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AI'POXUMMUA U ITOYBOBEJIEHUE

Hayunas ctarbs
YK 631.42
doi: 10.17223/19988591/63/1

JIeMEHTHBbIH COCTAB M CTPYKTYPHBIE 0COOEHHOCTH
TYMHHOBBIX KHCJIOT NOHMEHHBIX I0YB Je1bThl pekn CelieHra
(3abaiikaabe, Poccus)

Esrennii FOpresny Muibxees', I'aauna Jop:xueBna Ynmutaopsxuena’,
Hum6y Topsxuzxanosud Banganos®

12 Hucmumym obweti u sxcnepumenmanvhoil 6uonoeuu CO PAH, Ynan-Y0s, Poccus
3 bypamckaa 'CXA um. B.P. Qununnosa, Ynan-Y03, Poccus
! evg-milh@rambler.ru
2 galdorj@gmail.com
3 nimbu_bald@mail.ru

AnHoTtanus. [IpoBeIeHO KCCiIeI0BaHUEe IEMEHTHOIO COCTaBa U CTPYKTYPBI T'y-
MUHOBBIX KUCIIOT TIOMMEHHBIX MOYB NeibThl p. CeneHra, Bnajaromeil B 03. baiikan.
Teppuropust ucce0BaHMIt IPECTaBIsET COOO0M JTyroBO-00IOTHBII AEIBTOBbII JIAH -
wadt B JIECOCTENHON 30He. 31€Ch MOUYBbI M PACTUTENILHOCTD SABISIOTCS HPUPOJHBIMU
ouodunprpamu. Ha reHesuc no4s KpynHO# eTIbThI BIUSIOT OUOKIUMATHISCKHE yCII0-
BUsL, PEKMM TPYHTOBBIX BOJl M COCTAaB aJUIIOBHAIBHBIX OTJIOXKEHHH. MHIuKaropoM
CYMMBI BCEX 3THUX HPOLECCOB SIBISETCS COCTAB T'yMyCa M T'YMHHOBBIX KHCIOT IOYB
JenbThl. B kauecTBe 00bEKTOB HCCIICIOBaHHI BHIOPaHbI AJUTIOBHAJIbHBIE (JIYTOBBIC, JTy-
roBo-00JIOTHBIE, JIyrOBbIE COJIOHYAKOBAThIE) IMOYBBI, MO Kiaccudukaimm WRB —
Fluvisols. lauusie IMP-criekTpockonuu mokas3aiu, 4T0 'yMHHOBBIE KHUCIIOThI aJlIio-
BHAJIBHOM JTyrOBO# OYBBI O0JIee 000rallleHbl apOMATHIESCKUMH (pparMeHTaMu, YeM I'y-
MHHOBbIE KHUCJIOTBI JIyrOBO-OO0JIOTHBIX M JIYTOBBIX COJIOHYAKOBATHIX M04B. Heckonbko
Oouibllasi CTENeHb apOMATHYHOCTH B AJUTIOBUAIBHOM JIyTOBOM M JYrOBO-0OJIOTHON
[I0YBE CBSA3aHA C HKOJOTMYECKUMHM YCIOBUSMH U KOMIIOHEHTHBIM COCTABOM IIpE/llie-
CTBEHHUKOB rymMuukaimu. Bozpacranue 1o anugaTuieckux CTpyKTyp U CHUKEHHE
JIOJIA apoMaTH4YecKuX GpparMeHToB B cocraBe npemnaparoB ['K j1yroBoii cooH4akoBoii
I0YBBI NO3BOJISIOT CYAUTH 00 YIPOIIEHUH CTPOSHHUSI T'YMHHOBO#M KHCIIOTHL. ['pyHTOBOE
YBIIQ)KHEHHE B COBOKYITHOCTH C 3aCOJICHHEM 3aMETHO CHUXKAeT CKOPOCTh TpaHcdopma-
1y ToYBeHHOro OB ¥ IPUBOMT K YBEIHUCHHIO JOJIH HEOKUCIICHHBIX aTU(paTHYeCKUX
(G parMeHTOB.

KioueBbie cioBa: Fluvisols, amnroBuanbHble MOYBBI, T'yMYCOBBIC BEIIECTBA,
13C SIMP-cniekTpockonus

Hcrounuk ¢punancupoBanus: [loneBbie rccie10BaHNS BBITIOIHEHBI B PAMKaxX rocy-
JapcTBeHHOro 3a1anus MHctutyTta oOrueii u axcniepumenTanbaoit buonoruu CO PAH
Ne 121030100228-4.

Jas uutupoBanusi: MunbxeeB E.1O., Uumurnopxuesa I'.Jl., bannanos H.Jl. Dne-
MEHTHBII COCTaB M CTPYKTYPHbIE OCOOCHHOCTH T'YMHUHOBBIX KHCJIOT TOWMEHHBIX [10YB
nenbThl peku Cenenra (3abaiikanbe, Poccust) // Becthrk ToMckoro rocynapcTBeHHOTO
yHuBepcurera. buonorus. 2023. Ne 63. C. 6-23. doi: 10.17223/19988591/63/1
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Original article
doi: 10.17223/19988591/63/1

Elemental composition and structural features
of humic acids from floodplain soils of the Selenga River delta
(Transbaikalia, Russia)

Evgeniy Yu. Milkheev', Galina D. Chimitdorzhieva’, Nimbu D. Baldanov’

L2 Institute of General and Experimental Biology SB RAS, Ulan-Ude, Russian Federation
3 Buryat State Agricultural Academy named after V.R. Filippova,
Ulan-Ude, Russian Federation
I evg-milh@rambler.ru
2 galdorj@gmail.com
3 nimbu_bald@mail.ru

Summary. Humic acids (HA) play a multifunctional role in the environment, con-
trolling the biogeochemical carbon cycle, the cycle of macro- and microelements,
providing nutrients and biostimulants for plant growth, are responsible for soil structure
formation, and reduce the effect of toxic substances. Due to the structural heterogeneity
of soil organic matter, it is very difficult to determine the composition and properties of
humic acids Currently, NMR spectroscopy is the most effective analytical method for
obtaining information on the chemical composition and structure of OM.

Thus, the problem of studying the composition and structural features of humic ac-
ids isolated from the floodplain soils of the Selenga River delta, which are the youngest
and most vulnerable areas of the land, is very relevant and practically not reflected in
publications.

The study was conducted in the delta of the Selenga River (the world's largest fresh-
water delta) located in the central zone of the southeastern coast of Lake Baikal. It is a
foothill tectonic depression with an area of 1,120 km?2 filled with deltaic, alluvial and
dealluvial sediments. Its territory is located within the Kabansky district of the Republic
of Buryatia and is characterized by a significant diversity of environmental conditions
due to the complexity of the geomorphological structure and different degrees of hy-
dromorphism.

Extraction of HA preparations and their purification were performed by standard
methods by extraction with 0.1 n sodium hydroxide solution after preliminary decalci-
fication. Elemental analysis of isolated HA preparations was determined on automatic
elemental analyzer "CHNS/O-2400 series II" PerkinElmer (USA). Nuclear magnetic
resonance spectra 13C-NMR were taken on spectrometer "Avance 300 MHz" Brucker
(Germany) with working frequency 100.53 MHz using solid-phase CP-MAS technique.

The humus horizons of the floodplain soils of the Selenga (meadow-marsh,
meadow, meadow-saline) according to the WRB classification - Fluvisols, were used
as research objects. The average elemental composition of humic acids of the studied
soils is rather similar. The carbon content varies in the range 37.4-43.8 mol %, hydrogen
32.3-35.0, oxygen 21.1-25.0, and nitrogen 2.2-2.6. The increase of carbon content and
decrease of hydrogen amount in the studied HAs in the transition from Mollic Fluvisols
(Salic) to Mollic Fluvisols is explained by the increase of condensation degree, which
corresponds to the ecological conditions of soil formation and hydromorphic degree.

In general, the HAs of Mollic Fluvisols are more enriched in aromatic fragments
than those of Gleyic Fluvisols and Mollic Fluvisols (Salic). It is a more "mature" prod-
uct of humification. Lower degree of aromaticity as expected in HA Mollic Fluvisols
(Salic). This result is supported by the H/C values, which are obtained from elemental
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composition data and indicates a higher content of less decomposed hydrophilic struc-
tures.

Studies have shown that general principles of soil structure and content of elements
(C, H, O, and N) in soils do not change under the influence of bioclimatic conditions,
groundwater regimes, and sediment composition. But when the soil is exposed to
groundwater combined with salinization, the rate of OM transformation decreases and
leads to an increase in the proportion of unoxidized aliphatic fragments.

The article contains 2 Figures, 3 Table and 51 References.
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BBenenne

I'ymycossie BerecTa (I'B) sIBJISIOTCS TOMHHHAPYIONMMA KOMITOHEHTaMH Op-
raangeckoro Bemectsa (OB) OonmpimHCTBA MUHEPATBHBIX 1T04UB (60—80%) 1 ur-
ParoT KIIFOYEBYIO POJIb B HKOJIOTHIESCKOW YCTOMYMBOCTH ONlaromapsi X BKIAIy B
OHMOJIOTHYECKHE, XUMUYEeCKHe U (pr3mueckue cBoiicTBa movBsl. [' B 0Opa3yrorcs B
pe3ybpTaTe pa3IoKeHIsI ¥ IOCIIe Iy FOIICH IIOTMMEPH3ail OPTaHMIECKUX OCTAT-
KOB PacTUTEIBHOTO M KMBOTHOTO NMPOWCXOKICHUS, YTO IPUBOINUT K 0Opa3oBa-
HUIO T€TEPOTCHHBIX CYNPaMOJIEKYJSPHBIX YacTUIl C OOJBIION MOJECKYISIPHOM
Maccoi [1], cogepkaniux pa3anyHble PYHKIIMOHATIBHBIE TPYIIIbI, COCTAB U CBOK-
CTBa KOTOPBIX Pa3IMYarOTCs B 3aBUCHMOCTH OT ncTodHuKa OB 1 OnokmiMaTiae-
ckux yciioBuid [2]. TIporcxoxaeHne, CocTaB 1 CTPYKTYpHbIe ocodeHHocTH ['B 1o
CHX TIOp SIBIISIFOTCS MPEIMETOM MHTEHCHBHBIX JUCKYCCHI M Jake criopoB [3—8].
C Qusnko-xuMHuYecKol Toukn 3peHus [ B mpeactaBisroT co0oii MOJICKyISpHbIC
arperaTbl, COCTOSIIIE M3 CaXapoB, KUPHBIX KUCIIOT, IIOJUIIETITHIOB, aandaTide-
CKHX IIeTiel 1 apoMatudeckux Kouerr [9], mo [10] onmcpiBatoTCst Kak KOHTHHYYM
OMOMOIIEKYT Ha pa3HBIX CTAIMSIX JIeTPaIalli.

B ocHoBy Kimaccugukaiyy ['B monioxeHo Ux pa3indne, CBI3aHHOE C U3BJICYe-
HUEM CTICI(PUIECKUX COSTMHEHUH U3 MPUPOAHBIX OOBEKTOB TEMH WM WHBIMH
pactBopuTtersiMu. [1o obmenpuHATOH Kitaccu(puKaIii TyMHHOBBIC BEIIECTBA Je-
1T Ha TyMHHOBBIC KUCJIOTHI (I'K) (pacTBOpHUMEI B IETOUHBIX pacTBOpax), Gpyib-
BOKHCJIOTHI (PaCTBOPHMEI BO BCeM Jana3one pH) u ryMuHbI (HEpacTBOPUMBI BO
BceM nuana3zone pH). DT ¢ppakuuy 3HAUUTENFHO Pa3IHYaroTCs 10 pa3Mepy Mo-
JEKYJBl U CONEep KaHUIO (YHKIMOHAIBHBIX TPYII; OCHOBHBIMU (DYHKIMOHAb-
HBIMU TPYIIIAMU SBISTIOTCS] KapOOKCHITBHBIE U (DEHONBHBIC, a TAKXKe HEOOIBIIOe
KOJIMYECTBO TPyHITbl aMUHOKHUCIOT [11].

'K urparot MHOTOQYHKITHOHATBHYIO POJIb B OKPYIKAFOIIEH Cpesie, KOHTPOJIH-
Py OMOTeOXUMHYECKUH IUKIT YTISPOIa, MUK MaKpO- 1 MUKPOAJIEMEHTOB, 00ec-
MeunBasi MUTATENFHBIMHA BEIICCTBAMH M OHOCTUMYJISATOPAMH POCT PAaCTCHUH,
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OTBEYAIOT 33 CTPYKTYPOOOpa30BaHME IOYB, CHIDKAIOT ACHCTBAE TOKCHYHBIX Be-
miecTB [12]. CymecTBys B mouBax Thicsuu JieT, [ K mpuaaroT UM cTabriIbHOCTD,
cBoeoOpaszHyto OypepHOCTh, onpeieNieHHbIH Onoxummueckuit Gpon [13].

BaxHbIM marom kK MOHUMAaHUIO PEaKIIMOHHON CITOCOOHOCTH, CBOMCTB U (PYHK-
it ['K sBnsiercs onpeeneHue ux coctaBa U yHKIIMOHAIBHBIX TPYIII, YTO YPE3-
BBIYAITHO CIIOXKHO M3-3a CTPYKTYPHOH HeoJHOpoAHOCTH mouBerHoro OB. Jlis rc-
cienoBaHus CTPYKTYps! I K HCONB3yIOTCS pasmmaHbIe METOIBI, BKITFOUas XHMH-
YECKOe W TEPMHUYECKOE PA3IOXKEHHE, CHeKTpocKomuueckue meronsl [14, 15].
X 0TSl XUMHYECKHE ¥ TEPMHIECKHE METOIBI MOTYT IaTh CTPYKTYPHYIO HHPOpMA-
U0 0 CyOBbEeMHNIIAX M UX CTPYKTYpPE, STH JaHHBIE MOTYT OBITH HEperpe3eHTa-
TUBHBIMH, UX TPYIHO HAaIPSMYIO CBS3aTh C HCXOAHOW CTPYKTYpPOH TOYBEHHOTO
OB. MHor#e CIeKTpOCKOITMYECKHE METOIbI, TAaKUE Kak MH(pakpacHas, hiyopec-
IIEHTHAsI, ¥ CIIEKTPOCKOITHS SIEPHOT0 MAaTHUTHOTO pe3oHanca (AMP), mpumeHs-
much k 'K [16, 17]. [Tokazano [18-20], uro HEpa3pymarone CneKTpoCcKomuye-
CKHE aHaJM3bl, Takue kKak SIMP-criekTpocKkonus, SIBISIFOTCS JTyYIIUM BEIOOPOM B
CpaBHEHHHU C NECTPYKTHBHBIMHU mMomxomamu. OHH TO3BOJSIOT MONydYaTh Oolee
MTOJTHYIO ¥ KOPPEKTHYIO CTPYKTYPHYIO HHPOPMAITHIO KaK B KAUECTBEHHOM, TaK
B KOJIMYECTBEHHOM AaCIEKTax. DTO OCOOCHHO IIEHHO MU aHAJM3€ IPEIapaToB
Pa3NUYHBIX (QpPaKIIid OPraHMYECKOTO BEIIECTBA TTOYB, TOCKOIBKY AT BO3MOXK-
HOCTB HCIIOIB30BaTh 00paserl B JaTbHEHIITNX HCCICIOBAHMSIX.

[o cpaBHEHHIO C IPYTUMH CIIEKTPOCKOIMMIECKAMHI METOIAMHU TBEpAO(a3Hast
3C-SIMP mo3BonseT MONyYHTh BCECTOPOHHIOK KOJHMYECTBEHHYIO H CTPYKTYp-
Hy1o naHbopManuio u3 I'K 1, BO3MOKHO, SBISIETCS] OJHAM U3 CAMBIX MOIIHBIX Me-
TOIIOB U BCECTOPOHHEH XapaKTEPHCTHKH CIOKHBIX OPTraHWYECKHX BEIICCTB
[21, 22]. B Hacrosimee Bpemst IMP-cniekTpockomnus sBisieTcst Hanbomee 3hdek-
TUBHBIM aHAJUTHIECCKAM METOIOM TONIYUCHHUS HHPOPMAITHHA O XUMHUECKOM CO-
cTaBe u cTpykrype OB, MO3BOISIONIMM PaCIIMPUTh HAIN MPEACTABICHAS O MO-
nekymnsipaoi cTpykrype ['K [23].

Henbra p. CeneHrn — camasi KpyIHas MPEeCHOBOIHAS NENbTa, HE MMEIOMIast
aHaJIOTOB B CBOEM MOP(OIOTHIECKOM psiny. OT IPyTUX AENbT €€ OTINYAIOT Ceii-
CMHUYECKasi aKTHBHOCTh TEPPUTOPHH, IIPECHOBOJHBIN XapaKTep BOI, KOHTHHEH-
TaNBHOCTh KJIMMAaTa. 3HAYMMOCTH PEe3yNbTaTOB HCCICIOBAHHUN IpPEIOIpeers-
eTcs TeM, 9To 03. balikan mMeeT ctaTyc 00BeKTa MUPOBOTO MIPUPOIHOTO HACIIe-
must OHECKO, a nenpra p. CeneHru paccMaTprBaeTCsl KaK €CTECTBEHHBIN MPH-
POIHEI (GUIBTP. AKKyMYJISITHBHAS HAIpPaBICHHOCTH ITOYBOOOPAa30BATEIBHBIX
MPOIIECCOB B NENIBTE, BBHICOKAS OMOMPOIYKTUBHOCTH M Pa3HOOOpa3me JOJIKHBI
OBUTH TIPUBECTH K 00pa30BaHUIO OPTaHMYECKOTO BEIIECTBA, OTIMYHOTO OT TOH-
MEHHBIX TI0YB. Pa3HOOOpa3ne 3KOJOTHYECKUX YCIOBUH 00yCIIOBIMBaET HOpPMHU-
pOBaHUE B NIENIFTE PA3JIMYHBIX THUIIOB TIOYB U PACTHTENBHBIX coobmecTs. CoBpe-
MEHHBIC [IeJIbTa U TI0MMa 3aHATH B OCHOBHOM aJITIOBHAIBHBIMU TIOYBAMH, IPEB-
Hs genbTa B KantycHOM TeKTOHWYecKOoM mporude — OONOTHBIMH HU3WHHBIMH
MMOYBaMH, TUTHOLCH-TUICHCTOIEHOBBIE 03€pHO-PEUHBIE TEPPACH — MOYBAMH O~
Taitru. OCHOBHAsI YaCTh JICIBTHI TOKPHITA TyTOBOM PACTUTEIEHOCTHIO, TIPE/ICTAB-
TsIIoIei Hanmbosee ICHHBIE CebCKOXO3SMCTBEHHBIE YTOBS, HCIIOIB3YEeMbIE O]
CEHOKOCHI ! ITacTouIIA.
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BonpmuHCTBO MCCIem0BaHMIA B JENBTE TIOCBSIICHO TeorpaduecKuM 3aKOHO-
MEPHOCTSM (POPMHPOBAHUS TTOYB, OHOTCOXUMHYECKAM OCOOCHHOCTSM U MHUKPO-
OHMOJIOTHYECKIM UCCIieoBaHAM [24—28]; cocTaB U CTPYKTYpHBIE OCOOCHHOCTH
TYMHHOBBIX KHCJIOT HE HccienoBanuch. OMHON U3 Hanbolee CI0KHBIX MPodiIeM
W3yYCHHS OPTaHUIECKOTO BEIIECTBA U TYMYCOBBIX BEIECTB SIBIISICTCS HCCIIEIO-
BaHHE WX MOJEKYISIPHOW CTPYKTYpHI. VICHONB30BaHAE COBPEMEHHBIX WHCTPY-
MEHTAIBHBIX BBICOKOTOUHBIX (PH3UKO-XMMHUYECKIX METONIOB aHAIN3a, JAIOMINX
00mMpHYT0 HHPOPMAIHIO 0 XMMHUIECKON IIPHPOJIC OPraHMYECKUX BEIIECTB, 3HA-
YUTENFHO PaCIINpsCT HaIle IIOHIMAaHKUE COCTaBa M CBOWCTB OPTaHMYECKOTO Be-
mecTBa mous [29-33].

BacceiiH peku pacroyio’keH B TPaHCTPAaHHYHOM PETHOHE, WCIBITHIBAIOIIEM
BO3PACTAONIYIO aHTPOIIOTEHHYIO HAarpy3Ky OT TOPOJIOB, CENbCKOXO3IHCTBEHHBIX
yronuii, IpOMBIIIICHHBIX TPOM3BOJCTB, TOPHOIOOBIBAIOIICH OTPACH H T.1., UTO
MPUBOIUT K 3arPsS3HCHUIO PEYHOM BOJIBI, IEPEMEINAIONICHCS BHH3 110 TCUCHHUIO K
YCTBEBOW YacTH BMECTE CO B3BEUICHHBIM, BICKOMBIM M PacTBOPEHHBIM Bellle-
crBamu. [TocnelHUM 3BEHOM B 0ACCEHHOBOW IETOYKE BBICTYIACT JIENIbTa PEKH,
KOTOpAasi CIYKUT FTeOXUMHUCCKAM OapbepoM Ha ITyTH MHUTPAIH BEIICCTB BMECTE
CO CTOKOM peku [34] u urpaeT KIIYEeBYIO pOiib B 9KOJOTHH 03. baifka.

B cBs13U ¢ 3THM ETTBIO HACTOSIIETO HCCIIEIOBAHUS SBISICTCS H3YUICHHIE BBICO-
KOMOJIEKYIISIPHBIX OpPTaHUYECKUX COeAMHEHWH, Takiux Kak I'K, BRIIETCHHBIX W3
TYMYCOBOTO TOPH30HTa MMOHMEHHBIX MOYB CeIeHTHHCKOTO JIETFTOBOTO PaiioHa, C
Hcnosb3oBaHueM *C-1epHOr0 MarHUTHOTO pe30HaHCA. M3ydeHue cTpyKTyphl
I'K o SIMP criektpam, Hapsity ¢ pe3yJbTaTaMHi DJIEMEHTHOTO aHajIn3a, He00X0-
IIIMO JUTS OLIEHKH SKOJIOTHYESCKOTO COCTOSHISI M TIPOTHO3MPOBAHS WX YCTONIH-
BOCTH B YCIIOBUSIX YCHIIMBAIOIIETOCS aHTPOIIOTEHHOTO BIIHSHILSL.

O0BLeKTHI 1 METOAUKH MCCJIEI0BAHNSA

Uccnenosanus mpoBoamm B Aenbre p. CeneHra, pacmojOKEHHOH B IICH-
TPaJILHOM 30HE FOT0-BOCTOYHOTO MOOEpekbs 03. baiikan. OHa mpeIcTaBiseT co-
60if MpearopHyI0 TEKTOHUYECKYIO BIAMHY Miomapio 1 120 kM2, 3aTI0THEHHYTO
QIITIOBHABHBIMU H JIENIOBHAGHBIMU OTIIOKEHHAMU. EE€ TeppuTopus HaxomuTces
B nipenenax Kabanckoro paiiona PecrryOmuku BypsaTus u xapakrepusyercs 3Ha-
YUTEIEHBIM Pa3HOOOpa3reM SKOJIIOTHUSCKUX YCIOBHUH, CIOKHOCTBIO TeoMopdo-
JIOTHYECKOTO CTPOCHHS M pa3HOH cTeneHplo ruapoMopduocth. Kapra-cxema
paiioHa uccneoBaHusI TPUBEICHA Ha prC. 1.

Kimmar paifoHa pe3ko KOHTHHEHTAJIbHBIA, HECKOJIBKO CMSITUYCHHBIA BIIHS-
HueMm o03. baiikan. ['omoBas cymma ocamkoB nocturaet 400 MM, OCHOBHasI WX
4acTh BBITAIa€T BO BTOPO nmonoBuHe Jieta. Cpegneromosas temmneparypa —1°C,
cpemnsis Temreparypa saBaps —25°C, utons — +21°C. KoaddunueHT KOHTHHEH-
TaJbHOCTH B MEKTOPHBIX BlaJinHaX 3abalikanbs mocturaet 85-90, a Ha mobdepe-
be balikana cHrkaetcs 10 67—73 [35]. OTHOcHUTeNIbHAS MSITKOCTh KiiuMmaTta OJia-
TONPHUSATHO CKa3bIBACTCS HA MPOMYKTUBHOCTH (PUTOIEHO30B M MPOIECCaX TyMy-
cooOpasoBaHus. ['pyHTOBBIC BOABI B MoiiMe 3ayieratoT Ha riryome 0,5-3 M, B
HaJIMOHMEHHBIX Teppacax — Ha TryonHe 8—15 M. J[peHHpOBaHHOCTH TEPPUTOPUH
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nenbThl CelIeHIr U TPOMBIBKA TTOATOIISIEMbBIX 30H OaliKalbCKUMHU BOJIAMHU OT'pa-
HUYMBAET BO3MOXKHOCTh 3aCOJICHUS MMOYB. TeM He MeHee Onarofapsi 3acylniv-
BOMY BECEHHE-paHHEJIEeTHEMY IEPUOy BCTPEYAETCs aKKYMYJISAIHs BEIIECTB HA
HcnapuTeIbHOM Oapbepe [36].
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Puc. 1. Kapra-cxema paiioHa uccneqoBanus — AeabThl p. CeneHru

[Fig. 1. Schematic map of the study area - Selenga River delta]

Brienstor Tpu BEICOTHBIX YPOBHS B ACJBTE: MEPBBIA — 3TO BHEIIHS IepHde-
puyeckas 9acTh ¢ oTMeTkamu 455,5-457,5 M Haz1 yp. M. ¢ IpUTEPPACHBIMU TTOHU-
JKEHUSIMA. BBICOKHE OCTpOBA JIEBTHI M IIEHTpabHAas MoiMa ¢ OTMeTKamMu 457,5—
460,0 M COCTaBIISIFOT BTOPOH 1 TPETHI ypOBHU — BhIcOKas monma ¢ 460,0-464,0 m
[36]. BcnenctBre pa3HOBBICOTHOCTH OHW WMEIOT PAa3iMYHBIE THIPOIOTHYECKHE
pexuMbl. KakoMy ypoBHIO CBOWCTBEH CBOCOOPa3HBIN penbed, KOTOpPBIH 00y-
CJIOBJIMBACT HEOJTHOPOIHOCTH IOYBEHHOTO IMMOKpOBa. Ha BEICOKMX OCTpOBax mpe-
o0namaeT TPYHTOBOE YBIAKHEHHE, B ICHTPAIHHON IMOMME B 3aCYIUINBBIE TIEPH-
OJTBI IOYBHI OTPHIBAIOTCS OT TPYHTOBBIX BOJI, A IOYBBI BEICOKOM MOWMBI pa3BUBa-
FOTCSI PEUMYIIIECTBEHHO TI0J] BIMSIHUEM aTMOC(HEPHOTO YBIaKHEHHSI.

WzyueHsl moiiMeHHBIC TOYBHI 1eNbThl CelleHTH: ajTioBHaJIbHbBIE JTyTOBO-00-
JIOTHBIE, AJUTFOBHAJIBHBIC JIyTOBBIC W AJUTIOBHANIBHBIC JTYTOBBIE COJIOHYAKOBATHIE
o kiaccudpukaum WRB — Fluvisols [37], a Takke BBIJICIICHHBIC U3 TYMYCOBBIX
TOPHU30HOB ATHX MOYB T'YMHHOBEIE Tpenapartsl. Hike oxapakrepuzyeM H3ydeH-
HBIC TIOYBHI.

Paspe3 1 (52°00'N 106°32'E) 3anoxeH B LIEHTpalbHOH moiiMe B 1 KM OT
cr. Tumutroid KabGaHckoro paiioHa Ha ci1abOHAKJIOHHOW paBHUHE IMOJ 3J1aKOBO-
Pa3HOTPaBHO-0COKOBBIM coolriecTBoM. [TouBa nMeeT mpod s (TIIyOHHBI B CM):
AU(0-29)-C(ca)(30-70+). [TouBa ayroBHAJIbHAS JTyTOBast CPEHECYTIHHACTAS
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(Mollic Fluvisols mo WRB). B HacTosiIiee BpeMs 3TH ITOYBbI HE 3aTaIlJIMBAIOTCS
MABOJKOBEIMHU BOJAMH, & YBJIAXHAIOTCS aTMOC(EPHBIMU OCaIKAMH.

Pazpes 2 (52°01'N 106°35'E) 3ano0xeH OKOJIO €. 3aKaJITyC IO OCOKOBO-pa3-
HOTpaBHBIMU cooOmecTBoM. [Ipodmne: AU(0-27)-AUg(28-49)-Cg(50-90).
[TouBa ammoBuanbHas dyroBo-6onotHas cpenHecyriauaucTas (Gleyic Fluvisols
mo WRB). ®opmupyeTcs B YCIOBUAX JTUTEIHHOTO MOBEPXHOCTHOTO U TPYHTO-
BOTO YBIIQXKHEHHSI C TIPAKTHYECKU IMMOCTOSIHHON KaMMUISIPHON KailMOH y TOBEpX-
HOCTH, IEPHOANIECKH 3aTATUINBACTCSI.

Paspes 3 (52°03'N 106°37'E) 3anoxen B 2 kM oT ¢. KaGaHCK 1Mo 31aKOBO-
Pa3HOTPaBHO-XBOIIOBBIM COOOIIECTBOM Ha BhICOKOW moime. [Ipodus: AUs(0—
14)-AUg(15-40)—C(ca)(41-70). [Toua ajunroBHaIIbHAS JIyTOBast COJIOHYAKOBA-
tas cpenHecyrauauctas (Mollic Fluvisols (Salic) mo WRB).

BonHbIe BEITSDKKY U3 IOYB LTSI ONPEACICHIS CyX0Tr0 OCTaTKa TOTOBIIIN B CO-
OTHOIIICHUY TO4YBa K Bojie, paBHOM 1:5. ComepikaHue XJIOpUI-MOHA H3MEPSUIA
MEPKYPOMETPHIECKIM METOIOM, CyIb(paT-noHa — TypOUANMETPHICCKAM, HOHOB
HATpUS U KaJIUs — INITAMEHHOH (hOTOMETpHEH, KabIlHsl H MarHUs — AaTOMHOM a0-
copOrueii, CyXoi 0CTaTOK — METOJIOM BBITIAPHBAHMUS U IPOCYIIBAHUS B CYIIIITB-
HOM mkady npu Temnepatype 105°C [38].

Brinenenne npenaparos ['K u3 rymycoBoro ropu3oHTa U UX OYHUCTKY IPOBO-
JIATA CTaHAAPTHRIME MeTo1aMu [39] axcTpakiueit 0,1 H. pacTBOPOM THAPOKCHAA
HaTpHs MOcIe MpeaBapuTensHoro aekanpuupoBanns. [Ipenaparsr 'K ounmamm
myteM niepeocaxnerns 20%-aemM pactBopom HCl mo Bemmuamnsl pH 1,5-2,0 u
MHOTOKpaTHOro eHTpudyrupoanus. Ocanok npomsisanu 0,1 H HCI, 3atem nu-
CTHJUTMPOBAHHON BOZOH, BEICYIIIMBAJIHA U PACTHPAIN 10 COCTOSHHS Iy IPHI.

DNeMEeHTHBIA aHaIN3 BBIJCIICHHBIX TipenaparoB ['K ObUT mpoBenieH Ha aBTO-
MaTHU4eCKOM 3eMeHTHOM aHanmu3atope «CHNS/O-2400 series 11» PerkinElmer
(CIIA). CrieKTpslI sSAepHO-MArHATHOTO pe3oHanca ~C-SIMP 6binu CHATEI Ha
criektpomeTpe «Avance 300 MHz» Bruker (I'epmanmsi) ¢ pabGodeld 4acToToM
100,53 MI' ¢ ucnons3oBanueM TBepaodazHoit Metoaukun CP-MAS. Xumuue-
CKHE CIBHTH TMPEACTABICHBI OTHOCHUTEIBHO TETPAMETWICHIAHA CO CIBHUTOM
0 ppm, B Ka4ecTBe CTaHJapTa MCIIOIH30BAM MUK aJlaMaHTaHa (B caboM IoJie)
mipu 38,48 ppm. [[ist KordecTBEHHOH 00paOOTKU MPUMEHSITH YHCIICHHOE MHTE-
TPUPOBAHUE IO OOJIACTSM, COOTBETCTBYIOIINM PACIOJIOKEHAIO (YHKIHOHAIb-
HBIX TPYIIT U MOJEKYJSIPHBIX (pparMeHToB. IS OI[EHKH KOMMYECTBEHHBIX Mapa-
MeTpoB ['K mcmonp30Bamy COOTHOIICHHE apOMATHUECKHX W alnn(paTHYeCKUX
(parMeHTOB B TyMHHOBBIX KucinoTax (AR:AL). CurHaisl, 00ycIIOBICHHBIE apo-
MAaTHYCCKAMH aTOMaMH YTIIepOo/ia, YIUTHIBAIH B 00macT 95—165 ppm, anudartu-
yeckuMH — B obsacti 0—95 ppm. OTHOCHTEIBHOE COJIEPKAHHE apOMATHICCKHX
aTOMOB yriiepoJa Wik o0mas apomMatudHocTh fa=AR/(AR+AL) [19]. Ctenenb
OKHCIICHHOCTH OIIPEEIIsu 110 (popmyIe:

®=2Qo—-Qh/Qc,
rae Qo, Qh u Qc — yrcio aTOMOB KHCIIOPOJIa, BOAOPOAA U YIIIEpoa B MOJICKYJIe
[40].
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Pe3yabTarhl ncciiefoBaHns U 00Cy:KIeHUE

Mopdoitorust 1 cBOCTBa TOWMEHHBIX JICIETOBBIX MTOYB ONPEICIISIFOTCS B3aH-
MOJICHCTBIEM aJUTIOBHANBHEIX W COOCTBEHHO ITOYBOOOPA30BATEIBHBIX MPOIEC-
COB. AJUTIOBHANTFHBIC TIOYBHI TOWM U IENIBT HACTCIYIOT OT OTJIATAEMOT'0 aJUTIOBHSI
TPaHYJIOMETPUIECCKII 1 MUHEPATIOTUYECKUN COCTABBI, B 3HAUNTEIFHOW CTETICHA
BIIVSIFOIIAE HA COCTAB OPTaHMYECKOTO BEIIECTBA MOYB, 00ECIICYCHHOCTh MX DJIe-
MeHTaMH nuTaHus. [lapaMeTpsl aluTfOBHANBEHBIX OTIOKEHUN OTPENEeNISIOTCS 110~
JIOKCHNUEM OTACTBHBIX YaCTeH MMOMMBI 10 OTHOIICHHUIO K PYCITY PEKH, a TAKXKE Xa-
PaKTepoOM IOYB ¥ OPO BOIOCOOPHON TEPPHUTOPHH.

XapakTepHOH OCOOCHHOCTHIO TPAHYJIOMETPUYECKOTO COCTaBa IMOHMEHHBIX
MTOYB JEIBTHI SBJSIETCS BBICOKASI CTENICHh COPTHPOBAHHOCTH C IpeoliagaHueM
MEJIKOTO TIeCKa M KPYIMHOW MBIIH. DTH KadecTBa 00YCIOBIUBAIOT YCHICHHE WC-
MapuTETHHOTO 3(eKTa B YCIOBUAX TPYHTOBOTO NMUTAHUS, HEYCTOMUMBOCTD ar-
peraToB, OBICTPHII OTPHIB IIOYB OT TPYHTOBEBIX BOJ U IIEPEXOJ ITOYB B MTOCTAILTIO-
BHANBHYIO cTamuio. CBoeoOpasne nenbTel CeNneHry, CBI3aHHOE C YIBTPAIPeCcHO-
CTBIO BOJ 03. balikan, 3akirodaeTcsi B IpeoOIalaHiH ITOYB C PEaKIUeH cpeibl
OJTM3KON K HEHUTpaJbHON M ciaborierouHoi. [loBbIieHHOe conepKaHue TI0T-
Horo octatka (0,67%) B BOEHOW BBEITSDKKE HCCIEAYEMBIX MOYB OOHAPYKHBACT
HaJIM4Me MCTIApUTEIBHOTO Oaphepa, B pe3yibTaTe YeTro PEaKUus CPeIbl CTAHO-
BUTCSI IEIIOYHOM CHAYaJIa B BEPXHUX TOPU30HTAX MMPOGHIIL, 3aTEM II0 BCEMY IPO-
¢mITo 1, Ha OTHAENBHBIX yJacTKaX MPHBOIUT K HAKOIUICHHUIO BOJOPACTBOPHMEIX
COJIeH B TOBEPXHOCTHOM TOPHU30HTE B KOJIMIECTBE, O3BOJISIONIEM OTHECTH UX K
COJIOHYAKOBaThIM (Tab. 1). oHHBIN COCTaB BOJHON BBITSKKH CBUIICTCIILCTBYET
0 Cynb(haTHO-HATPHEBOM THUIIE 3aCOJICHHS, YTO OOYCIIOBICHO BHICOKOMUHEPAIH-
30BaHHBIMH ITOYBEHHO-TPYHTOBBEIMU BOJAMHU.

Ta6auna 1 [Table 1]
HexoTopble xumuyeckue CBOCTBa a/JIIOBUHAJIBHBIX 0YB J1eJbThI p. CeleHrn
[Some chemical properties in Fluvisols of the Selenga River delta]

Cymma Tok-
Topusonr | ny6una, cm | pH BozmH Copr, % CHHHBIX €O- Crenen,
[Horizon] [Depth, cm] [pHi0] [Organic JIen, %. 32.1C.0HeHHﬂ
carbon, %] [Total toxic [Salinity degree]
salts, %]
Anmosuanvras 1y2osas [Mollic Fluvisols]
AU [ 029 | 75402 [ 4,04+0,3 [0,132+0,009 | Her 3aconenns
Anmosuanvuas ny2080-6onomuas [Gleyic Fluvisols]
AU | 027 | 68t02 [ 243+0,1 [0,157+0,011 | Her 3aconenus
Anmosuanvhas 1y2osas cononyakosamas [Mollic Fluvisols (Salic)]
AUs 0-14 8,30,2 2,49+0,2 | 0,670+0,015 Cpeﬂ“ﬁ:f:"“eﬂ'

OTrMeueHHas] TEHACHIMS K 3aCOJICHUIO SIBIISIETCS OTIIMYUTEIBHON YEpTOM
JIETHTOBBIX MOYB M HE XapakrepHa s noitmel Cenenrn [41]. 3aconeHHsie mie-
JIOYHBIC U OTOP(POBAHHBIC KHCIIBIE TTOUBBI B OTIHYME OT JICJIBT PEK, BIAJAIOIIHX
B CEBEPHBIE U I0XKHBIE MOPSI, IMAPOKOTO PACTIPOCTPAHEHHU S B COBPEMEHHOM JICITbTE
HE UMEIOT.
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InemenmHuulil cocmas 2ymMunoebx Kucjiom. dneMmeHnTHeI coctas ['K, mpen-
CTaBJICHHBIA B aTOMHBIX TIPOIICHTaX (TabJI. 2), M0 CPAaBHEHUIO ¢ TTIOYBAMH APYTHX
Tepputopwii [12, 42, 43] xapakTepusyeTcs MOHMXEHHBIM COJICPKAHUEM yTIepoa
W HECKOJIBKO TOBBIIIEHHBIM — BOJOPO/Ia M KHCIOPOaa. 3aKOHOMEPHOE BO3pacTa-
HEE COIeprkKaHus yTiepoa U CHIKEHHE KOJTMIeCTBa BOIopoIa B ccneayeMbix ['K
IPU TIEPEeXOe OT JIyTOBBIX COJOHYAKOBATHIX K JIYTOBBIM ITOYBAM OOBSICHSICTCS
HapacTaHUEM CTEIICHH KOHICHCHPOBAHHOCTH, YTO COOTBETCTBYET DKOJIOTHUYECKIM
YCIIOBHSAM TTOYBOOOPa30BaHus U cTenieHn rumpomopdroctu. [Tokazarens H/C sB-
JSIeTCSI KIMMMATOTEHHO 00YCIIOBICHHBIM, HMEIOIIM CBOY IIPEEIIBI IIPH Pa3HOM CO-
YETaHUH TEIIO00ECIICICHHOCTH M YBIQXKHEHHOCTH, €r0 3HAYCHUS CIICHU(HIHBI
st mouB 3anaHoi Cubupu, ['opHoro Antas, Ypana u [ToBomkes [43].

OtHomenne H/C yMeHbIIaeTcsi OT JIYTOBOM K COJIOHYAKOBATOH ITOYBE, YTO
CIIy’)KUT IOKA3aTeIHCTBOM MEIJICHHOTO yBeNm4eHHs oOyriepoxkenHoctn 'K u
CHIDKCHHS CTEIICH! MX THIPOTCHE3aIIH.

Ta6nuna 2 [Table 2]
JJIeMeHTHBIH COCTaB TYMHUHOBBIX KHCJIOT U CTE€NIEHb UX OKUCJICEHHOCTH
B AJUVIIOBHAJIBHBIX MOYBaX 1€JbThI P. CesleHrn

[Elemental composition of humic acids and their oxidation degree
in Fluvisols of the Selenga River delta]

ATOMHBIE OTHOILICHUS
[Atomic relations] *

C H N O H/C 0o/C C/N

IlouBa Atomasle, % [Atomic, %]
[Soil]

AnnoBu-

ajlbHast Jy- 43,8 32,3 2,4 21,1

rogasi (n=5) +0,7 0,3 +0,2 +0,3
[Mollic

Fluvisols]
AToBu-
ajpHast Jiy-
roBo-6onot- | 41,1 33,9 2,2 22,6
Hast (n=5) +0,1 +0,1 +0,1 +0,3
[Gleyic
Fluvisols]
AToBu-
ajbHas Co-
JIOHYAKOBa- 37,4 35,0 2,6 25,0
Tas (n=5) +0,5 +0,4 +0,1 +0,4
[Mollic Fluvi-
sols (Salic)]

* CreneHb OKUCICHHOCTH [Degree of oxidation].

0,7 04 | 179 | 02

0,8 0,5 18,7 0,3

0,9 0,7 14,4 0,4

OtHomenne C/N, cBuAETENLCTBYIOMEe 00 oOoramenHoctd OB a3zoTtom, B
n3y4deHHBIX npenapartax ['K cykaercs B TyroBo# COIOHYaKOBATON IMMOYBE, UTO SB-
JSIeTCsL pe3yIbTaTOM OCOOBIX YCIIOBHH TYyMyCcOOOpa30BaHMsI, CBSI3AHHBIX C 3aCO-
neHreM. B HUX CHIDKArOTCS YPOBEHH IMOTEHIMAIBHOTO TUIOJOPOANS M TOCTYII-
HOCTh MaKpO- H MHKPORJIEMEHTOB JUISI paCTEHHH, a TakKe YXYAIMIAIOTCS BOJHO-
¢usnyeckue cBoricTBa MoyB. 'K U3 ryMycoBoO-aKKyMyJISTHBHOTO TOPU30HTA JIaH-
HBIX IOYB 000TAIIEHBI HE TOJIBKO a30TOM, 31IECh K€ M caMasi BEICOKAsl OIS BOIO-
poIa, YTo CBHICTEILCTBYET 00 OTHOCHTEIIFHON HE3PEIIOCTH 3TUX KHCIOT U 3HA-
YUTEIFHOM YYacTHH Nepudepunaeckux pparMeHTOB B UX CTPYKTYPE.
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I'K 13 aymmroBHaNBHBIX JTyTOBO-0OJIOTHBIX MIOYB MEHEe 00OTaIIeHBI a30TOM, YeM
I'K auTroBHaNBbHBIX IYTOBBIX TI0YB, ITPX STOM OHH 00Jiee THAPOTCHU3UPOBAHEI 1 He-
CKOJIBKO 00JIee OKHCIICHBI, 9TO Ha (POHE YMEHBIICHHS COICPKaHus yTepoaa CBHIIC-
TEJILCTBYET O OOJIBIIIEH pa3BHTOCTH TIepH(EPUIECKOI YacTH MOJICKYJL. MexIy TeM
HEIb3s JeNaTh BHIBOJA O Pa3BUTHN MMEHHO aTU(aTHICCKUX KOMIIOHCHTOB, TaK KakK
JTAHHBIE AJIEMEHTHOTO COCTaBa YKa3bIBAIOT HA MPEOOIalaHue YIIICBOAHBIX, aTKIIIb-
HBIX W TIOJIMCAaXapuaHbIX (hparMeHTOB. I1oBBIIEHHAs cTeneHb okucieHHocTH ['K
TaKKe CBUIETEILCTBYET O Pa3BUTHH MEPHPEPIICCKAX, B OCHOBHOM KapOOKCHITEHBIX
rpymit. B 1ie7oM ycTaHOBIICHHBIE YPOBHH COIEPIKAHMUS YTIIEpOia U a30Ta B COCTABE
I'K uccnenyeMbIx mous OJIM3KH K CpeTHUM Tioka3arelsiM 'K 1moyB pasiHyHbIX MpH-
POIHBIX 30H, OIPEACIICHHBIM JUTs BEIOOPOK OoJtbiioro oobema [16, 44].

Crpykrypnslii coctaB I'K. [t onieHKH CBSI3M MEXIy 3JIEMEHTHBIM COCTa-
BOM H CTPYKTYpHBIMH ocoOeHHOCTsMH ['K Hamm mpoaHaam3upoBaHbBI CIIEKTPHI
13C-SIMP npenaparos I'K uccieayeMbIx mods (prc. 2), nIeHTHOHIIPOBAHBI CJie-
nyromue obnmactr: anmdarndeckas (0-95 ppm), apomatnueckast (95-165 ppm),
001acT KapOOKCHIIOB, 3PUPOB M aMUIOB (3TH PYHKIIMOHATBHBIC TPYIIIHI MOTYT
OBITh CBSI3aHBI KaK ¢ T(haTHIESCKOM, TaK U C apoMaTHueckoi kommoHeHTo# ['K)
(165—185 ppm) u kap6oHmIOB (185-200 ppm), YTO CBUIETEILCTBYET O OOJIBIION
cnoxHocTH cTpoeHus ['K 1 monmipyHKIMOHAEHBIX CBOWCTBAX, 00YCIIOBIIMBAIO-
IIMX WX aKTHBHOE yJacTUE B TIOYBEHHBIX IPOIIECCaX.

Or1eHKa OTHOCHTEIIEHOTO COACPKaHUsI aTOMOB YTIIEpOaa OCHOBHBIX (DYHKIIH-
OHAJIGHBIX TPYIII U CTPYKTYPHBIX (hparMeHToB B mpenaparax I'K ammoBranbsHBIX
MTOYB IIPOBEICHA HAMU HHTETPUPOBAHUEM JIMHUH ITOTIIOMICHHS B COOTBETCTBYIO-
IIUX JHANa30HaX XUMHYECKUX CIBUTOB (Tabd. 3).

G S v S
P Y Lt pn

T T T T
9 140 130 120 110 100 3 80 70 60 S0 40 30 2 10 © -0 -20 ppm

Puc. 2. Cnextpsl *C-SIMP ryMMHOBBIX KUCIOT: 1 — aJlIiOBHAJIbHAS JTyTOBAsL;
2 — aJUTIOBUANIbHAsL JTyTOBO-00J10THAST; 3 — AUTFOBUAIbHAS JTyTrOBasi COJIOHYAaKOBaTas

[Fig. 2. 3C-NMR spectra of humic acids: 1 - Mollic Fluvisols; 2 - Gleyic Fluvisols;
3 - Mollic Fluvisols (Salic)]
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B ammudarnyeckoit obmactu Bo Becex cnektpax ['K mpucyrcrByror CHa-ai-
KHJIbHBIC ()parMeHThI, cocpe0TOYeHHBIE B oOsacTi 30-50 ppm 1 XapakTepu3sy-
foluecs HauOOJIbIIEeH YCTOMYNBOCTEIO K TpaHC(hOPMAIIHU CPeIU ATH()aTHISCKHX
KOMITOHEHTOB. CUHTAETCsI, YTO BEICOKAS JJOJIS ATOMOB au(paTHIECKUX pparMeH-
TOB CBSI3aHA C HAKOIUICHUEM NPOJIYKTOB PACTHTEIFHOTO IPOUCXOKICHHS — BOC-
KOCMOJI, TIIMKOJUIHUAOB, KyTHHA, )KUPHBIX kucnoT [45]. B 'K myroBsix comonva-
KOBATHIX ITOYB OH HanOoJIee BEIPaXKeH, CKOpEe BCETO M3-3a 00beMa 1 COCTaBa oOp-
TaHUIECKUX OCTATKOB, TaK ¥ CHEHU(PUICCKIMI OMOXUMHYECKUMH YCIOBHSIMA UX
Pa3IOKEHHUS.

Bo Bcex cmekrpax 'K mpucyTcTBytoT OTUET/IMBBIC TIMKH B Iuamna3zoHe 45—
65 ppm, TaHHBIA JHATIA30H CBS3aH C METOKCHIIBHBIMU TPYIINIaMH, 00YCIIOBJICH-
HBIMH TIPUCYTCTBUEM JIMTHUHOBBIX 1 aMUHOKHCIIOTHBIX (hparMeHTOB [46]. Crtb-
HBbIe CHTHAJIBI B 00mactu 65-95 ppm otHocsTcs kK yraepony CH(OH) rpynm u
MPUHAUICKAT K IEJUTFOIO3HBIM WM APYTHM YTIICBOIHBIM PparMenTam [47].

Ta6auna 3 [Table 3]
Copep:kaHue CTPYKTYPHBIX (PArMeHTOB YMHHOBBIX KHCJIOT AJUTIOBHAJIBLHBIX M0YB
nensThl p. Ceenru no naunsim SIMP 13C, %

[Content of structural fragments of humic acids in Fluvisols of the Selenga River delta
according to *C NMR data, %]

Tousa [Soil] Xumuueckuii caBur, ppm [Chemical shift] AR/AL| fa, %
0-45 | 45-65 | 65-95| 95-165 |165—-185|185-200

AmutoBUasIbHAS
JIyroBas 12,3 6,5 8,5 55,1 15,5 2,1 2,0 | 66,9
[Mollic Fluvisols]
AsutoBHasIbHAS
JIyroBO-00JI0THAS 12,6 8,4 8,1 53,7 17,2 1,8 | 64,8
[Gleyic Fluvisols]
AmutoBUasIbHAs
JIyrosas COlOH4a- | Hg 5 16,9 39,3 13,3 2,0 0,9 |41,3
KoBaras [Mollic Flu-
visols (Salic)]

Tpumeuanue. AR/AL — curnans! ot '3C apomarrueckux cTpykTyp (AR) cyMMupoBaHsl 1o 06-
nactsiMm 165-95 ppm, anudparudeckux ctpyktyp (AL) — 95-0 ppm [Signals from '3C aromatic
structures (AR) were summarized in the 165-95 ppm region and aliphatic structures (AL) in the 95-0 ppm
region]; fa — creneHp apomaTuyHOCTH [Degree of aromaticity].

B obmactn apomatudecknx (parMeHTOB HanOojee MIMPOKHAE TTHKH MPHXO-
nstest Ha C, H-3amemennbie apomatndeckue pparments (110—130 ppm), urto xa-
pakTepHO B OOJIBIICH CTENICHN JUTSI TIOYB IOJT TYTOBOM PacTUTENLHOCTHIO. [Tuku
mpu 147-149 ppm (0o6nacTh pe30HUPOBAHUS CBA3CH apOMaTHUSCKOW TTPUPOIHI)
00yCIIOBJICHBI COCMHEHHUSIMA JTUTHUHOBOTO TPOMCXOXICHUS [48], TaKue THKH
cKOpee BCEro OOYCIIOBIEHBI BBICOKAM COACPIKAHHUEM MEINTFOIO30JIUTHUHHOTO
KOMIUIEKCA B pacTHTEIbHOCTH 3abaiikaibs [49]. AMP-cniextpsl 'K ammroBnans-
HOM JIyTOBOW IOYBBI UMETH 00Jiee WHTCHCUBHBIC CHTHAIBI B 3TOW 00JIACTH IO
CpaBHEHUIO C JIYTOBOW COIOHYAKOBATOM MOYBOM.

B o6iactu 172—174 ppm, IpUCYTCTBYET CUTHAJI, OTHOCHMBIH K yTIEpOIy Kap-
OOKCHIIBHBIX TPYIIl; OH TAaKKe MOJXKET INPHHAMICKATh W KapOOHMI TpyIIe
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aMU0B ¥ nouenTuioB [50]. ATOMBI yriiepoja XMHOHHBIX (parMeHTOB U Kap-
OOHMIIBHBIX TPYII ATBIETHIOB M KETOHOB BHOCST CBOM BKJIA]] B cJ1a0ble CHTHAIIBI
B obnactr 185-200 ppm; HE3HAYUTEITHHOE MX COACPIKAHUE, BEPOSTHO, CBA3AHO C
HEBBICOKOH CKOPOCTBIO PA3NIOKEHUSI OPTaHWMYECKOTO BEUIECTBA B ATUX ITOYBaX B
pe3yJibTaTe HeOJaronpUsATHBIX BOAHO-(PH3MYECKUX YCIOBHIA (TIepeyBIIaKHEHHE),
KOTOpBIE CHIDKAIOT aKTHBHOCTh MOYBEHHBIX MHKPOOPTaHU3MOB. 3acojeHHE
TaKXe OTPUIATEILHO BIWSET HA MHOTHE ITOYBCHHBIC OPTaHW3MBI, OTPAaHNINBAS
IOCTYITHOCTH BOABI B PE3YJIbTATE HU3KOTO OCMOTHYECKOTO MOTEHIINANA B MTOYBE
W WOHHOW TOKCHYHOCTH [51].

[Tonyuennsie nanneie o coctase I'K M03BOIIAIOT 3aKIIIOUUTD, YTO U3MEHEHUS
AIIEMEHTHOTO COCTaBa COMPOBOMKAAIOTCS N3MEHEHUSIMA COCTAaBa U CTPYKTYPHBIX
0COOCHHOCTEH TYMHHOBBIX KHCIOT. B 11e5mom ['K aymroBHaibHOM TyTroBOil MTOYBEI
Oosiee oborarieHa apoMaTHIeCKUMHU PparMeHTamu, yeMm [ 'K myroBo-00JI0THBIX 1
JYTOBBIX COJIOHYAKOBATHIX IMO4B. OHA IPEICTABIIACT COOO0I O0JIee «3pebliiy Mpo-
IyKT TyMupuKauu. s cpaBHEHNS CTETIEHH apOMaTHYHOCTH (fa) CTPYKTYpHBIX
¢parmenToB ['K ammoBHagbHEIX TIOYB OBLIO MCIIOIB30BAHO COOTHOIICHUE YTIIe-
polla apoMaTHYECKUX CTPYKTYp K yriepoay amudarudeckux neneit AR (165—
95 ppm)/AL (95-0 ppm), KoTopoe oTpakaeT THaPOoPhoOHO-THIPODHIBHBINA Oa-
naHc B ['K. JlaHHOE COOTHOIIIEHUE YBEIMYHIIOCH O0JIee YeM B JiBa pa3a IpH Iepe-
X0/l OT aJUTFOBMANFHOW JIYTOBOW COJIOHYAKOBOW K aJUTFOBHAJIBHOW JYTOBOM.
MeHsbimas cTeneds apoMaTHaHOCTH y TipenapaTta 'K myroBoi#t conongakoBaTon
MOYBHI, UTO TAKKe MOATBEpKAaeT 3HaueHnss H/C momydeHHbIE 0 JTaHHBIM dJie-
MEHTHOTO COCTaBa, M yKa3bIBAcT Ha OOJbIee COAEPKAHNE B HEM MEHee pa3lio-
KCHHBIX TUAPOPUIBHBIX CTPYKTYP (B MEPBYIO OUEPEIh IEIUTIONO3HBIX OCTATKOB).

3akiouenne

®dopmupoBanne B momax p. CeneHry ajuTiOBHABHBIX MTOYB C Pa3HBIM COIEp-
xanueMm C, H, O, N u ¢ pa3imyHbIMHA (PYHKIIMOHATBHBIMHA TPYIIIAMHA B TYMHHO-
BBIX KHCJIOTaX OOYCIIOBJICHO OMOKITMMATHYECKHMH YCIIOBUSIMH, CBS3aHHBIMH C
JUTUTETIFHBIM HaXOKIEHHIEM UX B MEP3JIOTHOM COCTOSTHUH, PEKIMOM I'PYHTOBBIX
BOJI, COCTaBOM OTJIOKCHHIA, BHJIOBBIM COCTaBOM pacTeHHi. Heckonbko Oonbas
CTETICHh aPOMATUYHOCTH B JUTFOBHAIBHOW JIYTOBOW W JIyTOBO-OOJIOTHOW IMTOYBE
CBSI3aHA C DKOJIOTHYECKUMH YCIOBHAMU H XHMHUYECKIM COCTAaBOM ITPEIIECTBEH-
HUKOB rymudukamu. Bozpacranue nomu annarnaecKux CTPYKTYp U CHIDKECHIE
JIOJTA apoMaThdeckux (parMeHToB B coctaBe npemnaparoB 'K myroBoii comonya-
KOBOM ITOYBHI TTO3BOJITIOT TOBOPHUTH 00 YIPOIICHUN CTPOCHHUS TYMHUHOBOW KHC-
10TEl. [ pyHTOBOE yBIa)KHEHHE B COBOKYITHOCTH C 3aCOJIEHHEM 3aMETHO CHIKAET
CKOpOCTh TpaHC(opManuu mouBeHHOro OB w MpUBOANT K yBEIHMUYCHHIO JOIH
HEOKHCJICHHBIX almu(aTHuecKuX (pparMeHTOB. 3HAUUTEIBHAS OIS PEAKIIMOHHO
crocoOHBIX (DYHKIIMOHATIBHBIX TPym B cocTaBe ['K mprmaeT moyBaM BBEICOKYIO
a7cOpOIIMOHHYIO CITOCOOHOCTh M SIBJICTCS ONMPEACSIISIOIIM (aKTOPOM IMPH pac-
CMOTpPEHHH UX B KaYE€CTBE OMOTCOXUMHUYECKHUX IMPUPOIHBIX OAPHEPOB B NICIBTE.

17



Azpoxumusn u nousogedenue / Agrochemistry & Soil science

10.

11.

12.

13.

14.

15.

16.

17.

18.

18

Cnucox ucmouHuKkos

Martin M. V., Gebuhr C., Daniel O., Wiltshire K.H. Characterization of a humic acid ex-
tracted from marine sediment and its influence on the growth of marine diatoms // Journal
of the Marine Biological Association of the United Kingdom. 2014. Vol. 94 (5). PP. 895—
906. doi: 10.1017/S0025315414000368

Fernandes A.N., Giovanela M., Esteves V.I. Elemental and spectral properties of peat and
soil samples and their respective humic substances // J. Mol. Str. 2010. Vol. 971. PP. 33—
38. doi: 10.1016/j.molstruc.2010.02.069

Nebbioso A., Piccolo A. Molecular characterization of dissolved organic matter (DOM): a
critical review // Anal. Bioanal. Chem. 2013. Vol. 405. PP. 109-124. doi: 10.1007/s00216-
012-6363-2

Schaeffer A., Nannipieri P., Késtner M. et al. From humic substances to soil organic matter—
microbial contributions. In honour of Konrad Haider and James P. Martin for their out-
standing research contribution to soil science // J Soils Sediments. 2015. Vol. 15. PP. 1865—
1881. doi: 10.1007/s11368-015-1177-4

Hayes M.H.B., Swift R.S. An appreciation of the contribution of Frank Stevenson to the
advancement of studies of soil organic matter and humic substances // J Soils Sediments.
2018. Vol. 18. PP. 1212-1231. doi: 10.1007/s11368-016-1636-6

Kleber M., Lehmann J. Humic substances extracted by alkali are invalid proxies for the
dynamics and functions of organic matter in terrestrial and aquatic ecosystems // J. Environ.
Qual. 2019. Vol. 48. PP. 207-216. doi: 10.2134/jeq2019.01.0036

Dou S., Shan J., Song X., Cao R., Wu M., Li C., Guan S. Are humic substances soil micro-
bial residues or unique synthesized compounds? A perspective on their distinctiveness //
Pedosphere. 2020. Vol. 30(2). PP. 159-167. doi: 10.1016/S1002-0160(20)60001-7

Nobili M., Bravo C., Chen Y. The spontaneous secondary synthesis of soil organic matter
components: a critical examination of the soil continuum model theory // Appl. Soil Ecol.
2020. Vol. 154. p. 103655. doi: 10.1016/j.aps0il.2020.103655

Simpson A.J., Kingery W.L., Hayes M.H., Spraul M., Humpfer E., Dvortsak P., Kers-
sebaum R., Godejohann M., Hofmann M. Molecular structures and associations of humic
substances in the terrestrial environment // Naturwissenschaften. 2002. Vol. 89. PP. 84-88.
doi: 10.1007/s00114-001-0293-8

Lehmann J., Kleber M. The contentious nature of soil organic matter // Nature. 2015.
Vol. 528. PP. 60-68. doi: 10.1038/nature1 6069

Rigobello E.S., Dantas A.D.B., Di Bernardo L, Vieira E.M. Influence of the apparent mo-
lecular size of aquatic humic substances on colour removal by coagulation and filtration //
Environmental =~ Technology.  2011.  Vol. 32.  PP. 1767-1777.  doi:
10.1080/09593330.2011.555423

Opos [I.C. ['ymycoBbIe KUCIOTHI TOYB U 001mast Teopust rymuukanun. M. : U3a-so MI'Y,
1990. 324 c.

Heprauea M.J. MeTtoapl IOYBOBEIEHHSI B apXEOJIOTHUECKUX HccienoBanuax. Hosocu-
6upck : HoBocubupckuii roc. yH-T, 2007. 96 c.

Hatcher P.G., Dria K.J., Kim S., Frazier S.W. Modern analytical studies of humic sub-
stances // Soil Sci. 2001. Vol. 166. PP. 770-794. doi: 10.1097/00010694-200111000-00005
Leenheer J.A. Systematic approaches to comprehensive analyses of natural organic matter
// Ann. Environ. Sci. 2009. Vol. 3. PP. 1-130.

Stevenson F.J. Humus chemistry: genesis, composition, reactions. New York : John Wiley
and Sons, 1994. 512 p.

Claridge T.D.W. High-resolution NMR techniques in organic chemistry. Amsterdam : Else-
vier Ltd., 2016. 541 p.

Hedges J.I, Eglinton G., Hatcher P.G., Kirchman D.L., Arnosti C., Derenne S., Ever-
shed R.P., Kogel-Knabner 1, De Leeuw J.W., Littke R., Michaelis W., Rullkotter J. The molecu-
larly-uncharacterized component of nonliving organic matter in natural environments // Org. Geo-
chem. 2000. Vol. 31. PP. 945-958. doi: 10.1016/S0146-6380(00)00096-6



Munvxeeg E.JO., Humumoopocueea I'./l., banoanoe H./l. Inemenmustit cocmas

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.
36.

Kana6un I'A., Kannikas JI.B., Kymnapes JI.®. KonunuectBennas criektpockonust SIMP
MPUPOTHOTO OPraHUYECKOTO ChIPhS U MPOAYKTOB ero mepepabdorku. M. : Xumust, 2000.
408 c.

Yykos C.H. CrpykTypHO-(pyHKIIHOHAIbHBIE TAPaMETPbl OPraHUYECKOroO BEIIECTBA [OYB B
ycaoBusiX aHTponoreHnoro Bo3zaeictsus. CII6. : U3n-so CIIOIY, 2001. 216 c.

Mao J., Cao X., Olk D.C., Chu W., Schmidt-Rohr K. Advanced solid-state NMR spectros-
copy of natural organic matter // Progress in Nuclear Magnetic Resonance Spectroscopy.
2017. Vol. 100. PP. 17-51. doi: 10.1016/j.pnmrs.2016.11.003

Yykos C.H., Jlogsirun E.JI., AGakymos E.B. Ucnons3osanue 3C SIMP-cneKTpOCKOIUHU B
HCCIICIOBAHUHM OpraHuyueckoro BemecTBa mous (0030p) // IousoBenenue. 2018. Ne 8.
C. 952-964.

Kogel-Knabner 1., Rumpel C. Advances in Molecular Approaches for Understanding Soil
Organic Matter Composition, Origin, and Turnover: A Historical Overview // Adv. Agron.
2018. Vol. 149. PP. 1-48. doi: 10.1016/bs.agron.2018.01.003

I'vinunoBa A.B., Kopcynos B.M. IMoussl CenenruHckoro aensToBoro paiiona I[Ipubaiika-
nb4 // TlouBoBenenue. 2006. Ne 3. C. 273-281.

Makyukun 9.0. CpaBHUTENbHAS OLIEHKA TYMYCHOIO COCTOSTHHS MOYB MacTOUI U (OHO-
BBIX y4acTKoB nenbThl p. Cenenra // Arpoxumust. 2015. Ne 12. C. 28-36

Makyukuna 2.0., Copoxun H.J., KopcynoB B.M. CocrosiHne MHUKPOOHBIX COOOIIECTB
[I0YB B PA3IMYHBIX YCIOBUAX MX MOEMHOCTH B fensre Cenenru. Ynas-Y s : M3n-so BHI]
CO PAH, 2007. 160 c.

Copokun H.JI., Makymkun 2.0., KopcyHnos B.M., Adanacosa E.H., [llaxmarosa E.I1O.
MukpoOHbIe KoMIUIeKChl TuapoMopdHbIX oy aenbThl Cenenru (Balikanbckuit pervon) /
Iousosenenue. 2006. Ne 7. C. 855-860.

[Haxmarosa E.}O., Makymkun 3.0., KopcyHoB B.M. Oco6eHHOCTH XUMUYECKOTO COCTaBa
MOYBEHHO-TPYHTOBBIX BOJ| MoWMeHHbIX mo4uB AenbThl Cenenru (baiikanbckuit peruon) /
IMouBosenenue. 2009. Ne 6. C. 674—679.

Polyakov V., Abakumov E., Lodygin E., Vasilevich R., Lapidus A. Distribution of Molec-
ular Weight of Humic Substances Isolated from Soils of Tallgrass Temperate Rainforests
(Chernevaya Taiga) / Agronomy. 2022. Vol. 12 (8). P. 1760. doi: 10.3390/agron-
omy12081760

Abakumov E.V., Polyakov V.I., Chukov S.N. Approaches and Methods for Studying Soil
Organic Matter in the Carbon Polygons of Russia (Review) // Eurasian Soil Science. 2022.
Vol. 55 (7). PP. 849-860. doi: 10.1134/S106422932207002X

Lodygin E., Abakumov E. The Impact of Agricultural Use of Retisols on the Molecular
Structure of Humic Substances // Agronomy. 2022. Vol. 12 (1). P. 144. doi: 10.3390/agron-
omy12010144

. Polyakov V., Loiko S., Istigechev G., Lapidus A., Abakumov E. Elemental and molecular

composition of humic acids isolated from soils of tallgrass temperate rainforests (Cherne-
vaya taiga) bylH-13C HECTCOR NMR spectroscopy // Agronomy. 2021. Vol. 11 (10).
P. 1998. doi: 10.3390/agronomy11101998

Polyakov V.1, Chegodaeva N.A., Abakumov E.V. Molecular and elemental composition
of humic acids isolated from selected soils of the Russian Arctic // Vestnik Tomskogo
Gosudarstvennogo Universiteta, Biologiya. 2019. Vol. 47. PP. 6-21. doi:
10.17223/19988591/47/1

Chalov S., Thorslund J., Kasimo N., Aybullatov D., Ilyicheva E., Karthe D., Kositsky A.,
Lychagin M., Nittrouer J., Pavlov M., Pietron J., Shinkareva G., Tarasov M., Garmaev E.,
Akhtman Y., Jarsjo E. The Selenga River delta: a geochemical barrier protecting Lake
Baikal waters // Regional Environmental Change. 2016. PP. 1-15.

XKyxos B. M. Knumart Bypstckoit ACCP. Ynan-Y a3 : Bypar. kH. uza-so, 1960. 188 c.
I'vinunoBa A.B., Illo6a C.A., bancanosa JI.JI., ['vinnHoBa B.J. [louBsr aenbtel peku Ce-
neHru (renesuc, reorpadust, reoxumust). Ynau-Y a3 : Uza-so BHI[ CO PAH, 2012. 344 c.

19



Azpoxumusn u nousogedenue / Agrochemistry & Soil science

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

20

TUSS Working Group WRB World Reference Base for Soil Resources 2014, update 2015.
International Soil Classification System for Naming Soils and Creating Legends for Soil
Maps. World Soil Resources Reports No. 106. Rome: FAO, 2015. 192 p.
ArpoxumMudeckue MeTobl uccinenoBanus noys. M. : Hayka, 1975. 656 c.

Opnos /1.C., I'pummuna JLA. [paktukym no xumuu rymyca. M. : U3a-Bo Mock. yH-Ta,
1981.273 c.

Orlov D.S. Humic Substances of Soils and General Theory of Humification. 1st ed. London,
UK : Taylor & Francis, 1995. 325p.

VYoyryunosa B. U., Y6yrynos JLJI., Kopcynos B.M., Bana6ko I1.H. AntroBuanbHbie TOYBBI
peunbIx nonun Gacceitna p. Cenenru. Yian-Ym : M3n-so BHI[ CO PAH, 1998. 290 c.
KnenoB B.M. YcroiiunBocth rymyca aBToMopdusix nous 3amaguoir Cubupu. HoBocu-
oupck : M3n-8o CO PAH, 2000. 173 c.

HepraueBa M.U., HekpacoBa O.A., OxonemnuxkoBa M.B., BacunweBa J[.U., ['aBpu-
108 I.A., Ouyp K.O., Onnap E.O. CooTHOLIEHHE 37IEMEHTOB B T'yMUHOBBIX KHCIOTaX Kak
HCTOYHHK MH(OPMALIMK O IPUPOIHON cpene hopmupoBanusi no4s // CHOMPCKUIT IKOJIOTH-
yeckuid xxypHai. 2012. Ne 5. C. 643-647.

Opnos J1.C., buprokosa O.H., Cyxanosa H.W. Oprannueckoe BemiecTBo nousB Poccuiickoit
®Geneparu. M. : Hayka, 1996. 256 c.

Winkler A., Haumaier L., Zech W. Insoluble alkyl carbon components in soils derive
mainly from cutin and suberin // Org. Geochem. 2005. Vol. 36 (4). PP. 519-529. doi:
10.1016/j.orggeochem.2004.11.006

Knicker H., Hilscher A., Gonzalez-Vila F.J., Almendros G. A new conceptual model for
the structural properties of char produced during vegetation fires // Org. Geochem. 2008.
Vol. 39(8). PP. 935-939. doi: 10.1016/j.org-geochem.2008.03.021

Simpson A.J., Simpson M.J. Nuclear magnetic resonance analysis of natural organic matter.
Biophysico-chemical processes involving natural nonliving organic matter in environmen-
tal systems / eds. by N. Senesi, B. Xing, P.M. Huang. New Jersey : John Wiley & Sons Inc.,
2009. PP. 589-650.

Koganesa H.O., Kosane I1.B. JIuruuHoBbIe ()eHONBI B OYBaX KaKk OHOMapKephl Tajieo-
pacrurensroct  //  IlouBoBemenme. 2015. Ne 9. C. 1073-1086. doi:
10.7868/S0032180X15((090063

Yumuraopkuesa ['.JI. OcoGeHHOCTH OPraHNYECKOTo BEIeCTBa KpUOTreHHbIX ouB // [Tou-
BoBegeHue. 1991. Ne 11. C. 125.

Jlompirun E. /1., Besnocuko B.A., Bacunesuy P.C. MonekysipHbIii COCTaB I'yMyCOBBIX Be-
wecTs TyHapoBbix 1o4s (C-SIMP-cnekrpockonus) / Tlousosenenue. 2014, Ne 5. C. 546
552. doi: 10.7868/S0032180X14010079

Ubpaesa M.A., Illayxaposa [I.E., [hxymanoBa M. BiusiHue 3aconeHus MOYB HA MHKPO-
Oouonoruyeckyro akTuBHOCTh // [louBoBenenue u arpoxumust. 2020. Ne 2. C. 71-78.

References

Martin MV, Gebuhr C, Daniel O, Wiltshire KH. Characterization of a humic acid extracted
from marine sediment and its influence on the growth of marine diatoms. Journal of the
Marine Biological Association of the United Kingdom. 2014;94(5):895-906. doi:
10.1017/S0025315414000368

Fernandes AN, Giovanela M, Esteves V1. Elemental and spectral properties of peat and soil
samples and their respective humic substances. J. Mol Str. 2010;971:33-38. doi:
10.1016/j.molstruc.2010.02.069

Nebbioso A, Piccolo A. Molecular characterization of dissolved organic matter (DOM): a
critical review. Anal. Bioanal. Chem. 2013;405:109-124. doi: 10.1007/s00216-012-6363-2
Schaeffer A, Nannipieri P, Késtner M. et al. From humic substances to soil organic matter—
microbial contributions. In honour of Konrad Haider and James P. Martin for their out-
standing research contribution to soil science. J Soils Sediments. 2015;15:1865-1881. doi:
10.1007/s11368-015-1177-4



Munvxeeg E.JO., Humumoopocueea I'./l., banoanoe H./l. Inemenmustit cocmas

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23

Hayes MHB, Swift RS. An appreciation of the contribution of Frank Stevenson to the ad-
vancement of studies of soil organic matter and humic substances. J Soils Sediments.
2018;18:1212-1231. doi: 10.1007/s11368-016-1636-6

Kleber M, Lehmann J. Humic substances extracted by alkali are invalid proxies for the
dynamics and functions of organic matter in terrestrial and aquatic ecosystems. J. Environ.
Qual. 2019;48:207-216. doi: 10.2134/jeq2019.01.0036

Dou S, Shan J, Song X, Cao R, Wu M, Li C, Guan S. Are humic substances soil microbial
residues or unique synthesized compounds? A perspective on their distinctiveness. Pe-
dosphere. 2020;30(2):159-167. doi: 10.1016/S1002-0160(20)60001-7

Nobili M, Bravo C, Chen Y. The spontaneous secondary synthesis of soil organic matter
components: a critical examination of the soil continuum model theory. Appl. Soil Ecol.
2020;154:103655. doi: 10.1016/].aps0il.2020.103655

Simpson AJ, Kingery WL, Hayes MH, Spraul M, Humpfer E, Dvortsak P, Kerssebaum R,
Godejohann M, Hofmann M. Molecular structures and associations of humic substances in
the terrestrial environment. Naturwissenschaften. 2002;89:84-88. doi: 10.1007/s00114-
001-0293-8

Lehmann J, Kleber M. The contentious nature of soil organic matter. Nature. 2015;528:60—
68. doi: 10.1038/nature16069

Rigobello ES, Dantas ADB, Di Bernardo L, Vieira EM. Influence of the apparent molecular
size of aquatic humic substances on colour removal by coagulation and filtration. Environ-
mental Technology. 2011;32:1767-1777. doi: 10.1080/09593330.2011.555423

Orlov DS. Gumusovye kisloty pochv i obshchaya teoriya gumifikatsii [Soil humic acids
and the general theory of humification]. Moscow: MGU Publ.; 1990. 324 p. In Russian
Dergacheva MI. Metody pochvovedeniya v arkheologicheskikh issledovaniyakh [Methods
of soil science in archaeological research]. Novosibirsk: Novosibirskiy gos. un-t Publ.;
2007. 96 p. In Russian

Hatcher PG, Dria KJ, Kim S, Frazier SW. Modern analytical studies of humic substances.
Soil Sci. 2001;166:770-794. doi: 10.1097/00010694-200111000-00005

Leenheer JA. Systematic approaches to comprehensive analyses of natural organic matter.
Ann. Environ. Sci. 2009;3:1-130.

Stevenson FJ. Humus chemistry: genesis, composition, reactions. New York: John Wiley
and Sons; 1994. 512 p.

Claridge TDW. High-resolution NMR techniques in organic chemistry. Amsterdam: Else-
vier Ltd.; 2016. 541 p.

Hedges JI, Eglinton G, Hatcher PG, Kirchman DL, Arnosti C, Derenne S, Evershed RP.,
Kogel-Knabner I, De Leeuw JW, Littke R, Michaelis W, Rullkotter J. The molecularly-
uncharacterized component of nonliving organic matter in natural environments. Org. Ge-
ochem. 2000;31:945-958. doi: 10.1016/S0146-6380(00)00096-6

Kalabin GA, Kanitskaya LV, Kushnarev DF. Kolichestvennaya spektroskopiya YaMR pri-
rodnogo organicheskogo syr'ya i produktov ego pererabotki [Quantitative NMR spectros-
copy of natural organic raw materials and products of their processing]. Moscow: Khimiya
Publ.; 2000. 408 p. In Russian

Chukov SN. Strukturno-funktsional'nye parametry organicheskogo veshchestva pochv v uslovi-
yakh antropogennogo vozdeystviya [Structural and functional parameters of soil organic matter
under anthropogenic impact]. Saint Petersburg: SPbGU Publ.; 2001. 216 p. In Russian

Mao J, Cao X, Olk DC, Chu W, Schmidt-Rohr K. Advanced solid-state NMR spectroscopy
of natural organic matter // Progress in Nuclear Magnetic Resonance Spectroscopy.
2017;100:17-51. doi: 10.1016/j.pnmrs.2016.11.003

Chukov SN, Lodygin ED, Abakumov EV. Application of 3C NMR spectroscopy to the
study of soil organic matter: A review of publications. Eurasian Soil Science.
2018;51(8):889-900.

. Kogel-Knabner I, Rumpel C, Advances in Molecular Approaches for Understanding Soil

Organic Matter Composition, Origin, and Turnover: A Historical Overview. Adv. Agron.
2018;149:1-48. doi: 10.1016/bs.agron.2018.01.003

21



Azpoxumusn u nousogedenue / Agrochemistry & Soil science

24

25.

26.

27.

28.

29.

30.

3L

32

33.

34.

35

36.

37.

38

40.

41.

42.

43.

22

. Gyninova AB, Korsunov VM. The soil cover of the Selenga delta area in the Baikal region.

Eurasian Soil Science. 2006;39(3):243-250.

Makushkin EO. The Comparative Estimation of the Humus State of Soils on Pascual and
Base-Line Areals of Selenga River Delta. Agrochemistry. 2015;12:28-36.

Makushkin EO., Sorokin ND, Korsunov VM. Sostoyanie mikrobnyh soobshchestv pochv
v razlichnyh usloviyah ih poemnosti v del'te Selengi. Ulan-Ude: BNC SO RAN Publ., 2007.
160 p. In Russian

Sorokin ND, Afanasova EN, Makushkin EO, Korsunov VM., Shakhmatova E.Yu. Micro-
bial complexes of hydromorphic soils in the Selenga River delta (Baikal region). Eurasian
Soil Science. 2006;(39)7:765-770.

Shakhmatova EYu, Makushkin EO, Korsunov VM. Specific features of the chemical com-
position of groundwater in floodplain soils of the Selenga River delta (lake Baikal region).
Eurasian Soil Science. 2009;(42)6:623-628.

Polyakov V, Abakumov E, Lodygin E, Vasilevich R, Lapidus A. Distribution of Molecular
Weight of Humic Substances Isolated from Soils of Tallgrass Temperate Rainforests (Cher-
nevaya Taiga). Agronomy. 2022;12(8):1760. doi: 10.3390/agronomy12081760
Abakumov EV, Polyakov VI, Chukov SN. Approaches and Methods for Studying Soil Or-
ganic Matter in the Carbon Polygons of Russia (Review). Eurasian Soil Science.
2022;55(7):849-860. doi: 10.1134/S106422932207002X

Lodygin E, Abakumov E. The Impact of Agricultural Use of Retisols on the Molecular Structure
of Humic Substances // Agronomy. 2022;12(1):144. doi: 10.3390/agronomy12010144

. Polyakov V, Loiko S, Istigechev G, Lapidus A, Abakumov E. Elemental and molecular

composition of humic acids isolated from soils of tallgrass temperate rainforests (Cherne-
vaya taiga) by H-13C HECTCOR NMR spectroscopy // Agronomy. 2021. 11(10), 1998.
doi: 10.3390/agronomy11101998

Polyakov VI, Chegodaeva NA, Abakumov EV. Molecular and elemental composition of
humic acids isolated from selected soils of the Russian Arctic. Vestnik Tomskogo Gosudar-
stvennogo Universiteta. Biologiya. 2019;47:6-21. doi: 10.17223/19988591/47/1

Chalov S, Thorslund J, Kasimo N, Aybullatov D, Ilyicheva E, Karthe D, Kositsky A, Ly-
chagin M, Nittrouer J, Pavlov M, Pietron J, Shinkareva G, Tarasov M, Garmaev E,
Akhtman Y, Jarsjo E. The Selenga River delta: a geochemical barrier protecting Lake
Baikal waters. Regional Environmental Change. 2016;1-15.

. Zhukov VM. Klimat Buryatskoy ASSR [The climate of the Buryat ASSR]. Ulan-Ude: Bur-

yat. kn. Publ.; 1960. 188 p. In Russian

Gyninova AB, Shoba SA, Balsanova LD, Gyninova BD. Pochvy del'ty reki Selengi (gene-
zis, geografiya, geokhimiya) [Soils of the Selenga River Delta (genesis, geography, geo-
chemistry)]. Ulan-Ude: BNTs SO RAN Publ.; 2012. 344 p. In Russian

TUSS Working Group WRB World Reference Base for Soil Resources 2014, update 2015.
International Soil Classification System for Naming Soils and Creating Legends for Soil
Maps. World Soil Resources Reports No. 106. Rome: FAO; 2015. 192 p.

. Agrohimicheskie metody issledovaniya pochv. M.: Nauka Publ., 1975. 656 p. In Russian
39.

Orlov D, Grishina LA. Praktikum po khimii gumusa [Workshop on chemistry of humus].
Moscow: Mosk. un-t Publ.; 1981. 273 p. In Russian

Orlov DS. Humic Substances of Soils and General Theory of Humification, 1st ed.; Taylor
& Francis: London, UK, 1995; 325 p.

Ubugunova VI, Ubugunov LL, Korsunov VM, Balabko PN. Allyuvial'nye pochvy rech-
nykh dolin basseyna r. Selengi [Alluvial soils of river valleys in the Selenga River Basin].
Ulan-Ude: BNTs SO RAN Publ.; 1998. 290 p. In Russian

Klenov BM. Ustoychivost' gumusa avtomorfiykh pochv Zapadnoy Sibiri [Stability of humus of
automorphic soils of Western Siberia]. Novosibirsk: SO RAN Publ.; 2000. 173 p. In Russian
Dergacheva MI, Nekrasova OA, Okoneshnikova MV, Vasil'yeva DI, Gavrilov DA, Ochur
KO, Ondar YeE. Sootnosheniye elementov v guminovykh kislotakh kak istochnik pochvy
o prirodnoy srede obrazuyushchey pochvu [Ratio of elements in humic acids as a source of
information on environment formation soil]. Siberian Ecological Journal. 2012;5:643-647.



Munvxeeg E.JO., Humumoopocueea I'./l., banoanoe H./l. Inemenmustit cocmas

44. Orlov DS, Biryukova ON, Sukhanova NI. Organicheskoye veshchestvo pochv Rossiyskoy
Federatsii [Organic matter of soils of the Russian Federation]. M.: Nauka Publ., 1996. 256 p.

45. Winkler A, Haumaier L, Zech W. Insoluble alkyl carbon components in soils derive mainly from
cutin and suberin. Org. Geochem. 2005;36(4):519-529. doi: 10.1016/j.orggeochem.2004.11.006

46. Knicker H, Hilscher A, Gonzalez-Vila FJ, Almendros G. A new conceptual model for the
structural properties of char produced during vegetation fires. Org. Geochem.
2008;39(8):935-939. doi: 10.1016/j.org-geochem.2008.03.021

47. Simpson AJ, Simpson MJ. Nuclear magnetic resonance analysis of natural organic matter.
Biophysico-chemical processes involving natural nonliving organic matter in environmen-
tal systems / Eds.: N. Senesi, B. Xing, P.M. Huang. John Wiley & Sons Inc. New Jersey,
2009. PP. 589-650.

48. Kovaleva NO, Kovalev IV. Lignin phenols in soils as biomarkers of paleovegetation. Eur-
asian Soil Science. 2015;48:946-958. doi: 10.1134/S1064229315090057

49. Chimitdorzhieva GD. P articular qualities of organic matter in cryogenic soils. Eurasian
Soil Science. 1991;11:125.

50. Lodygin ED, Beznosikov VA, Vasilevich RS. Molecular composition of humic substances
in tundra soils ("*C-NMR spectroscopic study). Eurasian Soil Science. 2014;47:400-406.
doi 10.1134/S1064229314010074

51. Ibraeva MA, Shaukharova DE, Dzhumanova M. Effect of soil salinity on microbiological
activity. Eurasian Soil Science and Agrochemistry. 2020;2:71-78.

Hugpopmayusa 06 asmopax:

MuuibxeeB EBrennii FOpbeBu4 — kana. 6ol Hayk, H.c. 1aboparopuu OHOXUMUH 104B, NH-
cTUTYT 001eli u axcniepumenTanbaoi 6ronoruun CO PAH (Vnan-Yma, Poccus)

E-mail: evg-milh@rambler.ru

Yumuraop:kuesa 'ammna Jlop:kueBHa — 1-p c.-X. Hayk, npodeccop, B.H.c. JabopaTopun
ouoxumMun mous, MHcTutyT 001el u sxcnepumentansuoit 6uonorun CO PAH (Vnan-Ym,
Poccus)

E-mail: galdorj@gmail.com

BannanoB Humoy Jop:kukanoBuy — KaHa. OMON. HAyK, IOLCHT, 3aB. Kaeapoil Melnnoparn
U OXpaHbl 3eMenb, BypsaTckas rocynapcTBeHHas CeJIbCKOXO3SMCTBEHHAs aKaaeMus MMEHH
B.P. ®ununnosa (Ynan-Y m3, Poccus).

E-mail: nimbu_bald@mail.ru

Asmopul 3aa61a10m 06 omcymcmeuu KOHQIUKMa unmepecos.

Information about the authors:

Evgeniy Yr. Milkheev, Cand. Sci. (Biol), Researcher, Laboratory of Soil Biochemistry, Insti-
tute of General and Experimental Biology, Siberian Branch of the Russian Academy of Sci-
ences (Ulan-Ude, Russian Federation).

E-mail: evg-milh@rambler.ru

Galina D. Chimitdorzhieva, Dr. Sci. (Agr.), Professor, Leading Researcher, Laboratory of
Soil Biochemistry, Institute of General and Experimental Biology, Siberian Branch of the Rus-
sian Academy of Sciences (Ulan-Ude, Russian Federation).

E-mail: galdorj@gmail.com

Nimbu D. Baldanov, Cand. Sci. (Biol.), Head. Department of Land Reclamation and Protec-
tion, Federal State Budgetary Educational Institution of Higher Education Buryat State Agri-
cultural Academy named after V.R. Filippova (Ulan-Ude, Russian Federation).

E-mail: nimbu_bald@mail.ru

The Authors declare no conflict of interest.

Cmamobs nocmynuna ¢ pedaxyuio 28.05.2022;
00o6pena nocne peyenzupoganust 09.10.2023; npunsma k ny6énuxkayuu 11.12.2023.

The article was submitted 28.05.2022;
approved after reviewing 09.10.2023; accepted for publication 11.12.2023.

23



Bectauk ToMmckoro rocynapcTBeHHoro ynusepcurera. buonorus. 2023. Ne 63. C. 2442
Tomsk State University Journal of Biology. 2023;63:24-42

Original article
UDC 631.48
doi: 10.17223/19988591/63/2

Physico-chemical and electrical properties
of Cryosols in the Lena River Delta

Vyacheslav 1. Polyakov', Evgeny V. Abakumov’, Alexey A. Petrov’

L2 8t Petersburg State University, St. Petersburg, Russian Federation
! Arctic and Antarctic Research Institute, St. Petersburg, Russian Federation
3North-Eastern Federal University, Yakutsk, Russian Federation
L http://orcid.org/0000-0001-6171-3221, v.polyakov@spbu.ru
2 hatp:/forcid.org/0000-0002-5248-9018, e_abakumov@mail.ru
3 hatps://orcid.org/0000-0002-8536-4078, petrov_alexey@mail.ru

Summary. Vertical electrical sounding method is an express and most accurate
method for measuring and analysing the resistivity through the soil profile. As a result
of climate change, permafrost is melting, which leads to a significant transformation of
landscapes, both natural and anthropogenically transformed. In the vulnerable environ-
ments of the Arctic region (long recovery after anthropogenic impact), this method al-
lows to determine the active layer thickness and the heterogeneity in the soil structure
without disturbing of the soil cover. This method is based on the measurement of elec-
trical resistivity in the soil, the data obtained were processed in the form of one dimen-
sional model. In the course of field research, the heterogeneous islands of the Lena
River Delta were investigated. Complex soil investigations using the method of vertical
electrical sensing allows to fully assess the most important properties of cryogenic soils
formed in the delta complex of the Lena River. As a result of the work, the modeled
boundaries of the active layer were determined, which were confirmed during the laying
of soil transects, as well as the main physical and chemical parameters of soils. During
the vertical electrical sounding observation an inhomogeneity in the distribution of re-
sistivity under a drained lake was found, which may correspond to the presence of a
talik or a layer of salt unfrozen water in a permafrost. Due to the change in the soil
horizons, there is a sharp change in the electrical resistivity indicator occur, which cor-
responds to the change from soil to frozen rock.
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AHHoTanus. MeToJ| BEpTHKAIBHOTO 3JIEKTPUYECKOrO0 30HAMPOBAHMS SBILIETCS
9KCIIPECCHBIM U HauboJiee TOYHBIM METOJIOM M3MEPEHHS M aHaIN3a YASJIBHOTO COIpPO-
THUBJIECHUS B Ipoduie NOoYBbL. B pesynbrare H3SMEHEHHUs KIMMara IPOUCXOIUT TasHUEe
MHOTOJIETHEMEP3JION MOPOJIbl, YTO NMPUBOJUT K 3HAYUTENBHON TpaHCHOPMALIUH JIaH]-
madToB, KaK €CTECTBEHHBIX, TAK U AHTPOIOI'CHHO-NIPEOOPa30BaHHBIX. B ys3BUMBIX
YCIIOBHSX APKTHYECKOTO PErioHa (IJIMTEILHOE BOCCTAHOBIICHHE TIOCIIC aHTPOIIOT eH-
HOTO BO3/ICHCTBU) JaHHBII METO/] MO3BOJIAET ONPENSTUTh T'PAHUIYY AKTUBHOTO CJIOSL U
HEOJIHOPOIHOCTh CTPYKTYPbI OUBbI 0€3 HapYIIEHHs TOYBEHHOIO MOKPOBa. JlaHHbIN
METOJ] OCHOBAaH Ha U3MEPEHUHU YJEIBHOIO IEKTPUYECKOr0 CONPOTHBICHUS B IIOYBE;
OJIy4EHHbIE laHHbIe 00pabaThIBANINCH B BUJE OJHOMEPHBIX Mojeneil. B xozxe nose-
BBIX HCCIICIOBaHHI ObUIN UCCIIEIOBAaHbI OCTpOBa neibThl p. Jlenst. [IpoBeneHre KoM-
IUICKCHBIX IOYBEHHBIX HCCIICJJOBAaHUII C MCIOJIB30BAaHUEM METOJd BEPTUKAIBLHOIO
3NIEKTPUYECKOr0 30HANPOBAHMS MTO3BOJIAET B IIOJHOM Mepe OLEHUTh BasKHEHIIIIE CBOIi-
CTBa KPHOTEHHBIX 1104YB, (POPMUPYIOIIUXCS B JEIBTOBOM KoMIuiekce p. Jlensl. B pe-
3yabTate paboT onpeeneHbl CMOASIUPOBAHHbBIE IPAHUIBI AKTUBHOT'O CIIOS, KOTOpbIE
OBbLIM MOATBEPIKACHBI IPH 3aKJIAJIKE IOUBSHHBIX Pa3pe30B, a TAK)KE OCHOBHBIE (PU3UKO-
XMMHYECKUE NapaMeTpbl MouB. B xoie HaOMoAeHHH BEPTHKAIBHOTO JIEKTPHYECKOro
30HAMPOBaHUs OblIa OOHAPYKEHa HEOJHOPOJHOCTD B PACHPEEICHUN YIEIBHOIO CO-
MPOTHBIICHUS N0/ APEHUPOBAHHBIM 03€POM, UTO MOYKET COOTBETCTBOBATH HATMYHUIO Ta~
JIMKA WK CJI0sI CONICHOM He3amep3Iiel BOJIbL. B CBA3H CO CMEHOM OYBEHHBIX TOPU30H-
TOB NPOUCXOIHUT PE3KOE M3MEHEHHE IOKa3zaTeNel HIEKTPHUYECKOro CONPOTHBICHHUS,
YTO COOTBETCTBYET IIEPEXO/y OT MOUBbI K MEP3JIOH MOpOJe.

KiroueBble cjioBa BepTHKaJIbHOE 3JIEKTPUYECKOE 30HIMPOBAHUE, MHOIOJIETHE-
Mep3JIble TI0YBBI, yJIEIBbHOE JIEKTPUUECKOE CONPOTHUBIICHNE, APKTHKA, KPHO3EMBI

Jns murupoBanus: Polyakov V.1, Abakumov E.V., Petrov A.A. Physico-chemical
and electrical properties of Cryosols in the Lena River Delta // Bectauk Tomckoro roc-
yIapcTBEHHOro yHuBepcurtera. buomorms. 2023. Ne 63. C. 24-42. doi:
10.17223/19988591/63/2

Introduction

Permafrost-affected soils occupy an area of more than 8.6 million km? in the
Norther hemisphere [1-2]. A characteristic feature of permafrost-affected soils are
the presence of ice, which is often found in the form of a permafrost table and
cryogenic process (turbation, cracking) [3]. Permafrost layer acts as a geochemi-
cal barrier that leads to stagnation of water, especially in the summer months,
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causing a decrease in the amount of oxygen in the soil (redoximorphic conditions)
[4]. Arctic soils are quite vulnerable to the disturbance of the soil cover [5]. It
leads to the development of permafrost processes in the soil and degradation of
landscapes affected by permafrost [6]. The most common method of soil cover
analysis is the research of a soil section, which provides complete information on
the structure of the soil cover. To determine the active layer thickness, a soil probe
is also used, its length is usually up to 1.5 m, it practically does not disturb the
soils, but at the same time does not provide information about the structure of the
soil profile [5-6]. Soils in polar deserts can show signs of waterlogging and gley
conditions due to waterlogging as a result of melting of ice. In permafrost-affected
soils, the absence of horizontal layers may be observed [7]. This process is known
as cryoturbation and leads to mixing of soil material, involutions, migration of
dissolved organic matter, frost heaving, separation of coarse inclusions from fine-
grained soil, cracks and patterned soil [8].

One of the effective and informative method for analyzing soil cover, deter-
mining the active layer thickness and water table is the method of vertical electri-
cal sounding (VES) [9-10]. For the first time, the method of VES was used in the
work of Parasnis [11], which noted the simplicity of use of such a technique in
electrical exploration. The use of VES has recently been discussed by
A.lL Pozdnyakov, his work led to a comprehensive understanding of the nature of
stationary electric fields in soils, grounds and landscapes [9, 12]. Due to VES
investigation as a non-intrusive method, it is possible to carry out an express sur-
vey of soil-permafrost strata in order to establish the thickness of the active layer,
the depth of the upper layer of permafrost and clarify the structure of the stratum
of permafrost [5, 13-14]. This method is also actively used in the urban environ-
ment, it allows to quickly and accurately determine the risks of flooding, without
disturbance of the soil cultural layer [9, 12, 15-16]. The method is applicable to
compilation of landscape maps in the field of agricultural complex based on soil
organic matter (SOM) content, cation exchange capacity and texture class [9]. In
the Arctic zone, due to the presence of a layer of permafrost, SOM indicators,
cation exchange capacity, texture class do not provide much information about
the profile structure, due to the relatively high electrical resistivity (ER) of frozen
rocks [6]. In the polar zone, the indicator of ER in the soil has been insufficiently
studied. The main areas of research were carried out in the European part of Rus-
sia, Western Siberia, Svalbard archipelago and the Antarctic Peninsula [6, 12, 17-
18]. Further study of induced electric fields will make it possible to study the
detailed structure of soils, the redistribution of substances in the soil cover, their
course and intensity [9, 16]. As a result of climate change, cities located in the
area of permafrost are at risk due to soil subsidence and possible flooding, there-
fore expanding the study of natural electric fields in soils is a powerful tool for
preventing damage and ensuring public safety [5, 19]. This method makes it pos-
sible to study saline, flooded, agrotechnical and drained soils [16, 20]. Based on
these works, relationships were established between the content of organic matter,
texture class, and the cation exchange capacity [15]. Recently, the VES method is
used in the conditions of occurrence of permafrost, since it is suitable for
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determining the active layer thickness [21]. Geophysical methods in comparison
with traditional soil excavations have a number of advantages, such as coverage
of a large area and low impact on the soil cover [5-6,14]. In the Arctic zone, in
context of investigations of Cryosols and permafrost-affected soils, geophysical
methods are mainly used to study the thickness of the occurrence of permafrost
and the shapes and sizes of taliks under thermokarst lakes and rivers [5-6]. Soils
in the area of occurrence of permafrost are quite different in the context of ER,
the ER here ranges from 1000-5000 to 10°-10° Ohm m, while soils not affected
by cryogenic processes have a resistivity approximately 1000 Ohm m, depending
on the structure and degree of moisture [6, 17]. Thus, the aim of this work is to
use VES to study the vertical stratification of strata on various islands of the Lena
River Delta. To achieve the aim of work, the following tasks were set:

- to measure the active layer thickness of the Lena River Delta by traditional
methods;

- to investigate the electrical resistivity and constructing profile curves of ap-
parent electrical resistivity of different soil horizons;

- to analyze the active layer thickness according to VES method in various
landscape of the Lena River Delta.

Materials and methods

Study area. The Lena River Delta is the largest northern delta in the world,
which is located in the Arctic zone and has an area of about 30,000 km? [22-23].
Due to such a huge area and location, it has a significant impact on the water
regime of the Arctic Ocean. The delta was formed as a result of river activity:
sediment transport, erosion, abrasion under the influence of sea level fluctuations
[23]. The Lena River Delta is covered with tundra vegetation of various types
[24]. The main components are lichens, mosses, grasses and some types of shrubs
[25]. The Lena River delta is separated from the mainland by the Primorsky Ridge
and the Chekanovsky Ridge [23]. Thus, the Delta of the Lena River has been
formed in a lowland and heavily watered.

The Lena River Delta is located in a zone with an arctic continental climate.
The average annual air temperature is -13 °C, the average January temperature
drops to -32 °C, the average July temperature is 6.5 °C. The duration of the period
with snow cover is 250-270 days. Most of the land is characterized by the pres-
ence of permafrost at a depth of about 50-60 cm [24-25].

Sampling strategy. The sampling and classification procedure of soils and soil
horizons was carried out according to the standard procedure [26]. To analyze the
physicochemical properties of the soil sections were prepared.

During the field work, two islands were explored - Kurungnakh and
Samoylov. The exploration was performed in August 2020. Samoylov Island co-
vers an area of about 5 km?. The western part is formed by recent channel and
aeolian processes. The eastern part is represented by ice veins and small thermo-
karst lakes. Kurungnakh Island is located near the top of the Lena River Delta and
is washed away by the Olenek Channel [23]. The Kurungnakh island consist from
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the ice complex (IC) deposits and underlying sands from the surface [27]. One of
the investigated areas of the Kurungnakh Island is represented by a drained lake
that began to form over the past hundred years (Figure 1).

E126°10°33.017

Samoylov isk

ap - ‘i"::i; 5 !
"3’ Len} Rivgr_ Delta

Kurungnakh isl.

Sam Ty,
-~

L km
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Kur2,6 Kur3-4 /‘
N Kurl,5 Kur}

Fig. 1. The study area. Lena River Delta. Source: ESRI: Geographic information system
company (West Redlands, California, United States of America)

Vertical electronic sounding method. Measurements of the ER of soil and
ground layers were carried out using a portable LandMapper ERM-02 (Penza,
Russia) device. This device is widely used in near-surface (up to 2 m) soil surveys,
as it allows to determine heterogeneities of various soil properties (salinity, ston-
iness, texture, contamination with oil products, depth of groundwater occurrence,
as well as the boundary of the active layer). Measurements were carried out with
grounding into the day soil surface. In our study, the resistivity measurements
were performed using four-electrode (AB + MN) arrays of the AMNB configura-
tion with use of the Schlumberger geometry, with amperage 7 mA [6]. The results
of field measurements were recalculated according to the method of A.I. Pozdnya-
kov [9, 16] in accordance with the geometric coefficients (K) for different depths
and spacing of electrodes AB and MN:

K =3.14 * (AB/2 + MN/2) * (AB/2-MN/2) / (2*MN/2) (1)
where, ABMN — space between electrodes.

Specific ER (Qm) was calculated using the formula:

Ra = K*(AU/) 2)
where, K - geometric coefficients, AU - voltage in mV, I — amperage mA.

The device scheme is shown in Figure 2.

The results of field measurements were recalculated according to the method-

ology proposed by A.l. Pozdnyakov [12]. Zondip software (ZondIP ver.7) was
used to analyze VES data. It was used to obtain inverted 1D images. This is due
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to the fact that the main task was to determine active layer thickness in various
natural conditions (flooded, non-flooded, periodically flooded territories), and to
consider the heterogeneity of the structure of soil profiles developing under cryo-
genic conditions. The distance of the MN electrodes was the same in all studies
(10 cm). According to the A.I. Pozdnyakov on small research areas (up to 5 m),
we can use the distance MN equal to 10 cm, and not increase it. The distance AB
varied depending on the terrain conditions in the studied areas (the presence of
ponds, small lakes, as well as hills).

Laboratory method. Soil samples were air-dried (24 hours, 20 °C), ground, and
passed through 2 mm sieve. Chemical analyses were performed using classical
methods: C and N content were determined using an element analyzer (EA3028-
HT EuroVector, Pravia PV, Italy), pH in water suspensions using a pH meter (pH-
150M Teplopribor, Moscow, Russia). The particle-size distribution analysis was
carried out according to the Kachinsky method, which is the Russian analogue of
analysis by Bowman and Hutka [28].

|
—
= A =
0]

A M N B LandMapper
» ERM-02

]

+ 2

@ (b)

Fig. 2. (a) Schematic of the four-electrode measuring configuration. (b) field observation.
ABMN - the place where the electrodes are installed; AU - voltage in mV;
I - amperage in mA; L is the distance between the electrodes AB; O is the distance between
the MN electrodes

Results

Physico-chemical characteristics of soil. The studied soils have been classified
as Cryosol [26]. In the studied soils, the thickness of active layer is up to 1 meter,
and in most of the soils there are signs of cryoturbation, which is present in the
mixing of soil horizons under the influence of cryogenic processes [29]. Due to
the close presence of permafrost, stagnic conditions are formed in soils, this is
presented in the formation of ferruginous nodules, and the migration of iron and
aluminum oxides along the soil profile [1]. The description of studied soils is pre-
sented in Table 1.
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bation and buried organic matter

Table 1
Description of soil cover from the Lena River Delta
Soil Horizon Depth, Description Coordinates |Soil name
ID cm
Samoylov island
Ah 0-22 Organomm?ral horizon .w1th the accu-
mulation of organic matter
Sam A/C 2229 Stratified soil horizon, with layers with | N 72°22'15.7"| Umbric
1 different particle-mass distribution | E 126°28'11.5"| Cryosol
Stratified soil horizon with iron spots
A/Cg | 29-60 and Fe-Al migration
Sam Oe 0-9 MO(.ieratly de.compo.sed. organic matter N 72°22'11.4"|  Folic
2 Mineral horizon with iron spots and | E 126°31'06.5"| Crvosol
Bg 9-38 L . y
Fe-Al migration
Sam Oe 0-5 Mode;;l.tly deici)m.posed .oilgam.c matter N 72°2221.8"|  Folic
3 R ineral horizon with a sign E 126°29'38.5"| Cryosol
Be@ >-29 of cryoturbation Y
Sam Oe 0-8 M.oderatly d.ecomp.osed c.)rgamc matter N 72°17202" | Folic
4 Be@ 3-32 Mineral horizon w1t.h a sign of cryotur- | g 126°11'00.2" Cryosol
bation
Kurungnakh island
Oe 0-4 | Moderatly decomposed organic matter
Kur 1 Mineral horizon with with iron spots, |N 720017"21-1"" Folic
Bg@ 4-27 | Fe-Al migration and sign of cryoturba- E 126°10'48.9"| Cryosol
tion
Oe 0-3 | Moderatly decomposed organic matter N 72°1725.5" | Folic
Kur 2 Mineral horizon with iron spots and | 1 26°10'54 9"| Crvosol
Bg 3-29 L . y
Fe-Al migration
Oe 0-10 | Moderatly decomposed organic matter N 72°17263" | Folic
Kur 3 Mineral horizon with iron spots, Fe-Al | g 126°1 1'03' 2| Crvosol
Bg@ | 10-20 S . . - y
migration and sign of cryoturbation
Oe 0-11 | Moderatly decomposed organic matter N 72°1729.2" | Folic
Kur 4 Mineral horizon with iron spots, Fe-Al | g 126°1 l'ld 6"l Crvosol
Bg@ | 11-29 S . . . y
migration and sign of cryoturbation
Oe 0-8 | Moderatly decomposed organic matter N72°1723.1" | Folic
Kur 5 i i i i ] o1eq an
Be@ 3-39 Mineral horizon k;);lttj}(l) ;1 sign of cryotur- | § 126°10'51.5 Cryosol
Oe 0-5 | Moderatly decomposed organic matter
Kur 6 Be@ 5.40 Mineral horizon with a sign of cryotur- | N 72°17'20.8"| Foilc
g ) bation E 126°10'46.9"| Cryosol
Oe 0-3 | Moderatly decomposed organic matter | N 72°17'20.2" Folic
Kur 7 Mineral horizon with iron spots, Fe-Al E
_ > o111 » | Cryosol
Be@ 3-31 migration and sign of cryoturbation 126°11'00.2 Y
Ah 0-30 Organomineral horizon with the accu-
Kur 8 mulation of organic matter N 72°19'17.8"| Umbric
Bgb 30-50 Mineral horizon with a sign of cryotur- | E 126°15'10.9"| Cryosol
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Soil Horizon Depth, Description Coordinates |Soil name
ID cm
Organomineral horizon with the accu-
Ahg 0-25 | mulation of organic n}attep iron spots N 72°19'17.9" | Umbric
Kur 9 and Fe-Al migration o1 211 on
- - - - E 126°15'13.8"| Cryosol
Bob 25-40 Mmere}l horizon \ylth asign of cryotur-
g bation and buried organic matter
Organo-mineral horizon with iron spots .
Kur o . "IN 72°19'18.0" | Umbric
10 Ah@ 0-50 |and Fe-Al mlgratrlé);tztrld buried organic E 126°15'15.1"| Cryosol

From the data obtained, relatively young areas (first terrace) of the Lena River
Delta (flooded and drained) are associated with an active soil-forming process, which
is presented in the formation of the Umbric horizon. The zonal areas on the islands of
Samoylov and Kurungnakh are represented by typical Folic Cryosols, their develop-
ment is associated with the formation of a moss cover and the development of active
cryogenic processes. The thickness of such soils is much less than in flooded areas
(approximately is 30-40 cm), this is due to the development of a moss cover, it acts as
a temperature regulator and prevents the degradation of permafrost in the soil. Areas
subject to periodic flooding process have a significantly greater thickness of the active
layer, this is due to the active influence of the river on this territory. Such area is quite
different from the zonal landscape, it’s presented by different vegetation, the particle-
size distribution is represented by the sand fraction and accumulation of humified or-
ganic matter (Table 2). Soil sections are shown in Figure 3.

The physicochemical characteristics of the studied soils are presented in Table 2.

The pH value varies within a wide range from 4.5 to 7.2. The most acidic
condition is associated with zonal variants of soil formation, humification of or-
ganic substances, the precursors of which were mosses and lichens, leads to acid-
ification and activates the process of migration of aluminum and iron along the
soil profile. In areas that are subject to periodic flooding process, the pH level
shifts to neutral. The Lena River in the downstream erodes carbonate rocks, which
in dissolved form can accumulate in the river delta, which serves as a place of
accumulation for various elements [26]. The carbon content is highest in the upper
humus horizons, as well as in the Oe horizons, which consist of moderate decom-
posed organic remains. The nitrogen content is relatively low, which is typical for
the Arctic soil, since the precursors of humification contain a small amount of
nitrogen, which passes into the soil [30, 31]. In areas subject to flooding process,
the nitrogen content is higher, this is the result of the formation of legumes and
the fixation of nitrogen from the atmosphere. Flooded areas are characterized by
the predominance of the sand fraction, which accumulates during periodic flood-
ing. Zonal soils are characterized by a relatively high content of the dust fraction
in relation to the flooded areas, this is due to the processes of physical, chemical
and biological weathering [32].

Electrical parameters of cryogenic soils in the Lena River Delta. During the
field work, measurements of the ER of soils were carried out (Table 3).
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Kur 3 Kur 10

Fig. 3. Studied soil profiles. Soil ID correspond to Table 1

Table 2
Physicochemical parameters of the studied soils in the Lena River Delta
Soil ID |Depth, cm| pH (H20) | C, g*kg'* | N, g*kg'* Cl;:;tlcl|e-51szieltdlst|r1bust;(1)11:1
Samoylov island
0-22 7.2 34 0.01 3 22 75
Sam 1 22-29 7.1 2.8 0.41 5 12 83
29-60 5.4 2.7 0.55 18 12 70
Sam 2 0-9 6.2 33 0.01 n.d. n.d. n.d.
9-38 7.1 1.2 0.01 3 23 74
Sam 3 0-5 5.7 2.4 0.01 n.d. n.d. n.d.
5-29 6.4 0.8 0.01 6 10 84
Sam 4 0-8 6.1 2.1 0.01 n.d. n.d. n.d.
8-32 6.9 0.9 0.01 1 25 74
Kurungnakh island
Kur 1 0-4 5.8 2.3 0.43 n.d. n.d. n.d.
4-27 4.5 0.4 0.01 15 42 43
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Soil ID |Depth, cm| pH (H20) | C, g*kg'* | N, g*kg'* Cliz;tlde-sgzﬁtdlsmbust;:é
Kur 2 0-3 5.9 2.5 0.01 n.d. n.d. n.d.
3-29 5.4 0.5 0.01 14 31 55
Kur 3 0-10 5.8 3.1 0.01 n.d. n.d. n.d.
10-20 5.3 0.9 0.01 10 70 20
Kur 4 0-11 5.7 2.7 0.11 n.d. n.d. n.d.
11-29 5.5 0.6 0.22 2 47 51
Kur 5 0-8 5.5 2.8 0.13 n.d. n.d. n.d.
8-39 5.4 0.3 0.01 3 35 62
Kur 6 5-40 53 1.1 0.01 3 32 65
Kur 7 0-3 5.7 2.4 0.04 n.d. n.d. n.d.
3-51 5.4 1.2 0.2 14 29 57
Kur 8 0-30 6.4 2.6 0.8 8 28 64
30-50 5.9 1.3 0.3 10 19 71
Kur 9 0-25 6.6 2.7 0.6 18 40 42
25-40 5.8 1.8 0.06 20 41 39
Kur 10 0-50 5.7 2.2 0.05 6 70 24
Table 3

Electric resistivity of studied soil profiles

VERS section | P-modelled resistivity | Z-bottom layer depth | Field permafrost table
name (Ohm*m) (m) (m)
323 0.00
263.7 0.087
Sam 1 9.15 0.17
11237.88 0.24
3732.79 0.32
567214.03 0.72 0.60
Sam 2 11.36 0.00
504.99 0.22 0.38
7.80 0.00
Sam 3 259.14 0.15 0.29
101.52 0.47
745181.07 1.12
8.36 0.00
103.35 0.15
Sam 4 5181 0.47 032
1000252.88 112
8.27 0.00
1367.79 0.12
Kurl 99.09 032 027
264.12 0.59
60.9 0.00
Kur2 3095.02 0.22 0.29
10.28 0.00
Kur 3 291.07 0.22 0.20
2.09 0.00
27734 0.15
Kur4 101.85 0.23 0.29
284.44 0.71
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VERS section | P-modelled resistivity | Z-bottom layer depth | Field permafrost table
name (Ohm*m) (m) (m)
11.28 0.00
85.86 0.14
Kur3 35.19 0.45 039
343846.02 1.07
9.56 0.00
24.70 0.19
Kur 6 87.21 0.34
43.67 0.47 0.40
1078191.49 1.12
11.37 0.00
68.70 0.11
33.61 0.27
Kur? 67.16 032
30.84 0.37
955297.70 1 0.51
13.34 0.00
57.99 0.19
16.35 0.27
Kur 8 43.71 0.32
22736.28 0.37
28.40 0.45 0.50
2021.77 1.12
8.51 0.00
13.47 0.21
19661.74 0.32
Kur 9 505.94 0.37
25411.83 0.45 0.40
179.51 0.71
1114.82 1.41
9.36 0.00
8.43 0.19
12329.10 0.27
Kur 10 3760.75 0.32
15569.81 0.42 0.50
6726.78 0.71
134701.62 1.41

The measurements extended to a depth of 1-5 m. The results of VES investi-
gation obtained in the field were further processed in the form of a one-dimen-
sional model (resistivity — depth axis) (Figures 4-6).

The data obtained for the resistivity values within the permafrost strata re-
vealed several trends. The main trend is that ER increases with depth. At the same
time, on the border with permafrost, there is a significant increase in ER from
hundreds to thousands of Ohm*m. The increase in ER in the profiles of permafrost
soils is associated with the presence of ice in the profile [6, 12].
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Fig. 4. Profile distribution of ER in soils on Samoylov Island. Vertical scale:
ER values (Ohm*m); horizontal scale: AB/2 distance (m)

Figure 4 shows the graphs of ER on Samoylov Island. The Sam 1 profile is
characterized by the presence of several peaks in the soil profile, which are asso-
ciated with the processes of flooding and deposition of fresh organomineral ma-
terial (Fig. 4). The highest ER value is noted at a depth of 72 cm, which is slightly
deeper than the depth of permafrost found during field work. This can be inter-
preted as an increase in permafrost homogeneity. The upper boundary of the per-
mafrost found in the field work is under the water layer, which leads to the for-
mation of pores and cracks, but with depth the number of pores decreases and the
ER increases. For zonal variants of soil formation (Sam 2 - Sam 4), which are not
influenced by the flooded process, a sharp increase in the value of ER is charac-
teristic when passing from soil to permafrost, which is presented in the obtained
graphs. A characteristic feature of permafrost-affected soils is the presence of a
dynamic active layer thickness, which corresponds to freezing/thawing processes
in a soil at different times of the year (maximum in late August-early September).
On Samoylov Island, from the graphs obtained, we can determine the change in
conditions at a depth of about 110 cm (Sam 3 - Sam 4), these profiles are not
subjected to the flooded process. Samoylov Island is a relatively young formation
in the Lena River Delta and is confined to the Holocene period. The data obtained
well corresponds with the data from Western Siberia (Yamal Peninsula, Gydan),
the increase in the ER was confirmed by the obtained soil sections and corre-
sponded to the active layer thickness [6, 19]. On the Yamal Peninsula, the distri-
bution of ER varies from several to tens of thousands, this is caused by the pecu-
liarities of permafrost formation, which can have pores and stratify [5].
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Kurungnakh Island was formed during the Late Pleistocene and is character-
ized by inhomogeneous structure. From the surface, the island is composed of
modern soils and is underlain by deposits of IC, which reaches several tens of
meters and is underlain by ancient siltstones.

Figure 5 shows the obtained VES graphs, all the graphs obtained clearly show
the permafrost layer, which corresponds to the boundary found when the soil sec-
tion was placed. In the profiles Kur 4 - Kur 7, there is a sharp increase in resistivity
at a depth of 90-110 cm. These profiles are located at the bottom of the alas and
the obtained data may correspond to the upper boundary of the IC. Alases appear
in the landscapes of the permafrost zone due to an increase in the volume of su-
prapermafrost waters. Soil sections Kur 1 - Kur 3 correspond to the tops of the
alas, in that soils water does not stagnate and less protected from the wind, there-
fore they have a relatively close occurrence of permafrost border.

According to ER distribution and field determination of the active layer thick-
ness, the model depths of permafrost distribution were established by ZondIP.
They coincide with most of the studied soils, except for the Sam 3 and Kur 7
profiles. This may be due to the permafrost parameters (presence of cracks and
pores in the frozen rocks). Another reason may be the presence of layers saturated
with poorly decomposed organic residues, which is quite a characteristic feature
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in the Lena River delta. The other studied profiles are characterized by the pres-
ence of the upper permafrost edge, which is less dense than the underlying per-
mafrost, which has higher ER values.

Kurungnakh Island has a rather complex structure, degradation of the IC and
coastal erosion, leading to the formation of a rather dissected relief. As a result
of coastal erosion, about hundreds years ago, the lake was degraded, and at the
moment hilly landscapes (the height of the mounds up to 3-4 m) with grass veg-
etation are formed in the place. The resulting VES profiles are shown in Fig-
ure 6.

On the graphs obtained, we can distinguish the permafrost border, which cor-
responds to the boundary found during the formation of soil sections, about 50 cm.
Then, there is a sharp decrease in the electrical resistivity in the profiles Kur 8 and
Kur 9, which are associated with the top of the heaving mound. This anomaly may
be the result of the presence of a talik under a drained lake, which was observed
before by Olenchenko [21]. At the same time, an increase in resistivity inside the
active layer is noted, which corresponds to the occurrence of buried organic mat-
ter. Thus, the study of the vertical heterogeneity of the soil layer made it possible
to establish the depth of presence of the permafrost layer, to reveal the nature of
the change in the resistivity value in the soil layer.

Discussion

The 1D VES method has been effectively used to study cryogenic soils in the
(Yamal Nenets Autonomous Okrug (YNAO), according to a study by Abakumov
and Tomashunas [5], it was found that the 1D VES method effectively allows
determining the active layer thickness by increasing the ER based on changing
thawing/freezing conditions. In addition to 1D, 2D and 3D models are used for
spatial analysis of natural and anthropogenic objects. Great interest in the use of
geophysical research is focused on the Polar Regions [33]. Similar studies were
carried out to study the permafrost-affected soils of Spitsbergen [13]. In their
study, Gibas et al. notes that the DC (direct current) resistivity sounding method
is an effective and convenient method for studying moraine ridges in the pregla-
cial zone. The obtained data on the location of ice cores can be used to predict the
transformation of the landscape under conditions of climate change. Geophysical
study of mountainous areas has been going on for a long time, because these areas
are the most dangerous in terms of landscape changes as a result of permafrost
degradation. Thus, in the Alps, Hauck and Miihll [34] used DC resistivity tomog-
raphy to determine the structure of permafrost. The use of 2d models makes it
possible to determine with high accuracy the occurrence of ice wedges in soils
affected by permafrost. Scandroglio et al. [35] used long-term data obtained ac-
cording to 2d and 3d electrical resistivity tomography and thus built a 4d model
of the degradation of the Alpian permafrost zone. The data obtained over the past
13 years have shown how the transformation of the landscape took place in the
zone of occurrence of permafrost rocks. The obtained data with a high degree of
reliability will help in forecasting creeping, rockfalls and slides in the alpine zone.
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In the Lena River delta, taliks under the river channel, as well as thermokarst
lakes, are of the greatest interest for geophysical research [21]. Thus, using the 2d
and 3d VES methods, a talik under a drained lake on Kurungnakh Island was
investigated. This modeling is well suited for the study of large objects, the thick-
ness of bottom sediments, the zone of thermal influence of water bodies, as well
as the structure under the lake and under the river channel. To determine the active
layer thickness, mechanical methods are used as well, the use of a steel probe, and
preparation of soil sections [36]. These methods undoubtedly make it possible to
determine the upper layer of permafrost, but at the same time, the soil section
violates the soil cover of the territory; polar ecosystems are especially vulnerable,
since it takes longer to restore the soil cover than in other climatic zones. The use
of a probe avoids significant disturbances to the soil cover. But with the annual
survey of the monitoring site, the temperature regime of the soil is disturbed,
which leads to the degradation of permafrost. Cryogenic soils and grounds are
complex heterogeneous environments, so the application of classical concepts of
current conductivity in such systems is inapplicable for them. Cryogenic soils of
the Lena River delta are formed in conditions of great influence of both cryogenic
(heaving, cryogenic mass exchange, ice formation) and river processes, which
lead to frequent change of soil-forming rocks (interlacing of sandy, sandy loam,
loamy and clayey sediments within one profile). Such shifts lead to rather sharp
changes in resistivity. This can be observed in soils from Samoylov Island, as well
as on Kurungnakh Island (drained lake). The data obtained by us agree with the data
of Frolov (1998), high resistivity of frozen rocks is caused by the formation of a
large number of pores in alluvial soils of the Lena River delta, the resistivity of
coarse-grained sands can reach 10° Ohm m, which is associated with the formation
of schlier cryogenic textures, ice complex, and massive ice with the inclusion of
organomineral matter [37]. In Olenchenko et al. [21] also noted that the electrical
resistivity under the drained lake on Kurungnagh Island can reach up to 105
Ohm*m, which is confirmed in this work. The abrupt increase in resistivity can be
caused by changes in the variations of particle-size distribution, freezing conditions,
the appearance of melt water at the boundary with the permafrost, as well as talik
zones, may indicate a sharp decrease in resistivity in the studied profiles.

Conclusions

For the first time, the VERS method was used to study direct current electric
fields in the ground of the permafrost zone of the Lena River Delta. It was found
that in the cryogenic soils of the Lena River Delta, the ER parameter increases
with depth, the maximum values correspond to the boundary of the permafrost. It
was noted that on various islands of the Lena River Delta, a permafrost table,
which is not affected by thawing processes has been observed. This boundary is
characterized by maximum values of ER (> 10000 Qm). An atypical distribution
of electric fields was noted under a drained lake on Kurungnakh Island, this may
be due to the presence of a talik under the lake. In the soils on the islands of the
first terrace (Samoylov), the thickness of the active layer is greater (up to 60 cm),
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this is due to the warming effect of the river. The permafrost table, is observed on
the studied islands within the range (100-120 cm).
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KadecTBO 1 H3MEeHYHUBOCTH MOPGOMETPUUECKUX TAPAMETPOB
cemsiH y Dactylorhiza urvilleana (Steudel)
Baumann et Kuenkele (Orchidaceae)
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AnHoTauus. [IpuBeneHsl pe3ysbTaTbl U3y4eHHUs MPOLEHTA 3aBs3bIBAHUS ILUIOZIOB,
Ka4yecTBa M M3MEHYMBOCTH MOP(POMETPUUECKUX MapamerpoB cemsiH y Dactylorhiza
urvilleana (Orchidaceae), KyIbTHBHpYeMBIX B YCIOBUsIX OTKpbiToro rpyHra BUH PAH,
B 3aBHCHMOCTH OT MX KaJICHIAPHOTO BO3pacTa U METEOPOJOIMYECKUX YCIOBUH rojia
penponykuuu. CpaBHuBanuch ganHble ¢ 2015 mo 2022 r., moay4YeHHbIE C UCTI0JIb30Ba-
HHUEM OJIHHMX U TeX )K€ PaCTEHHMIl, BHIPAILLECHHbIX B KYJIBTYPE if Vitro U3 CEMsH Perpo-
nykimy 2009 r. 1 BeIcaXKeHHBIX Ha nocTostHHOe MecTo B 2014 1. [lokazaHo, 4To 3aBs-
3bIBaHHUE IUIOJIOB IIPU CBOOOZHOM OIBUICHUH BapbUPOBANIOCH OT 32 10 48%. [nuHa ce-
MsiH m3Mensuiach ot 490,17 + 6,35 mo 918,60 + 15,14 mxwm, mupuHa — ot 129,73 + 2,93
1o 220,48 + 2,97 mMxM, JuiuHa 3apoplima — oT 149,56 + 2,54 no 251,42 £2,15 mMxMm, a
mmpuHa — oT 85,25 + 1,70 mo 154,21 + 1,59 MKM B 3aBUCUMOCTH OT T0/1a PEIPOIYK-
i, MakcumaibHble MOPPOMETPHUYECKUE MapaMeTpbl ceMsiH Habmoaamucs B 2015 T,
a MuHuManbHble — B 2021 1. B 2015 r. otMeuena makcuMainbHast (92,9%), aB 2021 r. —
MUHUMAanbHas (43,7%) 1075 BBIIOJIHEHHBIX MOJHOLEHHBIX ceMsH. Ha ocHoBe moiy-
YEHHBIX JaHHBIX C/IeJIaH BBIBOJ O TOM, YTO Ha CHH)KCHHE Pa3MEpOB CEMsH U yBeluue-
HHE J0JIH HeXKHU3HECTIOCOOHBIX CEMSIH Y M3ydaeMbIX pactenuii B 2021 r. moBnusiia Bbl-
COKas TeMIIepaTrypa, KOTopasi coYeTanach ¢ MHHUMAJIbHBIM KOJMYECTBOM OCaJKOB B
NEPUOIbI LIBETCHUS ¥ (POPMUPOBAHUS ILIOOB.

KiroueBble ci10Ba: opxujHble, MHTPOIYKINUS, 3aBA3bIBAHUE ILIOZOB, MOp(oMeT-
pHs CeMsH, FeTepPOreHHOCTh CeMsH, (haKTOPbI, CHUKAIOIIME KaueCTBO CEMSH

Hcrounuk ¢uHancupoBanusi: paboTa BBINONHEHA B pamkax rocsaganus bBH PAH
«IonmBapuaHTHOCTh MOP(OreHETHYECKHX IIPOrPaMM Pa3BUTHS PENpPOyKTUBHBIX
CTPYKTYP pacTeHHiA, €CTECTBEHHBIE U HCKYCCTBEHHBIE MOJIENIU UX peanu3aumy (2019—
2023 rr.) Ne 122011900036-5.
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MOMOLLb TIPU KyJIbTUBUPOBAHUH PACTECHHUIL.
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The Quality and Variability of Morphometric Parameters
of Seeds in Dactylorhiza urvilleana (Steudel) Baumann
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Summary. The purpose of the study is to analyse the quality and variability of the
morphometric parameters of seeds of the same group of Dactylorhiza urvilleana plants,
depending on the increase in their calendar age and the year of reproduction.

Experimental plants grown from seed (collected in 2009) using in vitro culture.
The plants were planted in a permanent place in open ground conditions in the BIN
RAS in 2014. Seed studies were carried out from 2015 to 2022. The samples were a
mixture of seeds (from 400 and more) from mature fruits of several plants. Morpholog-
ical analysis of seeds and data documentation were performed using an Axioplan
2 MOT Microscope (Zeiss) with an AxioCam MRc 5 video camera (Zeiss) and Axio-
Vision 4.8 software (Zeiss). Microsoft Office Excel 2010 and Statistica 12.0 were used
for statistical data processing.

In this research, it was revealed that the percentage of fruit set in free pollination
ranged from 32 to 48%. Its value in some years was higher than it was noted in the
places of natural growth (24-40%). It was shown that the morphometric parameters of
the seeds varied significantly in different years of reproduction: the length of the seeds
varied from 490.17 £ 6.35 pm to 918.60 + 15.14 um, the width from 129.73 + 2.93 um
t0 220.48 £2.97 um, embryo length from 149.56 + 2.54 um to 251.42 = 2.15 um, and
width from 85.25+ 1.70 um to 154.21 £ 1.59 um. Taking into account the literature
data, it was concluded that in D. urvilleana from different places of growth, the length
and width of the seeds change in a very wide values range — 2.6 and 2.1 times, respec-
tively. The embryos in the present study were smaller (the length 0.33—0.85 times and
the width 0.40-0.96 times) than in seeds from natural habitats in the Krasnodar Krai.
However, they were larger than the embryos in the seeds of D. urvilleana from Turkey.
The data indicate a high variability of the morphometric parameters of seeds in this
species at the population level. It is shown that the sizes of seeds depend on the year of
reproduction, the largest sizes were the seeds of 2015 collection, and the smallest in
2021. The share of viable seeds was maximum in 2015 and amounted to 92.9%, and
the minimum in 2021 was 43.7%. Although the size of seeds decreased, and the pro-
portion of non-viable seeds increased as the age of the plants increased, this relation
cannot be considered definitively proven, since, in recent years, the weather conditions
were the least favorable for the development of the studied plants. Comparison of the
vegetation rhythm of D. urvilleana plants in open ground conditions at the BIN RAS
and weather conditions (average monthly temperature and average monthly precipita-
tion) during the years of study allows concluding that a decrease in seed size and an
increase in the proportion of non-viable seeds in 2021 was influenced by high temper-
ature which was combined with a minimum amount of precipitation during flowering
and fruit formation (See Fig. 2).

The article contains 2 Figures, 2 Tables and 34 References.
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BBenenne

PenponykTuBHEIH ycriex BUAa ONPENEIseT ero CTPATETHI0 BEDKUBAHUS 1 3a-
BHCHUT OT IUIOJOBHTOCTH OCOOCH — OT KONWYECTBA M KadecTBA MPOHM3BOAUMBIX
muactiop [1]. B kauecTBe MeToma KONMHMYECTBEHHOM OIEHKH PEMPOAYKTUBHOTO
ycrexa KOHKPETHOTO BHa OPXHUIHBIX UCIIONB3YIOT TAKHE TTOKA3aTeIH, KaK YHCII0
3aBSI3aBIIMXCSI TUIOZOB U YHCIIO CEMSH B TuT0/1aX. KadecTBO CeMsIH OpXHIHBIX, T.€.
UX JKU3HECTIOCOOHOCTDH, OLICHHBAIOT Ha OCHOBE MOP(OJOTHIESCKOTO aHAIM3a, a
TaK)KE B TECTE Ha NPOPACTAHUE B KYJIbTYpPE in Vitro.

Kak m3BecTHO, B IUTOIaX OPXHUIHBIX (POPMHUPYETCS OT COTEH N0 HECKOIBKIX
THICSY METKUX MTBUICBUIHBIX CEMSH, TEM CaMBIM, [UIS BCEX MPEINCTaBUTENEH ce-
MEWCTBA XapaKTepHa BHICOKAS CEMEHHAs MTPOTyKTUBHOCTH [2—6]. Kak mpasmito, B
Iogax OONBITMHCTBA OPXUAHBIX K MOMEHTY IHCCEMHHAIINN COIEePXUTCsS oT 80
10 98% xu3HECITOCOOHBIX ceMsH [6—12]. OqHako I HeOOJIBIIOT0 YHCa Mpe-
CTaBHTENEH MOKA3aHO, 4YTO K MOMEHTY muccemuHarwu ot 50 1o 100% cranosstes
HEKU3HECTIOCOOHBIMH H3-3a THOEIH 3apOIBITIIeH Ha PAaHHUX CTAHSIX X PA3BUATHS
[13—16]. Takum 0Opa3oM, BEICOKasi CEMEHHAS IMTPOAYKTUBHOCTh, XapaKTepHas IIs
OPXHUIHBIX, MOKET COMPOBOKIATHCS HU3KON WIH JakKe HYJIEBOW peambHOU ce-
MEHHOMH MPOIYKTUBHOCTHIO M3-32 (DOPMHUPOBAHHSI CEMSH HA3KOTO KadecTBa.

B arporexHonorusx m OOTaHHUECKOM pECYpCOBEICHHH, KaK MpPaBHIIO, HIC-
MONB3YIOT KPYITHBIE CEMEHa, TaK KaK CUUTACTCS, YTO OHU HamboJiee KU3HECTIO-
coOHBIC, a MEJIKHE CeMEHa BhIOpaKOBBIBAIOT. TakuM 00pa3oM, pasMep CeMsH
uMeeT OONBIIOe 3HAUCHHUE B CEMCHOBEIICHNH IS OLEHKH MX KadecTBa. B oTiu-
qre OT OOIMIENPUHATOTO MHEHISI, B CITydae OPXUIHBIX HEITB3sI OTHOCUTH K JKU3HE-
CTIIOCOOHBIM TOJIBKO KPYIHBIE ceMeHa. Kak M3BECTHO, Y OPXHUIHBIX TeTEPOTeH-
HOCTB CEMSIH 110 pa3MepaM OTPEACIsIeT UX adpoauHamMudeckue paznmans [17,18].
dopmMupoBaHUE B pa3HBIC TOABI TOTHKO MEIKHUX MM TOJIBKO KPYITHBIX CEMSTH MO-
KET OTPENeIIATh PA3MIHYI0 PEPOAYKTHBHYIO CTPATETHIO BHIA — pacCeleHHe
IMAcTop Ha yTAJICHHBIC WM ONHM3KHE OT MAaTCPHHCKOTO PACTEHHS TCPPUTOPUH.
V3MeHUHBOCTH CEMSH OPXHUIHBIX UTPACT BasKHYIO POJIb B UX )KU3HH, U €€ CICIYCT
YYHTBHIBATh IPH Pa3pab0TKe METOJUK COXpaHEHUS peakux BuIoB [19, 20].
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Peammzammst penpoJyKTHBHOTO TOTEHIHANA OMPEACIIIETCS B KaXKIOH IKOII0-
THYECKOH CUTYalluH MPOLIECCaMH, KOTOPBIE KOHTPOIUPYIOT 00pa30BaHMUE KI3HE-
CITOCOOHBIX CEMSH M3 CEMSIIOUEK, a 3aTeM (popMupoBaHue U3 HUX cesHIeB [21].
CemeHHasi TPOMYKTUBHOCTD 3aBHCHUT OT TAaKHX (PaKTOPOB, KaK CTEPIIIBHOCTH
MBUIBIBL, a0eppaHTHBIC CEeM3aYaTKu, Ae(UINAT ONMBUIHTENCH, HApyIICHHE OTLIO-
JIOTBOPEHUS U AMOPHOTeHE3a, METEOPOJIOTHYECKUE yCaoBus U T.1. [22-24]. Co-
OTHOIICHUE TPUYXH, TPUBOISIINX K (POPMHPOBAHHIO CEMSH HU3KOTO Ka4eCTBA U
CHIDKCHHIO pPEabHOM CEMEHHOH NPOIXYKTHBHOCTH, MOXKET CYIICCTBEHHO Me-
HSTHCS B pa3HbIE TOJIBI ¥ TPUTOM HEOJTHAKOBO Y Pa3HBIX BUIOB [25]. Pempoayk-
TUBHBIH yCIIEeX MOIMYJISIUHN TOTIOJHUTENEHO CONPSIKEH C BO3PACTHBIM H JKH3HEH-
HBIM cocTosiHEeM ocobeit [1]. Takum oOpa3oM, Tipu pa3pabOTKe METOIUK CEMEH-
HOTO Pa3MHOKCHHUS PEIKUX BUIOB OPXUIHBIX HEOOXOIUMO YUUTHIBATH HE TOJIBKO
HM3MEHYHBOCTH Pa3MEPOB CEMSH U UX JKH3HECTIOCOOHOCTD, HO M (haKTOPHI, KOTO-
pBIe X 00ycloBIMBaIOT. Llenb HaCTOAIIEro MCCIIeIOBAaHUS — IPOBECTH aHAJIH3
KadecTBa M M3MEHINBOCTH MOPPOMETPHUCCKAX MTapaMETPOB CEMSH OTHOM U TOM
e TPyl pacteHuid Dactylorhiza urvilleana, B 3aBUICHMOCTH OT YBEJIIMYCHUS HX
KaJICHIAPHOTO BO3PAaCTa M MOTOIHBIX YCIOBUH ToJla PerpoIyKIHH.

MartepuaJibl U METOABI

D. urvilleana oTHOCHTCS K peikuM BujiaM [26]. B Poccnu B IpupoHBIX yCiI0-
BHSIX BCTpEYaeTcs TONBKO Ha CEBEPHOM MakpockioHe bompmoro KaBkaszckoro
XpeOTa U B 3amajgHoi ero yact, Ha rore KpacHomapckoro u CTaBpOITOJIECKOTO
KpaeB, B PeciyOimkax KaGapauno-bankapckas, CeBepHas Ocetus-Ananus, Ye-
yeHckast, arymerust, Anpirest u [larecran. Bae Poccun ormeuen B 3akaBkazbe
u B ropax fOro-3anagnoit Azuu [27].

B pabote mccnenoBaim cemena pacteHuid D. urvilleana, xoTopble ObIIA BBIpa-
IIEHBI 3 CEMSH C UCTIOIB30BaHUEM KyJIBTYPHI 71 Vitro. PacTeHust HaXOmsITCs B yCIIO-
BUSIX HHTPOIYKIMH B CEBEPO-3aMafHOM perroHe Poccrm, comepykaTcst B OTKPBITOM
rpyHTe (Tpsiapl, 6e3 monuBa) Ha Tepputopru boranndeckoro uactutyta PAH.

B nHacrosieM nccne1oBaHIH aHaIM3UPOBATICH CEMEHA U3 TUIOIOB PACTECHHM,
Y KOTOPBIX U3BECTEH TOYHBIN KaJICHIapHBIN Bo3pacT. PacTeHus, KOTOpbIe COCTAB-
JSUTM  OKCIICPHIMEHTAJIBHYIO TPYIITY, WMEITH ONWHAKOBBIH BO3PACT, KOTOPHIi
MOJKHO BEIUHCIHTH OT Toza cbopa CeMsH W OT MOMEHTAa MX IPOpAIIUBAHUS B
KynbType in vitro (2009 1.), oT MOMeHTa BhIcaAKH B mouBy (2011 1.) ¥ OT MOMEHTa
BBICQJIKH Ha ITOCTOSTHHOE MECTO B OTKPBITHIN rpyHT (2014 1.).

UccnenoBanuns cemstH poBo i ¢ 2015 mo 2022 r. Beibopku npeactaBisum
c000i1 cMech 3penbIX CEMSH M3 BCEX IJIOJIOB HECKOJIBKHX pacTeHui (tadi. 1).
Mopdonoruaecknii aHaIn3 CeMsiH M JOKyMEHTAIHIO JaHHBIX MPOBOAMIN C HC-
MOJIb30BaHNEM MHUKpockoma Axioplan-2 mot (Zeiss) ¢ Buaeokamepoit AxioCam
MRc 5 (Zeiss) n mporpammoii AxioVision 4.8 (Zeiss). Huciio cemsiH 6e3 3apo-
IpImia B BEIOOpKax oT 400 mTYK ¥ BBIIIE MOICYUTHIBAIN B HECKOJIBKHIX ITOJISIX
3peHHs MHKpOCKoTa (Tadit. 1). AHaIM3UPOBAITN CPEAHION JUTHHY, ITUPUHY U CO-
OTHOIICHHE ITUX MapaMETPOB y CEMCHH U Y 3aPO/IBIIIa, BEIOOPKH COCTABILSUTH 00-
nee 60 mTyK.
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[onroroButensHy0 00paOOTKY M aHAIN3 JAHHBIX OCYIICCTBIISUIA B IIPHIIO-
xenun Microsoft Office Excel 2010. [TomapHbie cpaBHEHUS TUCTIEPCHI BEIOOPOK
MIPOBOIMIIN HA OCHOBAHHUH JBYXBHIOOpPOUHOTO F-TecTa, CpaBHEHNE CPETHUX MPO-
BOJIWJIM Ha OCHOBAaHWHU JBYX BBHIOOPOYHBIX t-TECTOB UIS ONMHAKOBBIX FUTH IS
pa3HBIX TUCIICPCUN.

Ta6auna 1 [Table 1]
Yuciio ocodeii Dactylorhiza urvilleana, ¢ KoTOpBHIX ObLIIM COOPAHBI cCEMeHA,
YHCJIO CEMSIH U YHCJI0 M0JIeli 3peHHus] MUKPOCKONA /ISl AaHAJIU3a BLIOOPOK
[Number of Dactylorhiza urvilleana specimens from which seeds were collected, number of seeds,
and number of microscope fields for analysis of samples]|

Bri60opky nipyu MOPGOIOrHIECKOM aHaIN3e CeMsTH
[Samples in the morphological analysis of seeds]
Yucio be3 3apozpima
Fon |PacTeHuii, OO1wast BbI- [Without embryo]
A LT, 0OpKa ceMsiH, . Yucao ceMsH B OJHOM
[Year] Yucno ce-| Ywucno nonei
[Number of T, MSIEL 1T spenus [10JI€ 3PEHU, IIT.
plants, psc.] [General sample 4 . [Number of seeds in one
of seeds, psc.] [Number of [Number. of fields field of view, psc.]
seeds, psc.] of view] :
min max
2015 4 736 52 16 0 17
2017 — 432 41 22 0 20
2019 10 517 152 21 6 60
2021 19 3534 1989 48 22 100
2022 34 2250 579 19 16 47
Ilpumeuanue. «—» — HeT JaHHBIX.
[Note. «—» - no data].

Pe3yabTarhl ncciiefoBaHus U 00Cy:KIeHUE

B ycnoBusx otkpeiroro rpyata BUH PAH ocobu D. urvilleana ety B Mae—
nrone. Ynciao nBeTKoB B roApl Ha0mogeHus obuio B 2015 1. 29,75 + 6,49 mir.; B
2019 1. — 60,30 = 12,50; B 2021 1. — 72,68 + 7,30; B 2022 1. — 52,88 + 3,82 1.
3aBsm3eBanne miogoB B 2015 r. cocraBmimo 48,13 +13,93; B 2019 r. —
43,00 +£4,38; 82021 r. —32,44 £ 2.40; B 2022 1. - 36,19 £ 2,61%.

CoracHO TUTepaTypHBIM JaHHBIM, B TPUPOIHBIX MECTOHAXOXKIEHMIX Kpac-
Homapckoro kpast B CounHckoMm [IpruepHoMOpbe 3aBs3bIBaHuE TUIOAOB y D. ur-
villeana BapeupoBanock ot 23,9 = 3,2 no 37,9 £ 4,9% [28], B okpecTHOCTSX Ka-
MBIIIIAHOBOH MONSHBI (AmmepoHCKui paitoH) — 39,7 £ 3,51% [29], B okpecTHO-
crax 1. BepxnebOakanckas (Artakaiickas 1ienb) HoBopoccuiickoro paiioHa B
2009 r. — 30,6 + 4,0%, 1 y pa3HbIX pacteHui BapsupoBaio ot 0 1o 74%. B ciayuae
ocobeit D. urvilleana, npomspacTtarommx Ha Tepputopud BUH PAH, nporneHT 3a-
BSI3BIBAHHMS TUIOJIOB MIPH CBOOOTHOM OIBUICHUH B HEKOTOPHIE TOIBI OB BBIIIIE, UeM
3TO OTMEYAJIOCh TSI PACTCHUI B MECTaX €CTECTBEHHOTO ITPOM3PACTAHHSL.

Pasmepsl ceMsiH, COOpaHHBIX B pa3HbIC TOJBI C OAHOM M TOH e TPYIIIBI pac-
teHuii D. urvilleana, mpon3pacTalonIuX Ha OJHOM F TOM K€ MECTe, CYIIECTBEHHO
paznmuuanvch. Mx mnuHa Bapeuposana ot 490,17 + 6,35 mo 918,60 + 15,14 Mxwm,
a mupuHa — oT 129,73 £ 2,93 no 220,48 £2,97 mxm. Cemena D. urvilleana B
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ycnosusix uaTpoaykiun B BUH PAH nmenn makcumansabie pazmepst B 2015 1,
a MUHAMaJIBHBIE — B 2021 1. THIeKke ceMeHn ObUT MUHHMAITBHBIN B 2019 T. (Tabt. 2).

CoracHo TUTepaTypHBIM JaHHBIM, H3MEHUYHBOCTH MOP(POMETPUIECKUX Iapa-
METPOB ceMsH y D. urvilleana MOXeT MPOSBIATHCS B JOBOJIHHO MIHPOKOM JTHATIA-
30He. Tak, pasmepbl cemsH D. urvilleana B Typuuu cOCTaBHIHM: JUIMHA —
699,23 £ 12,02 mrm, mmpuaa — 201,41 + 6,04 MM, uagekc — 3,0 [30]. B okp.
Kawmprmanoso#t monstabl (KpacHomapekuii kpait): mmHa — 860,00 +£3 ,00 MKM,
mupuaa — 180,00 £ 2,00 MKM, MHIEKC OTHOIIEHUS [UUHEI K mmpuHe — 4,7 [29].
Cemena pactenuit D. urvilleana, cobpannsie B 2015-2019 rT. B HECKOIBKUX Me-
CTOHAXOXAEHMSIX (OKp. 1moc. BopoHIIoBKa, B 3a0pOIIEHHOM Caxy B BEPXOBBSX
p. B. XocTa, okp. moc. Kpacnas Bois, okp. moc. Xnebopo6 Auiepckoro paiioHa)
OBUTH 3HAYUTEIBHO KPYyITHEe CeMSH U 3 Typlun, U U3 Apyroro MECTOHAXOXKIIe-
Hus KpacHogapckoro kpas (okp. KambrimanoBoit mosstabn). VX aimuHa cocTaBHia
1285,00 + 38,37 mMkwm, mmpuHa — 277,93 £ 7,60 MKM, OTHOIIEHUE JUTHHBI K IIH-
pure — 4,7 [28]. B nemom cpaBHeHHE mapaMeTpPOB CEMSIH MMOKA3all0, YTO JTMHA
CeMsiH MOXeT paznudarees B 1,5—1,8 paza, a mmpuna — B 1,4-1,5 paza. Otu gan-
HBIE COTJIACYIOTCS C Pe3yIbTaTaMU MCCIIEIOBAHUS IO IPYTHM BHIAM OPXUIHBIX,
KOTOPBIE TAKXKE WLTIOCTPUPYIOT BAPBHPOBAHHE ITAPAMETPOB CEMSH B pa3HBIX I10-
MyJSIASX, 3 TAKKE B OHUX U TeX JKe MOMYIIAIIIX, HO B pa3HBIE TOIBI PEPOIyK-
mun [6-12, 14, 16, 31-33].

Tabnuima?2 [Table2]
Pa3mepsi 3apoapiieii u cemsin u3 niioaos Dactylorhiza urvilleana,
cOOpaHHBIX B pa3Hble robl
[Embryo and seed sizes from Dactylorhiza urvilleana fruits collected in different years]

JnmuHa 1u-
[ggi] n [Lﬁgih] min | max Cv | n [\1))\/1;1;2}11] min | max | Cv I/[Ill;ﬁ:f]c

mM M+ mM

Cems [Seed]
2015 | 67 igz?g 493,10(1078,30{13,49| 90 1131,’7307 140,84|286,32(16,63| 4,3
2017 | 114 i%:‘;i 393,2211195,80(17,03 | 187 122(3’9478 106,231323,32|18,42| 3,9
2019 |299 ?136?672* 297,80(1092,80|30,46| 341 f23,’9650 53,71 |1316,26|29,66| 3,3
2021 |227 ‘f60,,3157 290,44 | 845,68 |19,53|234 1229,’9733 53,29 |1234,39|34,54| 3,8
2022 | 742 6iéz§(5)* 231,32(1133,70|27,98| 856 1617,’7501 36,90 |309,68|29,58| 3,6
3apoapii [Embryo]

2015 | 92 23;:2&8 169 | 286,41 |10,10| 93 li?zg?)* 81,93 |179,27112,73| 1,8
2017 | 183 2521,’1452 160 | 325,98 | 11,58 184 lgcsft,529l 84,15 1209,20(13,96| 1,6
2019 {200 Zfzz,f; 135 | 307,58 | 1542|205 liizg* 59,14 |183,11]20,80] 1,8
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JnmuHa 1LIu-
[ggi] n [L;;gih] min | max Cv | n [\1))\/1;1;2}11] min | max | Cv I/[I;;g:;(]c
mM M+ mM
2021 | 117 1;&29,,5546 86 |228,11 |1837(130 ﬁigg 42,27 (130,89 (22,44| 1,8
2022 | 760 1319,6392 66 129991 |16,99|765 liloétés_f 43,60 (197,40(19,99 1,7

Tpumeuanue. M — cpennee apudpmerndeckoe, mM — cranaapTHas omubKa cpenHeit apupme-
THUYECKOM, MKM; 71 — BBIOOPKH CEMsIH, LIT; UHICKC CEMEHH — COOTHOIICHHE JJIMHBI K IIHPHHE.
Paznuuust Mex 1y BBIISTCHHBIMU «*» MapaMu CpeTHUX 3HAYCHHH CTATUCTHICCKU HE 3HAUMMBI,
mpu p < 0,05. Mexny BceMH OCTaJbHBIMHU HOMAPHO CPABHUBAEMBIMU 3HAYCHUSIMH PA3ITUUUSL
cymectBeHHbI rpu p < 0,05.

[Note. M - Arithmetic mean, mM - Standard error of the mean, in microns; n - Seed samples, psc.; seed
index - ratio of length to width. Differences between the selected "*" pairs of mean values are not statisti-
cally significant, at p < 0.05. Between all other pairwise compared values, the differences are significant,
atp <0.05].

CpenHue 3HaYCHHSI JJTMHBI U IMAPHHBI CEMSH M3 HACTOSIIIETO HUCCIICA0BAHMS
MIPY UHTPOJYKIIMHU B MEPBBIE 2 TO/Ia U3YUCHUS BXOJMIIA B HHTEPBAJ BapbUPOBa-
HUAS TIApaMeTpoB CEMSH W3 MECT ECTeCTBEHHOTO  IPOM3PACTaHUS.
B mociieare 3 Toaa 3TH apaMeTphl CeMsTH HMeNH 0oJiee HU3KKE 3HAYCHU .

JlyimHa 3aponsimia B ceMeHax D. urvilleana B HACTOSIIEM HCCIICIOBAHUU Ba-
peupoBana ot 149,56 + 2,54 no 251,42 +2,15 MM, a mmpuHa — oT 85,25 £ 1,70
o 154,21 £ 1,59 mxm. 3apoapIy MaKCHMAaIFHOTO pa3Mepa COAEPIKaIICh B Ce-
MeHax D. urvilleana 2017 t., a MuanManbHOTo — B 2021 T. penporykimu. MHIeKC
3apojibiia BapsupoBai ot 1,6 1o 1,8 (cMm. tadm. 2).

Pasmepsl 3apojpiiia gmuHa/muprHa B ceMeHax D. urvilleana, mo maHHBIM
M.K. Akbulut u G. Senel coctaBunu 153,52 +4,00/66,88 + 3,39 mxm [30], 1o
naHHBIM E.A. ABepbsHOBO# — 295,96 + 8,94/206,39 + 5,77 mxwm [28], a E.A. Ile-
pe6opsr — 450,00 + 3,00/160,00 = 0,00 [29]. CooTHOIICHHE JITHHBI K ITHPUHE 3a-
pobIta st MecToHaxoxaeHu# n3 KpacHomapckoro kpast coctaBmiio ot 1,5 [28]
10 2,8 [29]; mnst cemstn u3 Typrum — 2,41 [30].

3apobIITY 13 HACTOSIIICTO UCCIISIOBaHuUs ObUTH Oosiee Mekue (mHa B 0,33—
0,85 pasa, a mmpuna B 0,40-0,96 pa3za), yeM B ceMeHaxX U3 MECT €CTECTBEHHOTO
npouspactanus D. urvilleana B KpacHomapckoM Kpae, HO KpyIHee, YeM B ceMe-
Hax u3 Typrun.

PesynbraTel HecieToOBaHNH MMOKa3aJId BAPLHPOBAHKE YHCJIA TTOJTHOIIEHHBIX Ce-
MsiH y D. urvilleana B 3aBUCUMOCTH OT ToJ1a HaOmroaeHus (puc. 1).

B psine paGoT mpu aHanm3e BBIOOPOK CEMSH OPXHMJIHBIX M3 OJHHX M TEX JKe
MOMYJISIIIANA, HO B pa3HbIC TOJbI, TOKa3aHO, YTO HA CEMEHHYIO TPOJTYKTHBHOCTh
OPXHMHBIX OKAa3bIBAIOT BIHMSHHUE MOTOIHBIE yeioBus [6, 9, 31-33]. Tak, Ha ocHO-
BaHWU MHOTOJICTHHX HAOJIFOJICHUI BBISBIICHO, YTO pealibHasi CEMEHHAs TIPOJIyK-
TUBHOCTH Dactylorhiza traunsteineri B pecnyOiinke KoMy mosioxuTennsHO CBsI-
3aHa C YPOBHEM BJIAr000ECIICUeHHOCTH TEKYIIIETO BETeTallMOHHOTO Tieproa [32],
a Takxke, Ha nipumepe Dactylorhiza incarnata ssp. cruenta, BbISIBJICHA 3aBHCH-
MOCTh CEMEHHOMW MPOJYKTUBHOCTH OT TEMIICPATypPhl B TIEPHOJ IIBETCHUS U TIJIO-
JIOHOIIICHUS, @ TAaKXKE OT CYMMBI aKTHBHBIX TeMmepatyp (>10°C) Bcero jieTHeTO
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nepuoza [6]. Ha mpumepe usyuenus cemsu Platanthera bifolia v Cypripedium
guttatum, cOOpaHHBIX B Pa3HBIEC TOIBI U3 OAHUX M TEX JKE IOMYIIIIHA, ObLIO BEI-
SIBJICHO, YTO 0OJiee MEJIKHe ceMeHa (hOpMUPOBAIMCEH B 00JIiee XOJIOMHBIC TOJBI U,
Ha000poT, OoJiee KpYIHbBIC cCeMeHa — B 00Jiee TeTUTbIC TObl. ABTOPHI MTOTYEPKHU-
BaIOT, YTO HA MOP(POMETPHUECKHE TTapaMeTPHl CEMSH O0COOCHHO CyIIECTBEHHOE
BIIISIHUE MIMENA TeMIlepaTypa B IEPHOM IBETCHUS W IUIOMOHOMICHUS PaCTCHUMA
[9]. ABTOpBI TaK)Ke CUHATAIOT, YTO 0Opa30BaHKUE OOJIBIIETO YHCIA CEMSH B KOPO-
00uKe IpH YMCHBIIIEHUH HX pa3Mepa, SBISIETCS OOIeH TeHACHINEH OPXUIHBIX,
MIPOM3PACTAIOMINX Ha ceBepe. ITa 0COOCHHOCTH 00CCIIEUNBACT PEIPOTYKTHBHEIH
YCIIEX OPXUIHBIX B CYPOBBIX IPHUPOTHO-KIMMATHYECKUX YCIOBHSIX [6].
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Puc. 1. CooTHoIIEHHE MEK/TY KOJTMISCTBOM CeMsiH Oe3 3apo/Iblilia U € 3apO/IBIIIEM B IUI0AaX
Dactylorhiza urvilleana, cobpannbix B pa3Hbie rozpbl. [1o ocu y — IPOLEHT ceMsiH,
0 OCH X — FOJ1 penpoayKuuu. Beibopku cM. B Tabi. 1
[Fig. 1. Correlation between the number of seeds without embryo and with embryo in fruits
of Dactylorhiza urvilleana collected in different years. On the y axis - the percentage of seeds,
on the x axis - the year of reproduction. Samples, see table 1]

Bruto mpoBeneHO cOMOCTaBICHWE PHUTMOB BETETAllMM HM3Y9acMOM TPYIIIBI
D. urvilleana B ycioBusix oTkpsitoro rpyata B BUH PAH u morofHbeIx ycioBuii
pernoHa (cpemHssl MeCsS9Has TeMIlepaTypa W CpeJHee MECSYHOEe KOIMYECTBO
ocakoB [34]) B KOHKpETHBIE TOJIbI TPOBEICHUS HCCIICIOBAHMUS, B KOTOPBIC aHa-
TU3UPyEMBIE TAPAMETPHI CEMSH MAKCHMAIBHO Pa3dauch (puc. 2).

MaxkcuManbHBIe pa3Mephbl CEMSTH U 3apObIIa, a TAKKe MaKCHMaIbHAs OIS
TTOJTHOIICHHBIX CEMSH y U3ydJaeMbIX pacTeHUU ObLTH OoTMeueHbl B 2015 T., a Mu-
HuManbeHbeie — B 2021 T.

B cBsi3u ¢ oTcyTCTBHEM JAaHHBIX IO puTMY BereTawu B 2015 1. 1i1st cpaBHEHUS
HCIOJIB30BaHbI JaHHbIe 110 2017 T., TaK Kak B 3TOT I'OJI TOKa3aTEIH OJIM3KH K MaK-
cuManbHbIM. C ampents mo aBrycT 2017 T. cpelTHEMECSYHbIC TEMITEPATYPhI ObLITH
Oosiee HU3KUMHU 110 cpaBHeHHIO ¢ 2021 u 2022 rr. XO0Ts CpeAHEMECTIHOE KOJTHU-
4ecTBO ocagkoB B Mae 2017 r. ObUIO HUXKE, YeM B OCTAIBLHBIC CPaBHUBACMBIC
TOZBI, 3TO HE JOJDKHO OBLIO OKa3aTh BIMSHUC HA BETETAIIMIO PACTCHHM, TaK KaK B
Mae To4yBa OOBIYHO HACKHIIICHA BOZIOW TIOCIIE TasHHS CHeTa. B mrioHe, mione u

50



Andponoea E.B., Kosanesa A.A. Kauecmeo u usmenuugocmop mopghomempuueckux napamempos

asrycte 2017 r. BeImao 6oJibliee KOJMYECTBO OCATKOB 110 cpaBHEHUIO ¢ 2021 u
2022 rr. B 2017 1. pa3Mepbl ceMsH ObLTH OJM3KUMH K MAaKCUMAJIBHBIM, & JOJIS
HEKU3HECTTIOCOOHBIX CeMsTH ObliTa OIM3KOH K MEHUMAJIHHOM.
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Puc. 2. A — Purm Bererauuu pacrenuii Dactylorhiza urvilleana B yclioBUsiX OTKPBITOTO
rpyura BUH PAH no nekanam mecsites ¢ anpests no centsiops B 2017, 2021 u 2022 rr.,
10 OCH X — CTaJIMU BereTalyu: g — Beretauus, b — OyTOHH3aIMs, ¢ — LBETCHHUE,

d — 3aBsI3bIBAHUE IUIOJIOB, [ — CO3PEBAHHUE [UIOOB, f — OKOHYaHHE BEereTalluH;

B — cpennemecsunble TemmepaTypsl B peruone B 2017, 2021 u 2022 rr.,

0 OCH ) — TEMIIEpaTypa B rpagycax, o ocu x — Mecslpl roga; C — cpeJHeMecIyHbIe CYMMBbI
ocankoB B peruone B 2017, 2021 u 2022 rr., 10 OCH ) — KOJIUYECTBO OCAJIKOB B MM,

110 OCH X — MECSLBI F0Aa
[Fig. 2. 4 - Vegetation rhythm of Dactylorhiza urvilleana plants in open ground BIN RAS for decades
of months from April to September in 2017, 2021 and 2022, along the x axis - vegetation stages:

a - vegetation, b - budding, ¢ - flowering, d - fruit set, 7 - fruit ripening, /- end of vegetation;

B - average monthly temperatures in the region in 2017, 2021, 2022, along the y axis - temperature
in degrees, along the x axis - months of the year; C - average monthly precipitation in the region in 2017,
2021, 2022, along the y axis - the amount of precipitation in mm,
along the x axis - the months of the year]

2021 r. xapaKTepu30Bajcs BEICOKOW TEMTIEPATYPOH C ampeis 10 HI0ib, B TOT

nepuoa BPEMCHH, KOrga ITPOHMCXOJUIIM OCHOBHBIC IIPOLECCHI — BETCTAIUA,

51



bomanuxka / Botany

OyTOHM3aLNs, IIBETCHUE, 3aBA3bIBAHIE U Pa3BUTHE I0I0B. KpoMe BRICOKO TeM-
mepaTyphl BO3MyXa, HIOHB M HIOIb OTIIMYAIICH HANMEHBIIINM KOJIHYECTBOM OCa/l-
KOB, IMEHHO TOT[[a, KOTla HaOIIF0IaI0Cch IBETCHUE H3YIaeMBIX pPaCTCHHH, 3aBs-
3BIBAHUE U CO3PEBAHHE IJIOA0B (CM. pHUC. 2).

Kak okazanoch, B 2021 r. cpeHeMecsigHas TeMiiepatypa B Mae Obiia 12,1°C,
4TO OJIM3KO K KIIMMAaTH4YeCcKol HOopMe, B utoHe — 21,4°C, B utone — 23,1°C, uro
3HAYUTENLHO BBINIE KIMMaTH4Ieckoil Hopmbl CankT-IletepOypra — 15,8 u 18,8°C,
cooTBeTcTBeHHO. B 2021 T. cpemHeMecsyHas cCymMMa OCaJKOB B Mae Oblia
137,7 MM, uTO MOoYTH B 3 pa3a MPEeBHICHIIO KIMMATHYECKYIO HOPMY, B HIOHE CPEJ-
HEMeCsYHasi CyMMa ocajkoB Obuia 22,1 MM, 3T0 B 3,2 pa3a MeHbIIIE HOPMBI, a B
nrone — 48,8 MM, 9TO B 2 pasa HIKE KIIMMAaTHIECKOH HOPMBI. DTOT TOJ] OTIINYAIICS
MPEBBIIIAIONTIM HOPMY KOJIMYECTBOM OCAJIKOB B Mae, KOTJa M0YBa U TaK HACHI-
IIeHa BJIArOH Tocje TassHUs cHera. B To BpeMst kak WioHb U Wtoiib 2021 1. ObLTH
HanboJee JKapKUMH 1 3aCyNUTUBBIME 110 CPABHEHHIO C OCTAILHBIMHI CpaBHHABAC-
MbIMH Togamu. [Teproa OyTonnzanuu B 2021 r. Hagascs mo3xe, a IepruoI [BeTe-
HUs ObLT KOpode, yeM B 2017 u 2022 rr. Kak ciencrue, penpoayKTHBHBIHN TTe-
pUOI OT OYTOHU3AIUH JI0 CO3peBaHUS IUIOI0B B 2021 T. 3aKOHYHIICS TPHMEPHO
Ha 10 mHel panpiie, yeM B apyrue rogsl. OCHOBHAS 9acTh ATOTO MEPHOJA, a
WMEHHO I[BETCHHE U TUIOJJOHOIIEHHUE, COBIAaJa C MEPHOIOM BBICOKHX TEMITEPATYP
1 MHHAMAJIFHOTO KOJMYECTBA OCAIKOB. BeposTHO, KINMMAaTHYECKHE YCIOBUS B
MepUOJI IIBETCHUS B POPMHUPOBAHUS CEMSH MOBIHSIIN HA MOPPOMETPHUYECKHIE Ta-
paMeTphl CEMSIH U Ha HEXKU3HECTIOCOOHOCTh CEMSH, MTOCKOIbKY UMEHHO B 2021 T.
OTMEYeHBl HAMMEHBIINE MOP(HOMETPHICCKHE TTAPAMETPHI U O0JIee BEICOKAS OIS
HEKU3HECTTIOCOOHBIX CEMSH.

Hamm nanHbIe TOATBEPKAAIOT, YTO HEOIATONPUATHBIC YCIOBUS HMEHHO B TIe-
puoz nBeTeHUs U (HOPMHUPOBAHUS TUIOIOB MOTYT IIPHBECTH K PAa3BUTHIO CEMSH
OoJlee MEJIKOTO pasMepa M K YBEIMUYCHHUIO TOJHM HEXKMU3HECITOCOOHBIX THACIIOP.
OnHako B HACTOSIIIIEM MCCIIEIOBAaHUH, B OTIIMINE OT JAHHBIX, UMCIOIIIXCS B JIH-
Tepatype [6, 9], Ha CHIKEHHE pa3MEPOB U JIOJTIO JKU3HECIIOCOOHBIX CEMSIH ITOBJIH-
syla He HU3Kas, a, Ha000pOT, BEICOKAsI TEMIIepaTypa, KOTopast COueTaiach ¢ M-
HUMAaJIBHBIM KOJIMYECTBOM OCa/IKOB.

Ha 1o, 9T0 penpoayKTHBHBIN ycTeX MOIMYIISIIAI JOTIOTHUTEIBHO COMPSIKEH C
BO3PACTHBIM H )KU3HEHHBIM COCTOSTHUEM 0COOCSH OITyIISINH, YKa3hIBaeTCs B pa3-
HBIX JIUTepaTypHBIX HcToUYHUKaX [1, 23]. Hauboibmero ypoBHs ceMEeHHas Mpo-
JYKTUBHOCTH JOCTUTAET B MEPUOJI 3PEIIOTO TEHEPATUBHOTO COCTOSIHUS [23], T.€.
OHa YBEIMYUBACTCS C BO3PACTOM pacTeHHH. [10CKOIBKY CTpaTeTHst pernpoIyKIHH
MPOSIBISICT ce0sl B MU3MCHEHNH HE TOJBKO YHCIIA TIPON3BOJUMEIX JUACTIOP, HO H
X pasmepoB [1], MOXHO TIPEIIONIOKHUTH, YTO Pa3MepPhl CEMSH W MX Ka4eCTBO
TaKXe MOTYT MEHATHCS B 3aBECUMOCTH OT BO3PAcTa 0COOH. DTO MPEIONIOKCHIE
0TYaCTH MOATBEPKAACTCS Pe3yIbTaTaAMU CPABHUTEIBHOTO aHAIIN3a CEMSTH, Chop-
MHPOBABIINXCS B pa3HbIC TOABI Y OMHON M ToW ke ocodbu Dactylorhiza fuchsia
[16]. Kak oka3anock, B IOCIEIHUI IOl PENPOIYKIIHH Y HETO0 CPOPMHPOBATIOCH
OO0JIBIIIOE YMCIIO MEJIKUX JKH3HECTIOCOOHBIX ceMsiH. MOXHO IPEANIOTI0KATE, YTO
UX pOJb — NAaTh CESHIIBI, KOTOPBIE 3aMEHAT MAaTEPUHCKOE PACTCHHUE ITOCIE €To
€CTECTBEHHOTO OTMHUPAHISL. Melkre ceMeHa He CITIOCOOHEI paclipoCTPaHsIThCS Ha
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OOJIBIIE PACCTOSHUS U OMAAYT HA IIPOBEPEHHOW)» ONAaTONPUATHON VIS MPOH3-
pacTaHus pacTCHHU STOTO BHIa TEPPUTOPUH. B IpruBeIeHHOM ciTyyae n3MEHECHUS
mapaMeTpoB U KayecTBa CEMSH MOXKHO PacCMaTpUBATh KaK MEXaHH3M ITOBBITIIE-
HUS peaIbHOM CeMEHHOW MPOyKTHBHOCTH Y H3YYSHHOH 0COOM MPH JOCTHKESHIUH
€10 OMPEIEIEHHOTO OHTOTCHETHYECKOTO BO3pacTa.

B nHacrosieM nccne1oBaHIH aHAIM3APOBATICH CEMEHA 3 TUIOIOB PACTECHHM,
Y KOTOPBIX M3BECTEH TOYHBIA KaJCHIApHBIA Bo3pacT. Ha mepBerit B3rmsia Ka-
XKETCSI, 9TO TI0 Mepe YBEIMUCHHS BO3pAcTa PaCTEHUI pa3Mephl HX CEMSH YMEHb-
IIaJIACh, a IOJISI HEXKU3HECTIOCOOHBIX CEMSH yBeInInBanach. OJJHaKoO clexyeT 00-
paTUTh BHUMAHUE Ha TO, YTO CE30HHOE Pa3BUTHE PACTEHUI OoIee cTapIiero Bo3-
pacta B 2021 u 2022 rT. mpoTeKano mpu KPUTHIECKH HEONTHMAIBHBIX TTOTOTHBIX
ycnowusix 1o cpaBHeHuto ¢ 2015-2019 rr. TlosTomy B HacTosiiee BpeMsi BhICKa-
3aTh OKOHYATENBHYIO TOUKY 3PCHHUS O TOM, YTO HIMEET MECTO H3MEHUNBOCTh U3Y-
YCHHBIX TIapaMeTpoB ceMsH y D. urvilleana B 3aBHCHMOCTH OT BO3pacTa pacte-
HUH, HE TIPEICTABIACTCS BO3MOKHEIM, HO M OTPHILIATH BEPOSTHOCTH TAKOH 3aBU-
CHUMOCTH TaKKe HEIb3S.

3akirouenne

AHanmu3 KauecTBa M N3MEHUYMBOCTH MOP(HOMETPHUIECKUX ITapaMETPOB CEMSH
D. urvilleana, KyTbTUBUPYEMBIX B YCIOBHSX OTKpbITOro TpyHTa BUH PAH, co-
MTOCTAaBIICHHE PUTMOB BETETALMH PACTEHUI M MOTOJHBIX yCIOBUH (CpemHss Me-
CSTYHAS TEMIIEpaTypa M cpeHee MECSITHOE KOJIMUECTBO OCAIKOB) B TOIBI IPOBE-
nenHwust uccyrenosanus (2015-2022 1T.) mo3BOJISIOT CIACNIaTh BEIBOJ O TOM, YTO CY-
IIECTBEHHOE CHIDKEHIE pa3MepOB BBHITIOJIHEHHBIX CEMSH M CYIIIECTBECHHOE YBEIH-
YCHHUE JIOJTN HEKM3HECTIOCOOHBIX CEMSH MOTYT HaOII0IaThCS MMEHHO B T€ TOMBI
PETIPOIYKITNH, KOTJa IBETCHHE U (POPMHUPOBAHHE IIOA0B Y PACTCHHI MPOTEKAIOT
B YCIIOBHSAX COYETAHUS ABYX (PaKTOPOB — KPUTHUYECKH BEICOKOW TEMITEPaTyphl H
KPUTHYIECKH HU3KOTO KOJIMIECTBA OCA/IKOB.

CnucoK HCTOYHUKOB

1. 3no6un FO.A. PenpoaykruBHsiil ycrex // OMOpHoIOrus BETKOBBIX pacTeHui. TepMuHo-
norust u kouuenuuu. CII16. : Mup u cembs, 2000. T. 3: Cuctemst penponykiuu. C. 251—
258.

2. Arditti J. Factors affecting the germination of orchid seeds // The Botanical Review. 1967.
Vol. 33, Ne 1. PP. 1-97.

3. Aurdittii J. Fundamentals of orchid. New York ; Singapore, 1992. 891 p.

4. Hazapos B.B. PenponykruBHas Ouonorus opxuaabix Kpbima @ auc. ... KaHA. OHON. Hayk.
CII6., 1995. 2% c.

5. Sonkoly J., Vojtko A., Tokolyi J., Torok P., Sramko G., Illyés Z., Molnar V.A. Higher seed
number compensates for lower fruit set in deceptive orchids // Journal of Ecology. 2016.
Vol. 104 (2). PP. 343-351. doi: 10.1111/1365-2745.12511

6. Kupumiosa N.A., Kupwuios 1I.B. Penponykrusneiii ycnex Dactylorhiza incarnata ssp.
cruenta (Orchidaceae) Ha ceBepHOM npesene apeana // Bectauk Tomckoro rocyjapcTBeH-
Horo yHuBepcurera. buonorus. 2020. Ne 49. C. 25-49. doi: 10.17223/19988591/49/2

7. Iupokos A.U., Kprokos JI.A., Konomeiiuesa I".JI. Mopdomerpuueckuit aHamms ceMsiH He-
KOTOpBIX BHIOB opxuaHbix Hinkeroponckoit obmactu // Bectnuk Teepckoro

53



bomanuxka / Botany

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

54

rocynapcrseHHoro ynusepcureta. Cep.: buonorust u sxonorus. 2007. Beim. 4, Ne 8 (36).
C. 205-208.

[ubanosa H.JL., Jonrux $1.B. Mopdomerpudeckasi XxapakTepUCTHKa CEMSH U peaibHast
CeMEeHHas! MPOYKTHUBHOCTh PEIKHX BUIOB OpxuaHbix [Ipenypaibs / Bectauk [Tepmckoro
yauBepcurera. 2010. Beim. 2. C. 4-6.

Kupunosa U.A., Kupunos JI.B. Penponykrusnas 6uonorus Platanthera bifolia (L.)
Rich. (Orchidaceae) Ha ceBepHoii rpanuiie apeana (Pecmy6iuka Komu) // Becruuk Tom-
CKOr0 TrocyAapcTBeHHOro ynuBepcurera. buomorms. 2017. Ne 38. C. 68-88. doi:
10.17223/19988591/38/4

Kpugomees M.M., HummyparoBa M.M., Cytonaykos U.B. Iloka3arenu ceMeHHON POAYyK-
THUBHOCTH HEKOTOPBIX BUI0B opxuzeii (Orchidaceae Juss.) FOxHoro Ypasa, paccuntaHHbie
¢ mpuMeHenueM nporpammbl Image] / BectHuk Hukeropoackoro yHHBEpCHTETa HM.
H.N. JlobayeBckoro. 2014. Ne 3, 4. 3. C. 49-57.

Cupopos A.B., Ceunn E.H., Mapakaes O.A. PenpoayktuBHslii noreHuuan Epipactis hel-
leborine (L.) Crantz (Orhidaceae) B pa3HbIx ycioBusix Bereraiuu / Hay4unsie Bemomoctu
Benroponckoro rocyzapcrBeHHoro ynusepcuteta. Cep. EctectBennbsie nHayku. 2015.
Ne 9(206). Bein. 31. C. 23-28. doi: http:123456789/19461

XomytoBckuit M. Ocobennoctu cemeHnor nponyktuBHoctu Cephalanthera longifo-
lia (L.) Fritsch (Orchidaceae Juss.) Ha TpancdopMupoBaHHBIX TeppuTopHsix B Kamyxckoi
obnacru // 3Bectust Camapckoro nayunoro enrpa PAH. 2015. T. 17, Ne 4 (4). C. 658—
663.

Uepesuenko T.M., Kymnup I'.Il. Opxuneu B kynsrype. Kues : HaykoBa mymka, 1986.
198 c.

Bunorpanosa T.H., [lerosa A.H., Ocunbsaun A.W., [lyrauesa I1.B., CaBuenko A.C. Iloren-
LUAJIbHAS BCXOXKECTh, MHMBHUIyalbHas U reorpaduyeckas U3MEHYUBOCTh CEMSH Tajlbya-
TOKOPEHHHKA Msico-KpacHoro — Dactylorhiza incarnata (L.) So6 // buonoruueckuii BecT-
HUK XapbKOBCKOro HanuoHabHOro yHusepcurera. 2003. T. 7, Ne 1. C. 64-66.
Andronova E.V., Kovaleva A.A., Evdokimova E.E, Nazarov V.V., Semeonov A.V.
Fruitage and seed viability of Orchis purpurea (Orchidaceae) at the northeast limit of dis-
tribution // The International Journal of Plant Reproductive Biology. 2020. Vol. 12, Ne 1.
PP. 56-66.

Amnnponoa E.B. JleranbHple aHOMAJIMK CTPOSHUS U pa3BUTHsl 3apozbima y Dactylorhiza
fuchsii (Orchidaceae) // Boranuyeckwuii sxypran. 2011. T. 96, Ne 7. C. 858-863.

Arditti J., Ghani A.K.A. Numerical and physical properties of orchid seeds and their bio-
logical implications // New Phytologist. 2000. Vol. 145. PP. 367-421. doi: 10.1046/j.1469-
8137.2000.00587.x

Diantina S., McGill C., Millner J., Nadarajan J., Pritchard H.W., McCormick A.C. Com-
parative Seed Morphology of Tropical and Temperate Orchid Species with Different
Growth Habits // Plants. 2020. Ne 9 (161). PP. 1-11.

Verma J., Sharma K., Thakur K., Sembi J.K., Vij S.P. Study on seed morphometry of some
threatened Western Himalayan orchids // Turkish Journal of Botany. 2014. Ne 38. PP. 234~
251. doi: 10.3906/bot-1307-14

Calevo J., Giovannini A., Cornara L., Peccenini S., Monroy F. Orchis patens Desf.: Seed
morphology of an endangered Mediterranean orchid // Plant Biosystems. 2017. Ne 151.
PP. 770-774. doi: 10.1080/11263504.2017.1297335

Mapko M.B. [omysitimonHast 6uonorust pacreHut : yue6. mocodue. M. : ToB-Bo Hayu.
m3n. KMK, 2012. 387 c.

JleBuna P.E. PenpomykruBHasi Ouonorust ceMeHHbIX pactenuit. O630p npobnemsr. M. :
Hayxka, 1981. 96 c.

Haiina H.M. CemeHHast npoyKTUBHOCTb BUIIOB poja Symphytum L. (Boraginaceae) // Om-
Opuosiorus BETKOBBIX pacTenuid. Tepmunonorus u kontenuun. T. 3: Cuctemsl pernpoayK-
. CII6. : Mup u cemsst, 2000. C. 262-266.



Andponoea E.B., Kosanesa A.A. Kauecmeo u usmenuugocmop mopghomempuueckux napamempos

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Gundel P.E., Garibaldi L.A., Martinez-Ghersa M. A., Ghersa C.M. Trade-off between seed
number and weight: influence of a grass — endophyte symbiosis // Basic and Applied Ecol-
ogy. 2012. Ne 13. PP. 32-39. doi: 10.1016/j.baae.2011.10.008

3ayronpHoBa JL.B., XKykoBa A.A., Komaposa A.C., CmupnoBa O.B. Llenonomynsaiuu pac-
TeHuil. M. : Hayka, 1988. 184 c.

Kpachas kuura Poccuiickoit @enepaunu (pactenust u rpudbl). M. : ToBapuiecTBo Hayu.
m3nannii KMK, 2008. C. 320-321.

Baxpameesa M.I"., Bapneiruna T.U., Tatapenxo U.B. Opxuanbie Poccuu (6uosnorwus, sxo-
norust, oxpana). M. : TosapumectBo Hayunbix uzganuii KMK, 2014. 437 c.

AsepbsiHoBa E.A. OpxuaHble HU3KOTOPHH COYMHCKOTO MPHYSPHOMOPbsS: OHONOrHUs, pac-
MpOCTpaHeHHe, OXpaHa : Juc. ... kaui. ouon. Hayk. M. : 'BC PAH, 2021. 224 c.
Iepe6opa E.A. Dxonorust opxuaubix CeBepo-3anansoro Kaskaza. Kpacuonap : Kyol'AY,
2011. 441 c.

Akbulut M.K., Senel G. The seeds micromorphology and morphometry of certain Dacty-
lorhiza (Orchidaceae) species distributed in Turkey // Rend. Fis. Acc. Lincei. 2016. Ne 27.
PP. 679-686. doi: 10.1007/s12210-016-0549-z

Giiler N. Seed micromorphology of Orchis Tourn. ex L. (Orchidaceae) and allied genera
growing in Edirne province, Turkey // PhytoKeys. 2016. Ne 68. PP. 9-25. doi: 10.3897/phy-
tokeys.68.8746

Kirillova L. A., Kirillov D.V. Impact of weather conditions on seasonal development, popu-
lation structure and reproductive success on Dactylorhiza traunsteineri (Orchidaceae) in
the Komi Republic (Russia) // Nature Conservation Research. 2020b. Vol. 5 (Suppl. 1).
PP. 77-89. doi: 10.24189/ncr.2020.016

Kupunnosa U.A., Kupunos [I.B. PenponykTuBHBIN ycriex OpXUAHBIX Ha CEBEPHOM IIpe-
nene ux pacnpocrpanenus (CeBepo-Bocrok EBponetickoii Poccun) // Nature Conservation
Research. 3anoBennas nayka. 2021. Ne 6 (1). C. 17-27. doi: 10.24189/ncr.2021.014
OI'BY «CeBepo-3ananHoe ynpaBieHUe 10 THIPOMETEOPOJIOTMH U MOHUTOPUHTY OKpY>Ka-
roreit cpenpi». URL: http://www.meteo.nw.ru/articles/index.php?id=2 (mara obpatenus:
30.11.2022).

References

Zlobin YA. Reproductive success // Embryology of flowering plants. Terminology and
concepts. V. 3. Reproductive systems. Batygina TB, editor. St. Petersburg: World and
family Publ.; 2000. pp. 251-258. In Russian

Arditti J. Factors affecting the germination of orchid seeds. The Botanical Review.
1967;33(1):1-97.

Ardittii J. Fundamentals of orchid. New York, Singapore: Academic Press.; 1992. 891 p.
Nazarov VV. Reproduktivnaya biologiya orkhidnykh Kryma [Reproductive Biology of
Crimean orchids. CandSci. Dissertation, Biology]. St. Petersburg: Komarov Botanical
Institute of the Russian Academy of Sciences; 1995. 294 p. In Russian

Sonkoly J, Vojtkd A, Tokolyi J, Torok P, Sramko G, Illyés Z, Molnar VA. Higher seed
number compensates for lower fruit set in deceptive orchids. Journal of Ecology.
2016;104(2):343-351. doi:10.1111/1365-2745.12511

Kirillova IA, Kirillov DV. Reproductive success of Dactylorhiza incarnata ssp. cruenta
(Orchidaceae) at the northern limit of the range. Vestnik Tomskogo gosudarstvennogo
universiteta. Biologiya — Tomsk State University Journal of Biology. 2020a; 49(2):25-49.
In Russian, English summary. doi: 10.17223/19988591/49/2

Shirokov AL Krukov LA, Kolomeytseva GL. Morphometric analysis of seed variability of
some orchid in Nizhny Novgorod region. Bulletin of Tver State University. Series: Biology
and Ecology. 2007; 4(8(36)):205-208. In Russian, English summary

Shibanova NL, Dolgikh YV. Morphometric characteristics of seeds and the real seed
productivity of orchid rare species in the Urals. Bulletin of Perm University. Biology. 2010;
2:4-6. In Russian, English summary

55



bomanuxka / Botany

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

56

Kirillova IA, Kirillov DV. Reproductive biology of Platanthera bifolia (L.) Rich.
(Orchidaceae) on the northern border of the range (Komi Republic).Vestnik Tomskogo
gosudarstvennogo universiteta. Biologiya — Tomsk State University Journal of Biology.
2017;38(4):68-88. In Russian, English summary. doi: 10.17223/19988591/38/4
Krivosheev MM, Ishmuratova MM, Suyundukov IV. Indicators of seed productivity of
some orchid species (Orchidaceae Juss.) of the Southern Urals, calculated using the ImageJ
program. Vestnik of Lobachevsky state university of Nizhni Novgorod. 2014;3(3):49-57. In
Russian, English summary

Sidorov AV, Sechin EN, Marakaev OA. Reproduktivnyy potentsial Epipactis helleborine
(L.) Crantz (Orhidaceae) v raznykh usloviyakh vegetatsii [Reproductive potential of
Epipactis helleborine (L.) Crantz (Orhidaceae) in different vegetation conditions].
Nauchnye vedomosti Belgorodskogo gosudarstvennogo universiteta. Seriya: estestvennye
nauki. 2015; 9(206(31)):23-28. In Russian. doi: http:123456789/19461

Khomutovskiy MI. Features of seed productivity of Cephalanthera longifolia (L.) Fritsch
(Orchidaceae Juss.) in the transformed territories in the Kaluga region. [Izvestiya
Samarskogo nauchnogo tsentra RAN. 2015;17 (4(4)): 658-663. In Russian, English
summary

Cherevchenko TM, Kushnir GP. Orkhidei v kul'ture [The Orchids in culture]. Kiev:
Naukova dumka Publ.,1986.198 p. In Russian

Vinogradova TN, Pegova AN, Osip'yants Al, Pugacheva PV, Savchenko AS.
Potentsial'naya vskhozhest', individual'naya i geograficheskaya izmenchivost' semyan
pal'chatokorennika myaso-krasnogo — Dactylorhiza incarnata (L.) Sod [Potential
germination, individual and geographical variability of the seeds of Dactylorhiza incarnata
(L) Soo]. Biologicheskiy vestnik Khar'kovskogo natsional'nogo universiteta.
2003;7(1):64—66. In Russian

Andronova EV, Kovaleva AA, Evdokimova EE, Nazarov VV, Semeonov AV. Fruitage and
seed viability of Orchis purpurea (Orchidaceae) at the northeast limit of distribution. The
International Journal of Plant Reproductive Biology. 2020;12(1):56-66.

Andronova EV. Lethal anomalies of the structure and development of the embryo in
Dactylorhiza fuchsii (Orchidaceae). Botanicheskiy zhurnal. 2011;96(7):858-863. In
Russian, English summary

Arditti J, Ghani AKA. Numerical and physical properties of orchid seeds and their
biological implications. New Phytologist. 2000; 145:367-421. doi: 10.1046/j.1469-
8137.2000.00587.x

Diantina S, McGill C, Millner J, Nadarajan J, Pritchard HW, McCormick AC. Comparative
Seed Morphology of Tropical and Temperate Orchid Species with Different Growth Habits.
Plants. 2020; 9(161):1-11

Verma J, Sharma K, Thakur K, Sembi JK, Vij SP. Study on seed morphometry of some
threatened Western Himalayan orchids. Turkish Journal of Botany. 2014; 38:234-251. doi:
10.3906/bot-1307-14

Calevo J, Giovannini A, Cornara L, Peccenini S, Monroy F. Orchis patens Desf.: Seed
morphology of an endangered Mediterranean orchid. Plant Biosystems.2017; 151:770-774.
doi: 10.1080/11263504.2017.1297335

Markov MV. Populyatsionnaya biologiya rasteniy [Population biology of plants]. Moscow:
Tovarishchestvo nauchnykh izdaniy KMK Publ.; 2012. 387 p. In Russian

Levina RE. Reproduktivnaya biologiya semennykh rasteniy. Obzor problem [Reproductive
Biology of Angiosperms]. Moscow: Nauka Publ.; 1981. 96 p. In Russian

Nayda NM. Seed productivity of Symphytum L. species (Boraginaceae) / Embryology of
flowering plants. Terminology and concepts. V. 3. Reproductive systems. Batygina TB,
editor. St. Petersburg: World and family Publ.; 2000. pp. 262-266. In Russian

Gundel PE, Garibaldi LA, Martinez-Ghersa MA, Ghersa CM. Trade-off between seed
number and weight: influence of a grass — endophyte symbiosis. Basic and Applied
Ecology. 2012; 13:32-39. doi: 10.1016/j.baae.2011.10.008



Andponoea E.B., Kosanesa A.A. Kauecmeo u usmenuugocmop mopghomempuueckux napamempos

25. Zaugolnova LB, Zhukova AA, Komarova AS, Smirnova OV. Tsenopopulyatsii rasteniy
[Cenopopulations of plants (essays on population biology)]. Moscow: Nauka Publ.; 1988.
184 p. In Russian

26. Krasnaya Kniga Rossiyskoy Federatsii (rasteniya i griby). Ministerstvo prirodnykh
resursov i ekologii RF i Rosprirodnadzora [Red data book of nature of the Russian
Federation (Plants and Fungi). Ministry of Natural Resources and Ecology of the Russian
Federation and Rosprirodnadzor]. Moscow. 2008. pp. 320-321. In Russian

27. Vakhrameeva MG, Varlygina TI, Tatarenko IV. Orchids of Russia (biology, ecology and
protection). Moscow: KMK Scientific Press.; 2014. 437 p. In Russian

28. Aver'yanova EA. Orkhidnye nizkogoriy sochinskogo prichernomor'ya: biologiya,
rasprostranenie, okhrana [Orchid lowlands of the Sochi Black Sea region: biology,
distribution, protection. CandSci. Dissertation, Biology]. Moscow: Tsitsin Main Botanical
Garden of the Russian Academy of Sciences. 2021. 224 p. In Russian

29. Perebora EA. Ekologiya orkhidnykh Severo-Zapadnogo Kavkaza [Ecology of orchids of
the North-West Caucasus]. Krasnodar: Kubanskiy gosudarstvennyy agrarnyy universitet
Publ.; 2011. 441 p.

30. Akbulut MK, Senel G. The seeds micromorphology and morphometry of certain
Dactylorhiza (Orchidaceae) species distributed in Turkey. Rend. Fis. Acc. Lincei. 2016;
27:679-686. doi: 10.1007/s12210-016-0549-z

31. Giiler N. Seed micromorphology of Orchis Tourn. ex L. (Orchidaceae) and allied genera
growing in Edirne province, Turkey. PhytoKeys. 2016; 68:9-25. doi:
10.3897/phytokeys.68.8746

32. Kirillova IA., Kirillov DV. Impact of weather conditions on seasonal development,
population structure and reproductive success on Dactylorhiza traunsteineri (Orchidaceae)
in the Komi Republic (Russia). Nature Conservation Research. 2020b; 5(Suppl.1):77-89.
doi: 10.24189/ncr.2020.016

33. Kirillova IA., Kirillov DV. Reproductive success of orchids at the northern border of their
distribution areas (north-east of european Russia). Nature Conservation Research.
2021;6(1):17-27. In Russian. doi: 10.24189/ncr.2021.014

34. FGBU «Severo-Zapadnoe upravlenie po gidrometeorologii i monitoringu okruzhayushchey
sredy» [Federal State Budgetary Institution "North-Western Department for
Hydrometeorology and Environmental Monitoring"]. Avaliable at:
http://www.meteo.nw.ru/articles/index.php?id=2 (accessed 30.11.2022)

Hugpopmavyusa 06 aemopax:

AnaponoBa Enena BajentnHoBHa — kaH. 6uoin. Hayk, c.H.c. JlJabopaTopun sMOprosIoruu u
penpoaykruBHoi 6uonoruu, boranndeckuii nactutyT uM. B.JI. KomapoBa Poccuiickoii aka-
nemun Hayk (Cankt-ITerepOypr, Poccus).

ORCID iD: https://orcid.org/0000-0003-3918-2094

E-mail: elena_andronova@binran.ru

KoBaneBa Anmnna AjiekcanapoBHa — M.H.c. JJaGopatopun 3MOpHOIIOTHH U PETPOTYyKTUBHON
ouonoruu, borannyeckuii nacrutyt um. B.JI. Komaposa Poccuiickoii akagemun nayk (CaHKT-
[erepOypr, Poccus).

E-mail: AKovaleva@binran.ru

Asmopul 3aa6na10m 06 omcymcmeuu KOHGuKma unmepecos.

Information about the authors:

Elena V. Andronova, Cand. Sci. (Biol.), Senior Researcher, Laboratory of Embryology and
Reproductive biology, Komarov Botanical Institute Russian Academy of Science
(St.-Petersburg, Russian Federation).

ORCID iD: https://orcid.org/0000-0003-3918-2094

E-mail: elena_andronova@binran.ru

57



bomanuxka / Botany

Alina A. Kovaleva, Junior Researcher, Laboratory of Embryology and Reproductive biology,
Komarov Botanical Institute Russian Academy of Science (St.-Petersburg, Russian Federa-
tion).

E-mail: AKovaleva@binran.ru

The Authors declare no conflict of interest.

Cmamobs nocmynuna ¢ pedaxyuio 07.12.2022;
00o6pena nocne peyenzupoganust 09.03.2023; npunsma k nyonuxayuu 11.12.2023.

The article was submitted 07.12.2022;
approved after reviewing 09.03.2023; accepted for publication 11.12.2023.

58



Bectauk ToMmckoro rocynapctseHHoro yausepcutera. buonorus. 2023. Ne 63. C. 59-76
Tomsk State University Journal of Biology. 2023;63:59-76

Original article
UDC 57.084.1:577.15:579.222.3:582.287
doi: 10.17223/19988591/63/4

In vitro assessment of ligninolytic and cellulolytic activities for
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Summary. Xylotrophic basidiomycete fungi take a unique place in the functional
structure of forest ecosystems because, on the one hand, they possess an extensive com-
plex of enzymes involved in lignin modification and degradation, and, on the other
hand, they synthesize enzymes capable of cellulose decomposition. Two groups of
wood-destroying fungi are widely known in this respect — brown-rot fungi producing
cellulolytic enzymes and white-rot fungi possessing not only cellulases but also lig-
ninolytic oxidative enzymes. Currently, the physiology, biochemistry and genetics of
basidial fungi are being actively researched. Thanks to the intensive development of
bioinformatics resources, the transcriptomes, proteomes and secretomes of higher fungi
are being analysed. At all three levels, both the biochemical mechanisms of degradation
of different wood types by basidiomycetes are being studied and the spectrum of en-
zymes of the lignocellulolytic complex involved in these processes is being revealed.
However, despite the identified general regularities, the specific mechanism of wood
degradation is determined by individual peculiarities of fungal enzyme systems en-
gaged in this process. The demand for lignocellulolytic complex enzymes for biotech-
nology purposes continues to grow steadily, since in addition to their ability to modify
complex organic polymers, these enzymes break down a wide range of substrates of
both natural and anthropogenic origin. New biotechnologically promising producers of
ligninases and cellulases with high biodegradation potential are constantly searched for.

In this work, we present data on 14 species of xylotrophic basidiomycete fungi new
to Bryansk Oblast, including little-known species Conferticium ravum, Phlebia tremel-
loidea, Physisporinus crocatus, with information on woody substrates and habitats oc-
cupied within the territory of the Bryanskiy Les State Nature Reserve, as well as data
on general distribution and finds of these species in adjacent regions. Among hosts for
revealed species of wood-inhabiting fungi, the main forest-forming trees such as Betula
pendula, Picea abies, Pinus sylvestris, Populus tremula, and Quercus robur are noted.
The majority of fungal cultures are obtained from basidiospores and basidiomata grown
on coniferous wood. Herbarium specimens of the identified species are catalogued and
stored in the Mycological Herbarium of the Komarov Botanical Institute RAS (LE),
and fungal strains are deposited in the Komarov Botanical Institute Basidiomycetes
Culture Collection (LE-BIN, St. Petersburg, Russia).

All collected specimens and pure cultures of studied aphyllophoroid fungi are de-
termined and verified based on both microscopic features and molecular genetic data.
Physiological and biochemical characterization, including assessment of their growth
rate and detection of enzymatic activity by rapid screening, was given for 16 strains of
wood-dwelling fungi. The linear growth rate was measured by culturing pure cultures
on standard MEA medium. The activities of ligninolytic and cellulolytic enzyme com-
plexes were registered using the application method that is widely applied for the pri-
mary biochemical screening of strains in many culture collections worldwide.

© Volobuev S.V., Shakhova N.V., 2023
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The agarized medium containing ABTS (2,2’-azino-bis 3-ethylbenzothiazoline-6-sul-
fonic acid) was used for detection of oxidative enzyme activity while the cellulase ac-
tivity was studied on the agarized medium with CMC (carboxymethyl cellulose). The
strain LE-BIN 4006 of Phlebia tremelloidea showed high ligninolytic and cellulolytic
potential and rapid colony growth rate. This strain can be recommended for further bi-
otechnological applications. The strains LE-BIN 4422 of Emmia latemarginata and LE-
BIN 3999 of Phanerochaete livescens demonstrated high cellulolytic complex enzyme
activity despite the detected medium colony growth rate and medium oxidative enzyme
activity. Thus, based on the screening results, three strains of fungi belonging to the
order Polyporales have been identified as being of practical interest for use in biotech-
nological delignification and remediation processes. The importance of screening stud-
ies on active enzymatic producers among not only widespread taxa, but also by includ-
ing rare and little-collected species of fungi are demonstrated.

The article contains 2 figures, 1 table, 48 references.

Keywords: Basidiomycota; biodiversity; cellulases; DNA barcodes; ligninases;
pure culture; xylotrophic fungi

Fundings: The field work was carried out within the framework of the institutional
research project No. 122011900033-4 “Biodiversity, ecology, structural and functional
features of fungi and fungus-like protists” of the Komarov Botanical Institute of the
Russian Academy of Sciences. The molecular work was supported by the Ministry of
Science and Higher Education of the Russian Federation (agreement No. 075-15-2021-
1056) and was performed using the equipment of the Core Facility Centre “Cell and
Molecular Technologies in Plant Science” at the Komarov Botanical Institute RAS
(St. Petersburg).

Acknowledgments: The authors are grateful to Elena F. Sitnikova (deputy director of
the Bryanskiy les State Nature Reserve) for help with the organisation of field studies.

For citation: Volobuev SV, Shakhova NV. In vitro assessment of ligninolytic and cel-
lulolytic activities for 14 Agaricomycetes species, new to Bryansk Oblast (European
Russia). Vestnik Tomskogo gosudarstvennogo universiteta. Biologiya = Tomsk State
University Journal of Biology. 2023;63:59-76. doi: 10.17223/19988591/63/4

Hayunas craThs
doi: 10.17223/19988591/63/4

60
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Annoranus. KcunorpodHsie 6a3uauanbHbie pUObl 3aHUMAIOT YHUKATBHOE MECTO
B QYHKIIMOHAIBHOM CTPYKTYPE JIECHBIX 9KOCHUCTEM, TIOCKOIIBKY, C OJHOM CTOPOHBIL, 00-
NaIal0T OOLIMPHBIM KOMIUIEKCOM ()epPMEHTOB, YYaCTBYIOIIUX B MOAU(DHUKALMU U Jie-
rpajaLyy JIMTHUHA, a C APYTOM CTOPOHBI, CHHTE3UPYIOT PEPMEHTBI, CLIOCOOHBIE pa3ia-
rarb IE/UIIONO3y. B 3TOM OTHOIICHWH INMPOKO W3BECTHBI ABE TPYIIIBI
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JIepeBOpa3pyLIAIOIIUX TPUOOB — TPUObI OypOii FHUIH, MPOLYLUPYIOLINE HEITFOI0IHU-
THU4ecKHe (pepMEeHThI, ¥ IPUOBI OeNoi THUITH, 00JIaIalolINe HE TOJIBKO LEIUTI0Ia3aMHu,
HO ¥ JIMTHUHOJIMTHYECKUMU OKUCIUTENbHBIMU (hepMeHTaMu. B HacTosIee Bpems ak-
THUBHO U3y4aloTcsl pru3noorus, OHOXMMUS U TeHEeTHKa 0a3uauanbHbIX rpuboB. biaro-
Japs MHTCHCHUBHOMY Pa3BUTHIO OMOMH(MOPMALIMOHHBIX PECYPCOB aHAIU3UPYIOTCS
TPaHCKPHUIITOMBI, IPOTEOMbI U CEKPETOMbI BhICIIMX TpuboB. Ha Bcex Tpex ypoBHsX
U3Y4alOTCs KaK OMOXMMHUYECKHE MEXaHU3MbI JIeTrpaaliiy 6a3uIMOMHULIETAMH Pa3Iny-
HBIX JJPEBECHBIX [IOPOJ, TAK U BBIABIISIETCS CHEKTP ()EPMEHTOB JIMTHOLIEIUTIONONUTHYE-
CKOro KOMILJIEKCa, y4acTBYIOIMX B 3THX Hporueccax. OHAKO, HECMOTPsI Ha BbISBIICH-
Hble 00LIME 3aKOHOMEPHOCTH, KOHKPETHBII MEXaHHU3M Pa3pyILEeHUs JPEBECHHBI OIIpe-
JIETISETCS] UHAUBUAYAIBHBIMUA OCOOCHHOCTSIMU (DEPMEHTHBIX CUCTEM I'PUOOB, y4acTBY-
IOIMX B 3TOM Ipouecce. Crpoc Ha (epMEHTHI JIMTHOLEIUTIOIIO3HOTO KOMILIEKCa JUIs
Leseil OMOTEeXHOIOr MU HPOJIOJKAET HEYKJIOHHO PACTH, IOCKOJIbKY IOMUMO CIIOCOOHO-
CTH MOZU(HULIPOBATH CI0XKHBIE OPraHUYECKUE MOJUMEpPBI 3TH (PEPMEHTBI pasiiararor
LIMPOKHUH CIEKTpP CyOCTPaToOB KaK MPUPOAHOIO, TAK U AHTPOIIOICHHOTO IPOUCXOK/IE-
HUs. B Hacrosiee BpeMs poA0KaeTCs HOMCK HOBBIX OMOTEXHONOTHYECKH IePCIIeK-
TUBHBIX MPOJYLICHTOB JMTHUHA3 ¥ LEJUIF0NA3, 00J1a1a0MX BEICOKMM OHOJerpaiaiu-
OHHBIM [TOTEHLIUAIOM.

B nanHoit pabote mpeacrtaBieHbl cBeaeHust 0 14 HOBbIX s bpsiHCKO#T 06nactu
BUJIAX KCWIOTPOQHBIX Oa3UIMOMMIETOB, B TOM YHCJIE MAaJOM3BECTHBIX BHAAX
Conferticium ravum, Phlebia tremelloidea, Physisporinus crocatus v nadopmanus o
3aHMMAaeMBbIX JPEBECHBIX CyOCTpaTax M MECTOOOMTaHHMSX HA TEPPUTOPUU TOCyIap-
CTBEHHOT'O IPHPOJHOrO 3arnoBeaHuKa «BpsHCKuii ecy, a Takke JaHHbIEe 00 o0lEeM
pactpoCTpaHeHUH U HaXOJKax 3THX BUIOB B COCEIHMX peruoHax. Cpenu IpeBecHbIX
CyOCTpaTOB ISl BBISIBJIICHHBIX BUOB IEPEBOOOUTAIONINX I'PHOOB OTMEYEHbI OCHOBHBIE
necooOpasyrotue mopoasl — Betula pendula, Picea abies, Pinus sylvestris, Populus
tremula, Quercus robur. BONBIIMHCTBO KyJBTYp TPUOOB MOTYyYSHO U3 0A3UAUOCIIOP U
6a3uaroM, cOOpaHHBIX HA JAPEeBECHHE XBOWHBIX mopon. I'epbapHbie 00pa3ibl HIACHTH-
(GULMPOBAHHBIX BU/IOB KaTaJOTM3UPOBAHbBI U XPAHATCA B MHUKOJIOrH4ECKOM repoapuu
Boranundeckoro uncruryra um. B.JI. Komaposa PAH (LE), a mrammsl rpu6oB aeno-
HupoBaHbl B Kosulekuuu KynbTyp 0a3uauOMMIETOB bBoTaHMuecKOro HMHCTHTyTa
um. B.JI. Komapoga (LE-BIN, Caukr-IlerepOypr, Poccus).

Bce coOpanHbie 00pa3iibl M YHUCTBIE KYJIBTYpbl M3yYeHHBIX aduiLIo()OPOHIHBIX
rpuOOB ONpe/ieNeHbl 1 BepUGHUIIMPOBAHBI HA OCHOBE KAK MUKPOCKOIMYECKUX MPU3HA-
KOB, TaK ¥ MOJICKYJIIPHO-T€HETHYECKUX AaHHbIX. [ 16 mraMMoB nepeBopaspyiiao-
KX rpuboB faHa HU3HOIOr0-ONOXUMHYECKAs XapaK TePUCTHKA, BKITIOYAIOIIAsK OLICHKY
CKOPOCTH HX POCTa U BbISBICHUE (DEPMEHTATHBHON aKTMBHOCTH METOJIOM 3KCIIpecc-
CKpUHUHTA. JINHEHHYI0 CKOPOCTH POCTA OLPEIEIISUIH ITyTEM KYJITUBUPOBAHUS YUCTHIX
KyJbTyp Ha craHzapTHoi cpene MEA. AKTUBHOCTD TUTHUHOIUTUYECKUX U LIEJUTIONIO-
JUTHYECKHX (PEPMEHTHBIX KOMIUIEKCOB PErHCTPUPOBAIIH C IOMOLIBIO METO/IA, LIIUPOKO
NPUMEHSAEMOro JJIs NEPBUYHOTO OMOXMMHYECKOr0 CKPUHHUHIA IITAMMOB BO MHOTI'HMX
MHPOBBIX KOJUICKIMAX KyJIbTyp. JIsi BBIABICHHS OKHCIUTENbHOH aKTHBHOCTH (ep-
MEHTOB HCIIOJIb30BaJIH arapu30BaHHYI0 cpey, coaepxkainyto ABTS (2,2'-a3uno-0uc 3-
STUIIOCH30THA30JIMH-6-CyIb()OKUCIIOTA), a LEIUTIONA3HY10 aKTUBHOCTh U3y4all Ha ara-
pH30BaHHOM cpenie ¢ nobaBneHneM kapookcumetTuieonossl. [ltamm LE-BIN 4006
Phlebia tremelloidea noka3an BbICOKUI JIMTHUHOIUTUYECKUN ¥ LIEIUTIOIOIUTHYECKUH
MOTEHIHUAI U OBICTPYIO CKOPOCTh POCTa KOJIOHMH. DTOT LITAMM MOXKET OBITh PEKOMEH-
JIOBaH ISl JajbHeiero 6uorexHonornueckoro ucnons3opanus. Itammer LE-BIN
4422 Emmia latemarginata u LE-BIN 3999 Phanerochaete livescens nponeMoHCTpu-
pOBaJM BBICOKYIO aKTHMBHOCTb (DEPMEHTOB LEIJUTIOJIOIMTHYECKOr0 KOMIUIEKCa, He-
CMOTpS Ha CPEJHIOI0 CKOPOCTh POCTA KOJIOHUH M CPEJIHIOI0 aKTUBHOCTH OKUCIIUTENb-
HbIX (epMenToB. Takum 00pa3oM, Ha OCHOBE Pe3yJIbTaTOB CKPUHUHIA BBISBICHBI TPU
mramMMa rpuboB u3 nopsiaka Polyporales, npeactaBisionye NpakTHYECKUil HHTEpeC
JUIL  UCHOJIB30BaHMS B OMOTEXHOJIOTMYECKMX IIpoLleccax JeNUTHUGUKALUK U
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pemeaunarmy. Iloka3aHa 3HAUMMOCTh CKPUHHUHTOBBIX HCCIIEIOBAHMI aKTHBHBIX MPOJLY-
LEHTOB (PEPMEHTOB HE TOJBKO CPEIH MIMPOKO PACHPOCTPAHCHHBIX TAKCOHOB, HO U 33
CYET BKIIFOYCHHUS PEAKHX M MAJOU3YUCHHBIX BHIOB rPHUOOB.

KioueBsle ciioBa: Basidiomycota, OuopaszHoobpasue, uemtonassl, JHK-mrpux-
KO/Ibl, JINCHUHA3BI, YUCTasl KyJIbTYpPa, KCHIOTPO(HBIC TPUOBI

Hcrounuk ¢uuancupoBanus: IloneBrie HccrnenoBaHUs NPOBOAWINCH B paMKax
rocynapcrBeHHoro 3aganus boranuueckoro uncruryta um. B.JI. Komaposa PAH mo
Teme HayuHoro mpoekra Ne 122011900033-4 «buopaszHoobpasue, IKOJIOTHsL, CTPYKTYP-
HbIe U QYHKIMOHATIbHBIE 0COOCHHOCTHU IPUOOB U rPUOOMO00HBIX MPOTUCTOBY. Mouie-
KyJIsIpHBIE paboThl ObLTH MO IepKaHbl MUHHUCTEPCTBOM HAayKH U BbICIIET0 00pa3oBa-
nust PO (Cornamrerne Ne 075-15-2021-1056) 1 BHIIONHEHBI C UCTIONB30BaHUEM 000-
pynoBanus LIeHTpa KOJIEKTUBHOTO NOJIB30BaHMs HAYy4YHbIM 000pyioBanueM «Kietou-
HbIE M MOJICKYJISIPHBIC TEXHOJIOIMU U3yUYEHHs pacTeHUi 1 rpuboB» borannueckoro nu-
cruryta uM. B.JI. Komaposa PAH (Cauxr-IletepOypr).

BaarogapHocTu: ABTOPBI BBIPaXKalOT IPU3HATENILHOCTH 3aMECTUTEIO JHUPEKTOpa
roCyIapCTBEHHOTO MpUpoaHoro 3amoBenHuka «bpsHckuii nec» Enene ®enopoBHe
CHUTHHUKOBOM 32 IOMOILb B OPraHU3aIMHU TOJIEBBIX UCCIIEIOBAHUM.

Jonst murupoBanmsi: Volobuev S.V., Shakhova N.V. In vitro assessment of ligninolytic
and cellulolytic activities for 14 Agaricomycetes species, new to Bryansk Oblast (Eu-
ropean Russia) // Bectauk ToMcKkoro rocynapcTBEHHOro yHHBepcuTeTa. bromorust.
2023. Ne 63. C. 59-76. doi: 10.17223/19988591/63/4

Introduction

Basidial fungi are an important part of forest communities due to their involve-
ment in the biodegradation of plant residues and the production of a unique set of
biologically active substances. The lignocellulosic biomass of woody plants is
known to consist of three main components: cellulose (40-60%), hemicellulose
(20-40%) and lignin (10-25%) [1]. Wood decomposition is largely driven by xy-
lotrophic Agaricomycetes, an essential group of wood-inhabiting fungi with a pe-
culiar range of ligninolytic and cellulolytic enzyme complexes.

The extracellular enzyme systems of basidial fungi include a spectrum of mul-
tiple forms of oxidoreductases that interact with lignocellulose (heme-containing,
flavin-containing and copper-containing enzymes). The exogenous enzymes of
the ligninolytic complex represented by laccases (EC 1.10.3.2), lignin peroxidases
(EC 1.11.1.14), versatile peroxidases (EC 1.11.1.16), and manganese peroxidases
MnP (EC 1.11.1.13) are key agents in the process of lignin modification, the most
resistant to chemical and microbiological destruction of wood biopolymer [2, 3].
White-rot basidiomycete fungi perform decomposition of lignin via formation of
radicals by oxygen (laccase) or hydrogen peroxide (some peroxidases) [4].

Cellulose degradation in the plant cell wall is carried out by endocellulases
(EC 3.2.1.4), exocellulases (cellobiohydrolases, EC 3.2.1.91; glucanohydro-
lases, EC 3.2.1.74), and beta-glucosidases (EC 3.2.1.21). The functional role of
cellulolytic enzymes secreted by lignicolous fungi is the hydrolytic degradation
of the main wood polysaccharides (cellulose, hemicellulose) to oligo-, di- and
monosaccharides [5]. Cellulose and hemicellulose are decomposed
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predominantly by brown-rot fungi, but also by wood-destroying white-rot fungi
and soft-rot ones [6].

Different species of xylotrophic fungi produce both single enzymes and multi-
enzyme compositions. Indeed, white rot basidiomycetes are capable of producing
multiple laccase isoenzymes (i.e., products of different non-allelic genes) that can
perform different functions. Currently, studies are carried out not only to charac-
terise laccases isolated from different fungal species, but also comparative inves-
tigations of laccase isoenzymes obtained from the same fungus to establish the
range of biological functions of this group of enzymes [7]. In recent years, the
study of the regulation mechanisms of laccase and peroxidase gene expression has
gained interest due to the need to understand the physiological role of various
isoforms produced by fungi. At present, the general mechanisms of transcriptional
regulation of oxidative enzymes are not completely clear. Some authors suggest
that the existence of numerous genes producing isoforms is a consequence of the
diversity of physiological functions performed by laccases and peroxidases
throughout the fungal life cycle (delignification, fruiting body development, path-
ogenesis, pigment formation during the period of asexual reproduction, competi-
tive interactions, etc.) [8-10].

Isolation and study of laccase isoforms with new physicochemical properties
can help us not only in understanding physiological regulatory mechanisms of
biosynthesis of these enzymes, but also in their application for biotechnological
purposes. Therefore, the role of individual enzymes and multienzyme complexes
in the processes of biotransformation and biodegradation of lignocellulosic sub-
strate remains a subject of study for the last several decades.

Since the enzyme assemblages of the lignocellulolytic complex probably re-
flect the adaptation of Agaricomycetes to unique ecological niches, this group of
fungi has enormous potential for applications in various industries [11-15, et al.].
The search for wood-inhabiting fungi with high lignin- and cellulolytic potential
for practical purposes is conducted in two interrelated directions: revealing new
fungal producers with high enzymatic activity and the subsequent selection of
highly effective inducers and promoters of these enzymes [16].

This article aims to investigate the enzymatic potential of xylotrophic basidi-
omycete fungi registered for the first time for Bryansk Oblast, including rare spe-
cies, and focuses on the selection of the most promising strains for use in biotech-
nological processes.

Materials and methods

Data sampling. Basidiocarps of lignicolous aphyllophoroid fungi were col-
lected at different types of forests on the territory of the Bryanskiy Les State Na-
ture Reserve (Bryansk Oblast, European part of Russia) during route surveys in
2015-2021. For each sample, the category of the colonized substrate, tree species,
forest community type, date of collection and geographical coordinates were
noted. The geographical coordinates of studied localities were measured by the
Garmin 64st GPS navigator.
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Morphological identification of fruit bodies. Microscopic identification of
dried fungal specimens were performed using a AxioScope A1 microscope (Carl
Zeiss, Germany), a LOMO Mikmed-6 microscope (Russia) with a standard set of
chemicals (5% KOH, Melzer’s reagent, 0.1% Cotton Blue) based on key mono-
graphs on European poroid and corticioid fungi [17-19] as well as some modern
taxonomy articles. The names of the fungal species are given according to the
Index Fungorum database [20].

Isolation and verification of fungal pure cultures. The isolation of Agarico-
mycetes in pure culture by solid-phase cultivation, as well as the subsequent mi-
croscopic characterisation of the isolates, was carried out according to the previ-
ously described techniques [21, 22].

Fungal genomic DNA was amplified directly from 14-day-old pure cultures,
which were grown on standard MEA medium (1.5% w/v malt extract “Conda”
(Madrid, Spain), pH 5.8, and 2% w/v agar “Difco” (Kansas City, MO, USA)) in
the dark at 25°C, with the Phire Plant Direct PCR Master Mix Kit (Thermo Fisher
Scientific, Lithuania). A complete ITS1-5.8S—ITS2 region of ntDNA was ampli-
fied by the primer pair ITS1F/ITS4B [23, 24]. PCR products were purified using
the CleanMag DNA (Evrogen, Moscow, Russia) purification kit, and then se-
quenced with the BrilliantDye Terminator v3.1 Cycle Sequencing Kit (NimaGen,
Nijmegen, the Netherlands). Sequencing products were purified with the Nimagen
D-Pure Dye-Terminator Cleanup kit before being analyzed on an ABI PRISM
3500 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). Raw data
were edited and assembled in MEGA 6 [25].

The newly obtained sequences were compared with the available sequences
using a megablast search in the NCBI database, and then newly generated se-
quences were deposited into NCBI GenBank [26].

Growth measurement. To obtain data on linear growth rate, the strains were
grown in Petri dishes with a diameter of 90 mm on standard MEA medium in the
dark at 25°C. Inoculation of strains was carried out with mycelial discs (7 mm
diam.) placed on the nutrient medium in the centre of a Petri dish with the mycelial
layer down. The growth rate was studied for 5 weeks by measuring the colony
diameter in two mutually perpendicular directions every two days starting from
the third day until a Petri dish was completely overgrown. The growth of strains
was characterised by the colony radius by 7, 14, 21 and 28 days, assessing the
growth rate by the rate of cup overgrowth: fast growth (F) — 1 week, medium
(M) —2-3 weeks, and slow (S) — 4 weeks or more.

Detection of enzymatic activity. There known several qualitative tests for
rapid detection of ligninases (syringaldazine well test [27], bromophenol blue
plate assay [28], guaiacol agar plate assay [29]) and cellulases (filter paper degra-
dation), dye diffusion from a cellulose-dye complex (cellulose azure agar), cellu-
lose agar clearance (cellulose agar), esculin plus iron agar (esculin agar) [30].
In addition, researchers use a semi-quantitative fluorometric method to determine
the activity of hydrolases and oxidases in the total homogenate, based on the in-
teraction of enzymes with specific substrates bound to fluorochromes —
methylumbelliferone or aminomethyl coumarin [31]. At the same time, within this
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study the activities of the ligninolytic and cellulolytic enzyme complexes in the
investigated strains were registered using the application method [22, 32]. This
method is widely used in many collections worldwide during primary biochemical
screening of culture strains. Moreover, this technique is included in the list of
standard operating procedures of the Komarov Botanical Institute Basidiomycetes
Culture Collection (LE-BIN).

The inoculum was obtained by growing the strains on MEA at 25°C for
2 weeks. Then, mycelial discs (7 mm in diam.) from the marginal zone of an ac-
tively growing colony were placed with the mycelial layer upwards in three units
in a 90 mm Petri dish with medium containing: a) 2,2’-azino-bis 3-ethylbenzothi-
azoline-6-sulfonic acid (0.1% w/v ABTS “Sigma” (St. Louis, MO, USA) and
2.0% w/v agar “Difco”) for detection of oxidative enzyme activity (OA), or b)
carboxymethyl cellulose (1.0% w/v CMC “Chemapol” (Praha, Czech Republic)
and 1.0% w/v agar “Difco”) for detection of cellulase activity (CA).

The oxidoreductase activity was measured in 48 hours after inoculation, based
on the ability of the strains to oxidize the substrate containing ABTS with the
appearance of emerald-green staining. The qualitative activity of cellulolytic en-
zymes in fungal cultures was recorded in 48 hours after inoculation on CMC agar
by the presence of a lightened zone around the inoculums. The clear zone was
detected using a solution of I in KI (0.5% I in 2% KI). To determine the intensity
of the medium colour changes or lightening reactions of the medium, the follow-
ing criteria were used: the diameter of the coloured/lightening zone is 10 —
<15 mm — slightly positive reaction (low activity); the diameter of zone is >15 —
25 mm — positive reaction (medium activity); the diameter of zone is more than
25 mm — strongly positive reaction (high activity).

The cultivation in all experiments was performed in at least three repetitions.
Microsoft Excel and OriginPro 7.5 software were used for statistical data pro-
cessing.

Results and discussion

A total of 14 species of aphyllophoroid fungi from five orders of the class
Agaricomycetes (Basidiomycota) have been revealed for the first time in Bryansk
Oblast as a result of the mycological studies carried out within the Bryanskiy Les
State Nature Reserve. Among them 10 fungal species are shared with Oryol Ob-
last, three species — with Kaluga Oblast, two species — with Kursk Oblast, and one
species — with Smolensk Oblast (Fig. 1.). At the same time, four species (Fibro-
poria gossypium, Leptoporus mollis, Phlebia tremelloidea, Physisporinus croca-
tus) have not been registered to date in neighbouring Russian regions.

Details of the recorded species locations are given below, with data on sub-
strata and habitats, as well as numbers of herbarium specimens stored in the My-
cological Herbarium of the Komarov Botanical Institute RAS (LE), and strains
kept in the Komarov Botanical Institute Basidiomycetes Culture Collection
(LE-BIN, St. Petersburg, Russia). For each species, a brief ecological summary,
information on the general distribution and finds in adjacent regions, and the
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physiological and biochemical characteristics of strains isolated in pure culture
are provided.

Fig. 1. The numbers of fungal species new to Bryansk Oblast (green circle),
common to adjacent Russian regions: Kaluga (3 species, red circle), Kursk (2 species,
blue circle), Oryol (10 species, yellow circle), Smolensk (1 species, violet circle) Oblasts

Class Agaricomycetes
Order Auriculariales
Aporpium canescens (P. Karst.) Bondartsev & Singer (Fig. 2, 4)— on a fallen
trunk of Populus tremula in herb-rich aspen forest mixed with ash and maple,
07.08.2015, LE-BIN 3585 (ex basidiospores). This deciduous-dwelling fungus
has been delimited from an American taxon A. caryae (Schwein.) Teixeira &
D.P. Rogers based on the differences in pore and spore sizes, as well as in ITS
nrDNA sequences [33]. A. canescens is quite common in the European Russia,
and in adjacent Russian regions it is known from Kaluga and Oryol Oblasts [34].
The strain LE-BIN 3585 of 4. canescens showed oxidative enzymes with high
activity (24.8+2.4 mm) and cellulolytic enzymes with low activity
(10.4 £ 0.4 mm) in combination with medium growth rate.

Order Boletales

Serpula himantioides (Fr.) P. Karst. — on a fallen trunk of Pinus sylvestris in
herb-rich spruce forest mixed with oak and pine, 07.10.2021, LE F-342503, LE-
BIN 4757 (ex basidiocarp). The fungus causes an intense brown rot, mainly de-
veloping on various coniferous woods in humid boreal forests. S. himantioides
prefers old-growth and relatively undisturbed forests, but also there are occasional
records in wood construction material [35]. Widespread species in Russia, and in
neighbouring regions it was revealed in Oryol Oblast [36]. The strain LE-BIN
4757 of S. himantioides was characterised by the absence of oxidoreductase
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production, which is characteristic of brown rot fungi, medium cellulase activity
(22.0 £ 0 mm) and medium rate of overgrowth in Petri dishes.

Order Hymenochaetales

Xylodon flaviporus (Berk. & M.A. Curtis ex Cooke) Riebesehl & Langer
(Fig. 2, B)—on a fallen trunk of Betula pendula in herb-rich aspen forest mixed
with birch and maple, 22.08.2017, LE F-342508, LE-BIN 3975 (ex basidio-
spores). It is a widely distributed species, more common in Central and Southern
Europe [18], as well as in the European part of Russia, including Kaluga [37] and
Oryol [38] Oblasts. This white-rot fungus grows on fallen trunks and large
branches of varied deciduous trees, preferably on Betula spp. The strain LE-BIN 3975
of X. flaviporus exhibited medium levels of both ligninolytic (16.8 £+ 1.4 mm) and cel-
lulolytic (18.1 + 0.9 mm) enzyme activities, and a slow growth rate.

Order Polyporales

Antrodiella serpula (P. Karst.) Spirin & Niemeld — on a fallen trunk of Salix
caprea in herb-fern spruce mixed forest with aspen, 24.08.2017, LE F-342496,
LE-BIN 3998 (ex basidiocarp). This fungal species inhabits on a wide range of
deciduous trees, and it exhibits successional relationships with Mensularia spe-
cies [18]. In adjacent Russian regions A. serpula is known for Kaluga [39], Kursk
[40], and Oryol [38] Oblasts. The strain LE-BIN 3998 of A. serpula showed a
maximum oxidative enzyme activity (32.2 = 1.2 mm) with a complete absence of
cellulolytic enzyme activity and a slow growth rate.

Ceriporia bresadolae (Bourdot & Galzin) Donk (Fig. 2, C) — on a fallen
branch of Pinus sylvestris in blueberry-mosses pine forest, 24.08.2017, LE F-
342497, LE-BIN 3994 (ex basidiospores); on a fallen branch of Pinus sylvestris
in herb-mosses pine forest with spruce, 08.10.2021, LE F-342504, LE-BIN 4766
(ex basidiospores). The species is widely distributed in temperate and boreal
zones of the northern hemisphere, but for a long time its records have been misi-
dentified as a coniferous-dwelling representatives of C. purpurea s. lato [41]. De-
corticated hard twigs of Pinus ssp. are a favourable substrate of C. bresadolae
along with fallen, tough branches and logs of other coniferous trees. The fungus
has a scattered distribution in Russia, including Oryol Oblast among nearby re-
gions [36]. Both C. bresadolae isolates (LE-BIN 3994 and LE-BIN 4766) were
characterised by medium ligninolytic (22.5 + 1.0 and 17.7+0.3 mm respectively)
and cellulolytic complex enzyme activities (18.2 + 1.4 and 18.5 £ 0.7 mm accord-
ingly) and medium colonization rate of Petri dishes.

Crustoderma dryinum (Berk. & M.A. Curtis) Parmasto — on a fallen trunk of
Picea abies in herb-mosses pine forest with spruce, 08.10.2021, LE F-342505,
LE-BIN 4770 (ex basidiospores); on a fallen trunk of Picea abies in herb-sphag-
num spruce forest with pine, 09.10.2021, LE F-342507, LE-BIN 4765 (ex basid-
iospores). The fungus grows as a brown-rot saprotroph mostly on coniferous
wood at the middle stages of decay. C. dryinum is considered as a specialist spe-
cies of old-growth spruce forests in North-Western European Russia [42]. The
species is distributed among boreal zone of Russia, and in adjacent regions it was
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registered for Oryol Oblast [43]. For both strains of C. dryinum (LE-BIN 4765
and LE-BIN 4770), the absence of oxidative enzyme activity and high cellulolytic
activity (28.0 £ 0 and 29.1 £+ 1.4 mm, correspondingly) and slow growth rate were
observed.

Emmia latemarginata (Durieu & Mont.) Zmitr., Spirin & Malysheva— on a
fallen trunk of Betula pendula in blueberry pine forest, 19.08.2020, LE F-342502,
LE-BIN 4422 (ex basidiospores). This fungus grows mainly on dead wood of de-
ciduous trees, including buried at the ground or burned woody remnants. Wide-
spread species in Russia, and in neighbouring regions there known records from
Kursk [44] and Oryol [38] Oblasts. The strain LE-BIN 4422 of E. latemarginata
showed medium ligninase activity (19.0£0.5 mm), high cellulase activity
(27.0 £ 1.4 mm) and medium growth rate.

Fibroporia gossypium (Speg.) Parmasto — on a fallen trunk of Picea abies in
herb-mosses pine-dominated forest with spruce, 08.10.2021, LE F-342506,
LE-BIN 4771 (ex basidiocarp). This wood-decaying fungus causes an aggressive
brown rot in both nature conditions and humid unventilated indoors. In forests the
species develops on coniferous trunks and stumps, sometimes with basidiocarps
covering a litter around the base of dead trees [44]. F. gossypium is a species with
a sporadic distribution but more frequent in forests with moist and swamp soils
[18]. Hitherto, the species has not been recorded in adjacent Russian regions, but
it was found in different regions of the European part of Russia, the Urals, Siberia,
and the Russian Far East [44]. The strain LE-BIN 4771 of F. gossypium expressed
no oxidoreductase activity and a medium level of cellulolytic activity
(21.8 £ 0.2 mm) with a medium growth rate.

Leptoporus mollis (Pers.) Quél. (Fig. 2, D) — on a fallen trunk of Pinus syl-
vestris in blueberry pine forest, 19.08.2020, LE F-342501, LE-BIN 4429 (ex ba-
sidiospores). The species is widely distributed in Russia [36], but it was not found
in the regions adjacent to Bryansk Oblast. This lignicolous fungus grows on large-
scale lying trunks and stumps of various coniferous trees (4dbies, Larix, Picea,
Pinus), and especially often on Pinus spp. [18]. The strain LE-BIN 4429 of
L. mollis revealed medium levels of ligninase (19.5+0.6 mm) and cellulase
(19.4 £ 0.7 mm) activities together with a slow rate of overgrowth in Petri dishes.

Phanerochaete livescens (P. Karst.) Volobuev & Spirin (Fig. 2, E)—at base of a
dry standing tree of Quercus robur in herb-rich aspen forest with oak, 24.08.2017, LE
F-342498, LE-BIN 3999 (ex basidiospores). This corticioid fungus is widespread in
nemoral and hemiboreal zones of Eurasia, inhabiting various angiosperm hosts, such
as Acer, Alnus, Carpinus, Corylus, Fagus, Padus, Populus, Quercus, Ulmus [45]. The
species is registered for 13 regions of Russia, and among neighbouring regions it was
recorded in Oryol Oblast [36]. The strain LE-BIN 3999 of P. livescens demonstrated
medium level of oxidoreductase activity (21.3 = 1.2 mm) and the highest level of cel-
lulase activity out of all strains studied (42.7 + 1.3 mm). The rate of overgrowth of
Petri dishes by colonies of this strain was middle.

Phlebia tremelloidea (Bres.) Parmasto (Fig. 2, F)— on a fallen trunk of Quer-
cus robur in oak forest with maple and hazel, 26.08.2017, LE F-342499, LE-BIN
4006 (ex basidiospores). This phlebioid fungus is known as a rare slowly-growing
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boreonemoral species, which is adapted to colonization of homogeneous substrata,
like decorticated wood or uncracked bark [46]. P. tremelloidea is collected from only
six regions in the European part of Russia, including Arkhangelsk, Kirov, Leningrad,
Nizhny Novgorod, Tver Oblasts, and the Republic of Mordovia [37]. The strain LE-
BIN 4006 of P. tremelloidea combined a high production of lignocellulolytic enzymes
(29.3+ 1.1 and 25.4 + 1.0 mm, respectively) with a fast growth rate.

Physisporinus crocatus (Pat.) F. Wu, Jia J. Chen & Y.C. Dai — on a fallen
trunk of Picea abies in herb-rich black alder forest with maple, oak and spruce,
18.08.2020, LE F-342500, LE-BIN 4426 (ex basidiospores). The fungus grows
on stumps, dead lying trees and coarse woody debris of conifers, more rarely on
broad-leaved trees, in moist forests and alluvial environments [18]. P. crocatus is
considered as an indicator species of forests with a minimal anthropogenic impact
in North-Western European Russia [42]. The species is not known to be found in
neighbouring regions of Russia. The strain LE-BIN 4426 of P. crocatus was
highly active by the ABTS oxidoreductase test (25.6 £ 0.8 mm) and medium ac-
tive by the CMC cellulase test (18.3 + 0.6 mm) and had a slow growth rate.

Order Russulales

Conferticium ravum (Burt) Ginns & G.W. Freeman (Fig. 2, G) — on a fallen
trunk of Populus tremula in herb-rich aspen forest mixed with ash and maple,
07.08.2015, LE-BIN 3587 (ex basidiospores). The growth on dead wood of Pop-
ulus spp. is one of distinguishing ecological features for this fungus, which causes
a white rot. The species is rare in Europe [17], with a sporadic distribution in
Russia [43]. In adjacent Russian regions, C. ravum was registered in Oryol Oblast
[38]. Despite the fast growth rate, the strain LE-BIN 3587 of C. ravum was the
lowest in oxidative activity (10.4+0.6 mm) and detected no cellulolytic activity.

Laxitextum bicolor (Pers.) Lentz (Fig. 2, H) — on a fallen trunk of Populus
tremula in herb-fern aspen forest with birch, 22.08.2017, LE F-342495, LE-BIN
3971 (ex basidiospores). Common and widespread species in Europe [17], inhab-
iting humid herb-rich deciduous and mixed forests. The preferable substrata are
dead wood of Alnus, Betula, Corylus, Fraxinus, Populus, Quercus, and Sorbus
[47]. L. bicolor was recorded in Oryol [38] and Smolensk [48] Oblasts among
neighbouring Russian regions. The strain LE-BIN 3971 of L. bicolor demon-
strated medium activity of ligninolytic complex enzymes (20.1 =0 mm) and no
production of cellulolytic complex enzymes at medium growth rate.

The production of ligninases during solid-phase cultivation was found to be
noted in all studied strains related to white rot fungi belonging to the orders Au-
riculariales, Polyporales and Russulales. The strains of brown rot fungi, Serpula
himantioides LE-BIN 4757 and Fibroporia gossypium LE-BIN 4771, showed me-
dium growth rate coupled with medium cellulolytic activity, and the slow-grow-
ing strains Crustoderma dryinum LE-BIN 4765 and LE-BIN 4770 exhibited high
cellulase activity. Similarly, high cellulase activity was observed in fungi of the
order Polyporales, in particular, in the medium-growing Emmia latemarginata
LE-BIN 4422 and Phanerochaete livescens LE-BIN 3999 as well as the fast-
growing strain Phlebia tremelloidea LE-BIN 4006 (Table).
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Fig. 2. Basidiomata of some fungal species studied: 4 - Aporpium canescens,
B - Xylodon flaviporus, C - Ceriporia bresadolae, D - Leptoporus mollis,
E - Phanerochaete livescens, F - Phlebia tremelloidea, G - Conferticium ravum,
H - Laxitextum bicolor. Scale bar - 1 cm
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Results of the express assays of oxidative and cellulolytic enzymes
of Agaricomycetes pure cultures studied

Enzymatic
. . Geannk Rot |Growth activity Sub- | Voucher
Strains Species  |accession di .
number type | rate | (diameter, mm) | strate | specimen
ABTS | CMC
AURICULARIALES
LE-BIN | Aporpium |\ gpyopo3l wRr | M |24.8:2.4|10.4204| PoOPHUs|
3585 canescens tremula
BOLETALES
Pinus
LE-BIN Serpula LE
4757 | himantioides |PX76%65) BR |- M wid 22,050 sy g 545503
vestris
HYMENOCHAETALES
LE-BIN Xylodon Betula LE
3975 faviporus OP700296] WR S [16.8£1.4|18.140.9 pendula| F-342508
POLYPORALES
LE-BIN | Antrodiella Salix LE
3998 serpula OP700297) WR § |322#12] wd caprea | F-342496
Pinus
LE-BIN LE
3994 o — WR | M ([225£1.0|182+14 syl-. F-342497
Ceriporia vestris
bresadolae Pinus
LE-BIN LE
4766 OP700304| WR | M [17.7+0.3|18.5+0.7 syl-. F-342504
vestris
LE-BIN Picea LE
4765 Crustoderma OP700303) BR S wd | 2800 abies | F-342507
LE-BIN dryinum Picea LE
4770 OP700305| BR S n/d |29.1x1.8 abies | F-342505
LE-BIN | Emmia late- Betula LE
4422 marginata OP700300) WR | M |19.0£0.527.0+1.4 pendula| F-342502
LE-BIN | Fibroporia Picea LE
4771 gossypium OL840818 BR M wd 21802 abies | F-342506
LE-BIN | Leptoporus Pinus LE
4479 mollis OP700302| WR S [19.5+0.6{19.4+0.7 syl-. F-342501
vestris
Phanero-
LE-BIN Quercus LE
3999 .chaete OP700298| WR | M |21.3+1.2|42.7£1.3 cobur | F-342498
livescens
LE-BIN Phlebia Quercus LE
4006 tremelloidea OP700299| WR F|29.3£1.1125.4£1.0 robur | F-342499
LE-BIN | Physispori- Picea LE
4426 nus crocatus OP700301) WR § |25.6+0.8/18.3£0.6 abies | F-342500
RUSSULALES
LE-BIN | Conferticium or70029al wr | F|104w06! n/d Populus o
3587 ravum tremula
LE-BIN | Laxitextum Populus LE
3971 bicolor OP700295 WR | M | 20.120 | n/d tremula| F-342495

Note. Rot type: BR — brown rot, WR — white rot; Growth rate: F — fast, M — medium, S — slow;
ABTS - 2,2’-azino-bis 3-ethylbenzothiazoline-6-sulfonic acid; CMC — carboxymethyl cellu-
lose; n/d — not detected.
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The ABTS agar test showed typically high oxidative enzyme activity in basid-
iomycete fungi belonging to the order Polyporales [32], namely the slow-growing
strains of Antrodiella serpula LE-BIN 3998 and LE-BIN 4426 Physisporinus
crocatus, and the fast-growing Phlebia tremelloidea LE-BIN 4006. The strain of
Aporpium canescens LE-BIN 3585 (order Auriculariales) also revealed rather
high oxidoreductase activity with a medium growth rate. The lowest level of pro-
duction of ligninolytic complex enzymes was detected in a representative of the
order Russulales, the fast-growing strain of Conferticium ravum LE-BIN 3587.
At the same time, no cellulolytic enzyme activity was detected in the latter isolate.

As a result of the screening performed, a representative of the order Polypo-
rales, Phlebia tremelloidea LE-BIN 4006, combining high ligninolytic and cellu-
lolytic potential (diameter of the color-changing zone of agarized medium — more
than 25 mm) with a rapid growth rate, was selected. This strain can be recom-
mended for use in bioconversion and bioremediation technologies. Strains of
fungi from the order Polyporales, Emmia latemarginata LE-BIN 4422 and Phan-
erochaete livescens LE-BIN 3999, were characterized by medium growth rate,
high cellulase production, and medium ligninase activity, that also allows us to
refer these strains to biotechnological potential. The strain of Physisporinus
crocatus LE-BIN 4426 with high oxidative and medium cellulolytic enzyme ac-
tivities could not be used for biotechnology purposes, since this strain has a slow
growth rate.

Conclusions

The data obtained on 16 isolates of 14 xylotrophic basidiomycete species reg-
istered in Bryansk Oblast for the first time made it possible to determine strains-
producers promising for applied biotechnology based on delignification pro-
cesses. Besides rather common species of aphyllophoroid fungi, rare and poorly
known species demonstrated either high values of individual enzymatic systems
activity (e.g. cellulase in Crustoderma dryinum) or significant levels of all ligno-
cellulolytic complex enzymes (Phanerochaete livescens, Phlebia tremelloidea,
Physisporinus crocatus). Therefore, screening studies aimed at identifying fungal
strains with high enzymatic activity should be carried out not only among wide-
spread taxa, but also by including rare, narrow-ranging and/or stenobiont species
in the analysis. In addition, ex sifu isolation of rare xylotrophic basidiomycete
fungi ensures the conservation and genetic stability of these fungal species.
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AHHOTanus. YCTaHOBJIEHO BUAOBOE HAa3BaHHE OJHOTO M3 MpeICTaBUTENEH poja
Phallus B Tomckoit 06nactu — Bec&IIKM ¢ KOPOTKUM HHAy3ueM. [laHHOe UCClie0BaHNe
ObLIO HEOOXOIMMO B CBSI3U CO CIIOXKHOW TaKCOHOMHUYECKOH MCTOpPHEH BUA U MOATO-
TOBKO#1 3-ro u3nanus perrnonansHoit Kpacuoit kuuru Tomckoit o6macti. Coop obpas-
LIOB M PErucTpaiys BCTped MpoBojanIach Ha rore obmactu ¢ 1998 mo 2022 r. Ha nx
OCHOBE [IPOU3BECHBI ONIMCAHUS MAKPO- ¥ MUKPOIIPU3HAKOB, IPOBEAEH MOJICKYIIIPHO-
IeHETHMYECKUIl aHaI3 00Pa3L0B C HCIIOIb30BaHUEM CBEXKEro MaTepyana, COOpaHHOro
B 12 kM ot mecTa c6opa tunosoro oopaszua H.H. JlaBposbim B 1933 r., Ha ocHOBaHHK
KOTOPOr'o TaHO OMHUCaHKe HOBOro [uisi Hayku Buna Dictyophora sibirica Lavrov n. sp.
PeBu3uss Marepuaa ¢ HCIOJNB30BaHMEM MOP(OIOrHMYECKHX METOAOB M aHaIM3a
cukBencoB [TS-pernonos pubocomubix renos saepraoit JTHK mokazana, 4To oHUM HICH-
tuunbl BURY Phallus ultraduplicatus X.D. Yu, W.Lv, S.X. Lv, Xu H. Chen & Qin
Wang, 3apeructpupoBannomMy B Kurae B nposunimu JIsionus B centsiope 2013 r. Mop-
(onoruueckue XapakTepUCTHKU U PE3yJIbTaThl MOJIEKYJIIPHO-TCHETHYECKOTO aHalIk3a
TOMCKHX OOpa3l0B COBIIQJAIOT C JIMTEPATYPHBIMH JIaHHBIMU BHIQ, COOPAaHHBIMH Ha
teppuropun Cubupu u [IpuMopckoro kpast.

KioueBsble ciioBa: Phallaceae, Kpachas kuura, mopdonoruueckue npusHaku, [TS
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Phallus ultraduplicatus in Tomsk Oblast
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Summary. In 1936 a new-to-science species of the Phallaceae family Dictyophora
sibirica Lavrov n. sp. was described by Tomsk State University professor N.N. Lavrov
in West Siberia. However, this specific epithet is not used in the scientific literature,
and the current modern database of the world diversity of mycobiota Index Fungorum
lists it as a dubious species. N.N. Lavrov samples were found in the north of Altai in
the valley of the river Katun in 1927 and in the city Tomsk in 1933 (currently the Ste-
panovka district). The type specimen (LE 1582) is stored in the Botanical Institute
named by V.L. Komarov in St. Petersburg. It has not yet been possible to obtain good
quality sequences from it. Siberian stinkhorns have a complex taxonomic history.
In this regard, an attempt was made, using morphological and molecular genetic meth-
ods, to find out the specific epithet of the Tomsk stinkhorns with a short indusium. In
addition, when preparing the next regional edition of the Red Book, it was necessary to
establish the current name of the species found in Tomsk Oblast. Collecting samples
and registration of encounters was carried out in the south of the region from 1998 to
2022 (12 cases, See Fig. I). When studying macro- and microfeatures, generally ac-
cepted methods were used. For this purpose, group findings and aggregations of the
species with fruiting bodies at various stages of development were used (See Fig. 2).
Basic descriptions of morphological features were carried out on two samples: CCTR
1120 and CCTR 6759 (See Table 1) which are stored in the Mycota collection fund at
the museum complex of Tomsk State University.

For molecular genetic analysis, a freshly harvested fruiting body of the fungus with
a short indusium at the “egg” stage, collected 12 km from the city of Tomsk, was se-
lected. The voucher specimen is stored in the collection fund Mycota (CCTR 6759).
The duplicate was transferred to the Mycological Herbarium of the BIN RAS (LE
F-348635). DNA isolation and purification was carried out using the Sorb-GMO-B kits
Syntol (Russia). The material was taken in laminar from various parts of the receptacle
and endoperidium. Samples ITS1 and ITS4B were used to amplify the 18S-ITS1-5.8S-
ITS2-28S r-DNA region. Amplification and sequencing were carried out in a DNA am-
plifier T100 Thermal Cycler BioRad (USA). The PCR product was treated with a mix-
ture of Exonuclease 1 and FastAP Thermosensitive Alkaline Phosphatase Thermo Sci-
entific (USA) enzymes. The BigDye Sequencing kit v3.1 Thermo Fisher Scientific
(USA) was used for the sequencing reaction, and the D-Pure DyeTerminator Cleanup
kit Nimagen (Netherlands) was used for sample purification. Sequencing was per-
formed on an ABI 3730x1 96-capillary DNA analyzer Applied Biosystems (USA).

In 2015, Phallus ultraduplicatus X.D. Yu, W.Lv, S.X. Lv, Xu H. Chen & Qin Wang
was described based on specimens found in north-eastern China and having a short
indusium. Comparison of morphological features of stinkhorn specimens collected in
Tomsk Oblast showed their similarity with D. sibirica and Chinese specimens of
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Ph. ultraduplicatus. Tomsk specimens of the species are also almost identical to similar
data from other points of the range in Siberia (See Table I) - Novosibirsk Oblast and
Krasnoyarsk Krai. Small deviations in the strength of indusium, smell, color of a mature
“egg” and the structure of its surface may depend on the characteristics of the individual
perception of traits by collectors, the place of growth and intraspecific variability of the
species.

ITS region r-DNA sequence analysis using the Blast suit algorithm for comparison
with annotated sequences in the GenBank database showed 98.6% similarity of our
sample with the stinkhorn from the Novosibirsk Oblast, 97.9% — from the Ussuriysky
Reserve, and 98.6% - with 3 Chinese accessions.

Thus, the Tomsk specimens collected in 2022 belong to the species Ph. ultradupli-
catus (deposit OP787980). The distribution of this species in Russia, apparently, covers
the entire Asian part of the country in the south (West Siberia, Central Siberia, and the
Far East). The question remains open: are Dictyophora sibirica and Phallus ultradupli-
catus synonyms or independent species?

Keywords: Phallaceae, Red Book, morphological features, ITS
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BBenenne

HayuHnble cBenienuns o nmpeacraButesix cemeiictBa Phallaceae B ToMckoii o6ma-
CTH OTHOCSITCS K TICpBOM ITOJIOBUHE TIPOILIOTO Beka, rae B padote H.H. JlaBposa
JIAHO OITMCAaHWE HOBOTO JIJIsl HAYKH Buza Dictyophora sibirica Lavrov n. sp. [1]. On
ObUT HaliJIcH Ha ceBepHOM Auntae B jonuHe p. Katyns 17 aBrycta 1927 r. u B
OKpecTHOCTsIX T. ToMcka, B nepeBHe CTenaHOBKE (B HACTOSIIEE BPEMsI — MUKPO-
paiion CremaHOBKa), B MOJIIOIOM OepE30BO-OCHHOBOM Pa3HOTPABHOM KOJIKE, Ha
mouBe 15 centsiopst 1933 r. [To3nHee B aHHOTHPOBAHHOM CITHICKE Oa3HIHATbHBIX
rpu6oB Tomckoro IIpnoObs puBeaeHO yxke nBa BUaa cemelictBa Phallaceae —
Dictyophora duplicata (Bosc) E. Fisch. u D. sibirica, «otnmauarormxcs ot D. du-
plicata no psany npusHakoBy [2]. B Gosiee mo3aueit padbore «Penkne u ncyesaro-
M€ BHUIBL...» MIPUBOIUTCS TOIBKO OAWH BUA — D. sibirica, i IOBTOPHO KPaTKO
n3noxxeHsl MaTepuanbl ctatb H.H. JlaBposa [3]. B mocnenyromieii padote mo Ou-
0pa3HOOOPA3HI0 TACTEPOUAHBIX 0a3HIUOMHUIICTOB ToMCKOW 007acTH, BUI C KO-
POTKHM WHAY3WEM YKa3aH Kak Phallus impudicus var. pseudoduplicatus (= Ph.
duplicatus Bosc, D. duplicata (Bosc) E. Fisch.) [4]. B nanHOM citydae aBTOpBI
OTIMPaJMCh Ha MCCIIENOBAaHMS MIBEACKOT0 MuKoiora O. Andersson, OnmmcaBIero
Juisi EBpOTIBI BBIIICYKa3aHHYIO HOBYIO BapHaIliIO BECEIKM OOBIKHOBEHHOH [5],
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pacrpocTpaHeHre KOTOPOH MpeAroararock Takke B AQpuKe U, BO3MOXKHO, B
Aszunm [6]. B pabote M.A. T'opOyHOBO# U 31eKTpoHHOM pecypcee «I'pubsr Cu-
Oupu» TSl CHOMPCKUX BECETIOK MMPUBOJIUTCS HOBBIN aruTeT — Phallus impudicus
var. togatus (Kalchbr.) Costantin & L.M. Dufour — Becénka ToroHocHasi, y KOTOpoi
WHY3U UMEET paBHBIC 10 pa3Mepy SUEHKH, B TOM UHCIIE W 1O €ro Kparo [7, 8].
B nHacrosimee BpeMst B JCHCTBYIOIIEH COBPEMEHHOM 0a3e JTaHHBIX IT0 MHPOBOMY
pasHooOpasuto MukoOroTsl Index Fungorum D. sibirica npuBOANTCS KaK COMHH-
TENBHBIA BUL [9].

Bo BTOpoii monoBuHe npomioro cronetws Ha Tepputopun CCCP B ocHOBHOM
rcronb3oBanm onpenenutenn racrepomutietoB [1.E. Cocuna [10] u C.P. IIBapu-
man, HM. ®umumonoBoi [11], B KOTOpBIX TpeACTaBICH OIUH BHUJ POAa
Dictyophora — D. duplicata (Bosc.) Fischer. [Ipeanonaraem, 9to 3T0 MOCITYXHIO
OCHOBAaHHEM IS JaJbHEHINETO MIMPOKOTO MCIIONB30BAHUS JAHHOTO BHIIOBOTO
3MUTeTa B HAyYHBIX paboTax [12, 13], KpacHeix kaurax CCCP, Poccwuiickoit ®e-
Jepanvn u pernoHanbHbIX KpacHbrx kaurax [14-20].

[Nockonbky cnOupckue BeCENKOBBIE TPHOBI IMEIOT CIO0XKHYIO TAKCOHOMHYE-
CKYIO UCTOPHIO, HaMH OBLIa MPEIPHHSATA TOMBITKA C IIOMOIIBI0 MOPQOIOTHyIe-
CKUX U MOJEKYJSIPHO-TEHETHIECKAX METO/IOB BBEISICHUTH BUIOBOW DITUTET TOM-
CKOM BECEIIKH ¢ KOPOTKUM HMHIy3HueM. Kpome aToro, mpu HOATOTOBKE OYEPeHOTO
perHoHaNbHOTO M3MaHus KpacHoi KHUTH HEO0OXOAMMO OBUIO YCTAHOBUTH JCH-
CTBYIOIIIeE Ha3BaHHME JaHHOTO BH[A, BCTpeUaromerocs B ToMCKo# o0macTy.

MarepuaJj 1 METOAUKH UCCJIEJOBAHUS

B ocHOBY myOnHKanyy moJ1oskeHbI KOJUICKITHOHHBIE COOPBI, (hoTOMaTEepHAaIIbI
1 perucTtpanvy Haxoaok ¢ 1998 mo 2022 r. 3a 3TOT Mepruoa TIIOOBBIE TENa Be-
CETIKM ¢ KOPOTKAM HHITy3HeM Ha fore 001acTi oTMedeHs! 12 pa3s (puc. 1), uckimo-
gutenbHO B ToMckoM paiioHe (TP): roxHast okpectHOCTh T. Tomcka Ha [loTarmo-
BBIX JTy’kKax (Ne 1), OKpeCTHOCTH HacelieHHbIX MyHKToB Tumupszero (Ne 2), 3op-
kanbieBo (Ne 9), Akcénoro (Ne 12), Komaposo (Ne 4-7) u OOIIT «TanoBckue
qamm» (Ne 10), a takke B . Tomcke: Axagemropon (Ne 3), JlarepHblid caj
(Ne 8), Muxaiinosckas pomia (Ne 11). TTo qarasmM JI.C. MuUIOBHIOBO# C COABT.,
Bu moj anuteToM D. duplicata BcTpedacs taxoke B ToMckoM paiioHe, Ha TIOYBE B
JTUCTBEHHBIX Jiecax B 1973 1. B okpectHOCTSIX c€n [IpoTononoso u Konsinoso [2].

[pu ommcanny Makpo- 1 MEUKPOIPU3HAKOB IIPAMEHSUTN OOIIETIPUHSTEIE Me-
toauku [21, 22]. C TOM 1ebI0 NCITOIH30BAIIM TPYTIIIOBBIE HAXOIK! U CKOTUICHUS
TUTO/IOBBIX TEJ Ha Pa3iIMYHBIX CTAIHUAX pa3BUTHA. ba3zoBble ommcanus MOpQoIo-
TUYECKUX TPU3HAKOB MpoBeieHb! 1o aByM obpasiiam: CCTR 1120 u CCTR 6759,
HaXOSMINMCS Ha XpaHEHUH B KOJUIEKITMOHHOM (hoHIe «Mycota» mpu My3eitHOM
KoMIIieKce TOMCKOTO TOCyAapCTBEeHHOTO yHUBepcuTeTa. OCHOBHBIE MOP(OIO-
THYeCKHe JaHHBIC PUBEICHHI B Tabiuile. Mopdonornieckie mpru3Haku APyTUX
KOJUIEKIMOHHBIX cO0poB 110 TP cBepsumch ¢ 6a30BEIMH OITHCAHISIMA.

C menpro MPOBEeICHHSI MOJIEKYIISIPHO-TEHETHIECKOTO aHaJIM3a OTOMpaIH CBe-
XKecoOpaHHOE TUIOIOBOE TEJIO BECENKU ¢ KOPOTKIM HHIY3HEM Ha CTAINH «STHIIa».
BayuepHbiit 06paser TaHHOTO dK3eMIULIpa XPaHUTCS B KOJUICKIIIOHHOM (hOHIE

80



Kyoawoea H.H., Baiiwuns O.b., I'awmkoe C.H., Kapovuueesa K.C. Phallus ultraduplicatus

«Mycotay» (CCTR 6759), ny6nukat nepenan B Mukonoruueckuid repbapuii BUH
PAH (LE F-348635). Cobpan B okpectHOCTH cenia Komaposo ToMmckoit ob6actw,
B 12 kM oT MecTa cbopa TurmoBoro odpasia D. sibirica H.H. JlaBpoBbIM.

o & @

3km

Tomck

Supawosckud

MPoe. b
CJ
o

®  Souansuan
1 CTauuma

Leaflet | Map data © OpenStreetMap contributors

Puc. 1. Mecra perucrpatuu u cOopa KoJIeKIHOHHOro Marepuana Phallus sp.
€ KOPOTKUM HHAy3ueM B ToMckoM paiioHe
[Fig. 1. Location of registrations and gathering of Phallus sp. with short indusium
collection material in the Tomsk region]

Mopdoaoruueckue npusHaku Phallus sp. ¢ KOpOTKUM UHAY3HeM, COOPAHHBIX B A3UH
[Some comparative morphological characters of Phallus sp. with short indusium]

[Ipuznaku
[Characters]

D. sibirica
H.H. JIaBpoB
(1936), r. Tomck
[N.N. Lavrov (1936),
Tomsk]

Ph. ultradupli-
catus
Adamcik et. al.
(2015), Kuraii
[Adamcik et. al.
(2015), China]

Ph. ultraduplicatus
O.E. Kproukosa,
H.B. I'onuaposa

(2021), ror KpacHo-

SIPCKOr0 Kpast
[O.E. Kryuchkova,
N.V. Goncharova

(2021), south of Kras-

noyarsk krai]

Phallus sp.
JlaHHBIE aBTOPOB,
Tomckuii paiion
[Authors’ data,
Tomsk]

3peoe
«sAiino»: pas-
Mmep, popma,
LIBET, MIOBEPX-
HOCTbB IIEpU-
JIHsl, KAYECTBO
[Mature egg:
size, shape, color,
peridium surface,
quality]

60—80 MM, mapo-
BUJIHOE WU SIUALIE-
obpasHoe, Oernoe,
MYYHUCTO-OITy-
MIEHHOE, TJIOTHOE,
TSDKENOE

[60-80 mm, spherical
or egg-shaped, white
powdery-pubescent,
dense, heavy]

70-80 x 80—
90 MM, OKpyT-
JIO€ MJIH sTifLIe-
BHUJIHOE, Te-
JIECHO-OXpHU-
CTOE, IIPUIKATO-
ONyIEHHOE 10
BOMJIOYHO-Ye-
ryiyaToi
[70-80 x 80-90
mm, rounded or
ovoid, lesh-buffy,
appressed pubes-
cent to felt-scaly]

35-55 (70) mm, He-
NPaBUIBHO I11apO-
BHJIHOE, O€ej1oe ¢
KPEMOBBIM OTTEH-
KOM

[35-55 (70) mm,
irregularly spherical,
white with a cream
tint]

60—70 MM, mapo-
BUJIHOE WU SIULIE-
obpaszHoe, Oeno-
BaTOE, TOHKOBOM-
JIOYHasi, TUIOTHOE,
TSKENOE

[60-70 mm, spheri-
cal or egg-shaped,
whitish, finely
felted, dense, heavy]
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Ph. ultradupli-

Ph. ultraduplicatus
O.E. Kproukosa,

D. sibirica catus H.B. l'onuapopa Phallus sp.
Tpussaxu H.H. JlaBpoB Adameik et. al. (2021), ror KpacHo- JlaHHbie ilBTOPOB,
[Characters] (1936), r. Tomck (2015), Kuraii APCKOro Kpast TOMCKI/II/I’paI/IOH
[N.N. Lavrov (1936), [Adaméik et. al [O.E. Kryuchkova, [Authors’ data,
Tomsk] 2015) Chir'la]. N.V. Goncharova Tomsk]
’ (2021), south of Kras-
noyarsk krai]
Konuueckast,
Konnueckas, nunn Konnyeckas, Kono- |0Kpyriio-KoHH4e-
Ilasinka: KoJOKOmooOpa3-  |Konudeckas, — |kompuarasi, Oemast |ckas, syeucras,
dopma, LBET, |Has, sueHCTAs, sdencTas, 6e- |10 rps3HO-6enoi,  |GenmoBaras, 2540
BBICOTA Genas, 25 Mmm nast, 40-50 MM [35-50 mMm (mo 53) mm
[Cap: shape, [Conical, cellular [Conical, cellular, |[Conical, bell — [Conical, round-

color, height]

bell — shaped, white,
25 mm)]

white, 40-50 mm]

shaped, white, dirty
white 35-50 mm]

conical, cellular,
whitish, 25-40 (up
to 53) mm]

I'neda: user,
3amax
[Gleba: color,
smell]

Témuo-3eneHast,
3arnax najajad u
TPUMETUIIAMHAHA
[Dark green, smell of
carrion and trime-

Kopuuneso-
OJIUBKOBAS 710
TEMHO-3EJIEHO-
BaTO-OJIMBKO-
BOM, 3amax
CHJIBHBIN U He-
MIPUATHBII

TémHO-0JIMBKOBAS,
€ BO3pacTOM OJIMB-
KOBO-YepHasi, 3amax
HETNPUTHBIN, HO HE
OTBpPATHUTENBHBII
[Dark olive, with age,
olive-black, the smell

TémHO-0TMBKO-
BBIM, 3amax CHJIb-
HBIH, crierugpuye-
CKHI, HO HE 3aImax
naganu

[Dark olive, smell
strong, specific, but

Peuenraxy.:
BBICOTA, AMA-
METD, LBET,
¢dopma, Kaue-
CTBO

[Recipes: height,
diameter, color,
shape, quality]

thylamine] [Brown-olive to |
dark greenish ol- |is unpleasant, butnot [not the smell of car-
ive, strong, un-  |disgusting] rion]
pleasant]
Jo 20 cm, no
3,6 cM, OeJbIii Win
Ho 15-20 cm, 2— rpsi3HOBaTo-0e-

3 cM, Oenblii uin
KPEMOBBIH, CyKeH
KBEpXY U B OCHO-
BaHUU, HOJIBIMH,
CTEHKA IELIEepU-
cTas, IIACTUYHAS
[Up to 15-20 cm,
2-3 c¢cm, white or
cream, narrowed at
the top and at the
base, hollow, cavern-
ous wall, plastic]

Benblid, nunus-
JPUYECKUH TOo-
JIBIHA, CyXOM C
rI1yOOKUMU MK
MEJKUMU
yrITyOIIeHUSIMA
[White, cylindri-
cal hollow, dry
with deep or shal-
low depressions]

15-20 (23) cm,

2-3 cM, MOJIOYHO-
OeIbIil UK TPSI3HO-
Oenblit, yanu-
HEHHO-LMWJIMHPU-
YECKUH

[15-20 (23) cm,

2-3 cm, milky white,
dirty white, elon-
gated-cylindrical]

JIBIH, UMTMHApHYE-
CKUIA, CyXOii, Cy-
JKEH KBEPXY U B
OCHOBaHMH, I10-
JIBIH, CTEHKa MeJl-
KOIOpHCTas Il1a-
CTUYHAas

[Up to 20 cm, up to
3.6 cm, white or off-
white, cylindrical,
dry, narrowed at the
top and bottom, hol-
low, finely porous
plastic wall]

Hupys3uii: BoI-

15-20 MM, KOHH-
YECKHUM, MATKUI 1

OO0bIYHO KOpOUE
BBICOTBI LLUTATIKH,
IUTOTHBIH, OTBEp-

25-40 (45) MM,
LWIMHIPUYECKUN
pexe ciaboKOHU-

cota, hopma, . 20-40 MM, 6e-  |cTHs CKOpEE OKPYT- |decKuii, uarie
MIPOYHBIN B CBE- o . .
LBET, KAYECTBO | o |2 XPpYIKHH  |]Ibl€, HEPABHOBEIHM- |[IPUJICTAIOIIHH,
[Indusium: [15-20 mm [20-40 mm, white,|kpe, Gostee MeIKHe |Genbli, XpynKuii
height, shape, conical. so f,t and firm brittle] K Kpato [25-40 (45) mm, cy-
color, quality] when f;esh] [Usual}y shorter than lir}drical rarc_ely
the height of the cap, |slightly conical,
dense] white, brittle]
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Ph. ultradupli-

Ph. ultraduplicatus
O.E. Kproukosa,

D. sibirica catus H.B. l'onuapopa Phallus sp.
Ipu3Haku (11;1312) Irla?f%(;fcx Adamgik et. al. |(2021), tor KpacHo- I,[raHHMe 4BTOPOB,
[Characters] > I (2015), Kurait SPCKOro Kpast OMCKHH paroH
[N.N. Lavrov (1936), [Adaméik et. al. [O.E. Kryuchkova, [Authors’ data,
Tomsk] (2015), Chinal N.V. Goncharova Tomsk]
’ (2021), south of Kras-
noyarsk krai]
HenpasuinbHsie,
OKPYTIJIBIE, BBITS-
HyTbI CBepXy BHM3, | Hempasunbhbie, |OTBepeTHs ckopee |HenpasuibHeie,
B €ro cepe/IuHe 0 |OKPYTJIbIE, BEP- |OKPYTJIbIE, HEPAB-  |OKPYIJIbIE, BEPTH-
2,5-3 MM 1 Gojlee |THKANBHO BBHITS- |HOBETMKHUE, B CPE/- [KATBHO BBITA-
STuelikM MH- | e rpe 1o kpato — |HyThI 1 6osee  |Heif YacTi mpoaon- [HyTsl, 0T 2-2,5 110
ay3usi: OPMA, | 5 |y B qua-  |MENKHE TIO roeatsle, 6ojee 4 mm u Oonee
pasmep MeTpe Kparo MEJKHE K Kparo MeJIKHE TI0 KParo
(Indusium cells: |(preoylar, rounded, |[Irregular, [The holes are rather |[Irregular, rounded,

shape, size] rounded, verti-
cally elongated,

and smaller along

rounded, unequal, ob-
long in the middle
part, smaller towards

vertically elongated,
from 2-2.5 mm to
4 mm and smaller

elongated from top to
bottom, in its middle
up to 2.5-3 mm and

smaller along the the edge] the edge] along the edge]
edge - 0.5-1 mm in
diameter]
Puzomopdsmr:
JMaMeTp, UBeT |3 MM, Genbie 2-3 MM 2-3 MM 2-3 MM, Oenble
[Rhizomorphs: |[3 mm, white] [2-3 mm] [2-3 mm] [2-3 mm, white]
diameter, color]
DIIHICONIHE, [Ipononrosarsie,
J10 BBITSIHYTO-
OBaJIbHO-3JITUIICO-
B — OBAJIbHBIE, IJ1a/1-
[Ipomonrosa- > >
Croper: IO RS- TbII)6 4050 x|pecuseric, K3M 2 f ?ﬁlfg Tngle;
¢dopma, pazmep |Hble, 3—4 X 2 MKM 1 ’57’2 OI\jIKM 3,5-4,5 x (3,5)4,0-4,6(5,0)
[Spores: shape, |[Ellipsoidal, = x 1.5-2.0 % 1,5-2,0(2,3) Mxm
[Oblong, 4.0-5.0 »0—4,)) MKM
size] 3-4 x 2 pum] &80 Ellipsoid, oval-ellip- L0108 to elon-
% 1.5-2.0 pm] > gated-oval, smooth,

soid, smooth, color-
less, 3.5-4.5 x
% 1.5-2.0 pm]

colorless (3.5)4.0-
4.6(5.0) x 1.5-2.0

(2.3) um]

Beinenenne n ounctky JJHK nipoBomiimi ¢ momorikio Habopo «Cop6-I'MO-by
n «DKkcTpan-3» npousBojcTBa kommannu «CuHTOM» (Poccus). Ceexuid mate-
pHan oTOmpany B TaMHHApe W3 00pasla Ha CTaAWH siIa U3 Pa3INYHbIX dacTeit
peuenTakyna u u3 sagonepuans. Kommuecrso JHK onpenensnu Ha Qiryopu-
Metpe Qubit 4.0 or Thermo Scientific (CIIA). [Inst ammmndukanmu obiaactu 18S-
ITS1-5.8S-1TS2-28S pubocomansroi JJHK ncnonb3oBann oOmmid st TpuOoB
npaiimep ITS1F: S’CTTGGTCATTTAGAGGAAGTAA 3’ u crientpaHbIN JI1s
6asnguomurieToB npaiimep ITS4B: S’TCCTCCGCTTATTGATATGC 3°. Ipo-
IyKT JJIs TIPOBECHUS CCKBEHUPOBAaHMS MeTo1oM CIHTEpa rOTOBHIIN B CMECH, CO-
nepkamieid Ha 1 obpaserr: 11,8 MK JeMOHH30BaHHOW BOJBI, 2 MKJI Oydepa s
HotStart Taq IHK nomumepassr, 2 Mkt ANTP, 1 Mkt npsimoro nipaiimepa, 1 MK
obpartHoro npaiimepa, 1 mxa JIHK, 0,2 mxir HotStart Taq JIHK mommmepasst «Cu-
09H3uM» (Poccns). Ammumdukaruio mpooawiu B JTHK-ammumpukarope T100
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Thermal Cycler «BioRad» (CIIA) mpu ciienyronieM pexuMe: ITUKI — 5 MUH,
95°C; 30 mukioB — 20 ¢, 95°C; 30 ¢, 54°C; 1 mun, 72°C; 1 nukn: 7 mun, 72°C n
4°C. TIIIP-mpoaykT 0O0pabaThIBalli CMECHIO PEAKTHBOB, conepxkariei: 0,05 Mk
¢depmenToB Exonuclease 1 «Thermo Scientificy (CHIA) m 1 mxn FastAP
Thermosensitive Alkaline Phosphatase «Thermo Scientificy (CILIA). O6pa3ibt
nakyoupoBanu B JIHK-ammmudukaTope T100 Thermal Cycler «BioRad» (CILA)
B pexume 40 mun, 37°C; 20 mun, 80°C.

JIJis ceKBEHUPYIOIIEH peaKIIuK NCTIOIh30BATH KOMMEPUYECKHI HAOOp PeaKkTh-
BoB BigDye Sequencing kit v3.1 «Thermo Fisher Scientificy (CIIA). Cmecsh pe-
aKTUBOB Ha OJWH 00Opaser BKirodana B ceOs: 1 Mk BigDye Terminator v.3.1,
1,5 mxn BigDye Sequencing Buffer, 0,5 Mk ipsimoro nipaiimepa, 0,5 Mkt o6part-
HOTO TpaiimMepa, 2 Mk [TIP-poxykra, 5 MK nenorn3oBaHHON BOAbI. CEKBEHHU-
pyromas peakius nposencHa B JIHK-ammmudukatope T100 Thermal Cycler
«BioRad» (CHIA) ipu cirenyromnieM pexxume: 25 mukios: 25 ¢, 96°C; 15 ¢, 50°C;
2 muH, 60°C. OuncTka 00pa3IoB MOCIIe CEKBEHUPYIOIICH peaKInu POBOIIIIACH
HabopoM MarHUTHBIX wactull D-Pure DyeTerminator Cleanup kit «Nimagen»
(Hupmepnanael) Mo MPOTOKONY MpoU3BoaUTeNs. JIJisi ceKBeHHpOBaHUs ObLI HC-
moyib3oBaH mpuOop ABI 3730x1 96-capillary DNA analyzer «Applied
Biosystems» (CILIA) u mporokon Std sequencing. PabGoTa nposeneHa B nadopa-
TOPUH MOHHTOpPHHTA OMopazHooOpasusi Tomckoro rocyruBepcutera U B 1IKII
«Memumuackas reHomukay HUMM memumuackon reHetnkun Tomckoro HYMIIL
715 aHanm3a MOyYeHHBIX Pe3yIbTaTOB MCIOIR30BANIM IIPOTPpaMMHOE obecreue-
uue BioEdit u MEGA.11.

[Mockonbky BUA D. duplicata BkintodeH B 1-e u 2-¢ uzganus KpacHoi KHUTH
Tomckoit obmactu [16, 17], c6op 00pa3oB MPOBOAMIICS TOJEKO BEIOOPOUHBIN B
7 NoKycaX, KOTOpbIE€ HAaxOISTCS HAa XpaHCHWH B KOJUICKIIMOHHOM (hoHIE
«Mycotay npu My3eifHOM KOMILIeKce TOMCKOTO TOCyJapCTBEHHOTO YHHBEPCH-
tera: CCTR 1120, TP, TuMupsizeBcKoe JIECHIYECTBO, COCHSIK Pa3HOTPaBHO-3€JIe-
HOMOIIIHBIH, Ha mojacTwike, rpynma, 04.09.2005, Coll., Photo — INamkos C.U.;
CCTR 4630, Akamemropoiok T. ToMcKa, y9aCTOK CMEIIAHHOTO JINCTBEHHUIHO-
6epé30Boro Jeca, 3apOoCIIero MallMHOM, Bo3lle IHCTHTYyTa MOHUTOpHHTA KINMa-
THYEeCKUX U dKkosorndeckux cucreM CO PAH, na niHe O6epéssl (Betula sp.), onu-
HOYHO, 24.07.2011, Coll. — Bucuposa 3.M.; CCTR 6258, TP, okp. c. Konaposo,
VYdeOHo-Hay9IHAs CTAaHIHWS KOJUIEKTUBHOTO 1oib30BaHus «llommron KomapoBoy,
OeperoBoii CKIIOH K p. TOMHM, MEJIKOIMCTBEHHBIH OCHHOBO-0epE30BbIii pa3HOTpaB-
HBIH JIeC ¢ TPUMECKIO COCHBI OOBIKHOBEHHOM (Pinus sylvestris L.), Ha 3aMIeioMm
mHe Oepé3bl U B €r0 OCHOBaHMH, oanHo4YHO, 09.08.2014, Coll., Photo — I'amkos
C.H.; CCTR 6257, TP, OOIIT «TamoBckue Yairm), CMEIIaHHBIM OCHHOBO-ITHX-
TOBBIA BBICOKOTPABHBIN JieC C MpUMeChlo kenpa cubupckoro (Pinus sibirica
Du Tour), emu cubupckoit (Picea obovata Ledeb), 6epésbl, oqunouno, Coll. —
Kammnronor B.M.; CCTR 6744, TP, okp. . 30pKaiblieBo, OEpe3HIK Pa3HOTpaB-
HBIN, Ha MOACTHIKE, ogquHo4HO, 14.09.2016, Coll., Photo — I'amkos C.1.; CCTR
6225, 1. ToMck, 6ep€30BO-COCHOBBIN y4yacTOK MUXalI0BCKOM POIIIH C IPUMECHIO
ocuHbl (Populus tremula L.) n Tonons u€proro (Populus nigra L.), Ha 1iene, He-
6onpmas rpymmna, 15.09.2019, Coll., Photo — I'ammkos C.1.; CCTR 6759, TP, okp.
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¢. KomapoBo, YueOHO-HayYHas CTAHIUS KOJUICKTHBHOTO MMOJTb30BaHus «[loymron
Komaposoy, 28-31.08.2022, cMeniaHHbIA pa3HOTPaBHBIM y4acTOK jeca (COCHA,
KeIlp CHOMPCKUii, Oepésa) ¢ KyCTapHUKOBBIM MOIECKOM (depEMyxa 0OBIKHOBEH-
Has (Prunus padus L.), psbuna oObikHOBeHHAs (Sorbus aucuparia L.), kaiuHa
obbikHOBeHHAs (Viburnum opulus L1.), >xumonmocte TaTapckas (Lonicera
tatarica L.), Ha OGep€30BOM TIHE M BOKPYT €TO0 OCHOBAHHA B pajguyce 3 M, cpelu
THWJIBIX BAJIC)KHBIX CTBOJHMKOB OepE3bl, Ha MOACTHIJIKE TOJIIMHOW 1O 4-5 cM,
Oonbmas rpymma — 29 3K3eMIUIIPOB, a TakkKe paoM, B 50 M, B OCHOBaHHH JpY-
roro 6ep&30Boro MHsI cKoIIeHue B 54 sx3emiusapa, Coll., Photo — B.H. Crenanos,
C.U. Tl'amkos, H.H. KynamoBa, koopauHaTsl J0Kyca — 56°34'78"N, 84°95'14"E.

Pe3yabTarhl ncciiefoBanus U 00CyKIeHUE

[TnonoHomeHne BecENKu ¢ KOPOTKHM HHAy3HueM B TOMCKOH 00JIacTH HaOI0-
JIaJIoch B JiecaX Pa3iMYHOTO THUITA: COCHOBEIE OOPHI, CMEIIaHHBIE COCHOBO-0Oepé-
30BBIC Pa3HOTPABHBIC JIEca, COCHOBO-OEpE30BhIC POIIM C IPUMECKHIO TOIONIs, Oe-
pesusku. [To garaemM JI.C. MunoBunoBoit u H.}O. TomncroBoit, Bun D. sibirica
HalJIeH TaKKe B KSJPOBHHKE, TJIE €T MJI0JIOBEIC Tella B (ha3e «sifma» 3a 5—6 aHei
BbIpacTayv 110 8 cM B auameTtpe [3]. [1o THYHBIM HaOIFOICHUSM aBTOPOB, TAHHBII
canpoTpOoQHEIA BHI BECENKH ¢ KOPOTKAM HHIY3HWEM Yallle BCTPEUaJCs Ha ITHSX
Oepé3bl M Ha TTOICTHIIKE cpel Oepe30BOT0 BajiesKa C BBICOKOM CTETIEHBIO pa3io-
JKEHUS, peKe — B COCHAKAaX Ha XBOWHOM omajze. B TomMcke 3aperncTpupoBana eau-
HUYHAs HaXoKa 6 IJIOOBBIX TEll Ha JIPEBECHOI IIeTe IMCTBEHHBIX ITOPOT Iepe-
BBEB, KOTOPOH OTCHIMAIOT AOPOKKU B ITApKax W HKOJIOTWIecKue Tporsl. [liromo-
HOIIICHNE HAOII0IAJIOCh B aBIYCTe-CeHTIOpe, Jale OMMHOYHO — 1—3 aK3eMIuIspa
(7 cnyyaeB u3 12), HeOonpmumu rpymmamu — 10 10 (2 cioyyast), rpynmnaMu — 6oJiee
10 (2 cnydas), uimu ckoruieHusMu — Oosee 50 turomoBeIx Ten (1 cmywaid). Poct
TUTO/IOBBIX TEJl B OTACNBHO B3STOM JIOKYCE PETUCTPHPOBAIICS HE Ooyiee OIHOTO
pasa. B mocnenHee BpeMst HAXOIKH YYaCTIITUCH JI0 €KETOTHBIX, U 32 CE30H OTMe-
yanuch 1-2 BcTpeun.

CpaBHeHHEe 00pa3IoB BECEIKU ¢ KOPOTKUM HHIy3HeM, coOpaHHbIX B TP, mo-
Ka3aJi0 UX CXOJCTBO MEXIy CO00il Mo MOP(HOIOTHIECKUM TIPH3HAKaM, a TaKKe
xoporiee cooTBeTcTBHe onucanuto D. sibirica H.H. JlaBpoBbIM (JIaHHBIE aBTO-
poB) [1]. Kpome 3Toro, ToMCcKue 00pa3iipl BUa MPaKTHICCKA ICHTHYHBI aHAJIO-
TUYHBIM JaHHBIM U3 ApYyruX Todek apeana (HoBocubupckas obmacts, KpacHosp-
ckuid kpaii, Kurait) [23-25]. IMeroT MecTo HeOOIIbIIe OTKIIOHEHHUSI, HAIPpHMeED,
IO IIPOYHOCTH MHIY3HS, 3aI1axy, IIBETY 3PEJIOT0 «SiIIa» U CTPYKTYPE €To MOBEpX-
HOCTH, KOTOPbIE MOTYT 3aBHUCETh OT OCOOEHHOCTEH MHINBHIYAILHOTO BOCIIPHSI-
THS TIPA3HAKOB KOJUIEKTOPAMH, MECTa MIPON3PACTaHUs M BHYTPHUBHIOBOH H3MEH-
YUBOCTH (CM. TaOnwuIty). HIy3uil MpernMyIiecCTBEHHO IMITHHAPHYCCKUH, TpHTe-
TaloONMN K HOXKE W MEJIKOSYEHCTHIN MO Kpar. B pemknx ciydasx Ha amekce
NUIATIKA MOTYT 00pa30BBIBAThCS JBa UM TPH AMCKA (pHC. 2).
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Pactymue «siitna» «Slio» B paspese
[Growing "eggs"] [Cutaway "egg"]

3penble «ia» nepes BEIXOI0M pelenTaKya [InomoBoe Teno ¢ Tpems auckaMu
CO HUIANKOR Ha areKce MUTANKI
[Mature "eggs" before the recipe with a hat’s re- [Fruit body with three discs at the cap’s apex]
lease]

3pernoe mIoI0BoE TEJIO Crapble IUI0JIOBbIE TeJla C OCTATKaMH TIIeObl
[Mature fruiting body] [Old fruiting bodies with remains of gleba]

Puc. 2. Craguu pa3urus mwiogoBsix e Ph. ultraduplicatus, Tomckuii paifoH, OKpeCTHOCTH
Hacenexnoro mynkra Konapoo (o6pasery CCTR 6759). ®orto C.U. Tamkosa
[Fig. 2. Stages of development of the fruiting bodies of Ph. ultraduplicatus, Tomsk region, vicinity
of the settlement Kolarovo (specimen CCTR 6759). Photo by S.I. Gashkov]
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'maBHBEIM MapkepoM B MOJCKYJISIPHO-TEHETHYECKOM METOJE OIPECIICHHUS
BHJa MEXIyHapoIHbIH KoHCOpPIHYM IO MITPUX-KOIMPOBAHIIO TPHOOB MPH3HAI
ITS-pernon pubocomanbHbIX TeHOB snepHor JIHK [26]. [TomyueHHBIH Hamu
cukBeHc pernoHa [TS1-5.8S-1TS4 u3 mogoBoro Tena TOMCKO#M BeCENKH pa3me-
mied B GenBank — geno3ut OP787980 ot 13 Hos0ps 2022 1., BaydepHBIi 0Opaser]
Ne 6759 xomnexmun CCTR Tomckoro rocymapcTBeHHoro yHuBepcuteTa. C mo-
Momipio «Blastn suity anmropuTma cpaBHEHHs C aHHOTHPOBAaHHBIMHA IOCIIEIOBA-
TenpHOCTSIMA B 0aze GenBank, mpn MakCHManbHOM IIEPEKPHIBAHUH, ITOKA3aHO
98,6% cxoxctBa Hamero obpasua ¢ Ph. ultraduplicatus, naiinenHoit 8 HoBocu-
oupckoii obmactr; 97,9% — ¢ obpasnom, coOpanHsiM Ha J[ampHeM Bocrtoke, n
98,6% — ¢ Tpems oOpasnamu 3Toro Buaa n3 Kutas. B aHamm3e MONEKyISIpHBIX
JIAaHHBIX, TT0 OTMPEAEIICHUIO BUAO0BOM MPUHAMIEKHOCTH MakpoMurieToB st [TS-
PErMOHOB, JOCTOBEPHBIM cuuTaeTcsi 97%-HOoe COBIAaJEHUE Ha HUXKHEM IOpOTre
[25]. B 0030pe, MOCBAMICHHOM 24-JIETHEMY MOJICKYJIAPHO-(QHUIOTeHETHICCKOMY
n3yueHuto nopsinka Phallales, xyna oTHocuTes Becénka, TOCTOBEPHBIM OBLT BbI-
6pan opor 98% cosmanenmust [27].

[TepreiM B GenBank nBa cukBeHca Becénku, ¢ HazBanueM Phallus ultradupli-
catus, cnan xutaicknit yaeHsli Yu X.-D. u3 IllenssiHCKOTO arpoyHUBEpCHUTETA
30 uronst 2015 1. — menmo3utsl KJ591584 (06pazerr HMAS-253050) u KJ591585
(HMAS-253051). 3aTeM 3TOT k€ YYCHBIH JICITOHUPOBAJ TPETHI CUKBEHC, KOTO-
peiii npuHAT GenBank kak pedepeHcHblid 9 ceHTsOps 2021 r. — nemo3uT
NR 172953, raoe ykaszaH B KauecTBE THIIOBOTO MaTepuana obpazerr HMAS-
253050.

Hcropus poccuiickux o0pasios, jJenoHupoBaHHBIX B GenBank, ckiansiBa-
Jack clieAyonmM odpazom: 28 mas 2019 1. ogHa mociemoBaTenbHOCTH ITS-
peruona p-JIHK u3 moa0Boro Tesia BeCENKH ¢ KOPOTKUM HHTy3HUEM, COOpaHHOTO
B HoBocuOupckoii obmactu, pasMernieHa B GenBank FO.A. Pe6pueBbim, J1.B. Are-
eBbiM, JI.}O. Kokaepoit u O.H. fApocnarnesoii: nenozutr MK 965097, ob6pazen
YuR-3374 [23]. Cnenyroumm B GenBank mosiBuiicst cukBeHe Becénku OL764905
ot 13 nekabpst 2021 r., aBTopsl — H.B. [Icypriesa, A. FOcynosa, E. Mnuuesa. JIHK
BBIACIIUI U3 KyJlbTypbl oOpasna LE-BIN 4670 xoieknuu KyiabTyp 6a3uiauo-
mutetoB borannueckoro nactutyra um. B.JL. Komaposa. llltamm nomyunnm u3
stiia Becénku, cobpanHoro 21 aerycra 2020 1. B YCCYpHICKOM 3aIllOBEIHUKE
[TpuMopcKOTo Kpast v BIIOCIEACTBIH, C TIOMOIIBI0 MOJIEKYIIPHO-TEHETHIECKOTO
aHaJM3a, MMOATBEPXKICHHOTO Kak Ph. ultraduplicatus [28].

[ockonbKy moxy4eHHAss HAMH HYKJICOTHIHAS TIOCIIEA0BATEIIFHOCTh TOKA3aa
co Bcemu 1sAThI0 nMerommmucsa B GenBank cuksencamu 98% coBnazeHus, MbI
CUHMTaeM JAHHBIA (pakT MOJCKYISIPHO-TEHETHYECKAM MTOATBEPKICHHEM MOpdo-
JIOTUYECKOM YacTh paboThl M MOXKEM yTBEPKIaTh, 4TO coOpaHHbIe B 2022 T. TOM-
ckre o0pasiel npuHaIekatT K Buny Phallus ultraduplicatus X.D. Yu, W. Ly,
S.X. Lv, Xu H. Chen & Qin Wang. PactipocTpanenne naHHOTO BHIa B Poccum,
BHJIUMO, OXBaThIBACT BCIO a3MATCKYIO YacTh cTpanbl (3amamHas Cubups, Cpen-
Hsas1 Cubups, JJanpauit BocTok).
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3akioueHne

[pu mpoBeneHNN peBU3NH 00PA3IOB BECETKH C KOPOTKIM HHAY3HUEM, COOpaH-

HBIX B TOMCKO# 00J1aCTH € HCTIOIB30BAHAEM MOJICKYIISIPHO-TEHETHIECKUX U MOP-
(hoJIOTHYECKHX METOIOB, TTOKa3aHO, YTO OHU WIACHTUYHEI onucanHomy B 2015 T.
B Kutae Buny Phallus ultraduplicatus X.D. Yu, W. Lv, S.X. Lv, Xu H. Chen &
Qin Wang. u coBmagamT ¢ IPYTAMHU KOJUICKIIMOHHBIMH MaTepHaIaMy ITaHHOTO
BHJIa, cOOpaHHBIMH Ha TeppuTopun Cnbupu u JlanpHero BocToka. OTKpBITEIM
OCTaeTCs BOIPOC, ABISIOTCA Ju D. sibirica v Ph. ultraduplicatus cnaoHIMaMu
WJIH CAMOCTOSATEIEHBIMH BUIAMH.

10.
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16

18.
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Summary. Meadows form the zonal vegetation of the forest-steppe zone and are
characterized by high heterogeneity. Currently, the meadows are used as hayfields and
pastures, and, in most cases, are under a heavy anthropogenic pressure. Low-disturbed
communities occupy only small areas in glades and on the edges of the birch forests,
along the outskirts of fields, and on the slopes of gullies. The species composition of
the meadows is formed by various ecological groups that indicate the conditions of
habitats. These groups can also be used as a basis for vegetation classification. The
purpose of the study is to identify the phytocoenotic diversity of the meadows and de-
fine species of indication value in the forest-steppe zone of the Priobskoye plateau.

The research was carried out on the left bank of the Ob River in the forest-steppe
zone (Novosibirsk oblast and Altai krai) (See Fig. 1). The study is based on 531 relevés
of meadow communities. The cluster analysis was used to identify the phytocoenotic
diversity of the meadows. A general table was built in the IBIS 7.2 program and was
processed in the JUICE 7.0 by the Modified TWINSPAN Classification and
TWINSPAN algorithms. The resulting clusters were compared and differential species
were identified (See Table). Position of the meadow communities on main ecological
gradients were assessed using the plant indicator values (See Fig. 2).

The cluster analysis divided the dataset into 6 clusters. The first cluster comprises
steppe alkaline meadows. Such meadows are characterized by sparse herbaceous cover
and a small number of species. Salt-tolerant mesoxerophytes Seseli strictum, Galatella
biflora, Artemisia pontica, etc. dominate. These meadows are the driest among the oth-
ers (See Fig. 2). The second cluster comprises steppe meadows. At present, most of
these meadows are tilled. They are dominated by mesoxerophytes such as Cala-
magrostis epigeios, Poa angustifolia, Peucedanum morisonii, etc. Such meadows de-
velop on dry soils (grades 54-55; See Fig. 2). The third cluster features typical dry
meadows. They develop on the forest clearings and on idle lands. In the Priobskoye
plateau, these meadows are the most common type among the other meadows. Domi-
nants are eumesophytes and mesoxerophytes: Bromopsis inermis, Poa angustifolia,
Calamagrostis epigeios, Dactylis glomerata, Pimpinella saxifraga, etc. Their position
is at grade 56 on the moisture gradient (See Fig. 2). Dry forest meadows of the fourth
cluster are found in small areas on the edges and in the glades of birch forests (grade
59; See Fig. 2). In these meadows, the dominants are Brachypodium pinnatum, Bro-
mopsis inermis, Rubus saxatilis, and others. The fifth cluster includes salinized forb-
grass meadows. They feature salt-resistant mesophytes such as Jacobaea erucifolia,
Glaux maritima, Parnassia palustris, etc. These meadows are widespread in lowlands,
in the valleys of small rivers, and in the outskirts of damp birch forests. On the moisture
gradient (See Fig. 2), they are located at grades 61-62 that corresponds to the dry and
fresh meadows. The sixth cluster incorporates wet forest meadows that are developed
in the conditions of high soil moisture (grades 63-65; See Fig. 2). Among the main
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dominant species are Filipendula ulmaria, Dactylis glomerata, Anthriscus sylvestris,
Angelica sylvestris, etc.

The numerical analysis of relevés showed a high diversity of meadows in both dom-
inant and floristic classifications. More than half of the diagnostically significant spe-
cies (65 out of 95) have differential value for one of the six community types. These
species have a high indication value as they are stenotopic. Steppe alkaline meadows
(type 1) are diagnosed by mesoxerophytic hemihalophytes Limonium gmelinii, Seseli
strictum, etc. Perennial meadow-steppe mesoxerophytes Stipa pennata, Veronica spu-
ria, etc. are characteristic for steppe meadows (type 2) and meadow steppes. Typical dry
meadows (type 3) differ by the presence of bi- and perennial eumesophytes Convolvulus
arvensis, Berteroa incana, etc., which diagnose disturbed habitats and anthropogenic pres-
sure. Perennial mesoxerophytes and eumesophytes (Pulmonaria mollis, Brachypodium pin-
natum, etc.) indicate dry forest meadows (type 4). Salinized forb-grass meadows (type 5) are
diagnosed by salt-tolerant mesoxerophytes, eumesophytes and mesohygrophytes (Sonchus
arvensis, Jacobaea erucifolia, etc.) whose habitats are slightly salinized. In wet forest mead-
ows (type 6) between dominant species are perennial eumesophytes and mesohygrophytes:
Filipendula ulmaria, Heracleum sibiricum, etc.

Another 16 species have a high indicator value, being determinant for two types of
communities. They are confined to relatively narrow segments on the moisture or sa-
linity gradient. Thus, the species Artemisia rupestris, Plantago salsa, and others char-
acterize saline habitats, developing in different moisture conditions. The most numer-
ous group with Phleum phleoides, Artemisia glauca, and others is characteristic of dry
habitats.

The meadow vegetation of the forest-steppe zone of the Priobskoye plateau is char-
acterized by high floristic and phytocenotic diversity. Many plant species have an indi-
cator value and can serve as a basis for determining the diagnostic species of syntaxa
of various ranks.

The article contains 2 figures, 1 table, 30 references.

Keywords: meadow vegetation, cluster analysis, ecological scales, Priobskoye
plateau, forest-steppe
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BBenenne

Jlyra, Hapsimy cO CTEISIMH M MEIIKOJIMCTBEHHBIMH JIeCaMH, 00pa3yioT (hoHO-
BYIO PacTHUTEJIBHOCTh JIECOCTEIHOM 30HBI [Ipnobckoro mrato. dusnko-reorpa-
(ryeckre yCcIoBHsl, a IMEHHO OCOOCHHOCTH pelibeda, THAPOIOTHUSCKUH PEeKUM
U MHOTOOOpa3fe TUIIOB MOYB OMPEACIISIIOT BBICOKYIO T€TEpOTEHHOCTH JIyTOBOM
PaCTUTENBHOCTH. 37I6Ch BCTPEYAIOTCS CyXOA0BHBIC BTOPUIHBIE JTyTa, OCTCITHEH-
HBIE [IEHO3HI Ha CKJIOHAX OAJOYHBIX CHCTEM, BEICOKOTPABHBIC JIECHBIC W HU3WH-
HbIe 3a00JI0UEHHBIC TPaBsSHBIE COOOIIECTBA, a TAaKXKe pa3sHOOOpas3HbIC Tao(UT-
HBIC BApUAHTHL.

TpaBsHBIE YKOCUCTEMBI UMEIOT Ba)KHOE XO3SHCTBEHHOE 3HAUCHHE, SBISACH
OCHOBHBIMH C€HOKOCHBIMH H IMaCTOUIIHBIME YTOAbsIMH. B pesynbrate mmureins-
HOTO W WHTECHCHBHOTO WCIIONIG30BAHUS JIyTOBOM PAaCTUTEIBHOCTH  €e
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€CTeCTBEHHBI OOJIMK IMpeTepriell 3HaUnTeNIbHbIe 3MeHeHus [1, 2]. ManoHapy-
[ICHHBIE JTyTa COXPAHWINCH IPEUMYIIECTBCHHO B BHIE HEOONBIINX yIaCTKOB IO
OMYIIIKaM | MOJISTHAM METKOJIMCTBEHHBIX JIECOB, BJIOJb MOJICH U 3ajexeit [3].

K nacrosmeMy BpeMeHN HMEIOTCSI OOIITHE CBEICHHUS O TYTOBOH PacTUTEIBHO-
ctu necoctenu [IpnoOckoro tiaTto U pazpaboTraHa cucTeMa KIIaCCU(UKAIIIN Ha
OCHOBAHUH TPAIUIHUOHHBIX ITOIXOIO0B U THIIOB COOOIIECTB BBEICOKOTO paHTa.
[1.H. KpbutoB OTHOCHT IaHHYIO TEPPUTOPHIO K PA3HOTPABHO-TYTOBOW TOI30HE
JIECOCTENHO 30HBI M YKa3bIBaeT HA (DOPMHUPOBAHHE Ha TUIAKOPAX CTEITHBIX JIYTOB,
XapaKTepPU3YIONIUXCS pa3HoOOpasueM M TYCTOTOW TpaBsSHOTO IOKpoBa [4].
B.B. PeBepaarro ymoMuHaeT CTEMHBIC JIyTa, OTMEYast OPUTHHAIBLHBIE COJIOHIIEBA-
THIE BAPUAHTEL, a TAKXKE COOOMIECTBA U3 JIECHBIX U JIYTOBBIX BHJIOB, IPEICTABIIS-
[OIIKE JIECHBIE JIyTa B cOBpeMeHHOM nornManuu [5]. Tlpu xapakrtepuctuke oc-
HOBHBIX THIIOB pacTHTEIbHOCTH 3amamHoi Cubupnu A.B. KymuHOBa HpUBOIUAT
KpaTKyI0 XapaKTePUCTUKY MMOMMEHHBIX H MAaTePUKOBHIX JIyTroB [1prnobckoii neco-
crenu [6]. C ToYkH 3peHUs (PUTONCHOTHYSCKOW KIIACCH(DHUKAIMU CYXOJOIbHbIC
nyra [Ipro0bst oxapakrepu3oBanbl A.B. Kymunosoi u M.I1. Mutpodanosoi [7],
a HU3WHHBIE yTa ommcanbl H.B. Jlorytenko [8].

PasHooOpa3me yroBoil pacTHTENBHOCTH JIECOCTEIHOW 30HBI ITproGckoro
MJIaTO C TMO3UIMKA (DIOPHCTUYESCKON KITACCH(PHUKAIMKM OMHUCAHO (hparMeHTAPHO.
XapakTeprCcTHKa OTACIBHBIX THIIOB COOOMIECTB MpHUBEIEHA B paboTax HOBOCH-
oupckux reo0oTaHukoB [9—15]. JIyroBast pacTUTENILHOCT OTHOCUTCS K 3 KJac-
caM: KJIacC BHYTPHKOHTHHEHTAJIBHOW TamoduTHOW pactutensHocTH Festuco-
Puccinellietea So6 ex Vicherek 1973, BKarouaromuii COJIOHIEBATHIE M COJIOHYA-
KOBaThIC JIyTa; eBpOCHOMPCKUH cTerHol kinacc Festuco-Brometea Br.-Bl. et Tx.
ex Sod 1947, Bximrovaromuidi HEKOTOPHIE THUITBI OCTEIHEHHBIX JYTOB; JYTOBOH
knacc Molinio-Arrhenatheretea Tx. 1937. JIns aHanuzupyeMoW TeppUTOpPHA
MPUBOJUTCS 12 accoluaIyii, 9To He OTpa)kaeT BCero (PUTOICHOTHYECKOTO pas-
HOOOpa3Ws WCCIIEAyEeMOTO paiioHa. AHAaNM3 MHIMKAIWOHHOTO 3HAYEHHS BHIOB
UMeeT 3HaYCHUE [UTS1 KOPPEKTHPOBKU THATHOCTUIECKUX TPYIIIL JAJIsl CHHTAaKCOHOB
Pa3NUIHOTO HEPAPXUUCCKOTO ypoBHS. OCHOBHBIMH IPEITOCHUIKAMHE IS perie-
HUS 9THX 3324 SIBISIOTCS 3HAYUTEIBHBIN 00heM (PaKTHIECKUX JaHHBIX 110 JIYTO-
BOH pactutenpHOCTH CHOMpPH, COOPaHHBIX B TOCIIEIHIE TOABI, @ TAKXKE JOCTYII-
HOCTB IIHPOKOTO CHEKTPa (POPMATM30BaHHBIX METOJIOB aHAIN3a OOBEMHBIX Mac-
CHBOB re000TaHMYECKUX OIHCAHUH.

[enn paboTHI — BBISBICHHE THITOB JIYTOBBIX COOOMIECTB BHICOKOTO KilacCH(H-
KaI[MOHHOTO paHTa W BBIACIICHUE AUATHOCTHYECKUX TPYII BHIOB JUIS JIyTOBOM
PaACTUTETBFHOCTH JIECOCTETHOH 30HBI [IproOckoro mmaTo Ha 0cHOBE (HOpMaH30-
BaHHOTO aHAJIN3a Te000TAHNYECKIX JTaHHBIX.

MaTtepuaJjbl 1 METOIHKH HCCIeT0BAHUS
B ocHOBY paGoThI M0I0%EHO 516 Te000TAaHHYECKUX OIMUCAHHN JIYTOBBIX CO-
obmiecTB, oToOpaHHBIX U3 1 290 onucaHuii pacTUTENBHOCTH JiecocTenu [1prnoo-

CKOT'O TIATO, BBHIIIOIIHEHHBIX COTPYAHMUKAMHE JIA0OPATOPUH IKOJIOTHH U re00oTa-
Hukn [ICBC CO PAH na Tepputopun HoBocuOupckoii o0acTi U AJITalCKOTO
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kpas (puc. 1). B mporpamme IBIS 7.2 [16] mocTpoeHa BanoBas Tabiuiia, Koropas
obpaborana B mporpammaoM makere JUICE 7.0 anroputmMom Modified
TWINSPAN Classification [17]. B xone 3Toit 00pab0oTKH BIIEICHBI KIacTepHI,
HamboJiee KpPYIHBIE M3 KOTOPHIX pa3feleHBl JOMOJNHHUTENEHO alTrOpUTMOM
TWINSPAN [18]. JIas kaXka0ro Kiiactepa co3JaHbl CBOIHBIC onucanus. Judde-
PEHIUPYIONINE BHIBI BEIICIEHBI IO CIIEIYIONIM KPUTEPHIM: BCTPEIaeMOCTh 00-
nee yeM Ha 20% u Oolee ueM B [1Ba pasa BBIIIE, YeM B JPYTHX KiacTepax. Ha 3a-
KIIIOUMTENIFHOM JTalle aHaln3a OIPENEIeHO IONI0KEHHE THIIOB JIyTOBBIX COO00-
IIECTB Ha TPaJMCHTaX YBIKHEHHS, OOraTCTBA M 3aCOJICHMS MTOYBHI C HCTIOIB30Ba-
HHEM ONTUMYMOB pacTeHuil tora CHOMPH 1 BRIYMCIICHUS CPeTHEB3BEIIICHHBIX CTa-
TYCOB re000TAHUYECKUX OMUCcaHuid [19]. DKonornyeckue rpyImisl BUIOB IO OTHO-
MICHUIO K YBJIAXKHEHHIO yKa3aHbI coryiacHo padote E.IT. [Ipokomsena [20].
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Puc. 1. Kaprocxema paiioHa ucciieioBatusi: / — reo00TaHHYECKHE OTMCAHHS,
2 — rpanuusl necocreny; 3 — [Ipuobckoe mwiaro; 4 — rpaHuilbl AnTailckoro Kpast
u HoBocubupckoit obnactu
[Fig. 1. Map of the study area: / - Releves; 2 - Forest-Steppe area; 3 - Priobskoe plateau;
4 - Borders of the Novosibirsk and Altai Regions]

O6muk [IprnoOckoro TaTo oNpeenseT YepeIoBaHHe TPEX THUIIOB JIaHmad-
TOB: KOJIOYHOW JIECOCTENH, OaJOUYHBIX CHCTEM M JICHTOUHBIX OOpoB. Komounas
JIeCOCTeNh MPEACTABIET COOON COUeTaHNE MACCHBOB MENIKOJIMCTBEHHEBIX JIECOB
10 3amajuHaM (KOJIKOB) U O€3JIECHBIX JTyTOBO-CTEIHBIX yJacTKoB [6, 10, 21]. Jlns
3TOH TEPPUTOPUH XapaKTEPHO PA3BUTUE CYXOIOIBHBIX JIyTOB C IpeodiaganueM
snakoB: Dactylis glomerata, Festuca pratensis, Calamagrostis epigeios, Bro-
mopsis inermis 1 np. B TpaBoCcTO€ MEXKOJIOYHBIX JIYTOB MOXHO TMPOCIEIANUTH
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HM3MEHEHHUE BIIOBOTO COCTaBa OT XapaKTEPHOTO ISl OEPE30BBIX JIECOB TPABOCTOS
IO HACTOSIINX W OCTCITHEHHBIX JIyTOB.

Banmouynble cHCTEMBI IPENCTABISAIOT CO00M ApO3HOHHBIC 00pa3oBaHusi, cHop-
MHPOBaHHBIE BOJHBIMU TTOTOKAMH B MPOIIJIOM U HacTosmieM [22, 23]. Ha teppu-
topun [IpnoOCKOTO MIaTo OHM XapaKTEPU3YIOTCS BBEICOKHM (HIOPUCTHICCKAM
pasHooOpazueM, KOTOpoe OMpeIeIsieTCs] pa3HOOOpa3ueM SKOTOIIOB U H30JLIIHCH
OamouHbIx cucteM [24]. [To ckitoHaMm 6anok (GOPMHUPYIOTCS OCTSITHEHHBIE CYXO-
JOJNBHBIC ¥ HACTOSIINE CyXOJOJNBHBIE JIyTa, a OJIKe K KPOMKE Jieca — JIECHEIe
CyXoJonbHbIe ITyTa [7].

JlenTouHbIE GOPBHI C(HOPMHUPOBAHBI O JIOKOWHAM JPEBHETO CTOKA, OHH TsI-
HyTCcst monmocamu 110 400 KM TMHOM ¢ ceBepo-BOCTOKA Ha foro-3aman [25, 26].
[To omymrkam OOPOBBIX JIEHT pacIpoCTPaHEHEBI OCTEITHEHHBIE M CyXHe IIyTa, chop-
MHUpPOBaHHBIE U3 JYTOBO-CTEIHBIX, IYTOBBIX, CTEITHBIX ¥ CHHAHTPOITHBIX pacTe-
Hui. Bo BHyTpeHHeH 9acTi 0opa pa3BHBAIOTCA JIyTra, 0Opa30BaHHBIC JIyTOBBIMH
¥ JTyTOBO-JIeCHBIMU Bugamu [11, 12].

CornacHO reo0OTaHHYECKOMY PalOHHPOBAHHMIO, JiecOoCcTemHas 30Ha [1pnoo-
ckoro iaTo Haxoautes B KOxHO-IIproOCKOM JlecOCTEmHOM OKpyTe JIeBOOEpexkK-
HoO# [IprnoOckoii JiecocTenmHoi moAnpoBuHIMK [27]. B cooTBeTCTBHU ¢ KapTOit
«buomer Poccumy» ucciieayemast tepputopusi oTHocuTcst k Toboso-IIprooeckomy
JiecocTentHOMY Onomy [28].

Pe3yabTarhl ncciiefoBaHus U 00CyKIeHUE

B pesymbrare KiacTepHOTO aHaj M3a MaccHBa Tre0OOTaHMUYECKHUX OIHMCAHWN
ObLIO BEIZENIEHO 6 THIOB cooO0mIecTB. MX momoskeHne Ha BEIyNTHX SKOJIOTHYE-
CKHX TpaJueHTaxX (puc. 2) U coctaB Tpynn JudQepeHIMpYOmuX BHI0B (Tad-
JIUIIa) TO3BOJIAIOT MPOBECTH HKOJIOTHUCCKYIO MHTEPIIPETANNIO JTYTOBBIX THIIOB
COO0MIECTB W ONPEACTUTh UX MECTO B CHCTEMaX JOMHUHAHTHOH W (IIOpHCTHYE-
CKOH KJTacCU(HUKAITUA PaCTUTEIBHOCTH.

[lepBerii THI COOOIIECTB MPEICTABISAET OCTEITHEHHEIE COIOHIIEBATEIC TyTa, Ha
cXeMe OpIMHAINH 3aHMMAIOIIHe KpaiHWE ITOJIOKECHUS Ha O0OMX TpaareHTax.
OHH XapaKTepu3yIOTCs OTHOCUTEIHLHOH OETHOCTHIO BHOBOTO COCTaBa (B cpel-
HeM 22-25 BusoB Ha 100 M%) U paspexeHHOCTHIO TpaBocTos (50-55%). Jlomu-
HaHTaMH BBICTYIAIOT COJIEBBIHOCIMBEIE KcepoMme3ohHuTsl Artemisia pontica,
A. rupestris, Galatella biflora, Seseli strictum n TeMukcepodUTsl Artemisia ni-
trosa, Allium nutans. AHaJIOTHYHBIE COOOIIECTBA MIMPOKO PACIIPOCTPAHEHBI HA
TeppuTopru bapabuHckoi fiecoctenu ¥ KyllyHIUHCKOM cTENH, Tlie paccMaTpH-
BalOTCSI B COCTaBE TPYMITHI (pOpMannii COJOHIIOBO-COJIOHYAKOBBIX JTYTOB OJHO-
nMeHHoro Kiacca (opmanuid [29]. [lo yciaoBUsSM yBI&XKHEHHS OHH COOTBET-
CTBYIOT IEPEXOJly OT JYTOCTEIHOTO K cyxoiyroBomy [30]. C mosumuii diropu-
CTUYECKOM KiaccH(HKAIMA OHU OTHOCATCS K corosy Galatellion biflorae
Korolyuk 1993 u3 coctaBa nopsinka Brachypodietalia pinnati Korneck 1974 u
knacca Festuco-Brometea.
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Puc. 2. OpauHaiyst TUIIOB JYTOBBIX COOOIIECTB: / — OCTEHEHHBIE COJIOHLICBATHIC JIyTa;
2 — OCTENHEHHbIE JyTa; 3 — HACTOALIME CyXOAOJbHBIE JIyra; 4 — CyXHe JeCHbIE JIyTa;
5 — COMOHYAKOBAThIE JIyTa; 6 — ChIPbIE JIECHBIE JIyra

[Fig. 2. Ordination of meadow types: / - Steppe solonetz-like meadows; 2 - Steppe meadows;
3 - Typical dry meadows; 4 - Dry variants of forest meadows; 5 - Solonchak-like meadows;
6 - Wet variants of forest meadows]

CuHonTHyecKasi TadJma

[Synoptic table]

Tum coobrrecTBa [Community type]

ITocTosiHcTBO [Constancy], %

98

1 2 3 4 5 6
Uwucno onucanuii [Number of reléves] 9 36 236 173 42 20
I'pynmsl, uddepeHIUpyOHe OAMH THIT COOOIIECTB
Limonium gmelinii (Willd.) Kuntze 89 17 2 3 15
Seseli strictum Ledeb. 89 6 2 1 24
Artemisia nitrosa Weber ex Stechm. 78 3 1 . 7
Silene multiflora (Ehrh.) Pers. (Gb) 45 17 4 2 22
Puccinellia tenuissima Litv. ex V.I. Krecz. 67 . . 10
Odontites vulgaris Moench 56 . 3 1 17
Koeleria cristata (L.) Pers. (FB) 45 6 2 . 10
Festuca pseudovina Hack. ex Wiesb. (FB) 34 9 10 7
Sedum telephium Czer. 45 6 1 3
Saussurea salsa (Pall.) Spreng. 45 1
Polygonum patulum M. Bieb. 34
Goniolimon speciosum (L.) Boiss. 34 . . . .
Stipa pennata L. (FB) 11 81 30 20 5
Veronica spuria L. 11 47 5 12 5
Thymus marschallianus Willd. (FB) 45 17 7 .
Asparagus officinalis L. (FB) 45 4 12 5
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Tum coobrrecTBa [Community type]

[TocTosiHcTBO [Constancy], %

1 2 3 4 5 6

Yucio onucanuii [Number of reléves] 9 36 236 173 42 20
Salvia stepposa Des.-Shost. 22 2 2
Thesium refractum C.A. Mey. 22 1 2 . .
Convolvulus arvensis L. . 22 61 26 26 20
Berteroa incana (L.) DC. 11 9 49 5 3
Dracocephalum nutans L. 9 47 8 .
Cynoglossum officinale L. 34 2 5
Rumex acetosella L. . 21 . . .
Pulmonaria mollis Wulfen ex Homem. (Cm—Cs) 20 26 66 10 20
Brachypodium pinnatum (L.) Beauv. (Cm—Cs) 11 5 57 7 10
Lathyrus pisiformis L. 20 22 53 . 10
Rubus saxatilis L. (Cm—Cs) 9 2 49 3 15
Rosa majalis Herrm. 11 5 46 . 5
Filipendula stepposa Juz. 22 3 45 10 5
Viola hirta L. 9 7 42 3 15
Solidago virgaurea L. 11 13 37 3 .
Artemisia macrantha Ledeb. 11 4 36 5
Geranium bifolium Patrin ex DC. (Hs-Gb) . 2 29 . 5
Sonchus arvensis L. 11 12 13 93 30
Jacobaea erucifolia (L.) G. Gaertn.,
B. Mey. & Scherb. 22 9 8 10 oL
Cenolophium denudatum (Hornem.) Tutin 11 6 4 13 69 30
Carex aspratilis V1. Krecz. (FP) . 60
Melilotus dentatus (Waldst. & Kit.) Pers. 2 57
Astragalus sulcatus L. 9 55
Gypsophila perfoliata L. 2 48
Oxytropis glabra DC. . 43 .
Festuca rubra L. . 3 41 5
Cichorium intybus L. 12 2 38 .
Cirsium esculentum (Siev.) C.A. Mey. (Ce) 2 1 36 5
Glaux maritima L. (S-J) . 31
Medicago lupulina L. 4 3 24
Parnassia palustris L. . . . 24 .
Filipendula ulmaria (L.) Maxim. (MA) 3 2 22 7 85
Heracleum sibiricum L. (Cm—Cs) . 3 36 5 75
Veronica longifolia L. (MA) 11 1 18 10 75
Angelica sylvestris L. (MA) 1 14 10 75
Rumex confertus Willd. 7 20 15 60
Phleum pratense L. (MA) 5 23 5 55
Urtica dioica L. 4 9 3 45
Crepis sibirica L. (MA) 17 40
Carex riparia Curtis . 1 . 40
Poa palustris L. 3 4 3 35
Angelica decurrens (Ledeb.) B. Fedtsch. 1 35
Anthriscus sylvestris (L.) Hoffm. (MA) 1 . 35
Lysimachia vulgaris L. 7 3 30
Aconitum volubile Pall. ex Koelle (Cm—Cs) . 4 30
Arctium tomentosum Mill. 2 5 . 25
Trollius asiaticus L. (Cm—Cs) 3 3 25
Carex atherodes Spreng. 1 3 25
Rhinanthus vernalis (N.W. Zinger) 1 25

Schischk. & Serg.
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[TocTosiHcTBO [Constancy], %
1 2 3 4 5 6

Tum coobrrecTBa [Community type]

Yucio onucanuii [Number of reléves] 9 36 236 173 42 20
I'pynmsl Bug0B, audhepeHIUPYONIHe ABa THIIA COOOIIECTB
Seseli ledebourii G. Don 34 34 4 3 3
Allium nutans L. 34 31 2 2 3
Artemisia rupestris L. 67 3 6 4 55
Plantago salsa Pall. 56 . 1 . 34 .
Hordeum brevisubulatum (Trin.) Link 34 . . 1 48 15
Phleum phleoides (L.) H. Karst. 34 72 75 33 3
Artemisia glauca Pall. ex Willd. . 64 34 8 . .
Lithospermum officinale L. . 47 38 18 7 5
Nonea rossica Steven . 34 50 7 . .
Origanum vulgare L. . 11 35 46 3 5
Agrimonia pilosa Ledeb. . 3 26 30 3 5
Lathyrus pratensis L. . 31 33 82 29 90
Vicia sepium L. . 3 12 58 12 90
Serratula coronata L. . 9 1 55 3 45
Phragmites australis (Cav.) Trin. ex Steud. . 14 1 3 43 45
Potentilla anserina L. . . 2 1 55 35
I'pynmel BugoB, auddepeHnupyonme 3—5 THIIOB COOOIIECTB

Jacobaea vulgaris Gaertn. 34 22 38 2 3
Potentilla argentea L. 56 31 35 7 7
Stipa capillata L. 45 36 22 1
Veronica spicata L. 78 53 64 12 . .
Filipendula vulgaris Moench 78 67 62 92 19 20
Astragalus danicus Retz. . 42 68 55 19 5
Centaurea scabiosa L. . 59 50 42 3 10
Iris ruthenica Ker Gawl. . 53 35 57 7 .
Fragaria viridis Weston 34 95 79 93 12 20
Vicia cracca L. 11 72 51 88 65 85
Calamagrostis epigeios (L.) Roth 11 95 57 83 50 35
Ranunculus polyanthemos L. 11 42 60 51 48 55
Thalictrum simplex L. 11 20 35 84 88 85
Sanguisorba officinalis 22 17 7 71 48 85

Ipumeuanue. JlnarnoctTuyeckue Buabl CMHTakcoHOB: Ce — coto3 Cirsion esculenti, Cm—Cs —
nopsaok Carici macrourae-Crepidetalia sibiricae, FB —xnacc Festuco-Brometea, FP—xnacc
Festuco-Puccinellietea, Gb — cow3 Galatellion biflorae, Hs-Gb — cowo3 Heracleo sibirici-
Geranion bifolii, MA — xnacc Molinio-Arrhenatheretea, S-J — mnopsnok Scorzonero-
Juncetalia gerardii.

Bropoit i mpencTaBiseT OCTENHEHHBIE JTyTa, WHAWIUPYIOIHECS MPHCYT-
CTBHEM IIMPOKO PACHPOCTPAHEHHBIX JYTOBO-CTEIHBIX THIIOKCEPO(MUTOB M Te-
MukcepoduToB: Stipa capillata, S. pennata, Cleistogenes squarrosa, Festuca
valesiaca, Helictotrichon desertorum w np. OCTEITHEHHBIE JIyTa MIMPOKO TMPe/I-
CTaBICHEI B JiecocTend [IprnoObsi, rae COXpaHmINCH MPENMYIECTBEHHO 10 OITyII-
KaM Oepe30BBIX KOJIKOB U CKIIOHAM OBPAKHO-0aJIOYHBIX cHCTeM. OHHM OTHOCSTCS
K rpymre GopMannii OCTEITHEHHBIX CYXOJOMBHBIX JYTOB, KiIaccy (hOpMaIHii Cy-
XOZOJIBHBIX JIYyTOB. DTO, KaK IPAaBHUIIO, MTOJIMIOMIHAHTHEIE COOOIIECTBA, XapaK-
Tepusyromuecs corocnionctBoM Calamagrostis epigeios, Poa angustifolia, Peu-
cedanum morisonii n 1p. BumoBoe 60raTcTBO COOOIIECTB COCTABISACT B CPEAHEM
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35-40 BuoB Ha 100 M* ¢ IPOEKTHBHBIM MOKpPEITHEM 80-90% (peske 65-75%). ITo-
JIO’)KCHHE COOOMEeCcTB Ha 54—55- CTymeHsX TpalreHTax YBIaKHEHUS COOTBET-
CTBYET CyXuM JyraMm. B cxeme ¢iopucTiueckoi kmaccupukanuy JaHHBIE JTyTa
TaKKe OTHOCSTCS K MOpAnKy Brachypodietalia pinnati, Ho onoxxeHue ux B CH-
CTEME COI030B HE ONpeeseHo. B ciuctemMe JOMUHAHTHO#H KilacCH()UKALIIH 3TH CO-
o0rIecTBa OTHOCATCS K TpyTie popMariii OCTEITHEHHBIX CYXO0I0IBHBIX JIyTOB B CO-
cTaBe Kiacca popManuii CyXOI0NbHBIX JIYTOB.

Tpertunit THTI 0OBEAMHSET COOOIECTBA TPYIITBI (POPMAITHIA HACTOSIINX CYXO-
JIONIBHBIX JTyTOB, TOCIIOJICTBYIONINX Ha W3y4deHHOW Teppuropuu [7]. OHu mpen-
CTaBIISIOT OCHOBHBIE CEHOKOCHBIE YTOAbS B JIECOCTEITHBIX JTaHAmadTax. ITO Ipe-
HMMYIIECTBEHHO Pa3HOTPAaBHO-3JIaKOBBIE OOTaTOBHIOBBIE COOOMIECTBA (B CpEeIHEM
50-55 BujoB Ha 100 M? ¢ MPOEKTHBHBIM MOKPHITHEM 85-95%) C JIOMUHMPOBA-
HHEM KCepoMe30(HUTOB M dYMe30(pUTOB: Bromopsis inermis, Poa angustifolia,
Calamagrostis epigeios, Dactylis glomerata, Filipendula vulgaris, Pimpinella
saxifraga u np. Ha rpagueHTe yBIIaXKHEHUSI OHH COOTBETCTBYIOT 56-i CTyIEeHH,
YTO XapaKTEPHO IS CBEXHUX U cyxux JyroB. OHHU oTHOCSTCS K Kitaccy Molinio-
Arrhenatheretea, nopsnky Galietalia veri Mirkin et Naumova 1986, coro3y
Trifolion montani Naumova 1986.

UYeTBepTHIH TUIT IPEACTABISACT IMUPOKO PAaCIIPOCTPAaHEHHEIE JIECHBIE JIyTa, KO-
TOpHIE B [IEJIOM XOPOIIO COXPaHIIIICh, TaK KaK pacIiojlaraloTcs Ha yJacTKax, Ko-
TOpBIE OTHOCHTENIFHO PEAKO pacTiaXuBaIOTCs, — OMYIIKaX MEIKOIMCTBEHHBIX JIe-
coB ¥ moyisHaX. C TO3HMIMH JTOMHUHAHTHOW KIacCH(UKAIMH OHH OTHOCSATCS K
rpymme GopManuii JIECHBIX CYXOIOJBHBIX JIyTOB, Pa3BUBAIOIINXCS Ha IOYBAX
YMEPEHHOTO YBJIAXXHEHUS. JJOMHHAHTAMH COOOIIECTB SBISIOTCS Brachypodium
pinnatum, Bromopsis inermis, Rubus saxatilis, Fragaria viridis, Calamagrostis
epigeios. BumoBoe 0OraTCTBO TPaBSIHOTO MOKPOBAa COCTABISAET B CpeaHeM 45—
50 Bu0B, IpoeKTUBHOE NOKpbITHE — OT 75 10 100%. [1o OTHOWIEHHIO K YBIaX-
HEHHIO OHH COOTBETCTBYIOT CYXHUM H CBEXKHM IIyraMm. B cucteme QopucTiye-
CKOH KiTaccU(UKAIIMK OHH BXOIAT B cocTaB cotoza Heracleo sibirici-Geranion
bifolii Korolyuk et al. 2016, mopsinka Carici macrourae-Crepidetalia sibiricae
Ermakov et al. 1999, xnacca Molinio-Arrhenatheretea.

[TaTerit THI BKITIOYAaeT B ce0sl COOOIIECTBA COOHYAKOBATHIX PAa3HOTPABHO-
3JIaKOBBIX JIYTOB. [lepeMeHHbII pekuM YBIaKHEHUS, IPUBOISIIINA K aKKyMYyJIIsi-
UM COJICH B BEPXHUX FOPU30HTAX MOYBHI, OMpeaessieT (GoOpMHPOBaHHE [IEHO30B
C BBICOKOW BCTPEYaEMOCTHIO COJIEBBIHOCIHBBIX KCEPOME30(HUTOB, 3yMe30(pUTOB
u ruapome3odutoB Jacobaea erucifolia, Glaux maritima, Parnassia palustris,
Carex aspratilis v np. 1 TOMUHUpOBaHUEM B TpaBocToe Calamagrostis epigeios,
Agrostis gigantea, Elytrigia repens, Hordeum brevisubulatum, Cenolophium den-
udatum, Sanguisorba officinalis n np. BumoBoe 60ratcTBO COOOIIECTB COCTAB-
nseT B cpeaHeM 25 BuaoB Ha 100 M%, mpoekTHBHOE MOKphITHE 75-90%. Takue
JIyTa CX0KH C COOOIIECTBAMH I'PYTITEI (hopMaruid 00JIO0THO-COTOHYAKOBBIX JYT'OB,
KJjacca (opMarmid COJIOHIIOBO-COJIOHYAKOBBIX JIyTOB, onmucaHHbiMKu T.A. Baru-
HOU i bapa6sl u Kymynmuackoii crenu [27]. OHE pactipocTpaHeHbI IPEHMYy-
IIECTBEHHO 110 HU3MHAM, B JOJIMHAX MAJIBIX PEK, B MEXTPUBHBIX TOHMKEHIX, Ha
OKpamHax CBHIPBIX KOJKOB. Ha TpaameHTe YBIAXHCHHS aHAIN3HUPYEMBIC
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COO0IIeCTBa pacroyiarafoTcs Ha 61—62-i CTYIEeHSX, YTO COOTBETCTBYET YBIIaXkK-
HEHHUIO CyXUX U CBEXKUX IyroB. OHM oTHOCATCS K Kiaccy Festuco-Puccinellietea,
nopsiaky Scorzonero-Juncetalia gerardii Vicherek 1973 u corosy Cirsion
esculenti Golub 1994,

lecToii THIT COOOIIECTB 0OBEANHSET CHIPBIC JTyTa, ANATHOCTHPYIOLITAECS BbI-
COKOW aKTHBHOCTBIO Filipendula ulmaria, Kadenia dubia, Dactylis glomerata,
Anthriscus sylvestris, Angelica sylvestris. OHH pa3BUBAIOTCS B YCJIOBHSAX TOBBI-
IIEHHOTO YBJIAYKHEHHsI, OOBIYHO 110 MIOHIKEHISIM peibeda, ¥ Ha 5TOM TpaJHeHTe
3aHUMAIOT KpalHee ITOI0KEHNE, COOTBETCTBYS YPOBHIO BIaXKHBIX JTyTroB. Ha rmo-
maam 100 M2 BcTpeuaeTcst 40—45 BHIIOB, IPOCKTHBHOE MOKPHITHE OOBIYHO JOCTH-
raeT 90—-100%. CrIpble Jyra, Kak U 4eTBepThIH TUI, OTHOCATCS K coto3y Heracleo
sibirici-Geranion bifolii, aTo IOT4epKUBACT UX MPEUMYIIECTBEHHO BTOPUYHBINA
MOCJICJICCHONM XapakTep. B JOMWHAHTHOW KJIaCCU(UKAIIMA OHH OTHOCSTCS K
rpymre GopManuii JECHBIX CyXOAOJNBHBIX JIYTOB.

Takum oOpazom, (opMaTHM30BaHHBIA aHAIH3 T€OOOTAHHUYECKUAX OTMHCAHUI
MTO3BOJIHJI BBISIBUTH Pa3HOOOpa3ne JIyTOB Ha BRICOKAX YPOBHSIX HEPapXUH Kak B
JIOMWHAHTHOM, TaK ¥ BO (IOPHCTHUYECKOHN cucTeMe kiaccupukanun. Criemyet
OTMETHTb, YTO HAOIIOIAETCSI YeTKOE COOTHOIICHHE MEXKAY rpynnamMu ¢popma-
OUH ¥ COI03aMH, YTO OTPaKaeT KOIOTHIECKH OPHEHTHPOBAHHBIA XapaKTep
000WX CHCTEM.

Bosbiie OIOBHHBI M3 TUATHOCTHYECKH 3HAYMMBIX BUAOB (65 u3 95) sBis-
1oTcs T QepeHITMPYOMUAMHE JIJIS OAHOTO M3 IIECTH TUIIOB COOOIIECTB (CM. Tab-
nuiy). B cuity cBoell OTHOCHTEIIEHO BBICOKOH CTEHOTOITHOCTH JaHHBIC BHIIBI
UMEIOT HauOoJNbIIee WHANKAIIMOHHOE 3HadeHHe. OCTEIHEHHBIE COJOHIIEBATHIC
nyra (1-d THI) WHAAOUPYIOTCS reMuranobutamu Limonium gmelinii, Seseli
Strictum ¥ Ap., KOTOPbIE BRIHOCAT YMEPEHHOE 3aCOJICHHE TOYB. MHOTOIETHHE JTy-
TOBO-CTCITHBIE THUIIOKCEPOPUTHI, KCEpOME30pUTHI W TEeMHUKCEPOPHUTH Stipa
pennata, Veronica spuria ¥ 1p. OOBIYHBI JIJISI OCTEITHEHHBIX JIYTOB (2-W THTI) U
JYyroBBIX cTereld. Ha cyxomombHBIX Myrax u 3ajexkax (3-if TUI) XxapakTepHO MpH-
CYTCTBHE JIBY- U MHOT'OJICTHUX TeMUKCEpOPUTOB U Kcepomesodutor Convolvulus
arvensis, Berteroa incana n ip., KOTOpBIE TUATHOCTHPYIOT HaPYIICHHBIE MECTO-
oburtanus. MHorojeTHue kcepome3opuTsl U 3yme3ohutsl Pulmonaria mollis,
Brachypodium pinnatum n np. oObeIMHIIIICE B TPYIITY, KOTOpask HHAUIHPYET
CyxWHe JIecHbIe Jyra (4-i Tum). Takue BUAB IPEITOYATAIOT OIYIIKA MEITKOJIICT-
BEHHBIX JIECOB W TOJSHBL. COJOHYAKOBATHIE pPA3HOTPABHO-3JIAKOBEIE ITyTa
(5-# THN) MHIUIUPYIOTCS COJEBBIHOCIMBBIMH ME30KCEpOPHUTaMH, dyMe30(hu-
TaMu B Me3orurpodutamu Sonchus arvensis, Jacobaea erucifolia u np., Mmecto-
0OUTAaHUSAMH KOTOPBIX SIBIISTFOTCS ClIa003acoNiCHHBIC HApYIIEHHBIC WM BTOPHY-
HBIE JyTa. B CBIpBIX JyTaX (6-i THIT) BCTpEUYaroTCs IPEUMYIIECTBEHHO MHOT'OJIET-
HHUe 3yMe30(huThl 1 Me3orurpodutsl Filipendula ulmaria, Heracleum sibiricum
u ap. OHU HHIUIUPYIOT BIaYKHBIE MECTOOOUTAHHUS U TPEATIOYUTAIOT II0AOPOI-
HBIC YBJIAKHEHHBIC TTOYBHI.

Enre 16 BumoB UMEIOT BBICOKOE HMHIMKAIIMOHHOE 3HAYCHHUE, SBISACH audde-
PEHIUPYIOIIIMHA IS IBYX THIIOB COOOMIECTB U3 mecTd. OHU IPUYPOUEHHI K OT-
HOCHTETHFHO Y3KUM OTPE3KaM I'paiieHTa YBIAKHEHHS MITH OOTaTCTBA-3aCONCHHS
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nouB. Tak, Artemisia rupestris, Plantago salsa v 1p. XapaKTepHu3yIOT 3aCOJICHHEIE
MECTOOOWTAHMS, BCTPEUasICh Kak B 3aCyIUIMBBIX YCIOBHUSX, TaK U MPU NEpEeMEH-
HOM yBIaxHeHHH. Hambonee MHOTouwMciieHHas rpynmna ¢ Phleum phleoides,
Artemisia glauca u np. XapakTepu3yeT CyXHe MECTOOOWTAaHWS, BHIBI JAaHHOW
TPYIIIBI IPEAIIOYNTAIOT YMEPEHHO CYXHE TOYBHI OCTEITHEHHBIX U CYyXOJOIBHBIX
JYTOB M HE CITIOCOOHEI MTEPEHOCUTD MX 3aCOJICHHE.

OcraBumecst 14 BuioB MeHee cTeHOTOMHBI. Hampumep, rpynma u3 reMukce-
POHUTHBIX B KcepoMe30DHUTHBIX pacTeHui Astragalus danicus, Centaurea scabi-
0Sa W JIp. XapaKTeprU3yeT YMEPEHHO CyXue MecTooOuTanus u auddepermmpyet
OCTEIIHEHHBIC W HACTOSIINE CYXOMONBbHEIE JIyra. MHTepec TakKe IMpeICTaBIsIOT
BHJIBI, OTCYTCTBHE KOTOPHIX B THIIaX COOOIIECTB NMEET TNarHOCTHYECKOE 3HAUe-
Hue. Tak, MHOroOJeTHHE KcepoMe3opHuTsl W dyMme3ohutsl Vicia cracca,
Calamagrostis epigeios, Ranunculus polyanthemos SBISIOTCS TATTHYHBIMA TIPEI-
CTaBUTEISIMH JIyTOBOH paCTUTEIBHOCTH, HO IJIOXO MPEACTABIICHEI HA COJOHIIEBA-
TBIX OCTEITHEHHBIX JIyTax.

3akioueHne

JIyroBas pacTUTENTLHOCTB JIECOCTEIHOM 30HBI [IprOOCKOTO TUIATO XapaKTepr3y-
€TCS BBICOKUM (DJIOPUCTHYECKAM U (DUTOICHOTHYECKUM pa3HooOpasreM. dopma-
TM30BaHHBIA aHANM3 TE0OOTAaHWIECKIX ONFCAHUH ITO3BONSET BBIIEIHUTH KPYITHBIE
THUIBI COOOIIECTB, COOTBETCTBYIOIINX TPyMIIaM (opManuii JOMAHAHTHOU U COIO-
3aM ()IIOPUCTUYECKON KITacCH(UKAIIMN PAaCTUTEIILHOCTH. MHOTHE BB pACTEHHH,
o0aaroniye pa3IMIHONd CTEIIEHbI0 CTEHOTOMHOCTH 110 OTHOIICHHUIO K (pakTopam
YBIIQKHEHHS ¥ OOTaTCTBa-3aCOICHHS II0UB, MMEIOT HHIMKAIIOHHOE 3HAUCHNE IS
Pa3IIIYHBIX OTPE3KOB ATUX TPAMEHTOB. B CHITy 3TOr0 OHM MOTYT CIIYKUTH OCHO-
BOI TSI BBIICTICHUS MITH KOPPEKTUPOBKA ANATHOCTHYESCKUX TPYII BHIOB CHHTAK-
COHOB pa3IMYHOIO paHra B cucteMe (ropucTrueckoil kiaccupukarmu. Judde-
PEHIMPYIOIIIE BUABI BA)KHBI M B KAYECTBE JICTCPMHUHAHTOB B CHCTEME JJOMUHAHT-
HOU Kiaccudukaiyn. Vcrmob30BaHe pacTeHUH, UMEIONIUX WHAWKAIIMOHHOE 3Ha-
YeHHUe, TOATBEPIKICHHOE (POPMAIN30BaHHEIM aHAIM30M, MO3BOJISIET YCTAHOBUTH
COOTHOIIICHNE MEXIY THIIAMH COOOIIECTB, BBIICIICHHBIX B paMKaX Pa3JIYHBIX CH-
CTeM KJIacCH(pUKAIINH, a TAKXKE OIIEHUTh (DUTOIICHOTHYECKOE pa3HooOpasue JIyro-
BOI paCTHTENIFHOCTH C €IWHBIX SKOJIOTUIECKAX TO3UIINH.
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AnHotaumus. B npupoaHo-kiuMarndeckux ycnoBusix HaropHoro Kapa6axa mpo-
U3pacTaeT MHOKECTBO BUOB ChEIOOHBIX, JICKAPCTBEHHBIX U AEKOPAaTUBHBIX PACTCHUN
U BBIPAIMBAETCS LEJBIH CHEKTP OBOIIeOax4yeBbIX KyabTyp. BBy TOro uro oBole-
BOJICTBO 3/1€Ch — OJJHA M3 BAXKHEHIIINX OTpacieil CeIbCKOr0 X03IiCTBA, IPHUOPUTETHBIM
SIBIISICTCS. MCCIIC/IOBAHHUE CEIILCKOXO3SIMCTBEHHBIX BpeauTeNei, Hanboliee 3HaYUMBbl U3
Hux — muHupyrooume Myxu (Diptera: Agromyzidae). VccnemoBanus, mnpoBeeH-
ubleHamu B Haropaom Kapa6axe B nepuo 2018-2020 rr., Ho3BonI BbISIBUTH 16 BU-
JIOB arpOMHM3HJI, NPUHAUIOKAIKMX K 6 pogaM. OHU ObUIM OTMEYEHBI HA OBOILEOaxye-
BBIX, JAMKOPACTYLIMX JEKAapCTBEHHBIX U JICKOPaTHBHBIX pacTeHHsAX U3 45 BUAOB U
14 ponoB B pa3Hbix paitonax Haropuoro Kapabaxa. B pabore npencrasien 0630p Bu-
JIOBOTO COCTaBa MHUHHUPYIOIIUX MYX, W3y4eHbl MOp(oOHoIorniecKkiue 0COOCHHOCTH
UMAaro, CTaJui pa3BUTH KYKOJKU U JMYUHKH, aHAIN3 MOP(HOMETPUH, UCCIIEIOBAHBI
MOP(OJIOrHUECKUE XapaKTEPUCTUKU MUH, YTOUHEHbI PACTCHHSA-X03€Ba, a TAKKE OLle-
HEHAa MHTEHCUBHOCTh U HKCTEHCHUBHOCTbH X MOBPEK/ICHHS arpOMHU3H/IaMU B M3y4eH-
HOM PErroHe 3aKaBKa3bsl.

KiroueBble ci10Ba: arpoMu3uIbl, IMYUHKH, KYKOJIKH, JIUCTOBbIE MUHbI, TeHUTAIb-
HBIN anmapaT, MOBPeXAeHHe, 3aKaBKa3be
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Summary. Mining flies of the family Agromyzidae have been less studied in the
South Caucasus, and such studies are being conducted for the first time in the fauna of
Armenia and Nagorno-Karabakh, which determines the actuality of this study.
The main purpose of the work is to study and present the species composition, morpho-
logical, ecological, biological features and morphometric data of mining flies common
in Nagorno-Karabakh, as well as the intensity and extensiveness of plant infection.
The study of the species composition and features of the development of weed pests
will allow their use in biological methods of weed control.

The study has been conducted by the authors from April 2018 to September 2020
in 6 research stations in various regions of Nagorno-Karabakh (c. Stepanakert, 39°49'N
46°45'E, c. Shushi, 39°45'N 46°45'E, vill. Ivanyan/Askeran, 39°54'N 46°47'E, vill.
Nngi/Martuni, 39°47N 46°53'E, vill. Vank/Martakert, 40°03'N 46°32'E, vill.
Tyak/Hadrut 39°30'N 47°01'E).

The material of the study has been plants' leaves with mines, larvae, pupae devel-
oping in them and imago of mining flies of the family Agromyzidae (Diptera) which
were reared from larvae. The collection and statistical processing of the material were
carried out by methods generally accepted for the family Agromyzidae. In addition to
morphological features, the male genitalia, in particular, the distifallus was also studied
for accurate identification of the species. During the whole study, 722 individuals
(312 & and 410 Q) were reared and identified.

In this research we discovered 16 species of mining flies, which belong to the gen-
era Agromyza, Ophiomyia, Amauromyza, Caycomyza, Liriomyza, Phytomyza. 45 spe-
cies of host plants were identified, of which 15 belong to wild medicinal plants, 13 -
cultivated plants, 5 - ornamental plants, 12 - weeds. Studies of the development of min-
ing flies' larvae and pupae of various species in laboratory conditions revealed that at
temperatures above +25°C, the period of pupal development decreases, and at temper-
atures below +25°C, it increases, but for each species there is an optimal temperature,
beyond which the duration of development of larvae and pupae either increases or
ceases. The number of host plants, as well as the data of intensity and extensiveness of
infected plants indicates that the most common polyphagus species are L. sativae,
L. bryoniae and Ph. horticola. According to our data, mining flies affect the following
groups of plants: cultivated plants, wild medicinal, ornamental plants and weeds.
On average, the intensity of various cultivated plants in the species L. sativae varies
between 47-53%, the extensiveness is 58-61%, and the intensity of wild medicinal
plants is 42-47%, the extensiveness is 40-42%. In the L. bryoniae species, the intensity

110



Tpuzopan HM., Ozanucsau B.C., banaau K.B., l'ancman A.I. Budoeoii cocmas

of cultivated plants is 27-32%, the extensiveness is 49-51%, and the intensity and ex-
tensiveness of ornamental plants are 20% and 40%, respectively. All 4 plant groups
were infected with Ph. horticola. On average, the intensity of cultivated plants is 37-
39%, the extensiveness is 53-55%, the intensity of wild medicinal plants is 78-80%,
and the extensiveness is 79%. The intensity of ornamental plants varies in the range of
55-60%, the extensiveness is 70%; the intensity of weeds is 61-64%, the extensiveness
is 67-69%. The most interesting in terms of plant infection are the species of mining
flies belonging to the pests of weeds - A. parca, O. cunctata, Am. leonuri, C. humeralis,
L. endiviae, L. congesta, L. graminivora and Ph. horticola. They can be used as biolog-
ical weed control measures. The most reliable morphological features used in the spe-
cies diagnosis of miners include the structural features of the male genitalia, in partic-
ular the external structure of the aedeagus. The microscopic examination has confirmed
the presence of specific features of the genitalia for each species (See Fig. 2). The study
of morphometric measurements of mining flies showed the presence of sexual dimor-
phism, consisting in the prevalence of morphometric data in females, the least expressed
in the species L. brassicae. The latter is also the most variable species (See Table 2).

The article can serve as a scientific basis for further study of mining flies in the
region, as well as for the development of practical measures in agriculture.

The article contains 2 Figure, 2 Table, 27 References.

Keywords: Agromyzidae, larvae, pupae, leaf mines, genitalia, damage, Transcau-
casus

For citation: Grigoryan NM, Hovhannisyan VS, Balayan KV, Galstyan HG. Species
composition, morphological and eco-biological features of mining flies (Diptera:
Agromyzidae) in Nagorno Karabakh Republic. Vestnik Tomskogo gosudarstvennogo
universiteta. Biologiya = Tomsk State University Journal of Biology. 2023;63:109-131.
doi: 10.17223/19988591/63/7

BBenenne

Munnpytomue Myxu cemeiictBa Agromyzidae sIBISFOTCS OMHAMHI U3 CaMbIX
CHJIBHBIX BPEIUTENICH CEINbCKOXO3IUCTBEHHBIX KYJIBTYp U MOTYT HAHECTH OOITb-
0¥ SKOHOMHYECKUH ymepO Kak TUKHM, TaK M KyJbTYpPHBIM pacTeHusM [1].
BornpiieHCTBO M3 HUX SBISIOTCS MOHO(araMu Win ofmrogdaramu. B pomu pacte-
HUI-X035€B MTOCEBHBIC PACTCHUS TIPEACTAaBICHBI Oonee yeM 150 Bumamu. Maio
W3yUYeHB MUHUPYIOIINE MYXH KaK BPSIUTEIH TPABSIHUCTHIX WITH 36PHOBBIX KYIIb-
Typ [2]. BpemuTensimMu TpaBSHHUCTHIX PACTEHHH SBISIOTCS MHHHUPYIOIIHEC MYyXH
pona Ophiomyia, Amauromyza u Calycomyza. Pon Ophiomyia BximodaeT 6oiiee
160 BunoB [3], pox Amauromyza — 29 [4], a pon Calycomyza — 8 BunoB [5]. Mu-
HUpyoIwe Myxu poga Ophiomyia TOpa’kafoT B OCHOBHOM PacTEHHSI CEMecTBa
CIOXHOIBETHBIX (Asteraceae) [4, 6, 7]. JIMUMHKM TpelIcTaBHTENCH poja
Amauromyza IOpaXaloT INCTOBEIE IIACTUHBL, 00pa3ys ISITHOBUIHBIC MIHBI, HITH
crebmu pactennid [8]. TlpeacraBurenn pona Calycomyza MMPOKO pacrpocTpa-
HeHbl B Heapkrruecknux 1 Heorponmueckux pernonax. M3 pacnpocTpaHeHHBIX B
Heapkruke BunoB Tonbko C. humeralis u C. solidaginis BcTpedaroTcsi Takke B
Esporie.  Bpemutenm  3epHOBBIX  KynbTyp  (Agromyza,  Liriomyza,
Pseudonapomyza, Phytomyza n Cerodontha) pactipocTpaHeHbl Bo BceM Mupe [2].
Pon Agromyza Brimrouaet 6osiee 150 BumoB [9], oOuTaronIMX B YMEPEHHOM KIH-
marte CeBepHOTO nonymapwsi, 99 u3 KOTOpHIX BCTpeuatoTcs 1o Beel [Taneapkrike
[4], 72 Buna — B FOro-3anaguoii EBpone, 34 Bunma — B Ucnanuwm [5].
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BcesgHBIME  cUHMTAIOTCS ~ TPEACTABUTENM  TpeX pOINOB  cemeiicTBa
Agromyzidae: Cerodontha, Liriomyza w Phytomyza [10]. Bun Liriomyza sativae,
BcTpevatommiicst B CeepHoit, [lentpanpaoit n FOxHOI AMepuke, IIMPOKO pac-
npocTpaHeH B A3un, AQprKe U Ha ocTpoBax THUXOro okeaHa, HO HE BCTpEYaeTCs
B EBponie u Apctpaimu [11, 12]. Bun L. bryoniae — npeuMyIIeCTBEHHO TMajieapK-
THYeCKHid, oouTaromuii B EBporte, A3un u CeBepHoit Adpuke [12, 13]. [Tpencra-
BUTENH poaa Phytomyza B OCHOBHOM 3apakatOT MOJIOJIBIE JIUCTHSI C TOHKHUM 3ITH-
nepmucoM [14, 15]. Jluunaku Buna Ph. horticola yaime MUHUPYIOT pacTeHHS Ce-
MeHcTBa KpecTonBeTHBIX (Brassicaceae), 6060BbIx (Fabaceae) 1 clto)KHOIBETHBIX
(Asteraceae) [16, 17].

[IpencraButenu cemelictBa Agromyzidae Ha FHOxHOM KaBkaze mano u3y-
4eHbl, a B ayHe Apmenun 1 Haropaoro KapaGaxa momoOHas HaydHas paboTa
MPOBOJUTCS BIEPBBIE, UTO OOYCIOBIMBACT aKTyaIbHOCTh JTAHHOTO HCCIIEIOBA-
HUs. OCHOBHOW MENBI0 PabOTHI SBISIETCS IIPEICTABICHHE THIIOBOTO COCTaBa,
MOP(DOIOTHYECKHX, SKOJIOTHIECKHX, OMOJOrHYeCKIX 0coOeHHOCTEH W Mopdo-
METPHUECKHX JaHHBIX MUHUPYIOIINX MYX, paciupocTpaHeHHBIX B Haropaom Ka-
pabaxe, a TakKe SKCTEHCHBHOCTH M HHTCHCHBHOCTH 3apakKeHHsI pacTeHuit. 13y-
YEeHNE BHIOBOTO COCTaBa W OCOOCHHOCTEH Pa3BUTHS BpEAUTENCH COPHSIKOB CIIO-
cOOCTBYET MX HCIIOJIb30BAaHUIO B OHOJIOTHYECKOW OOphOE ¢ COPHBIMH BHJIAMH
pacTeHui.

MartepuaJibl 1 METOABI

MarepranoM ucclieTOBaHUS MOCIYXWIA COOpaHHBIE M3 Pa3HBIX PETHOHOB
(r. Cremmanakept, 39°49'N 46°45'E, r. lllymu, 39°45'N 46°45'E, ¢. UBansH/Acke-
pan, 39°54'N 46°47'E, c. Haru/Maptynun 39°47'N 46°53'E, c. Baux/Maprakept
40°03'N 46°32'E, c. Tax/Tanpyt 39°30'N 47°01'E) (cm. puc. 1) Haroproro Kapa-
0axa JUCThS PaCTCHUI ¢ MUHAMH, PA3BUBAIOIINMICS B HUX JIHIMHKAMH, KyKOJ-
KaMd W BBIBCJICHHBIMA W3 HHX HMaro MHHHUPYIONINX MyX ceMelcTBa
Agromyzidae (Diptera). COop u craTHcTHYeckas oOpaboTka MaTepHalia OCy-
MIECTBIISUTACH OOMICTIPHHSTBIME U ceMeiicTBa Agromyzidae meromamu [18—
20]. DKCTEeHCHBHOCTH TTOBPEKICHHS YCTAaHABIMBAIACH ITyTEM OIPEACICHUS KO-
JIYEeCTBa MOBPEXKICHHBIX pacTennit (%) n3 100 Ha maHHOW TeppUTOpUH, a WH-
TEHCHBHOCTH — IIyTEM yYCTaHOBJICHHSI YHCJIa TOBPEKIECHHBIX JMCTHEB (%) Ha 0f1-
HOM pacTeHHH. V3yueHne BHEIIHETO CTPOSHHSI MUHUPYIONINX MYX, a TaKKe UX
UICHTH(OUKAIS TI0 CTPOSHHUIO TCHUTAIINA CaMIIOB IMPOBOIMIIICEH C HCIONIB30Ba-
HUEeM g poBoro Mukpockona XSZ—0800 Ha 6a3e aboparopuu Oroiorud Ap-
[IAXCKOTO TOCYIapCTBEHHOTO YHHBepcHTeTa. [ mpocBeTieHusT TKaHel OTre-
JIeHHOE OpIOIIKO camIla B TEUYCHHE 5 MUH KHUIITIIIOCE B 10%-HOM pacTBOpe e-
koro Hatpa (NaOH) nmm6o ocTaBisuioch Ha HOYb B X0JoJHOM pactBope NaOH
(10%). [Tocme 3Toro OPIOMIKO MOMEMAIOCh B €MKOCTh C TUCTHILIMPOBAHHOM BO-
o 1 1oOaBIsUIach Karis 5%-HoH YKCyCHOW KHCIIOTBL. 3aTeM OPIOIIKO IepeHo-
cusock B 70%-HbIi pacTBOP 3TUJIOBOTO CIIMPTA U C TIOMOLIBIO MIPENapoBaibHOM
WTJIBI OTJEISUIOCH OT OKPY KAOIIMX MeMOpaH, KyTUKYJIbI U Mbrmil [ 13]. s mud-
(epeHnmany BUIa yIYUTHBAJINCH PACTCHHUSI-X035€Ba, MUHEI, (hOpMa BBIICICHHIH

112



Tpuzopan HM., Ozanucsau B.C., banaau K.B., l'ancman A.I. Budoeoii cocmas

JUYUHKY (TOYEYHAS WUIM HUTCBHUIHAS), PACTIONOKEHHE M KOIMYESCTBO IBIXalIel]
JUYUHOK 1 KyKOJIOK, CTPOEHHUE KPbLIa, XeTOTAKCHSI TOJIOBBI M Tpyau [3, 8, 21, 22].
B X0/1€ BCETO MCCIEN0BAHMS BBIABICHBI U U3ydeHbl 722 ocobu (3123 u 4109).
[To BceM coOpaHHBIM BHIIaM TIPHBOISTCS KOJHMYCCTBCHHBIEC TaHHBIC, AaTa cOopa
n nanHble GPS o pacnonoxenun mect cbopa (Hapuratop GPSmap 62stc). Cra-
THCTHYECKass 00paboTKa MaTepHaia OCYMIECTBIIIIACH MO0 OOIICTIPHHITONH MeTo-
IIFKE C MCIIONIb30BaHNeM t-kputeprs CTIOIEHTa, pa3iniusl CYUTAINCH JOCTOBEP-
HeIMU Tipu p < 0,05.

Pe3yabTarhl cciiefoBaHus U 00CYy:KIEeHHE

B pesymprate mccrnemoBaHWil, MPOBENCHHBIX B PAa3NUUHBIX CTaIOHApax
Haroproro Kapa6axa, oOHapyxeHo 16 BUJIOB MUHUPYIOIIUX MYX, OTHOCSIIIHXCS
K 6 pomam cemeiictBa Agromyzidae (puc. 1). M3ydeHsl ocobeHHOCTH (HOPMHUPO-
BaHUS U TUIBI MUH, [UTATEIFHOCTD Pa3BUTHUS JIMINHOK U KYKOJIOK, OCOOCHHOCTH
CTPOEHUS TIOJIOBBIX OPraHOB UMAro, a Takke YKCTEHCHUBHOCTh M MHTCHCHBHOCTD
TIOBPEXKICHUS PACTCHHN.
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Puc. 1. Craunonapsl Crenanakepta (1), Iy (2), MBansua (3), Haru (4),
Bawnka (5), I'agpyTa (6) no cocrosinuto Ha 1 centsiops 2020 r.
[Fig. 1. The stationary sections of Stepanakert (/), Shushi (2), Ivanyan (3), Nngi (4),
Vank (5), Hadrut (6) as of September 1st, 2020]
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Poa Agromyza Fallen, 1810

Agromyza parca (Spencer, 1986)

Hccnedosannvie obpasyvi: 43, 69, Alopecurus pratensis L. (Poaceae),
r. Hlymm (39°45'32.66"N 46°44'57.43"E), 13-VI-2019; 97, 112, c. Usansan/Ac-
kepad (39°54'45.99"N 46°47'28.19"E), 15-V-2020; 53, 79, Elytrigia repens (L.)
Nevski (Poaceae), c. Hop Mapara/Maptakept (39°47'41.71"N 46°53'10.86"E),
08-V-2020; 784, 99, c¢. Haru/Maprynn (39°47'41.71"N 46°53'10.86"E), 06—
VII-2020.

CaMKu OTKIIAJIBIBAIOT SIATIA ITO KPasiM JIACTHEB. JINUWHKY, TUTASCh ME30(HUIIOM
JUCTAa M TIOCTENICHHO CITyCKasiCh BHH3, O0pa3ylOT YIJIMHEHHBIC IMSATHOBHIHBIC
MUHBL. BHYyTpH 0/1HOW MUHBI MOTYT HaXOJIUTHCS 2—3 MHMUUHKYU. Pa3BuTre TMYMHOK
IaTes 5 mHer npu temneparype 25-26°C. BeineneHne TUYMHKA CHadYaa Ipe-
CTaBIIsICT COOOM 3EICHOBATYIO MOJYKHIIKYIO MAcCy, KOTOpast MO3KE pa3pacTaeTcs
B TBEPJIOE, YEPHOE CKOIICHUE. DKCTEHCHBHOCTh M HHTCHCUBHOCTD MTOBPEXKICHUI
pacTeHHid BCeX BUOB, IO HAIIUM HAOJIOJICHUSAM, IPUBOIATCS B TaOl. 1. OKyKiH-
BaHHE B TIOYBE; KYKOJIKH HMEIOT KPaCHOBAaTO-KOPHYHEBBIN OKpac. Pa3BuTre Kyko-
sok jymutest 10—15 nueit (26 + 2°C).

Tlonosvie opeanwl. JlncTrdhaITyC CAaMIIOB COCTOUT U3 IBYX COMPHKACAFOIIUXCS
JPYT C IPYTOM KOPOTKUX TPYOOK CBETIIOTO OTTEHKA, CEMEHHAS TIOMITa OOJIBIIIOTO
pasMepa ¢ YUIMHEHHOH TUIAaCTUHKOM (CcM. pHc. 2, 1).

Tab6nauna 1 [Table 1]
IJKCTEHCMBHOCTh U HHTEHCHMBHOCTD MOBPEK/IEHUI PACTeHNI U UX PaCcTeHUsI-X0351eBa
[Extensiveness and intensity of plants' damage and their host-plants]

[ToBpeXIEHHOCTD, %o [umesas
Bun munupy- o
Okcren- | Mutencus- |Pactenus-xo3sesa| ['pymnna pactenuii | cnenuanusa-
OIMX MyX
CHBHOCTh HOCTb LUt
70 30 Alop ecurus CopHbIe pacTeHUs
pratensis
A. parca Juxopacryume Onurodar
65 25 Elytrigia repens | nexkapcTBEHHbIC
pacTeHust
JHuxopacryume
A. varifrons 45-50 3540 Celtis caucasica | nexapcrBenHbie | Onurodar
pacTeHust
Lapsana
O. cunctata 65-80 45-55 grandiflora  |Copublie pacrenus| Omnurodar
Sonchus arvensis
90 65 Ballota nigra | CopHble pacTeHHUs
. Juxopacryume
Am. leonuri 70 75 Lamium album | nexapcTBeHHbIC Oumurodar
pacTeHust
. Jlukopacryue
Am. flavifrons 50 40-50 Sap onarta nexkapctBeHHbie | Onurodar
officinalis
pacTeHust
€KOPaTUBHbIC
, Ageratum A
C. humeralis 60 30 houstonianum KyanTyé):l:;e pac- | Ousurodar
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[ToBpeXI€HHOCTD, %0 [umesas
Bun munnpy- o
DkcreH- | Murencus- |Pactenus-xo3sesa| ['pymnna pactenuii | cnenuanusa-
OIMX MyX
CHBHOCTh HOCTb st
50 40 Erzgeron. CopHbIe pacTeHus
canadensis
Juxopacryume
C. cynoglossi| 40-45 30-35 Rubia tinctorum | nexapcrBenuble | Omnurogar
pacTeHust
. 50-60 3540 Lactuca sativa OBoIHEIC KyTb-
L. endiviae TypHble pacTenust | Onurodar
60—65 20-30 Lactuca chaixii | CopHble pacTeHus
30 30 Phaseolus OBOIIHBIC KYITb-
vulgaris TYPHbIE PACTEHHUS
Juxopacryume
L. congesta 65-70 45 Trifolium repens | nexapcrBeHusie | Omurogar
pacTeHust
55-60 40 Medzcggo CopHbIe pacTeHUs
lupulina
4' . 45-50 35-40 Alop ecurus Copuble pacrenust| Onurodar
graminivora pratensis
Abelmoschus
esculentus
Beta vulgaris
Cucurbita pepo
Cucumis sativus Ogo ek
58-61 | 47-53 Solanum BOTILHBIC KYIIb-
/ . TYPHBIE PACTEHHS
lycopersicum
L. sativae Solanum Honugar
melongena
Phaseolus
vulgaris
Ecballium
elaterium Jukopacryiiue
40-42 42-47 Solanum nigrum | nexapcTBeHHbIC
Xanthium pacreHust
strumarium
Beta vulgaris
Brassica oleracea
Capsicum annuum
49-5] 2732 Cucumis sativus | OBOILHBIC KYJIb-
Solanum TYPHBIE PACTEHHS
L. bryoniae lycopersicum TMonudar
Solanum
melongena
JlexopatuBHbBIE
40 20 Zinnia elegans | KynbTypHbIE pac-
TEHUs
Cucurbita pepo
35 3040 Phaseolus | OPOULHbIC Kytb-
vulgaris TYPHBIE PACTEHHS
L. brassicae Honugar
. Juxopacryume
Xanthium
20 20 . JIEKapCTBEHHBIE
strumarium
pacTeHust
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[ToBpeXI€HHOCTD, %0 [umesas
Bun munnpy- o
ONIX MyX DkcreH- | Murencus- |Pactenus-xo3sesa| ['pymnna pactenuii | cnenuanusa-
CHUBHOCTh HOCTb st
Allium cepa
Brassica oleracea OBOIIHbIE KYITb-
53-55 37-39  |Cucurbita maxima Y
Cucumis sativus | > PHPIC PACTCHIA
Raphanus sativus
Cirsium arvense
Malva sylvestris
Taraxacum Auxopacryne
79 78-80 officinale JIeKapCTBEHHBIE
Verbena pacteHui
officinalis
Alcea rosea
Dahlia pinnata | JlexoparuBHbie
Ph. horticola 70 55-60 Leucanthemum | kynerypHbie pac- | ITomudar
maximum TEHUS
Zinnia elegans
Alliaria petiolata
Brassica
campestris
Erysimum
cheiranthoides
67-69 61-64 Galinsoga CopHble pacTeHust
parviflora
Lactuca chaixii
Sisymbrium
loeselii
Sonchus arvensis
Ph JHuxopacryuye
plantaginis 70-75 40-50 Plantago major | nexapcCTBEHHbIE MoHodar
pacTeHust
Juxopacryuye
Ph. lappae 95 50 Arctium lappa | nexapcTBeHHbIC MowHorad
pacreHust

Agromyza varifrons (Coquillett, 1902)

Hccnedosannvie obpasyvt: 713, 119, Celtis caucasica Willd. (Cannabaceae),
r. Crenanaxkepr (39°49'03.46"N 46°45'22.99"E), 25-V-2019; 67,99, ¢. Cxropa-
men/Maptyran (39°42'19.72"N 46°5623.81"E), 02—VII-2019.

JIMYMHKY TOBPEXJAIOT B OCHOBHOM MOJIOJBIC JIMCTBSI JIEPEBHEB HIKHETO
spyca. Ha paHHHX cTamusax pa3BUTHS JTHIUHKHE 00pasyloT OeCIIOpsA0UHbIE Y3KUE
THEHHBIE MHHBI, KOTOpPBIE 110 MEPE pa3BUTHS IMIMHOK MTPe0oOpa3yroTcs B MATHO-
BHUJHBIC MUHEI. BrIzeneHus TMYMHOK B BUIE TOYEK U KydeK. PazBuTne nmmunHOK
mates 4-5 naei (25-26°C).

OKyKITMBAIOTCS B IOYBE, KYKOJIKH CHa4aja HMEIOT CBETIIO-KENITHIN IIBET, 3a-
TEM CTaHOBSTCS MypIypHO-OpamkeBbIMU. Pa3Butme Kykomok mmatcs 10—
15 nueii.

116



Tpuzopan HM., Ozanucsau B.C., banaau K.B., l'ancman A.I. Budoeoii cocmas

Tlonosvie opeanvi. Me3ogamryc B3pOCIBIX CAMIOB JUIMHHBIA W TOHKHUH,
IUCTA(AILTYC COCTOUT U3 IBYX IUIACTHH, COCIMHEHHBIX BHU3Y, CEMEHHAs [TOMIIa
MaJleHbKas (puc. 2, 2).

Cemennan nomna

RucTudanyc

Mesodaam

0

Hoxxa cemennian
| nomn v Cemeinan nouna

\( |

Cemennan nomna

Comanman

Puc. 2. JlopcoBeHTpasibHast NpOEKLHMs TeHUTATINHA CAMIIOB UCCIIEYEMbIX BUIOB:
1 — Agromyza parca, 2 — A. varifrons, 3 — Liriomyza congesta, 4 — Ophiomyia cunctata,

5 — Amauromyza flavifrons, 6 — Am. leonuri, 7 — Calycomyza humeralis, 8 — C. cynoglossi,
9 — Liriomyza sativae, 10— L. bryoniae, 11 — L. brassicae, 12 — Phytomyza horticola,
13 — Liriomyza endiviae, 14 — L. graminivora, 15 — Phytomyza plantaginis, 16 — Ph. lappae
[Fig. 2. Dorsoventral projection of the male genitalia of the studied species: / - Agromyza parca,

2 - A. varifrons, 3 - Liriomyza congesta, 4 - Ophiomyia cunctata, 5 - Amauromyza flavifrons,

6 - Am. leonuri, 7 - Calycomyza humeralis, 8 - C. cynoglossi, 9 - Liriomyza sativae, 10 - L. bryoniae,
11 - L. brassicae, 12 - Phytomyza horticola, 13 - Liriomyza endiviae, 14 - L. graminivora,

15 - Phytomyza plantaginis, 16 - Ph. lappae]
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Pon Ophiomyia Braschnikov, 1897

Ophiomyia cunctata (Hendel, 1920)

Hccnedosannvie obpasyet: 43, 59, Sonchus arvensis L. (Asteraceae), r. Cre-
nanakept (39°49'03.46"N 46°45'22.99"E), 11-VII-2018; 67, 49, c. Usansn/Ac-
kepan (39°54'45.99"N  46°47'28.19"E), 17-VII-2019; 43, 39, Lapsana
grandiflora M. Bieb. (Asteraceae), c¢. Huru/Mapryau (39°47'41.71"N
46°53'10.86"E), 26-VI1-2019; 53, 59, c. Cxtopamen/Maptynu (39°42'19.72"N
46°56'23.81"E), 02—VII-2019.

MuHbBI 00pa30BBIBAIOTCS OT KPacB BEPXHEH H/HITH HIXKHEH CTOPOHBI JIHCTOBON
TUTACTHHBI, UMeS BUJ OYCHH Y3KOTO MPOXO[a, 3aTeM, JOCTUTHYB LIEHTPAITHHEIH
KUJIKH, TAIAHKA TPOHHUKAIOT B HETO, U, Oeast Me30( LT IIEHTPAILHON 1 OOKO-
BBIX JKWJIOK, Ha JINCTOBOH ITACTHHE (OPMUPYIOT MHHBEI C OOKOBBIMH BETBSIMH.
Ha maganpHOM dTame (opMHUpPOBAaHWSI MIHBI BHIICICHHUS JIMINHKA HUTCBUIHBIC
[23], mo3xe B BUJIE TPAHYJI, PACIIOJIOKEHHBIX Y OCHOBAHUS IIEHTPATTFHOM JKIIIKH.
PazBuTre mmunHOK npu Temmneparype Bozayxa 25+1°C gmutcs 5—6 mHei.

OkyKkIMBaHHE MPOUCXOIUT B IEHTPATHOW Xwiike. B Hawame paszButus Ky-
KOJIKH JKENTOBATO-OeIble, B KOHIIC Pa3BUTHS — cepble. Pa3BuTHE KyKOJKH IIPH
25+3°C mmures 7-13 gaeit.

Tlonogvie opeanwl. JlucTrdamyc camIia CI0KHBIA 1 ACHMMETPUYHBIHN, Ha TIpa-
BOH CTOpOHE BHIHO YAJIMHEHHOE MEIITKOBHIHOE 0OpaszoBaHue. basudamryc co-
CTOWT M3 JIBYX BETBEH, COCTMHEHHBIX MEXIy coOoi y ocHoBaHM. COOKy Oa3u-
¢damryc V-00pa3Hoii hopMbl, a ¢ JopcanbHOi cToporbl — G-00pa3nblit [24]. Ce-
MEHHas IMoMIIa 0OJIbINas C ITUPOKON TUTACTHHOM (CM. pHC. 2, 4).

Pon Amauromyza Hendel, 1931

Amauromyza leonuri (Spencer, 1971)

Hccnedosannvie obpasyvt: 43, 39, Lamium album L. (Lamiaceae), c. Ua-
usn/Ackepan (39°54'45.99"N 46°47'28.19"E), 07-VII-2018; 24, 42, c. ba-
napa/Ackepan  (39°55'22.76"N  46°39'50.08"E), 13-VI-2019; 58, 9%,
c. Haru/Maprynu (39°47'41.71"N 46°53'10.86"E), 26-VI-2019; 13, 49, Ballota
nigra L. (Lamiaceae), r. lllymm (39°45'32.66"N 46°44'57.43"E), 06-VII-2019;
34,29, c. Apas/Ackepan (39°44'36.6"N 46°44'59.15"E), 15-VII-2019.

Ha paHHHX cTagusx pa3BUTHS JIMYMHKH 00pa3yrOT JUIMHHBIC H Y3KHE JTHHEH-
HbIe MUHBI Ha BEpXHEH MOBEPXHOCTH JIMCTA, a TIOCJIC JIMHbKA OHU (POPMHUPYIOT
OOJIbIIIME 3€JIEHbIE IIATHOBUIHBIE MUHBL. 110 BCell MIMHE JIMHEMHOW MUHBI BBIJIE-
JICHWS JITYMHKA HATCBHUIHBIC, 2 B HOBOOOPa30BaHHBIX ISITHOBHIHBIX MHHAX BbI-
JISJICHUS B BUJIC OTIEIBHBIX 3€JICHBIX Ky4eK. Pa3BUTHE JTMUWHKA TIPU TEMIlepa-
Type Bo3ayxa 25 + 2°C mnutcs 4-5 mHel, mocie 9ero JMYMHKA BBIXOIAT U3 MUH
Y TaJaf0T Ha 3eMJTIO, a B JTAOOPATOPHBIX YCIOBHSIX MOYKHO YBUAETH MPOAYKTHI B
BHJIE 3€JICHOH MAaCChl, KOTOPBIC JINYMHKH TIOJTHOCTHIO BBIBOST HA MIOBEPXHOCTH
MTOYBKI MEepeT OKYKIMBaHHEM. [10TOM JTHYMHKH yTiTyOIsIFOTCS B TIOYBY Ha 1-3 cM
1 OKYKITUBAIOTCS.
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Yepes 10-15 MHUH KYKOJIKH TTPHOOPETAIOT KPaCHOBATO-KOPHYHEBBIA OKpac.
Pa3Butue kykonku npu remmneparype Bosnyxa 25 + 1°C gnutest 10-12 queid.

Tlonosvie opeanvi. luctudantyc camia CHMMETPHYHBIA, COCTOUT U3 JBYX KO-
POTKHX H IIUPOKUX TPYOOK, Y OCHOBAHHSI KOTOPBI BUIHEIOTCS OOKOBBIE 00pa3o-
BaHus. [1o pasmepam cemeHHas moma OoJbINe earyca, IMeeT IHUPOKYIO Tia-
CTHHY W OOJNBIIOE YameoOpa3Hoe OCHOBAaHME, KOTOPHIE XapaKTePEeHBI IS daH-
HOTO poJia (cM. puc. 2, 6).

Amauromyza flavifrons (Meigen, 1830)

Hccnedosannvie obpaszyvi: 13, 59, Saponaria officinalis L. (Asteraceae),
r. Cremanakept (39°49'03.46"N 46°45'22.99"E), 23-V-2019; 49, c. Huru/Map-
Tynu (39°47'41.71"N 46°53'10.86"E), 26-V1-2019; 23, 69, c. Usansu/Ackepan
(39°54'45.99"N 46°47'28.19"E), 14-V1-2020.

JlramHKH 06pa3yIoT KOPOTKHE JTHHEIHbIE MUHBI, KOTOPEIE BIIOCIIEICTBUH TIpe-
00pa3yroTcst B Oclible TATHOBUIHBIC MHHBI. PazButhe mmumbku nipu 24 + 1°C
mmTes 6—7 queit. OOBIYHO HA OTHOM JUCTOBOW IUIACTHHE HAXOAUTCS 2—3 MUHBI.
[IpomyKTHI BEIIENECHHH IMIMHOK UIMECIOT BU] PACCESIHHBIX KyUeK B MUHE.

Kykonkn nmMeroT KpacHOBaTO-KOPHIHEBEIH OKpac. OKyKIMBaHUE TPOUCXOINAT
B [IOYBE, pa3BUTHE NPHU TeMuepaType Bozayxa 25 + 2°C murcs 13-14 aneit.

Tlonosvie opeanvi. Jluctudamryc camiia COCTOUT U3 OJTHOW Mapbl CKIEPOTH3H-
POBaHHBIX YEPHBIX OTPOCTKOB, BEPXHSS YaCTh KOTOPBIX IMMOKPHITA ITHITOBHIHOM
MeMOpaHoi. CeMeHHas TIoMITa KpyIHasi ¢ HeOOJIBIINM Yameo0pa3sHOM OCHOBa-
HueM [25] (eM. puc. 2, ).

Pon Calycomyza Hendel, 1931

Calycomyza humeralis (von Roser, 1840)

Hccnedosannvie obpasyvl: 43, 69, Erigeron canadensis L. (=Conyza
canadensis (L.) Cronquist) (Asteraceae), c. Bank/Maprakept (40°03'01.96"N
46°32'38.52"E), 06-V1-2019; 73, 109, c. Bamapa/Ackepan (39°55'22.76'"N
46°39'50.08"E), 12-16-VI-2019; 24, 39, r. Hlymm (39°45'32.66"N
46°44'57.43"E), 30-VI-2019; 68, 119, Ageratum houstonianum Mill.
(Asteraceae), r. Cremanakept (39°4929.78"N 46°45'08.14"E) 05-10-VII-2020.

Ha nepBoii cTamim pa3BUTHS IMYAHKA OT KpaeB JINCTa 00pas3yloT y3Kue, Ko-
POTKHE TMHEHHBIC MIHBI, KOTOPBIE Ha OoJiee MO3IHIX CTAANSIX Pa3BHTHS Ppeo0-
pa3yrorcst B OeJble, MUPOKKe MSATHOBUIHBIC MUHEL. B MuHEe HacumThiBaeTcs 1—
2 muunHkH. VX pasputue putes 4 qus (26 £ 1°C). OkykiuBaHUE MPOUCXOJUT B
MUHE C TTOTPYKCHAEM B BBIICTCHUS. Jl0 OKYyKIIMBAHUS JIMIMHKA U30aBISIFOTCS OT
MUIIEBAPUTEIHHBIX BBIICICHHH, 3aTEM C TOMOIIBHIO SKCKPEMEHTOB 3aKPEILISTIOTCSI
Ha CTCHKe MHUHBL. Ha mepeHnx mim 3afHIX Kpasix KYKOJIKH COXPAHSIOTCS 3aCOX-
e CKIICCHHBIE DKCKPEMEHTHI. L[BET KyKOJIKH — OT TEMHO-KOPUYIHEBOTO JI0 Yep-
HOTO; pa3sutHe Jumtces 8—10 mHei (26 + 1°C).

Tlonosvie opeanvi. Jluctudamtyc COCTOUT M3 OJHOHN Mapbl CHMMETPUYHBIX
OKPYIJICHHBIX OTPOCTKOB. Me3odaryc cuepean TOHKHM, a ¢ BEHTPAJIBHOM CTO-
POHBI 3aMeTeH HeOoMbIoi n3rnd. CeMeHHas ToMIla MaJieHbKas (CM. puc. 2, 7).
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Calycomyza cynoglossi (Frick, 1956)

Hccnedosannvie obpasyvi: 93, 139, Rubia tinctorum (L.) (Rubiaceae)
c. Harn/Maptynn (39°47'41.71"N 46°53'10.86"E), 20-25-VI-2019.

JInunHkH 00pa3yIoT MUPOKUE THHEHHBIC, OECTIOPAT0YHbIC MUHBI Ha BEpXHEH
MTOBEPXHOCTH JINCTOBOH IIACTHHBL. HUTEBMIHBIC BBINEICHHUS PACIIONOKEHEI IO
Bcell mnmHe MHHBL JIMUMHKN OKYKIMBAIOTCS 3a TpeIeiNaMH MHHBI, Pa3BUTHE
e 45 gaer (26 = 1°C). Kykosiku xkento-opaHkeBbie, pa3BUBarOTCS 10—
12 mmeit (26-27°C).

Tlonosvie opeanvl. JlucTudaniyc caMmiia COCTOUMT U3 JIByX YacTei, KOTOpbIe
c3a1u (C BEHTPAILHON CTOPOHBI) YaCTUYHO CBS3aHEI APYT ¢ ApyroM. CeMeHHast
MTOMITa KpYITHAsl ¢ TEMHOM IMUPOKOM TUCTAIBHOH IIACTHHOM (CM. pHC. 2, §).

Pon Liriomiza Mik, 1894

Liriomyza endiviae (Hering, 1955)

Hccnedosannvie obpasyet: 93, 89, Lactuca chaixii Vill. (Asteraceae), c. Ali-
rectan/Ackepan (39°52'18.76"N 46°43'43.43"E), 27-29-VII-2018; 133, 129,
Lactuca sativa L. (Asteraceae), c. IBansa/Ackepan (39°54'45.99"N
46°47'28.19"E), 07-10-VII-2020.

JInunHKHM Ha paHHEW CTaJIUH Pa3BHTHS 00pa3yIOT JIMHEHHBIE MUHBI HA BEPX-
Hel OBEPXHOCTH JIMCTOBOH INIACTHUHEI, BHYTPH MUHBI BBIZICJICHUE HUTEBUAHOE U
MPOTSTUBAETCS 10 Beeit umnHe MUHBL. Ha Goree mMO3MHUX CTAIUAX Pa3BUTHUS JIU-
HEHbIE MUHBI IPEOOPa3yIOTCsl B OKPYTJICHHBIC FUTH CJIETKa BBITSHYTHIC MISATHO-
BHJHBIC MHUHBI, BBIJICJICHIS B KOTOPBIX HMEIOT B Ky4eK. BHYTpH MATHOBHIHBIX
MHH MOTYT OJHOBPEMEHHO Pa3BUBATHCS 2—3 IWYMHKU. Pa3BUTHE MOCIETHUX
qatest 45 nueit (25 + 1°C). Ha oxHoMm aucTe pacnojaraercs 1—2 msSTHOBUIHBIC
MuHBI. OKyKITMBaHWE POUCXONT B TIOYBE, PA3BUTHE KYKOJKH AnUTCs 8—11 qrei
(26 £2°C).

Tlonoevie opeanvi. Jluctudannyc camia HeOONBIIONW, Me30odanTyc JUTMHHBIA W
TOHKHIA, CEMEHHAsI TIOMITa OOJIBIIIAs C IMUPOKON M TEMHOH TIACTHHOM (CM. pHC. 2, 13).

Liriomyza congesta (Becker, 1903)

Hccnedosannvie obpasyvi: 63, 99, Trifolium repens L. (Fabaceae) c. Wpa-
usu/Ackepan  (39°54'45.99"N  46°47'28.19"E), 3-11-VII-2018; 34, 59,
Phaseolus vulgaris L. (Fabaceae), c. HWpansu/Ackepan (39°54'45.99"N
46°4728.19"E), 29-VII-2018; 73, 89, Medicago Iupulina L. (Fabaceae),
c. Bark/Maprakept (40°03'01.96"N 46°32'38.52"E), 17-19-VII-2019.

JlmamHKE 00pa3yroT CONMPHUKACAIOIINECs IPYT C IPYTOM JIMHEHHBIC MUHBI Ha
BepxHel moBepxHOCTH JcTa. HoBBIE chopMIpOBaHHEIE MHHBI HMEIOT 3€IEHOBA-
TBHI OTTEHOK, 3aTEM CTAaHOBSTCS OCJIBIMH, BBHIICICHIE B BUIE KYUYeK pa3MeIIeHbI
0 TIeHTPY MUHBIL. PazBuTue munHOK jumutes 4 nus (26 = 1°C). OkykiIvMBaHHAE B

nouBe. KyKoJku OT KenToro 70 KOpUIHEBOTO IBETA; PA3BUTHE UTUTCS 8—9 mHEH
(27 £ 1°C).
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Ionosvle opeanvi. Ilo cpaBHEHHIO ¢ Me30(haTycoM IUCTH(AIITYC camiia
OOJIBIIION M ITHUPOKH, Me30(aluTyC KOPOTKUI U TOHKWI, CEMEHHAS TIOMIIa TAK¥Ke
OoJbIas, IMEET TEMHYIO U IIAPOKYIO IIACTHHY (pHC. 2, 3).

Liriomyza graminivora (Hering 1949)

Hccnedosannvie obpasyvr: 73, 99, Alopecurus pratensis L. (Poaceae),
c. Bansn/Ackepan (39°54'45.99"N 46°47'28.19"E), 15-17-V-2020; 343, 59,
Elytrigia repens (L.) Nevski (Poaceae), c¢. Hop Mapara/Maprakept
(39°47'41.71"N  46°53'10.86"E), 08-V-2020; 43, 6%, c. Huru/Maprynu
(39°47'41.71"N 46°53'10.86"E), 06—VI1I-2020.

B3pocipie ocobn 00BIYHO OTKIIAABIBAOT STHITa HA BEPXYIIKH JINCTHEB MK T10
KpasiM. JImauaKy, moenas Me30(h I 1 TOCTENEHHO CITyCKAsICh C BEPXYIIKH JIHCTA,
00pa3yroT nuHelHbIe MUHEL. 110 Mepe pa3BUTHS THIMHOK Y3KHE JIMHESHHBIC MHHBI
MTOCTETIEHHO pacImupsroTcs. Ha oJJHOM JricTe MOTYT OBITh 2—4 JIMYMHKH; B MHHAX
JTAHHOTO BUIA CIIydaeTcss OOHAPYXUTh JIMUMHOK MHUHHPYIOIINX MyX Agromyza
parca. BeraeneHus: TMINHOK HUTEBUIHBIC, YACTO 00BEIUHSIIOTCS, 00pasyst KyUKy.
PaszButue nuunHoK muTcs 4—5 nuei (26 + 1°C). OKyKIMBaHKE B IIOYBE, KYKOJIKH
JKEJITO-OpaHkeBble, pazBuBatoTcs 10—12 maeit (27 £ 1°C).

Tlonosvie opeanvl. Iuctudamryc camiia MMpoOKUH U CHMMETPUYIHBIN, Me30-
(damryc ToHKHH 1 KopoTkuid. CeMeHHas MOMITa HMEET KOPOTKYIO HOXKKY U ITHUPO-
KYIO TUTaCTHHY (cM. puc. 2, 14).

Liriomyza sativae (Blanchard, 1938)

Hccnedosannvie obpaszywt: 63, 59, Phaseolus vulgaris L. (Fabaceae), c. Upa-
usH/Ackepan (39°54'45.99"N 46°47'28.19"E), 31-V-2018 — 21-VII-2018; 34,
59, Cucumis sativus L. (Cucurbitaceae), r. Illymm (39°45'48.87"N
46°45'04.89"E), 4-VII-2018; 13, Solanum melongena L. (Solanaceae), r. I1lymmm
(39°45'48.87"N 46°45'04.89"E), 4-VII-2018; 67, 109, Solanum Iycopersicum L.
(Solanaceae), c. UBansu/Ackepan (39°54'45.99"N 46°47'28.19"E), 23-VII-
2018; 19, Beta vulgaris L. (Amaranthaceae), ¢. Uansu/Ackepan (39°54'45.99"N
46°4728.19"E), 28-VII-2018; 14, 39 Ecballium elaterium (L.) A. Rich.
(Cucurbitaceae), r. Crenmanakept (39°49'29.78"N 46°45'08.14"E) 29-VIII-2018;
29 Cucurbita pepo L. (Cucurbitaceae), c. Tax/Taapyr (39°30'25.96"N
47°01'54.74"E), 8-I1X-2018; 53, 29 Solanum nigrum L. (Solanaceae)
c. Tax/Tagpyr (39°30'25.96"N  47°01'54.74"E), 15-1X-2018; 24, 39,
Phaseolus vulgaris L. (Fabaceae), c. Aiirecran/Ackepan (39°52'18.76"N
46°43'43.43"E), 11-VII1-2019; 23, 19, Xanthium strumarium L. (Asteraceae),
c. Usansn/Ackepan (39°54'45.99"N 46°47'28.19"E), 6-1X-2019; 13, 19,
Solanum melongena L. (Solanaceae), . Illymmu (39°45'48.87"N 46°45'04.89"E),
12-VI-2020; 63, 109, Cucumis sativus L. (Cucurbitaceae), ¢. Hopartox/Acke-
pan (39°55'42.09"N 46°46'31.17"E), 7-VII-2020; 113, 49, Abelmoschus
esculentus (L.) Moench (Malvaceae), c. Aiirectan/Ackepan (39°52'18.76"N
46°43'43.43"E), 2—-VIII-2020.

JlnunHKE 00pa3yroT HepeTYJIApHbIC IMHEHHBIC MHHBI Ha BEpXHEH MTOBEPXHO-
CTH IJIUCTA, KOTOpHIE TPW HAJMYMH JIMYMHOK MPHOOPETaIOT TEMHO-3EICHYIO
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okpacky. Ilo cTopoHamM MHHBI pa3MeIICHBI Oy KUIKHE HATCBUAHBIC BBIICIICHHSL
[pn manpHeieM pa3BUTHI JIMIUHOK, TIO MEPE YBEIMUCHHS pa3MEepOB Tela, MPHHA
muH yBermmunBaetcs ¢ 0,25 no 1,5 mm. KonmmiecTBo MTHYMHOK 3aBUCHT OT TUIOIIAAN
nmcTa. B KoHIE pa3BUTHS 3peITble JIMIHHKH IPOTPHI3AI0T HOMYKPYTITYIO IIEh B AIIH-
ZIEPMICE, TIOKPEIBAIOIIEM MHHY, Yepe3 KOTOPBIH IIOKUAAIOT MUHBI IS OKYKJTHBaHHS
B 1I0uBe. KYKOJKH OT CBETIIO-KENTO-OPaHKEBOTO 10 30JI0THCTO-KOPHIHEBOTO ITBETA.
Hamm nccnemoBanms ToKa3aiti, 4To y OOJBIIMHCTBA BUIOB MHHUPYIOIIIX MyX Pa3-
BUTHE KYKOJIKH 3aKaHUMBACTCSI B PaHHHE YTPEHHHE Yachl. bymyun BcesmHbIM, BHL
MOBPEKIACT MHOTHE OBOIITHEIE U TMKOPACTYIIHE JIEKAPCTBEHHBIC PACTCHISI, HAHOCS
yiiepd B OCHOBHOM TIpefcTaBHTeNsiM ThIKBeHHBIX (Cucurbitaceae), 000OBBIX
(Fabaceae), macneHoBbIX (Solanaceae), croxxHOIBETHBIX (Asteraceae) [26].

Tlonosvie opeanwt. Jluctrdantyc camiia COCTOUT U3 0JfHOTO Oynb0yca, B Top-
COBEHTpAIEHOH MPOEKINH BUAHA XapaKTepHast 00KOBAast BHITYKIIOCTh THCTH(AI-
myca. CeMeHHas TOMIIa ¢ TOHKOW HOXKOM M aCHMMETPUIHON CPaBHUTEIHHO y3-
KOH TUTACTHHO# (cM. pHc. 2, 9).

Liriomyza bryoniae (Kaltenbach, 1858)

Hccnedosannvie obpasyvt: 63, 69, Cucumis sativus L. (Cucurbitaceae),
c. Alirectan/Ackepan (39°52'18.76"N 46°43'43.43"E), 4-VII-2018; 34, 39,
Capsicum annuum L. (Solanaceae), c. Hoparrox/Ackepan (39°55'42.09"N
46°46'31.17"E), 14-VII-2018; 53, 92, Solanum lycopersicum L. (Solanaceae),
c. UBansn/Ackepan (39°54'45.99"N 46°47'28.19"E), 23-VII-2018; 23, 4%, Beta
vulgaris L. (Amaranthaceae), c. Upansu/Ackepan  (39°54'45.99"N
46°47'28.19"E), 28-VII-2018; 13, 39, Zinnia elegans Jacq. (Asteraceae), ¢. Ho-
partox/Ackepan (39°55'42.09"N 46°46'31.17"E), 9-VII-2019; 33, 39, Brassica
oleracea L. (Brassicaceae), c. IBansa/Ackepan (39°54'45.99"N 46°47"28.19"E),
29-V-2020; 58, 69, Beta vulgaris L. (Amaranthaceae), c. Bansn/Ackepan
(39°54'45.99"N 46°47'28.19"E), 4-VI-2020; 13, 29, Solanum melongena L.
(Solanaceae), r. Hlymm (39°45'48.87"N 46°45'04.89"E), 12—-VI-2020.

JlramHKY 06pa3yIoT TYHHEIBHBIE CIIUPAbHBIE MUHBL. B oTimame ot L. sativae
MUHBI L. bryoniae MOTYT pacIiojlaraThCsl Kak Ha BEPXHEH, TaK M Ha HIKHEH T10-
BEPXHOCTHU JIMCTOBOM IJIaCTUHBI. MUHBI HAa HUKHEH MMOBEPXHOCTH JIUCTA 3HAYUU-
TENbHO JUTMHHEE, YeM Ha BEpXHEW. BEIAENCHNST MMEIOT MPEPHIBUCTO-TNHEHHBINA
BrJ WM (popMy ONH3KO PacmoIOKEHHBIX APYT K ApyTry TodeK. OKyKIUBaHUE B
mouBe. B mporiecce pa3BUTHS IBET KYKOIKH MEHSETCS C 30JIOTHCTO-KEJITOrO Ha
TEMHO-KOPUYHEBBIN. By yun BcesgHBIM, BHI TTOBPEKAqaeT PAaCTEHHUs, IO Kpau-
Hel Mepe, 16 cemeiicTB [16], B 0COOEHHOCTH SABJISIETCS BPEIUTENIEM ITACTICHOBBIX
(Solanaceae), TeikBeHHBIX (Cucurbitaceae) n 6060BbIX (Fabaceae) [27].

Tlonogvie opeanwl. JlucTrdaITyCc camMIa COCTOUT U3 IBYX OyJIbOYCOB C 3aKpyT-
JeHHBIMU KOHIaMu. CeMeHHas TOMITa UMEET OTHOCHTENBHO IIIMHHYIO, TOHKYIO
HOXXKY ¥ YaCTHYHO CHMMETPHUYHYIO TUTACTHHY (CM. puc. 2, 10).

Liriomyza brassicae (Riley, 1885)

Hccnedosannvie obpazywvi: 63, 79, Phaseolus vulgaris L. (Fabaceae), c. Vpa-
usn/Ackepan (39°54'45.99"N 46°47'28.19"E), 31-V-2018 — 21-VII-2018; 34,
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42, Cucurbita pepo L. (Cucurbitaceae), c. Tax/Tampyr (39°30'25.96"N
47°01'54.74"E), 8-1X-2018; 43, 39, Xanthium strumarium L. (Asteraceae),
c. Bansn/Ackepan (39°54'45.99"N 46°47'28.19"E), 6-IX-2019.

Jlramakm 00pa3yroT OecropsIouHbIe, TNIOTHO PAacoONOKEHHBIE CIIMPaIbHbIC
MUHBI, YTO BO MHOTHX CIIy4YasX 3aTpyAHSCT ONpeAeeHUe NIHHB MAHBI. MHHBI
pacroararoTcsi Ha BEpXHEH WM HIUKHEHW MOBEpXHOCTH NrucTa. OKyKIHMBaHUE B
moyBe. KyKoJiK# CBETII0-KOPHYHEBHIE.

Ilonosvie opeanvt. B 10pcOBEHTPATBHOM POCSKITMH JUCTU(DAITYC HATTOMAHACT
TpyO4aTyr0 KOCTh C IOBYMS YTONIICHHBIMHA KpasMd — TronoBKamu. CeMeHHas
romIra 0oJIbIas, UMEET ITUPOKYIO IIacTUHY (cM. puc. 2, 11).

Pon Phytomyza Fallen, 1810

Phytomyza horticola (Goureau, 1851)

Hccnedosannvie obpasyt: 23, 49, Cirsium arvense (L.) Scop. (Asteraceae),
r. Crenanakept (39°49'29.78"N 46°45'08.14"E), 8-1V-2018 — 1-V-2018; 147,
169, Sonchus arvensis L. (Asteraceae), r. Cremanakepr (39°49'29.78"N
46°45'08.14"E), 23-1V-2018 — 15-VI-2018; 18, 29, Dahlia pinnata Cav.
(Asteraceae), c. MBansn/Ackepan (39°54'45.99"N 46°47'28.19"E), 24-31-V—
2018; 14, 2 Q, Galinsoga parviflora Cav. (Asteraceae), c. Hopartox/Ackepan
(39°55'42.09"N 46°46'31.17"E), 31-V-2018 — 26-VI-2018; 2 @, Phaseolus
vulgaris L. (Fabaceae), c. Hopartox/Ackepan (39°55'42.09"N 46°46'31.17"E), 31—
V-2018; 18, 19, Leucanthemum maximum Ramond (DC.) (Asteraceae), r. Cre-
nanakept (39°49'29.78"N 46°45'08.14"E), 13-VI-2018; 53, 2 @, Malva sylvestris
L. (Malvaceae), . Ackepan (39°56'31.83"N 46°49'57.97"E), 14-V1-20138; 63, 49,
Sisymbrium  loeselii L. (Brassicaceae), 1. Cremanakept (39°49'29.78"N
46°45'08.14"E), 19-22-VI-2018; 23, 29, Cucumis sativus L. (Cucurbitaceae),
c. Hoparrox/Ackepan (39°55'42.09"N 46°46'31.17"E), 28-VI-2018; 29, Lactuca
chaixii Vill. (Asteraceae), c. Alirectan/Ackepan (39°52'18.76"N 46°43'43.43"E),
27-VII-2018; 28, 79, Taraxacum officinale Wigg. (Asteraceae), r. CTenanakept
(39°49'29.78'"N 46°45'08.14"E), 1-27-V-2019; 33, 19, Brassica campestris L.
(Brassicaceae), c. Hop Mapara/Maprakept (40°06'00.56"N 46°52'55.06"E), 9—-V—
2019; 13, 29, Erysimum cheiranthoides L. (Brassicaceae), c. Hop Mapara/Mapra-
kept (40°06'00.56"N 46°52'55.06"E), 9-V-2019; 23, Alliaria petiolata (Bieb.)
Cavara et Grande (Brassicaceae), r. Iy (39°45'48.87"N 46°45'04.89"E), 23—
V-2019; 243, 49, Raphanus sativus L. (Brassicaceae), r. lllynm (39°45'48.87"N
46°45'04.89"E), 2-VI-2019; 1J&, 19, Cucurbita maxima L. (Cucurbitaceae),
r. Mymm (39°45'48.87"N 46°45'04.89"E), 2-VI-2019; 19, Alcea rosea L.,
(Malvaceae), r. Crenanakepr (39°49'29.78"N 46°45'08.14"E), 4-VI-2019; 13,
Zinnia elegans Jacq. (Asteraceae), T. Cremanakept (39°4929.78"N 46°45'08.14"E),
15-V1-2019; 343, 49, Verbena officinalis L. (Verbenaceae), c. Huru/Maprynu
(39°47'41.71"N  46°53'10.86"E), 26-VI-2019; 343, 79, Allium cepa L.
(Amaryllidaceae), c. BansiH/Ackepan (39°54'45.99"N 46°4728.19"E), 8-24-V—
2020; 19, Brassica oleracea L. (Brassicaceae), c. Hoparrox/Ackepan
(39°55'42.09"N 46°46'31.17"E), 29-V-2020.
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JlnunHakr oOpasyroT OeroBaThle JIMHEHHBIC MUHBI. BEBIZeNIeHUS B BHIE Ma-
JMEHBKUX PAaBHOMEPHO pAcCMOIOKEHHBIX TOUeK. MUHBI HAuMHAIOT (HOpMHPO-
BaThCS HA BEPXHEH MOBEPXHOCTH JIMCTOBOW INTACTHHBI, 3aTEM JIMIMHKH TIEPEXO0-
ISIT Ha HIDKHIOIO ITOBEPXHOCTP JINCTA M OKYKJIMBAIOTCSI B MHHE OJIVKE K KpasMm
JICTA WM BIOJb IEHTPANBbHOM KITKA. Kykomku Gernbre.

Tlonosvie opeanwt. Jluctudanyc caMmiia TOBOJIBHO Pa3BHUTBIA, PACXOMSITHICS
OT OCHOBaHWUs, V-00pa3Hblid. CeMeHHasl ToMITa MaJieHbKast (CM. puc. 2, 12).

Phytomyza plantaginis (Robineau-Desvoidy, 1851)

Hccnedosannvie obpasyvi: 33, 69, Plantago mayor L. (Plantaginaceae), .
Acxkepan (39°56'31.83"N 46°49'57.97"E), 24-V-2018; 443, 59, c. Hopartox/Ac-
kepan (39°55'42.09"N 46°46'31.17"E), 31-V-2018; 53, 79, c. Aiirecran/Acke-
pan (39°52'18.76"N 46°43'43.43"E), 6-VI-2018; 43, 69, c. Huru/Maprynu
(39°47'41.71"N 46°53'10.86"E), 20-V-2020.

JlnunHakH 00pa3yroT Oenble JIMHEHHbIC MUHBI Ha BEpXHEHW W HUKHEH TTOBEpPX-
HOCTSIX JINCTOBOM IJIACTHHEI. BrIeneHus cpaBHATETFHO OOJBIINE, B BUAE TOUYCK,
PACIIONIOKEHHBIX IPYT OT Apyra Ha OONBIIOM pacCTOSHHUH. Pa3BuTHe ITMYNHKH
npu temmeparype 24 £ 1°C mmrtcs 5—-6 maed. OKyKIMBaHHWE MPOWCXOAWUT B
KOHIIC MHUHBI, BJIOJIb IIEHTPAIBHON 1 OOKOBBIX JKUJIOK, a TAK)KE HA YepEIIKax, Bbl-
MSTYMBasl TIEpeIHUE YEepHBIC IBIXajblla depe3 dIHUACpMHC THcTa. Pa3sBuTne Ky-
KoJku mpu Temrepatype 22 + 1°C gnutcs 13 gaei.

Tonosvie opeanwi. lpu Bune cOOKy BUAHBI ABE TTONYKPYTIIBIE YaCTH JUCTH-
¢damryca. CeMeHHas TOMIIAa IMEET CHMMETPHYHYIO TIACTHHY CPEIHETO pa3Mepa
(cm. puc. 2, 15).

Phytomyza lappae (Goureau, 1851)

Hccnedosannvie obpasyvt: 83, 129, Arctium lappa L. (Asteraceae),
c. Bank/Maprakepr, Hemomasieky ot pekn  XadeH  (40°03'01.96"N
46°32'38.52"E), 9-VII-2019.

JlnunHKH 00pa3yroT JTMHHBIC, OeTble TMHEHHBIE MUHBI HA BEpXHEH IMOBEPX-
HOCTH JTUCTOBOH IIACTHHEI, KOTOPBIE TSHYTCS BIOJb KHJIOK U 9aCTO UMEIOT YT-
JoBaThIf BuA. Ha OMHOM JHCTE MOXKHO HACUMTATh MHOXKECTBO JITYWHOK, KOTO-
pBIe, OJTHAKO, HE MPOXOIAT Yepe3 KPYITHBIC KUJIKH JIMCTA. BRIIETCHNS THYHMHOK
CpPaBHUTEIBHO KPYITHBIE, PACHIONAraloTCs 10 CTOPOHAM MHHBL. Pa3BuThe IH4u-
HOK jmutcs 4—5 e (26 + 1°C). OKyKJIMBAIOTCS B TIOYBE, PA3BHTHE KYKOJIOK
mmtes 10-13 mueit (26 = 1°C).

Tlonosvie opeanel. B 10pcOBEeHTpaBHON MTPOSKIIMHN 3/Iearyca, Ha JIEBOM CKIle-
POTH3UPOBAHHOM yUYacTKe IHUCTH(ATyca BUAHBI Pa3lIOKCHHBIC B Psi IIUTIOBUI-
HBIe 00pa3oBaHus (cM. puc. 2, 16).

[To HaIIMM JaHHBIM, U3 BBHISBIICHHBIX 45 BHIOB PACTCHHK-X035¢B (CM. TabI. 1)
HarOOJBIIIHA BpeJ MUHHUPYIOIINE MyXH HAHOCST CICIYIOIINM BHUIaM PacTCHUH:
W3 OBOIIHBIX KyNBTYPHBIX — Phaseolus vulgaris, Cucumis sativus, a Taxxe
Cucurbita pepo, Beta vulgaris, Solanum lycopersicum, Solanum melongena,
Brassica oleracea. Tlpu sTOM Hamboiee OmMACHBIMH U YKa3aHHBIX BHIOB
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SIBIISIIOTCS. BUIBI MUHUPYIOUWX MyX: L. sativae (3kcTeHCHBHOCTH 58-61%) u
L. bryoniae (3xcTeHCHBHOCTD 49-51%).

Ph. horticola npencrarisieT 60JIBIION HHTEPEC BBUIY TOTO, UTO MOpPaXKaeT He
TOJIBKO OBOIIHO-KYJIBTYPHBIE pACTEHHSI, HO TAK)KE BCE OCTAJHHBIE TPYIIITHI pacTe-
HHH.

AHanmu3 pe3ynbpTaToB MOPPOMETPHUCCKAX AAHHBIX MUHHUPYIOUMX MYyX BBI-
SIBHJI TIOJIOBOW JUMOP(H3M B MOKAa3aTeNsAX JIMHBI M MAcCHl Tela, 3aKI0Yaro-
IIMICS B TPEBAMPOBAHIN HX Y CAMOK HCCIICIOBAHHBIX BHUIOB, KOTOPOE COCTa-
B0 y Buna A. parca 0,34 mm (s nmebI Tena) u 0,28 MM (JUTs JUTHHBI KphLIa),
y A. varifrons — 0,3 u 0,3 MM (QUIsl IIMHBI Tella U KpblIa COOTBETCTBEHHO), Y
O. cunctata — 0,14 u 0,1 mm, y Am. leonuri — 0,3 u 0,4 MM, y Am. flavifrons — 0,4
u 0,17 mm, y C. humeralis — 0,2 u 0,4 mm, y C. cynoglossi— 0,2 u 0,1 mm, y
L. endiviae — 0,1 u 0,1 mMm, y L. congesta — 0,2 u 0,2 mm, y L. graminivora — 0,2
n 0,2 mm, y L. sativae — 0,1 u 0,1 mm, y L. bryoniae — 0,3 u 0,2 mm, y Ph.
horticola — 0,35 u 0,38 MM, y Ph. plantaginis — 0,3 u 0,4 mm, y Ph. Lappae — 0,2
n 0,2 MM (p < 0,01-0,001) (Tabn. 2).Y Buna L. brassicae oa0BOH TuMOpPH3M
cirabo BeipakeH (p < 0,05). Hapsy ¢ TuM aHaN3 MOIy9IeHHBIX KO(PHUIHEHTOB
BapHallMy yKa3bIBaeT HAa CPABHUTEIIHEHO OOJBINYIO BapHaOeIbHOCTh MOP(HOMET-
pHUeCKUX MoKa3ateneit y Buna L. brassicae (10 12,1%), IpHYUHBI KOTOPOTO €IIe
MIPEJICTONUT BBISICHUTD.

Tab6nauna 2 [Table 2]
Pe3ysibTaThl CPABHUTEJILHOI0 AHAJIM3A JIMHBI TeJla H KPblia
Yy CaMOK U CaMIIOB MCCJIEJOBAHHBIX BH/I0B
[Results of comparative analysis of body and wing length in females
and males of the studied species]

Mopdomerpu-
Bun |deckwii mokasza-| Ilon | n,3k3. | M, MM | m, MM | o, MM | Cv, % | fst P
TCJIb
3 25 1,96 | 0,02 | 0,10 | 5,0
S JlnuHa Tena 12,5 [ P<0,001
2 Q 33 23 | 0,02 | 0,13 | 55
= 3 25 1,8 | 0,01 | 0,07 | 39
= JlmuHa KpbUia 11,6 | P<0,001
Q 33 | 2,08 | 0,02 | 0,12 | 5,7
w 3 13 1,7 | 0,04 | 0,16 | 93
s JlyMHa Te1a 5,9 | P<0,001
& Q 20 2,0 | 0,01 | 0,05 | 2,5
~
N a 13 1,5 | 0,03 | 0,1 6,2
< Jnuna xpeina 6,8 |P<0,001
Q 20 1,8 | 0,03 | 0,12 | 66
3 19 1,92 | 0,02 | 0,08 4
- JlnuHa Tena 4,6 | P<0,001
IS Q 17 | 2,06 | 0,03 | 0,11 | 52
Q
=
g a 19 | 1.8 | 001 | 0,06 | 35
S JUtiHa Kpbiia 5,9 | P<0,001
Q 17 1,9 | 0,02 | 0,08 | 4.1
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Mopdomerpu-
Bun |dgeckwii mokasza-| Ilon | n,3k3. | M, MM | m, MM | o, MM | Cv, % | fst P
TeNb
= 38 15 1,8 0,03 | 0,12 6,9
IS Jlnuna Tena 6,9 |P<0,001
5 Q 22 2,1 0,03 | 0,13 6,4
V
= 3 15 1,6 | 0,03 | 0,11 | 64
£ | Mlouna kpbuna 8,3 | P<0,001
Q 22 2,0 0,03 | 0,13 6,6
38 3 1,8 0,06 0,1 5,6
2 Jlnuna Tena 5,7 |P<0,001
g & Q 15 2,2 0,04 | 0,16 7,1
=g 3 3 1,75 | 0,03 | 0,05 | 2,9
= Jnuna xpeita 4,8 | P<0,001
Q 15 1,92 | 0,02 | 0,08 4,0
2 38 19 1,5 0,02 | 0,10 6,1
= Jlnuna Tena 10,2 | P<0,001
§ Q 30 1,7 0,02 | 0,10 5,8
= 38 19 1,3 0,03 | 0,11 8.4
. Jnuna xpeina 8,8 | P<0,001
© Q 30 1,7 | 0,02 | 0,13 | 8.1
- 38 9 1,6 0,01 | 0,04 2,7
2 JlnuHa Tena 6,7 |P<0,001
S %0 Q 13 1,8 0,02 | 0,10 5,0
S 3 9 1,5 | 003 | 0,10 | 53
% | Jauua kpsuta ° 3 o 003 | 011 s 3,5 | P<0,01
o 38 22 1,5 0,01 | 0,06 4,0
S Jlnuna Tena 4,1 |P<0,001
.% Q 20 1,6 0,02 | 0,10 5,0
5 38 22 1,4 0,02 | 0,10 6,3
& Jnuna xpeina 6,1 |P<0,001
Q 20 1,5 0,02 | 0,10 5.4
S 38 16 1,2 0,03 | 0,13 10,7
> JlnuHa Tena 5,2 |P<0,001
S Q 22 1,4 0,02 | 0,11 7,7
N
8 3 16 L1 | 0,02 | 0,10 | 7,5
& Jnuna xpeita 6,0 |P<0,001
Q 22 1,3 0,03 | 0,14 | 10,5
3 38 14 1,9 0,02 | 0,06 3,2
3 Jlnuna Tena 7,1 | P<0,001
) § Q 20 2,1 0,03 | 0,12 5,7
~ 8
§ 38 14 1,9 0,03 | 0,11 5,6
IN Jnuna xpeita 5,9 | P<0,001
%0 Q 20 2,1 0,02 | 0,10 4,5
d 44 1,5 | 0,02 | 0,10 | 68
S Jlnuna Tena 4,6 | P<0,001
2 Q 47 1,6 0,02 | 0,12 7.3
2 a8 44 | 13 | 002 ] 012 ] 89
~ Jnuna xpeita 4,2 | P<0,001
Q 47 1,4 0,02 | 0,14 9,6
© 38 26 1,6 0,02 | 0,12 7.3
3 Jlnuna Tena 9,2 | P<0,001
5 Q 36 1,9 0,02 | 0,14 7,5
g 38 26 1,5 0,02 | 0,12 8,3
o Jnuna xpeita 8,1 |P<0,001
Q 36 1,7 0,02 | 0,14 8,2
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Mopdomerpu-
Bun |dgeckwii mokasza-| Ilon | n,3k3. | M, MM | m, MM | o, MM | Cv, % | fst P
TeNb
Q 38 13 1,3 0,03 | 0,10 8,1
S Jnuua tena 2,5 | P<0,05
E Q 14 1,4 0,04 | 0,14 | 10,1
E 38 13 1,2 0,03 | 0,13 10,7
: Jnuna kpeita 2,1 | P=0,05
~ Q 14 1,3 0,04 | 0,16 | 12,1
38 50 1,85 | 0,02 | 0,15 7,9
3 Jlnuna Tena 10,3 [ P<0,001
< S Q 65 2,2 0,02 0,2 9,0
5 g | 50 | 192 ] 002] 014 7.1
= | JlnuHa kppU1a 11,0 [ P<0,001
Q 65 2,3 0,03 0,2 9,06
B 38 16 1,6 0,02 | 0,10 5.4
3 Jlnuna Tena 11,6 | P<0,001
S Q 24 1,9 0,02 | 0,10 4,4
B 3 16 | 1,4 | 002 | 0,08 | 59
§ Jnuna xpeina 10,3 [ P<0,001
Q 24 1,8 0,03 | 0,16 8,7
o 38 8 1,8 0,03 0,1 4,7
I JIMHA Tela , ,
I 6,0 |P<0,001
§ Q 12 2,0 0,02 0,1 4,1
< 3 8 1,8 | 003 | 01 | 51
Q; Jnuna xpeita 3,8 | P<0,01
Q 12 2,0 0,03 0,1 5,0

Tpumeuanue. n — KOIUYECTBO UCCIIEIOBAHHBIX ocobeii; M — cpennsisi apudMeTnyueckas rmoka-
3artenst; m — OUIMOKa cpefHel apuMETHYECKOM; G — Cpe/iHee KBaJApaTUUeCKOe OTKIIOHCHHUE;
Cv — xodddureHt Bapuauu; fs— kpurepuit Cteroienta; P — 1oBepuTesbHas BEPOSITHOCTb.
[Note. n — sample size; M - arithmetic mean; m - arithmetic mean error; ¢ - standard deviation; Cv -
coefficient of variation; #y - Student’s T-Test; P - confidence level].

BriBoabI

1. B xoxe ucciieoBanus ObUI0 OOHAPYKEHO 16 BHIOB MHHAPYIONIHUX MYyX U3
mecTd ponoB: Agromyza, Ophiomyia, Amauromyza, Caycomyza, Liriomyza,
Phytomyza.

2. BoisiBneHo 45 BUIOB pacTEeHHN-XO035€B, U3 KOTOPBIX 15 OTHOCSITCS K JIMKO-
PacTyIINM JICKapCTBEHHBIM PACTEHHSIM, 13 — K OBOIIHBIM KYJITYPHBIM PACTCHHSM,
5 — K IEKOPaTUBHBIM KyJTBTYPHBIM PACTEHUSIM, 12 — K COPHBIM PACTCHHSIM.

3. laHHbIe KOJIMYECTBA PACTEHUIH-X035I€B, a TAK)KE SKCTEHCUBHOCTH U MHTEH-
CHUBHOCTH TTOBPEKACHUS PAaCTEHUH YKa3bIBAIOT HA TO, YTO CAMBIMH PaCIIpOCTpa-
HEHHBIMHU BCESTHBIMU BUJAMH SIBIISIIOTCS L. sativae, L. bryoniae u Ph. horticola.
HaunGonpmmii HHTEpEC B IJIAHE MTOBPEKICHUS PACTCHHIA MPEICTABIISIFOT BHJIBI MU~
HUpYONMX MyX (4. parca, O. cunctata, Am. leonuri, C. humeralis, L. endiviae,
L. congesta, L. graminivora w Ph. horticola), ocBanBaromux COpHSKH. Takue
BHJIBI MOKHO PacCMaTpPUBAThH B KAUYECTBE OMOJIIOTHYECKUX Mep OOphOBI ¢ COpHSI-
KaMH.

4. UzyueHne pa3BUTHS JTTIMHOK M KYKOJIOK Pa3IMIHBIX BHIOB MIHHAPYIOIINX
MyX B JIOOOPAaTOPHBIX YCJIOBHSIX BBISBIJIO, YTO B CPEIHEM IIPH TEMIIEPaType
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BoImie +25°C meproa pa3BUTHSI KYKOJIKH YMEHBIIIAETCS, & TPU TEMIIEPATYPE HIKE
+25°C — yBenmumBaeTCsl, OTHAKO /IS KQXKIOTO BUAA CYIIECTBYET ONTHUMANIbHAS
TeMIeparTypa, BHE IPEIEIOB KOTOPOH MPOJOIKITENEHOCTD PA3BUTHSI IMIMHOK M
KYKOJIOK JIN0O YBEIIMUNBACTCS, TMOO OHH MPEKPAIIAIOT CBOE Pa3BUTHE.

5. NzyueHnne MoppoMeTpHUIeCKIX MoKa3aTelieii MUHUPYIONIUX MYX TOJTBEp-
QIO HAJIMYME TTOJIOBOTO AMMOPQH3MA, 3aKITIOYAIONIETOCS B MPEBATNPOBAHUH
MOpP(pOMETPHUECKHX IaHHBIX y CaMOK, HaWMEHee BBIpR)KCHHETO y BHIA
L. brassicae.

CraTbst MOXKET TIOCITYXATh HAyYHOW OCHOBOHW ISl TAlTbHEHIIETO M3ydYeHUS
MUHHPYIOMINX MyX B PETHOHE, a TAKXKE B JIeJie pa3pabOTKu IMPaKTHUECKUX MEp B
CENbCKOXO3SIICTBEHHON OTPACIIH.
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Opranuyeckoe BeleCTBO MOYB 0TBAJIOB YIOJbHBIX NpenpusTHil
CuOupu: KoJIMYEeCTBEHHAS M KAUYeCTBEHHAS OlleHKA
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AHHoTauus. B HacTosee BpeMs B CBA3M aKTyalln3allieil BOIIPOCOB, CBSI3aHHBIX C
IMHUCCHEH U CeKBecTpalueil yriaepoaa, ocoOblii HHTEpEC 3aCiIyKHBAIOT TEXHOICHHBIC
naHamad T, OPeICTaBICHHbIC OTBAJaMU YTOJbHBIX MecTopoxaeHuid. C onHOIl cTo-
POHBI, 3T0 00YCIIOBJICHO CO/ICP)KaHHEM B OTBAJIaX 3HAUUTEIIbHBIX KOJINYECTB IOTCHIIU-
QJIBHBIX MCTOYHMKOB KJIMMATHYECKU aKTHBHBIX Ta30B B BUJE yrIUCThIX YacTull. C apy-
rOif CTOPOHBI, B Pe3yJbTaTe MOYBOOOPA30BaHUS Ha TOBEPXHOCTH TEXHOTCHHBIX JIAH-
madTOB NPOUCXOAUT AKKYMYJISILUA OPraHMYECKOro yIiiepoaa B BUIE I'YMYyCOBBIX Be-
IIECTB. YUHUTHIBAs TO, YTO IUIOIIA b HAPYLIEHHBIX YIJIe100bI4eil TEPPUTOPHIA B OTACIb-
HBIX PErMOHAX COCTABJIACT COTHH THICAY IeKTap U IPOIOJDKAET YBEINUMBATHCS, HCCIIE-
JIOBaHUs OTBAJIOB YTOJBHBIX MECTOPOXKICHHUIT HEOOXOIMMBI JUIS Pa3paboTKU Mep J0-
CTIDKCHUS YTIIePOIHOI HelTpanbHOCTU. B maHHO# paboTe mpoBeeH aHaIu3 Coiepka-
HMSl OPraHMYECKOr0 BELIECTBA B I10YBAX OTBAJIOB YIJIeA0ObIBAIOMIMX peruoHoB Cu-
6upu. ConocTaBieHbl JaHHbIC MO COJECPXKAHUIO IOYBEHHOTO YIIEpoa, OIpeliesIeH-
Horo Metogamu Mokporo (meron 1.B. Tropuna) u cyxoro cxxuranus. Pe3ynsraTsl uc-
CJICIOBaHUH MOKA3aJIM YCTOHYMBOCTh OPraHMYECKOr0 BELIECTBA K OKUCICHHIO U CIIO-
COOHOCTh [UTUTEIIBHOE BpEMsi COXpaHAThCs Oe3 M3MEeHeHHil B CyOCcTpare OTBasioB
YTOJIBHBIX MeCTOpOsKIeHHi. Hapsity ¢ mporeccaMu akKyMyJISLIMH OPraHHYeCKOro Be-
IIECTBA B X0JI¢ II0YBOOOPA30BAHUS 3TO MO3BOJISIET CHENATh BBIBOJ O TOM, YTO OTBAJIBI
YTOJIBHBIX MeCTOpOsKieHUI CHOMPH HE BBLIEISIOT YIiiepo/, a, HA000POT, IEHOHUPYIOT
ero.

KiroueBble c/10Ba: TEXHOTCHHbIE IOYBBI, OYBOOOPA30BAHHE B TEXHOTCHHBIX
nanamagdTax, OpraHM4eckoe BeIeCTBO M0YB, OTBAJIbI YrOJIbHBIX MeCTOpoXxaeHHH, Cu-
6upb, Technosol

Hcrounnk ¢puHancupoBanusi: Pabora BeinonHeHa B paMkax Pacnopsokenust [Ipasu-
tenbeTBa Poccuiickoit @eneparmu ot 11.05.2022 1. Ne 1144-p, KOMILIEKCHOM HAY4HO-
TEXHUYECKON MPOrpaMMbl HOJHOIO MHHOBALMOHHOTO IiMKia «Pa3paboTka u BHeape-
HHME KOMIUICKCA TEXHOJIOTHH B 00JaCTsIX pa3BeAKH U 100bIYM TBEPABIX MOJIE3HBIX HC-
KOIaeMbIX, 00eCIeYCHUs] MPOMBIIIIICHHON 0€30MacHOCTH, OMOpeMeTHAaIK, CO3IAHMS
HOBBIX HPOJYKTOB I'IyOOKOH NepepaboTKH U3 YrOJIbHOIO ChIPbS IIPU HOCIIEI0BaTENb-
HOM CHIDKCHHUM BKOJIOTMYECKOH HArpy3KH Ha OKPYXKAIOILYI0 Cpely M PHCKOB JUIS
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Summary. Currently, due to the issues related to carbon emissions and sequestra-
tion, particular interest is being drawn towards technogenic landscapes represented by
coal mine spoil heaps. First, this is due to the significant presence of potential sources
of climate-active gases in the form of carbonaceous particles within the spoil heaps.
Second, the accumulation of organic carbon in the form of humus substances occurs as
a result of soil formation on the surface of technogenic landscapes. Given that the area
of disturbed coal mining territories in certain regions amounts to hundreds of thousands
of hectares and continues to increase, research on coal mine spoil heaps is necessary for
the development of measures to achieve carbon neutrality.

The research was conducted on old dumps (over 30 years old) coal mining enter-
prises in the Kuznetsk (Kemerovo Oblast), Gorlovka (Novosibirsk Oblast), and Kansk-
Achinsk (Krasnoyarsk Krai) coal basins, Minusinsk (Republic of Khakassia) and Ulu-
Khem (Republic of Tuva) deposits, within lithogenetic and geographic sequences (see
the Table). The dumps comprise fragmented dense sedimentary rocks and clayey rocks.
The objects of the study were non-carbonate soils of coal mine spoil heaps — initial,
organo-accumulative, soddy, and humus-accumulative embryosols (Spolic and
Hyperskeletic Technosols). Field morphological descriptions of embryosol profiles
were conducted using conventional soil science methods. The carbon and nitrogen con-
tent were determined by dry combustion using a CHN analyzer and by wet combustion
method with oxidation of 0.4N K2Cr207 in 50% sulfuric acid solution, heated to 150°C
in a drying cabinet. The calculation of the ratio of carbon determination results provides
an indication of the degree of pedogenic maturity of organic matter.

Research results have shown that the content of organic carbon determined by wet
and dry combustion methods in embryosols significantly differs in evolutionary, geo-
graphical, and lithogenetic sequences of objects (see the Figures). The degree of pedo-
genic maturity expressed through the ratio of carbon determined by different methods
has been applied to assess the qualitative state of organic matter systems and their
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transformation. It has been demonstrated that the maximum values of pedogenic ma-
turity were found in the studied embryosols of Brown Coal deposits, ranging from
63.8% to 100%. The minimum values were observed in embryosols on the spoil heaps
of Anthracite deposits. It has been established that the degree of pedogenic maturity
increases in the evolutionary sequence of embryosols, with humus-accumulative em-
bryosols showing values within the range characteristic of zonal black soils (see the
Figures). Research results have shown the stability of organic matter to oxidation and
its ability to persist unchanged in the substrate of coal spoil heaps for a long time. Along
with the processes of organic matter accumulation during soil formation, this allows us
to conclude that the Siberian coal spoil heaps do not release carbon, but, on the contrary,
sequester it.

The article contains 4 Figures, 1 Table, 42 References.

Keywords: Technosols, soil formation in technogenic landscapes, soil organic mat-
ter, coal mine dumps, Siberia

Fundings: The work was partially supported as part of the Decree of the Government
of the Russian Federation No. 1144-r as of May 11, 2022, a comprehensive scientific
and technical program of a full innovation cycle ‘Development and implementation of
a set of technologies in the areas of exploration and mining of solid minerals, ensuring
industrial safety, bioremediation, developing new products of deep coal processing
while consistently reducing the environmental impact and eliminating risks to health
and safety’ (Clean Coal — Green Kuzbass), Event 3.1 ‘World-class eco-test site for
reclamation and remediation technologies’ (Agreement No. 075- 15-2022-1200 as of
September 28, 2022).
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BBenenne

Ha cerognsiiiamit 1eHb, KOTJa yrobHASI TPOMBIIIIICHHOCTH 32 CYET OTKPHITON
IOOBIYM 3aHUMAET JUIUPYIOMINE MTO3UINH 110 MacmTabaM HapyIIeHUH 3eMelb,
TEXHOTCHHBIC JTAHAMA(THI CTANN MMPUBBIYHBIM SBICHHEM HE TOJNBKO IUIS Tpaau-
[IMOHHO TPOMBIIUICHHBIX, HO U JAPYyTuX pernoHoB mupa [1]. B aroit cBs3u Bce
O0JIbIIIEe aKTYaNU3UPYIOTCS. BOIIPOCHI, CBSI3aHHBIE C MPEOIOJICHIEM TTOCIIEICTBHI
peoOpa3oBaHMs TEPPUTOPHIA U OIIEHKOH MEPCIICKTHB UX JaTbHEHUIIIETO HCITOJTh-
30BaHMA. Ba’kHBIM acmeKTOM B 3TOM HAlpaBJICHUH SBISICTCS M3YUYCHHE CHCTEM
OpPraHMYCCKUX BEIIECTB MOYB ¥ CIEIU(HUKH MPOIECCOB MX TpaHC(POpMaluu B
xozae moyBooOpazoBanus. CBoeoOpas3rne MOYB OTBAJIOB YTOJBHBIX MECTOPOXKIIE-
HUH TPOSBISIETCS HE TOJIBKO B COOTHOIICHUH Pa3IMYHbIX CIIEUPHIECKUX (TIe10-
TCHHBIX) M Hecleu(pruIecknx (OMOTeHHBIX) BEIeCTB [2], HO ¥ B HAIMYWH yHa-
CJIEIOBAHHBIX OT MOYBOOOPA3YIOIINX HOPO IUTOTCHHBIX OPTaHUYECKUX COCIH-
HEHUI, a TaK)Ke MPOAYKTOB MX aOMOTCHHOM (XMMHUYECKOW) TpaHchopmarmu [3].
JpyruMu cIIOBaMH, €CIIM CHCTEMa OPTaHWYECKUX BEIIECTB €CTECTBEHHBIX IT0YB
(bopMHpyeTCS U3 MMOCTYTAIOMNX BEIIECTB OMOTEHHOH MPUPOIBI, TO B TOYBAX OT-
BaJIOB YTOJBHBIX Pa3pe30B K HUM JOOABISIFOTCS COSANHEHNUS, IMEIOIINE TN TOT€H-
HOE W/WJIH XeMOTEHHOE TIporcxoxaeHue [4, 5].
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CucTeMBI OpraHUIECKUX BEMIECTB TEXHOT€HHBIX IT0YB, Ha HAIIl B3I, 3aCIy-
KHUBAIOT 0COOOTO BHUMAHMS TAKKE U C TTO3UIUI CEKBECTPALINH YTIIepoa — Mpo-
Iecca ero JACNOHMPOBAHMS JaHAMAPTaMH U ITOYBAMH, KOTOPOMY B TIOCIICIHEE
BpeMsl yAeIsIeTcs Bce 0OJble BHUMAHHSI CO CTOPOHBI OOIIECTBEHHOCTH M TOCY-
JTapCTBEHHBIX OPTaHOB. TpaIWIIOHHBIM SIBJSIETCS MPEICTABICHHE O TOM, YTO
TEXHOTCHE3 M aHTPOIOTEHHBIE MPOIECCH SABIISIOTCS HCTOYHUKAMH BBIOpOCa yT-
nepozaa B atMochepy [6—8]. B To ke BpeMs CYIIEeCTBYIOT UCCIICA0BaHUs, B KOTO-
PBIX (UKCHPYETCs TakKKe OOpPATHBIN MPOIECC — CBSA3BIBAHHE U 3aKPEIUICHHUE YT-
nepojia B TyMycoBBIX BemiecTBax [9, 10]. PaBHoBecue pazHOHAMpaBiIeHHBIX MPO-
IIECCOB HAXOAUTCS B 3aBUCHMOCTH KaK OT yCIIOBHII TOUYBOOOPA30BaHMS, TaK H OT
CBOWCTB OPTaHMYECKOTO BEUIECTBA MOYB, YHACIEIOBAHHOTO OT ITOYBOOOpPa3yro-
IIUX TTOPO.

B cBs131 ¢ 9THM 1IETIBI0 HACTOSIIIEH CTATHH SBJSIETCS OIIEHKA COIEPKaHUS Op-
TaHUYIECKOTO BEIIECTBA B ITOYBAX OTBAJIOB YIIIEAOOBIBAIOMINX Ipeanpustuii Cu-
Onpw, a TaxKe OICHKA €T0 KAYeCTBEHHOTO COCTOSIHUSI.

MarepuaJibl 1 METOABI

Marepuanom Juis HAlIMCAHUSI CTAThs TOCITYKHUJIH IAaHHbBIE, TOTYYCHHbIE aBTO-
pamu ipu paboTe co ctapbiMu oTBaIaMU (6oitee 30 JieT) yroibHBIX pa3pe3oB Kys-
Hernkoro (Kemeposckas oOnacts), ['opioBckoro (HoBocuOupckas 061acts) u
Kancko-Aunnckoro (KpacHosipckuit kpait) yroyibHbIX OacceiiHOB, a Takke Mu-
HycuHcKoro (PecmyOmika Xaxkacus), Yiyr-Xemckoro (Pecy6nmka TriBa) me-
cTopoxaeHui. Bb10op yuacTkoB ucciiegoBanus o0yciosiieH audhepeHnpoBaH-
HOCTBIO IPUPOIHO-KITMMATHYECKUX YCIOBHUI U CyOCTpaTa, CIaratoniero OTBaibl.
HccnenoBanusi MpOBOIMIIMCH B IUTOTEHETHUECKOM Psiay (OypOyronpHbie — Ka-
MEHHOYTOJIbHBIE — aHTPAIMTOBBIE MECTOPOXKICHHS) H B KIMMATHYECKOM DSy
(OT TYMHITHBIX paifOHOB K apuIHBIM) (TabIHIA).

MakpoxkiaumMaTHyecKkue yCJI0BHSI IOYBOOOPA30BAHUS B PaliOHAX MCC/IeI0BAHUS
[Macroclimatic conditions of soil formation in the study areas]

MeCTOPO;l&L[(SHI/Ie > aKTHBHw: CTeMHepaTyp, Ocaxu 32 roz, My . I/IHﬂsgc .
yHIen . [Precipitation per year, mm] PHAHOCTH
[Coal deposit] [> active temperatures, °C] [Aridity index]
I'ymuansiii Tan kiuMata [Humid climate]
Kamernbiii yroms 1500-1700 7501400 0,47
[Bituminous]
CyOrymuanblii THIa Kirmata [Subhumid climate]
AmTpatr 1700-1900 400-500 0,02
[Antracite]
Kawenms1i yrom, 1700-1900 400-500 0,04
[Bituminous]
bypuiit yrom, 1500-1700 400450 0,01
[Brown coal]
Cemuapuanblit Tun kaumara [ Semiarid climate]
Kamernbiii yroms 19002000 250-350 0.23
[Bituminous]
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MeCTOPO)ISJ:[(%HI/Ie > aKTHBHw: TeMmmeparyp, Ocaxu 32 roz, My Unnexc .
yrien C [Precipitation per year, mm] apuiHoCTH
[Coal deposit] [> active temperatures, °C] ’ [Aridity index]
Apunssiii Tan kiumara [Arid climate]
Kawernbiii yroms 2000-2200 220-270 0,41
[Bituminous]
ApUAHBIN SKCTPAKOHTUHEHTAIbHBIN THII KJIMMaTa [Arid extra continental climate]
Kawenme1i yrom, 2100-2200 170-250 0,47
[Bituminous]

* Nunexc apuanoctu onpenemnsiercs: kak logl 0(E/P), rae E — ucnapenue, a P — ocaaku [11].
JlanHbIe 0 NOTEHIMATIBHON TEMIIEpaType, UCIapeHUH 1 0CaaKax ObLIH MOJIy4eHbI OT MECTHBIX
METEOPOIOTMYECKUX CTaHLIU.

[The aridity index was defined as log1 0(E/P), where E is evaporation and P is precipitation [11]. The po-
tential temperature, evaporation and precipitation data were obtained from local meteorological stations].

OObeKTamMy HCCIeIOBAaHMS SBILFOTCS. HeKapOOHATHBIE TIOUBEI OTBAJIOB YTOIBHBIX
pas3pe3oB, CIIOKEHHBIX a) 00JIOMKaMH TUIOTHBIX OCaJI0YHBIX MOpoJ (Ha KaMEHHO-
YTOJBHBIX U aHTPAIMTOBBIX MECTOPOXKIICHUSX) U 0) CYTIIMHUCTHIMH TTOpOaMH (Ha
OypOYTOJILHBIX MECTOPOXKICHHSX ). B COOTBETCTBHY C KITacCH(PHUKAIUEH TOYB TEXHO-
TeHHBIX JlaHmmadToB, paspadoranHoii B UTTA CO PAH, Ha OBEpXHOCTH HCCIIEIO0-
BaHHBIX OTBAJIOB C(POPMUPOBAHBI HHUIIHUAJIBHEIE, OPraHO-aKKyMYIISITUBHBIC, IEPHO-
BbIE U TYMYCOBO-aKKyMyJIITHBHBIC 3MOpro3emsl [12]. CoritacHo BeemupHoii cripa-
BOYHOH 0a3e MOYBEHHBIX pecypcoB [13], Bce 00BEKTHI UCCIIEIOBAHUS OTHOCITCS K
pedepatuBHO# TpytIie Technosol. T aBHBIMA KBATU(PHUKATOPAMH SBISIOTCS Spolic u
Hyperskeletic. JlomomHATENbHBIE KBATU(PHUKATOPBI BHIICICHBI 110 HATMYHWIO U CBOM-
CTBaM OpPTraHOTEHHBIX 1 MHHEPAITLHBIX TOPH30HTOB T echnosol. Tak, Protofolic coot-
BETCTBYIOT OPraHO-aKKyMYIISITHBHBIM, Protohumic n Humic — COOTBETCTBEHHO Jep-
HOBBIM M TYMYCOBO-aKKYMYJIATHBHBIM dMOpro3emMam [1].

[TonreBbie MOpdoTOTHYECKHE ONHCAaHUs TIPOPHIIEH IMOPHO3EMOB ITPOBEICHBI
10 OOMIESTIPUHSTHIM B TOYBOBEACHUHU MeToiaM [ 14]. O1ieHuBaIuch MOITHOCTb TO-
PHU30HTOB, UX (PParMEHTAPHOCTH U OCOOCHHOCTH B3aMOICHCTBHS C IIOPOJIOH, CO-
CTaB OPTaHO-aKKyMYJIATUBHBIX TOPU30HTOB. boree moapodHo Mopdomorinaeckie
CBOICTBA UCCIIEAYEMBIX ITOYB ONMMCaHbI B padote [15].

ConepxaHue yriepoia W a30Ta ONPEACISUIM METOAOM CYXOTO CHKHTaHUS
(Ceyx) ipu momottn CHN-ananmzatopa 2400 Series 11 (Perkin Elmer, CIIIA). Co-
Iep)kaHue YTiepoJa YCTaHABIMBAIUMETOIOM MOKpPOTO CXKHTAHUSA (Cyox) TPH
okucienun 0,4 1 KoCr,O7 B 50%-HOM pacTBOpe CEpHOM KUCIIOTHI IPU Harpena-
Huu 10 150°C B cymmnsHOM 1mkady [16]. [IpuMeHerre qanHoro MeTosa, 6yaro-
Japsi HeTIOJIHOMY OKHCIICHHIO 00pasiia, TO3BOJISET TPH UCIIOIb30BaHUN TaHHBIX
Ceyx paccuuTaTh CTENEHb BHYTPUMOJIEKYIISIpHON OKucineHHoctH [17, 18], koTopas
00paTHO PONOPIMOHANILHA CTEeIIeHH TieAoreHHou 3penocta (I13) opranudeckoro

BemecTBa [19]. [locnemusis MoxeT ObITh onpeencHa mo hopmyie (1):
M3 = 2 x 100%, (1)

Cyx

rae 113 — nemorenHast 3peocTh OPraHMIecKOro BemecTna, %o; Cyox — COEpIKaHNe
OPraHWYeCcKOTO YTJIEpOJid, OINpPEACIEHHOE METOAOM MOKPOTO CHKHUTaHus, %o;
Ceyx — conepkanme o0mero yriepoaa, %.
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Craructiyeckyro o0pabOTKy JaHHBIX MMPOBOIMIIH MIPH MOMOIIH ITAKETa MPo-
rpamMM Microsoft Office Excel, PAST V2.17.

Pe3yabTarhl ncciiefoBaHus U 00CyKIeHUE

BrimonaerHBIe MAaKpOMOP(HOIOTHYESCKHE ONMUCAHMS TTOYB, C(POPMUPOBAHHBIX
Ha OTBaJIaX UCCIIEIYyEeMBIX YTOIBHBIX Pa3pe30B MOKA3AIH, YTO AU epeHINAITHS
MOJIOJIBIX TIOYB 110 MOP(OJIOTHIESCKUM ITPH3HAKAM IIPOUCXOINT Yepe3 oOpa3oBa-
HUE CHCTEMBI OPTaHOTEHHBIX TOPH30HTOB. Tak, Ha MCCIEIYEMBIX TEPPUTOPHIX
ObUTH BBIJCNICHBI MHUIMAIBHEIC, OPTaHO-aKKyMYJISITHBHBIE, IEPHOBEIC H TYMY-
COBO-aKKyMYJISITUBHEIC SMOPHO3EMBI, COOTBETCTBYIOIINE CTAANSIM TEXHOTCHHOTO
mouBooOpazoBanus [20]. s MHUIHATBHBIX SMOPHO3EMOB XapaKTePHO OTCYT-
CTBHE MOP(OJOTHIESCKH BBIPAKCHHBIX TOPH30HTOB aKKYMYJSIIMHA OpTaHMye-
CKOTO BemecTBa. X opraHmueckoe BEMECTBO MPEICTaBICHO YHACIIEIOBAHHBIMH
OT ITOYBOOOPA3YIONINX MOPO BKIIOYCHUSMH YTITUCTHIX YaCTHII, KOTOPHIE OTYa-
CTH CIOCOOHBI BBITIONHATH OMNpe/esieHHble (DYHKIMHA IMOYBEHHOTO rymyca [21].
Ha nccnemyeMBIX cTaphIX OTBaJIaX HHUIAATBHBIE SMOPHO3EMBI PaCIpOCTPaHEHBI
Ha yYacTKaX C SKCTPEMalbHBIMHA 3a(pHUeCKIMH YCIOBHSIMU. [IpHHATO CUUTATS,
9TO MPOLECCH MTPEBPALICHUSI OPTaHMYECKOTO BEUIECTBA B ITOJTOOHBIX WHUIINAIb-
HBIM SMOpHO03eMaM IT0YBaX XapaKTePH3YIOTCS TOIBKO OTPHIATEIFHBIM OalaHCOM
110 IPUYWHE MUHEPATN3AINA OPTaHMYECKOTO BEIIEeCTBa [22], TOPEHUST OTBAJIOB
[23, 24] nnu geyrauduUKaMA YIIMCTBHIX 9acTHIl [6, 25, 26], a Takke oOpa3oBa-
HHEM CTIIOCOOHBIX K MUTPAIMH OPTaHWYEeCKUX coequHeHuH [27]. OnHako UHTEH-
CHUBHOCTH W MacIITa0BI 3TUX MPOIECCOB SBISIOTCS BECHMa CKPOMHBIMH, TaK Kak
VTIMCTHIC BKITFOUCHHUS COXPAHSIOTCS B I0YBAX OTBAJIOB AJUTEIEHOE BPEMS 1 MOP-
(hoJIOTHYECKH OCTAIOTCSI HEM3MEeHHbIMH [28].

Crenyromasi 3a MHUITHATBHOM CTaIusl SBOJOIMH MOYB TEXHOTCHHBIX JIAHII-
madToB — OPraHO-aKKyMYJIATUBHBIX SMOPHO3EMOB — XapakTepusyeTcs Gopmu-
pOBaHHEM BEIPAYKEHHOTO OPTaHOTEHHOTO TOPH30HTA AKKYMYJISIHUN PaCTHTENb-
HBIX OCTAaTKOB (IOACTHIKH ). [10ICTHIKOHAKOIUICHHE Ha OTBAJIAX SIBISETCS OTHIAM
13 OCHOBHBIX MEXaHH3MOB JCTIOHNPOBAHMUS YIIIEPOJa B MMOYBAX OTBAJIOB YTOIb-
HBIX pa3pe30B M YaCTO BHICTYIIAET BEAYIIHM IIPOIIECCOM B YCIOBHAX TYMUAIHOTO
KJTUMaTa U O€THOCTH MTOYBOOOpasyromx mopo [29, 30].

B nepHOBEIX aMOpro3eMax aKKyMYJISIINS OPraHMYeCKOTO BEIECTBA IIPOUCXO-
IUT HE TONBKO B TOACTHIIKE, HO U B AepHUHE. VX opMupoBaHue OCyIIECTBIIS-
€TCs TOJNBKO Ha OTBaJlaX, PacHoJararolIiXcs B MCHEE apHIHBIX YCIOBHAX KIIH-
Mara. Tun MoYB, 3aMBIKAIOIIMI JBOIOIMOHHBIN PSIJI TEXHOIEAOTeHE3a, TPE-
CTaBIICH TYMYCOBO-aKKyMYJIATHBHBEIMH SMOpro3emMamu. OHH, TOMIMO OIHCAH-
HBIX BBIIIE TOPH30HTOB ITOJICTHIIKA U JEPHUHBI, UMEIOT TaK)Ke TOPU30HT aKKyMYy-
nsuy TyMyca. JlaHHBIH THII TOYB pacpOCTpaHEeH Ha OTBaJIaX KaMeHHO- 1 Oypo-
YTOJBHBIX MECTOPOXKICHUH 1 HE (POPMHUPYETCS Ha OTBAJIAX OTXOJOB JOOBIUHN aH-
TpamuTa. Ero ¢opMupoBaHrne BO3MOMKHO TOJNBKO B YCJOBUSX YMEPEHHOTO HE
apUIHOTO KIIMAaTa Ha IMOPOJax, COACPIKAIIINX JOCTATOYHOE KOJIHYECTBO TOHKO-
JMCTIEPCHBIX MUHEPANBHBIX dacTull [5, 8, 31, 32]. Hapsany c BeimieonucaHHbIMA
mporeccamMu, GOPMUPYIOIIIMHI IMyJI OPTaHMYECKOTO YTIIepoa, B UCCIIEIyeMBIX
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MMOYBaX MMEET MECTO TAaKXKe YIIe(QUKAIUs PAaCTUTENHHBIX OCTATKOB, pa3BUBAIO-
niasicsl Ha MHPUTCOAepKaNMX moponax [33], 1 MyMupUKaIus, TPOSBISIFOINAACS
MIPH ITOYBOOOPA30BAaHUH B apHIHBIX paioHax [28].

YacTo mporecchl aKKyMYJISIIAT B TPEBPALICHUS COCTMHEHUH yTaepoaa B yT-
JecoAep KaIiX 0YBaX UCCIEAYIOT, AU PepeHINnpYsI OPraHNIeCKOe BEIIECTBO
Ha JINTOTeHHOE (YHACJIeIOBAHHOE OT TIOYBOOOPA3yIOIIUX TOPO.) U MEIOTCHHOES
(mpuoOpeTeHHOE B pe3yJIbTaTe MOYBO0Opa3oBaHus). [l 3TOro MpuMEHSIOT Tep-
Morpadumerpuro [34], UK-ciekrpockonuio [35], xpomarorpaduto [36], neHcH-
metpuio [37], a Takxke Mukpockonmueckue [35], paanoyrnepoansie [38] u AMP
Metozsl [39]. MBI ke monaraem, 4to pasielicHie OPraHnyecKoTo YIiiepo/ia ouB
IO TTPOMCXOKICHAIO OTIPABIAHO TONBKO IPH PEIICHUHN y3KHX 3a7ad, B TO BPeMsI
KaK TP WCCIICIOBaHNH JCTIOHUPYIOMIEH CIIOCOOHOCTH TEXHOTEHHBIX JIaHImad-
TOB HEOOXOIMMO TIPEKIE BCETO OICHWBATH YCTOHUMBOCTD MTOYBEHHOTO OPraHH-
YECKOTO BEIMIECTBA K OKHUCICHHIO.

PesynpTaTh HAIINX HCCIICIOBAHNH CBHIETEIECTBYIOT O TOM, UTO COIEp KaHHe
OpPTraHUYECKOTO YIIepo/a, ONpeaesieMOro METOJaMi MOKPOT'O M CYXOT'O CIKUTa-
HUS B SMOpHO3eMax, CYIIECTBEHHO OTIIMYACTCS KaK B 3BOIIOIIMOHHOM, TaK B T'€0-
rpaduyecKoM M JIUTOTCHETHIECKOM psijiax 00beKTOB (pHc. 1).
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DU — smbpurosem uHMIKATBHBIH, JOA — 3MOpHO3eM OpPraHo-aKKyMyJISITUBHBIH,
OJ1 — amMOpuo3em nepHOBBIii, OI'A — 5MOpHO3eM I'yMyCOBO-aKKYMYJISITUBHBIN
[EI — embryozem initial, EOA — organo-accumulative embryozem,

ES — soddy embryozem, EHA — humus-accumulative embryozem]

Puc. 1. Coneprxanue yrieposa B BepxHeM 10-caHTUMETPOBOM CJI0€ SMOPHO3eMOB
JIUTOTCHETUYECKOTO psijia 00bEKTOB, ompeaesieMoro MetogaMu cyxoro (Ceyx)
1 MOKpPOro (Cuwox) CKUTaHHsA
[Fig. 1. Carbon content in the upper 10-centimeter layer of embryozems of a lithogenetic series
of objects, determined by the methods of dry (Cay) and wet (Cy.e;) combustion]
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Kax Buanm, B moUBax pa3nuaHbIX MECTOPOXACHUNA U CTaINN IBOJIOIUU OHO
BapeupyetT oT 1,7 10 8,4% M yacTo MpEBBIIAET COAEPIKAHUE B €CTECTBEHHBIX
MOYBax, MPUJIETAIONINX K oTBanaM Teppurtoprii [40—41]. Hanbonpimme pacxox-
JICHUS BBISIBJICHBI B TI0YBaX, CPOPMUPOBAHHBIX Ha OTBAIAX OTXOJO0B JOOBIYH aH-
TpanuTa, KOTOPEIA BEIIEISETCS HANOOIBIIIEH CTETIEHBI0 METAMOP(H30BaHHOCTH,
a, CJIeIOBAaTEeNIFHO, U YCTOMYMBOCTH K OKUCIICHHI0. MeHee BhIpakeHa 3Ta pa3HHIa
B ITOYBAX OTBAJIOB OYPOYTONBHBIX MECTOPOXKICHHH, COlEp)KAIINX HAaNMEHEe Me-
TaMOop(H30BaHHBIE YTIX. 31€Ch B IEPHOBBIX H TYMYCOBO-aKKYMYJISITHBHBIX 3M-
oprozemax 3HaUEHUS Cyox U Ceyx TaK CHIIBHO CONMKAIOTCS, YTO WX Pa3HHUIIA HE
BBIXOIUT 3a MIPEIEIbl CTAHAAPTHON OMIMOKH MCIIOIIB3YEMBIX METOOB. B memom,
oOmieit 4epToil WISt BCEX PacCMaTPUBACMBIX TEXHOTEHHBIX OOBEKTOB SIBIISETCS
cOMmKEHNEe BEUYIHMH COACP KaHUS YTIePOa, ONPEaeIIeMOro IBYMsI METOIaMH,
B DBOJIOLMOHHOM PsIY ITOYB. DTO CBUAETEIBCTBYET O TOM, UTO B IIpOIIECCe Tpe-
00pa3oBaHUs CHCTEM OPTaHHYECKUX BEIIECTB YMOPHO3EMOB JIOJISI yCTONIHUBBIX K
OMXpOMATHOMY OKHCIIEHHIO YTIEPOAa YIIMCTBIX YaCTHI[ CO BPEMEHEM yCTyIaeT
TaKOBOW yTIIEpOa, HAKATUIMBAIOIIETOCS B MOYBax [3].

Bricokue 3HaueHns B comepkaHu Cyox B Ceyx (TI0 CPaBHEHHUIO C €CTECTBEH-
HBIMU TI0YBAMH) OTMEYAIOTCS TAKKE M B reorpaduyeckoM rpaueHTe ucciemye-
MBIX 006eKTOB (puc. 2). Ilpu 3ToM KpuBBIE Cyox B Ceyx B DBOIIOIMOHHOM PSITy
SMOPHO3eMOB IIPAKTUIECKH ITAPAIUICITBHEI B II0YBaX KaK TYMHUJHBIX, TaK M apyl-
HBIX paifioHOB. VICKITIOUEHHEM CITy’KaT YK€ PACCMOTPECHHBIE BBIIIE TYMYCOBO-aK-
KyMYJISATHBHEIC SMOPHO3EMEI, (POPMHUPYIOMIHECS TOIBKO Ha YIACTKAX, TIE B BEPX-
HEH JacTH MpoQuiIs He BCTPEUYAIOTCS YTIIH.
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DU — smbpurosem uHMIKATBHBIH, JOA — 3MOpHO3eM OpPraHo-aKKyMyJISITUBHBIH,
OJ1 — amMOpuo3em nepHOBBIiA, OI'A — 5MOpHO3eM I'yMyCOBO-aKKYMYJISITUBHBIN
[EI — embryozem initial, EOA — organo-accumulative embryozem,

ES — soddy embryozem, EHA — humus-accumulative embryozem]

Wnnexc apugnoctu: —0,47 — rymuansiii kiumat; 0,04 — cyOryMuaHblil KJaumar;
0,23 — cemuapuansiii kumar; 0,41 — apuaHBINA KIUMAT;

0,47 — apuAHBINA 3KCTPAKOHTUTEHTATIBHBIN KIMMaT
[The aridity index: -0,47 - humid climate; 0,04 - subhumid climate;

0,23 - semiarid climate; 0,41 - arid climate; 0,47 - arid extra continental climate]

Puc. 2. Coneprxanue yrieposa B BepxHeM 10-caHTUMETPOBOM CJi0€ SMOPHO3eMOB
reorpapuyecKoro psiaa 00beKToB, onpeaesseMoro merogamu cyxoro (Ceyx)
1 MOKPOro (Cuox) CKUTaHHsA
[Fig. 2. Carbon content in the upper 10-centimeter layer of embryozems of a geographical series
of objects, determined by the methods of dry (Cqy) and wet (Cy.e;) combustion]
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Oukcupyemble 3Ha4eHUS Cyox U Ceyx CBUIETENBCTBYIOT O TOM, UTO IIPH OIIpe-
JETICHUN YTIIepOoJa METOIOM MOKPOTO CXKUTAHUS IPH aHAIH3E PETACTPUPYETCS
Ta 9acTh YTIEPOAa, KOTOPBIHA IOABEPTaeTCsl OKUCICHHUIO IBYXPOMOBOKHICIIBIM Ka-
mreM. [Tpy TakoM aHaM3e YIUTHIBAIOTCS COIEPIKAIITIECS B IOYBE TYMYCOBBIC Be-
[IECTBa, OPTAHNIECKUE OCTATKU PACTHUTEIHHOTO M YKABOTHOTO MPOHCXOXKICHUS.
OmnpeneneHne yriaepoaa METOIOM CYXOTO CKATaHUS TAKKE BKITIOYAET OKHACIICHHE
OTMEYEHHBIX IIEIOTCHHBIX M OMOTE€HHBIX OPTaHIMYeCKHX BerecTB. Ho mo mpudamae
TOTO, YTO STOT aHAJIM3 BRIITOJHIETCS MpH 00JIee BRICOKUX TEMIIEpaTypax, KOoTr/ia B
HaBeCcKe 00pasiia OKUCIIIOTCS YT, 3HaueHUS Ceyx MOYB CKIABIBAIOTCS TAKXKe
W3 3HAUYCHHUH COMEpKaHUs yIiepoa YIIUCTHIX YaCcTHIl, YCTOHYMBBIX K OKHCIIE-
HUIO XpOMOBOM cMechio. B cBsA3U ¢ aTUM pacxoxaeHus B 3HaUCHUSIX Cyox U Ceyx,
BEIpa)KEHHBIC C TIOMOMIBIO MPOIIEHTHOTO COOTHOIICHUSI MOTYT OBITH HCIIONB30-
BaHBI IS OIICHKH KaUeCTBEHHOTO COCTOSHUS CHCTEM OPTaHMYECKHUX BEIIECTB H
uxX TpaHcopMarmu. DTO COOTHOUICHUE MPEUIOKEHO Ha3BaTh CTEIEHBIO IIeJ0-
TEHHOW 3PENOCTH.

Takolf TOAX0J K OICHKE KadecTBa OPraHUYECKOTO BEIIECTBA MCCIEIYEMBIX
MTOYB HE MPEJCTABISIETCS IEPCIIEKTHBHBIM, TOCKOIBKY TPaIUIIMOHHBIE METOIBI,
OCHOBaHHBIC Ha (PPAKIIMOHUPOBAHMH BEHIECTB IO XapaKTEPy WX CBS3M C MHHE-
panpHOM 4YacThio TOouBHI [18, 42], B maHHOM citydae manonpuMeHuMbl. Crieru-
¢uKa CHCTEM OpPraHWYECKHUX BEIIECTB YTIECOICPIKAIINX IMOYB IIPOSBISIETCS B
TOM, YTO YCTOWYMBOCTh MX K OKHCJIEHHIO TOCTHTACTCSI CUET BBICOKOH CTEIIEHH
KOHJICHCHPOBAHHOCTH apOMaTHYECKOH JacTh yrimcToro marepuama. Ciemosa-
TeNBbHO, HamboJee MPUeMIIEMBIMU UISl N3YyYCHUSI TAKUX T0YB IPEICTABISIFOTCS
METOABI PpaKIMOHUPOBAHUS, OCHOBAHHEIC HA OTIPEIICIICHUN YCTOMYNBOCTH OpTa-
HUYECKOTO BEUIECTBA K OKHCIICHUIO.

[IpoBeneHHBIE HAMU HCCIIEAOBAHUS TTOKA3ANN, YTO COOTHOIICHUE YTIEpOa,
BEIpOKEHHOE Uepe3 CTENeHb IeJIOTEHHOH 3pEeNOoCTH, B SMOpPHO3eMax OTBAJIOB
HUMEET OIpeIeICHHbIC TUala30HbI 3HAUCHUH [UTS YTIIeH U TOYB B KOXKIOM U3 00b-
€KTOB JINTOT€HETHIECKOTO Psijia NCCISAOBaHUA. MaKkCHMabHbIe 3HAYCHHS TTapa-
MeTpa YCTaHOBIICHBI IS OPTaHHYECKOTO BEIIECTBA MECTOPOKICHNAN OYpOTO YIS
— OHH COCTABIISIOT 311ech 63,8—100% (puc. 3).

BenmunHBI cTENIEHN TIEIOTEHHON 3PENIOCTH OPraHWYECKOTO BEUIeCTBA B MOY-
Bax OTBAJIOB KAMEHHOYTOJBHBIX Pa3pe30B HECKOIBKO OTIMIAIOTCS OT TAKOBBIX B
OypoyronbHbIX. Tak, [13 opraHndeckoro BeIecTBa ABOIIOIMOHHOTO psjia SMOPH-
03€MOB cOCTaBIIIeT 371ech OT 41,5 mo 94,3%. Eme Hibke oHA B IMOYBaX OTBAJIOB
AHTPAIMTOBBIX MecTOpoXkaeHu# — ot 20,1 1o 43,5%.

OOmmM a7t BceX MCCIEeIYyEeMBIX OOBEKTOB SIBISETCS TO, YTO CTENEHB IO~
TCHHOM 3pPEeIOCTH OPTaHWYECKOTO BEIIECTBA MOYB: 1) yCTymaeT TaKOBOW YTIICH;
2) YBEIMYUBACTCS B SBOJIFOIIMOHHOM PSIITy SMOPHO3eMOB; 3) B TYMyCOBO-aKKyMYy-
JSTHBHBIX AIMOpHO3eMaxX HaXOAUTCS B IIpeieNaxX 3HAUYCHUH, XapaKTePHBIX IS 30-
HAJIBHBIX YEPHO3EMOB. YUHTHIBAs IOCIENHEE 0OCTOSTEIBCTBO, MOXKHO IIPEIIIO-
JIOXHTH, 9TO TYMYyCOBO-aKKyMYJISITUBHBIE IMOPHO3eMBI (DOPMHIPOBAINCH TN00 Ha
MOpOJax, COAEePIKAIINX OKHACICHHEIE yIIH, THO0 Ha 0€3yTOJBHBIX IOpOIax.
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EHA - humus-accumulative embryozem, Cher - chernozem]

Puc. 3. /Inana3zoHsl 3Ha4eHUH cTeneHu neaoreHHou 3penoctu (I13) oprannyeckoro BeecTsa
MMOYB JIMTOr€HETUIECKOTO Psifia 0ObEKTOB
[Fig. 3. Ranges of values of the degree of pedogenic ripeness (PR)
of organic matter in soils of a lithogenetic series of objects]

Takum 00pa3oM CTemeHb MeIOTeHHOM 3PEeOCTH OPraHUIeCKOTO BEIIecTBa
MTOYB OTBAJIOB 3aBUCHUT HE TOJIBKO OT HAMYHUS U KOJIUIECTBA, HO M OT BHJIA BKIIFO-
YeHuH yriist. B urore 4eM BEINIE CTENeHb METaMOP(HU3aNN YT, COAepIKalle-
rocsi B 3MOpHo3eMax, TeM BHIIIE €0 yCTOWINBOCTE, OMHAKO (POPMUPOBAHHE CH-
CTEMBI OPTAHUIECKUX BEIIECTB, CXOXKEH IO CBOEMY KaueCTBEHHOMY COCTOSHHUIO
C TaKOBOH Y 30HAJBHBIX II0YB, OCYIIECTBIIIETCS 00JIee HI3KIMH TEMITaMH.

He Menee nHTEpecHBIME PEACTABIIMIOTCS TaHHBIE 110 qu( hepeHIHAIN 3Ha-
YCHUH MIETOTEHHOM 3PENIOCTH OPTaHMYECKOTO BEIIECTBA TI0YB OTBAIIOB KAMEHHO-
YTOJBHBIX MECTOPOKICHHUH, PACIIONIOKCHHBIX B PA3IMIHBIX TPUPOAHO-KINMATH-
YecKuXx paiioHax (puc. 4). 31ech, Tak ke Kak U B CiIydae ¢ OypOyrojdbHBIMH U
AHTPAIMTOBBIMH Pa3pe3aMu, OTMEYaeTCs yBenmaeHne 3nadennit [13 B aBomonm-
OHHOM psAny 1mouB. OqHaKko HamboJee SPKO N3MEHEHHE OMUCHIBAEMOTO TOKa3a-
TeJS MPOUCXOANUT B KIIMMATHIECKOM PNy OJHOTHITHBIX 3MOpro3emoB. K mpu-
Mepy, 113 B nHUIMANEHBIX SMOpHO3eMax, c(hOPMHUPOBAHHBIX B YCIOBHIX apHl-
HOTO OJKCTPaKOHTHHEHTAJIFHOTO KIIMIMAaTa, BBIOIE, Ye€M Y TaKOBBIX JAPYTUX
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TEPPUTOPHIA U TIOYTH BABOE MPEBOCXOIUT 3HAYCHUS, OTMEYaeMbIE B ITOYBAX Ty-
MUJIHOTO KIIMMaTa. DTy TeHACHINIO yBenmdeHus [13 B psy ycuieHus apuIHOCTH
KJIIMaTa MOKHO OTMETHUTHh TAKXKE M B OPraHO-aKKyMYIJISITHBHBIX SMOpHO3EMax.
B nepHOBBIX 3MOpHO3eMax, GOpMUPYIOMIMXCS B 0ojiee Y3KOM JHara3oHe MpHu-
POIHO-KIIMMAaTHYCCKUX YCIIOBUMA, OTMEUCHHAS TEHACHIINS MTPOSBIICTCS B MCHb-
el crernexu.
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IMOpHO3eMbI [Aridity index]
[Embryozems] -0.47 [
0.04 |
HeAnHAIbHBIE
[Initial] =
0.41 =
0.47 |pEsse——|
-0.47
Oprano- 0.04
AKKYMY/IITHBHBIE .23
[Organo-accumulative]
0.41
0.47
-0.47
JlepHOBBIE 0.04
[Soddy]
0.23
I'ymycoso- 0.04 |
AKKYMY/ISTHBHBIE
[Humus- I 100 90 80 70 60 50 40 30 %
accumulative] [PR]

Puc. 4. [lnanazonsl 3HaueHuit negoreHHoi 3penoctu (I13) oprannyeckoro BemecTsa
o4B reorpaduueckoro psiia 00bEKTOB
[Fig. 4. Ranges of values of the degree of pedogenic ripeness (PR) of organic matter in soils
of a geographical series of objects]

Takum oOpa3oM, MPOBEACHHBIC MCCIEIOBAHUS TTOKA3BIBAIOT, UYTO 3HAUCHUS
CTeTeHH TeIOTeHHOH 3pEeNIOCTH OPTAHUIECKOTO BENIeCTBA IMOPHO3EMOB OTBAJIOB
Pa3NUYHBIX YTONBHBIX MECTOPOXKICHUH CHOMpPH MMEIOT MHPOKYI0 aMIUTUTYIY
kosiebaHmid. B mepByro odepesp, 3Ta aMIUIUTyIa ONPEACISIEeTCS CTaqueld MovYBo-
00pa3oBaHusI, TOCKOJIBKY [0 MEpe Pa3BUTHS SMOpH03eMOB 3HaueHus [13 mpuoiu-
KArOTCS K TAKOBBIM B 30HANIBHBIX UepHO3eMaX. Kpome Toro, Ha KagecTBO opra-
HUYECKOTO BEIIECTBA YTIIECOIEPIKAIINX ITOUB TAKKE BIMSIOT TaKHe (PaKTOPEI, KaK
CTereHb METaMOP(HU3ANUH YTIUCTHIX BKIIOUCHAH M TPHPOJHO-KIMATHUCCKHE
YCIIOBHS ITOYBO0Opa30BaHMs. B mTore MCmoms30BaHue MpeaIaraeMoro moaxoaa
MO3BOJIMJIO YCTaHOBHTH, YTO TpaHC(OPMAIHS JTUTOTEHHOTO OPTraHUIECKOTO Be-
IIeCTBA B TOYBAX OTBAJIOB IPOMCXONUT KpaifHe MEIEHHO U, 10 BCEH BUIMMOCTH,
HE MPUBOJUT K €T0 OKUCIICHUIO ¢ 00pa30BaHUEM YTIIEKUCIIOTO Ta3a.
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3akioueHne

006001mas MoTy4YeHHBIE Pe3yIbTaThl, MOXKHO 3aKIFOUYUTh, YTO (DOPMHUPOBAHUE
CHCTEM OPTaHWYECKUX BEIIECTB B I0YBAX OTBAJIOB YTOJBHBIX MECTOPOKACHHIMA
Cubrpu HauMHAETCS HE HA «CTEPHIIBHOMY) CyOCTpaTe, a Ha COIepIKameM JINTO-
TCHHOE OPTraHWYeCKOe BEHIECTBO, YHACIECIOBAHHOE OT MOYBOOOPA3YIOIIUX IT0-
poz. 3HaUCHHUS COEPKAHUS YTIIEpoIa, ONPEeAEIIeMOr0 METOIaMH MOKPOTO H Cy-
XOTO C)KHTAHWs, B TIOYBAX CTAPBIX OTBAJIOB YaCTO OKA3BIBAIOTCS BEIIIE, Y€M B 30-
HAJIBHBIX ITOYBaX. BOIBIE MONOBHHBI OPraHMYECKOTO BEIIECTBA HCCIIEIyEMBIX
MTOYB OKHUCISIETCSI TONBKO TPH BBICOKOTEMIIEPATYPHOM CYyXOM CXKHTaHWU U HE
YYUTHIBACTCS IIPH aHAJIH3€ TPAAUIIMOHHBIM METOIOM MOKPOTO CKUTaHUS (METO
TropuHa). TO TOBOPHUT O BBICOKOH YCTOHYHMBOCTH OPTraHHYECKOTO BEIIECTBA
MTOYB K MUHEPAJIM3AIIIH B YCIOBHAX TEXHOTEHHBIX TaHImagpToB. B mouBax oTBa-
JIOB YTOJIEHBIX MECTOPOKACHUH YCTOHIHMBOCTD OPTaHUIECKOTO BEIIECTBA K OKHC-
JICHUIO0 YMEHBINAETCS B PSLy: aHTPALUTOBBIC — KAMEHHOYTOJILHEIE — OypOYTOIIb-
HBIE MECTOPOXKICHUS.

Hapsny ¢ coxpaneHneM opraHmdecKoro BEemIecTBa yIiel B MPOIecce MOYBO-
00pa3oBaHUs MPOUCXOIUT TAKKE aKKyMYJISIIHS MEHEE YCTOMYMBOTO K OKHCIIE-
HUIO OPTaHWYECKOTO BEIECTRA IEIOTCHHON W OMOTeHHOM TPUPOIBI. DTO TIPOSB-
nsieTcsl B COMMKEHUH Kak 3HaYeHUH comepxanus yraepoaa Cuox M Ceyx, TaK pac-
CUMTAHHOU Ha UX OCHOBE BEJIMUMHBI CTETIEHH NeJOreHHOH 3penocTu. [locnenusis
YBEIMYMBACTCS HE TOJNBKO B ABOJIONHMOHHOM PSIIy IOYB, HO U B OJHOTHITHBIX
MOYBax reorpapuueckoro psajga oObEKTOB, YTO CBUAETEILCTBYET O OoJiee BHICO-
KHAX TeMITaX TpaHc(OPMAIIUH JATOTEHHOTO OPTaHMYECKOro BEMIECTBA B ITOYBAX
TEXHOTCHHBIX JIAHAMAPTOB apUIHBIX 001acTei.

Taxum 06pa3oM, IpOBeICHHBIE HCCIIEIOBAHMUS MO OIICHKE COJCP)KaHHUS U Ka-
YECTBCHHOTO COCTOSIHUS OPTaHIMYCCKOTO BEIIECTBA ITOYB MOKA3BIBAIOT, YTO TEX-
HOTCHHBIC JIAHMMA(PTH OTBAJIOB YTOJIBHBIX MECTOPOKACHUH CHOUpPH SBISTIOTCS
cKOpee MOTJIOTUTEISIMHU, HEXKETH HCTOYHUKAMHE YTIIEKHCIIOTO Ta3a.
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