2 - Luchanovo 1
area of cottage constrution ®
2
Siniy Utes

Kolarovo

0,5 1 km
b Ba [ 2. S

Fig. 4. Kolarovo and Luchanovo colonies of forest-steppe marmots
on the protected area and anthropogenic activity
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Fig. 5. Larinsky colony of forest-steppe marmot and anthropogenic activity nearby

Discussion

The current state of the forest-steppe marmot in the Tomsk Oblast remains
poorly studied. From the beginning of the 20th century to the present day, litera-
ture provides data on about 25 known colony sites in the vicinity of Tomsk.
All of them are located in the Tomsk Oblast on the right bank of the Tom River
and its tributaries - Ushaika, Basandaika, Tugoyakovka. In the past the colonies
of marmots were known near villages Lyazgino, Kornilovo, Novo-Mikhailovka,
Zavarzino, Bodazhkovo, Safronovo, Arkashovo, Bogashovo, Petukhovo, Rodi-
onovo, Anikino, Luchanovo, Kolarovo, Kazanka, Vershinino, Baturino, Yar-
skoye, Larino, Plotnikovo [1, 11, 12, 20, 21].

Each of the subsequent publications, referring to the previous one, stated the
disappearance of marmots from previously known colony sites. Thus, in the
work Moskvitin and Moskvitina [20] it is mentioned that marmots survived only
in the area of the villages of Yarskoye and Vershinino. But in recent years, rely-
ing on our own observations, as well as due to the facts of photo registration of
marmots and the posting of photographs by zoologists and nature lovers on da-
tabase sites, such as Inaturalist.org, several new marmot habitats have been iden-
tified, for example, in the area of the Kolarovo biological station of the Tomsk
state university, and in the area of the Bakhtin cemetery [12]. These new find-
ings, when compared with previous data, actually rediscover marmot old habi-
tats [11]. On the one hand, it can be assumed that marmots continued to live in
the mentioned territory all this time, remaining barely noticeable, or slightly
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changing the position of their settlements. Compared to other marmot species
living in open biotopes, finding colonies of forest-steppe marmots and counting
them is much more difficult. This is explained by the habitat of this species on
rather steep forested hills, which in the summer are covered with tall grass, mak-
ing them inconspicuous. Therefore, it is best to search for settlements and count
the animals only in the spring - specifically in April and May - since in June the
tall grass no longer allows this. On the other hand, marmots from a number of
colonies could really disappear for a while due to extermination and disturbance,
but could later restore their numbers and return, having settled from other plac-
es. Unfortunately, we cannot answer this question unequivocally. In different
cases, these can be different scenarios. The fact that marmots could continue to
live in the same territory is indicated by the presence of large burrow mounds in
all the colonies found - in the Kolarovo colony marmots were found in 2009 -
there is a car road and tramped people’s paths nearby, people collect mushrooms
and birch sap every year, facts of the presence of dogs have been revealed, and
despite the disturbance factor, the colony has existed for at least 15 years. The
following facts support another hypothesis, according to which the number of
marmots has increased in the Tomsk Oblast in recent years and, as a result, it
has become more noticeable, has settled and returned to its former places and is
developing new ones. For example, this is consistent with the fact that a marmot
was discovered in the vicinity of the village of Nikolaevka, 30 km northeast of
Tomsk [12]. This is 20 km further from the nearest places of known colonies
found in the last century near the villages of Lyazgino, Novo-Mikhailovka [1],
although it is known that marmots are capable of covering such distances in
about a day [14]. We assume that when examining previously known habitats of
the forest-steppe marmot to the northeast, east and south of Tomsk, we can both
find it in its former habitats and discover new, previously unknown settlements.
It is important to note that both historically and currently, in the vicinity of vil-
lages that serve as reference points for locating marmot colonies, there may exist
multiple colonies rather than a singular one. Consequently, our two identified
colonies - Luchanovo and Kolarovo - are designated by different names for the
sake of convenience; however, both are situated near Kolarovo. Furthermore, it
is acknowledged that there is a third colony in this area that has not been stud-
ied, indicating that within the vicinity of a single village, there may be three dis-
tinct colonies. At the same time, the presence of colonies to the south of Tomsk,
approximately 10 km on the right bank of the Tom was mentioned in the work
of Laptev and Yudin [11], but currently it is difficult to say whether they existed
all this time or not. Compared to other areas where the marmots existed in
Tomsk region previously, this territory (Kolarovo and Luchanovo colonies) has
been less exposed to anthropogenic impact, and since the beginning of the 21st
century, a protected natural area has been organized here - "The coastal slope of
the Tom River". Larinsky colony is in the Larinsky sanctuary and the Natural
monument "Zvezdny Klyuch".

Comparing the sizes of the identified colonies with data on marmot colonies
in other areas, we can state that in Tomsk they are relatively small. Thus, the
number of families in Luchanovo and Kolarovo is 3 and 2 with the number of
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animals up to 10, slightly more in Larinsky colony - 8 families and about
25 animals. For example, in the Topkinsky district of the Kemerovo Oblast, for-
est-steppe marmot colonies with the number of animals up to 85 and the number
of families - 10-24 have been described [14]. Also, our colonies are smaller
compared to the colonies of the bobak Marmota bobak Miiller, 1776 in Chu-
vashia [22], where the number of families in the colonies ranged from 14 to 46,
and the number of burrows from 168 to 558 (including uninhabited). Our colo-
nies had from 26 to 143 burrows. If we compare modern colonies with those in
the same territory in the last century [11], then judging by the size of one of the
colonies given in the work, the number of burrows in it reached 73, of which 12
were wintering and 61 were protective and feeding. From this we can conclude
that the colonies in the studied territory are generally comparable. One of our
colonies - Larinsky is larger, with 143 burrows, the other two (with 26 and
36 burrows) are smaller. Also, if we judge the size of the colonies by the length
of the slopes on which they were located, then in the same work [11] it is said
that the slope with one of the colonies in the area of the village of Lyazgino
could reach 1 km, which is more than our colony in the area of the Larinsky
sanctuary (0.5 km), and several times more than the colonies of Kolarovo and
Luchanovo (Fig. 2).

According to a number of sources, the number of forest-steppe marmots in
the Tomsk region is estimated at approximately several dozen [12] to 0.2 thou-
sand individuals [10], however, this is rather an expert assessment based on the
number of previously known colonies and facts of confirmation of new finds,
but no work provides data on real survey data. Based on the number of animals
in the identified colonies - an average of 13, and the number of known settle-
ments - about 10 and possibly more, the number may be close to the estimate
proposed by V.I. Mashkin [10], who estimated the number of marmots in the
Tomsk region at about 200 individuals.

The timing of the spring awakening of marmots in the Tomsk Oblast has
changed little compared to the last century; depending on the weather, this could
occur throughout April [23]. It was found that, compared to previous data [11],
daily activity in one of our colonies was somewhat different. Marmots began to
appear on the surface earlier - at 6-7 am, and hid later in the evening - at 8-9 pm.
We did not observe night activity, as noted in the Kemerovo Oblast [14].

An assessment of anthropogenic activities in the vicinity of the studied mar-
mot colonies revealed that disturbances resulting from human visitation for vari-
ous non-hunting purposes (no instances of poaching were documented) exert a
negligible impact on marmot populations. All surveyed colonies have coexisted
with this level of disturbance over an extended period. In contrast, the presence
of domestic dogs poses a more significant threat, as they can attack and poten-
tially eliminate marmots; we have observed hunting dogs in the area. The regu-
lation of dog presence is lacking in all protected areas, resulting in no formal
violations, yet this factor could have an exceedingly detrimental effect on mar-
mot survival. In recent years, a new recreational activity - extreme driving over
rugged terrain using enduro motorcycles and ATVs - has emerged. Such activi-
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ties have been noted in proximity to the Kolarovo and Luchanovo colonies, with
one uninhabited marmot settlement identified near the village of Anikino, where
riding on enduro motorbikes was registered. While the correlation between this
recreational activity and the abandonment of the settlement remains speculative,
we consider it to have a significant negative influence.

Furthermore, we would like to emphasize two potentially hazardous activi-
ties that, if pursued, could unequivocally lead to the extirpation of marmots from
the studied colonies. The first involves the ongoing expansion of cottage con-
struction along the Tomsk-Kolarovo road from the village Siny Utes direction.
Over the past decade, construction has progressed rapidly from both Anikino
and Siny Utes, with approximately 1 km separating the outermost residences
from the boundaries of the Luchanovo colony. Historically, in the early 2000s,
the protected area encompassing the coastal slope of the Tom River extended to
Siny Utes [21], as indicated by signage; however, it appears that the boundaries
have since changed, leading to increased development in this area and raising
concerns about further encroachment on marmot habitats. The second critical
economic activity posing a threat is occurring in proximity to the Larinsky colo-
ny. The TISK Geogold company has initiated exploratory drilling for gold with-
in the buffer zone of the Larinsky sanctuary, adjacent to the "Zvezdny Klyuch"
nature monument, which houses a marmot colony. While such activities are le-
gally permissible within this zone, they raise concerns due to the unique ecolog-
ical value of "Zvezdny Klyuch" - a spring characterized by a small waterfall
cascading down travertine steps - which could be endangered. Notably, neither
the regulations governing the natural monument nor other documentation
acknowledges one of the largest nearby colonies of the rare forest-steppe mar-
mot, which is listed in the regional Red Data Book.

Conclusion

We conducted an estimation of burrow numbers, family units, and individual
forest-steppe marmots across three colonies located in the southern Tomsk Ob-
last, within the subtaiga subzone. Based on the average number of animals in the
colonies (13.3) and data indicating approximately 10 meeting places associated
with marmot settlements in recent years, we estimate that the total population of
forest-steppe marmots in the region could approximate 150 individuals. Future
surveys are planned for additional sites where marmots have been previously
documented. Given that populations in other areas of Western Siberia - namely,
the Kemerovo Oblast, Novosibirsk Oblast, and Altai Krai - are also reported to
be low, and considering that this species represents the smallest of the marmot
taxa, we advocate for the potential inclusion of this form in the Red Data Book
of the Russian Federation. Each of the surveyed colonies possesses significant
aesthetic, educational, and scientific value, thereby warranting recommendations
for the establishment of small protected areas designated as Natural Monuments
to enhance their conservation. Currently, several anthropogenic activities posing
threats to marmot populations have been identified within the vicinity of the
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surveyed colonies. These include recreational enduro motorbiking and ATV
usage on slopes inhabited by marmots, the expansion of cottage construction in
the Bank Slope area of the Tom River Protected Area, and the potential initia-
tion of gold extraction activities within the Larinsky sanctuary. Through this
publication, we aim to raise awareness regarding the risk of losing one of the
largest colonies of this rare species in our region.
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Abstract. The paper presents the results of quantitative assessment of the content
and morphological characterization of microplastics (MPs) accumulated in the organs
of adult individuals (» =43) from three reptile species: the viviparous lizard Zootoca
vivipara Lichtenstein, 1823, the sand lizard Lacerta agilis Linnaeus, 1758, and the
common adder Vipera berus Linnaeus, 1758. The species inhabit overlapping ranges,
are often syntopic, and exhibit zoophagous behavior. The studied individuals were
collected in the spring-summer period of 2021-2023 from various localities in Tomsk
Oblast (southeast of Western Siberia). MPs in the size range of 0.15-5 mm were de-
tected in the gastrointestinal tract (GIT) of both lizard species (100%), as well as in
the GIT and skin of V. berus. The maximum average MP content in the GIT was
6.80 +11.4, with a range of 0 to 32 particles in Z. vivipara collected in 2022. Interan-
nual variations were noted in the contamination level of Z. vivipara: the average MP
content in the GIT was 3.2-fold lower in 2023 versus 2022. The differences in MP
content between Z. vivipara and L. agilis were not statistically significant (p >0.05),
as were the differences in MP content between the GIT and the skin of V. berus. In the
GIT of adult individuals of the three species, MPs were represented by microspheres,
microfilms, irregularly shaped fragments, with microfibers being predominant, com-
prising 64.5% in Z. vivipara and 82.0% in L. agilis, respectively. The study revealed
the prevalence of MPs with sizes ranging from 0.3 to 1 mm, with the exception of Z.
vivipara, where most particles did not exceed 300 pm (43.5%). The proportion of
larger particles (>3 mm) in the organs of V. berus was higher compared to Z. vivipara
and L. agilis. MP detection in the GIT and skin of adult individuals indicates plastic
pollution in the taiga zone of Western Siberia. The data obtained represent the first ev-
idence of the presence of MPs in Palearctic reptiles in Russia.

The article contains 2 Figures, 1 Table, 40 References.
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AHHoTanms. IIpencraBieHsl pe3yabTaThl HMCCIEAOBAaHUN IO KOJHMYECTBEHHOM
OIICHKE COJIEPXKAHUSI U XapaKTepUCTHKe Mopdonorun Mukpomiactiuka (MII) B opra-
Hax B3pOCHBIX 0coleil (7 =43) Tpex BUAOB MPECMBIKAIOIIUXCS — MPBITKON SIEPHULIBI
Lacerta agilis L., 1758, sxuBopozsiueit simuepunsl Zootoca vivipara Lichtenstein, 1823
1 OOBIKHOBEHHOU ramtoku Vipera berus L., 1758. BuIbsl UMEIOT NepeKPHIBAIOIIACCS
apealbl, 9aCTO CHHTOIINYHEI, 300(ary. McciaenoBanuble 0COOH OTIOBICHEI B BECEHHE-
nerauit epuox 2021-2023 rr. B psine JokanuTeToB ToMckol 06yacTH (Foro-BOCTOK
3anagnoit Cubupn). Yactuusl MII pazmepHoro auanaszona 0,15—5 MM oOHapyXeHbI B
XKKT Bcex ocobeit simepurt (100%), a taxokxe B XKKT u mkypax ragiokn. Makcumanb-
Hoe cpexnee coaepxkanue MII B XKKT cocrasuio 6,80+ 11,4 ¢ pazbpocom ot 0 no
32 yactun y Z. vivipara, otaoBieHHbIX B 2022 r. OTMEUEHBI MEKTOI0BBIE OTINYHUS B
ypoBHe 3arpsisHeHus Z. vivipara: B 2023 1. cpennee coxepxanue MII B XKKT B
3,2 pa3a Hmxe 1o cpaBHeHUIO ¢ 2022 1. Pasmuuns Mexay BEIOOPKaMH >KHBOPOSIIEH
SIIEPUIIB] ¥ TIPBITKOH SIIEepHIT! ObUIH He3HaYUMBIMH (p > 0,05), Takxke Kak U pa3iiu-
gust B coxepxkannud MIT mexny JKKT u xoxkeit oObikHOBeHHOW ramtoku. B XKKT
B3pocibix ocobeit Tpex BumoB MII mpencraBieH MUKpocdepaMu, MUKPOIUICHKAMH,
(bparMeHTaMH HempaBUIBbHOH (HOPMBI, HO TPeoOIaaloT MUKPOBOJIOKHA: OT 64,5% y
Z. vivipara no 82,0% y L. agiis. B uccnenoBanHbIX BeIOOpKax npeobmagan MII pas-
mepamu ot 0,3 1o 1 mm 3a uckmouenueM JXKKT xuBopoasieit suiepuupl, rae 60ib-
muHeTBO Yactun Mensie 300 mxm (43,5%). Hons Gonee KpyHnHBIX dacTHll (>3 MM) B
opraHax 3Mei BbIIIE 10 CPaBHEHUIO ¢ slepunamu. Jerexiusa mukpomnactuka B XKKT
1 KOX€ B3POCIBIX 0CO0eHt SIepHI] i 3Mei yKa3bIBaeT Ha 3arps3HEHHE TaeKHON 30HBI
3anaguoit Cubupu. IloydeHHbIe JaHHBIC SBIIOTCS MEPBBIM JOKA3aTeIbCTBOM HaJH-
yust MII y npecmbikatomuxcs [laneapkruku Ha Tepputopun Poccun.

KiroueBble c/10Ba: MHUKPOIUIACTHK, IMPECMbIKAIOUINECS, OMOMHIANKALUS, 3ana-
Hast Cubupn
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Hcrounuk ¢uHaHcMpoBaHMs: padoTa BBIIOJHEHAa Npu moiaepxke IIporpammbr
cTpaTernyeckoro akaaemudeckoro junaepcrsa «lIpuopurer-2030» (Ilpoexkt Ne 2.2.
3.22 OHI).

BaaromgapnocTn: aBTops! Giarogapar pouenTta buonormdeckoro nacruryra HU TT'Y
B.B. SlpueBa u cTyIeHTOB 3a ydacTHe B OTJIOBe penTwimii, acnupanra C.H. BopoOse-
BY 32 TEXHHYECKYIO TOMOIIb ITPH NPOBEIECHUH J1a00paTopHOil 00paboTKH IPoob.

Jas uurupoBanus: Kuranova V.N., Zaiko A.V., Frank Y.A. Microplastics in rep-
tiles: Assessment of particle content in viviparous and sand lizard populations (Zooto-
ca vivipara, Lacerta agilis, Lacertidae) and common adder (Vipera berus, Viperidae)
from Western Siberia / Bectauk ToMcKOro rocyiapcTBeHHOrO yHHUBepcuTeTa. bro-
norust. 2025. Ne 71. C. 185-198. doi: 10.17223/19988591/71/11

Introduction

Plastic pollution is one of the most pressing environmental challenges of our
time. Plastics exhibit high durability, exceptional wear resistance, and limited
natural degradation; however, their widespread use leads to a concerning accu-
mulation of plastic waste and its release into the natural environment. In recent
years, there has been mounting concern about MPs, small plastic pieces ranging
in size from 1 pm to 5 mm [1]. MPs found in the environment are classified as
either primary or secondary. Primary MPs are mainly produced in the form of
tiny granules and are used in production as a raw material for manufacturing
plastic products [2]. Microgranules are components of cosmetics, household
chemicals, and industrial abrasives. Secondary MPs, such as films and irregular-
ly shaped fragments, are formed during degradation of larger plastic objects into
smaller pieces under the influence of various environmental factors [2]. Plastic
microfibers, originating from textiles (clothing, geotextiles) and fishing gear, are
also widespread in the environment) [3].

The atmosphere, waterways, ocean currents, and animals can transport MPs
over great distances. MPs have been found in various parts of the globe, includ-
ing marine and freshwater habitats, as well as in soil, and they have a long resi-
dence time in the environment [4]. MPs can react with other pollutants to form
more complex secondary pollutants with higher toxicity, facilitating their
transport and transfer along the food chains [5-7].

MPs can directly or indirectly affect organisms and pose health risks to both
animals and humans. Reptiles can easily become entangled in plastic nets and
ingest bottles, caps, bags or straws, which can lead to physical injuries including
asphyxiation, organ damage, and even death [8, 9]. The health risks posed by
MPs to reptiles remain poorly understood. Studies are limited and primarily fo-
cus on aquatic reptiles, such as marine and freshwater turtles [10-15] and croco-
diles [16]. The loggerhead sea turtle Caretta caretta is recognized as an indica-
tor species to monitor MP pollution globally. It was found that MPs (polypro-
pylene, polyethylene, and cotton fibers) accumulate not only in the GIT of
C. caretta, but also in its reproductive organs and heart [15]. The impact of MPs
on lizards and snakes in terrestrial ecosystems remains poorly studied, and the
available data are extremely fragmentary [17-19].
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The aim of this study was to identify the presence of MPs and assess their
content in specific organs of three widespread Palearctic reptile species: the vi-
viparous lizard, the sand lizard, and the common adder.

Material and methods

The subjects of the study were adult individuals of two lizard species Zooto-
ca vivipara Lichtenstein, 1823 and Lacerta agilis Linnaeus, 1758, as well as the
common adder Vipera berus Linnaeus, 1758. All the species are widespread in
Eurasia, including Western Siberia.

Lacerta agilis, an oviparous species, inhabits a vast range of the territory that
includes the European part of Russia and extends southward in Siberia to Lake
Baikal. The sand lizard thrives in the steppe zone, where it inhabits open sunny
areas. It is commonly found in pine forests, power line clearings, gardens and
vegetable gardens, roadsides and embankments of roads and railways, as well as
drained raised bogs, copses, hillsides, and ravines. In forested areas, it often
lives near human settlements. In soft soil, the sand lizard digs shallow burrows
up to 70 cm long and uses rodent burrows, voids in piles of stones, old stumps,
and brushwood piles as shelters [20].

Ovoviviparous species, the viviparous lizard and the common adder, inhabit
almost the entire forest zone of the Palearctic. In terms of biotopic distribution,
both species prefer mesic habitats. The viviparous lizard prefers humid lowlands
with natural shelters. It abundantly inhabits deciduous and coniferous forests,
overgrown clearings, glades, forest edges, and swamps. In the south of Tomsk
ODb region and the environs of Tomsk, it often shares the habitat with the sand
lizard in the transitional zones between dry and humid biotopes. The viviparous
lizard is often found near fallen logs, old stumps, and at the bases of large tree
trunks. The species does not dig its own burrows, but uses voids between roots,
moss hummocks, and abandoned burrows of small rodents as shelters. Of the
54 described winter burrows of Z. vivipara, 75.9% were found in agrogenic soil
(vegetable gardens, arable land, and orchards). In soil at a depth of 15-25 cm, the
number of winter burrows is 2.8-fold higher, and the number of hibernating liz-
ards in these shelters is 1.5-fold higher than at a depth of 0-15 cm (p<0.01)
[21].

The common adder is unevenly distributed in the forest and forest-steppe
zone, forming high-density clusters in certain areas known as hotbeds. It inhab-
its forest edges, glades, overgrown burnt areas, peat bogs, banks of reservoirs,
and abandoned villages. The species hibernates at depths ranging from 40 cm to
2 m, below the freezing zone. It uses rodent burrows, soil cracks, voids among
tree roots and peat bogs as winter burrows [20].

Lizards and snakes were collected in the first half of summer (June 2021-
2023) from three localities of Tomsk district, Tomsk Oblast: localities 1 and 2
are situated on the right bank of the Tom River: the villages of Anikino
(56°24'N, 84°59'E) and Zonalny (56°25'N; 85°01'E); locality 3 is located on the
left bank of the Tom River: the village of Timiryazevsky (56°29'N, 84°52'E).
The study areas are part of the Tomsk suburban area and are subject to anthropic
load (arable land, garden plots, highways and railways, holiday homes and chil-
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dren’s camps, and construction of microdistricts). Lizards were captured by
hand or with a net; a stick with a hook was used to catch snakes. Fabric bags and
specialized containers were employed to transport the specimens to the laborato-
ry for further processing. Within 24-48 hours after capture, 43 individuals of
lizards and snakes were anesthetized with tricaine; their body weight (g) was
determined and body length (L - Longitudo corporis) was measured. For lizards,
measurements were taken using a digital caliper (CHIZ SHTCTC-1-150-0.01)
with an accuracy of 0.1 mm, and a tape measure was used for measuring snakes.
Fixation of individuals and organs (skin, lungs, liver, intestines) was performed
in 70% ethanol or a 10% formalin solution to determine the accumulation of
MPs and sub-micron plastics (SMPs) using specialized methods. The procedures
adhered to international and national requirements for appropriate and humane
treatment of animals.

Sample preparations from reptile organs and MP extraction were performed
using a method previously developed and tested for fish organs [22] with some
modifications. The procedure included the following stages: (a) alkaline hydrol-
ysis of organs in a 10% KOH solution at 55°C for 48 h with periodic stirring;
(b) separation of particles by density in a saturated NaCl solution for 24 h;
(c) treatment of the upper phase with 96% ethyl alcohol (10% v/v) at 50°C to
remove saponified lipids; (d) vacuum filtration to collect particles on a glass
fiber filter with a pore size of 1 um (Membrane Solutions, China) for subsequent
quantitative and qualitative analyses. Blank samples containing reagent solu-
tions (KOH, NacCl, ethanol) and undergoing the above processing stages were
analyzed in parallel to assess external contamination during sample preparation.
For each series of 10 samples of reptile organs, 5 control samples were prepared
and examined. The content of fibers within the target size range of 0.15-5 mm in
the control samples varied from 0 to 2 items/filter. When fibers were detected in
the control samples, the results of quantitative assessment of MPs in the entire
series of natural samples were corrected accordingly.

Microscopic, morphological and photomicrographic analyses of particles
were conducted using an MSP-1 stereomicroscope (LOMO, Russian Federa-
tion), a ToupView USB 2.0 CMO S digital camera (ToupTek Photonics, China),
and ToupView 3.7.6273 software. The hot needle test was employed to identify
MPs among particles extracted from the reptiles. This method enables the classi-
fication of synthetic polymer particles based on the plastic/non-plastic principle
[23, 24]. A heated dissecting needle was brought into contact with the suspected
particle under microscopic control; plastic particles melted, while organic parti-
cles darkened or burned. The MP content was expressed in terms of MP items
per individual. MPs exhibited a variety of shapes, including spheres, films, fi-
bers, and irregularly shaped fragments. Depending on their size, MPs were di-
vided into small particles of 150-300, 301-1000 um and further up to the maxi-
mum size of 5000 um with a step of 1000 um, as was previously described [25].

Primary data processing was performed using Microsoft Excel 2010. The sta-
tistical analysis was conducted with Statistica 8.0 (Statsoft). The following indi-
cators were calculated: sample size (n), arithmetic mean (x), standard deviation
(SD), standard error of mean (mz), range of values (lim). For pairwise comparison,
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Student’s t-tests (p <0.05) were employed for variables with a normal distribu-
tion, and the Mann-Whitney test (p <0.05) was used for comparison when data
were not normally distributed.

Results and discussion

MPs with different sizes (0.15-5 mm) and morphologies were found in the
GIT and skin of V. berus, as well as in the GIT of both lizards, Z. vivipara and
L. agilis (Fig. 1).

The results of quantitative assessment of MPs accumulated in the organs of
reptiles are summarized in Table 1. The MP content in the GIT of Z. vivipara
collected in 2022 attained 6.80+11.4. Interannual variations were recorded
in the contamination level of Z. vivipara: the average MP content in the GIT was

Fig. 1. Light micrographs of MPs: fibers and fragment from the GIT of V. berus (a, b);
a film (¢) and a fragment from the skin of V. berus (d), a fragment (e) and a fiber (f)
from the GIT of Z. vivipara; spheres (g) and a fragment (%) from the GIT of L. agilis.
Scale bar: 500 pum

Table 1
Quantitative content of MPs in the organs of reptiles
(Tomsk district, Tomsk Oblast, 2021-2023)
GIT
Indicator i Z. vivipara Z. vivipara b V&Sll:rrll;s
L. agilis (2022) (2023) V. berus

n 20 7 4 12 12

X 3.42 6.80 2.10 3.86 5.64
SD 4.40 114 0.96 243 6.37
mx 0.98 432 0.48 0.70 1.84
lim 0-19 0-32 1-3 1-8 0-20

Note. n - sample size, X - arithmetic mean, SD - standard deviation, m; - standard error of mean, lim -
range of values.
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3.2-fold lower in 2023 versus 2022. The differences in MP content between
Z. vivipara and L. agilis were not statistically significant (p > 0.05), nor were the
differences in MP content between the GIT and skin of the common adder.

The studied reptiles exhibit different ingestion patterns for MPs of different
shapes and sizes (Fig. 2). The majority of ingested MPs were fibers (from 64.5%
in Z. vivipara to 82% in L. agilis). The GIT of Z. vivipara was found to contain
2-fold more fragments compared to V. berus and almost 5-fold more fragments
compared to L. agilis (Fig. 2a). Spheres were identified only in the GIT of both
lizards. The revealed differences are associated with different dietary patterns,
trophic links, and habitat conditions.

Zootoca vivipara from the studied sample consumed more MPs <0.3 mm
(43.5% of the total MPs) compared to L. agilis with only 16.2% of the fine par-
ticles and the majority of larger MPs of 0.3-1 mm in size (Fig. 2). In the GIT and
skin of V. berus, 0.3-1 mm MPs were the most abundant. Compared to both liz-
ards, the common adder consumed and accumulated in the skin were the most
abundant. Compared to both lizards, the common adder consumed and accumu-
lated in the skin more particles of 3-4 and 4-5 mm in size (p <0.05). Moreover,
the proportion of larger MPs (>3 mm) accumulated in different organs of the
common adder was approximately the same, amounting to 13.6% in the GT tract
and 13% in skin (Fig. 2).

In the taiga zone of Western Siberia, reptiles, being poikilotherms, spend
most of their annual cycle hibernating, with the active period lasting 4.4-
5.5 months. Sand and viviparous lizards, as well as the common adder, are diur-
nal. The daily time budget divided into nighttime sleep and daytime activity is
affected by different environmental factors. The soil characteristics are of great
importance. Body temperature is regulated behaviorally, primarily via daily
movements between shaded and sunny areas, or out and into the shelter. Active
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Fig. 2. Percentage of MPs from the GIT and skin of V. berus
and the GIT of Z. vivipara and L. agilis by shape (a) and size (b)
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behavioral forms include mating games, feeding, basking, and locomotor activi-
ty (foraging behavior) during molting. Inactive behavior includes nighttime
sleep and daytime rest in the shelter. At the Timiryazevo site, we have estimated
the time budget (24 hours) for lizards. Adult males and females of the sand liz-
ard (n=17) spend 78-89% of their time resting in the shelter, 2% basking, 2-4%
moving, 3-5% hunting, and 2-13% slumbering during the daytime [26].

In all the studied species, MPs of different shapes and sizes were detected in
the GIT and (in the common adder) in the skin. This indicates plastic contamina-
tion of the substrate surfaces, shelters and winter burrows, and most importantly,
food items.

The atmosphere is an important transport medium for anthropogenic poly-
meric particles, including MPs [27]. Analysis of particles deposited to snow
cover allows for tracking the amount and transport of atmospheric MPs. For
example, anthropogenic polymeric particles, including various types of plastic
and viscose fibers and microfragments, were identified in snow samples from
Western Siberia [28]. The maximum estimated particle mass loading was
4444 + 1530 mg/m" or 2817+ 915 items/m’. Fibers were the dominant shape of
MPs, accounting for more than 90% of the total particles, due to their aerody-
namic properties and large atmospheric transport potential. Fibers are the most
abundant form of MPs found in the environment. Compared to secondary forms
of particles (fragments, films) and spheres, microfibers are one of the most
common microparticle pollutants in surface water bodies of Western Siberia and
other regions of the Russian part of Eurasia [29].

MPs were found in samples of agrogenic gray and dark gray forest soils from
the taiga forest zone, as well as in samples of southern and ordinary agrogenic
chernozems from the steppe region of Western Siberia taken from a depth of
0-10 cm. The most common MPs (>80%) in samples of agrogenic soils from the
two natural climatic zones were transparent fibers of different sizes [30, 31].
MPs are readily transported in soil layers by invertebrates, including termites,
ants, and earthworms [32]. Invertebrates facilitate the transfer of organic and
inorganic substances within and between soil systems. In plastic-contaminated
environments, insects and worms moving through the soil horizons facilitate the
dissemination of plastic particles and synthetic fibers via active transportation of
soil and debris between habitats [33].

Both lizards and young snakes feed on various systematic and ecological
groups of invertebrates that can be involved in MP circulation. Reptiles are not
apex consumers in trophic chains, being prey items for numerous vertebrates
and hosts for ecto- and endoparasites.

The sand lizard predominantly inhabits artificial pine plantations and coastal
slopes. The viviparous lizard prefers humid lowlands with well-developed her-
baceous vegetation and diverse and abundant invertebrates. The sand lizard and
the viviparous lizard often live together, but their diet varies significantly. The
study conducted in Tomsk Ob region has revealed that the sand lizard’s diet
primarily consists of invertebrates: herpetobionts (38.7%) and chortobionts
(47.1%) (hymenopterans, orthopterans, and coleopterans); less common are her-
petobiont arthropods (10.3%) and hydrobionts (mollusks) (3.5%). The diet de-
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pends on the season, the type of biotope, and the sex and age of the lizard. Juve-
nile lizards generally prefer smaller and softer food items: spiders, caterpillars
and cicada larvae. The average weight of a food bolus is 500 mg (max 1530 mg).
Compared to L. agilis, about 40% of the viviparous lizard’s diet consists of for-
est pests (leaf beetles, click beetles, weevils, leathoppers, aphids, bugs, and cat-
erpillars), mollusks, cicadas, as well as aphids, stoneflies, mosquitoes, and milli-
pedes. An adult lizard consumes from 121 to 295 mg of invertebrates per day.
Juvenile lizards prefer small spiders, leathopper larvae, and caterpillars. Lizards
primarily affect zoo- and phytophages, with the annual instantaneous consump-
tion up to 20% of the available prey biomass [20].

Data on the interaction between insects and MPs in terrestrial and aquatic
ecosystems, as well as the associated ecotoxicological consequences, are frag-
mentary. Recent studies have shown various adverse effects of MPs on the diet,
growth, reproduction, and behavior of insects [34]. It has been revealed that MP
consumption is detrimental to growth and development of some insect species,
while others exhibit tolerance to MP exposure. For example, mosquitoes provide
a new pathway for MP accumulation from aquatic to terrestrial environments,
preserving particles during metamorphosis and exacerbating the issue of plastic
contamination [35]. Certain representatives of beetles and lepidopterans can di-
gest plastic. Zophobas morio larvae can survive and even thrive on a diet con-
sisting solely of plastic, which is assimilated with the help of their gut microbio-
ta [36]. Significant amounts of MPs have been found in insect larvae from natu-
ral populations [37] and in bee products [38]. Since many invertebrates are part
of the diet of amphibians, reptiles and birds, MPs can be easily transferred
through the food chain.

The common viper primarily feeds on small mammals, amphibians (brown
frogs, newts), less often shrews, lizards, small passerines and their chicks. Juve-
nile snakes prefer insects, worms, mollusks, and underyearling frogs. In certain
years, the common viper’s diet is dominated by mouse-like rodents (up to 62%),
amphibians (sharp-nosed frogs, 43-72%), with reptiles (viviparous lizards),
shrews, and chicks of small passerines being less frequently consumed. The
common viper’s diet composition increases due to the stomach content of prey
species. In years when the primary food source (mouse-like rodents) is scarce,
the diet mainly consists of amphibians. Insect and arachnid remains, as well as
plant remains consisting of sphagnum, cranberry leaves, and wild rosemary were
found in 35% of stomachs and guts. In addition, four red-backed vole cubs, five
common whitethroat chicks, three adult moor frogs, and juvenile viviparous liz-
ards were identified in the GIT of the common adder [20].

In 2022-2023, a quantitative and qualitative analysis was conducted on the
composition of MPs of similar size found in the GIT of rodents (order Rodentia)
(n=45) from areas where individuals of the common adder were collected. The-
se included the striped field mouse Apodemus agrarius Pallas, 1771, common
tundra vole Mycrotus oeconomus Palas, 1776, gray red-backed vole Clethiono-
mys rufocanus Sundevall, 1846, and northern red-backed vole CI. rutilus (order
Rodentia) [39, 40]. It was shown that in the striped field mouse with a high va-
lence for food items, the average MP content in the GIT was 1.7-fold higher
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than that in the common tundra vole. The GIT of the field mouse contained an
average of 0.6 film-shaped particles, 0.5 fibers, and 0.1 fragments, while the
corresponding figures for the root vole were 0.1, 0.2, and 0.4 [39]. In the forest
vole (genus Clethionomys), MPs were detected in 27% of cases (n=24): 0.3-1
and 2-3 mm films were found in CI. rutilus (plant polyphage), and 0.3-1 mm
films and 1-2mm fibers dominated in CIL rufocanus (phytophagous) [40].
The common adder can consume both juvenile and adult amphibians that have
ingested MPs [25].

Thus, the entry of MPs into the organism of reptiles living in the study area
can occur both directly from the environment and indirectly through trophic
chains.

Conclusion

The study was the first to describe accumulation of MPs ranging from 0.15
to 5 mm in size in the GIT and skin of widespread Palearctic reptile species, in
particular, the viviparous lizard, the sand lizard, and the common adder.
The presence and accumulation of MPs of various shapes and sizes in the GIT of
two lizard species, as well as in the GIT and skin of the common adder, are most
likely associated with the dietary patterns, trophic links, and habitat conditions.
MP consumption by reptiles is affected by the level of plastic pollution of food
items, substrate surfaces for insolation and hunting, shelters, and winter burrows
in the soil. The MPs detected in the GIT and skin of reptiles restricted to the
study area were mainly represented by irregularly shaped fragments, spheres,
and films, with fibers being predominant (64.5-82.0%), which is consistent with
data previously reported for soils, snow cover, and surface waters in Western
Siberia. In general, MP accumulation in the GIT and skin of reptiles indirectly
indicates the terrestrial ecosystem pollution within the taiga zone. Lizards and
snakes are involved in the MP circulation in Western Siberia and can serve as
biological indicators of environmental pollution.
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XapakTepucTHKA reHOMA ITaMMa Stutzerimonas stutzeri,
BbI/ICJICHHOT0 U3 Here3arpa3HeHHoH nouBbl TaTapcrana

Aayapa BukropoBuu Baépinun', FOus PaBuiieBna HapbKOBaz,
HWpuna AnexcanaposHa Jlertspesa’

2 Kasanckuii (Ipusonsicckuii) gpedepansuviii ynusepcumem, Kasans, Poccus
3 @egepansubiii uccnedosamenscruii yenmp «Kazanckuii nayunviii yenmp
Poccuiickoui akademuu nayxy, Kasano, Poccus
! https. /forcid.org/0000-0003-2285-8879, edward.b67@mail.ru
2 https./forcid.org/0009-0008-1658-4553, ju.gusmanova@yandex.ru
? https:/lorcid.org/0000-0002-1575-8493, peace-1963@mail.ru

AHHoTanusl. Pa3iuBel HeTH B pe3ysibTaTe aHTPOIIOTSHHOM JeTeIbHOCTH, TaKOH
Kak 100bI4a, TPAHCIIOPTUPOBKA MIIH XpaHEHHEe He(YTEIPOIYKTOB, HAHOCAT CEPhe3HbIH
Bpex Omoctepe M MOTSHIMAIBHO OMACHBI JUIS 37I0pOBbsl denoBeka. buopemenuarms
C UCIIOJIb30BaHUEM MUKPOOPTaHU3MOB SIBISIETCS IIEPCIEKTHBHON TEXHOJIOTHEH OYHCT-
KN TAaKUX 3arpsS3HEHHBIX YYacCTKOB, ITOCKOJBKY OHA PKOHOMHYECKH d(dexTHBHA 1
MPUBOAUT K TIOJHOM MHHEpaIU3aliK BPeAHBIX coenanHeHni. OOHapyXKeHHe HOBBIX,
crocoOHbIX K 3 (eKTUBHOM Onozaerpamanuu HeGTH MECTHBIX IITAMMOB MHUKPOOPIa-
HU3MOB, NAa€T NEPCIICKTUBY JIs1 CO3aHUA Halle)KHOﬁ U SKOHOMUYHOM CTpaTeruu pe-
KyJIbTUBALMY He(Te3arpsa3HEHHBIX 104B. B paboTe mpeacTaBieHbl JaHHbBIE 10 OIpe-
JIETICHUIO U aHAM3y HYKJICOTUIHOH ITOCIIEN0BATEIFHOCTH IIOJHOTO TeHOMa ITaMMa
DIA-8, BbIeneHHOTO U3 HehTe3arpsI3SHEHHOU ITOYBHI Ha TeppuTopun PecryOmuku Ta-
Tapcran. B Xoe aHHOTAIMM KOJUPYIOUIMX ITOCIEAOBATEIBHOCTEH MOIHOrO reHoMa
BBIIBJICH PsJ] TEHOB, KOAUPYIOINX OEJIKH, OTBETCTBEHHBIE 3a KaTaOOJHM3M apoMaTH-
4ecKHX coeanHeHni. [lokazaHa npHHAUISKHOCTS IITaMMa K BUYy Stutzerimonas stut-
zeri. B reHome mtamma S. stutzeri DIA-8 moka3zaHO MpUCYTCTBHE KIIFOUEBOTO I'eHA
OpTO-pacIIEIJICHUs] KaTeX0JIOB — KaTeXo-1,2-THOKCUreHasbl, a TakkKe OOHapy>KEHbI
TeHBI, yJaCTBYIOIINE B CHHTE3€ TMIMKOIUIHUIHBIX OMOCYp(HaKTaHTOB M YCTOHYHBOCTU
K TSDKENIBIM MeTallaM. AHHOTAalUUs TeHOMa I0Kasala, YTO JAaHHBIH IMITaMM HMeEeT
HU3KHH NaTOTeHHBIH TOTEHINA, CPAaBHIMBII ¢ HEBHPYJICHTHBIMH IPEICTABUTEISIMU
pona Pseudomonas, 9T0 1aeT BO3MOXKHOCTH HCIIOJIB30BATh €T0 B KAYECTBE OMOTEXHO-
norudeckoro npoxykra. CeKBeHHpOBaHHAs HYKJIEOTHIHAS MOCIEAOBATEIBHOCTD Ie-
HOMa JICTIOHUPOBaHAa B MeXIyHapoaHylo 0asy maHHbIXx GenBank mox HOMepom
GCA_037081755.1.

KnroueBble c10Ba: MOJHOT€HOMHOE CEKBEHHPOBAHHUE, KaTeX0-1,2-HMOKCUTeHa-
3a, Onopemenuanus, Stutzerimonas stutzeri

Hcrounuk ¢puHancupoBaHus: paboTa BBHIIOJIHEHA B paMKaxX MPOrpaMMBI CTpaTeTH-
YecKoro akagemuueckoro juaepcrsa «lIpuoputer-2030» u B pamkax I'ocymapcTBen-
Horo 3aganus Ne 1023033000409-3.
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CTUKA T€HOMa LITaMMa Stutzerimonas stutzeri, BBIIEICHHOTO U3 He(Te3arpsa3HEHHON
nouBbl Tatapcrana // BectHuk Tomckoro rocyaapcTBeHHOro yHHBepcutera. buoso-
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Summary. Oil spills resulting from anthropogenic activities such as extraction,
transportation or storage of petroleum products cause serious harm to the biosphere
and are potentially hazardous to human health. Bioremediation using microorganisms
is a promising technology for cleaning up such contaminated sites, since it is cost-
effective and leads to complete mineralization of harmful compounds. The discovery
of new local microbial strains capable of effective oil biodegradation provides pro-
spects for the development of a reliable and cost-effective strategy for the reclamation
of oil-contaminated soils. This study presents data on the determination and analysis
of the complete genome nucleotide sequence of the DIA-8 strain, which was isolated
from oil-contaminated soil in the Republic of Tatarstan. Yellow, shiny, convex colo-
nies with irregular edges, ranging from 0.5 to 3 mm in diameter, were observed when
the S. stutzeri DIA-8 strain was cultured on dense LB nutrient agar (See Fig. 1). Stut-
zerimonas stutzeri is a non-fluorescent, denitrifying bacterium widely distributed in
the environment. This bacterial species has attracted significant attention due to its
unique metabolic properties, including denitrification, nitrogen fixation, and the deg-
radation of aromatic compounds, and its resistance to metals and potential applica-
tions in bioremediation. Analysis of this strain’s genome contributes to a better under-
standing of the genetic basis of oil degradation, the production of secondary metabo-
lites, potential virulence, and other important physiological functions. Furthermore,
the findings of this study may serve as the basis for the development of a cost-
effective and environmentally friendly method for the remediation of crude oil-
contaminated soils.

Genomic DNA was extracted using the ExtractDNA Blood & Cells kit (CJISC Eu-
rogen, Russia). Sequencing was performed on a MiSeq genetic analyzer (Illumina,
USA) in paired-end mode (2x300 bp). The MiSeq Reagent Kit v3 was used for se-
quencing. De novo genome assembly was performed using the Bacterial and Viral
Bioinformatics Resource Center (BV-BRC) v3.6.2 (https://www.bv-brc.org). Digital
DNA-DNA hybridization ({(DDH) was calculated using the GGDC v3.0 genome dis-
tance calculator (http://ggdc.dsmz.de/distcalc2.php). Average Nucleotide Identity
(ANI) values were calculated using the JSpeciesWS online service. A phylogenetic
tree based on whole-genome data was constructed using the TYGS web server
(https://tygs.dsmz.de). Functional genome annotation was performed using the RAST 2.0
server (https://rastnmpdr.org) with default settings. The PathogenFinder web server
(https://cge.food.dtu.dk/services/PathogenFinder/) and the Virulence Factor Database
(VFDB) were used for the prediction of bacterial pathogenicity. Plasmid DNA was
isolated using a LumiSpin® PLASMID kit (Lumiprob RUS LLC, Russia&EAEU).
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Plasmid DNA sequencing was performed by the biotechnology company Cloning Fa-
cility (Moscow) using Nanopore technology.

The assembled genome of S. stutzeri strain DIA-8 consisted of 28 contigs (>500 bp)
with an N50 of 648,363 bp and a total length of 4,496,503 bp. ANI and dDDH results
between S. stutzeri DIA-8 and other S. stutzeri species showed genome similarity val-
ues ranging from 97.31% to 97.90% for ANI and from 80.60% to 85.60% for dDDH
(See Table I). These values are above the recommended threshold values of 95%
(ANI) and 70% (dDDH) for prokaryotic species delineation, respectively. The TYGS
results showed that the DIA-8 strain branch clustered within the S. stutzeri species
clade. This indicates that the DIA-8 strain belongs to the S. stutzeri species (See Fig. 2).

During the mapping of the complete genome nucleotide sequence, we identified
several genes encoding proteins responsible for the catabolism of aromatic com-
pounds. According to RAST server annotation, the S. stutzeri DIA-8 genome contains
60 genes involved in aromatic compound metabolism (See Fig. 3), with 31 genes
involved in peripheral pathways and 27 genes involved in the central pathways of
aromatic compound catabolism. Aromatic ring cleavage enzymes identified in DIA-8
included benzoate-1,2-dioxygenase (EC 1.14.12.10), 1,6-dihydroxycyclohexa-2,4-
diene-1-carboxylate dehydrogenase (EC 1.3.1.25), catechol-1,2-dioxygenase (EC
1.13.11.1), muconate cycloisomerase (EC 5.5.1.1), muconolactone A-isomerase (EC
5.3.3.4), 3-oxoadipate-enol-lactonase (EC 3.1.1.24), 3-oxoadipate-CoA transferase
(EC 2.8.3.6), and 3-oxoadipyl-CoA thiolase (EC 2.3.1.174) (See Fig. 4). Bioinformat-
ic analysis of the S. stutzeri DIA-8 genome sequence also revealed genes involved in
the synthesis of glycolipid biosurfactants and heavy metal resistance. The genome
analysis indicated that this strain has a low pathogenic potential, similar to other non-
virulent environmental isolates of the genus Pseudomonas, which suggests its poten-
tial use as a biotechnological product. Sequencing of the isolated plasmid DNA sam-
ple revealed that it is a mixture of two plasmids. One plasmid was 15,416 bp in size
and contained 20 protein-coding genes and one gene encoding a non-coding RNA
molecule (PrrB/RsmZ). The genes on this plasmid, identified through annotation, are
responsible for replication and plasmid transfer between bacterial cells. The second
plasmid was 2,450 bp in size and contained three genes encoding proteins of unknown
function.

Based on our genomic analysis, Stutzerimonas stutzeri DIA-8, isolated from oil-
contaminated soil in the Republic of Tatarstan, shows promise for the development of
bioremediation agents for polluted ecosystems. The strain’s genome contains genes
that play a crucial role in the degradation of hydrocarbon compounds. The obtained
results will contribute to further research of the physiological properties of the strain
and its potential for restoring the productivity of disturbed lands. The complete ge-
nome nucleotide sequence has been deposited in the international GenBank database
under accession number GCA 037081755.1.

The article contains 4 Figures, 1 Table, 36 References.

Keywords: genome-wide sequencing, catechol-1,2-dioxygenase, bioremediation,
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BBenenne

Stutzerimonas stutzeri — Hedyopecuupyromas aeHuTpuduuupyromas 6ak-
Tepus, IMUPOKO PACHPOCTPAaHEHHAs B OKPY)KAIOIIEH cpee. DTOT BUI IPUBIIEKa-
eT K cebe OoJbIIoe BHUMAaHUE M3-32 CBOMX OCOOBIX METa0OIMYECKUX CBOWCTB,
TakuX Kak AeHuTpuduranus [1], azoTdukcanus [2], nerpamgamus apoMarnye-
CKMX coenuHeHu# [3], a Takke yCTOMYMBOCTh K MeTajllaM W MOTEHLIHAIbHOE
npuMeHeHne B onopemenuanuu [4, 5]. JlaHHBI MUKPOOPTraHU3M BIIEPBEIC OITHU-
can byppu u Wrtyruepom B 1895T. u Obut Ha3BaH Bacillus denitrificans [6].
Jlemann u HeliMaH BKIIOYMIM JAHHBIA OPraHu3M B CBOM CHPaBOYHHUK O]
Ha3BaHueM Bacterium stutzeri [7], a B 1952 . Ban Hun u Annen, o6cyaus ¢e-
HOTUIHYECKAE OCOOECHHOCTH, TPEIIOKIWIH 0003HAYUTh €ro Kak Pseudomonas
stutzeri [8]. OOHapykeHHE Bce OOJIBIIETO YHCIa HOBBIX MTAMMOB, OTHOCSIIUX-
csl K ceMeHcTBY Pseudomonadaceae, 1 HAKOIJICHNUE TaHHBIX UX CEKBEHHPOBAHIS
noTpedoBaIN MEPECMOTPa TAKCOHOMHYECKUX CSIUHHUI] ITOTO ceMeiicTBa. B pe-
3yJIbTaTe B paMKax 3TOTO ceMeicTBa ObUT BBLICIICH HOBBIM pon Stutzerimonas
[9], B xoTOpBIl Pseudomonas stutzeri BoUIen yxe Kak Stutzerimonas stutzeri
[10].

CexBeHHPOBaHNE ICHOMA CTajl0 PYTHHHON MPAKTHKOH B MUKPOOHOIOTHYE-
CKHX HCCIIEIOBAHUAX Oiaroqapsi JOCTIKEHUAM B 00IaCTH TEXHOJIOTUI BBICOKO-
MPOM3BOAMUTEILHOTO CEKBEHUPOBAHUS M CHIDKEHHIO 3aTPaT HAa €ro MpOBECHUE.
Bce Gonbliiee 4nCii0 MONHBIX TEHOMOB IITAMMOB, BBIICICHHBIX U3 Pa3UYHBIX
9KOCHCTEM, HaKaIJIMBACTCs B MEXIyHapoJHOU 0a3ze maHHbix GenBank, yto maet
HCCIIEIOBATENSIM BO3MO)KHOCTh TIIATEIHHO aHAJIM3HPOBATh T€HETHUECKOE pas-
HOOOpa3ue, OICHUBATh TAKCOHOMHYECKUE CBS3H, OTKPHIBATH HOBBIC TAKCOHBI H
UACHTH(UITPOBATh TCHETHIECKUE ETEPMUHAHTEI, CBSI3aHHBIE ¢ KOHKPETHBIMHU
BHAAMHU (H3HOIOTHUECKUX CBOMCTB. YK€ CTAHOBHUTCS IOHSTHO, 4TO MpU (op-
MHUPOBaHUN MUKPOOHBIX KOHCOPIIMYMOB KaK OCHOBBI OMOIIpEnapaToB sl OHO-
peMenuanuy Io4YB, 3arpsA3HEHHBIX HEe(DThIO W HeTENpPOMYyKTaMH, TpeOyeTcs
OIleHKa METa0OJMYECKOTO IOTEHIMAla BCEX YYACTHHKOB KOHCOpLIHYMa C HC-
MOJH30BaHMEM JIaHHBIX TIOJIHOTEHOMHOTO CEKBECHUPOBAHUS.

Jis moHMMaHusS poM U OHMOPEMEIMAIIMOHHOIO IMOTEHIMATa KaKIOro H3
IITAMMOB, BXOISIIIMX B BBIICICHHBIA HAMH HE()TCOKHUCISIOMNN KOHCOPIIUYM,
paHee yxe ObLI CEKBEHUPOBAH T€HOM OJHOIO W3 IITAMMOB 3TOTO KOHCOPIUY-
Ma — S. warneri [11]. llltammer S. warneri HEOTHOKPATHO HICHTU(PHUIIUPOBAIIH
cpelly MOYBEHHOW MHKpPOOHOTHI, O0Jiee TOTO, 3TU IMTaMMbI 00JIa1ay TI0JIe3HbI-
MU i1 Ouopemenuanuu cBoiictBamu [12—14]. Ha maHHOM 3Tare Mbl niepenuiu
K aHanu3y reHoma mramma S. stutzeri DIA-8, uto OyneTr cnocoOCcTBOBATh JTyd-
[IeMy MTOHUMAHHUIO €T0 TeHETUYEeCKOW OCHOBHI IS AeTpataivy HedTH, Mpoms3-
BOJICTBA BTOPUYHBIX METa0OJIMTOB, BOZMOXKHOH BHPYICHTHOCTH M HEKOTOPBIX
Ipyrux ero ¢usuonorndeckux GpyHkuuil. [loMuMoO 3TOrO, HACTOSIIEE HCCIEHO-
BaHHE MOXET IMOCIYXUTh OCHOBOH ISl pa3pabOTKH SKOHOMUYECKH 3P (EKTHB-
HOTO ¥ DKOJIOTMYECKH YHCTOTO METOZa BOCCTAHOBJIEHHS IIOYB, 3arps3HCHHBIX
ceIpoit HedThio. Llenmpio naHHOW pabOTHI SIBIACTCSA aHAU3 HYKICOTHIHOU IO-
CIICIOBATENLHOCTH F'eHoMa mTamMma S. stutzeri DIA-8 — mectpyktopa HedTH, a
TaKXe WACHTH(UKAIMS B TEHOME TOTO ITaMMa I'€HOB, OTBETCTBCHHBIX 3a Ka-
TabO0JIN3M apOMATHIECKUX COCTUHCHUI.
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MarepuaJibl 1 METOABI

U3 HedTesarps3sHEHHON OYBBI HA TEPPUTOPUN POMAITKHHCKOTO MECTOPOXK-
nennst PecyOnuku TaTapctad BBIIEICHBI MEKPOOPTaHU3MBI-ECTPYKTOPHL, TPH
U3 KOTOPBIX OTOOPaHBI 110 UX CIIOCOOHOCTH PacTH Ha Cpefie ¢ He(ThIO, a TaKKe
SIBISUTUCH TpOyIleHTaMu OnocypdakTaHToB. BumoBas mprHAAICKHOCTD IITaM-
MOB HJCHTU(HUIIUPOBAHA C TIOMOIIBI0 HYKJICOTHIHOM TocienoBareabHOCTH 16S
pPHK npu menoHupoBaHuy B BEAOMCTBEHHOW KOJUICKIIMU IOJIC3HBIX MHKPO-
OpPTaHU3MOB CelbcKoXo3siicTBeHHOro HaszHauenuss @OI'BHY BHUNCXM
(Cankt-ITerepOypr). B cocraB koHcopIiyMa BOIUIM OAaKTEPHUH CICITYHOIINX
BHJIOB: Achromobacter xylosoxidans, Staphylococcus warneri u S. stutzeri.

Iltamm Stutzerimonas stutzeri DIA-8 BvIpamBaiyd JU00 B MUTATEILHOM
oyneoHe [ PM-6ynbon (OBYH T'HI [IMB, O6onenck, Poccus), 6o Ha nura-
TeJIbHOU arapu3oBanHO# cpeae ['PM-arap (PBYH I'HII IIMB, O6onenck, Poc-
cusi). ['enomuyro JIHK mramma BeLICISIIH CIEAYIOIIUM 00pa3oM: OIUHOYHYIO
OaKkTepralbHYI0 KOJIOHHUIO, BRIPOCIIYIO Ha arapH30BaHHOW NMUTATEIFHON cpene
LB («Flukay, IlIBeiiiiapusi), mepeHOCHIN CTEPUIBHON IETICH B MUTATEIbHBIN
OoymeoH NB («Servay, 'epManus) 1 HHKYOHPOBaIU B TCUCHUE CYTOK TIPU TEM-
neparype 30°C. Knetku u3 6aktepualibHON KyabTypbl, nocturieii OD600, co-
oupam nipu 13000%xg B HACTOIBHON MHUKpOIICHTpU(DyTe B TeueHue 5 MuH. Jlanee
skcTpakimo renoMHod JJHK ocymiecTBisum ¢ moMompio Habopa JUtst BeIIEIe-
Hus cymmapuoit JIHK ExtractDNA Blood & Cells («(3A0O Erporen», Poccust)
corjacHo pekoMmeHaanusM npousBoautens. Kauectso n xonuwvecrso JJHK om-
penensui ¢ omoIieio ciekrpomerpa NanoDrop ND-2000 («Thermo Scientifcy,
CIIIA), a taxxke Buzyanusauueit B 0,8% arapo3nom rene. [lomyuennyro JHK
B KoHIleHTpauu 100 Hr/MKI (onTHYeckoe morjomieHne odpasna A260/280 —
2,08 u A260/230 — 2,46) ucnonp30BaNId il CeKBeHUpoBaHMs. [lmasMunHyro
JHK Beimensiin ¢ momompio Habopa LumiSpin® PLASMID (OO0 «JIromu-
po6 PYC», Poccus&EADC).

CexBennpoBanne reHoMa BoinoigHeHO B HUJI «MynbTHOMHUKCHBIE TEXHOJIO-
MM KUBBIX cuctem» Kasanckoro denepanpHoro ynmpepcurera. dparmeHra-
muto 1 Mxr JIHK npoBoamnu ynpTpa3sBykoM ¢ moMolinsio npudopa Covaris S220
(«Covaris Inc.», CIIIA) B COOTBETCTBHM C PEKOMEHIALUSMHU TPOU3BOTUTEIIS.
Juana3oH pa3MepoB mocie GpparMeHTUPOBaHuUs O MaHHbIM Bioanalyzer cocra-
Bui oT 50 1o 700 m.H. ¢ mukoMm B 400 m.H. [TonroroBky JAHK-6ubaroTexu mpo-
BoAMIIH ¢ ucniosnb3oBanneM Habopa NEBNext Ultra 11 («kNEB», CIIIA) coriacHo
WHCTPYKIMH mpou3BoAuTens. OIEHKY KadecTBa IOJMyYEeHHOH OHWOIHMOTEKH
¢parmenToB JITHK ocymectBisiin Ha mpubope 2100 Bioanalyzer («Agilent
Technologies», CIIIA). CekBeHHpOBaJIM Ha TEHETHYECKOM aHanmu3aTope Miseq
(«Illuminay, CIIIA) B pexume napHbix mpoureHuit (2x300bp). Jlns cekBeHupo-
BaHUs HCoNb30BaK Habop MiSeq Reagent Kit v3. CexkBeHupoBaHue TUIA3MH/I-
ot JIHK mpoBogmim B GuoTexHonormueckoi komrnanuu KinoHuHr dacwimti
(MockBa) Ha ocHOBE TeXHOJIOTHH Nanopore.

COopky reHOMa de novo MPOBOIUIHN uYepe3 PecypcHBIN IeHTp OakTepuals-
HoOU u BUpycHON OmomH(popmaTuku (BV-BRC) v3.6.2 (https://www.bv-brc.org)
[15]. [TosHOTY M ypOBEHB 3arpsi3HEHHUS TeHOMa OIleHUBaH ¢ oMotk CheckM
v1.2.2 [16], npencraBnennoro Ha cepBepe IPGA (https:/nmde.cn/ipga/) [17].
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TakcoOHOMHYECKYIO IPUHAIIEKHOCTh TCHOMA ONPEIeIISUTH C TOMOIIBI0 HHCTPY-
menta GTDB (Genome Taxonomy Database), KoTopsIii Takke MpeACTaBIcH Ha
cepepe IPGA. Mash/MinHash wucrons3oBanu s ujaeHTA(GUKAIUN ONMOKal-
KX 3TaloHHbIX reHoMOB B BRC v.3.26.4 ¢ Hactpolikamu no ymonyanuio [18].
Tun BXOAHBIX JAHHBIX: HYKJICOTHIHBIE IOcienoBaTenbHOCTH. CeKBEeHHpOBaH-
Has HYKJICOTHIHAS IIOCIEIOBATEFHOCTh I'€HOMa JCHOHHPOBAaHA B MEXKIyHa-
ponuyto 6a3y nanaeix GenBank o Homepom GCA_037081755.1.

Ludposyto rudbpuamsarto JHK-JJHK (dDDH) paccunTsiBamy ¢ TOMOIbIO
KanpKynsTopa paccrostaus Mexay renomamu GGDC v3.0 (http://ggdc.dsmz.de/
distcalc2.php) [19]. Onpenenenne 3HaUCHUI cpelHEH HYKIICOTUTHOW MICHTHY-
HoctH (ANI) nmpoBoaumu ¢ momMomipio oHnaiH-ceppuca JSpeciesWS [20]. dwuo-
TeHETHYECKOE JePEeBO Ha OCHOBE MOJIHOTEHOMHBIX JaHHBIX CTPOWIM C HCIHOJIb-
3oBanueM BeO-cepepa TYGS (https://tygs.dsmz.de) [19]. [Janee ¢unoreneru-
YecKHe JIepeBbsl CKauMBaIM ¢ caldToB B (hopmate Newick W BHU3yaM3MpOBaIH
C MCIIOJIB30BAaHWEM HHTEpakTUBHOTO OHnaiiH-uHCTpyMeHTa iTOL (https://itol.
embl.de) [21].

OyHKIMOHANBHYIO aHHOTAIMIO TeHOMa IIPOBOAMIIN C IOMOIIbIO BeO-cepBUCca
RAST 2.0 (https://rast.nmpdr.org) ¢ HacTpoiikamu mo ymomdanuto [22]. s
MPOTHO3UPOBaHUSl TIATOICHHOCTH HCIONb30Baiu BebO-cepBep PathogenFinder
(https://cge.food.dtu.dk/services/PathogenFinder/) [23], a Takxe 0a3y JHaHHBIX
¢axropos BupyneatHoct (VFDB) [24].

Pe3y.]'lI>TaTI>I HCCICI0BAHUSA U oﬁcymz[e}me

ITpn paccese mtamma S. stutzeri DIA-8 Ha IIIOTHYIO NMUTATENBHYIO Cpeny
LB naOnroasu xenTtoie OJIeCTSIIE BhIMTYKIIbIe KOJOHHH C HEPOBHBIMU KPasMH,
ot 0,5 1o 3 MM B muametpe (puc. 1).

Puc. 1. Buennuii Buz kononuii S. stutzeri DIA-8
[Fig. 1. External appearance of S. stutzeri DIA-8 colonies]
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Ionyuennslii renom mramma S. stutzeri DIA-8 6b11 coOpaH B 28 KOHTUIOB
(>500m.u.) ¢ N50 648363 m.H. 1 o6miei muHor 4496 503 m.H. Bakrepuun poxa
Stutzerimonas cornacuo 6aze nanHsix NCBI umerot pasmep reHoma ot 3,8 10
4,7 Mo6. Conepxanue G+ C renomuoit JIHK cocrasuio 63,9%. Koneunas coop-
Ka uMena nokaszarend moiHoTel 100% mo mpUCYTCTBUIO MapKepHBIX T'€HOB U
crenenb KoHTamuHaimu 0,14%, 4To CBUAETENHCTBYET O BHICOKOM KauecTBE JAaH-
HOro renoma [16].

I'enoM knaccupuIMpPOBaH Kak MPUHAMICKAIMHA Stutzerimonas stutzeri ¢ mo-
Moinkto nHCTpyMeHTa GTDB. Metox kinaccudukanuy 0akTepuii ¢ UCI0JIb30Ba-
HUEM IIOJIHOTEHOMHBIX I10CIEA0BAaTENBHOCTEN CTall XOpOIlEeH aJbTepHAaTUBOMI
METOJly, OCHOBAaHHOMY Ha CpPaBHEHUH IHocieqoBaresnbHocTel reHos 16S pPHK,
T.K. o0eclieunBaeT Jydliee pPa3pelIcHUE HW30JSTOB OJHOTO BHIA, UMEIOLIHX
uaeHTuaHbIe nocneaosareiasHocty 16S pPHK. B nHacrosimee Bpemst Takue moka-
3aTelu, KaK CPeAHss WACHTHIHOCTh HykiIeoTH 0B (ANI) u mudposas rubpumu-
samus JJHK-THK (dDDH), paccuntanHbie TIpH CpaBHEHHH HYKJICOTHUIHBIX I10-
CIIeZIOBATEIBHOCTEH MOTHBIX T€HOMOB, HanboJee MIMPOKO MPUMEHSIOT B Kade-
CTBE «30JIOTOTO CTAaHIapTay» JJIsl pa3rpaHUYCHHS BUJIOB [24].

Pesynbratsl onpenenenus ANI u dDDH mexny S. stutzeri DIA-8 u npyrumu
MIPEICTABUTEISIMHU BHIA S. stutzeri MOKA3ajH, YTO 3HAUEHHS CXOJCTBAa TEHOMOB
BapbupoBasv oT 97,31% no 97,90% mis ANI u ot 80,60% 1o 85,60% mis dDDH
(Tabn. 1), 4ro BBIIE PEKOMEHAYEMBIX MOPOroBbIX 3HaYeHuWd B 95% (ANI)

Tabnuna 1 [Table 1]
3navenusi ANI u dDDH mexny mrammom Stutzerimonas stutzeri DIA-8
U HEKOTOPBIMH IUTAMMaMU Stutzerimonas stutzeri, a TaAK:Ke TUIIOBBIMH
ITAMMAaMHM IPYTUX BUIOB pona Stutzerimonas

[ANI and dDDH values between Stutzerimonas stutzeri strain DIA-8 and some Stutzerimonas stutzeri
strains, as well as typical strains of other species of the genus Stutzerimonas]

[ramm [Strain] ANI, % dDDH, %
Stutzerimonas stutzeri F2a 97,90 85,60
Stutzerimonas stutzeri MJL19 97,88 85,50
Stutzerimonas stutzeri ZDHY95 97,85 85,10
Stutzerimonas stutzeri SLG510A3-8 97,81 84,20
Stutzerimonas stutzeri SDU10 97,60 82,00
Stutzerimonas stutzeri S116 97,31 80,60
Stutzerimonas frequens FDAARGOS_877 89,63 40,10
Stutzerimonas kunmingensis 7850S 86,31 32,00
Stutzerimonas chloritidismutans 6L11 86,14 31,40
Stutzerimonas decontaminans 19SMN4 86,12 31,60
Stutzerimonas degradans FDAARGOS_876 82,33 26,30
Stutzerimonas balearica DSM_6083 80,45 24,20
Stutzerimonas nitrititolerans GL14 80,29 24,30
Stutzerimonas azotifigens DSM_17556 78,81 23,30
Stutzerimonas xanthomarina DSM_ 18231 78,06 22,00
Stutzerimonas kirkiae P4C 77,51 23,20
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u 70% (dDDH) ans onpeaencHus BUAOB MPOKAPHOT COOTBETCTBEHHO [25]. D10
YKa3bIBaeT Ha TO, 4yTo tamMM DIA-8 npuHaanexxuT K BULY S. stutzeri.

ITocTpoenne cOamaHCHPOBAHHOTO MHHHMAJIHHOTO JBOJIIOIMOHHOTO JAEpeBa
MIPOBOAMIIM ¢ Hcmoyib3oBaHueM cepeepa TYGS. epeBbs ObUTH YKOpEHEHBI MO-
cepennHe W Busyanm3upoBaHbl ¢ momomnsio iTOL. Pesynprater TYGS mokasa-
71, 4To BeTBh mrtamma DIA-8 HaxomuTcs BHYTpW KiacTepa BUIOB S. stutzeri
(puc. 2).

C nomouipio cepBepa OBICTPON aHHOTALMU C UCIOJIb30BAHUEM MOJCHUCTEM-
Hoit TexHonoruu (RAST) B renome mramma S. stutzeri DIA-8 oOHapyxeHO
4265 6enok-koaupyromux nocienoparenbHocterd (CDS), 54 rena TPHK u 3 re-
Ha pPHK. [Mogcuctemamu ¢ HanGonbsimM npucyrctBueM CDS okazamucek ciie-
nyromme: 1) aMHHOKUCIOTE U uxX npomsBogubie (314 CDS); 2) GenkoBsiii 00-
MeH (209 CDS); 3) yraeoasl (182 CDS); 4) koakTopbl, BUTAMHHBI U IPO-
crernueckue rpymmsl (170 CDS); 5) nogsmxuaOocTh M xemotakcuc (109 CDS)
(puc. 3). Kpome Toro, uaeHTU(UIMPOBAHEI TOJICUCTEMBI, CBS3aHHEBIC C YCTONYH-
BOCTBIO OakTepuid k ctpeccy (77 CDS), moaxonsmiue Ans CO3JaHHS CEIbCKO-

00 Pseudomonas aeruginosa DSM 50071
| Stutzerimonas Kirkiae PAC
o | Stutzerimonas kirkiae P17C
75 Stutzerimonas azotifigens DSM 17556
64 — Stutzerimonas nosocomialis A31/70
91 i L stutzerimonas nosocomialis SD129
— Stutzerimonas nitrititolerans PAH26
100 L— stutzerimonas nitrititolerans AGROB37
o | Stutzerimonas xanthomarina DSM 18231
8 | Stutzerimonas xanthomarina LMG_23572
Ll — Stutzerimonas zhaodongensis NEAU-ST5-21
9 L stutzerimonas zhaodongensis PE
— Stutzerimonas balearica Z8
100 L— Stutzerimonas balearica DSM 6083
— Stutzerimonas degradans FDAARGOS_876
elLL L stutzerimonas degradans D-134-1

l:srurzerfmonas frequens FDAARGOS 877
97 Stutzerimonas frequens TF18
Stutzerimonas stutzeri SDU10
—WEStutzerimonas stutzeri DIA-8
Stutzerimonas stutzeri F2a
[Sturzerfmonas decontaminans 19SMN4
Stutzerimonas decontaminans ST27MN3
Stutzerimonas kunmingensis AER5.1
Stutzerimonas kunmingensis 7850S

Stutzerimonas chioritidismutans DSM 13592
Stutzerimonas chloritidismutans 6L11

<)

100

100

Tree scale: 0.1 b

Puc. 2. Qunorenernueckoe 1epeBo, OCHOBAHHOE HA CPAaBHEHUU HYKIJICOTUHON
M0CJIE0BATEIbHOCTH TeHOMA IuTaMMa Stutzerimonas stutzeri DIA-8 u momHbIx
TeHOMOB JIPYTUX TpeJcTaBuTeneit pona Stutzerimonas. I'enom Pseudomonas
aeruginosa DSM 50071 ucronb30Bacs Kak BHEIIHSS TPpyIia
[Fig. 2. Phylogenetic tree based on portions of the nucleotide sequence of the genome
of Stutzerimonas stutzeri DIA-8 and complete genomes of other representatives
of the genus Stutzerimonas. The genome of Pseudomonas aeruginosa DSM 50071
is used as an outgroup]
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MNoKpbITMe noacUcTem PacnpepneneHue kateropui noacuctem
[Subsystem Coverage] [Subsystem Category Distribution]

31%

69%

HaumeHoBaHue noacuctem [Subsystem Feature Counts]

MeTa6onuam PHK (55) [RNA Metabolism (55)]

AMUHOKUCNOTHI W Npou3sogHele (314)[Amino Acids and Derivatives (314)]
Crtpeccosas peakuus (77) [Stress Response (77)]

KodhakTopbl, BUTAMUHbI, NPOCTETUYECKUE TPYNMbI, MUrMeHTbI (170)

[Cofactors, Vitamins, Prosthetic Groups, Pigments (170)]

KupHele kucnoTel, nunuALl U usonpeHouael (76)[Fatty Acids, Lipids, and Isoprenoids (76)]
MeTabonusm cepsl (22)[Sulfur Metabolism (22)]

MeTabonusm OHK (97) [DNA Metabolism (97)]

Benkosblit 06MeH (209) [Protein Metabolism (209)]

AsotucTelii obmeH (58) [Nitrogen Metabolism (58)]

Perynauus u knetouHas curdanusaums (32) [Regulation and Cell signaling (32)]
Hykneoaugel u HykneoTtugbl (92)[Nucleosides and Nucleotides (92)]
DdocdopHblit 06MeH (26) [Phosphorus Metabolism (26)]

MeTabonuam apomaTuueckux coeguHerui (60) [Metabolism of Aromatic Compounds (60)]
Yrnesofsl (182) [Carbohydrates (182)]

OeixaHue (87) [Respiration (87)]

KneTtounas cteHka u kancyna (35)[Cell Wall and Capsule (35)]

Mokoii u cnopynauus (2)[Dormancy and Sporulation (2)]

MemBpaHHelii TpaHcnopT (91)[Membrane Transport (91)]

MoasitkHocTe U xemoTakeue (109) [Motility and Chemotaxis (109)]
BupyneHTHocTb, Gonesnu 1 3awuta (67) [Virulence, Disease and Defense (67)]
PasHoe (20) [Miscellaneous (20)]

Puc. 3. Pacnipenenenue kateropuii moAcUCTeM KJICTOYHOTO METa00IM3Ma y LITaMMa
Stutzerimonas stutzeri DIA-8 Ha ocHOBe pe3y/bTaTOB (PyHKIIMOHAIBHOM aHHOTAIMH TeHOMa
¢ momoripio Beb-cepuca RAST (https://rast.nmpdr.org). Kpyrosast auarpamma npeactaBiser
MIPOLICHTHOE coJiepKaHne OENIKOB AT KX 10U KaTeropuu noacucreM. Kareropun noacucrem
MEPEYUCIIEHBI B JIETEH]IE CBEPXY BHU3 COIVIACHO HANPABJICHUIO IBUKEHUS IO KPYrOBOM
JHarpamMMe I10 9acoBoii cTpenke. [{udpsl B ckoOkax — 9MCI0 METaOOIMIECKHX MyTel
B COOTBETCTBYIOLIEH KaTeropuu noacucreMsl. [IokppITHE IOACUCTEM — COOTHOLIEHHE
N3BECTHBIX 0EJIKOB, KOTOPHIE MOTYT OBITH TIOMENIEHBI B CYIECTBYIOIIHE IT0ICHCTEMbI
(3eNeHBIH IIBET), ¥ HEU3BECTHBIX OEJIKOB, KOTOPBIE HE MOTYT OBITH OMEIIEHBI HH B OJIHY
CYIIECTBYIOIIYIO [TOJICHCTEMY (CHHUH LIBET)

[Fig. 3. Distribution of categories of subsystems of cellular metabolism in Stutzerimonas stutzeri
strain DIA-8 based on the results of functional genome annotation using the RAST web service
(https://rast.nmpdr.org). The pie chart represents the percentage of proteins for each category
of subsystems. The categories of subsystems are listed in the legend from top to bottom according
to the direction of movement on the pie chart clockwise. The numbers in parentheses are the number
of metabolic pathways in the corresponding subsystem category. Subsystem coverage is the ratio
of known proteins that can be placed in existing subsystems (green) and unknown proteins
that cannot be placed in any existing subsystem (blue)]
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XO3SHCTBEHHBIX OWOMPOAYKTOB, BKIIOYAs, CPEOH MPOYETO OCMOTHYCCKHIA
ctpecc (5 CDS), okucnurenbuslit crpecc (39 CDS) u nerokcukanuto (5 CDS).

Hltammer Stutzerimonas XOpOIIO M3BECTHBI CBOUM ITOTEHIIMAIOM B a’po0-
HOU Omopemenuanuu apoMaTHuecKux coeauHeHuit [26]. Ilytu Ouonmerpaganuu
aApPOMATHYECKHUX COCAMHCHUHN y Pa3IMYHBIX OAKTEPHU CXOAATCS K MPOMEKYTOU-
HBIM COCIIMHEHMSIM, TAKUM KaK KaTeXos W ero npousBogHbie [27]. Ilpu a’po0b-
HOM IIyTH Jerpajaluyl KaTeXoJ M ero 3aMEUICHHBIC MPOM3BOAHBIC BIIOCTEI-
CTBHH Pa3JIaraloTcsl KaTeXOIINOKCUTEHA3aMHU, KOTOPBIC PACIIEIUISIOT apoOMaTH-
YecKoe KOJIBIIO ITyTeM BBEICHUS IBYX aTOMOB Kuciopona. Ilo mexanmusmy pac-
HICTUIEHHUS] apOMATHIECKOTO KOJIBIA KATEXOJIMOKCUT'CHA3BI MTOPA3ICIIIIOTCS Ha
JIBa THIIA: WHIUOITUOKCUTCHA3El, K KOTOPBIM OTHOCHTCS KaTexol-1,2-THoKCH-
reHasa (catA), ¥ SKCTPaIHOIINOKCUTCHA3BI, KIFOUEBBIM (PEPMEHTOM ITOH TPYII-
TIBI SIBIISIETCSI KaTeXxoun-2,3-nmuokcurenasa (xy/E) [28].

N3 6a3b1 ganabix NCBI oToO6paHo 77 MOJHBIX TEHOMOB IITAMMOB S. stutzeri,
KOTOPBIE ITPOAHAIN3UPOBAHBI HA TIPEIMET HAINYHS TeHOB KaTEXOJINOKCUTCHA3.
B remomax Bcex OTOOpaHHBIX IITAMMOB 3TOTO BHAA OaKTEpUil MPUCYTCTBOBAI
reH catA (EC 1.13.11.1). Tonsko 17% wu3 00CIIeOBaHHBIX ITAMMOB MTOMHMO
reHa catA cojepxaiu Takxe reH xylE.

Uto0bI cocTaBUTH OOJIee TOMHYIO KapTHHY noTeHmana S. stutzeri DIA-8 s
OnopeMearanyy ObLI TIPOBENEH MOMCK TEHOB IIEHTPANILHBIX U MepudepruuecKux
MyTel KaTabonu3Ma apoMaTHYeCKuX coennHeHuil. CornacHO aHHOTAIMU CepBe-
pa RAST B renome S. stutzeri DIA-8 oOHapyxkeHO 60 T€HOB, y4aCTBYIOIIMX
B METa00JIM3ME apOMaTHYECKUX COSAUHEHUH (puc. 3), U3 KOTOPhIX 31 BOBJICUYCH
B Iepu(epUICCKIE MyTH U 27 — B IIEHTPAIBHBIC ITyTH KaTabOoIM3Ma apoMaTHye-
ckux coenuHeHnd. Kiacc (epMeHTOB pacmieryieHuss apoMaTHYECKOTO KOJIbIa
y DIA-8 Bkmouan Oenzoart-1,2-muokcurenasy (EC 1.14.12.10), 1,6-muruapo-
KcuukIorekca-2,4-nuen- 1 -kapookcunatneruaporenasy (EC 1.3.1.25), xarexoun-
1,2-nuokcurenazy (EC 1.13.11.1), mykonariukinounzomepaszy (EC 5.5.1.1), myko-
HostakToH A-m3omepasy (EC 5.3.3.4), 3-okcoagumnar-eHon-naktonasy (EC 3.1.1.24),
3-okcoamunat-KoA-tpanchepasy (EC 2.8.3.6), 3-okcoagummn-KoA tronazy (EC
2.3.1.174) (puc. 4).

BuonH(bopmaTHieckuil aHamm3 oCieN0BaTeIbHOCTH TeHoMa S. stutzeri DIA-8
BBISIBIJI HAJTMYME T€HOB, HEOOXOAMMBIX ISl OMOCHHTE3a TIIMKOINIHIO0B. Takue
TeHbl, kKak ochoMaHHOMYTa3a, TITI0K030-1-pocharrumuamnrpancdepasza, dTDP-
rI0K030-4,6-neruaparaza, dTDP-4-nerunpopamuo3o-3,5-snumepasa, dTDP-4-
JETUAPOPaMHO30peNyKTa3a M amwiTpancdepasa, MPUCYTCTBYIOMINE B T'€HOME
mramma DIA-8, ygacTByioT B GnocuHTe3e pamMHONMMIHIoB [29]. Panee 6bu10 110-
Ka3zaHo, 4To S. stutzeri CIOCOOHBI MPOAYLIUPOBATh OHMOCYP(hAKTAHTBI, a TAKKE
YCTaHOBJICHO, YTO 3TH OMOCYP(AKTAHTHI UMEIOT PAMHOIUITUIHYIO Tipupoy [30].

B renome mramma S. stutzeri DIA-8 Taxxke MAEHTUQHULHUPOBAHBI T'EHBI,
Y4YaCTBYIOIIUE B BEIpaOOTKE ypeassl: anbha-cyObequHuIa, 0eTTa-cy0oheIuHHIa
U TaMMa-cyObeMHAnA ypeassl. IMeHHO ypea3a UrpaeT BaXKHYIO POJIb B KaTallu-
3¢ OJIHOIO U3 METa0OJIMYECKUX IyTeH, Y9aCTBYIOIIUX B MHKPOOHO-WHIYLIUPO-
BaHHOM ocaxknennu kKanpuura (MUOK) [31]. MUOK sBnsieTcss MEOTOOOCIIAIO-
MM TTOJXOJIOM ISl CBSI3BIBAHHS TSDKEIIBIX METAJUIOB, TAKUX KaK CBHHEI M KaJ-
MU B 3arpsi3HEHHBIX MmouBax [31].
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°°° L00° OH
=—OH ' . :
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(1R,65)-1,6-dihydroxy-
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coo- _coo-

: H+

e =~ ~C00"-

-

—0 —0 EC5511 €00
5-0x0-4,5-dihydro- (S)-5-0x0-2,5-dihydro- cis,cis-muconate
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COO- [EC233%] §—CoA HsC
CoA-SH acetyl -coa O
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succinyl-CoA [EC 23.4.974]
o o _ coo-
-oxoadlpate -oxoadlpyI-CoA succinyl-CoA

Puc. 4. Ilyts 6uonerpagauuu 6eH3ona ¢ ykasaHueM (GepMEeHTOB, T€HbI KOTOPBIX
MPUCYTCTBYIOT B reHoMe S. stutzeri DIA-8. Kogpl pepmenton: EC 1.14.12.10 — 6enzoar-
1,2-mnokcurenasa, EC 1.3.1.25 — 1,6-muruapokcuuukinorekca-2,4-nueH- 1 -kapOoxcuna-
tneruaporenasa, EC 1.13.11.1 — karexon-1,2-guokcurenasa, EC 5.5.1.1 — mykonar-
nukinonzomepasa, EC 5.3.3.4 — mykononakton A-uzomepasa, EC 3.1.1.24 — 3-okcoaau-
nateHoa-1akronasa, EC 2.8.3.6 — 3-okcoamunar-KoA-tpancdepasa, EC 2.3.1.174 —
3-okcoamunuia-KoA tronasa
[Fig. 4. The benzene biodegradation pathway with an indication of the enzymes whose genes are present
in the genome of S. stutzeri DIA-8. Enzyme codes: EC 1.14.12.10 - benzoate 1,2-dioxygenase,

EC 1.3.1.25 - 1,6-dihydroxycyclohexa-2,4-diene-1-carboxylate dehydrogenase, EC 1.13.11.1 - catechol
1,2-dioxygenase, EC 5.5.1.1 - muconate cycloisomerase, EC 5.3.3.4 - muconolactone A-isomerase,
EC3.1.1.24 - 3-oxoadipate enol lactonase, EC 2.8.3.6 - 3-oxoadipate CoA-transferase, EC 2.3.1.174 -
3-oxoadipyl-CoA thiolase]

CexBenupoBanue BblieneHHor masmunnod JIHK mokaszano, uto oOpaserr
MIPENICTaBIIICT COO00M cMmech ABYX miuasmua. OjHa W3 TUIa3MUJ] UMEET pasMep
15416 n.H. 1 HeceT Ha ceOe 20 reHOB, KOMUPYIOMIKMX OCJIKH, U OJIUH TeH HEKOU-
pytomeit PHK monexyner (PrrB/RsmZ). Cpenu reHOB Ha 3TO# IUIa3Muzie HET
T'CHOB, JETEPMUHUPYIONINX aHTHOMOTHKOYCTOWYMBOCTh, 4 TAKXKe T'€HOB, KOTO-
pBie 00CyXnanuch Beie. Te TeHbl Ha ATOW IUIa3MuAe, PYHKIUU KOTOPBIX yaa-
JIOCh YCTAaHOBUTH ITyT€M aHHOTHPOBAHUS, OTBEYAIOT 32 PEIUIMKALUIO U TIEPEHOC
JIAHHOM TIa3MUJIBI MEXKAY OaKTepualbHBIMU KiIeTKaMu. BTopas mnasMuia uMe-
eT pazmep 2450 .H. U HeceT Ha cebe TpU I'eHa, KOJMUPYIOIIUX OCIKH C HEH3-
BecTHOU (yHKImed. [Ipn mowcke rOMOJIOTHYHON HYKICOTHIHON MOCIEIOBa-
TenbHOCTH B 0a3e maHHBIX NCBI mis JTHK majoii mia3Muasl U3 HaIIero ITaM-
Ma Mbl Hanui miazmuny pPRGRH1809 pasmepom 1471 m.H., koTopast Obuia BbI-
JielieHa U3 HeKyJbTUBUPYEMON MPOKApUOTHI TP METAreHOMHOM aHaJN3€ MUK-
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POOHOTHI KUIIEYHUKA KPBICHI, BBUIOBJICHHON B OOJBHUYHOW KaHamm3anuu Ko-
nenrareda (Janus). XoTsS 3TH TUIa3MUABI OTIMYAIHCH Pa3MEPOM, OHH HUMEIH
OUYCHb BBICOKYIO HICHTHYHOCTH (99%) MO Bcedl MPOTSHKEHHOCTH IUTA3MUJIBI
pRGRH1809.

Amnamm3 Ha BeO-cepBuce PathogenFinder ¢ ncrnonp30BaHreM KOHTHUTOB B Ka-
9YeCTBE BXOJAHBIX (DailJIOB MMOKA3all, YTO INTAMM HE SBISIETCS NATOTCHHBIM JUIS
yenoBeka. BepositTHOCcTh, uTo mTaMM DIA-8 MokeT OBITh MAaTOrEHOM, IO pe-
3yabTataM aHanmmsa coctaBuina 0,094, aro HuXKe MOpPOTOBBIX 3HAUeHMM. Takxke
MBI TpoaHanu3upoBa reHoM mramMma DIA-8 Ha Hanuure reHoB BUPYJIEHTHO-
cTH ¢ momoInkio 6a3el JanHeX VFDB [24]. B kadecTBe cpaBHEHUS MBI UCIIOJb-
30Bajiu TeHoM 1utamma Pseudomonas putida KT2440, koTopslid ompeesieH Kak
HEMaTOreHHBIN [32], a Takke IeHOMBI IITaMMOB, BHPYJICHTHBIX JJISI MIICKOITH-
tatomux: P. aeruginosa PAO1 u P. aeruginosa PA7 [33]. P. putida KT2440 —
mepBasi TpamMoTpuIaTenbHas Oakrepws, ceprtuduuupoanHas KoHcynbTaTHB-
HbIM KoMHTeTOM T0 pekomOmHanTHOU JIHK mns pazpabotku OMoTeXHOIOTHYC-
CKHUX MPUIIOKEHMIA [32].

KonudecTBO TeHOB pa3iMYHBIX KaTeropuii ()akTOPOB BHPYJIEHTHOCTH CO-
rnacHo 6a3ze VFDB cymecTBeHHO oTnuyanoch y mTamma S. stutzeri DIA-8
(29 renoB) u HematoreHHoro P. putida KT2440 (27 reHOB) OT BUPYJIEHTHBIX
m3oisIToB P. aeruginosa PA7 (182 renoB) u P. aeruginosa PAO1 (248 reHoB).
I'eHbl KmMOYEBBIX (DAKTOPOB BUPYNEHTHOCTU P. aeruginosa, cpeaul KOTOPBIX
MOKHO Ha3BaTh CHCTeMy cekperuu tuma 3 u ee 3¢dekropos, dochonumnassl,
(epMeHTHI 31acTa3a U npoteasa IV, pepMeHTsI cuHTe3a (peHa3HHA, SK30TOKCH-
Ha-A, a TaKKe CUHTe3a cuiepodopa nmuoxenuna y S. stutzeri DIA-8 u P. putida
KT2440 orcyrctyrot [33].

Cpenu BBISBICHHBIX (haKTOPOB BHPYJIICHTHOCTH Kak y S. stutzeri DIA-8, Tak
u 'y P. putida KT2440 npucyTcTBOBAJIM T'€HBI, y4aCTBYIOLINE B CHUHTE3€ XKIyTH-
KOB, U T€HBbl CHHTE3a aJIbTUHATa. AJBIHHATHI IPEACTABISIIOT COOOM 3K30MOIHCa-
XapHIbl, KOTOPBIC CIOCOOCTBYIOT OOpPa30BaHUIO OMOIUIEHOK, 3aIlMINAOIINX
OaKTepUH OT aHTHOMOTHKOB [34]. XOTsS MOIBMKHOCTh M 00pa3oBaHue OWOTLIC-
HOK TarkKe XapaKTEePHBI IJIs1 HETIATOTCHHBIX OaKTepUil OKPYXAIOWIEH CPeNbl, HX
paccMaTpUBaOT KaK MEXaHU3MBI MTATOT€HHOCTH, TIOCKOJIBKY OHH HEOOXOIUMEI
JUTSL MHOTHX OMOJIOTHYECKHUX (DYHKIIMH, TAKUX KaK MOUCK MUTATEILHBIX BEIICCTB
1 BBDKUBAHUC B He6HaFOHpI/IHTHLIX YCJIOBUSIX.

VYcranoBneHo 10-kpaTHOe pa3inuyue B KOJIMYECTBE T€HOB OMOCHHTE3a MUieh
IV tuna B renomax S. stutzeri DIA-8 u P. putida KT2440. Y mramma DIA-8 nx
BeIsiBIICHO 20, B TO BpeMs kKak B reHoMme P. putida KT2440 oOHapy»XeHO JIHIIh
2 reHa sroii cuctembl. [lmnmm IV THma — Hambosee pacnpoOCTPaHEHHBIN KIlacc
nuIeH, KOTOPBIE MO3BOJISIOT OaKTePHsIM B3aUMOJIEHCTBOBATh ¢ aOMOTUYECKUMHU
MMOBEPXHOCTSIMHU, KICTKaMH APYTHX MHUKPOOPTAHU3MOB, a TAaKKe KICTKAMHU HX
xo3sieB. [ToMuMo anresmn OGakTepuy MCHONB3YIOT WK 1V THIa s o6pa3oBa-
HUsl OMOTUIEHOK U oOMeHa monekyiamu [35]. Oxnako munu [V Tuma Bcrpeua-
IOTCSI KaK y MATOT€HHBIX, TaK M Y HEMATOTeHHBIX BUJOB OakTepuil u apxeit [36].
TaxuM 00pa3oM, IOTydCHHBIE HAMH JaHHBIE IO aHAIM3Y T'€HOMa MOTYT yKa3bl-
BaTh Ha TO, uTO S. stutzeri DIA-8 uMeeT HU3KUK MATOTeHHBIN MOTEHIIUAN, CPaB-
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HUMBIA C JIPYyTMMHU HEBUPYJIEHTHBIMU H30JIATaMU poaa Pseudomonas. Ilocne
MIPOBEJICHNUS TOKCUKOJIOTHUECKOH 3KcnepTu3bl mramma S. stutzeri DIA-8 u non-
TBEPKACHHUSI €ro 0e30MacHOCTH AJIST OKPY’KAIOIIeH Cpembl W YeloBeKa MOXKHO
OyIeT UCIOJIB30BAaTh €r0 B KAYECTBE IIEHHOTO OMOTEXHOJIOTHMYECKOr0 HUHCTPY-
MEHTA.

3akioueHue

B pesynprare MOJHOTEHOMHOI'O CEKBEHHUPOBAHHS YCTAHOBJIEHO, YTO Te-
HOM mTamMMma S. stutzeri DIA-8 mpencTaBlieH XpOMOCOMOH (pa3MepoM OKOJIO
4,5 MJTH T.H.) 1 ABYMs TutasMugamu (pasmepoM 15416 u 2450 m.H.). ['eHoB aH-
THOMOTHUKOPE3UCTEHTHOCTU Ha IUIa3Mujax He oOHapyxeHo. [locie aHHOTHpO-
BaHUsI TeHOMa B HeM OBIIO BEISIBICHO 60 TeHOB, OTBETCTBEHHBIX 3a KaTaOOIM3M
apoMmarnueckux coenuHeHui. [lokazano, uro renom mramma S. stutzeri DIA-8
COJICPKUT HAOOp T€HOB, YYACTBYIOIIUX B MOJHOM pa3ioKeHHH OcH3oya. AHa-
U3 poduis TEHOB BUPYJICHTHOCTH TOKa3al, uTo S. stutzeri DIA-8 uMeeT HU3-
KW MMAaTOT€HHBIN MOTEHINA, CPABHUMBIN C IPYTUMH HEBUPYJICHTHBIMHU H30JIS-
TaMu poja Pseudomonas. BbleneHHbl HAMU IITaMM-IECTPYKTOP MPEICTaBIIsI-
€T UHTepec AJs pa3paboTKU OMOTEXHOJOTHM, HANPaBJIEHHBIX Ha BOCCTAHOBIIC-
HUE He(dTe3arpsa3HEHHBIX MMOYB, XapaKTEPU3YIOIINXCS TTOBBIIIEHHBIM COAEpKa-
HUEM TSKEIBIX METAJIIOB.
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AHHoOTanusi. PaGOTHUKM YroJbHBIX TEIJIOAIEKTPOCTAHIMI MOJBEPraloTCS Mpo-
(eccuoHaIbHOMY BO3/ICHCTBUIO BBICOKUX KOHLEHTpALUi YroJbHOHM IBIIH, COAEpIKa-
meil B3BEIIEHHbIE YaCTHIBI, MOJUIUKINYECKUE apOMATHUECKUE YTIEBOJOPOJIBI, TsI-
MKeJble METaJUIbl, KOTOPbIE MOTYT CIIOCOOCTBOBATh OKHUCIUTENILHOMY CTpECCy, IPHBO-
s x opmuposannio Hapymrennii JIHK, oOpazoBaHHMIO aqyKTOB M XPOMOCOMHBIX
anomammii. [IpoBeneHa omenka mnoBpexaeHuit suepHodt JIHK y 222 paGotHnkos
YrOJIBHBIX TeIIodaeKTpocTanuii r. Kemeposo u 219 sxuteneii Toi e MECTHOCTH, HE
3aHATHIX Ha IPOU3BOACTBE. [/ OLIEHKH F€HOTOKCHYECKOH HArpy3KU UCIOJIb30BaICs
MHKPOSAEPHBIN TECT Ha JIMM(OLUTAX KPOBH C LIUTOXAIa3MHOBBIM O10kOM. J[iist yuera
BKJIajla reHeTHueckuX (akTopoB B popmupoBanue Hapymenuit JJHK meromom monu-
Mepa3HON LEMHON peaknuH BBITOJHEH aHaNIN3 FePMUHAIBHBIX BAPUAHTOB I'€HOB, KO-
mupytoummx 6enku penapauuu JHK: XRCCI rs25489, XRCC3 rs861539, XRCC4
152075686, rs2075685. YcTaHOBIEHO MOBBIIIEHNE YacTOTH BeTpedaeMocTH (p <0,002)
JIBYSIIEPHBIX JTUMQOIMTOB ¢ MUKPOSIPAMH, MOCTaMH H IPOTPY3USIMU Yy PaboduX IO
CPaBHEHHMIO C KOHTPOJIBHOH rpymmoil. ITokasano, 4To HanGONBIIEH TyBCTBUTEIHHO-
CTBIO K TIOBPEXKAAIONIEMY JIEHCTBHIO ()aKTOPOB IIPOHU3BOJICTBEHHOH Cpelbl 00IagaioT
pabouue ¢ renotunamu: A4 XRCCI rs25489, CT, TT XRCC4 rs2075686, TT XRCC4
12075685, TT XRCC3 rs861539. IlonyueHHbIe pe3ynbTaThl CBUCTENBCTBYIOT O 3Ha-
YUMOM BKJIa/Ie TEHETHYECKUX U CPelloBbIX (PakTOpoB B JOPMHPOBAHUE LIUTOTCHETH-
4eckux 3(QHeKToB y paboUnX YrONbHBIX TEIIONIEKTPOCTAHIMI.

KnaroueBble caoBa: MUKpOSAEPHBIH TeCT, pabouue, yroibHbIE TEILIONIEKTPO-
cTaHIuH, reHsl penapaiu JJHK

Hcrounuk (pHHAHCHPOBAHMSA: MCCIICAOBAHUE BBIIOJHEHO HPH NMOJJEPXKKE IpaHTa
B (hopMe cyOcuanii Ha co3gaHue Hay4YHBIX Ja00paTOpHid MO/ PYKOBOACTBOM MOJIOJIBIX
yueHbIX (mocranoBnenue [Ipasurenscta ot 19.09.22 Ne 632).
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Summary. Employees of coal-fired thermal power plants are exposed to high
concentrations of coal dust containing suspended particles, polycyclic aromatic hy-
drocarbons, and heavy metals, which can contribute to oxidative stress, leading to
DNA damage, adduct formation, and chromosomal abnormalities. Production condi-
tions cause adverse effects that are dangerous for the human genome, thus, one of the
directions of genetic toxicology tracks their effects. Workers of coal-fired thermal
power plants have to have a professional contact with high level of concentrations of
coal dust, food both organic and inorganic compounds, including suspended particles,
polycyclic aromatic hydrocarbons, and heavy metals. An important risk factor for
pathological changes in the genome is hereditary predisposition. In view of the goal,
the analysis of coal-fired thermal power plants workers with an increased frequency
of cytogenetic damage, detected using a micronucleus test with a cytochalasin block,
began to work in connection with inherited variations of DNA repair enzymes:
XRCCI, XRCC3, and XRCCH4.

In this work, we assessed nuclear DNA damage in 222 employees of coal-fired
thermal power plants in Kemerovo, whose average age was 52. The control group in-
cluded 219 residents of the same area who were not employed in production, with
their average age of 50. To analyze the genotoxic load, a micronucleus test on blood
lymphocytes with a cytochalasin block was used. To take into account the contribu-
tion of genetic factors to the formation of disorders using the polymerase chain reac-
tion, we analyzed the genes for DNA repair enzymes: XRCCI rs25489, XRCC3
r$861539, XRCC4 rs2075686, and rs2075685.

An increase in the frequency of occurrence of binuclear lymphocytes with micro-
nuclei, bridges and protrusions and the occurrence of cells in apoptosis was estab-
lished. Proliferative parameters (mitosis frequency and replication index) were lower
in workers compared to the control group (see Fig. I). It was found that smoking did
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not have a statistically significant effect on the performance both in the working and
control groups (differences were not observed when comparing smokers and non-
smokers). Most often, the cells with micronuclei and protrusions were registered in
workers performing the main production operations in the fuel and transportation
workshops (on average, 2,3% and 2,9%, respectively). The workers with genotypes
AA XRCCI rs25489, CT, TT XRCC4 rs2075686, TT XRCC4 rs2075685, and TT
15861539 XRCC3 (see Table 1) were proved to be the most sensitive to the damaging
effects of the production environment factors. The owners of these genotypic variants
should become a priority group for the implementation of preventive measures. The
accumulation of cytogenetic damage the immune system cells can lead to an increased
risk of various (including cancer) diseases. In this study, the results obtained indicate
a significant contribution of not only environmental, but also genetic factors to the
formation of cytogenetic effects in workers at coal-fired thermal power plants. Under-
standing the complexity of relations at the genomic, epigenomic, proteomic, and
metabolomic levels requires further large-scale studies using additional biomarkers of
sensitivity and the effect of working environment factors on the body of the working
population.

The article contains 3 Tables, 2 Figures, 37 References.

Keywords: micronucleus test, workers, coal-fired thermal power plants, DNA re-
pair genes

For citation: Marushchak AV, Torgunakova AV, Titov RA, Soboleva OA, Elisej-
kin AM, Kiseleva EA, Savchenko YA, Minina VI. Estimation of the magnitude of nu-
clear DNA damage in coal thermal power plant workers using a micronucleus test
with a cytokinetic block in connection with individual variants of the genes of the
DNA repair system XRCCI1, XRCC3, XRCC4. Vestnik Tomskogo gosudarstvennogo
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BBenenue

[Tpou3BOACTBEHHBIE YCIOBHS HEPEAKO OKA3BIBAIOT HEONATONPHUATHBIE, Omac-
HBIE U1 TEHOMAa YEeNOBEKa BO3JACHCTBHS, MIO3TOMY MOHHTOPHHT HX 3(dexToB
SIBIISICTCS] BAYKHBIM HAIPABJICHUEM T€HETHYECKOH TOKCHKOIOTHH.

PaGoTHUKM YTONBHBIX TEIUIOICKTPOCTAHIMN TIOABEPraroTcs mpodeccro-
HaJIbHOMY BO3JEHCTBHIO BBICOKMX KOHLEHTpAIMi YrOJBbHOH NHBUIM, COIEpKa-
meld Kak OpraHudecKre, TaK M HEOPraHWYeCKHUEe COCOMHEHHS, B TOM 4YHCIC
B3BEILIEHHBIE YacTHLIbI (pa3MepoM npeumymiecTBeHHo oT 20 1o 50 MkM), mosu-
LUUKINYECKHUEe apOMaTHUECKUE YIIeBOJOPOIbI, TshKeNble MeTaiuibl. KpoMe Toro,
YTOJIb COACP)KUT MPUPOTHBIC PAANOAKTUBHBIC BEIIECTBA yYPAHOBOTO, aKTHHO-
ypaHoBoro u TopueBoro psiioB [1]. KommiekcHoe nelicTBue 3TUX paavalllioOH-
HBIX 1 XUMHYECKUX (PAaKTOPOB MOXKET CIIOCOOCTBOBATh BOCHAJIEHUIO M OKHUCIIH-
TEJIEHOMY CTPEcCy, IPUBOISI K (POPMUPOBAHHUIO OHO- M IBYHUTEBBIX Pa3pHIBOB
JIHK, o0pa3zoBaHMO aUTyKTOB H XPOMOCOMHBIX aHOMAITHH.

MeTozbl OLIeHKH MOBPEXIEHHU T€HOMa BKJIIOUYAIOT MOJIEKYJISIPHBIE, MOJIEKY-
JSIPHO-IIUTOTCHETHYECKHE, KapPHOJOTMYECKHE M KIIACCHYECKHE LUTOTeHEeTHdIe-
cKue MeTonbl. Mcceayercs: InHa TeJIoMep, PAaCCMaTPUBACTCS CTATyC METHIIH-
POBaHUA MPOMOTOPOB KJIFOUEBBIX F€HOB KOHTPOJIS KJIETOUYHOrO LIMKJIA, IPOU3BO-
mutcst oneHka kormit MtIHK it aHanmu3a BIUSHUS TPOMBIIUICHHBIX (aKTOPOB
Ha TeHOM PaboTHUKOB [2]. Cpeay IHUPOKOTO CIEKTpa TECTOB JJIs OICHKH I10-
BPEKACHHUI T€HOMAa 0C000€ MECTO MPHHAIICIKHT MUKPOSICPHOMY TECTY. DTOT
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BBICOKOYYBCTBHUTEIFHBIN METOJ] OMOJOTHYECKOW TO3MMETPHH ITO3BOJISIET Olle-
HUTH HAJWYHE DPAa3IHYHBIX SOCPHBIX AHOMAJIHH, JaeT LEHHYI WH(QOPMAIHIO
0 TaKHX KJIETOYHBIX COOBITHSAX, Kak mponudepanus, TUOEIb KICTOK IyTeM
armonto3a. K 4uCIy OCHOBHBIX NPEHMYIIECTB MHUKPOSICPHOTO TECTa OTHOCSAT
€ro HH(POPMATHBHOCTh B COYETAHUU C OTHOCHUTEIHHOH MPOCTOTOH B BEHIMOJIHE-
HuH. VM3MepeHne nHIeKca KIETOYHOTO AEICHUS MPEICTaBIsIeT JaHHBIE O [IUTO-
cTaTHYeCKOM 3P PeKTe OnpeaesIeHHOT0 XUMHUIECKOTO WM (PU3MUYECKOTO areHra
[3], MOXKET PUMEHSATHCS VIS OIICHKH HMMYHOKOMIIETEHTHOCTH ITyTEM H3Mepe-
HUS MyTareHHOro orBeta JuMmdorutoB [4]. [TokazaTens HYKJIEOIUIa3MEHHBIX
MOCTOB SIBJISICTCSI MAapKepOM BIMSHUS MOHH3HPYIOIIETO HM3IyYeHUS HAa T'CHOM
[5]. MEKpOSIIEPHBI TECT MHPOKO UCIIONB3YETCS B TAKUX OOJACTSIX METUIIHBIL,
KaK OIICHKa WHIUBHYyAIbHON BOCIIPUUMYHBOCTH K BO3JCHCTBHIO DK30TCHHBIX H
SH/IOTEHHBIX TCHOTOKCHYECKHUX ar¢HTOB, OLICHKA PUCKA PAa3BUTHS PaKa U IPYTUX
XPOHUYECKUX 3a00JICBaHUH, MPOTHOCTUYCCKHI aHAM3 HAa MOOOYHBIC YP(PEKTHI
o0yueHHs y JIMI[ mocie JiydeBod Tepamuu [6]. HeMHOrOUncIieHHBIE paboThI,
MOCBSIIIEHHBIC U3YUYEHUIO TCHOTOKCUYECKNX d(P(PEKTOB y paOOTHUKOB MPOMBIIII-
JICHHBIX TIPESIIPUSATHHA C TMOMOINBI0 MHKPOSJICPHOTO TECTa, IOATBEPIKAAIOT
HakoImuieHue y Hux nospexaenuit JJHK [7, 8].

BaxxHpIM BHYTpeHHUM (PaKTOPOM PHCKA IMATOIOTHIECKOTO M3MEHEHHUS TeHO-
Ma SBIISICTCS HACIEACTBEHHAS IPENPaCHONOKEHHOCTh. M3BECTHO, YTO IOJH-
MOp}H3M T'eHOB, KOJUPYIOUINX pPa3THYHbIC BapUAHTHI (DEPMEHTOB perapariuu
JHK, acconmmpoBan ¢ puCKOM HaKOIJIEHHS MOBpexaAeHn renoma [9]. Omnuca-
HBI accolMalliyi BapuaHTOB IreHoOB, ydacTByomux B penapauuu [JHK: XRCCI,
XRCC3, XRCC4 ¢ BpicokuM ypoBHeM noBpexaenuit JHK [10, 11].

B cBsi3M ¢ 3TUM 1ENBI0 JaHHOW pa0OTHI CTAI aHANH3 Y PabO4HX YTrOJBHBIX
TEIUIOAIEKTPOCTAHIINN YaCTOTHl IIMTOTCHETHYCCKUX IOBPEKICHNUHN, BBISBIISC-
MBIX C IIOMOIIBI0 MHKPOSIEPHOTO TECTa C IIUTOXAJa3HMHOBBIM OJIOKOM, B CBSI3H
C YHaCJIeJIOBaHHBIMU BapuaHTaMu reHoB ¢epmenToB penapauuu JHK: XRCC],
XRCC3, XRC(CH4.

MarepuaJibl 1 METOABI

HccnenoBanue mpoBOAMIOCHE B COOTBETCTBUH C PEKOMEHAAIMSIMU X EIbCUH-
cKo# neknapanuu BcemupHO# acconuanuu «ITHYECKHE MPUHLUIBI NpOBeae-
HUSI HAYYHBIX MEIMIMHCKHX MCCICIOBAHHU C y4acTHEM YENIOBEKa» C IOIPaB-
kamu 2000r. u «lIpaBunamMu KIMHWYECKOW mpakTuku B Poccuiickonr Dene-
panum» (yrBepxkaeHHbIMU [Ipukazom Munzapasa PO ot 19.06.2003 r. Ne 2660).
JuzaiiH uccrienoBanus («CIy4ali-KOHTPOIB») OJOOPEH JIOKATBHBIM ITHYCCKUM
komuteToM DepepanbHOro UCCIeA0BaTENbCKOTo eHTpa yriist u yriaexumun CO
PAH (r. KemepoBo). Yuactue mojieil B UcCiIeZIOBaHUN 0a3upoBaoCh HA TPUH-
UIax JOOPOBOJIBHOCTU U MH(DOPMHUPOBAHHOCTH O IEIISIX, METOJIAX U Pe3ybTa-
Tax paboThlI.

MartepuaiaMu HCCIICJIOBAHUSI CTAIM OOpasilbl BEHO3HOW MepudepruIecKoit
KpoBU 441 HEpOACTBEHHOTO MHAMBHIA PYCCKOW HAIIMOHATBEHOCTH, MPOXKUBAO-
mwmx B T. Kemeposo (3amagnas Cubups, Poccust). B Tom umcne 6bumu obcieno-
BaHbI 222 pabOTHHUKA YrOJBHBIX TEIUIOJIEKTpoCcTaHIuil T. KemepoBo, cpennuit
Bo3zpact — 52roga (0,5 — crannmapthHas ommOka cpenHero (SEM)). Jlannas
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BbIOOpKa BKJIOYaia 176 MmyxuuH U 46 xeHMH (cpegHuii Bo3pacTt 51 rox +
0,58 SEM u 56 net + 0,7 SEM cOOTBETCTBEHHO), 97 Kypamux u 125 — Hekypsi-
mmx. B kouTpodpHyto rpynmy Bouun 219 xuTenen Toi e MECTHOCTH, HE pa-
00TaroKX Ha MPOM3BOIACTBE, cpeaHuid Bozpact — 50 net (0,47 SEM), u3 Hux
170 myxxunn (cpeguuii Bospact: 47 netr+0,7 SEM) u 49 xxeHmmH (cpeqHuii
Bospact: 51 rox+ 0,6 SEM), 83 xypsmux u 136 Hekypsmux. Kpumepusmu uc-
Karouenus (JUIS BceX TPYII) CTaJIH: Bo3pacT crapire 60 jet, mpuéM JeKapcTBeH-
HBIX MpPENapaTroB, PEHTTCHOJOIMYECKHE OOCIEIOBaHMS 32 3 Mecsla W MEHee
IO UCCIICIOBAaHMSI, HACICACTBCHHBIC, OHKOIOTHIECKUE, HH(EKITMOHHO-BOCTIANIH-
TENbHBIC, AJIEPTUICCKUE 3a00I€BaHMS.

MukposiiepHblii TecT B auMponuTax nepuepuaeckod KPOBU BBITIONHSIIA
B COOTBETCTBUU ¢ pekoMmeHmarusiMu M. Fenech [12], ¢ moaudukanmsMu, mpe-
noxxeHHpiMu @ .U. Uarens [13]. C momombio MuUKpockonoB Axio Scope.Al
(Zeiss, I'epmanmust) u Eclipse E100 (Nikon, Slmonust) 1ByMst HEe3aBUCHMBIMU UC-
ClIeZIoBaTesIMU Ha 3alIi(pPOBAHHBIX HMPEAMETHBIX CTEKJIAX MPOBOIIN aHAIN3
1000 nBysiAepHBIX JIUM(OITUTOB, B KOTOPHIX PETUCTPUPOBAIN KIIETKH C pa3iiny-
HbIMHU TUIIAMHU LUTOTCHETUUECKUX IMOBPEXKACHUH, TaKUX KaK MHUKpPOSApa, MO-
cThI, mpoTpy3un. Kpurepun otbopa IBYSACPHBIX JTUM(POIUTOB, BKIIOYAEMBIX
B QHAJM3, U KPUTEPHUH ISl PETUCTPAINN IUTOTCHETHIECKUX HAPYyIICHUH COOT-
BETCTBOBAJIM OOMIENPUHATHIM pekoMeHmarvsiM [14]. Kpome Toro, Ha KaxIom
npenapare noacuuthiBaiud 1o 500 KIETOK ¢ pa3jiuyHbIM KOJIUYECTBOM SAEP
(OT OHOTO 10 BOCEMH), & TAK)KE YUUTHIBAIN KICTKH, HAXOSIINECS HA CTAIHN
amornrto3a u MuTo3a. B coorBercTBHe ¢ pekomenmanusmu Titenko—Holland [15]
paccuuThiBaiM uMHAEKC perukanuu (MP), koTopelii MOKa3bIBaeT JOJIO 3aBEp-
IICHHBIX [IUKIIOB JEJICHUS KIETOK, 10 (hopMmyIie:

_ 1% ognosnepH. ki1. + 2% ABysnepH. KL + 3% 3-aaepH. KiL. + 4% 4-a1epH. Ki1.
100 '

Brigenenne JIHK npooguimm MetonoMm (eHOI-XIT0pOPOPMHON SKCTPAKIIHH.
Jia ananuza OblIM OTOOpaHbl T'eHbl, KoAupyoumue Oenku penapauuu JHK,
nMmeronre GyHKIMOHAITBHYIO 3HAYMMOCTh (HccienoBanack 1o 6azam RegulomeDB
Version 1.1 (https://regulomedb.org), SNPinfo Web Server (https://snpinfo.niehs.
nih.gov) u HaploReg v3, mi1s koTOphIX paHee ObUIO TOKA3aHO HAIMYHE ACCOIH-
anuu ¢ HakorieHuem nospexxaeHuit JIHK mo pezynbraTtam paHee mpoBeIeHHBIX
uccienopanuit [10, 11]. XapakrepucTuka BRIOpAHHBIX MOJUMOP(GHBIX BapHaH-
TOB reHoB (o maHHBIM 0a3el National Center for Biotechnology Information,
http://www.ncbi.nlm.nih.gov/SNP/) npencrasnena B tab. 1.

BrlsiBieHHE OJHOHYKICOTHAHBIX TTonuMopdu3mMoB (SNP) B renax mpoBoau-
JIOCh METOJIOM aJlIeb-enu(pUIeCKor nonumepasHoi menHon peakimu (T1LP)
C TIOMOIIEIO TeCT-CHCTeM, pa3padboTanHbix HIID «Jlutex» (r. Mocksa). AHanu3
PEe3yNIbTaTOB aMILTH(UKAIIMHA OCYIIECTBIUIN C ITOMOIIBI0 Pa3AeiICHHUsS IPOIYK-
TOB METOJIOM TOPH30HTAIBHOTO 3MeKTpodope3a B 3% arapo3Hom rene. Pesyis-
TaThl 3JeKTpodope3a ObUIM BBISBICHBI C IMOMOIIBI0 YHHBEPCATHHOU CHCTEMBI
renb-nokymenTaru Gel Doc (BioRad, CIIIA).

Crartuctrdeckass o0paboTKa pe3yiabTaTOB IMPOBOIMIACHE C HCIOJIB30BAHU-
em nporpammHoro obecrneuenus StatSoft STATISTICA 10.0. [Ins npoBepku

np

221



Knemounasn ouonocusn u 2enemuxa | Cell biology and genetics

Taonuma 1 [Table 1]

XapaKkTepucTHKA BLIOPAHHBIX JUIS1 HCC/I1eJ0BAHMSA NOJIUMOP(HBIX BADHAHTOB
[Characteristics of polymorphic variants selected for study]

I'en SNP H?é?{lgﬁggl)m 3ameHa HyKJI€OTHIOB

[Gene] [Localization] [Nucleotide substitution]
XRCC1 1325489 chr19:43552260 G>A
XRCC3 rs861539 chr14:103699416 C>T
XRCC4 rs2075686 chr5:83076927 C>T
XRCC4 rs2075685 chr5:83076846 G>T

Tpumeuanue. SNP — 0 THOHYKJICOTHUAHBIA TOIUMOP(HU3M.
[Note. SNP - single nucleotide polymorphism]

COOTBETCTBHSA TMOJIYYEHHBIX JaHHBIX HOPMaJbHOMY pacHpelesieHUI0 MCIIOJIb30-
Banu kputepuit KonmoropoBa—CMupHOBa. YUHUTHIBAS MTOJYYE€HHBIE PE3YIbTaThI,
pasnuunsi MEXIy BBIOOPKaMH OIpPEe/sUIMCh HemapamerpuiyeckuMm U-kpure-
puem ManHa—YutHu. [lomapHble cpaBHEHHMS MPOBOAWIM C HCIOJIb30BAHUEM
kputepusi Kpackena—Yomnuca. Kputnueckuii ypoBeHb 3HAUMMOCTH TIPH TIPO-
BEpKE CTaTUCTHUYECKUX runore3 npuaumain paBHeM 0,05. Ilpu cratnctuueckoi
00paboTKe JaHHBIX [0 YaCTOTaM auIeNell MCIONIb30BaIH TAOMHIIBI COMPSDKEH-
HOCTH U KpPHUTEpUi xz ¢ monpaBkoil Ha Kputepuit @uimepa. COOTBETCTBUE pac-
IpeIeNeHNs YaCTOT TeHOTHIIOB paBHOBecHio Xapau—BaiinGepra (x°) mpoBOLHIA
€ MIOMOIIBIO OHJIANH-pecypca: https://www.had2know.org/academics/hardy-weinberg-
equilibrium-calculator-2-alleles.html.

Pe3yJI])TaTl)I HCCJICT0OBAHUA U oﬁcymeﬂne

BrnusiHue MpOW3BOJACTBEHHOM Cpelbl Ha YacTOTY HUTOICHETHYSCKHX Hapy-
HICHUH W ToKa3aTeliel mpordepavy OUEHUBAJIOCh MyTeM COIOCTABJICHHS M0~
Ka3areleil MUKPOSIIEPHOTO TECTa MEXAY TPYyHIaMu pabouuX M KOHTPOJIBHBIX
JOHOPOB. [laHHBIE PECTaBICHBI HA pUC. 1.

3HavYeHHsI TTOKA3aTeIeil MUKPOSIEPHOTO TECTa, MOJIyYeHHbIE B KOHTPOJIHHON
TpyIIIe, COOTBETCTBOBAIHM (DOHOBBIM ITOKA3aTENISIM B PETHOHE (COTIACHO Pe3yiib-
TaraM paHee NPOBEJCHHBIX HcciieqoBaHuii B KemepoBckoit obmactu) [16].
VY pabounx TeIIoAICKTPOCTAHIIMN YacTOTa MUKPOSJED, MPOTPY3Ul, MOCTOB U
BCTPEYaEeMOCTh KJIETOK B alloNTO3€ OKa3alach CTATUCTHYECKH 3HAYMMO BBIIIIE,
a nmponugepaTUBHBIC MOKA3aTeNU (YacTOTa MHTO30B M WHJICKC PEIUTUKAIINH)
HIDKE, YeM y HE 3aHSTBIX Ha MPOU3BOJICTBE HHIUBUIOB. BBUIO yCTaHOBJICHO, YTO
KypEeHHE HE OKa3bIBAJIO CTATHCTHYECKU 3HAYMMOTrO BIHMSHHS Ha MOKAa3aTesl KakK
B paboueii, Tak ¥ KOHTPOJBHOW rpymmax (He HaONIoJamy OTINYHN IIPHU CpaBHE-
HUM KypsIUX U HEKYPSIIUX WHIUBHIOB). Hanbomee 4acTo KIETKH ¢ MUKPOSII-
paMu U MPOTPY3USIMHU PETUCTPUPOBAIUCH y PaOOTHUKOB, BBIMOJHSIOLUIMX OC-
HOBHBIC TIPOU3BOJICTBEHHEIC ONEPAIMH B TOIUTMBHO-TPAHCIIOPTHOM IieXe (B Cpel-
HeM 2,3% u 2,9% cooTBeTcTBEHHO, 1 = 124). DTO MAIIMHKUCTHL U Cllecapu TOI-
JIMBOMO/AYH TOIUTUBHO-TPAHCIIOPTHOTO 1I€Xa, MOJBEPralolinecs BO3JCHCTBHUIO
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Pabouue TeruosaeKkTpocTaHImi KonTponsHas rpynma

= [Workers of coal-fired thermal power plants] = [Control group]

Puc. 1. YactoTa ABYXbsIIEPHBIX KJIETOK C [IUTOICHETHYSCKMMH HAPYIICHUSIMU U TIponudepa-
THUBHBIE [T0KA3aTEJIM MUKPOSIEPHOIO TECTA B U3YUEHHBIX I'PYIINax: Ha OCH X — MOKa3aTeIu
MHKPOSIIEPHOTO TeCTa, Ha OCH Y — 4acTOTa BCTPEUAEMOCTH, Y%o. OTINYAETCS OT TPYIIIBI
cpaBHeHHs 110 kKputepuio MarHa—YurHu: *p =0,01; **p <0,0002; ***p <0,000001
[Fig. 1. Frequency of binucleate cells with cytogenetic disorders and proliferative indicators
of the micronucleus test in the studied groups: on the X-axis - indicators of micronucleus test,
on the Y-axis - frequency of occurrence, %o. Differs from the comparison group according
to the Mann-Whitney test: *p = 0.01; **p <0.0002; ***p <0.000001]

BBICOKMX KOHIIEHTpAIWi yroJIbHOH IBUTH (110 JAHHBIM 3aBOJICKON ITPOMBIILICH-
HOU TabopaTOpuH KOHIIEHTPALUS MBLUTH Ha paboveM MECTE COCTaBiIsIa B CPEl-
HeMm 23,0+ 16,4 mr/m’), a Takke a’po30is Macel, IIyMa, BUOPALUH, Iepenana
TeMmreparyp. JTO yKa3blBaeT Ha TO, YTO HAOIIONAaeMbIe HAPYLICHHS CBS3aHBI
C BO3JICHCTBUEM (DAaKTOPOB MPOU3BOACTBEHHOM CPEIbI.

Crax paboTHl OKa3bpIBAN BIHSIHUE HA YaCTOTY BCTPEUACMOCTH ABYSICPHBIX
muMmdonuToB ¢ Mukposapamu (R=0,42, p=0,00001), moctamu (R=0,46, p=
0,00001), mpotpy3usimu (R=-0,17, p=0,008), a Taxke KIETOK HA CTaJUH MHU-
to3a (R=-0,18, p=0,005) (puc. 2).

Mukposiapa ¥ IPOTPY3UH MOTYT 00pa30BBIBAThCS MPU pa3phIBax W/HIIH OT-
CTaBaHUHM XPOMOCOM IIPH JICIECHUH KJICTKH H3-32 AUCHYHKIUH COOpPKH BepeTeHa
NENICHHs WIA MO0 MpUYHHE ommnOoK Mexanu3MoB pemaparuu JTHK (B ciyuae
IpOTpy3uil). DTH COOBITHSI MOTYT OBITH BBI3BAHBI OKHCIHTEIBHBIM CTPECCOM,
BO3/ICHCTBHEM KJIACTOTEHOB WJIN aHEYTCHOB, T€HETUUECKIMU Je(heKTaMH B KOH-
TPOJIGHBIX TOYKAX KIETOYHOrO IMKIAa W/wiu reHax penapanun JHK, a Taroke
NE(PUINTOM MUATATENBHBIX BEIIECTB, HEOOXOUMBIX B KAYECTBE COMYTCTBYIOIIHX
¢dakropos meradbom3ma JJHK u cerperamum xpomocom. IToBBIIIEHHBIH YPOBEHb
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Puc. 2. PactipeneneHue 9acToT BCTPEYaEMOCTH ABYXbSIICPHBIX JTUM(POLIUTOB
C IIUTOTCHETHICCKUMH HapyIICHUSIMH U HA CTAIMH MUTO3a Y paOOTHUKOB yTOJBHBIX
TEIUIOAIEKTPOCTAHIINI B 3aBUCIMOCTH OT CTa)Kka paboThl: Ha och X — CTax paboThI,
Ha ocH Y — 4acToTa BCTPEYAEMOCTH KIIETOK
[Fig. 2. Distribution of frequencies of occurrence of binucleate lymphocytes with cytogenetic disorders
and at the mitosis stage in workers of coal-fired thermal power plants, depending on work experience:
on the X-axis - length of service, on the Y-axis - frequency of occurrence of cells]

MUKpOsIEp B JIUM(OIHTaX neprudeprnaeckoil KPOBU CBS3BIBAIOT C PHCKOM pas-
BUTHSA paka [12].

M. Celik ¢ coaBropamu [17] nccienoBany reHOTOKCHYECKYIO OMTACHOCTh JIJIst
pabOTHHUKOB TETUIOdJIEKTpocTaHK AdcuH-Dnp0uctan B Typiiuu, KOTOphIS
Mpo(eCcCHOHATTFHO KOHTAKTHPYIOT C YIIEM U €r0 MPOIYKTaMHU: IbUIb, 30J1a, Ts-
KEnble MeTaIUTBI U Tp. bbin mpoBeA€H MUKpPOSAEPHBIN TecT y 48 HEKypSIINX U
HE YHOTPEOISIONNX alKOroidh paboTHHKOB M 30 yCIOBHO-3IOPOBBIX, CXOXKUX
MO BO3PACTy U CTATYCy KypPEHHs, HE TOJBEPIKCHHBIX BIHSHUIO T¢HOTOKCHYE-
ckux 3¢ (GeKTOB KuTENeH TOro ke peruona. MccnemoBarensiMu BBISBICHBI T10-
BBIIICHHBIC [TOKA3aTENN YaCTOTH MUKPOSIIEP CPEAH TPYMITBl paOOTHUKOB, KOTO-
peie coctaBwin 0,8+0,1%, Mo cpaBHEHHIO C KOHTPOJbHBIMH [TOHOpPAaMH —
0,7+ 0,4% npu p <0,05.

B pa6ote P. Rohr ¢ coaBropamu [18] ObUIO TIPOEMOHCTPUPOBAHO, YTO Pa-
0oure TEIUIOAIEKTPOCTaHIMi bpasmimu, mpodeccHOHANEHO KOHTaKTHPOBAB-
[IMe C YTOJBHON MBUIbI0, HMENU 00Je€ BBICOKYIO YacTOTY HE TOJNBKO MHUKpPO-
siep, HO ¥ MOCTOB, 10 CPaBHEHUIO C KOHTPOJIBHOM rpyImoil. MocTsl poucxo-
ISIT U3 AUNCHTPUYIECKUX XPOMOCOM, B KOTOPBIX IIEHTPOMEPHI OBLIH OTTSHYTHI
K MIPOTHBOIIOJIOKHEBIM TIONIOCAM KJIETKU B aHadase, UTO yKa3bIBaeT Ha HEmpa-
BuIbHYIO penapanmio JIHK, mepecTpoiiky XpoMocoM W/WiM CIUSHHE KOHIIOB
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Tenomep. [aBHON mpuurHON (HOPMHUPOBAHKS MOCTOB B KIIETKaX HA3bIBAIOT pa-
JIUAIIOHHOE BO3ICHUCTBHE, MPHBOAANICE K (HOPMHUPOBAHUIO IUIECHTPHUYCCKUX
xpomocom [19].

VY o0cienoBaHHBIX PabOTHHKOB KeMepoBckux TOC HaOIIONAM MOBHINICH-
Hy1o (p <0,000001) yacrory kneTok Ha cranuu amnonrosa (1,4% mportus 0,4%),
normwkeHHbie (p <0,000001) 3HaYeHUST NBYXBSACPHBIX JTUM(OITUTOB HA CTaUU
muto3a (0,8% mpotus 2,4%) u cHIKEHHBIH nHAeKC permukanuu (1,8% mpoTtus
2%), 0 CpaBHEHUIO ¢ HE pabOTAIOIIMMK Ha TPOU3BOICTBE JOHOpamu. M3BecT-
HO, YTO (p3HYEeCKHe W XMMHUYECKUE MYTAareHbl, TUIOKCHS U JOpyrue (akTOpHI
KJIETOYHOTO CTpecca MHUIMUPYIOT dKCIpeccuio Oeika pS3, KOTOphIH, B CBOIO
ouepesib, OPUCHTUPYET KIETKY Ha PA3IMYHBIC HCXOMBI B 3aBUCUMOCTH OT (Da3bl
KJICTOYHOTO ITUKJIA, THIA TOPaKEHUS M CTENCHU MOBpexacHusS. OCHOBHBIMU
IBTEPHATUBAMH TP HAIMYUHM T€HOTOKCHYECKUX MOPAXKCHUH SIBIISIOTCS TOJIE-
panTHOCTHh K moBpexacHuto THK, renepamus aHOMambHOM HOCIIEIOBATENEHO-
CTH OCHOBaHHH, MPUBOJIINE K BEDKUBAHHIO KJIETOK, OCTAHOBKA KJIETOYHOTO
nukia s ooecrieuenus penapanuu JJHK unu amonros/Hekpos. ['eHoTokcuye-
CKHE COOBITHSI, KOTOPBIE CIIOCOOHBI BBI3BATh AIllONTO3, MOTYT BKIIFOYATh aJTyK-
o1 IHK, pa3peBbl JIHK w/mam GenmkoBbIe aqmyKThl, KOTOPbIE HAKAILTUBAIOTCS
BO BpeMs BO3ICHCTBUS, W/WIM T€HOTOKCHHBI, NPUCYTCTBYIOIINE B JOHOPCKOM
CBIBOPOTKE U, CIIEIOBATEIbHO, B KyJIbTYPAIBHON Cpese. AMONTO3 MOXKET OBITH
BBI3BaH CHENU(PUUECKIMU CTUMYJIAMU, TAKAMH KaK HETaTWBHBIC (PaKTOPHI, TO-
Bpexaaromue JJHK, o6ydenue, oTcyTcTBre perienTopoB pocta u apyrue [20].

Ponp BIMSHUS OAHOHYKIICOTHAHBIX TTOJIUMOP(HU3MOB HA YaCTOTY MOBPEXIC-
nuit JJHK mumpoko uccnenyercs [21]. SNP u3yyaembIX T€HOB MO3BOJIET ONpe-
JeITUTh WHAUBUAYAIbHYIO TEHETUIECKYIO YYBCTBUTEIBHOCTh K (DaKTOpaM OKpY-
kKaromen cpenpl. s u3ydeHus BIMSHUSA T€HETUYECKOM M3MEHUMBOCTU Ha 4a-
CTOTHI IUTOTCHETHICCKUX HAPYIICHHUH OBLTH H3Yy4eHBI ITOJIMMOP(HBIC BAPUAHTHI
reHoB cuctembl penapauuu JHK XRCCI rs25489, XRCC3 rs861539, XRCC4
rs2075686, XRCC4 rs2075685. Y xwureneit KemepoBckoii o6nactu Habmroaer-
Csl CXOJICTBO YaCTOT aJUICNICH ¥ 'EHOTHIIOB C PaCIpPEIeICHUAMHE, XapaKTePHBIMU
JUTSL €BPOIICOUIOB (110 JaHHBIM Www.ncbi.nlm.nih.gov/SNP u www.ensembl.org).
Pacnpenenenre 9acToT TEHOTHIIOB HCCIEAYEMBIX TPYIIIT COOTBETCTBYET PaBHO-
Becuto Xapan—BaiinOepra. YacToTel amiesneid B UCCIENyeMbIX TpyIax Mpe-
cTaBleHbl B TaOi. 2. lluToreHeTHYecKHe IOKa3aTeId MUKPOSICPHOTO TECTa
B 3aBUCHMOCTH OT MHIUBHyaIbHBIX TCHOTUIIOB IPEICTABIICHHI B Ta0I. 3.

VY pabotarkoB TOC BBISIBICHBI CTATUCTUYESCKU 3HaUUMBbIe pasmnaus (p < 0,05)
9acTOTHl BCTPEYAEMOCTH KIIETOK C MPOTPY3HsSIMHU y OO0NaJaTeNieli MUHOPHOTO
reHotuna A4 mo CpaBHEHHIO C MaKOPHBIM M TE€TEPO3UTOTHHIM BapHAHTAMU T'€HA
XRCCI rs25489. Panee npu oOciie/loBaHUM pabOYMX, MMOJABEPTaIONIUXCS BO3-
nefcTBUIO OeH30M1a, OBLIIO OTMEUCHO 3HAYUTEIHHOE IMOBBIIICHHE YACTOTHI IIUTO-
TCHETHYCCKUX HAPYIICHUH B MIPOU3BOACTBEHHOM IpyIie. ACCOMANUI YaCTOThI
MUKposep ¢ nmoumMopduzmMom reHa XRCCI B MPOW3BOACTBEHHOW TPYIIIE BbI-
siBIieHO He Obuto [22]. B To ke Bpems VS Dhillon ¢ komteramu [23], 06001mB
pe3yabTatel 37 mMyOnuKamui, MPOAEMOHCTPUPOBAT MOTCHINATEHYIO 3HAYUMOCTD
accoraiuii BapuantoB TeHoB XRCCI rs25489, ERCC2 (Lys751Gln), CYP2E1
(c1/c2), MTR (A2756G) ¢ dpopmupoBarrem Mukposiaep. ['en XRCC! nokanu3oBaH
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TabGnuma 2 [Table 2]
YacroTsl ajieneii B McciaeyeMbIX rpynnax
[Allele frequencies in the studied groups]

Yacrota y pa- Yacrota y Hepabo- VposeHs
6oTHHKOB TAC TAIOIIUX KUATEICH AHAYMMOCTH
I'en Annens [Frequency Kysbacca 2
[Gene] [Allele] among thermal [Frequency among X . (l;)
power plant non-working residents 1 [Sl%m 1cailce
workers] of Kuzbass] evel (p-value)]
G 0,8964 0,7626
XRCCI 13,99 <0,001
7525489 A 0,1036 0,2374
C 0,6509 0,7169
XRCC3 1,8 <0,216
rs861539 T 0,3419 0,2831
C 0,8716 0,8699
XRCCH 0,01 <0,957
rs2075686 T 0,1284 0,1301
G 0,6779 0,7169
XRCCH 0,89 <0,403
rs2075685 T 0,3221 0,2831

B oOmactu xpomocoMbl 19q13.2 u u3BecTeH Kak MOJEKYJSPHBIM KapKacHBII
0eIloK, YYacTBYIOIIMI B pemapaiuy OJHOIENOYeYHbIX pa3pbiBoB JIHK [24].
HaxkoruieHHble TaHHBIC MOKA3BIBAIOT, YTO MyTAallUH B JAHHOM T'€HE TECHO CBs3a-
HBI C Pa3JINYHBIMU TATOJOTHAMH, BKITIOYAsi HEBPOJOTrHYeCcKre [25] U OHKOJIOTH-
yeckue 3aboneBanus [26]. KpoMe Toro, mpoBOASTCS MCCISIOBAHMS MO PETYJIs-
uu 3kcnpeccun 6enka XRCC1 U BIMSHUIO 3TOTO Ha Pe3yiIbTaThl XUMHOTEpa-
mun. CHmwkenne skcnpeccnd XRCC1 u3-3a redutiHnOa, CENEKTHBHOTO WHTHU-
ouTopa perentopa TUPO3MHKHWHA3H! SMUIECPMAIBFHOTO (pakTopa pocTa M WHTH-
ouropa Hsp90 npuBeno K CHHEPreTHYECKUM LUTOTOKCHYECKHM 3(]dekram Ha
OIYXOJIEBbIE KJIETKH HEMEJIKOKJIETOYHOI'O paKa Jerkoro [27].

B rpymme padounx TOC otmeuena noBsienHas (p <0,05) yactota MUKpO-
smep 'y obnanmareneit muHopHoro reHotumna 17 reHa XRCC3 rs861539. I'en
XRCC3 nokanuzoBan B obnactu xpomocoMbl 14q32.3. benok XRCC3 ¢yHku-
OHHMpYeT B Ipoleccax penapauuu paspbiBoB JHK myrem romonoruuHoil pe-
koMOuHaIuu [28]. OH HENOCPECTBEHHO B3amMojeicTByeT ¢ 6enkom RadS1 u
crabunusupyet ero [29]. Kpome Toro, ObLIO MOKa3aHo, 4TO ajeKBaTHAs paboTa
XRCC3 cmocoOcTByeT CTaOMIBHOCTH XpOMOCOM [29] 1 UX TpaBUIBHOH cerpe-
ralyy B KJIeTKax MiekormuTaronmx [30].

[oBpImeHHAs YacTOTa MUKPOSAEP U MOCTOB ObIlIa OTMEYEHa B JAHHOM HC-
cienoBaHuu Take y padbouux TOC ¢ muHopHbiMu reHoTunamu 17 rena XRCC4
1s2075686. Takxke ycraHoBiieHa mnoBbimeHHas (p <0,04) yacrora BcTpedae-
MOCTH KJIETOK C MHUKPOSIIPaMH, MOCTaMH U MPOTPY3UIMH y pabOTHUKOB, 00JIa-
JIAIOIUX MUHOPHBIM BapuanTtoMm 17 rena XRCC4 rs2075685. Tlpu 3ToM B KOH-
TpoJie accommaluii BeIsABICHO He Obwuio (p>0,05). UsBectHo, uto XRCC4 He
obnanaer GepMEHTATHBHONH aKTHBHOCTBIO, HO MOXXET (DYHKIIMOHHUPOBATh Kak
KapKacHBIA OENIOK, CHOCOOCTBYS NPUBIICYCHUIO IPYTHX MOJICKYJ perapariiuu
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TaGnuma 3 [Table 3]

[uToreHeTnyecKue MoKa3aTeJld MMKPOsII€PHOIo TecTa y pabo4yux
TeNn103JeKTPOCTAHIUI ¢ Pa3JUYHbIMU BAPDHAHTAMHU U3yYEeHHbIX T'€HOB
[Cytogenetic parameters of the micronucleus test in workers of thermal power plants
with different variants of the studied genes]

Hurorenern- Ksaprunmm Ksaprunu Ksaprunu
YECKHE MOKa- Me- (25-75%) Me- (25-75%) Me- (25-75%)
3aTeNu JMaHa . JMaHa . JMaHa .
[ . [Median] [Quartiles [Median] [Quartiles [Median] [Quartiles
ytogenetic (25-75)] (25-75)] (25-75)]
parameters]
XRCCI rs25489
Tenotnn _ _ _
[Genotype] GG (n=181) GA (n=36) AA (n=5)
Muxposnpa 19 13-30 23 14-34 425 24-47
[Micronucleus]
MocTtst
[Bridges] 13 7-25 15 7-25 15 9-25
IIpotpy3un . B B
[Nuclear buds] 23 15-32 21 11-27 19 18-37
XRCC3 rs861539
l'enorun _ — =
[Genotype] CC (n=94) CT (n=101) TT (n=27)
Mukposnpa 19 13-30 19 13-32 38 21-40
[Micronucleus]
Moctst
[Bridges] 15 6-27 14 9-23 8 5-21
IIpotpy3un . . B
[Nuclear buds] 23 16-34 22 15-30 21 11-32
XRCC4 rs2075686
l'enorun _ - =
[Genotype] CC(n=171) CT (n=45) TT (n=16)
Muxposzpa o* 7-11 15+ 1030 | 19%*x | 1545
[Micronucleus]
Mocrat 14 7-20 14 9-16 20%%+* 15-30
[Bridges]
IIpoTpy3un _ _ —
[Nuclear buds] 22 14-34 21 15-31 22 19-30
XRCC4 rs2075685
l'enorun _ — =
[Genotype] GG (n=101) GT (n=99) TT (n=22)
Muxposzpa 20 13-35 17 12-33 41%5% 21-50
[Micronucleus]
Mocr 14 7-20 14 7-20 18%+ 10-25
[Bridges]
IIpoTpy3uu B B .
[Nuclear buds] 21 14-31 22 14-32 30%* 21-56

Ipumeuanue. CTaTUCTHUECKHU 3HAUUMO PA3IMYAIOTCA: * OT MaXOPHOTO U MUHOPHOTO I'€HO-
Tunos p <0,04; ** 0T MaXKOPHOTO U TETEPO3UTOTHOTO TeHOTUIOB p < 0,04; *** oT MaxopHO-
IO ¥ FeTepO3Ur0THOro0 reHoTUNoB p < 0,01; n — KOIMUECTBO UCCIEYyEMBIX.

[Note. Statistically significant differences: * from major and minor genotypes p < 0.05; ** from major
and heterozygous genotypes p <0.05; *** from major and heterozygous genotypes p <0.01; n - number
of additives].
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JIBYXHUTEBBIX Pa3pbIBOB IMYTEM HETOMOJOIMYHOIO BOCCOEAMHEHHUS KOHIIOB.
XRCC4 mpencraBnser coboit smepHbI (HocdompoTerH, KOTOPHIA CBSA3BIBACT
LIG4 ¢ xommiekcom JIHK-PK, crabunmsupyer M CTUMYJIHpPYeT aKTHBHOCTh
LIG4 [31]. Kommaekec XRCC4-LIG4 moxeT B3auMOeicTBOBATh ¢ Oenkamu Ku,
PNK, APLF, XLF u IHK [32]. B uccnenoBanusix, npoBeleHHbIX paHee B IPyI-
e maxTepoB yroyibHbIX maxt Kys3bacca, u3yyanach 3HaUMMOCTh YHACJIE0BaH-
HbIX BapuaHTOB TeHa XRCC4 B ¢opmupoBanuu mukposizep [33]. B pabore
M.Y. Sinitsky ¢ coaBropamu [33] mpomeMoHcTprupoBaH 3ddekT KomMOuHAIH
reHoTHIoB: XRCC4 (rs6869366) x hOGGI (rs1052133) X ADPRT (rs1136410),
ACCOITMUPOBAHHBIN C BBICOKUM I€HOTOKCHYECKUM PUCKOM Yy YTOJIBIIUKOB.

B paboTe He BBIABIEHO CTATHCTUYECKU 3HAYMMBIX ACCOIMALUI paccMaTpH-
BacMbIX BAPHAHTOB TCHOB C TIapaMeTPaMH MUKPOSICPHOIO TECTa B TPYIIIE KOH-
TpOJIS, a Takke B pabodeil Tpymme ¢ 9acTOTaMy KJIETOK Ha CTaJiH MHTO3a,
armonrto3a u npoiudepatuBHbIMU TapameTpamu (p > 0,05).

WnnnBumyanpHas peakiys HA CTPECC MOXKET BapbUPOBATh B 3aBUCUMOCTH OT
PA3NUYHBIX YCIOBHUM, TAKMX KaK (YHKIIMOHHPOBAHHNE KOHKPETHOW KOMOWHAIINU
TCHOB, CKOPOCTH IMOTJIOMICHUS, METa0O0IM3Ma U IUMUHAIIMA T€HOTOKCHIECKUX
areHToB, 2QQeKTUBHOCTH TpoleccoB penapanun JHK, KOHTposs KIIETOYHOTO
[UKJIa ¥ THOENIN KJIETOK (aIrmonTo3/HeKpo3) 1 IMMYHHBIH OTBeET [34].

Ananu3 paboT, TOCBSIICHHBIX ITOUCKY aCCOIMALNil MEXIy BapHaHTaMH Te-
HOB XRCCI rs25489, XRCC3 rs861539 u XRCC4 (rs2075686 n rs2075685)
B TPYIIIAaX JIMI, TTOJBEPTaBIINXCS TCHOTOKCHYECKOMY BO3ACHCTBHIO B IPOM3-
BOJICTBCHHBIX YCJIOBHSIX, MOKa3bIBa€T HEONHO3HAUHBIC PE3yibTaTh. B padote
Mili¢ M. ¢ xomneramu [35] OblIa U3ydeHa CBsI3b Mexay noBpexneHueM JTHK,
BBIPOKEHHBIM B BUJIE MHUKPOSAEP, MPOTPY3UH W HYKIICOIUTA3MAaTHUECKHX MOC-
TOB, U nonumopduszmMoM reHoB XRCCI u XRCC3 y 77 paOOTHUKOB OOJIBHHHIIL,
XPOHMYECKH MOJBEPraroluxcsa BoO3AeHCTBUI0O HM3KUX 103 MK-uznyueHus, u
70 paOOTHHKOB aJMHHHCTPATHBHO-YIIPABICHYECKOTO ammapaTta. 3HAYUTEIEHO
0oJiee BHICOKAs 4acTOTa MUKpOsiep Obuia OOHapy)KeHa B TPYIIIE, TOBEpPrIeH-
csa BosnedcTBUIO Hu3kux 103 WK-mznyuenus (1,6 +1% nporus 1,2=+0,9%,
p<0,003). 3HauuMBIX accOLMALMil YaCTOT MHUKPOSIEP C FeHETUUECKOH H3MEH-
YUBOCTBIO y OOJYYCHHBIX JIMII U KOHTPOJIs 0OHapykeHO He Obu10. B uccnenona-
Hun Q. Wang ¢ xomteramu [36] rpynna u3 317 pabounx, npodeccuoHanbHO
MOJBEPTIINXCSI BO3ACHCTBUIO BHHWIXJIOPHIA, U 166 HEIKCIIOHUPOBAHHBIX WH-
nuBuIoB B mpoBuHIMH [ansayn (CeBepHbiii Kutait) 6putn 00cnenoBaHsl ¢ uc-
MOJIF30BaHIEM MHKPOSICPHOTO TeCTa B JTUM(OIHUTAX ¢ OJIOKHPOBKOHW IIUTOKH-
He3a. DKCIIOHUPOBAHHAsSI TPYIIIA MOKa3ajia 0oJiee BRICOKYIO YaCTOTY MHKPOSIEP,
geMm rpymmna cpaBaeHus (p < 0,01). Y pabOTHHUKOB, MOJBEPTIINXCS BO3ICHCTBHIO
BHHWJIXJIOpHUJA W OOJIAJaBIIMX MUHOPHBIMH Bapuantamu XRCCI (—77CT,
Argl94Trp, Arg280His, Arg399Glin), Obun 3aperuCTPUPOBAHBI 3HAYUTEIHEHO
0oJiee BBICOKHE YaCTOTHI MHUKPOSZIEP, [0 CPABHEHUIO C TOMO3UTOTAMH JHUKOTO
tumna. Mateuca R.A. ¢ koymeramu ObuT ipoBesicH [37] aHaU3 MATH OMOMOHHUTO-
PHHIOBBIX HCCIICAOBAHMHN ISl ONCHKH BIMSHUS monumopdusma reHoB XRCCI
rs25487 u XRCC3 rs861539 Ha 9acTOTy MUKpOsIEp B TUMQOIHTAX Mepudepu-
9eCKOM KpOBH deNOBeKa. B KakIoM HCCIeIOBaHWM PacCMaTpPUBAJICS Ompere-
JICHHBIA TUM TPO(ECCHOHANBEHOTO BO3AEHCTBHS (CTHPOJI, HOHU3HUPYIOIIEe H3Iy-
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YeHHe, KoOallbT, CBAPOYHbIC Mapbl U HEOPTaHUYECKHUE COCIUHCHHS apCEeHHUTA),
MIOTEHITMAIEHO CIIOCOOHOTO BBI3BaTh moBpexaenue 1enu JJHK u, cnemosarens-
HO, (hopMHUpOBaHWE MHUKpOSJEp. BiusHME T€HOTHIIA, BO3pAcTa, BO3JCHUCTBUS
TCHOTOKCHYECKHUX arcHTOB U KYPEHHS Ha HHAYKIIHIO MHUKpOSIEp OBUIO Ompe/e-
JICHO C TOMOIIBI0 PErPECCHOHHOrO aHajau3a Ha BeIOOpKax u3 171 paboyero u
132 uHAMBUIOB MYXCKOTO I0JIa, HE TOJBEPTaBIIUXCS BO3JACHCTBUIO. AHAIU3
B3aUMOJICUCTBUM T€HOTUII-TEHOTHUII U T€HOTHUII-BO3ICHCTBUEC TUHEHHBIMU KOM-
OMHALMAMH TTApPaMETPOB IMOKa3aJl 3HAYUTEIBHO 00Jiee BHICOKHE YaCTOThI MHK-
posiziep B CIEAYIOIIHUX MOJIMHOXKECTBaxX: 1) pabOTHUKH, MMOABEpruIrecs npodec-
CHOHAJILHOMY BO3JIeiicTBHIO, Hecymme aubo reHotunsl 77, oo CT XRCC3
rs861539 no cpaBHenuto ¢ CC (p <0,001) u 2) Hocutenu renoruna CC XRCC3
rs861539 no cpaBHeHuto ¢ HocutensiMu 17 XRCC3 rs861539, ecnu oHU HE MO~
BEpraroTcsi BO3ACHCTBHIO.

3akiaouenue

B pabote mpomemoHCTpHpOBaH (EHOMEH 3HAYUTENHHOT'O IMOBBIMICHHS Ya-
CTOTBI MUKPOSIZIEP, MOCTOB U MPOTPY3UH y pabOTHUKOB YTrOJBHOM TEILIOdJICK-
TPOCTaHIMU, YTO CBHJIETENLCTBYET O T'€HOTOKCHYECKOW OMACHOCTH YCIOBUMN
Tpyna.

PesynbpraThl, MONydeHHBIE B JAHHOM HCCICIOBAHUH, CBHUICTECIHCTBYIOT
0 3HAYMMOM BKJIaJI¢ HE TOJBKO CPENOBBIX, HO M TEHETUUECKIX (aKTOpOB B (op-
MHPOBaHHUE ITUTOTCHETHYECKUX 3(PPEKTOB y pabOYMX YrOJIBHBIX TEIIOAJIEKTPO-
craHiuii. BeisiBnensr acconumanum MuHOpHOTO Bapuanta reHa XRCCI rs25489
C MOBBIIICHHON YacTOTON KJIETOK C MHUKPOSIPaMH, MUHOPHOTO BapHaHTa TeHa
XRCC3 rs861539 ¢ MOBBIMIEHHON YacTOTOM MHKpOSIEp, T€TEPO3UTOTHOTO Te-
Hotuna XRCC4 rs2075686 ¢ MOBBIIEHHOW YacTOTOW MUKPOSAEP, MUHOPHOTO
Bapuanta reHa XRCC4 C1475T c NOBBIIIEHHBIMU YaCTOTAMH KJIETOK C MUKpO-
SIIpaMU U HYKJICOTNIa3MEHHBIMH MOCTaMH, MUHOpPHOTO TeHotumna rena XRCC4
rs2075685 ¢ yBENIWYCHHON 4YacTOTOW JMMQOIUTOB C MHUKPOSApPAMH, HYKJIEO-
IUTa3MEHHBIMUA MOCTaMH ¥ MPOTPY3HUSIMU TIPH BO3ICHCTBUU Ha OPTaHU3M (PaKToO-
POB MIPOM3BOACTBEHHOM cpenbl. Takum oOpa3oM, obnagareny JaHHBIX [CHOTHU-
MTUYECKUX BAPHAHTOB IOJDKHBI CTATh MPUOPHTETHOM TPYNIION MPH MPOBEACHUH
MPOPIIAKTHICCKAX MEPOTIPUSTHHA.

[TonnMaHue CIOXKHOCTH B3aUMOCBS3€H Ha T€HOMHOM, SIUT€HOMHOM, IPO-
TEOMHOM, METa00JIOMHOM YPOBHSIX TpeOyeT NaJbHEHIINX MAcIITaOHBIX HCCIIe-
JIOBaHUH C HCIIOJH30BAHHEM JOTOJHHUTENBHBIX OHMOMAapKEpOB TyBCTBHUTEIHHO-
cti ¥ d¢dekra aercTBrus (HAKTOPOB MPOU3BOACTBEHHON CpPEAbl HA OPTraHM3M
TPYAOCIIOCOOHOTO HACEIICHUS.
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O nepBoii HAX0JKe 30JI0THCTON HIYPKH
Merops apiaster Linnaeus, 1758 Ha rHe310BaHNH
B Tomckoii odsactu (Banagnass Cudupsn)

Hrops Fennansesnu KopoGunbin', Mapus Tumyposna Muenkuna’

"2 Hayuonanenuiii uccredosamenscxuii Tomcxuii 20cyoapcmeenuplii yHusepcumen,
Tomck, Poccust
! https:/foreid.ogr/0000-0001-7709-3004, rozenpom@mail.ru
2 https:/orcid.ogr/0009-0008-0619-8413, marymileshkina@gmail.com

AnHotamus. OnwcaH HepBbId (akT THE3IOBAaHUS 30JOTHCTOH HIypku Merops
apiaster Linnaeus, 1758 B ToMckoii 001acTH, B MOJ30HE MOJTACKHBIX JIECOB. DTOT
BUJI TPAIMIIMOHHO OTHOCHUTCSI K CTENHBIM, OJHAKO B IOCIEIHUE OBl B 3amagHoi
Cubupn npocnexuBaeTcs pacllUpeHue ero apeana K ceBepy, Kak M y psja Apyrux
IITHI] ¢ TPEUMYIIIECTBEHHO F0XKHBIM pacnpocTpaneHueM. HalineHHoe ruesio pacmnomna-
rajoch OJMHOYHO, HO B NpeeNaxX CMEMIaHHON KOJIOHHUH JTacTOuYeK poja Riparia. 1o
npuMepHo Ha 140 kM ceBepHee MO MMPOTE OT OIMKAMIINX U3BECTHBIX MECT Pa3MHO-
JKEHHs 30JI0TUCTON 1ypkH B 3anaguoit Cubupu. [JaHHbIi (akT MEHsET CTaTyc BUIa
B PETHOHE C 3aJ€THOIO Ha THE3ASAIIUIC.

KonroueBble ciioBa: mopraiira, aBudayHa, KOJIOHHH, pacIIIpeHHe apeaja, HoTem-
JIeHHUEe KJINMaTa

s uutupoBanus: Kopoouus W.I'., Munemkuna M.T. O nepBoii Haxoake 30J10-
TUCTOM 1ypku Merops apiaster Linnaeus, 1758 na rueznoBannu B Tomckoit obiactu
// BectHuk TOMCKOTO TOCYIapCTBEHHOTO yHHBepcureTa. buomorms. 2025. Ne 71.
C. 237-242. doi: 10.17223/19988591/71/14

Original article
doi: 10.17223/19988591/71/14

The first finding of nesting of the European Bee-eater
Merops apiaster Linnaeus, 1758 in the Tomsk Oblast
(Western Siberia)

Igor G. Korobitsyn', Maria T. Mileshkina®
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Summary. In recent decades, a trend towards expansion of the range of steppe and
forest-steppe bird species to the north has been observed in the Trans-Urals and Sibe-

© Kopo6bursia W.I'., Muneuikuna M.T., 2025
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Kpamxue cooowenusn | Brief communications

ria. In this report we confirm a new fact of nesting of the steppe species, the European
Bee-eater Merops apiaster Linnaeus, 1758 in the south of the Tomsk region - in the
subtaiga zone. We found only one nest visited by bee-eaters (see Figs. I and 2 in the
Supplement). It was located in a mixed colony of two species of sand martins of the
genus Riparia - Sand Martin Riparia riparia and Pale Sand Martin R. diluta. On Au-
gust 1, 2025, there were 2 half-fledged chicks in the nest and about 10 young birds
were already flying. It is impossible to say whether these flying birds were chicks
from only this nest or another one, since many sand martin nests were already empty.
This find is the northernmost of those known in Western Siberia. The coordinates of
the find are 56°1922.63"N, 84°55'22.84"E - this is 140 km north of the known nesting
sites in latitude. This changes its status from a vagrant species to a nesting one in the
Tomsk Oblast and continues the trend of expanding the range of southern species to
the north. One of the reasons for this may be global warming.

The article contains 1 Supplement, 9 References.

Keywords: subtaiga zone, avifauna, colonies, expansion of range, climate warming

For citation: Korobitsyn IG, Mileshkina MT. The first finding of nesting of the Euro-
pean Bee-eater Merops apiaster Linnaeus, 1758 in the Tomsk Oblast (Western Sibe-
ria). Vestnik Tomskogo gosudarstvennogo universiteta. Biologiya = Tomsk State Uni-
versity Journal of Biology. 2025;71:237-242. doi: 10.17223/19988591/71/14

BBenenmue

B mocnennue necarunerns B 3aypanbe u CHOMpPH OTMEUAETCSl TEHIICHIIHS
pacliMpeHusi apeajia CTEMHBIX M JIECOCTENHBIX BHIOB NTHI K ceBepy [1-3].
Taxoke TOATBEPKAACT STy TCHIACHIUIO M YYAaCTHUBIIHMECS CIy4au 3aJIeTOB B Ta-
©KHYIO 30HY «HOKHBIX» BHJ0B [4]. HeOe30cHOBaTETbHO 3TO CBS3BIBAIOT C KIIHU-
MaTHYECKAMU U3MeHEHMsIMU [S]. OHUM U3 TaKWX CTEMHBIX BHUJOB ITHII, THE3-
ISIIUXCS B HOpax B OOPBIBHCTHIX Oeperax W Kapbepax, SBISCTCS 30J0THCTAs
mypka Merops apiaster Linnaeus, 1758. 3a mocienHue HECKOIBKO JIET STOMY
BHUIY B CBSI3U C MPOJBMKEHHUEM MECT €ro I'HE3l0BaHHs K CEBEpy IMOCBSAIICHO
HECKOIIbKO paboT mo Omckoi 1 HoBocnOMpCKoi 00IacTsIM U B TIEJIOM TI0 U3Me-
HeHuto apeana B 3amagHoi Cubupu [6, 7]. I ToMmckoii o0iacTi 3TOT BUA U3-
BECTCH B Ka4eCTBE 3aJICTHOIO [8], XOTSA B MOCIEIHUE TOABI (AKTHI 3aJICTOB HE
peructpupoBaiuch [4]. Onnako B 2024 r. B paiione buocranuuu TI'Y «Komnapo-
Bo» C.U. I'amkoB u emie psja OPHUTOJIOTOB CIIBIIIANN [0JI0Ca 3TUX IMTHUIL CO CTO-
pousl p. Tomu. B 2025 r. npuMepHO B TOM K€ MECTE€ BHOBB CIIBIILIANN U BUIE-
mu caMux nTul. O0 3TOM COOOLIMII B TOM YHCIE MOCKOBCKHH OPHHTOJIOT
B.I'. 'punbKOB. DTO MOTJIM OBITh KaK 3aJ€THbIC, TaK W THE3ISIIUECS TTHIBL
[TosTomMy menpio HacTosmIeld padoTHl CTajJo O0CIIETOBAaHHWE BO3MOXKHBIX MECT
rHe30BaHus. B xoe ocMOTpa KOJIOHUIM OeperoBbIX JacTouek MOOIU30CTH OT
¢. Komaposo u ¢. Cunwnii YT1é€c MbI 0OHAPYKUIH HOPY 30JIOTHCTOM LITYPKH.

MarepuaJjbl 1 METOAUKA

Ob6cnenoBanye BEPOSATHBIX MECT THE3JJ0BAHMS 30JIOTUCTON IIYPKHU HOCIIE TIO-
SIBIICHUSI COOOIICHHUIT 0 ee BCTpeyax MPOBEACHO B KOHIIE HIOIS—HaJaje aBrycra
2025r. B paiione cen KadranumkoBo, KomapoBo u Cunuit YT1éc, npumepHO
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B 15 km roxHee 1. Tomcka. B 3ToM MecTe pacnonioskeHbl 2 cMellaHHbIe KOJIOHUU
OeperoBwix Riparia riparia (Linnaeus, 1758) u onenusix R. diluta (Sharpe et
Wyatt, 1893) macrouyek, KOTOPBIX Mbl PETYISIPHO OCMATPHBAIU 3 MOCIEIHUX
rojia B LENAX U3Y4YEHUS CPAaBHUTENIbHOW OMOJIOrMU 3THX KOJOHHMAIbHO THE3.s-
LIMXCS B HOPKaxX MNTHUI M MPOBOAMIM HMX MaccoBoe KousiblieBaHue. KonoHus
«Hampotus Y1éca» pacnonoxena Ha oOpsiBUCTOM Oepery p. Tomu ¢ KooparHa-
TamMu 56°1922,63"N, 84°55'22,84"E, BbicoTa 00pBIBa COCTaBIISIET 2—3 M, MPO-
TSXKEHHOCTb — OKOJIO 550 M, YHCIIO HOP JIAaCTOYEK B MOCJEIHUE OBl BApbUPO-
Bajio ot 1900 no 2700. Konmonust «KapTaHunKkoBO» pacronoxeHna B 3 KM K ceBe-
po-BocToky OoT Hee (56°20'17,69"N, 84°52'54,77"E). IIpoTsyKeHHOCTh — OKOJIO
500 M, BBICOTa OOpBIBa Ha pa3HBIX ydacTKax — 2—3 M, o0Iee YKciIo HOp 37ech
B mocneanue rofsl Menanock ot 500 no 700. B paitone komnonuu «HampoTus
VYT1écay B X0/1¢ OTIOBOB JIACTOYEK YCIBIIIAIN TOJI0CA IYyPOK, TOCIIE Yero B XOe
HaOrOIeHUH OOHApY)KEHBI CaMU NTHIIBI, a MOIKE M IMOCelIaeMas IMH HOpa.
CraenaHbl TOATBEPXKAAIOIINE ITOT (PakT GoTorpaduu ¢ MoMomsio dhoroammnapa-
ta Nikon D3500 u o6wekTBa AF-S Nikkor 200-500 MM, dotonoBymiku Filin
120 Pro Edition. C momompto Buneockona ADA ZVE150 ¢ rubkum 30HI0M B
HalIeHHOI HOpe clesianbl (JOTO- U BUACOKAAPHI MOTYOIEPEHHBIX NTEHIIOB.

Pe3yabTathl u 00cy:KaeHne

Ha oGpeiBucTOM Oepery, rie ObUIO HAWICHO THE3A0 IIYPOK, PACIIONIOKEHA
MHOTOJIETHSISI KOJIOHHsI OeperoBoid u OnenHoi acrouek. o 2024 r., xorga nry-
PKH BIEpBBIC OBIIM 3apeTUCTPHUPOBAHBI 110 TOJIOCAM HAIIUMH KOJUIETaMH, MX
3nech He HaOmronamu. B 2025 r. nmpu 0TiIoBax JaCTOYEK B MEPBOU MOJOBUHE Jie-
Ta B IIPaBOi YaCTH KOJIOHHH HH T'OJIOCOB IIIyPOK, HA CaMHX IITHII MBI HE OTMeYa-
7. B xoHIe HIONS OTIIOBBI OBIIM CMEIIEHB! B JICBYIO YacTh KOJIOHHUH, T/I€ HAIIE
BHUMaHHUE MPUBJIEKIM TOJIOCA, pa3llaBaBIIMECs C MPOTHBOIOJIOXKHOIO Oepera
p- Tomu, mpenmosnoXuTensHO H3AaBaeMble HIypkamu. lllupuna pexkun B 3TOM
MecTe cocTaBlsieT 0KoIo 250 M. [IpoTHBOIONIOKHBIH Oeper MOKPHIT KyCTaMU B,
U pa3meTh NTHIl HE yIanock. BaxkHo 100aBUTh, YTO BIOIH MECYAHOTO OOPHI-
Ba, B KOTOPOM PaCIIOJIOKEHbI THE3/1a JIACTOUYEK, MPOTAHYJICS TaleyHbld IUISK —
MECTO OTAbIXa MECTHBIX M TOPOICKHX JKUTEJNCH, IPUCYTCTBHE KOTOPHIX SIBIISACT-
csl CyIleCTBEHHBIM (pakTopoM OecrokoiicTa. Llypku B JeHb UX OOHApYKEHHUS
MOSIBUINCH y OOpbIBa BCKOPE MOCJE TOr0, KaK OTABIXAIOUINe MOKUHYIH MECTO
MMUKHHUKA, YCTPOSHHOTO BONMM3M MX rHe3ga. Cpean mIypok OBUIH Kak B3pOCIHEIE,
Oosee sipKHe, TaK U MOJIOABIE OCOOM C 3€JICHBIMH CIIMHAMHU U KPBUIbIMU. Bcero
Mbl HacuuTanu 13 nTuu. Hekotopwle u3 HuX 3aierand B HOpPKY (puc.l u 2
B [Ipunoxxennn). OHa Obuta OAMHOYHOM, TyOuHON 140—-150 cM m pacrmonara-
Jach Ha HE3aHATOM JIACTOYKAMH YYacTKe, ONMKaiIine HOPBI KOTOPBIX OBLTH
yIaNeHbl OT Hee mpuMepHO Ha 50 M B 00e cTtopoHbl. Ha MOMEHT ocMoTpa HOPEI
¢ momotipio Buaeockomna 1 aBrycta 2025T. B HeW HaXOAWJINCHh KaK MHHUMYM
2 MOJyOIIepEeHHBIX NTEHIA. YYHUTHIBAS, YTO HAC)KUBAHHE Y IIYPOK HAYMHACTCS
C OTKJIAJIKU MEPBOTO siflia, MOJIOABIE JIETHBIE MTULBI BIIOJIHE MOTJIA BHIBECTUCH
B 3TOM JK€ THe3lle. MHOrue JacTOYKH, BKIIOYas MOJIOJIBIX, K 3TOMY BpeMEHHU
MOKWHYJH THE3/1a, U 9acTh WX HOp OIycTena. ['He3quinch M1 Cpear JTacTouek
B 3TOM MECT€ Ipyrue HIypkH, Hem3BecTHO. Cylisd MO YMCIy JIETAIOIIUX IIYPOK,

239



Kpamxue cooowenusn | Brief communications

MOJXKHO TPEAINOJIOKUTh THE3JJ0OBAHUE eIlle OMHOW mapbl. Hamum HaGmromeHust
MIPEJICTABIIAIOT 3HAUYUTENIbHBIA HHTEpEC, MOCKOJIbKY MEHSIOT MpeacTaBIeHUE
0 pEerHOoHANIbHON aBU(ayHe — U3 KaTErOpUH 3aJICTHBIX BUOB 30J0TUCTAS LIypKa
MEePEXOAUT B KAaTEropuio rHe3fsnmxcs. OT U3BECTHBIX MECT €€ THE3/I0BaHUS
B KemepoBckoii obmactu [9] Hama Haxoaka ynaneHa Ha 220KM K ceBepo-
3amajy, OT MecT rHe3noBanus B HoBocubupckoii obnactu [6] — Ha 160 kM K ce-
BEpO-BOCTOKY. PaccTosiHUE OT 3THX TOYEK K CeBepy /10 HOBOTO MECTa rHe3/10Ba-
HUS T10 MUPOTE COCTaBIsIeT 0KOJIO 140 kM.

3akioueHue

OnucanHas HaxoJlKa MOJTBEPKAAeT HAMETUBLIYIOCS B MOCTIEIHUE IeCATHIIE-
TUS TEHACHLUIO PACIIUPEHUs K CEBEPY I'HE3/I0BBIX apeaoB LEJIOro psAaa BULOB
IITUL] C I0’KHBIM PaclpoCTpaHEHUEM. DTO COOTHOCUTCS C YTBEP)KIEHUEM O BIIU-
SIHUW TIOTEIUICHUS KJIMMaTa Ha CTPYKTYpy HacesneHus. [lomydeHHble pe3yabTaThbl
noTpedyIoT Ooiee MPHCTATBFHOIO BHUMAHHUS 3TOMY BHIY B PETHOHE, a TaKXKe
IepecMoTpa €ro cTaryca 4 rpaHull apeasa.

[Mpunoxkenne goctymHo 1o cebuke https://doi.org/10.17223/19988591/71/14
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I'He3noBLIE HAXOAKH MAJIOr0 0aKJIaHA
Phalacrocorax pygmeus (Pallas, 1773) u kapaBaiiku
Plegadis falcinbellus (Linnaeus, 1766)

B Kypranckoii o6;1actu (3anagnasa Cu6upsb)

Baaguvup Bacuisesnu Tapacos'

! Hucmumym skonoauu pacmenuii u scusommvix YpO PAH, Examepun6ype, Poccus
" https:/foreid.org/0000-0002-8576-3167, grouse@bk.ru

AnHoTanusl. [lomydeHsl nepBble AaHHBIE O THE3MOBAHMU Manoro OakiaHa M Ka-
paBaiiku B JiecocTenHOH 30He 3aypaibsi. COBMECTHOE MOCeNeHHe U3 6 Iap IepBoro u
4 map Bropoit oOHapysxeHo 18 mionst 2025 1. B KoJIOHHM OOJBIIMX OETBIX M CephIX Ia-
nens Ha 03. Mansie Jlonku B Kypramsimickom paiione Kypranckoit obnactu. B rués-
Jax o0OMX BHIOB HaXOAWINCH SIla M HEJABHO BBUTyNUBIIHMECS NTeHHBL. OT Onu-
KaWIIMX M3BECTHBIX MecT MX pa3MHOkeHus B [Ipukacmuum u LlentpansHom Kasax-
CTaHe 3Ta HaXo/Ka yjaneHa 0ojee 4yeM Ha 1 ThIC. KM K CEBEPO-BOCTOKY.

KnroueBble ciioBa: pacripocTpaHeHHE, MITUIIBL, THE3I0BaHHE, IHHAMHKA apeasoB,
JUMHO(UIIBL, U3MEHEHNE KIIMMaTa, TII00albHOE TTOTEIIEH e

Hcrounuk punancupoBanusi: paboTa BEIIONHEHA B paMKax roczafanus MHcturyra
9KOJIOTMHU pacTeHHui U xKHUBOTHBIX YO PAH Ne 122021000096-7.

s uutupoBanus: TapacoB B.B. 'nHe3noBsle Haxonku manoro Gaxnana Phalacro-
corax pygmeus (Pallas, 1773) u xapaBaiiku Plegadis falcinbellus (Linnaeus, 1766)
B Kyprauckoii o6nactu (3anagnas Cubups) // Bectauk ToMCKOro rocyaapcTBEHHOTO
yauBepcutera. buonorus. 2025. Ne 71. C. 243-248. doi: 10.17223/19988591/71/15

Original article
doi: 10.17223/19988591/71/15

Breeding records of the Pygmy Cormorant Phalacrocorax
pygmeus (Pallas, 1773) and Glossy Ibis Plegadis falcinbellus
(Linnaeus, 1766) in the Kurgan Oblast (Western Siberia)

Vladimir V. Tarasov'
! Institute of Plant and Animal Ecology, Ural Branch of the
Russian Academy of Sciences, Yekaterinburg, Russian Federation
! https:/oreid.org/0000-0002-8576-3167, grouse@bk.ru
Summary. In June 2025, we conducted a survey of large joint colony of Great

White Egret Casmerodius albus (about 100 pairs) and Grey Heron Ardea cinerea
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(about 70 pairs) located on Lake Malye Donki in the Kurtamysh district of Kurgan
Oblast (N54°36°, E64°24°). It is one of the largest freshwater reservoirs in the region
with the area of 43.7km” and a characteristic floodplain type of overgrowing.
A DIJI Mavic 2 Zoom quadcopter (SZ DJI Technology Co., Ltd., Chine) was used for
his examination. During the survey on June 18 was found a very compact settlement
of the Pygmy Cormorant (6 nests) and Glossy Ibis (4 nests), which could fit on an ar-
ea measuring 1.0 X 2.7 m (See Fig. I in the Supplement). The nests were built on reed
beds in the most densely populated part of the heron’s colony, at a distance of less
than 1 m from the nearest nests of the latter (See Fig. 2 in the Supplement). The cor-
morants, frightened from their nests, did not fly up, but dived from them into the wa-
ter, which indicates a fairly large depth in this place. Their nests towered above the
water by more than 0.5 m (See Fig. 3 in the Supplement), the height of the nests of the
Glossy Ibises was half as high (See Fig. 4 in the Supplement). The distance between
any neighboring nests in the settlement was 0.2-0.3 m. It is characteristic that the
Glossy Ibises did not settle next to each other, their nests were located between the
nests of Cormorants - at a distance of 0.8-0.9 m from each other. The nests of both
species contained eggs and newly hatched chicks. Complete clutches of the Pygmy
Cormorants contained 4-6 eggs, clutches of the Glossy Ibises - 4-8 eggs (See Fig. 5
in the Supplement). Both species were found nesting in Kurgan Oblast and the entire
Asian part of Russia for the first time. Our records indicate the expansion of the
breeding ranges of the Pygmy Cormorant and Glossy Ibis to the forest-steppe Trans-
Urals - more than one thousand km northeast of the nearest previously known breed-
ing grounds, which are located in the lower reaches of the Volga, Ural rivers, and
Central Kazakhstan. Since the beginning of this century, they have shown a clear ten-
dency to settle. This confirms the general trend of changes in the distribution of birds
of the wetland complex, which emerged in Western Siberia in the last 3-4 decades,
and allows us to expect new similar records.

The article contains 1 Supplement, 9 References.

Keywords: distribution, birds, nesting, range dynamics, limnophilic species, cli-
mate change, global warming

Fundings: the study was implemented for the state contract of the Institute of Plant
and Animal Ecology of the Ural branch of the RAS (No. 122021000096-7).

For citation: Tarasov VV. Breeding records of the Pygmy Cormorant Phalacrocorax
pygmeus (Pallas, 1773) and Glossy Ibis Plegadis falcinbellus (Linnaeus, 1766) in the
Kurgan Oblast (Western Siberia). Vestnik Tomskogo gosudarstvennogo universiteta.
Biologiya = Tomsk State University Journal of Biology. 2025;71:243-248. doi: 10.
17223/19988591/71/15

BBenenmue

B nocnennue necsatuieTus rpaHULbl pacCIpOCTPAHEHUs MHOTHUX BUIOB MTHULL
B 3anannoii CuOupy akTHBHO CIBUTAlOTCS K ceBepy. B HOxHOM 3aypanbe sta
TEeHJIEHIIUSI OTYETINBO MposiBuiack B 1990-e rr. u mpomomkuiach B HACTYIHB-
mIeM Beke. 3a 3To BpeMs 3/1ech 3a()HKCHPOBAHO MMPOHUKHOBEHUE U3 CTEITHOM 30-
HBI B JIECOCTEIIHYIO 14 HOBBIX BHJIOB, enl¢ 13 BHIOB C IPEUMYIIECTBEHHO Oope-
IBHBIM PaclpOCTPaHCHNEM, HMEBIINX B JIECOCTEIH 0KHBIE TIPeeNIbl 00J1acTh
pa3sMHOXKEHHS, HA000POT, MPAKTHYSCKH MEPECTAId BCTPEUAThCS HA THE30Ba-
HuH [1]. Takoe cMenieHre TpaHuI] apeasoB (Y OJHUX BHIOB — CEBEPHBIX, Y APY-
THX — FO’KHBIX) CYIIECTBEHHBIM 00pa3oM MEHSET OOJHK pernoHAIEHON aBUday-
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Hbl U TPOSIBJIAETCS B MEPBYIO Ouepe]b y NTHUL, CBSI3aHHBIX C BOAHON cpenoit
obutanus (uMHOGIIOB). [TpUYMHON MPOUCXOSMIINX H3MEHCHHN HAa3bIBACTCS
yCHUJIMBAIOIIEecs] MOTEINICHNEe KiuMata. lIpenmomiaraercs, 4To mporece pacce-
JICHUST «IOKHBIX» BHUIIOB ITHUI[ B CEBEPHOM HATpaBICHUH OyJIeT TMPOIOIKATHCS,
U Cpelld HOBBIX JJIS JiecOCTeNHON 30HbI 3ananHoii CHOupH rHe3AsIuXCs BUIOB
MOTYT OKa3aThbCs B TOM YHCIIC Mallblid OakiaH U KapaBaiika [1, 2]. Ot npeamno-
JIO’KEHUsI HalllTi cBOE moATBepkaeHue B 2025 1.

MaTepna.nbl H METOAUKA

Hab6monenust nposenensl B uroHe 20251, Ha 03. Mansie Jlonku B Kypra-
MbIIIcKkoM paiione Kypranckoii obnactu (54°36' c.m1., 64°24'B.1.). ITO OAMH W3
KpYMHEHIINX B PErMOHE MPECHBIX BOJOEMOB ILIOMIAAbI0 43,7 KM2, KOTOPBII OT-
HOCHUTCS K 03€épaM 3aliMUILHOIO TUIIA 3apacTaHus; MECTaMM 10 KPOMKE IUIECOB
BBIPQXXEH TPOCTHUKOBBIA Ooparop mmpuHoi 50—100 M. Haxomurtcs B apeBHei
nonuHe p. To6on. 'eorpaduuecku paioH UCCIETOBAaHUHA PACTIOIO0XKEH B FOXKHON
MOJI30HE JISCOCTEITHON 30HBI 3aypalibCKOW MPOBHHIIMU 3amagHOCHOUPCKON 00-
nacTu. O3epo ABJISIETCA Ba)KHBIM MECTOM I'HE3/I0OBaHUS BOJOILIABAIOIIUX U OKO-
JIOBOJHBIX NTHUI[ U OCTAHOBOK MX B NEPUOJBl MUIPAlMil M BXOIAUT B COCTaB
KJIFOUE€BOM OPHUTOJIOTHYECKON TEPPUTOPUHU MexKayHapoAaHoro 3HaueHus «O3épa
Bonpmue u Mansie Jlonku». B e€ npeaenax oOutaroT 15 BUIOB NTHII, BHECEH-
HbIX B Kpacusie kaurn Poccuiickoit denepanuu [3] u (mm) Kypranckoit o6ina-
ctu [4]. Jns obcnenoBanns Bojgoéma mpuMeHsH kanpokontep DJI Mavic 2
Zoom (SZ DJI Technology Co., Ltd., Chine).

Pe3yabTathl u 00cy:Kkaenne

B mae—wurone 2025 r. obcnenoBana KpymHas COBMECTHAsI KOJOHHS OOJBIINX
oenbix Casmerodius albus (oxono 100 map) m cepbix Ardea cinerea (0KOIO
70 map) 1narmnesb, pacroioXeHHas! B OTHOM M3 LEHTPAJIbHBIX TPOCTHUKOBBIX 3aii-
mul 03. Man. [lonku. B xone o1HOro 13 0ocMOTpOB 03epa 7 UIOHA OOHApYKEHbI
6 KapaBaeK, KOTOpBIE HEKOTOPOE BPEMS KPYKWIH HaJ 03€pOM, 3aTE€M OITyCTH-
JIUCh B TPOCTHUKH, MPEANOJIOKUTENbHO Ha THE3AA. [Ipu ouepenHoM Bu3uTe Ha
BooéM 18 m 19 mioHS 0c000¢ BHUMAHUE YACIIIH 3TOMY MECTY. 31IeCh OKa3a-
JIOCh BeChbMa KOMITAKTHOE ITOCENICHHUEe MajblX OakjaHoB (6 THE3M) M KapaBack
(4 rHe3na), ymelasiieecss Ha ydactke pasmepom 1,0 x 2,7 M (puc. 1 B Ilpuino-
xeHuu). ['HE3ma OBLIM YCTPOCHBI HAa 3aJI0MaxX TPOCTHHKA B HawOojee TyCTOHA-
CENEHHOW YacTH KOJOHHWM Iamlellb, Ha PacCTOSHUM MeHee | M oT Ommkaiimx
reésn mocnenHux (puc.2 B [lpunoxenun). CryrHyThle ¢ THE3R OakiaHbl He
B3JICTAJIM, & HBIPSUTH C HUX B BOIY, YTO CBHJAETEIBCTBYET O JOCTATOYHO OOJIB-
ol TyOnHe o3epa B 3TOM MecTe. WX THE3a BO3BBIIIATNCH HAJ BOAOH Oolee
yeMm Ha 0,5M (puc.3 B IlpunoxeHnun), BbICOTA PACIONOKEHHUs THE3 KapaBaek
Obuta BIBOe MeHbIne (puc. 4 B [Ipunoxenun). PaccTosHre MEXAy COCETHUMH
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THE3IAMH B TTOCENICHUH (OC30THOCHTENFHO BHOBOW IPUHAIICKHOCTH) COCTaB-
nsu10 0,2—0,3 M, IpU 3TOM XapaKTEPHO, YTO KapaBalKu pSIOM APYT ¢ APYroM He
CEJIMIINCH, MX THE3MA pa3sMEeIIaINCh MEXKIY THE3JaMH OaKIaHOB — HA yIAICHUH
0,8-0,9 M omHO OT Apyroro. /IBa rHe3na OAKIAHOB COACPIKAIU KIaIKU U3 4 U
5 auu, TpeThe — 6 ciemnblx NTeHnoB. OcTajabHble 3 NTHLBI C THE3N HE COLUIM, HO
II0JT OJHOM M3 HUX OBUIM BHAHBI Aifla, €Ié Moa OJHOM — MaJIeHbKHE IITEHIIH.
B rué3pax kapaBaek HaxoIwiuch 8 sful, 4 rojblx NTeHUA (MU PSIOM Ha BOJE
IJIaBajio BBINABIIEE M3 3TOTO THe3la AWI), 3 mTeHua u 2 fgifa, 3 nreHua u
1 siiio (puc. 5 B Ipunoxenun). DTH HAOMOACHUS NAIOT JOBOJHHO TOJHBIC
MIPEJICTABJICHUS KaK O BEIMYMHE KJIAJ0K, TaK U CPOKaX Pa3sMHOKEHHUS ITHILI.

O0a Buna HaiiieHBl Ha THe370BaHUU B Kypranckoil oOmactu u Bcell a3mar-
ckoii yactu Poccun BriepBbie. brmxkaiiine n3BecTHbIE MECTa UX Pa3MHOKEHUS
pacnosoxkeHnsl B HU30BbAX pek Bosra, Ypan u Llentpansnom Kazaxcrane [3, 5,
6], mpuuéM ¢ Hayasla TEKYLIEro BeKa OHU JIEMOHCTPHUPYIOT YETKO BBIPAXKEHHYIO
TEHJIEHIIMIO K paccenieHuio [6]. EcTb cBeneHus o 3aiérax 3THX NTHUI B 3amaj-
Hyto CHOUph BIDIOTH 10 JIECHOH 30HBL. Tak, kapaBaiika B okTss0pe 2010 r. Obuia
3aperucTpupoBaHa Ha tore TromeHckoi oOnactu [7], B ceHTsi0pe 2024T. — B
Cypryrckom paiione XMAOQO [8], manbie O6aknaHbl BecHOUW 2022 T. — B HECKOJIb-
KX MecTax Anraiickoro kpas, HoBocubupckoit u Tomckoii obnacreit [9].

3akioueHue

JlaHHas HaxojKa CBUJCTEIBCTBYET O PACHIMPEHUH THE3J0BBIX apeajioB Ma-
jmoro OakjaHa W KapaBalKM JI0 JIECOCTEIHOTO 3aypaibsi — Oojee 4eM Ha
1 TBIC. KM K CEBEpPO-BOCTOKY OT OJIMIKAWIINX HM3BECTHBIX paHEe MECT UX pas-
MHOKEHUS. DTO MOATBEPKIAAET OOIIYI0 TCHICHIIMIO W3MEHEHHUI B PacIpoCTpa-
HEHUH TITHUI] BOJHO-00JIOTHOTO KOMILIEKCA, HAMETHBINYIOCs B 3amagHoi Cubu-
pu B mocienHue 3—4 AeCATUIETHSA, W TMO3BOJIIET OXKHIATh HOBBIX IMMOJTOOHBIX
HaXOJ0K.

[Mpunoxkenne goctymHO 1O ccbutke https://doi.org/10.17223/19988591/71/15
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