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Pestome: B pabGore mpeacTaBieHbl OpPHUTHMHAJBHBIE pa3pabOTKH  TIO
NIPUMEHEHUIO 3PO3UOHHOU MOJENU WaTEM/SEDEM JUTSL
KpyITHOMACIITaOHOTO KapTorpagupoBaHusL SPO3HOHHBIX CTPYKTYD
MOYBEHHOTo MokpoBa CpeaHepyccKod BO3BBIIEHHOCTH. OIEHKa Yy4acTHs
CMBITBIX TIOYB B COCTaBE IOYBEHHBIX KOMOMHALMI pacHaxaHHBIX CKJIOHOB
NIPOBEZICHA HAa OCHOBE COINOCTAaBJICHHUS PACUCTHBIX TEMIIOB CMBIBA C
pe3ynbTaTaMi  TOYBEHHO-MOP(OIOTMYECKOW  IUATHOCTHUKH  CTEIEHH
SPOJMPOBAHHOCTH uepHO3eMOB B 859 Toukax. [Ipm 3amaHHBIX BXOXHBIX
rapamMeTpax 3pO3MOHHOW MOJIENM KadeCTBEHHbIE M3MEHEHHUSI B CTPYKTYpe
MIOYBEHHOT'0 ITOKPOBa (Homsi cnabocMbIThIX mouB Oomee 10%) HaunHAroTCS C©
ITOPOT'OBOTO 3HAYCHUS BOJHOW 3po3MH § T‘l"a_l’l"O,H_l. IIpu cpeaneronoBoit
sposuu 30 Tral-rox”’ moms cMBITEIX mouB mpebimaer 50%. ITonyueHHbIe
OTHOIIEHHUS MEXIY BCTPEYAEMOCTBIO ITOYB 3PO3HOHHO-aKKyMYISATHBHOTO
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pAAa U UHTEHCUBHOCTBIO CMBIBA HCIIONIB30BAaHBI ISl TOCTPOEHUS KapThl
TUIHA3UPOBAHHBIX KOMOMHAIMI M0YB Pa3HON 3poaupoBaHHOCTH. CpaBHEHHE C
MaTepuasaMu JIeTaJbHOM MOYBEHHOI ChEMKH ITOKa3alo, YTO KapTa OTPa’KaeT
MIPOCTPAaHCTBEHHOE Pa3HOOOpa3ye U KOH(PUTypaLUIO 3PO3HOHHBIX MOYBEHHBIX
KoMOuHanmi. Pa3paboTaHHBIN MOIXO/ MPEICTABISETCS MEPCIEKTUBHBIM JUIS
pemenus GpyHAaMEHTAIBHBIX M NPUKIAIHBIX 33a7a4, CBI3aHHBIX C M3Y4EHHUEM
CTPYKTYPHO-(DyHKIIOHAJILHOW OpraHU3alliK TOYBEHHOT'O OKPOBA CKIIOHOB U
MIPOEKTUPOBAHUEM  IPOTHBO’PO3UOHHBIX ~ MEPONPUSATHH B  aJalTUBHO-
JaHIIIAQTHOM 3eMJIeIeIIHH.

Knroueswte cnosa: pacuetrusie Temisl 3po3ur, WaTEM/SEDEM, spo3uonHas
Jierpajialysi Y4epHO3EMOB.

Digital mapping of soil cover eroded patterns on the
bassis of soil erosion simulation model (northern
forest-steppe of the Central Russian Upland)

D. N. Kozlov", A. P. Zhidkin, N. 1. Lozbenev
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7 Bld. 2 Pyzhevskiy per., Moscow 2119017, Russian Federation,
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Abstract: The paper presents original developments on the application of
WaTEM/SEDEM erosion model for large-scale mapping of erosion patterns
of the soil cover in the Central Russian Upland. The share of eroded soils in
the composition of soil combinations on plowed slopes was evaluated; such
estimation was carried out on the basis of a statistical comparison of the
calculated rates of soil losses with the results of actual soil-morphological
diagnostics of the degree of chernozems erosion. The obtained relations
between share of eroded soils in soil cover patterns and modelled erosion rates
were used for development of the map depicting typified combinations of soils
with various degrees of erosion. Comparison with detailed soil survey
materials showed that the map is accurate enough for the spatial diversity and
configuration of eroded soils combinations description. At the given input
parameters of the erosion model qualitative changes in the soil cover structure
(share of slightly-eroded soils is more than 10%) start from the threshold value
of water erosion of 8 t-ha™-year™. With an average annual erosion of 30 t-ha"
L.year™, the share of denuded soils exceeds 50%. The developed approach
seems to be promising for solving fundamental and applied problems related
to the study of structural and functional organization of the soil cover of slopes
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and for planning the erosion control measures in adaptive-landscape
agriculture.
Keywords: estimated erosion rates, WaTEM/SEDEM, erosive degradation of
chernozems.

BBEJIEHUE

BiusiHue BOgHOW 3pO3UMM HA COCTOSIHHE IMOYBEHHO-3EMENbHBIX
PECYPCOB — MHOI'OIpaHHAsl aKTyaJlbHas MpodJiemMa, IMPOKO OCBEIICH-
Hast B qutepatype (Pokkon, 2007; Hayuneie ocHOBEL..., 2013). Ilo-
BEPXHOCTHBIM TBEPJbIA CTOK MPUBOAUT K auddepeHImanmuy noYBeH-
HOTO MOKPOBa, 00pa3yst KOMOMHAIIMYA HECMBITBIX, CMBITBIX, HAMBITBIX U
CMBITO-HAMBITBIX MOYB, CHIXKAIONIUX IJI0A0POANE CKIOHOBBIX 3E€MEIlb
M BEAYIMX K UX 3pO3UOHHOM nerpananuu (Hayurbie OCHOBBL. .., 2013).
N3ydeHne moYBEHHOr0 MOKPOBA 3PO3HOHHBIX CKIIOHOB M ONTHMHU3ALIHS
HUX CEIbCKOXO3SHCTBEHHOTO HMCIIONB30BAaHUS CBS3aHbl C Pa3BUTHEM
MEKIUCIUIUIMHAPHBIX OAXOM0B reorpaduu Mmoys, 3pO3UOBEACHUS U
3eMJIS/IENHs C MPUBJICUYCHHEM COBPEMEHHBIX CPEICTB IMPOCTPAHCTBEH-
HOT'O aHaNM3a U PU3UKO-MATEMaTHIECKOI0 MOJICTTUPOBAHHUSI.

B oGnacTu 3po3noBeneHNsT HAKOTUICH OIPOMHBIA AMITUPHIECKUAN
MaTepual. boree momyBeka BeIyTCS MOIMBITKA 00OOIINTE COOpaHHBIC
JaHHBIE B BUIEC MAaTEMaTHYECKUX MOJENel, BBIPAKAIOUINX 3aBUCH-
MOCTh TTOBEPXHOCTHOTO CMBIBA IOYB (T/Ta B TOJ WM MM/TOJ) OT KIIH-
MaTHYECKUX, TOMOTpaduIecKUX, ITOYBEHHO-TUTOIOTHIECKAX W XO35TH-
crBenHsix (axropos (Karydas et al., 2014; Dhami, Pandey, 2013;
Pandey et. al., 2016; Cypmau, 1979; Mupuxynasa, 2000; JIlapuoHOB,
1993; Ceermunblii 1 jp., 2004; CyxanoBckwmit, 2010 u mp.). Pacuer-
HbIE METOJIBI UCIIOIB3YIOTCA LTSI KapTOrpaupOBaHUS KIIACCOB dPO3H-
OHHOM OMACHOCTH 3€MeJh 10 BETMYWHE MOTEHIIMAIFHOTO CMBIBA H
MIPOEKTUPOBAHUS MPOTUBOIPOUOHHBIX MEPONPUATHII B CHCTEME BHYT-
PUXO3AHCTBEHHOTO 3eMiieycTpoiicTBa (Meroinyeckne pekoMeHIalnn
1985; Meroanueckue ykaszanus..., 1989: Revised..., 2008) u amam-
TuBHO-MaHAmadTHOro 3emiuenenust (Kupromwmnu, 2011; CmupHOBa UM
np., 2012). Komruiekec opraHU3aIliOHHO-XO03IHCTBEHHBIX, arpoTeXHU-
YEeCKUX, JIECOMETHOPATHBHBIX U THIPOTEXHUYECKUX MPOTUBO3PO3UOH-
HBIX MEPOIPHUATHIA IMPHU3BaH O0ECHEYUThH JOMYCTUMBIA ypOBEHb IIO-
TEHIIMAILHOTO CMBIBA, KOMITEHCUPYEMBIN IpoIlecCaMH T0YBO0Opa3o-
Baausa (Cypmaud, 1992; Meromudeckoe nocobue..., 2001) mubo arpo-
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TEXHUYECKHUMH TPHEMaMH BOCIIPOU3BO/ICTBA TIOYBEHHOTO MJIOX0POIHUS
(Kysneros u ap., 2002).

B reorpaguu mo4s pacueTHble METO/IbI TOBEPXHOCTHOT'O CMbIBA
MEPCIICKTUBHBI IJId HU3YYCHHUA MCXaHU3MOB M CKOPOCTHU aI‘pOI‘eHHOfI
TpaHc(OpMalMU MOYB M TIOYBEHHOTO MOKpoBa ckIOHOB (CopokuHa,
1988; Knenienko u ap., 2016), u, B 6onee o0IeM ciydae, — s U3yde-
HUS CTPYKTYpHO-()YHKIMOHAJbHOM OpraHU3alvy JAeHYyAallluOHHO-
AKKYMYJSTHBHBIX CTPYKTYyp THo4uBeHHOro mokpoBa (®pwmnana, ['na-
30Bckast, 1979; KoznoB u np., 2017). B uncne npoyero 3tu paboTHI
HaIpaBJieHbl Ha 000CHOBaHUE PErHOHATIBHBIX 0COOCHHOCTEH SPOaUPY-
€MOCTHU IIOYB U TpaHC(i)OpMaHI/II/I IMOYBCHHOI'O IIOKpPOBA IIPpU OJUHAKO-
BBIX TEMIIax BO):[HOI7[ 2po3uu 3a O}lHHaKOBBIﬁ HWHTCpBAJl BPEMCHU
(Kmemenko, 2015).

B ycnoBHsSX COKpalleHUs OTEYECTBEHHOH CETH 3PO3MOHHBIX
crarronapoB (Jluteun, 2002) BakHOE 3HAYCHUE MMEET Pa3BUTHE KOC-
BEHHBIX METOJIOB OIIEHKH 3POJAUPYEMOCTH Ha OCHOBE COIOCTABJICHUS
PacCU€THBIX TEMIIOB BO}IHOI‘/‘I O9pO3uU C pas3IMYHBIMU HWHIWKATOpaMH
(haxTaeckoi cMbeITOCTH MoYB (JKuakuH u 1p., 2015) u moka3aTensMu
9PO3MOHHOK  TpaHchopMalMd  MOYBEHHOT'O  TMOKPOBA  CKIIOHOB
(Kmemenko u ap., 2016). B atom oTHOIIEHNH 3()D()EKTUBHEI HOBBIE Me-
TOZBI U TEXHOJOTHH MOHUTOPHHIA CKJIOHOBBIX mporeccoB (Eltner et
al., 2014), anropuT™Mbl IMHTAIMOHHOTO MOaeaupoBanus croka (Golden
et al., 2014), amanutudeckue cpeactsa reomopdomerpun (Florinsky,
2016), memomerpuky 1 uppoBOH MouBeHHOM Kaprorpaduu (Minasny
McBratney, 2015). ITomuMo ITO3HABATEIBLHON LIEHHOCTH HOBBIE TEXHO-
JIOTHYECKHE BOBMOXKHOCTH CIIOCOOHBI KOMITEHCHPOBAThH BBICOKYIO TPY-
JOEMKOCTh JICHCTBYIOIIMX METOJUK KapTHPOBAHWS 3PO3UOHHOOIMAC-
HBIX 3EMENb W MPOCKTUPOBAHUS MPOTHBOIPO3UOHHBIX MEPONPUSITHH.
Onnako 171t JOPMUPOBAHHS HOBOT'O TEXHOJIOTHYECKOTO YKIaaa Mpak-
THKH 3€MJICYCTPOHUTEILHBIX PAa0OT M OpraHU3alliy MPOTHBO3PO3HOH-
HBIX CHCTEM 3eMIIC/CNUs HEOOXOJUMBI HAYYHO-METOJUYCCKHE H3bIC-
KaHWs, K YMCITY KOTOPBIX OTHOCSTCS M MaTEpHAIIbI JAHHOM CTaThU.

Ienpto wWccrnenoBaHus SBIAIACH pa3paboTKa METOJUYECKUX
MOJXO/I0B K IU(PPOBOMY KapTorpadupoBaHUIO 3PO3MOHHON Jerpana-
MU MAaXOTHBIX 3eMENb Ha PacueTHOW ocHoBe. [loka3zaTenem 3pO3HOH-
HOW Jerpajiallid CIIYXHUT CTENeHb TPaHCPOPMAIUHM MMOYBEHHOTO I0-
KpOBa, BBIPAXKECHHAs YJYaCTHEM IOYB 3PO3HOHHO-AKKYMYJISTUBHOTO
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psla B cOCTaBe MOYBEHHBIX KoMOMHanuii ckioHoB (Copokuna, 2005).
B nepByro ouepesp UcCIenoOBaHUE HAIPABICHO HA 00OCHOBAHKE MTPUH-
LIUITa COTJIACOBAHMUS PACUETHBIX TEMIIOB SPO3UHU C KOMIIOHEHTHBIM CO-
CTaBOM 3PO3HOHHBIX NTOYBEHHBIX KOMOWHaIM. J[pyrue MeToauueckue
BOMPOCH! IIU(PPOBOI0 MOYBEHHO-IPO3UOHHOTO KapTorpadupoBaHUs, B
YaCTHOCTU, 0OOCHOBAHUE 3PO3MOHHON MOJEIM M 3HAYCHHH ¢ yrpas-
JISOIIMX TIApaMETPOB, COCTABIIAIOT MPEAMET OYAYIIUX HCCIICIOBaHHUM.

OBBEKTHI U METObBI

HccnenoBanne BeIMoMHEHO Ha Toisx Kypckoil OmpITHONM CTaH-
MU — TIOJIMTOHA C JUTUTEIBHON UCTOPUEH U3ydeHUs TIOYB U ITOYBEHHO-
ro nokpoBa CpeaHEepPYCCKOM JI€COCTEITHON MPOBUHIIMK BO3BBIIICHHBIX
9po3uoHHBIX paBHuH (Copokuna, 1976; ®umman, 1977; Kozlov et al.,
2018). CocemctBo ¢ UEIMHHBIMH  ydacTKamu  LleHTpasbHO-
UepHO3eMHOT0 3armoBefHUKa (pHcC. 1) MO3BONSET MPOBOAWUTH OIEHKY
CTeNeHn TpaHCc(HOpPMAIMH MMaXOTHBIX MOYB B CPABHEHHM C UX HEHapy-
mennsiMu aHasioramu (Lenuiuesa, Jaiineko, 1966).

[TouBeHHBI TOKPOB MEKIYPEUHBIX PAaBHHH TPEACTABICH IIAT-
HHUCTOCTSIMH YEPHO3EMOB THIITMYHBIX, BBIMEIOUCHHBIX M THITAIHBIX
KapOOHATHBIX C y4YacTHEM JIyrOBaTO-4YEPHO3EMHBIX IIOYB B JHHINAX
BOZOCOOPHBIX TOHWKCHHWH. 3HAYUTENBHBIN mepemnan BeicOT (110 M)
P TYCTOTE OBpakHO-0ao4HOro pacwuieHenus 1.3 KM/KM? OTIpEIeIHI
MFPOKOE y9acTHe B TPAHHIAX MAIIHU CKIOHOBBIX 3eMenb (37%), mox-
BEPKCHHBIX IUIOCKOCTHOH »9posui ¢ Temmamu 5-20 t-ra’-romg™
(JImrBun, 2002; TonocoB u ap., 2012). Kak ciencreue B cocraBe MX
MTOYBEHHOT'O TMOKPOBA MPHHUMAIOT y4acTHE CIab0- W CPEeIHECMBITHIC
yepHO3eMbl. OTHOCUTENHFHO HEBBICOKAS CTEIEHb APO3MOHHON JIerpaja-
[N CKJIIOHOBBIX 3€MEINlb CBSI3aHAa C KOPOTKAM TEPUOJOM pPAaCIIAIlIKH
[IOYB C MOIIIHBIM M CBEPXMOIIIHBIM T'YMYCOBBIM TOPH30HTOM.

3eMienenpbueckoe OCBOSHHE YYacTKa HAdyalloch B CepeauHe
XVIII B. ¢ npunonuaabx ckioHoB p. Ceiim. [lomHOE ocBOeHHE Mex-
JIYpPEUHBIX PaBHUH MOJ| MAIIHIO COBIIAJAET C IEPUOJIOM OpPTraHU3alluU
HenTpanbuo-YepHozemHoro 3anoegHuka B 1935 r. Jlo 20-x rogos
XX B. MpUMEHSICS TPEXMOIBHBIH CEBOOOOPOT: Map — 03UMBIE — SIPO-
BbI€, CMEHHBIIUICS TISITUIIONBEM: TIAP — OJJHOJIETHUE TPABbI — O3UMBIE
— sipoBble — niponamHbie (Ky3Hernosa u np., 2011). [IpotuBospo3non-
HOE 3eMJICyCTPONCTBO BBINONHEHO B 1960-X rogax, OHO BKIIIOYAIO Op-

9



bronnerens [lousennoro nncruryra nm. B.B. Jlokydaesa. 2019. Beim. 100.
Dokuchaev Soil Bulletin, 2019, 100

TaHHU3allWI0 II0JIC3AIIUMTHBIX JICCOIIOJIOC M BBCACHUEC IMOYBO3AIIMTHBIX
CCBOO60pOTOB Ha CKJIOHaXx.

155 180 205 230 255 £ 0 1 2 3 4  5km
T

Puc. 1. ®dusuko-reorpaduyeckoe noaoxeHue (a) u penbed peruona muccieno-
BaHU (0) C MOJIOKEHUEM IUIOLIAIOK JIETAIBHON OYBEHHOI CheMKH (8) U TO-
YeK MOYBEHHOr0 OMPOOOBAHUSL.

Fig. 1. The geographical location (a) and topography of the study area (6) with
the location of sites for detailed soil survey (¢) and points of soil studies.

CootHomeHre Tal0i U JTUBHEBOW 3PO3UU B PETMOHE HAXOAUTCS
B CJIOKHOHM 3aBHCHMOCTH OT HOTOAHO-KIMMATUYECKUX U arpOHOMHYE-
ckux ycioBuid (JIutBuH, 2002). TTocneqHue AECATHIETHS C MSTKUMU
3UMaMHM M YaCTBIMH OTTEINENSIMH OTMEUEHBbl CHMKCHHEM BECEHHErO
ckioHoBoro croka (bapabanos u ap., 2018). OHAKO B pOTALUIX CEBO-
000pOTOB NpPHU COOMIOJEHUH KOMILJIEKCa MPOTHBORPO3UOHHBIX MEpO-
NPUSTHI TEMIIbI IMBHEBOH 3po3un ycrymnaroT tajoii (Cypmad, 1992).
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[IpunnunuanpHas cxema UCCIEN0BAHUA BKIIFOUAET MSITh 3TAIOB:

1) pacuer TEMIOB CMbIBA IOYB IO DJIEMEHTAM PEryIIAPHOM
CETKU Ha OCHOBE PPO3UOHHON Mojenu (puc. 3);

2) oueHKa (haKTHYESCKOM CTEIEHH 3POAMPOBAHHOCTH MOYB HA
NPEICTABUTEIILHOM MacCHBE TOYEK IOJIEBOTO OMpoOOBa-
HUS,

3) conocTaBieHHE PACUYETHBIX TEMIIOB CMbIBA U (HaKTUUECKOM
3POAMPOBAHHOCTH 1OUB (puc. 4a, 40);

4) mocTpoeHHEe KapT KOMIIOHEHTHOT'O COCTaBa 3PO3MOHHBIX
MOYBEHHBIX KOMOMHAIIMI Ha pacueTHOl ocHoBe (puc. 5, 6);

5) Bepudukanus pesynpraToB (puc. 7).

Temnbl CMbIBa OIIGHEHBI B COOTBETCTBHH C  MOJECIBIO
WaTEM/SEDEM v.2004 (Van Oost et al., 2000; Van Rompay et al.,
2001), yuyuThIBaOILIEH B3aUMOJICHCTBHS MEXTY 3PO3UOHHBIM TIOTEHIIU-
aJioM JIOXKJEBBIX OCAJKOB, 3POJUPYEMOCThIO IIOYB, 3PO3MOHHBIM HH-
JIEKCOM BO3JICNTBIBAEMBIX KYJIbTYP B CPEIHEMHOTOJIETHEM CEBOOOOPOTE
1 0COOEHHOCTAMU penbeda. AJIrOpUTM pacuera 0a3UpyeTcs Ha MOIH-
(ummpoBaHHOM YHHUBEPCAILHOM ypaBHeHMH cMbiBa 1mouB RUSLE
(Renard et al., 1997) u uMeer cxomHble BXOMHBIE TApaMeTPhl. IPO3H-
OHHBIH HHIEKC JOXKIEBBIX ocankos (0.029 Mk MM M 2dac rox ™) 6bin
B34T U3 0a3bl manHbIX Global Rainfall Erosivity (Panagos et al., 2017).
3nauenns spomupyemocty nous (K = 35 xe-u-Moc mm’™) monydens:
B COOTBETCTBHH C SMITMPHYECKHUM O0OOIIEHNEM M3 PYKOBOJCTBA
RUSLE (Renard et al., 1997) ¢ mapamerpamMu axoTHOI'O TOPH30HTA
YEpPHO3EMOB THITUYHBIX CPETHECYTIIMHUCTOTO COCTABA:

K =/(0.00021 x M"*x (12—OM) +3.25 x (5—2) + 25 x (0— 3)/100] % 0.1317,

rae M — mokaszartens rpaHyJIOMETPHYECKOr0 COCTaBa I0YB, B3STOrO IO TPEM
dpakimuam M = (moe02 + Myo.002005) X (100 — mgps.0.1) = 4270; OM — conep-
XKaHUe opraHudeckoro yriepona (3.64%), S — KaTeropusi OCTPYKTypEHHOCTH
moyB (2 — MEJKO3EpHHCTass, 2—5 MM), P — KaTeropusl BOIOIMPOHHUIIAEMOCTH
oYB (4 — yMepeHHO HHU3Kas).

JUnst pacyeTroB JUIMHBI JIMHUHA TOKA M KPYTH3HBI NOBEPXHOCTH
(LS-¢akrop) ucnonb3oBana 1udposas mMozens penbeda (LIMP), mo-
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CTPOEHHAS TI0 BBHICOTHBIM OTMETKaM TOHOrpapuueckoi KapThl C PEeKo-
MeHayembiMu s mogenu WaTEM/SEDEM pasmepamu staetiku 20 ¥
20 m. IIpm TakoMm mpocTpaHcTBeHHOM pasperiennn [IMP pacuernsie
3HayeHus1 LS-¢pakTopa oTpaxkaroT cTokohopMHUpYIOIee BIMSHAE Me-
3openbeda.

Pacuer BBINIONHEH ISl €MHOTO MacCUBa MallHU 0e3 ydeTa KOH-
¢durypanmu noneBoil HHHPACTPYKTYPHI U JIECOMEINOPATHBHBIX IOJIOC
(puc. 3). IloyBo3amuTHas POk BO3JENBIBAEMBIX KYIbTYp 332 POTAIHIO
CEBOOOOPOTa OTHOCUTENBHO 3POAUPYEMOCTH YHCTOI'0 Tapa 3ajaHa
sHayenueM 0.4 i1 Bcero mepHoia 3eMIIAETbUECKOr0 OCBOCHUS
(Cypmau, 1992). Takue nOmMymieHUs MPOAUKTOBAHBI CTPEMJICHHUEM
OXapaKTepr30BaTh MAKCHUMAIIbHBIE TPOSBICHUS TNIOCKOCTHOM SPO3UH B
OTCYTCTBUH JOCTOBEPHBIX CBCJICHI/Iﬁ O CTPYKTYPEC U JUHAMHUKE 3EMJIC-
MOJIb30BaHUS B IPAHMIIAX MOJIEIBHOTO y4acTKa.

dakTnyeckas CTeNeHb CMBITOCTH ITOYB IAITHU JAUarHoCTupoBa-
nack B 859 myHKTax 1Mo MOp(OIOrHYecKuM MpU3HAKAM U BEPTHKAIb-
HOMY pachpesieliecHuIo rymyca. Mcronb3oBaHa pervoHalibHas cXema
JIMATHOCTUKH TIOYB OPO3HOHHO-aKKyMYISTHBHOTO psina Kypckoit
onbiTHOW craHnuu (Copokuna, 1966; Hayunbie OCHOBBI..., 2013).
MOIIHOCTh TYMYCOBOT'O TOPU30HTa HECMBITHIX YEPHO3EMOB COCTABIIS-
er 74 + 13 cm npu orHomennn A/(A + AB) 0.5-0.7 u conepkanuu
rymyca B aXOTHOM Tropu3oHTe 5.8-6.4% (30, rop. A = 60-85 cmM, 595
orrcanmii). I[lpn cokpamenun rymycoBoro ropuzonta Ha 30% moduBa
JHArHOCTUPOBaach Kak ciabospomuporanHas (D1, rop. A = 40-60
cM, 204 ommcanus), Ha 50% — kak cpemHespomupoBanHHas (D2, rop. A
= 3040 cm, 60 onmcanuii). CHIBHOIPOAUPOBAHHBIC MTOYBBI C IIOJIHO-
CTBIO CMBITHIM I'yMYCOBBIM TOPH30HTOM He OOHapy»x eHbl. [Ipu MomHO-
ct Top. A Oonee 85 cM YepHO3EMBI AUArHOCTHPOBAINACH KaK HaMBbl-
THIC.

PacuerHble 3HaUCHUS OTPaXKAIOT CTOKO(OPMUPYIOIIEE BIUSHHUE
Me3openbeda, B ToO BpeMs KaK OpraHu3anus 3pPO3HOHHBIX 3JIEMEHTap-
HBIX IOYBEHHBIX apeasioB KOHTPOIUPYETCS ME30-, MUKPO- U HAaHOPEIIb-
epom M BBIABISETCS NMPH MOYBEHHO-TONMOrpapuyeckoil cheMke B Jie-
TasbHOM MaciuTabe (puc. 2). Kak crnencrsue, 0qMHAKOBBIM 3HAYEHUSM
pPacyeTHOr0 CMbIBa COOTBETCTBYIOT HOYBBI Pa3HON 3POIMPOBAHHOCTH
(puc. 4a). Ux cooTHOLIEHHE MEHSETCS OT HU3KHX K BBICOKUM TEMIIaM
(puc. 40) u mozIaeTcsa CTaTUCTHYECKOH OLIEHKE Yepe3 YCIOBHYIO BEpo-
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atHocTh Betpeurd 30, 31 u 32 moyB B cocTaBe MOYBEHHBIX KOMOMHA-
nuii (ITK) kak moiau onmucaHuii MOYB KaXKJIOW CTEIEHU DPOIUPOBAHHO-
CTH OT OOIIEro Yuciia OMUCAHUMA O TpajalusM PacueTHOM 3po3uu 0—
10, 10-20, 20-30, ..., 60-70 t-ra’rox” (puc. 48). ITo daxTHICCKHM
JaHHBIM TOCTPOCHBI IMapaMeTpHUYSCKUe (YHKIMH MPUHAIICKHOCTH
MOYB DJIEMEHTOB Me3openbeda K IMovYBaM pa3HOH CTETEHH 3POAHpPYe-
MOCTH B JIMaria30HE PacuyeTHBIX TEMITOB cMbiBa (puc. 40). OyHKunmn
MPUHAIUICKHOCTH OMKCHIBAIOT M3MEHEHUE JoeBoro ydactus 30-01-
32 nous B cocrae [1K ayiemeHTOB Me3openbeda.

[ qe®d ) \\'%‘r_ Y :‘/ [j -
) T ST N =]

0 20 40 mempos

40 60 80 100 120
Puc. 2. CtpykTypa mO4YBEHHOI'0 MOKpOBa JiecocTenu CpeaHepycCcKoi BO3BBI-
LICHHOCTH B CPaBHEHUH ¢ suerikaMu ceTku 20 x 20 M: @) npuBoIOpa3aeIbHbBIN
ckion 1° (@ummvan, 1977), 6) npubanounsrii ckioH 4° (Qumman, 1977), 6)
npubanouHbiii ckitoH 5° (Copokuna, 1976). Ioussl: YT’ — 4epHO3EMbI THITHY-
Hble Cl1abodpOaUpOBaHHbe, UB® — YepPHO3EMBI BBHILIEIOYEHHBIE CIIA003POIH-
poBanHble, YT — 4epHO3eMbI TUIIMYHBIE KapOOHATHBIE CI1a009POAUPOBAHHBIE,
Ur™? — uepHO3eMbl THITHYHBIE KapOOHATHBIE CPEIHEIPOIMPOBAHHbIE, JTu™ —
JIYTOBO-YE€PHO3EMHBIC BBIIIICTIOYECHHBIC HAMBITBIE.

Fig. 2. The structure of the soil cover of the forest-steppe of the Central Rus-
sian Upland in comparison with grid cells of 20 x 20 m: a) a near watershed
slope of 1° (Fishman, 1977), 6) a near gully slope of 4° (Fishman, 1977), ¢) a
near gully slope of 5° (Sorokina, 1976). Soils: Yr’ — typical low-eroded cher-
nozem, Us’ — leached low-eroded chernozem, Ut — typical carbonate low-
eroded chernozem, Ur*? — typical carbonate medium-eroded chernozem, JIa™
— leached meadow-chernozem warp soil.

OYHKIINN TPUHAIIKHOCTH HCIIONB30BaHBI ISl MPOTHO3a yda-
ctua 20, 31 u 22 mouB B cocrase 1K kaxknoro simemenTa cerku. I1o-
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CIICAYIOIINI aHANIMU3 MO3BOJSIET U KaXXAOTO MUKCENs MOMy4duTh: 1)
HanboJee BEPOATHYIO MOYBEHHYIO KaTErOpHUIO; 2) HEONPEAETCHHOCTb
MPOrHO3a KaK MaKCHUMaJIbHOE 3Hau€HHE BEPOSATHOCTH; 3) THUIIBI coye-
TaHUH HamOosiee BEpOSITHOM (Tpeoliiaarolieii) MOYBEHHON KaTeropuu
¢ neyms comyrcrByrommmu (Kosnos, Copokuna, 2012). Tunuzamms
[IK mpoBeneHa B COOTBETCTBHHM C CYIIECTBYIOIIUMH HOPMAaTHBaMH
(O0r1ecoro3nast HHCTPYKIMSL. .., 1976). Beero BbIACIEHO MIECTh TPYIII
ITK: 1 — 30HanbHBIE ¢ IpeobIaganueM HecMbIThIX TouB (D0 > 0.9); 2 —
3PO3MOHHO-30HaJIbHBIE ¢ Joyied cMbIThix mmouB 0.1-0.25; 3 — cnabo-
3pOIUpPOBaHHBIE ¢ onel cMbIThIX ouB 0.25-0.5; 4 — cpenHeapoaupo-
BaHHBIC C JOJICH CMBITBHIX 1Mo4B Oosybmie 0.5 u mpeoOiagaHueM cia-
OOCMBITBIX HaJ| CPEIHECMBITBIMHU; 5 — CHIIBHOIPOIMPOBAHHEIE C J0JEH
CMBITBIX 10YB Ooibiie 0.5 U npeodiaaHreM CPEIHECMBITHIX HaJ Cla-
0OCMBITEIME; 6 — HaMBbIThIe. 300paxkeHne Hanbolee BEepOsSTHOW MOY-
BEHHOW KaTeropvy MOKa3bIBAeT apealibl Ipeolraiatoniei mouBsI (pHC.
5B), a M300pakeHHe THITM3UPOBAHHBIX COYETAHWH MPeoONaalonux
CONYTCTBYIOIINX KaTErOpuil — apeajbl TPYII MOYBEHHBIX KOMOMHAIINI
(puc. 6).

Bepuduxamust pe3ynpTaToB KapTorpaguyeckoro MojaenupoBa-
HUSl IIPOBEIEHA IIyTEeM COIOCTABJCHUS KOMIIOHEHTHoro cocrasa [IK
XapaKTepHBIX AJIEMEHTOB Me3openbeda, MOIydeHHBIX B COOTBETCTBHU
C 3PO3MOHHON MOJIENbI0 U Ha OCHOBE JIETAIbHOW MOUYBEHHON ChEMKHU
OMMHHA/IIATH KITFOUYEBHIX y4acTKoB Iuromapio 0.25-0.5 ra (CopokuHa,
1976; ®ummMan, 1977).

PE3VJIBTATBI 1 OBCYXXJIEHUE

Kapra pacderHoit HHTEHCHBHOCTH 3PO3HOHHO-aKKYMYJISTUBHBIX
mporieccoB (puc. 3) oTpaxkaeT pa3Nuivs B TOTEHIIMAIBHBIX TEMIaxX
CMBIBa TIOYB B CBsI3H ¢ MOpdomorueit cki1oHoB. MTHTEHCHBHOCTH CMBIBA
BO3pacTaeT Mo Mepe YBEIHYEHHS MPOTSHKEHHOCTH W KPYTHU3HBI CKIIO-
HOB ¥ Ha TIOKATHIX MPUOAIOYHBIX CKIIOHAX TpeBbImaetr 40 tratrort.

Ilo unTeHcuBHOCTH cMBIBa 60% IUIOMIAAM ITAITHU OTHOCHTCS K
3eMJISIM C HE3HAYHMTEIIBHOW 3PO3HMOHHON omacHOCThIO; 20% — cimaboii;
10% — cpenneit, 3% — cunpHOM; 1% — oueHp cunpHON (Meronmueckue
ykazaausl..., 1989). Eme 6% namHu OTHOCATCSA K 3€EMIISAM C ITOTEHIIU-
aJIbHO HAMBITBIMH ITOYBAMH, B TOM YHCJI€ CO 3HAYMMBIMU TEMIIAMU aK-
kymynsauun (Goree 3 T-raron”) — 1%. B mepsyro ouepesib 3TO BHIIO-
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JIOKEHHBIC YYaCTKH CKJIOHOB, CHIDKAIOLIME TPAHCIOPTUPYIOIIYIO CIO-
COOHOCTH BOAHBIX MOTOKOB, & TAKXKE THHIIA JIOKOMH, KOHIIEHTPUPYIO-
mue cTok. [logaBmnsiomas 4acTh HAHOCOB aKKyMYIHPYETCsl 3a Tpere-
JIaMH TIAIITHH.

Cpennue Temmbl CMBIBA 10 BCEMY MacCUBY mamHu 4.2
Tra’ rog" aJCKBATHBI CYLIECTBYIOIIMUM OIIEHKaM JJIs JIECOCTENH
Cpennepycckoii Bo3BbiieHHOCTH (JIuTBuH, 2002). OgHaKo pacyeTHbIe
3HAYCHMS CMbIBA [UTSl IIOKATHIX CKIOHOB (Gomee 40 T-ra™rox™) ciaemy-
eT CUMTaTh 3aBbIIEHHbIMH. llpyn Takmx Temmax spo3uu 3a 100 mer
MOYBEHHBIA MPodWiIb cokpaTuiicsi Obl Oonee yem Ha 40 cM, U mo4Ba
JMAaTHOCTUPOBAJIACh KaK CHIBLHOCMBITasA. Takue MOYBHI MPHU MOJIEBOM
o0CIieloBaHNM HE BCTPETUIIMCh, HECMOTPS Ha WMEIOIIHECs yKa3aHUs
00 MX OrpaHMYEHHOM YYacCTHH B COCTaBE IMOYBEHHOTO MOKPOBA CTapo-
MaXOTHBIX MprudasouHbix ckiioHoB (Tumikina, MiBanosa, 2010).

CymiecTByole pernoHagbHbIe OIIEHKH TEMIIOB CMbIBA pacria-
XUBAaEMBIX CKJIOHOB He mpeBbimarT 20 Tratror” (JIurBun, 2002). B
TOM YHCJIE HA MPEACTaBUTEILHOM JJIsi 00bEKTa MCCIIEIOBAaHUHN JKCIIe-
puMenTainsHOM Bomocbope (LomocoB wm ap., 2012; XKXumkwa u np.,
2015) Temmbl 3p0o3uH IS TTOJIOTUX CKIIOHOB Pa3HOM SKCIO3MIINH OIpe-
JleIeHbI TATHI0 METONAMHU B auanasoHe 2—19 1-ra™-rox™. 3asbimenue
TEMIIOB CMbIBa MMUTALIMOHHBIMU MOJEISIMU HE SIBJISIETCSI HCKIIIOYH-
TEJIbHBIM, YTO HAIJIAJHO AEMOHCTPUPYET METa-aHaJIu3 JaHHBIX MHOI'O-
yuciaeHHbIx ucenenosanuii (Garcia-Ruiz et al., 2015).

[lony4yeHHBble pe3yNbTaThl CBUAETEIBCTBYIOT O 3aBBILICHUN
TTOMIATN KJTACCOB DPO3MOHHOM omacHOCTH (puc. 3) U HEOOXOAMMOCTH
JalbHENIIero yTOYHEHUs! BXOAHBIX apaMeTPOB HUMHUTALMOHHON MOzie-
mu. OHaKo 1S Lenell MPOCTPaHCTBEHHOTO MOAENUPOBAHUS IPO3HOH-
HBIX CTPYKTYp ITOYBEHHOT'O IIOKPOBA a0COJIIOTHBIE 3HAYECHUS OTEHILIH-
aNbHBIX TEMIIOB CMbBIBA HE WIPAIOT OMNPEACIAIOUICH PO, Bemyllee
3HAa4YCHUE MMEIOT OTHOCHUTENIBHBIE Pa3iiyMsl PACUETHBIX TEMIIOB 3PO-
3UM MEXy CKIOHaMHM Pa3HOi Mopdororum.

Jna ux BepuduKanmu MpoBEIEHO COMOCTABICHUE PACUETHOU U
(hakTHYECKOl 3pO3UK B TOYKAaX MOYBEHHBIX oOcienoBanuii (puc. 4). B
psiiy MOYB BO3pacTarolleil SpoANPOBAaHHOCTH HAOIIONAETCSl CTATUCTH-
YECKHU JI0CTOBEPHOE YBEIIMUEHHE PACUETHOIO cMbIBa (pHcC. 40).
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Puc. 3. Kapra-cxema pacueTHBIX TEMIIOB 3PO3MOHHO-aKKYMYISTHBHBIX IPO-
LIECCOB, NMPHUBEACHHBIX K IpaJallisaM 3PO3HOHHON omacHocTH (MeToauyeckue
ykazanms. .., 1989): 1) HesHauMTETBHON (CMBIB 10 3 T-TaTox); 2) cnaboit
(3-10 T-rat-rox™); 3) cpenneii (1020 t-ra™-rox™); 4) cunpHoit (20-40 T-ra’
L-rox™); 5) ouens cumbHoi (6oree 40 T-ra’-rox); 6) HaMBITBIE 3eMIH (AKKY-
mymsust 3-10 T-ra'l-rou'l); 7) uenuHHBlE YywacTku LleHTpanpHO-
YepHO3eMHOr0 3amoBeiHuKa; 8) macTouIa, CEHOKOCHI, CETUTEOHBIC 3EMITH.
Fig. 3. Map scheme of erosion and accumulation processes classified accord-
ing to erosion-hazard rating (Merommueckue ykasanus..., 1989): 1) insignifi-
cantly-eroded (soil losses up to 3 t-ha™-year™); 2) slightly-eroded (3-10 t-ha"
L.year™); 3) medium-eroded (1020 t-ha™-year™); 4) highly-eroded (2040
t-ha™-year™); 5) severely-eroded (over 40 t-ha™-year™); 6) warpland (accumu-
lation of 3—10 t-ha™-year™); 7) virgin lands of the Central Black Earth Re-
serve; 8) pastures, hayfields, settlement lands.

Ero cpemnue temmsr s 92 mouB (25 T'ra'l'ro,u'l) B JIBa pasa
BhIMIE, yeM g D1 mous (13 T'ra'l'ro,z['l) U B OTh pa3 BBILIE, YEM JIA
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90 nous (5 Tra™-rox™"). BMecTe ¢ TeM IMANa30HbI 3HAYCHUIT pacueT-
HOro cMbiBa aist 90-21-22 mouB mepecekarores, T. €. B Ipeenax dJie-
MEHTOB Me3openbeda ¢ OAMHAKOBHIMH 3HAYEHHSIMU MOTEHIHMAILHOTO
CMBIBA BCTPEYAIOTCS MOYBBI Pa3HOI CTEMEHH SPOTUPOBAHHOCTH.
3aBucuMocThb 10U D0 MOYB OT UHTEHCUBHOCTH APO3UH (X) OIMHU-
cbiBaercsi Z-curMouiHon ¢yHkuuen (puc. 4B) co “cpemHeid” TOUKOM
npu pacuerHoM cMbiBe 30 T-ralrox” M KOIPPHUIMEHTOM KPYTH3HBI
0.095 (1); monst 31 MOYB OMHCHIBAETCS TayCCOBOM (PYHKIIMEH C MaKCH-
MyMoM mipu cmbiBe 40 T-ra rox™ (2); 92 — S-curmomHO# QyHKIHMEI
co “cpeHeii” TOUKOI mpu cMbIBe 54 T-ra rox " 1 KpyTH3HOT 0.1 (3).

1

Hao(x) = 1+exp(0.095-(x—30)) @
por () = exp (—S55525) 05 (@)
Hap () = - €)

1+exp(-0.1-(x—54))

YcTaHOBNICHHBIE COOTHOIIEHUS MO3BOJSIOT JUISI KaXKIOrO JIie-
MEHTa peryysipHoii cetku (i,j) paccuutaTh BEKTOp MOAOOHS €ro MOYB U
nouB sposuonHoro pama Si (Si”’, Si”’, Si”°). IMocnemyrommii anamms
BEKTOpa TOAO0OWS IMO3BOJSET MONYYUTHh JJISI KaXJIOTo MUKcens: 1)
HanOoJiee BEpOATHYIO (IIPeoOIafaronIyio IO IIOMAMN) MOYBEHHYIO
Kateropuro (puc. 5B); 2) Mepy MECTpOTHI COCTaBa MOYBEHHON KOMOWU-
HAIMM KaK MaKCUMaJbHOE U3 TpeX 3HaueHui Sj (puc. 5r); 3) THIIBI CO-
YeTaHWH MpeodIafaromiell TOYBEHHON KaTerOpHH C ABYMS COIyTCTBY-
toumu (puc. 6). [lomyaennsie kaptol (puc. 5, puc. 6) mepenaroT pas-
JIUYHBIE aCTeKThl COCTaBa MOYBEHHBIX KOMOWHAIMK pacliaxMBaeMbIX
CKJIOHOB.

[Ipu 3amannHpIX BXOAHBIX mapamerpax moaenn WaTEM/SEDEM
9PO3WOHHAA TpaHC(OPMANHSA TTOYBEHHOTO ITOKPOBA (IOJISI CMBITBIX
nous 10%) HauMHAETCS NPH BENMYMHE PACUETHOH dpo3um § T-ra
rox”. JlanpHelilee HapacTaHHE PACYETHBIX TEMITOB CMBIBA COMPOBOIK-
JaeTcst CHUKeHueM 1ond D0 U CUHXPOHHBIM yBeNWYeHueM Joiau J1 u
32 nous B cocrase [IK ckinoHoB (puc. 4B). CymmMapHas 10751 CMBITBIX
noyB 25-50-75-90% coorBercTByeT 3HaueHUsIM cMbiBa 18-30-42-54
T-ra'l-rozx'l. B untepBane 3HaueHuid cmbiBa 3252 T-l"a'l'roz['1 B COCTa-
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BE TMOYBCHHBIX KOMOWHAIMI MPeoOsaaroT CIa0OCMBIThIC TOYBHI, a
Haumnas ¢ 52 Tratront — CPEIHECMBITHIC MTOYBHI.
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Puc. 4. ConocraBieHue pacyeTHbIX TEMIIOB CMbIBA ¢ (PAKTUYECKOW CTEIIECHbBIO
SPOJUPOBAHHOCTH MOYB B TOUKaX OMPOOOBAHUS: @) CXeMa OpraHU3ally aHa-
JIn3a, 5) CPaBHCHHUE PACYETHBIX TEMIIOB CMbIBa B TOYKax MOJICBOM JAUarHoCTHu-
ku 30-01-02 mouB; @) IKCIepUMEHTaIbHAs W MOJAENbHAS 3aBHCHMOCTH CO-
CTaBa SPO3HMOHHBIX IMOYBEHHBIX KOM6I/IHa].[I/II71 oT paC‘-IeTHOf;I HMHTCHCUBHOCTU
BOJHOM 3PO3UH.

Fig. 4. Comparison of the calculated rates of soil losses with the actual degree
of soil erosion at the studying points: a) the scheme of analysis organization;
0) comparison of the calculated rates of soil denudation at the points of field
diagnostics of 50-31-32 soils; ¢) experimental and modelled dependence of
the composition of eroded soil combinations on the calculated intensity of
water erosion.
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Puc. 5. KoMIIOHEHTHBII COCTaB 9PO3MOHHBIX MMOYBEHHBIX KOMOWHAIMN MAlll-
Hu: a) nonst D1 mous; §) pons D2 mouB; ¢) npeobnanatonias B coctaBe [1K
kareropusi cMbITocT 1ouB (1 — He cMmbIThie (D0), 2 — cnabocmbiThie (D1), 3 —
cpenHecMbiThie (32)); 2) Mepa MecTpoThl COCTaBa MOYBEHHBIX KOMOWHAIHIA
(0.33 — monuagoMUHAHTHEIE, | — MOHOZOMHHAHTHEIE).

Fig. 5. Component structure of eroded soils combinations (SC) of arable
lands: a) share of 31 soils; &) share of 32 soils; ) prevailing category of erod-
ed soils in the structure of SC (1 — not eroded (20), 2 — slightly-eroded (31), 3
— medium-eroded (32)); 2) the degree of patchiness in the structure of soil
combinations (0.33 — polydominant, 1 — monodominant).

A0 1 2 i

YcTaHOBIEHHOE TMPOCTPAHCTBEHHOE pPa3HOOOpa3ue cocraBa H
KOH(UTYpaIuy 3PO3NOHHBIX MMOYBEHHBIX KOoMOWHanui (puc. 5, 6) xa-
YEeCTBEHHO  COOTBETCTBYET  CYIIECTBYIOIIMM  IPEICTABICHUSIM
(ITouBennas kapra..., 1965; Copokuna, 1976; ®umman, 1977; Tuw-
kuHa, Banosa, 2010).
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Puc. 6. I'pynibl No4YBeHHBIX KOMOMHAIMI NaliHU: 1 — 30HaNBHBIE ¢ TTpeodiia-
nmanreM HecMBIThIX mouB (D0 > 0.9); 2 — 3p03HOHHO-30HATBHBIE C A0JCH CMBI-
Thix 1ouB 0.1-0.25; 3 — cnabospoanpoBaHHbIe C 1ol CMBITBIX 1mo4yB 0.25—
0.5; 4 — cpenHespoAUpPOBaHHBIE C J10JIeH CMBITBIX 1OYB Ooublie 0.5 u npeood-
JIagaHueM ci1abOCMBITBIX Hall CPEIHECMBITBIMU; 5 — CHIIBHOIPOANPOBAHHEIE C
noned cMbIThIX To4B Oonbiie 0.5 u mpeobiiagaHueM CpelTHEeCMBITHIX; 6 —
HAMBITBIC B TPAHUIAX OOJIACTH PAcUeTHON aKKyMYIISILIMN HAaHOCOB (puc. 3).
Fig. 6. Groups of soils combinations of arable land: 1 — zonal with predomi-
nance of not eroded soils (EO > 0.9); 2 — erosion-zonal with the share of erod-
ed soils 0.1-0.25; 3 — slightly-eroded with the share of eroded soils 0.25-0.5;
4 — medium-eroded with the share of eroded soils more than 0.5 and where
slightly-eroded soils predominate over medium-eroded soils; 5 — highly-
eroded soils with the share of eroded soils more than 0.5 and prevalence of
medium-eroded ones, 6 —warp soils located within the borders of calculated
deposits accumulation area (Fig. 3).
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3onaneHble rpynmbl [IK 3aHuMaOT cnaGoOHAKIOHHBIE MEXKIY-
peUYHbIE paBHUHBI, 30HANBHO-3PO3MOHHBIC — IIOJOTHE MPUBOJOPA3-
JeTIbHBIE, 8 9PO3MOHHBIE — IOKAThIE MPUOATOUHbIE CKIIOHBI. CyMMapHO
3pO3MOHHO-30HaJIbHBIE U 3poaupoBaHHble rpynmnsl [IK 3annmMator 36%
MaccHBa TAalllHHA, YTO COOTBETCTBYET OOMIEH IIIOMIaIi CKIOHOBBIX 3€-
MeJb KpyTu3Hoi Oonee 2°. CunbHOdpoaupoBanHbie Tpymisl [IK orpa-
HU4eHHO (4%) pacnpocTpaHeHbl B HUKHHUX YacTAX MOKATBHIX CKIOHOB.
B ceBepnoit mpumonuuHOi yactu p. CeliM co cimabopacHdiieHEHHBIM
penbedom mpeodiragaroT 30HaIbHBIE U OPO3HOHHO-30HATIBHBIEC TPYIIITEI
[IK. HampoTus, B mpezenax MOKaThIX U CHIbHO-PACWIEHEHHBIX MPHJI0-
JIUHHBIX CKIOHOB p. MIIOJaTh M €e MPUTOKOB OONBIIYIO POIb MTPAIOT
spoaupoBanHble rpynms! [1K.

[Ipu KauecTBEHHOM COOTBETCTBHH KOMIIOHEHTHOI'O COCTaBa 3po-
3noHHBIX 1K ckiioHaM pasHoi Mopdosioruu (puc. 6) HaOIOAAETCS €ro
pacxokaeHue ¢ KOMINOHEHTHbIM cocTtaBoM 1K miomanok aeranbHOM
nouyBeHHOW cbeMku (Copokmua, 1976; @umman, 1977). U3 onunnHa-
anaTe miomanok (puc. 1) Toasko mist Tpex (CO, @1 u P4) dakruye-
CKas W TpeICKa3aHHasl JTOJMU CMBITHIX MOYB COBMAmaroT (puc. 7). s
gerpipex Twromanok C1—C4, 3a10KeHHBIX Ha BBIMYKIOM CKIIOHE BO3-
pacratomeii kpytu3absl (CopokuHa, 1976), Momens 3aBBIMIACT OO
CMBITBIX TI0YB B cpemHeM Ha 20%. [Ing CKIOHOBBIX IIJIOMIAIOK
M.U. Oummana (D2, @3, OS5 u ©6) Monenb 3aHKACT IHIOMATL CMBI-
TBHIX MTOYB.

B mocnennem ciydae BBISIBICHHBIE PACXOXKIAECHUS OOBSICHIIOTCS
npuHATEIME M., ®uimManoM KpUTEpUSIMH NHATHOCTUKH Ci1abo- U
CPEIHECMBITHIX YEPHO3EMOB, 3aBBIMIAIOIIMMHU HX Iuiomanb. O0 sToMm
MOXXHO CYAWTH MO MPO(HUIFHOMY pacIpefeeHHIo TyMyca B IOYBax
CKJIOHOBBIX IUIOMIA/IOK, TpPHUBEASHHOMY B myoOnukanusax (Dummvan
1971; 1977). Hampumep, Ha mnomaake @3 (puc. 20) cpennee comep-
KaHHe Tymyca Ha TiyomHe 60—70 cM CpeIHECMBITBIX YEpHO3EMOB C
momHOoCcTEI0 A + AB = 20-40 cM (Pumiman, 1977) cocrasiser 3.91%
(Durman, 1971, ctp. 24), 4TO MPEBBIIIAET HIKHHUIA MOPOT T'YMYCHOCTH
ropusonTa A (CopokuHa, 1966).
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Jlo7st CMBITRIX HOYB Ha IUiomagkax (31+432)

Puc. 7. ConocraBienue yuactusi cMbITHIX TIouB (D1 + D2) B cocTaBe Mo4BeH-
HBIX KOMOHMHAIMH: (PaKTHYEeCKOT0, YCTAHOBJIIEHHOE 110 MaTepHraiaM JeTallbHOM
MMOYBEHHOH CheMKH (0Ch X),  MPOTHO3HOTO, TOIXYYEHHOT'O MPU APO3HOHHOM
MoznenupoBanuu (ock Y). C0-C4 — yuactku u3 paborsl H.II. CopokuHoii
(1976); ®1-D6 — yyactku u3 padorst M.M. Gummana (1971, 1977). B cko6-
Kax yKa3aHa KpyTH3Ha BMEIIAIOLIero d1eMeHTa Me3opeibeda.

Fig. 7. Comparison of the participation of eroded soils (91 + 32) in the com-
position of the soils combinations: actual, revealed on the basis of detailed soil
survey materials (X-axis), and predicted, obtained by erosion modeling (Y-
axis). C0-C4 — adapted from the work of N.P. Sorokina (1976); ®1-®6 —
adapted from the work of M.l. Fishman (1971, 1977). The steepness of
mesorelief element is indicated in brackets.

Ha mnomaakax H.II. CopokuHOM OUAarHOCTUKA CMBITBIX I1OYB
aHAJIOTMYHA KPUTEPHUSIM, MPHHATBIM B JAaHHOM HCCIECIOBAaHUH
(Hayunble ocHOBBL..., 2013). IToka3aTenpHO, 4TO Ha CKIIOHOBBIX ILIO-
[IaJKaxX Pa3HbIX aBTOPOB IPOTHO3HAS JONS CMBITBIX IOYB PACTET IO
Mepe YBEIMUEHHs UX KPYTHU3HBI HE3aBHUCHMO OT MPUHATHIX KPUTEPHUEB
CMBITOCTH YE€PHO3EMOB.

BwMmecrte ¢ Tem npoBeneHHOE CpaBHEHHE JEMOHCTPUPYET HEMoJ-
HO€ COOTBETCTBHE 3PO3MOHHONW MOJenu (HaKTHUECKOMY HPOSBICHHIO
BOJHOM 3po3uu. IpuHUMAs YCIOBHOCTH MOHATUSA “‘(aKTHIECKOE MPO-
SIBICHHE 3PO3UH~ B CBETE M3BECTHOW METaXpOHHOCTH 3TOTO SIBJICHHUS
(ComocoB u np., 2011; Xuakun u ap., 2015), ganbHeiiiee pa3BUTHE
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SPO3HOHHOTO MOJICTUPOBAHUS CTPYKTYPHI MOUYBEHHOTO MOKPOBA CKIIO-
HOB IOMHUMO yueTa Tajoi 3po3uu (Meroauueckue ykazanwus..., 1989;
CyxanoBckuii, 2013) nOKHO BKIIOYATh JAETANM3AlMIO PAacyeToB B
CBSI3U C OCOOCHHOCTSMH MCTOPHH 3EMJICTIONB30BAHUS U JAPYTUX BXOJI-
HBIX MApPaMETPOB; JaNbHEHIee COBEPUICHCTBOBAHUE KPUTEPUEB MOY-
BEHHO-MOP( OJIOTHYECKON JTMATHOCTUKU SPOAMPOBAHHOCTH IIOYB; Be-
PUPHUKALNIO SPO3UOHHON MOJENN HA OCHOBE COMOCTABIICHUSI pacueT-
HBIX TEMIIOB C JAaHHBIMU APYIr”UX METOHOB KOJIMYCCTBCHHBLIX OI[CHOK
OPO3UOHHO-aKKYMYJIATUBHBIX MPOIECCOB (I/ISOTOHHOFO U Mar"tmTHOI'O
TpaccepoB).

Pa3sButue mociemHeil rpymnmbl METOJOB OCOOCHHO BaXKHO JUISI
JAUATrHOCTUKN HAMBITBIX B CMBITO-HAMBITHIX ITOYB KaK HEOTBEMJIEMBIX
KOMITOHEHTOB 3PO3MOHHBIX MTOYBEHHBIX KoMOWHamwmii (puc. 2). B maH-
HOM HCCIIEJIOBAaHUH apeall 3eMellb ¢ HAMBITBIMH TIOYBAMHU OIpeJielieH
Kak 00JIaCTh PacyeTHON aKKyMYJSIIIMM HAHOCOB C WHTEHCHUBHOCTHIO
Bbime 3 tora rox” (puc. 3). [t Gonee auddepeHIHPOBAHHOTO OITH-
CaHWs WX yJacTHs B COCTaBe IMOYBEHHOTO MOKPOBA CKIIOHOB (pHC. 4a)
HEOOXOMMOM MOBTOPHOCTH ONMCAHUM HAaMBITHIX [IOYB OKa3aJ0Ch He-
JOCTaTOYHO.

ITocne npeogoneHuss psiia METOAMYECKUX OTpaHUYECHUM Mpen-
JOKEHHBIH TMOAXOA K NHM(POBOMY MOJIEIHPOBAHUIO HPO3UOHHO-
AKKyMYJIITUBHBIX CTPYKTYP OYBEHHOI'O [TOKPOBA MO3BOIUT (hopMaiu-
30BaTh OLICHKY PHUCKOB arporeHHOH Aerpajalyd CKJIOHOBBIX 3€MENb
IIPU CIIOXKMBILIEHCS] MPAKTUKE UX XO3SMCTBEHHOTO HCIOIb30BAHUA B
CPaBHEHHHU C MPOTHUBOIPO3HMOHHBIMHU PEKOMEHAALUSIMH BHYTPUXO3AM-
CTBEHHOI'O 3eMJICYCTPONCTBA M aJalTUBHO-TAHAMAQTHOIO 3eMiiene-
musi. OTedecTBeHHbIE Pa3pabOTKH COBETCKOIO MEPUOAa HE MOMy4YHIIN
pasBUTHSA, B TO BpeMs Kak ux 3apyOexxnbie aHanorn (RUSLE2, WEPP
— the Water Erosion Prediction Project u np.) akTHBHO HCIIONB3YIOTCS
IpU TPOEKTUPOBAHUU KOMILJIEKCA OPraHU3alMOHHO-XO03SHCTBEHHBIX,
arpoTeXHUYECKUX, JIECOMEIMOPATUBHBIX U THAPOTEXHUYECKUX HPOTH-
BOJPO3UOHHBIX MEPONIPHUSITUH.

3AKJIIOUEHUE

[Ipennoxena opurnHaibHasi METOAMKa UPPoBOro kaprorpadu-
POBaHUS 3PO3MOHHON JAerpajallii NMAaxOTHBIX 3eMenb. [lokaszarenem
Jerpajlalliy CIIy’)KUT KOMIIOHEHTHBIM COCTaB CTPYKTYpbl IOYBEHHOTO
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MOKpOBa CKIIOHOB. CKOPOCTH €ro 3pO3HOHHON TpaHchOopMaluy peruo-
HAJBHO CHeUU(UYHA ¥ 3aBUCUT OT MHTEHCUBHOCTH BOAHOW SPO3UH H
TFeHETUYECKHX O0COOCHHOCTEH mo4yBoOoOpa3oBaHus. C y4eToM 3TOro
KapTorpadupoBanue coctaa 3po3uoHHBIX [IK ocHOBaHO Ha comocTaB-
JICHUW PACUETHBIX TEMIIOB CMBIBA CO BCTPEYAEMOCTHIO MOYB IPO3HOH-
HO-aKKyMYJIATUBHOTO psifia (pUC. 4a) 1O 3JIEMEHTaM PEryJIsSpHON CEeTKH
MIPH YCIIOBUH, YTO CPEIAHHE Pa3Mephl UX apeajia MEHBIIE Iara CeTKH
(puc. 2). CootHomieHue mouB B coctaBe 3po3noHHBIX [1IK mMensercs ot
HU3KHAX K BBICOKMM TeMIIaM cMbiBa (puc. 40) U MOIAAETCS BEpPOAT-
HOCTHOH OILIEHKE Ha BCEM WMHTEpBAJic PACUCTHBIX TEMIIOB PO3HHU (PHLC.
4B). CpaBHUTENbHBIA aHANINU3 YCIOBHBIX BEPOATHOCTEW y4YacTHs dpo-
JMPOBaHHBIX TOYB B cocTaBe [IK B 3aBHCHMOCTH OT BETUYHWHBI CMbIBA
(puc. 5a, 50) Mo3BONSIET JIJISI KXKOTO TIMKCENS MONy4YuTh: 1) Hanbomnee
BEpOATHYIO (IIpeobafaronlyio 1Mo TUIOMAAN) MTOYBEHHYIO KaTErOpHIO
(puc. 5B); 2) cTenens mecTpoTh KoMmoHeHTHOro cocrasa [1K (puc. 51);
3) TUIIBI cOYeTaHwi TpeodIagaroe MOYBEHHOW KaTeropuu C COIyT-
CTBYIOIIIMMH (pHC. 6).

CocTosTensHOCTD MPEIOKEHHOT0 MOAX0/Ia AEMOHCTPUPYETCS B
pErMOHANIFHBIX YCIOBHSIX CEBEpHOH jecoctenmn CpemHepycCcKOd BO3-
BBITIIeHHOCTH (pHcC. 1). Ilpu pacuere cpemHEMHOTOJICTHETO CMBIBA Yep-
HO3eMOB HcHoib3oBaHa Mmoxaeidbr WaTEM/SEDEM, yuuTsiBarolas
B3aMMOZCHCTBHE MEXIY IPO3MOHHBIM TOTEHIIAIOM JOXKIEBBIX Ocal-
KOB, 3POJMPYEMOCTBIO TTOYB, IPO3UOHHBIM WHIEKCOM BO3JIEIBIBAEMBIX
KYJIBTYp B CPEIHEMHOTOJIETHEM CEBOOOOPOTE M OCOOSHHOCTSIMH Pellhb-
eda. [Ipu 3amaHHBIX BXOJHBIX MMapaMeTpax dPO3MOHHON MOJETH Kade-
CTBEHHBIE M3MEHEHHA B CTPYKType€ IMOYBEHHOTO TOKpOBa (oM cia-
6ocmbITEIX TOYB Oosee 10%) HaYMHAIOTCS C MMOPOrOBOTO 3HAYEHUS
BozHOI 3po3uu 8 T-rarox’. Ilpu cpeaneronosoii sposuu 30 T-ra’
JOJIL CMBITBIX 1Oo4B mpeBbimaerT 50%. B uHTEpBane 3HaueHUN CMbIBA
32-52 Tra’rog’ B COCTaBE NMOYBEHHBIX KOMOMHALMH TPeoBasaioT
CclTabOCMBITHIE TIOYBBI, @ HAYMHASA C 52 T-Ta'TOX ' — CpemHECMbITHIC
TTOYBHI.

[TomydeHHBIE KapThl KOPPEKTHO OTPaXKAIOT PErHMOHAIBHOE pas-
HOOOpasue W KOH(UTYpaIiio 3PO3NOHHBIX MOYBEHHBIX KOMOWHAIWI
ckioHOB. CyMMapHO 3pO3MOHHO-30HANBHBIE M YPOJANPOBAHHBIE TPYII-
el IIK 3aanmaror 36% MaccuBa mamHn. Bmecre ¢ TeM HaOronaercs
CYIIECTBEHHOE PACXOXJIEHWE KOMITOHEHTHOTO COCTaBa 3PO3MOHHBIX
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IIK oTnenbHBIX CKIOHOB, MOMYYEHHBIX IO MOJICIN U B XOJI€ JIeTaIbHOU
MOYBEHHON CheMKH (puc. 7). DTO CBUICTEIBCTBYET O HEOOXOIMMOCTH
JATIbHEUILIET0 Pa3BUTUA MMHUTALIMOHHBIX MOJENEHd BOAHOW 3pO3HH, B
YaCTHOCTH, y4€Ta B SPO3UOHHON MOJENU TaJIO0H APO3UH U AETaIu3aluu
pacyeToB B CBSI3U C OCOOCHHOCTSMU HCTOPUHU 3EMIICHIONL30BAHUS U
JIPYTHX BXOJIHBIX MapaMeTPOB MO Ka)XIoMy Toito. [laHHas cTaThs ne-
MOHCTPUPYET MPUHLMUIHUAIBHYIO BO3MOXHOCTh COIJIACOBAHUS PACUET-
HBIX TEMIIOB 3PO3WU C KOMIIOHEHTHBIM COCTABOM JPO3HOHHBIX IOY-
BEHHBIX KOMOWHAIMA.

Pa3paboTaHHbIN MMOIXOA MPEACTABIACTCS MMEPCICKTUBHBIM JIJIs
pelieHus pyHIaMEHTAIbHBIX W MPUKJIAIHBIX 3a/1a4, CBI3aHHBIX C U3Y-
YEHUEM CTPYKTYPHO-(DYHKIIMOHAJIBLHON OpraHM3al[iH MOYBEHHOTO I10-
KpOBa CKJIOHOB M MPOCKTHPOBAHUEM IMPOTUBOAPO3HMOHHEBIX MEPOIIPH -
THI B aIalITUBHO-JIAHAIITA(THOM 3EMIICICITAHN.
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Abstract: High-quality soils are an important resource affecting the quality of
life of human societies, as well as terrestrial ecosystems in general. Thus, soil
erosion and soil loss are a serious issue that should be managed, in order to
conserve both artificial and natural ecosystems. Predicting soil erosion has
been a challenge for many years. Traditional field measurements are accurate,
but they cannot be applied to large areas easily because of their high cost in
time and resources. The last decade, satellite remote sensing and predictive
models have been widely used by scientists to predict soil erosion in large
areas with cost-efficient methods and techniques. One of those techniques is
the Revised Universal Soil Loss Equation (RUSLE). RUSLE uses satellite
imagery, as well as precipitation and soil data from other sources to predict the
soil erosion per hectare in tons, in a given instant of time. Data acquisition for
these data-demanding methods has always been a problem, especially for
scientists working with large and diverse datasets. Newly emerged online
technologies like Google Earth Engine (GEE) have given access to petabytes
of data on demand, alongside high processing power to process them. In this
paper we investigated seasonal spatiotemporal changes of soil erosion with the
use of RUSLE implemented within GEE, for Pindos mountain range in
Greece. In addition, we estimated the correlation between the seasonal
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components of RUSLE (precipitation and vegetation) and mean RUSLE
values.

Keywords: soil erosion prediction, RUSLE, Google Earth Engine, Pindos
mountain range.

INTRODUCTION

Soil erosion is one of the many natural processes that take place
in ecosystems; however, accelerated soil erosion has a negative impact
on agriculture and silviculture, hydrological systems, land degradation,
and loss of non-renewable soil resources (Lal, 1998; Morgan, 2009). In
this scope, the estimation of soil erosion, as well as the temporal and
spatial distribution of the process, is of great importance in order to
prevent soil degradation and sustain high-quality soils. Estimating soil
erosion, however, is a difficult task due the many impacting factors,
such as climate, terrain, soil, vegetation, and land cover (Lu et al.
2004).

Traditional field measurements of soil erosion, despite being ac-
curate and reliable, are very expensive and time consuming (Castillo et
al., 2012), thus many scientists turned to predictive models that use
satellite data to calculate soil erosion (Wischmeier and Smith, 1978;
Lane et al., 2003; Pandey et al., 2007; Rahman et al., 2009). One of
these methods is the Universal Soil Loss Equation (USLE), and its de-
scendant, the Revised Universal Soil Loss Equation (RUSLE) (Renard
et al., 1991). This equation has been widely used to predict soil erosion
in many different ecosystems (Millward and Mersey, 1999; Angima et
al., 2003; Fernandez et al., 2003). RUSLE uses multispectral satellite
images, as well as satellite-acquire elevation models of the terrain,
along with precipitation and soil data (Renard et al., 1997).

Gathering and preprocessing these large amounts of data can of-
ten become difficult, and quite time consuming. Emerging and modern
technologies offer now new possibilities regarding data processing.
More specifically, cloud-based services are widely used by scientists to
acquire, analyze and process satellite data on the fly. Such popular plat-
forms are AppEEARS (Application for Extracting and Exploring Anal-
ysis Ready Samples), GFW (Global Forest Watch) and GEE (Google
Earth Engine). GEE can be accessed either from its online integrated
development environment (IDE), or using the Application Program
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Interface (API) that is being provided. GEE grants access to high per-
formance processing power using cloud-based technologies, as well as;
to very large amounts of data which are stored in cloud-based data-
bases. The data in GEE’s databases come from many different sources,
including satellite images, geospatial datasets, meteorological data,
land cover/land use maps, topographic data, and even social and eco-
nomic data (Gorelick et al. 2017).

The main goal of this study was to predict soil erosion in the
mountain range of Pindos during a full seasonal cycle. The specific
objectives are:

o To estimate the monthly soil erosion by employing the Revised
Universal Soil Loss Equation (RUSLE) with the Google Earth
Engine (GEE) cloud-based platform.

e To assess the correlation between precipitation and soil erosion
predictions.

e To assess the correlation between vegetation (both type and den-
sity) and soil erosion predictions.

MATERIALS AND METHODS

The study area is located at the centermost part of Greece, along
the mountain range of Pindus, extending from 38°49'51.16" to
39°41'23.04" North and from 21°3"26.74" to 22°14'34.50" East (Fig. 1).
The altitude ranges from sea level to 2300 meters, with slopes up to 45
degrees, and the surface area is 12,431.25 km?. Concerning the climate
of the study area, temperature varies with elevation, with mean month-
ly temperatures ranging from 0.9 °C to 21.4 °C, and annual rainfall
from 1,000 to 1,800 mm. The vegetation consists of black pine (Pinus
nigra) and common beech (Fagus sylvatica) in the middle altitudes
(1,000 m — 1,600 m), with Balkan pines (Pinus heldreichii Christ.)
covering the higher altitudes (> 1,600 m) (Touchan et al. 2012).

Data. The satellite data that we used in this study were four im-
ages that were derived from the Sentinel-2 MultiSpectral Instrument
(MSI), and were acquired in January 29, April 9, July 3, and October
26, all during 2018. Sentinel-2 is a high-spatial resolution (10 m), mul-
ti-spectral constellation, used for monitoring of vegetation, soil and
water cover.
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Fig. 1. Study area; mountain range of Pindos, Greece.

The data were level 1 products, which means that they were al-
ready geometrically and radiometrically corrected (Drusch et al.
2012). The four images that were used represent the seasons in order to
assess how soil erosion changes throughout the year. A map of broad-
leaf and coniferous trees was used as well, provided by the Copernicus
Land service. The precipitation data that were used were in the form of
R factor maps, acquired from European Soil Data Centre (ESDAC).
The R factor, also known as Rainfall Erosivity factor, is the average (in
the present case) monthly sum of the kinetic energy products of each
storm (Renard et al., 1997a). The R factor maps were created using the
best available datasets in Europe, namely the Rainfall Erosivity Data-
base on the European Scale (REDES). The R-factor values were nor-
malized to temporal resolutions of 30 minutes using linear regression
(Panagos et al., 2015a; Ballabio et al., 2017). Similarly, LS factor maps
where obtained from ESDAC. The LS factor, or the combined slope
length and slope angle factor, has the greatest influence on soil erosion
at the European scale and describes the effect of topography on soil
erosion (Panagos et al., 2015b). The LS-calculation was performed us-
ing the original equation proposed by Desmet and Govers (1996) and
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implemented using the System for Automated Geoscientific Analyses
(SAGA), which incorporates a multiple flow algorithm and contributes
to a precise estimation of flow accumulation (Desmet and Govers,
1996). The DEM used to calculate the LS factor map is a new high-
resolution (25 m) DEM of the European Union (EU-DEM) which is a
hybrid created from Shuttle Radar Topography Mission (SRTM) and
Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER) Global Digital Elevation Model (GDEM). The EU-DEM is a
product of the Copernicus program, and it is statistically validated with
an overall vertical accuracy of 2.9 m root mean square error. Pindos
mountain range has one of the greatest LS factor values in Europe
(Panagos et al., 2012). Finally, a K factor map was acquired from
ESDAC as well. The K-factor expresses the susceptibility of a soil to
erosion, and it is depended upon some specific parameters such as or-
ganic matter content, soil texture, soil structure and permeability
(Renard et al., 1997b). The K factor map was created by field meas-
urements recorded during the Land Use/Cover Area frame Survey
(LUCAS) soil survey in 2009. The equation used to create the K factor
map includes five soil parameters (texture, organic matter, coarse
fragments, structure, and permeability) (Wischmeier and Smith, 1978)
and can be seen bellow:

K=[@2.1x10*M* (12— 0OM) +3.25 (s—2) + 2.5 (p — 3))/100] x 0.1317 (1).

Where:
M — Textural factor with M = (msilt + mvfs) - (100 — mc);
mc (%) — Clay fraction content (< 0.002 mm);
msilt (%) — Silt fraction content (0.002—0.05 mm);
mvfs (%) — Very fine sand fraction content (0.05-0.1 mm);
OM (%) — Organic matter content;
s — Soil structure class (s = 1: very fine granular, s = 2: fine
granular, s = 3, medium or coarse granular, s = 4: blocky, platy
or massive);
p — Permeability class (p = 1: very rapid, ..., p = 6: very slow).

Soil erosion modeling. In this paper the RUSLE equation was
used to model soil erosion. RUSLE predicts soil erosion by using the
following formula:
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A=RxKXLSxCxP 2).

Where:
A — Computed spatial and temporal average soil loss per unit ar-
ea, expressed in the time unit of R;
R — Rainfall erosivity factor;
K — Soil erodibility factor;
LS — Combined effect of slope length (L) and slope steepness
factor (S);
C — Cover-management factor;
P — Practice factor.

The maps representing the R, K, and LS factors were uploaded
as assets in Google Earth Engine. The R factor maps included four im-
ages, one for each of the months January, April, July, and October. The
Sentinel-2 collection was filtered using GEE’s Integrated Development
Environment (IDE) in JavaScript programming language, in order to
acquire the least cloudy image for each month. The NDVI index was
then calculated, and the C factor was computed using the following
formula (Van der Knijff et al., 1999) (3):

C = expl-a (o] (3).

Where a equals 2 and B equals 1, which are unitless parameters that
determine the shape of the curve relating to NDVI and the C-factor
(Mallinis et al., 2016).

Since the R factor data had the lowest spatial resolution, all the
other maps were scaled down to fit the 500 m resolution, along with the
DEM that was later used to calculate slopes in the study area. The P
factor represents the effects of practices, such as direction of tilling in
fields, on the reduction of soil erosion. Since no such data are available
and they cannot be derived from satellite imagery, the P factor was set
to 1. The final erosion maps were downloaded from Google Earth En-
gine along with the slope map. The potential correlations between
RUSLE variable and variables such as vegetation and precipitation
were investigated using the Pearson’s correlation coefficient. Pearson's
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correlation coefficient (r) is a measure of the linear association of two
variables (Doyle 2011).
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Fig. 2: The curve that represents the relation between C factor and NDVI.

RESULTS AND DISCUSSION

It should be mentioned that the use of the GEE platform reduced
by a lot the time required to access, download, and preprocess images.
In case of data unavailability in GEE’s databases, uploading data in the
cloud and combining them with already available data can be a very
user-friendly and time-efficient process. Since GEE’s IDE allows the
user to write their own programming scripts, automation of processes
can be performed, thus reducing computation time and effort.

Initially, the erosion maps that were produced had a pixel size of
500 meters (0.25 km?), and in each of those pixels a value was assigned
signifying the predicted erosion in that area in tons per hectare per
month. The predicted erosion values were then classified into five clas-
ses and were represented in the table (Table 1) and corresponding the-
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matic maps (Fig. 3) for each of the four months. As shown in the re-
sults below, RUSLE appears to vary through the year. This can be ex-
pected since two of the factors (R and C factors) have a highly seasonal
character (Fig. 2). It appears the months with the highest erosion pre-
dictions are October and January with corresponding mean erosions
3.25 and 2.88 tons per hectare per month and total erosion of the study
area 162,027 and 143,010 tons per hectare per month (Table 1,
Fig. 3-5).

Table 1. Mean RUSLE and the sum for each month

RUSLE (ton/ha/month)
October January April July
<5 49,815 36,221 32,767 11,804
5-15 60,876 45,213 19,942 3,992
15-25 26,809 25,298 2,999 514
25-35 10,852 16,449 820 82
> 35 13,675 19,829 974 82
Mean 3.25 2.88 1.16 0.33
Sum 162,027 143,010 57,502 16,474
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Fig. 3. Values of RUSLE for the months October and January classified in 5
classes.
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Fig. 4. Values of RUSLE for the months April and July classified in 5 classes.
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Fig. 5. Sum of RUSLE at different seasons of the year.

The correlation between the seasonal factors mentioned above
(R and C factors) and the erosion predictions was investigated, and the
following results were produced (Tables 2 and 3).

Table 2. RUSLE values at different precipitation classes

RUSLE (Mean) (ton/ha/ month)

F()r:]er;'/?:]?ﬁt%r)] Autumn Winter Spring Summer
0-30 1.2699 0.1011 1.4913 0.3051
30-80 1.7397 0.6785 1.2634 0.6801
80 —130 5.5519 5.7765 2.9181 1.8491

130 - 180 4.9851 4.3097 6.2453 -

> 200 10.0173 4.4805 - -
Pearson’s correlation | q9; | 2943 | 01093 | 02323

coefficient

It appears that the higher the precipitation, the higher the
predicted erosion for that time, almost in a linear manner. Although,
the Pearson’s correlation coefficient was calculated and found to be
lower than expected (r: 0.1981-0.2943), which indicates a weak
correlation between precipitation and the value of RUSLE.
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Table 3. RUSLE values at different NDV1 classes

RUSLE (Mean) (ton/ha/month)

NDVI Autumn Winter Spring Summer
<0 10.1027 23.1567 6.6812 1.0206
0-0.3 5.1609 12.4148 3.9266 1.7364
0.3-0.6 4.1757 2.6822 1.5712 0.8577
>0.6 1.1864 0.4635 0.4635 0.2032
Pearson’s correlation
o -0.2229 -0.4816 -0.4565 -0.32984
coefficient

On the other hand, NDVI and RUSLE values seem to have a
negative correlation, meaning the higher the NDVI values, the lower
the RUSLE values. This finding agrees with other studies that have
presented a negative correlation between vegetation and soil erosion
exists (Mohammad and Adam 2010). The Pearson’s correlation coeffi-
cient ranges from -0.22 (weak correlation) to -0.48 (medium correla-
tion). There is a case to be made concerning the species of vegetation
of the study area. As mentioned earlier, one of the dominant species of
the lower altitude areas is the common beech, which is a deciduous
tree. The NDVI index is calculated based on the spectral values of foli-
age and their property of reflecting near-infrared light while absorbing
red light. Since part of the trees are deciduous, lower NDVI values are
expected at the winter and autumn seasons. From the NDVI index the
C factor map was produced, and it was supposed to represent the abil-
ity of an area to resist erosion based on “how much” healthy vegetation
was present. The visual difference in NDVI values can be seen in fig-
ure 6 (Fig. 6).
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As other studies have shown, the ability of trees to reduce ero-
sion risk is not due to their foliage only, but also due to their root sys-
tem and the leaf litter on the ground (Wilcox et al. 2003). That suggests
that the decrease in NDVI values and therefore the decrease in C factor
values are not proportionate to the decrease of erosion resistance in
reality. To test the impact of deciduous trees on the predictions of soil
erosion by RUSLE we investigated the mean soil erosion prediction on
areas with broadleaf (Fagus sylvatica) and coniferous trees across the
year (Table 4, Fig. 5).

No significant differences in mean soil erosion predictions were
observed according to what type of vegetation was present (broadleaf
or coniferous). This in turn suggests that deciduous trees don’t cause
RUSLE to overestimate.
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Legend
- Broadleaved
- Coniferous

Fig. 7. Broadleaved and Coniferous forests (provided from Copernicus Land

I <iometers

Monitoring Service) on a Sentintel-2 NDVI image.

Table 4. Mean RUSLE values at broadleaf and coniferous forest areas across

the year
Mean RUSLE/Species Broadleaved Coniferous
October 3.21 3.48
January 2.78 2.36
Avpril 1.57 1.27
July 0.36 0.39
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CONCLUSIONS

The main goal of this study was to predict soil erosion in the
mountain range of Pindos during a full seasonal cycle. Resources from
GEE and ESDAC were used to produce the predicted soil erosion maps
by calculating RUSLE for January, April, July, and October 2018. Af-
ter comparing the different results both by their sum and mean erosion
per hectare per month, the seasonal factors of RUSLE were investigat-
ed. From the analysis the following can be concluded:

e the employment of RUSLE in GEE results in the production of
soil erosion prediction maps in a time-efficient manner within
in a user-friendly environment,

e the RUSLE model predicted higher erosion risk in October and
January and lower in April and July,

e erosion values have a low positive correlation with precipita-
tion and medium negative correlation with NDVI values,

e the type of vegetation (deciduous or evergreen) did not cause
mean RUSLE values to vary in different seasons.

It would be interesting to investigate in future studies, the pre-
dicted erosion using RUSLE in full year cycles for many consecutive
years, using GEE cloud-based platform and Landsat satellite imagery.
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Peziome: ITlpoBeneHbl HCCIEAOBAHUS TEOXMMUYECKH CONPSDKEHHOIO psiaa
mo4ys (HMOA301  WIIIIOBHAJIBbHO-KENE3UCTBIH — TIOA301  WUIIOBHAJIBHO-
XKENe3UCThI TieeBbld — TopdsHas riieeBas IMouBa), CHOPMHUPOBAHHBIX B
YCIOBHAX PACHpPOCTPAHEHUS] BOMHHCTONW O3€PHO-JIEAHUKOBOI paBHUHBI
CpelHEeTaeKHON IIO/I30HBI Kapenumu. N3yuenue OKUCIIUTENBHO-
BOCCTAHOBUTEIBHBIX  YCIOBHHM  IIOKa3aJlo, YTO OHH MEHSIOTCSI  OT
OKHCITUTENBHBIX B aBTOMOP(HBIX MOYBAX J0 BOCCTAHOBHUTENBHBIX B IOYBAX
aKKyMyJIATHUBHbIX ~ mo3unuil.  PaccumTaHel ¥ NpOaHaIM3HPOBAHBI
reoxumMuyeckne  Kod(pUIMEHTHI, XapaKTepu3yoIne 0COOCHHOCTH
aKKyMy/SIIUM W HAOpaBICHHA MHIPAlMd B HCCICAYEMBIX IOYBAX.
BHyTpunpoduipHOe pacnpenenieHHe KpPEeMHEKHCIOTHL W OOJbLIIMHCTBA
TIOYTOPHBIX OKHCIIOB B W3y4aeMbIX MOYBAX HOCHT THIHYHBIN JUIS TTOI3070B
xapakTrep. B MOA301MMCTBIX TOPHM30HTaX IOYB TPAH3UTHBIX IO3HIMH, MO
CPaBHEHHIO C aBTOMOP(HBIMH, HPOUCXOAWT OoJiee HHTEHCUBHBIH BBIHOC
JJIEMEHTOB, a B anb()eryMyCOBBIX TOPH30HTaxX OTMEYAaeTCd HaKOIUICHHE
AFOMUHHUS, JKene3a, TuTana u ¢ochopa. s Bcex ModB xapakTepeH AeQUuIuT
OOJNIBIIMHCTBA MUKPO3JIIEMEHTOB, 10 CPaBHEHHIO ¢ ()OHOBHIMH 3HAUYCHHSIMH,
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OYCHb HM3KHE KOI(PQPUIMEHTH KOHIICHTPAIMU ITOJy4EHBl MJIsI HUKEJs,
kobanpTa, Mapranna. ConepikaHue MU, a B HEKOTOPBIX CIydasX M IIMHKa,
HaXOJWUTCSI Ha YypoBHE (DOHOBBIX 3HAa4YeHWH. PacrpeznencHue W3ydaeMbIX
9JIEMEHTOB 10 NPO(WII0 TOA30JI0B MPOHCXOIUT MO aKKyMYJISTHBHO-
JIII0BHAJIBHO-WUIIOBHAIBHOMY THITy, HO HaOIIO[AaeTcs pas3iudHas CTEIeHb
MHTEHCUBHOCTH MUTPAllMU 3JIEMEHTOB B CBSI3U C MU3MEHEHHEM IOJIOXKEHUS B
penbede. B mouBax aBTOMOPQHBIX MO3UIUIA pacpeelieHHe MUKPOJIEMEHTOB
B HIDKHEW 4acTy npoduiist nMeeT MOHOTOHHBINA XapakTep, B TO BpeMsI Kak JUIs
MOYB  TPaH3WTHBIX JIaHIWAPTOB  XapakrepHa Ooliee  MHTEHCUBHAs
muddepeHnIManys  MHKPORJIEMEHTOB. THWI  J1aTepallbHO-MUTPALMOHHOM
i depeHIranuy KaTeHbl — TPAaH3UTHO-AITIOBUAIIBHBIN, TO €CTh HaOMoqaeTcs
o0eHeHNE U3y4aeMbIMH DJIEMEHTaMH TIOYB TOAYMHEHHBIX  ITO3MIUH
OTHOCUTEIIBHO AaBTOHOMHBIX. OTO CBSI3aHO C NPUPOJHBIMHU YCIOBUSMHU
TEPPUTOPUU WCCIENOBAHUS: CIA0BIM YKIIOHOM TIOBEPXHOCTH, OJHOPOJHBIMH
HecUYaHbIMH OYBOOOPA3YIOIIMMH OPOJIaMH, HEBBICOKOH I'YMYCHOCTBIO TOYB.

Knioueevte cnoea: 1necHble TIOYBBI, BAJOBOH COCTaB, MHUKPOIJIEMEHTHI,
paauanbHas MUTpaIIYs, JIaTepalibHas MUTpaIusl.
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Abstract: The geochemically conjugate series of soils (Albic Podzol — Albic
Podzol Gleyc — Hystosol) formed on an undulating glaciolacustrine plain in
the middle taiga of Karelia was investigated. Surveys for redox conditions
showed them to vary from oxidizing in automorphic soils to reducing in soils
occupying accumulation-favoring locations. The geochemical coefficients
descriptive of the features of accumulation and directions of migration in the
studied soils were calculated and analyzed. The distribution of silicic acid and
a majority of sesquioxides inside the profile of the studied soils is typical of
podzols. The podzolic horizons of the soils occupying interstitial positions
have a faster outmigration of elements than in automorphic soils, while their
Al-Fe-humic horizons accumulate aluminum, iron, titanium and phosphorus.
All the soils are deficient in a majority of microelements as compared to their
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background levels; very low concentrations were determined for nickel, cobalt
and manganese. The content of copper and sometimes zinc is at the
background level. The distribution of the studied elements across the soil
profile follows the accumulation-eluviation-illuviation pattern, but the scope
of variation in the migration of elements varies among topographic positions.
In well-drained locations microelements are quite monotonously distributed
through the lower part of the soil profile, while soils in transitional landscapes
have a higher differentiation of microelements. The differentiation of the
catena through lateral migration is of the transient eluviation type, i.e. soils in
lower-lying positions are poorer in the studied elements than soils in
automorphic positions. This pattern is due to the natural characteristics of the
area: low surface slope, homogeneous sandy parent material, low humus
content in soil.

Keywords: forest soils, bulk deposition, trace elements, radial migration,
lateral migration.

BBEJIEHUE

COBpeMeHHBIe HamnpaBJICHUA U3Y4YCHUS COACPKAHUA U ITOBCIC-
HUSl XHMUYECKUX DJIEMEHTOB B Pa3iIMYHBIX OOBEKTAaX MPUPOJBI SBIIS-
IOTCSI CIIEICTBHEM BO3PACTAIONIET0 aHTPOIOICHHOrO BO3JCHCTBUS Ha
Bce cdepnl ianersl (Bomsuunikwmii u ap., 2012; JodpoBonbekuit, 1997;
Kacumos, Baacos, 2015). Haubonbillee BHUMaHUE yOETAETCA TSKE-
JIBIM METajlllaM B CBSI3HM C MX BaYKHOH POJIBIO B TEXHOJOTHMYECKUX TPO-
neccax (JobpoBonbckuil, 1997; Paccesnnsie..., 2004; Barsova et al.,
2019). Crenuduka XMMHYECKOI'O COCTOSHMS II0YB BCErAa BbI3bIBajia
0COOBIN MHTEpPEC, YTO MPOSIBISETCS B MHOTOYHCICHHBIX padoTax Io
reoxumuu oy (I'masosckas, 1999; Mubud u ap., 2003; Kamynuna,
2018; JIaarysosa, 2016; Ceico, 2007; Lado et al., 2008; Evseev, Kra-
sovskay, 2018). TToBsIIeHHOE BHUMAaHKE K II0YBAM CBSI3aHO C TEM, YTO
OHa sBJsIeTCS Hawboree YYBCTBUTEIBHBIM HWHIMKATOPOM H3MCEHEHUI
naHamAadTHO-TEOXUMUYCCKIX YCIIOBHM, MPOUCXOMAIINX KaK BCIEM-
CTBHE TPHUPOJHBIX HM3MEHCHUH Cpebl, TaK W H3-32 TCXHOTCHHOM
Harpy3ku (JoOpoBombckuii, 1997; Davydova, 2014; Rodriguez-
Eugenio et al., 2018).

B HacTosiiee BpeMsi akTyalbHOW TEMOM BO MHOTMIX OTE€UECTBECH-
HBIX U 3apyOSKHBIX UCCICIOBAHUSX CTAHOBUTCS OMNpeaeicHue (oHO-
BBIX KOJTMYECTBEHHBIX MOKa3aTelel COJepPIKaHUS XUMHUYCCKUX DJIEMEH-
TOB JUIS BBISBIICHWS YpPOBHs 3arpsi3HeHus nouB (besHocwkoB u jp.,
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2007, 2010; Mapud u gp., 2003; Ceico, 2007; Ander et al, 2013;
Matschullat et al., 2000). O60cHOBaHO HCIOIB30BAHUE JISI OMPEAEIe-
HUS YPOBHSI 3aTrPsI3HEHUS PErMOHABLHBIX (POHOBBIX 3HAYCHHI, KOTOPHIC
JOJDKHBI  XapaKTepU30BaTh TEOXMMHUYECKHE OCOOCHHOCTH CTPOCHHUS
n3ydaembix Teppuropuii (Kacumon, Bracos, 2015; Reimann, Caritat.,
2005; Reimann, Garrett, 2005).

[Ipu reoxuMHUYECKON XapaKTePUCTUKE TEPPUTOPHH TAKKE BaX-
HO YYUTBHIBaTh IMOTOKH IEPEMEIICHUS BEIIECTB, KOTOPBIC CBA3BIBAIOT
Bce KOMIOHEHTHI 3kocucTeM (I 'ennamuen, Kacumon, 2004). Murparus
3JIEMEHTOB B IOYBAX MPOUCXOAUT KaK B BEPTUKAILHOM (BHYTPH MPO-
¢wuis), TaK ¥ B TOPU30HTAIBLHOM HaIlpaBleHUsX (OOKOBOHM, MOBEpX-
HocTHBIN cTOK) (KacumoB u ap., 1994; Ky3emun, 2000; AmwH u ap.,
2003). Cremnenb nepeaBUKSHHUS WIM MHUTPALMA XUMHUYSCKUX 3JIEMEH-
TOB B 3HAYUTEIBHOW CTEMEHHW OOYCIOBIMBAETCS HAIWYHEM T'€OXUMHU-
4eckuX 0apbepoB, CIIOCOOCTBYIONIMX MX OCAXJICHUIO, OTIOKEHHIO M
HakoruteHuto (Anekceenko, 2003; Kyssmun, 2000; Ilepensman, Kacu-
MoOB, 1999).

JlanmmadTHO-TEOXMMHYECKHE FICCTIENOBAHUS C MOAPOOHBIM HC-
CIIEIOBAaHHEM TE€OXHMHUYECKOH CTPYKTYPBI TaeXHBIX DKOCHCTEM, U3Y-
YEeHHE TPOIIECCOB MUTPALIMN XUMHUYECKUX AJIIEMEHTOB B X KOMITIOHEH-
Tax aKTUBHO MPOBOIWINCH M IPOBOIATCS Ha TEPPUTOPHH TaEKHBIX
necoB B Cubupu (Bmacosa, 2013; WMueuna u ap., 2003; Ceico, 2007).
UccnenoBarensiMu Toka3aHa 3HAYMMOCTh KOMILIEKCHOTO HW3YYEHUS
TEPPUTOPHUH C TIOJMAIEMEHTHBIM T€OXHMMHYECKUM aHAIH30M KOMIIO-
HEHTOB JaHAmadTa ¥ OINEHKONH MUTpAIMi B HEM BENIeCTBa KaK IJaB-
HOTO yTH omeHkn ero auHamuku (Ceico, 2007; CemenoB, 1991; Mo-
HUTOPHHT..., 2010).

Teppuropus pecriybnuku Kapenust obnmagaer psamom crenudu-
YeCKHX YepT, CBS3aHHBIX C BHIXOJOM Ha TOBEPXHOCTH bamTuiickoro
IIUTAa, CIOKEHHOTO JPEBHUMH JOKEMOPHICKIMHE TIOPOJAMHU . CHIFHOU
M3pE3aHHOCTHIO penbeda; pe3Koi CMEHOH MOYB00OPa3YIOIMNX OPOT U
pacnpocTpaHeHHeM Ha OOJbIIeH IIIOMIaIy MOpPOJ JIErKOro TpaHyio-
METPUYECKOI0 COCTaBa.

Kapenust cumraercst “4gucTbiM” PErMOHOM, Ha €€ TEPPUTOPUHU
MaJio KPYITHBIX MPOMBINUIEHHBIX MPEIIPUITHH, CIOCOOHBIX OKa3bIBAThH
HEraTHBHOE BIIMSHUE HAa KOMIIOHEHTHI SKocucTeM. TeM He MeHee B I10-
CIIeIHYE TOABl HaOMIOAaeTcss MHTEHCHU(UKAIUS BBIPYOKH jieca, M BCE
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MEHBIIE OCTAETCSI TEPPUTOPUNA C €CTECTBEHHBIM ITOYBEHHBIM IIOKPO-
BOM, 4TO IIPUBOJUT K MU3MEHEHUIO KPYrOBOPOTa XMMHUUYECKHUX JJIEMEH-
toB (Kiikkila et al., 2014; Richardson et al., 2017). Takum oOpa3zom, B
HACTosIIee BpeMs TOSBUIIACh HEOOXOAUMOCTh B MPOBEICHUH TOYBEH-
HBIX TEOXMMUYECKUX HCCIECIOBAHUI Ha 0CO00 OXpaHSEMBIX TEPPUTO-
pUsAX, LEHHOCTh KOTOPBIX ONPENEISAETCS HEHApPYLIEHHOCTBIO M IIpE.-
CTaBJICHWEM €CTECTBEHHBIX, HE TPaHC(HOPMUPOBAHHBIX ACSTEILHOCTHIO
YEJIOBEKA MPUPOIHBIX YCIOBUM.

Lenb cTaThu — BBISBJICHUE OCOOCHHOCTEH I'€OXWMHUYECKOTO CO-
CTaBa COIPSDKEHHOrO psja IMO4YB JIaHAIIA(Ta BOJIHUCTON IECUYaHOM
03epHO-JIETHUKOBON pPaBHHUHBI CpeJHETaeXHOH moa3oHbl Kapenuu u
OIIPEEIIEHNE OCHOBHBIX 3aKOHOMEPHOCTEM IIPOLIECCOB MUIpPALUU H
AKKyMYJSIQUM MakKpo- M MHUKPOIJEMEHTOB B IIOYBAaxX COINPSKEHHBIX
3JIEMEHTAPHBIX TEOXUMHUYECKHX JIAHAIA(TOB.

OBBEKTHI U METObI

HccnenoBanuss  IpoOBOAMIMCH B IOTO-BOCTOYHOM  4acTu
l'ocymapctBennoro 3amoBemnmka “Kupau” (puc. 1), B paiioHe
pacIpocTpaHeHHUsI TAKOro THITA MECTHOCTH KaK BOJHHUCTAs IecHaHas
03EpHO-JICTHUKOBAasT paBHUHA. KpHcTrammmdeckoe OCHOBaHHE W
MIOKPBIBAIOIIAsl €ro MOpPEHAa IEPEKPBITHl  T'PaBHUIHO-TAJICUYHBIMHU
MeCYaHbIMH O3€pHBIMH HaHOcaMH, penbed (HOpMHPYIOT BBICOKHE
ITecYaHo-TaJICYHbIC TPSIBI — 03B, BEICOTa KOTOPBIX cocTaBisier 20 M
(demumos u ap., 2006). IToHmKeHNs Ha 03€PHO-IETHUKOBOM paBHUHE
3aHATHI BEPXOBBIMH U TIEPEXOTHBIMH 0OJ0TaMH W JlaMOamu. JlaHHBIHA
THIT MECTHOCTH IIIHPOKO PacIpoCTpaHeH Ha Tepputopuu Kapemnn, oH
OTJIMYAeTcs  HU3KHM  KjJaccoM  OOHHTETa  COCHOBBIX  JIECOB
(TMIIAaHUKOBBEIX W 3CJICHOMOINHBIX), a TakkKe OCTHOCTHIO
HaIMOYBEHHOT'0 PACTUTEIHFHOT'O TTOKPOBA.

[TouBbl (opMUPYIOTCS Ha Pa3HO3EPHUCTHIX CIIOHUCTBHIX ITECKaX,
KOTOpBIE XOpOIIO COPTUPOBAaHBI W TPEACTABICHBI (PPaKIHIMH
KpPYITHOTO W CPENHEro TMecCKa, COAep KaHWe WINCTOW (PpaKkiuyd O4YeHb
Majo, He mpeBbImaeT 2%.

[IpoOHble TUTOMAMM  3alIOKEHBI B PSIy  COMPSDKEHHBIX
aneMeHTapHbIX reoxumudeckux JsaHamadroB (IlomsHOB, 1956;
AeccamomoBa, 1987): or aBTOMOP(HBIX (IIIOBHAIBHBIX) Ha
BOJIOpa3ienax, 4yepe3  TPaH3UTHbIE  (TPAHCINIOBUANBHBIE U
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TPaHCATIOBUAIbHO-aKKYMYJIATHB-HbIC) Ha  pa3IMYHBIX  Y4acTKax
CKJIOHOB K TOTYMHEHHBIM (CYIep-aKBaJIbHBIM HIH aKKyMYJISITUBHBIM)
aNIeMeHTaM penbeda (puc. 2).
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Puc. 1. PacnonoxeHre mpoOHBIX IUTONIAJeH (KPAaCHBIMH TOYKAMH YKa3aHbI
MecTa 3aJI0)KEHHsI TCOXUMUUECKHUX MpoduIieit).

Fig. 1. Location of sample plots (red points show location of geochemical
profiles).

Knaccuukanronnas npuHauIeKHOCT [T0YB ONPEAesulach co-
rmacio  Kmaccudukanum w  guarHoctuke — mouB  Poccum
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(Knaccudukarws..., 2004). Otbop mpod MPOBOAMICS IO TEHETHYE-
CKHM T'OPHU30HTaM M3 MOYBEHHBIX Pa3pe30B, 3aJI0KEHHBIX B TPEXKpaT-
HOW TOBTOPHOCTH B MpEAENax KaKJOro 3JEMEHTApHOTO TeOXMMHUYe-
CKOro JaHamadgTa.

Omnpenensuiuch Clenyronue MoKa3aTelu:

- BaJOBOW aHalM3 MHHEPAIFHOM 4YacTH TOYBHI H ee (u3mKo-
xuMudeckue cBoictBa (pH B BOIHOI M cONEBOI BBITSKKAX, CyMMa
OOMEHHBIX OCHOBAaHHMH W CTEleHb HACHIIIEHHOCTH OCHOBaHUSIMH,
cojiep>kaHue MoABIKHBIX (hopM docdopa u Kamusi, OpraHHYECKOTO
yriepojia ¥ BaJOBOI'0 a30Ta) B COOTBETCTBHM C OOIICIPHUHATHIMHU
meroaamu (Apunymkuna, 1970). OnpeneneHue coaepKanus MOy-
TOPHBIX OKUCIIOB B OPTaHOT'€HHBIX TOPU30HTAX MPOBOAMIIOCH TOCIIEe
WX 030JICHUS,

— OKHCIHTEIbHO-BOCCTAHOBUTEIBHBIA MMOTEHIIMAJ TTOYBBI MOTEHIINO-
METPUYECKHUM METOJIOM;

- coJllepKaHWe MUKPOIJIEMEHTOB METOIOM aTOMHO-aJICOPOUITMOHHOM
CTEKTPOPOTOMETPUH NPH PACTBOPEHUU B CMECH a30THOM, IJIaBU-
KOBOW M CEpHOM KHUCIIOT.

ABTOHOMHBII TpancomoBHaNbHBIH TpaHcakKyMyIATHBHBIH — AKKyMYyJISTHBHBIN

Sy

NER WA .
£ 1 d I
" . 401 1 1 0 P
20 Cocnsik GpycHH4HBIH COCHAK YepHH4HBbIi CocHsik
BIAKHBIA baryiibHHKOBO-charHoBbIi

0 100 200 300 400 500, M

[Moazon ITonzon Topdsrio-
WIUTIOBHAIIBHO- WUTIOBHAJILHO- rieeBas
JKEJIC3UCThIN JKEJIC3UCTBIN

ryIeeBbIN

Puc. 2. ConpspKeHHBIH psifi TOYB BOJHUCTOH O3EPHO-JICHUKOBOW MECYaHOM
PaBHUHBIL.
Fig. 2. Catena of undulating glaciolacustrine sandy plain.
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PaccuurthiBanuch clienyronme reoXuMUYeckne Kod(GUIMEHTHI
(ABeccanomosa, 1987; I'masorckas, 2002; Ilepenbman, Kacumos,
1999), koTophic MO3BOJISIOT OMPEACSNIATh HANPaBICHHOCTH MPOIECCOB
HAaKOIIJICHHA-BBIHOCA XUMHNYECCKHUX 3JICMEHTOB:

- K¢ — ko3¢ (UIMEHT KOHIEHTPAIlMd — COOTHOIICHHE COJCPIKAHUS
XUMHYECKOT0 3JIeMeHTa B uccienyeMoit mouse (Ci) k ero poHOBOMY
3HadeHuto (Cdi). B kauecTBe (hOHOBBIX MOKa3aTeNeil HCIONB30BAINCH
JAHHBIC M0 CPETHEMY COJEPKAHUIO0 XUMHUCCKUX DJIEMEHTOB B MOYBAX
Kapenuun — B necHON MOACTUIIKE W MOAMOJCTHIOYHBIX TOPHU30HTAX
(Demopert u sip., 2008).

- Kt — k09 HUIHEeHT 2II0BHANBHO-aKKyMYJISITHBHBIN WIN pajinaibHON
midpdepentmanmn — Kr = Ci / Cimm, tme Ci — coxmepkanue
XUMHYECKOI'0 3JIEMEHTa B TOM HWJIM HHOM TI'€HECTUYCCKOM TOPHU30HTE
mouBsl, a Cirtm — coziepykaHue B IIOYBO0OPA3yIOIeil TOpoIe.

- I'eoxumuueckuii unoexc unu popmyna noue COCTaBJICH Ha OCHOBE
paccuntanHeix Kc. Dopmyna moOYB 3JIeMEHTapHOro JiaHmmadTa,
TIpenCcTaBiIsgeT cOoOOM BHJ HEMPABIIBHON IpOOW: HAa MECTE IIENOoT0
Yrcia yKa3bplBaeTcsl Kiacc Janamadra, B YACIUTENEe — MUTPUPYIOIIHE
JJEMEHTH, B 3HAMEHATeNe — DJJEMEHTHI, OCAXJAfoIuecs Ha
TEOXUMHUUECKHX Oaphepax, Mocie JpoOW YKa3bIBAIOTCS DIIEMEHTHI,
MUTPUPYIOIIHNE U OCAXKIAIOIINECS B PAaBHOM CTEIEHHU.

- Kn - xodddurment marepanibHOW MHUTpalidl — OTHOIICHHUE
COJIepKaHUsI XUMHYECKOTO JJIEMEHTa B HW3Y4aeMOM ITOTYHMHEHHOM
naaamadTe (CIj.) K ero comepXaHwio B aBTOHOMHOM JIaHmmadTe
(Ca.n.): Kn=Cn.m. / Ca.m.

PE3VJIBTATBI 1 OBCYXXJIEHUE

Ha  aBTOMOp®HBIX  TO3MIMSAX B OJIOBHAIBHBIX U
TPAHCATIOBUANTLHBIX DJIEMEHTAPHBIX TCOXMMUYECKUX JaHmmapTax Ha
MOIITHEIX COPTHUPOBAHHBIX IIECYaHBIX (ITFOBHOTISIIAATEHBIX
OTJIOKEHHSIX TIOJ COCHSIKAMH OpPYCHHUYHBIMU (DPOPMUPYIOTCS MOM30JIbI
WJUTIOBUAITLHO-)KENIE3UCThIC  MecuaHble. J[aHHBIC MOYBBI  IIMPOKO
pacmpocTpaHeHbl Ha TeppuTopud Kapemud W MOryT CUHTAThCS
¢onoBeiMu  (PasHooOpasme..., 2006), OHM HMEIOT THUIUYHOE IS
MOJ30JI0B CTPOCHHWE TreHeTudeckoro mnpodwis. Ha moepxHOCTH
oOpasyercst MoIIHasi JecHas moncTmika (ropu3oHT O), Ha TpaHUIE
repexofia JIeCHOW TOJCTHIKM B MHHEPAIBHYK) YacTh 4YacTo
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BCTPEUAIOTCA OCTAaTKM yried HeOompmioro pasmepa. Ilomzomuctbrii
TOPU30HT MOP(OIOTMYECKH BBIPaXKEH YETKO, HO MMEET HeOONBIIYIO
MOIITHOCTh — 2—3 CM.

ITom3omel  MMEIOT  JIETKMM — I'PaHYJIOMETPUYECKHM  COCTaB,
npeolyafiaroT rmecyaHble (QpakiuH, colepKaHue WINCTOH (pakiuu
oyeHb Hu3Kkoe. OHHM XOpOIIO APEHUPOBAaHBl M MMEIOT BBICOKYIO
CTEIeHb a’palli, B HUX MPeoOIaialoT OKUCIUTENBHBIC TPOIIECCHI.

IToka3zaTenu KHUCJIOTHO-IICIIOYHBIX u OKHCIIUTCIIbHO-
BOCCTAaHOBHUTCIIbHBIX YCJ]OBI/Iﬁ BO MHOI'OM ONpCACIA0T TCHACHIUHN
Murpanun xuMudeckux siemeHToB (llepenbman, Kacumos, 1999;
Husson O., 2012). 3HaveHus OKUCIUTEIHHO-BOCCTAHOBUTEILHOTO
norernuaia (Eh) B Xopoio a’pupoBaHHBIX BEPXHUX OPTraHOTCHHBIX
ropusoHTax coctaisioT S00-600 MB, B MUHEpaTbHBIX TOPU30HTAX ITA
unppa cuHmwkaercs go 450470 mB, Takum o0pas3oM, MOIydeHHBIE
pe3yNbTaThl CBHUJIETENBCTBYIOT O NpeoOJiajJaHid  OKUCIUTENBHBIX
ycnosuii (Cepmobonbckmii, 1965).

[oyBa MMeer KHCITYIO PeaKInio, camasi Hu3Kasi BenruuHa pHoyy.
= 4 xapakTtepHa i1 OPraHOT€HHOTO TOPHU30HTA, B HIDKHEH dYacTu
npouiIs 3TOT MOoKa3aTedb Bbiie — pHyoum = 5.6-5.7 U cOOTBETCTBYET
cmabokuciaoi peakmuu  cpensl.  OOMEHHasT KHCIOTHOCTH CHIIBHO
BapeupyeT: oT pHyc = 3.0 B moactuike a0 4.7-4.9 B HUXKHEH 4acTH
npoduis, — YTO CBUAETENBCTBYET OO0 WHTEHCHBHO IPOTEKAIOIINX
mporieccax TpauchopMaIi MUHEPAJIOB.

MuHepaapHbIe TOPU3OHTHI MO/[30J1a WILTIOBHAIHHO-KEIE3UCTOTO
OTJIMYAIOTCS OYeHb HU3KHUM COIEpXKaHUEM OPTaHWYEeCKOrO BEIIecTBa,
a30Ta M OCTAIIbHBIX DJIEMEHTOB MTUTAHUS pacTenwuii (Tabm. 1).

B HmwkHeW dYacTM CKJIOHAa o032 HEIIUPOKOM ToJocoM B
nepudepuitHoii  wacTm 0oJOTAa TOJ UYEPHUYHBIMH  BIKHBIMU
MUKPOTPYIITHPOBKAMHU COCHOBOT'O JPEBOCTOSI TTO/I30JIBI HILTIOBHAIIEHO-
KENE3UCTHIC CMEHSFOTCS MOTYTUAPOMOP(GHBIMA MTOYBAMHU — TIOA30IAMH
WJUTIOBUANTEHO-)KEIE3UCTHIMU TIIEEBBIMHU.

61



bronnerens [louBennoro nHCTHTYTa M. B.B. Jlokydaesa. 2019. Beim. 100.
Dokuchaev Soil Bulletin, 2019, 100

Tadoanua 1. ®u3uKo-XMMHUYECKHE CBOMCTBA IT0YB JIaH{madTa 03epHO-JICTHUKOBON PaBHUHBI
Table 1. Physico-chemical properties of soils of undulating glaciolacustrine sandy plain

3 Cymma
T'opu- Mom- pH pH P,0Os5 K,0 \Al T'ymye N 37;:25*{]) dpakumii
30HT | HOCTBh, cM | KCI H0 <0.01 mm
mr/100 r %
AstoHOMHSIH anmmadT. [Tog301 MITFOBHATIBHO-KENE3UCTHIH.

(6] 0-8 3.1 4.0 42.8 82.2 35 62.5 0.54 31.8 -

E 8-17 (25) | 3.3 45 2.4 12 0 0.2 0.14 05 8.1
BF 17 (25) -30 4.4 5.0 27.7 0.9 0 1.9 0.08 4.4 6.4
BF2 30-46 4.9 55 9.8 0.6 0 0.4 0.06 1.2 4.8
BC 46-70 4.8 5.7 12.3 0.8 26.3 0.1 0.04 0.7 3.6
C1 Hike 70 4.7 5.6 5.7 0.4 17.2 0.3 0.02 0.6 3.0

TpamsurtHeiid nanamadT. [Toa301 WUTIOBHAIEHO-KEIE3UCTHIH TIICeBBIN

OoT 0-9 3.0 3.8 40.2 100.0 33.7 83.7 1.29 52.1 -

T1 9-15 35 4.3 - - - 78.5 1.00 44.2 -
TAh 15-20 3.6 4.5 - - - 53.01 0.95 41.6 -

E 20 4.5 5.3 1.0 1.7 14.7 0.60 0.08 1.2 55
BFg Hike 50 4.7 5.8 34.0 15 13.5 0.8 0.09 2.1 6.0

AxkymynsTuBHbIN nanamadr. TopdsHo-raeeBas nousa

oT 0-15 3.2 3.8 21.2 92.3 0 85.51 1.00 2.9 -

T1 15-25 3.2 3.8 23.8 110.0 0 80.13 1.07 5.6 -

T2 25-40 34 4.0 18.9 84.6 9.6 82.73 1.75 7.8 -

T3 40-50 3.8 4.6 104 30.8 3.0 84.52 1.75 8.1 -

Gl 50-60 4.1 4.8 - - - 9.54 - 11.6 -

G2 Hipke 60 4.5 4.9 - - - 9.02 - 11.8 -

* Kk
HpﬂMe‘laHﬂe. — CTE€NICHb HACBIIEHHOCTH OCHOBAHUAMM, — 30JIBHOCTH JJaHa 11 OPTaHOT €HHBIX

Kkk
ropu3ontoB O, OT, TAh u T;  — morepsi npy NPOKAITMBAHUSIMHE, JaHA IS MUHEPAIbHBIX TOPH30HTOB.
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B HamoyBeHHOM IOKpPOBE MOSBIISIIOTCS C(ArHoOBBIE MXH, UTO
o0yclaBiIMBaeT pa3BUTHE MOIIHON OTOp(OBaHHOW MOACTHIKH (Ooiee
20 cM), cocrosieii U3 ciloeB Topda pa3HOH CTEHNEHU pa3IOKCHUS.
Mexay TOpQsIHBIM CIIOEM U MOIIHBIM TTO30JUCTBIM TOpH30HTOM (15—
20 cm) dopMupyercs OpraHOMHHEpanbHbIH cioi (ropu3oHT TAh)
TEMHOTO, TIOYTH YEePHOTr0 IBETa, OH UMEET HEOONbIIYI0 MOITHOCTD (1
3 cM), ¥ Ha TpaHUIIe Nepexoa K MUHEPAJIbHON YacTH TOYBBI OTMEYa-
eTCs HaJln4yuMe OCTaTKOB yriied. HikHss yacTh nmpouis 3auBaeTCs
rpynToBeiMu Bomamu (¢ 40—60 cm). Benwuuna Eh B oropdoBanHOM
noactunke Bappupyer B mpenenax 400-500 mB. B HwkHeit gactu
npouIIs 3TOT MOKa3aTeNb cHkaercs 10 350 MB, uTo cBUIETENBCTBY-
€T O MEPEXOAHBIX YCIOBHSX — OT OKHCIHTEIBbHBIX K BOCCTAHOBHTEIb-
HBIM.

[ouBsI KUCITBIE, cCAMble HU3KKE MTOKa3aTenu pH xapakTepHbl s
oropdoanHoi monctuik (pHyc = 3.0-3.5), BHU3 10 mpodmitro 3Ha-
yenuss pH noseimmarores 10 4.6-4.8. Taxke Kak W Ui IOYBBI, pac-
CMOTPEHHOW paHee, OTMEYaeTCss HEBBICOKUI YPOBEHb COJIEpIKaHuUs Op-
TaHWYECKOT0 BEIIECTBA U M3YYAEMBIX XUMUYECKUX AJIIEMEHTOB B MHUHE-
PaTbHBIX TOPU30HTAX.

B nouMHEHHBIX TO3UIHSIX pelibeda B YCIOBUAX 3a00I04EHHOTO
COCHsIKa OaryIbHHKO-C(arHoBoro GopMupywrcs TopdsiHbie O0IOTHBIC
u Top(hsHO-TIeEeBbIe TIOYBHI MepexoaHoro tuna. [Ipoduns mous npea-
CTaBIIsI€T COOOM ciIoM Topda pa3HON CTEIeHN pa3nokeHus. | pyHTOBBIE
BOJIBI HAXOMATCS ONHM3KO K MOBEPXHOCTH, W BO BIIAXKHBIE TOMABI MPO-
(bW TTOYBHI MTOTHOCTHIO 3aJIMBAETCSL.

TopdsiHbIie TOYBBI UMEIOT KUCITYIO peakinto cpensl (pHyom — OT
4.0 no 4.6), HauMeHee KHUCIBIMH SIBIITIOTCS TJIEEBBIC TOPHU30HTHI —
PHiom. — 4.8-4.9. Benmnmunna 0OMeHHOW KHUCIOTHOCTH B TOP(SHBIX TO-
pU30HTax Bapbupyer OT 3.2 10 3.8, yMEHbIIAsCh B 3aBUCUMOCTH OT
CTETIeH! pa3lioKeHus Top(da, B TIeeBbIX ropu3oHTax — pHyc = 4-4.5.

[louBbl OemHBI OpraHWYECKHM BEIIECTBOM. 30IBHOCTH Topda
Huskast (2.7-3.3%) B BepXHHUX CIIOsX TOp(ha, COCTOAIIETO U3 MOYTH He-
pasnoxwuBiierocs: carnoBoro mxa. Hikaue ciou Topda 6onee Boico-
KO30IIbHBIE, B HUX BCTPEYAIOTCS OCTATKH OCOKH CpelHEll CTelmeHn pas-
JIOXKEHUS, collepKaHue 3016l yBenuanBaercs 10 8—9%.

TopdsiHbIe TIOYBBI SABISIOTCS HEOJHOPOIHOW TI'€OXMMHYECKOH
CHCTEMOM, YCIIOBUS MHUTPAIMM B HUX C TIIyOMHOW PE3KO MEHSIOTCS, U
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MIPOTEKAIOT PEAKIIMK OKUCIICHUS U BOCCTAHOBJICHUS PA3JIMYHOMN MTPUPO-
el (Maummesa, 2010, 2016). Odec u BepXHHUE PHIXIbIC ciaabopasiio-
JKHUBHIKECA OTOp(I)OBaHHI)IC TOPHU3OHTHI XapaKTECPU3YIOTCSA OKUCIUTECIIb-
ueiMu yeroBusiMu (Eh = 400-500 mMB). B Hmkenexaniux cinosx Topda,
Ha riryoune npumepHo 30-40 cm, Eh ymensimaercs no 250-350 MB, a
Ha ypoBHe HIbke 50—70 cM ero BelnMUYMHA CHI)KAETCs ellle CUJIbHee
(menee 200 MB), TO ecTh MPe0bIaAAIOT BOCCTAHOBUTEILHEIC YCIOBHS.

TumnomMopdHBIM, TO €CTh ONpPENENSIONIUM HaIMpaBICHUE MHUTpa-
OUH 3JIEMCHTOB, AJIA II0OYB aBTOMOp(i)HOI‘O " TPAH3UTHOI'O J'IaHI[HIa(i)TOB
SIBIIIETCSL KATUOH BOJIOpOJA H*, Takum 00pa3oM, Takue MOYBbI UMEIOT
KHUCJBIN KJIacC BOJTHOM MUTPALIMK, KOTOPBIM XapaKkTepu3yeTcsl BHICOKOM
MUTPAIMOHHON CITIOCOOHOCTBIO OOJNBIIMHCTBA AJIEMEHTOB-METaIoB. B
TJICCBBIX TOPU3O0HTAX ITOYB AKKYMYIIATUBHOI'O HaH}IIHaq)Ta YCII0BHUA
MUTPAIlUHd MEHSIOTCS Ha BOCCTAHOBHUTEIBHBIC IJICEBBIE, JKEIC30 M3Me-
HACET BAJICHTHOCTb U CTAHOBUTCA TI/IHOMOp(bHBIM.

Basiooii cocTaB n3y4aembIX MOA30JI0B UMEET XapaKTEPHYIO AJIs
BCEX IMOJ30JI0B YeTKYI0 auddepeHiranuo ropu3oHTOB M0 CoaepKa-
HHUIO0 KpeMHEKUCIOThI Si0,, OKCHIOB Kele3a u anoMuHus R,03 (Tabm.
2). M3y4aemble MOYBHI OTIMYAIOTCS OUYEHb BBICOKHM COJEp’KaHHUEM
KpeMHeKkHucnoTel — 6omnee 80%. Ha BTopoM Mecte 1Mo comep>KaHUIO
HaxoauTcs okcup amomuuusa (9-14%). B cymme sTi 1Ba okcuuma co-
craBisitoT Oonee 90%, Ha OCTANBLHBIC 3JIEMEHTHI TPUXOAUTCS MEHee
10%. Pacmipenenenue xene3a mo mpoQusIM IMOA30I0B, IO CPABHEHHIO
C aJJIOMHUHHEM, HOCHUT 0oJiee KOHTPACTHEIN XapaKTep, 9TO TaKKe OTMe-
gaeTcst ¥ B uccaenoBannu Y pyceBckoit M.C. (2017). Ilpu comocraBie-
HUU ¢ moa3onamMu KombCcKoro momyocTpoBa, pa3BUTHIMU Ha TTECYAHBIX
otnoxenusix (IlepeBepse, 2009), MOXKHO OTMETHTbH, YTO HU3ydaeMble
TIOYBHI OTJINYAIOTCS OoJiee “OeTHBIM™ XUMUYIECKUM COCTaBOM.

B necHoii moncTriike aBTOMOP(HBIX TMOYB MPOUCXOIUT HAKOII-
JieHre OONBITUHCTBA 3JIEMEHTOB, OCOOCHHO WHTEHCHBHO aKKyMYJIHUPY-
erca Kaibluii u ¢ochop. B momzommcroM TOpr30HTE HaOMOMAETCS
BBIHOC OOJIBIIMHCTBA MOYTOPHBIX OKUCIIOB CO CPEIHEHN CTENeHBI0 HH-
TEHCUBHOCTH, B allb()eTyMyCOBOM TOPHU30HTE ATH MPOIIECCHI MTEPEXOAT
B HaKOIUIeHHE C1a00ii CTEneH .

64



bronnerens [louBennoro nHCTHTYTa M. B.B. Jlokydaesa. 2019. Beim. 100.
Dokuchaev Soil Bulletin, 2019, 100

Tabanua 2. Banooii cocraB 1moyB aHmadTa 03epHO-JICTHUKOBON paBHUHBI, %
Table 2. Bulk composition of soils of undulating glaciolacustrine sandy plain, %

SE( S| 21912122 % ¢ ¢ |g2% 832 2
S8 @ $ < O X b z o F |2« | P | Pl | <]
AstoHOMHBIH anmmadT. [loa301 WUTIOBHATBHO-KENIE3UCTHIH.

0 73.2 2.9 13.2 4.1 1.9 0.7 1.8 1.3 0.5 9 67 8 7
E 81.9 3.0 10.0 1.9 0.3 0.2 24 0.1 0.3 14 74 12 5
BF 80.4 2.1 11.0 1.6 1.5 0.3 3.1 0.1 0.3 12 101 11 8
BF2 80.0 2.3 10.3 1.6 1.5 0.7 3.2 0.1 0.2 13 93 12 7
BC 81.0 1.7 10.2 1.5 1.6 0.4 3.1 0.0 0.2 14 124 12 9
C 81.6 1.6 9.8 1.6 1.5 0.5 2.8 0.1 0.2 14 133 13 9
Tpansurtheiii nanamadT. [Toa3o0 WLTIOBHATEHO-KEIE3UCTHIN ITICeBBIN.
oT 70.8 2.3 11.2 5.3 2.3 1.5 1.7 2.0 0.3 11 82 10 8
TAh 77.6 1.7 9.7 3.2 1.4 1.0 1.8 1.5 0.3 14 122 12 9
E 86.8 0.4 8.4 0.6 13 0.1 1.8 0.0 0.1 18 564 17 32
Bhl 78.6 1.4 14.1 1.2 1.6 0.6 2.2 0.2 0.3 10 155 9 16
Bh2 80.4 1.2 12.6 1.0 1.6 0.5 2.3 0.1 0.2 18 173 10 16
Bg 81.6 11 10.9 1.0 1.6 0.6 2.4 0.0 0.2 13 198 12 16
BCg | 825 1.0 10.4 11 1.6 0.4 2.4 0.0 0.1 14 224 13 17
AxkymynstuBHbIN nanamadr. TopdsHo-raeeBas noysa.
oT 59.2 4.8 12.3 9.5 3.6 3.0 0.7 | H A H. 1. 8 33 7 4
T1 68.1 5.6 10.7 4.1 1.8 0.7 09 |Hn& H. JI. 11 33 8 3
T2 56.4 3.7 19.9 5.8 13 0.9 08 | H & H. 1. 5 40 4 8
G2 72.6 15 11.2 13 1.5 0.7 14 | v 1 H. JI. 11 127 10 11

IIpumeuanmue. H. 1. — HET JAHHBIX.
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B HmwkHUX TOopu3oHTaxX He HaOmromaercs muddepeHanuu
COZICp)KaHUsI DJIEMEHTOB OTHOCHUTENBHO IOYBOOOpa3yrolield MOPOJBL,
TO eCTh HWXHAA 4YacTh npoduis ciabo  mpeoOpa3oBaHa
MOYBOOOPa30BaTENBHBIMUA TIPOLIECCAMH, 4YTO TaKKe MOATBEPKAACT
paBHOMepHOE pacnperenenne Tutada (Camodanora, 2016).

B wmomiHol oTOpdoBaHHON MOACTHIIKE (OCOOCHHO B HWKHEH
T'YMYCHPOBaHOH YacTH) MO30J1a WILTFOBUAIBHO-XKEIE3UCTOTO TJICEBOr0
MMPOUCXOJUT HMHTCHCUBHOC HAKOILJICHUC 60J'IBH_II/IHCTBa IMOJIYTOPHBIX
okucioB. Tarke HaOJrOmaercs yCHJICHHWE MPOLECCOB AKKyMYISIUH
dochopa wm  KamplMAg ~ HapsAAy C  YBEIMYCHUEM  CTEICHU
3aTOp(HOBAHHOCTH TMOACTUIIKH.

B nom3onucToM ropu3oHTE MOYB BBISBICH 00JIee MHTCHCUBHBIM
BBIHOC 3JIEMEHTOB, 110 CPAaBHEHHUIO C TTIOYBAaMH aBTOMOP(QHBIX TTO3UIIH,
a JUIsl WUTIOBHAILHOTO TOPH30HTA MMOJ30Ja TJIEEBOTO OTMEUAIoTCS
BBICOKHE  KO3((QHIMEHTH  HAKOIJIEHWUS  JJIEMEHTOB, OCOOEHHO
AJIFOMHUHHS, Kejie3a, TuTaHa u docdopa.

CocraBiieHbl psABI DJIEMEHTOB IO BO3pACTaIONIEMy 3HAYCHHIO
pPacCYMTaHHBIX DIIOBHAIBHO-aKKYMYIATHBHEIX Kod(¢urmentor (Kr)
(tabm. 3). [To HUM MOXXHO CYIUThH O TIOPSIIKE OTHOCHUTEIIEHOT'O BBIHOCA
WJTH HAKOTUICHHS DJIEMEHTOB B Pa3JIMYHBIX TOPU30HTAX TTOYB.

MOXHO OTMETUTb, YTO (YOPMHUPYIONIUNCS B TOYBAX TPAH3UTHBIX
JMaHamapTOB  WUTIOBHAIBHBIA ~ TOPH30HT  TIPEACTABISET  COOOM
COpOIIMOHHBIH Oapbep OoNbIIed MOIIHOCTH, YEeM TAaKOBOW B
ABTOHOMHBIX TIOYBaX. JTO CBA3aHO C 0OJNee HHTEHCUBHBIM MPOIIECCOM
paspyieHuss MUHEPAITbHBIX YaCTHII B IOA30IMCTOM TOPU3OHTE, 38 CUET
Yero MPOMCXOJHUT BBIHOC OONBIIMHCTBA 3JEMEHTOB (IFOMUHHS,
Kenesa, Maraus, ocdopa U THTaHA) U3 ATOTO CIOS M UX OCAXKIICHUE B
WJUTIOBUAITEHOM TOPH30HTE.

Jlns BceX M3ydaeMbIX TOYB XapakTepeH JeHUIMT OONbIINHCTBA
MHUKpPOIJIEMEHTOB, KOX((UIUEHTH KOHIEHTPAalMd TOBOPAT 00
O0CTHEHHOCTH TOYB MHUKPOIJIEMEHTAMHU TIPU HMX COMOCTABJICHUH C
dbonoBbiMu 3HaueHUsIMH (Peoperr, 2008).
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TaﬁJmua 3. PHZ[I:I 3JIEMEHTOB 110 3HaYeHUI0 Kr B TOPU30OHTAaX MOYB 3JIEMCHTAPHBIX M'COXUMUYCCKUX

nangmadrax (1 — aBTOHOMHBIH, 2 — TPAaH3UTHBIH, 3 — AKKYMYJISITUBHBIH )

Table 3. Rows of elements according Kr value in soils’ horizons of elementary landscapes
(1 —automorphous, 2 — transite, 3 —accumulative)

T'opuzontsr O (OT)
1| NaO SiO, K0 ALO;  MgO  Fe,0;  TiO, Ca0 P20s
0.7 0.9 1.3 1.3 1.4 1.8 2.3 2.6 12.9
2 Nago S|OZ AIZO3 K;Q FeZO3 T|OZ MqO CaO P205
0.7 0.9 11 15 2.3 2.6 3.8 4.8 20.0
3 Nago S|OZ AIZO3 K;Q FeZO3 MqgO CaO ) )
0.5 0.8 11 24 3.2 4.2 7.3
I'opusontsl E
1 ﬁgg Mog49 Nago PZOE CaO SlOZ A|203 T|02 F6203
0.2 : 0.8 0.9 1.2 1.0 1.0 1.7 1.8
2 PZO§ MgO FeZOQ CaoO Kzo Nazo A|203 SlOZ TlOZ
0.3 0.3 0.4 0.6 0.8 0.8 0.8 11 1.2
Tl'opuzonter BF
1 M0g49 K;Q Si_OZ CaO Alzog Nazo PZO§ Fezog TIOZ
: 1.0 1.0 1.0 11 11 11 1.3 1.7
2 M;O Si_o; 5;9 CaO AIZO§ Fezog MgO PzOE TIOZ
0.9 1.0 1.0 11 14 14 15 15 2.6
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Ha ocnoBe paccuntannbix Kc moctpoens! reoxumudeckue Gpop-
MYJIBI TIOYB 3J€MEHTapHBIX JaHAmAadTOB (Tabm. 4), KOTOpbIe TO3BOIs-
10T BBISIBUTH THIIOMOP(HBIE TE€OXUMHUYECKHE MPOLECCHI, OMpeensio-
mue JaHAmAaQTHO-TEOXUMUYECKYI0 T QepeHIHAINI0 TEPPUTOPHUH,
OLIGHUTh HENOCTATOK HMJIM M30BITOK M3y4aeMBIX 3JIEMEHTOB, a TaKXKe
CYIHTh O XapakTepe HMX Murpauud u axkymyssinun (Ilepenbman,
1999).

[ony4ensr oueHp HU3KHUE 3HaUYeHHUs Kc Hukens, kobanbTa, Map-
rafia B U3ydaeMbIx nousax. [y xpoma BhIsiBIIeHBI Oosee Boicokue K,
oJHaKo oHHU Tarke MeHbine eaquHuilbl (Ke < 0.5-0.7). Jlannas ocoOeH-
HOCTH CBSI3aHa C TE€M, YTO IMOYBOOOPA3yIOIIME U MOJCTUIIAIONINE TIOPO-
Ibl M3y4aeMbIX TOYB IPEJICTABICHBI MECYaHbIMK (DIFOBHOTIISIIIAATb-
HBIMH OTJIO)KEHHUSIMH, KOTOPBIE XapaKTEepU3YIOTCS OYeHb HHU3IKUMH
KOHIIEHTpAIMsIMHU M3ydaeMbIx MukpodiaemeHToB (Toiikka, 1973). Tem
HE MEHEee OTMEYAEeTCsl, YTO COJIepKaHue MEIH, & B HEKOTOPBIX CIyJasx
W IIMHKa, HAXOJIUTCSA Ha YPOBHE (JOHOBBIX 3HAUCHUH.

Pacuer xosddummentoB pammansHoro pacmpeneneHus (Kr)
MHKpOAJIEMEHTOB B INMPO(QHISIX pacCMAaTPHBAEMBIX IOYB ITO3BOJIMIN
BBUIBUTH 3aKOHOMEPHOCTH paJUalIbHBIX IIPOLIECCOB HAKOIICHUS -
BbIHOCA 3JeMeHTOB. HampaBieHus paguanbHOM MHUIpaluy 3J1EMEHTOB
B M3Yy4aeMbIX II0YBAX JOCTATOYHO KOHTPACTHBIE U MMEIOT Pa3jIMyuHbIC
3aKOHOMEPHOCTH, CBA3aHHBIE C IIOJIOKEHUEM B penbede. [ moys aB-
TOMOP(MHBIX W TPAH3UTHBIX (aIuii OTMEUaeTcs oOImas 3aKOHOMEp-
HOCTh HAKOIUICHHS B JIECHOM IOACTHIIKE MHKDPO3JIEMEHTOB-OMOIC€HOB
(puc. 3). Hanbomee akTHBHO B MOACTHIIKE HAKAILIMBACTCS ITUHK, ero Kr
nocturaer 3—4, 9TO CBHUIETEIhCTBYET 00 aKTHBHOM YYaCTHH IIMHKA B
OuorenHsIx npoueccax. OTMedaercs 3HaYUTENbHOE CHIDKEHHE COIep-
XKaHMS pacCMaTPUBAEMBIX 3JIEMEHTOB C YBEJIMUYCHHEM CTENECHU OTOP-
(hOBaHHOCTH TTOJICTHIIKH, YTO CBSI3aHO C OCOOEHHOCTBIO OMajia, a TAKKE
C aKTHUBHBIM BBIIIENAYNBAHUEM UX M3 PACTUTEIbHBIX OCTATKOB B MOY-
BEeHHbIE U 00nOTHBIE BOABL. CyIIECTBEHHOE CHUKCHHE KOHIEHTPALUU
Maprasia B MOYBax MOJYMHEHHBIX MO3MLUI CBA3BIBAIOT C €ro OO0Jb-
1iell pacTBOPUMOCTBIO MIPU CMEHE OKUCIIUTEIbHOM peakiuu Cpelbl Ha
BocctaHOBUTENbHYHO (besHocukoB, 2010), 9yTO CrIOCOOCTBYET €ro BbI-
HOCY 3a MpeeIibl TIOYBEHHOTO MPOQHIIS.
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Tadanua 4. I'eoxumudeckue GoOpMyITbl IOUB KaTEHBI
Table 4. Geochemical formulas of soils of catena

I'opu-
SOHT T'eoxummueckas hopmyma
ABtoHOMHSIH nanmmadT. [Tog3051 MITFOBHATIBHO-KENE3UCTHIH.
o H* Mn (0.3) Ni (0.4) Co (0.5) Cr (0.6) Cu
Zn (1.1) (1.0)
E H Ni(0.1) Cr(0.3) Mn(0.3) Cu (0.4) Co (0.5) Zn (0.6) -
BE H Ni (0.3) Cr(0.4) Co(0.4) Mn (0.6) Cu
Zn (1.3) (0.9
BC H* Ni (0.4) Cr (0.4) Co (0.5) Mn (0.6) Zn (0.8) Cu
— 0.9)
+ Cr (0.3) Ni (0.4) Co (0.5) Mn (0.6) Zn (0.8) Cu
C H — (1.0)

Tpan3zurtHslii nangmagt. [Toa301 WINTIOBHAJIBHO-XKEIE3UCThIHN ITIeeBbIH.

Mn(0.1) Co(0.2) Zn(0.3) Ni(0.3) Cr (0.4) Cu(0.6)

oT H* —
E u* Ni (0.1) Mn (0.1) Cr (0.2) Co (0.2) Zn (0.3) Cu (0.4)
+ Ni (0.2) Mn (0.2) Co (0.2) Cr (0.4) Zn (0.5) Cu
BF H —= 0.9)
Cg H* Mn (0.2) Ni (0.2) Cr (0.3) Co (0.3) Cu (0.6) Zn (0.7)
Fe** — —
AxkymynsTuBHbIN nanamadr. TopdsHo-TaeeBas nousa.
oT H* Co (0.1) Ni (0.2) Mn (0.2) Zn (0.4) Cr (0.5) Cu (0.7) -
el H* Mn(0.1) Co (0.2) Ni (0.2) Zn (0.3) Cr (0.4) Cu (0.4) -
T H* Mn (0.1) Co (0.3) Ni (0.4) Zn (0.5) Cu (0.7) Cr (0.7) -
G H* Ni (0.1) Co (0.2) Cr (0.2) Mn(0.3) Zn (0.7)
Fe?" Cu (1.2)
MUHEPAJIbHBIX TOpHU30HTax IIOA30JI0B WIITIOBUAJIBHO-

KEIIE3UCTBIX W WJUTIOBHAIBHO-KEIE3UCTHIX TJIEEBBIX MPeo0IagaroT
1) OONBIIMHCTBA MHKPOIJIEMEHTOB.
Pacnipenenenne m3y4aeMbIX JJIEMEHTOB B ITOJ30JIaX IPOMCXOIUT II0
TUIy, YTO  TaKkKe  SBISETCS

mponceCChbl

SJIFOBUAJIbBHO-WJIJIFOBUAJIBHOMY

BetHOca (Kr <

XapaKkTepHbIM s uccieayeMbix mous (IlosbiHoB, 1956).
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Puc. 3. Panuanbhas quddepeHnmanus MUKpO3JIEMEHTOB [0 TOPU30HTAM T10YB
SIIEMEHTAPHBIX JTAHAA(TOB.
Fig. 3. Radial differentiation of trace elements within soils’ horizons in
elementary landscapes.

B moa3omucToM TOpPU30HTE OTMEYAETCsl AKTUBHBIA BBIHOC
OONBIIMHCTBA  JJIEMEHTOB, B HM/UTIOBHAIBHBIX TOPHU30HTaX Ha
COpOIIMOHHOM Oaphepe IMPOMCXOAWT Cllad0oe HAKOIJICHWE MHHKA H
cuIepoUITBHBIX, CBSI3AHHBIX C KeJIe30M, MUKPOIJIEMEHTOB — KOOaIbTa
Y HUKEJIS.

HecmoTrpst Ha cXomHble 3aKOHOMEPHOCTH  PaJuajIbHOU
MUTpAIlUA  3JIEMEHTOB B IIOYBaX DIIOBHANBHBIX W TPAH3UTHBIX
nmaHAmadpToB, HAOMIOMASTCS pas3UYHas CTENeHb WHTEHCHBHOCTH
MUTPAIIN 3JIEMEHTOB B CBS3HM C M3MEHEHHEM TOJIOKEHUsS B penbede.
Jnsg 1mouB MOAYMHEHHBIX JIAaHAMA(TOB  XapakTepeH, Kpome
BEPTHKAIILHOTO JAPEHUPOBAHUS, OOKOBOU CTOK, B CBSI3U C YEM YETKOTO
HaKOIUICHHUS] U3yYaeMbIX MHUKPOAJIEMEHTOB (32 UCKITFOYEHUEM XpOMa) B
WJUTIOBUANIBHBIX TOPH30HTaX TOA307a HWJUTIOBHAIEHO-KENE3UCTOrO
TJIEEBOTO HE HAOIIOJAaeTcs B CPaBHEHHWH C TMOJ30JIOM HILTIOBHAIBHO-
xKenmesucTeiM. OJHAKO aKKyMyJSIUs MapraHiia, HHUKENs, MeOu B
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HWOKHEH dYacTH MpoQuiisi B TMOA30J€ WILIIOBHAIBHO-KEIE3UCTOM
TJIEEBOM IMPOMCXOAUT OoJiee WHTEHCHBHO, YTO MOXET OBITh BBI3BAaHO
HU3MCHCHHEM OKHCIIMTCIIbHO-BOCCTAHOBUTCIIBHBIX YCHOBI/Iﬁ B CTOPOHY
BOCCTAaHOBHUTCIIbHBIX u (I)OpMI/IpOBaHI/ICM OKHCIIUTECIBHOI'O
reoxummyeckoro bapoepa (Axekccerko, 2003).

Taxke oTMe4eHO, YTO B TOYBAX AaBTOMOP(MHBIX MO3HMLIUN
pacnpeeiicHue MUKPOIJIEMEHTOB B HIDKHEH YacTH NPOQUIS HUMEET
MOHOTOHHBIHI XapakTep, B TO BpPEMA KaK g IMOYB TPaH3UTHBIX
naHamadToB XapakrepHa Ooliee WHTEHCHUBHas uddepeHuanms
MHUKPO3JIEMEHTOB.

[lo paccunTaHHBIM BenmMYMHAM KO3 (dUIMEHTa JaTepaibHON
maddepenimann K (puc. 4) MOXHO CyAWTh O JaTepaibHOU
CTPYKType JaHTIapTOB, KOTOpas XapaKTepU3yeT TeOXHMUYEeCKOe
COIIPSOKCHUE B HM3YyYa€MbIX KaTCHaXx. OTMe‘-IaeTCS[, 4YTO MPOLECChI
JaTepanbHON AudQepeHIINAA HW3ydYaeMbIX DJIEMEHTOB BBIPaXKCHBI
c1ab0, ¥ BEISBIIEHA OOIIas TEHACHIINS 00ETHEHHUS TOYB MOTIMHEHHEBIX
HO3I/IIII/II7[ OTHOCUTCIBHO aBTOHOMHBIX.

[TomyyeHHble  DaHHBIE ~ OTIMYAIOTCS  OT  PE3yJIbTaToB
OOJBIIMHCTBA MOXOOHBIX HCCIICAOBAHHMN, I/1€ TOBOPUTCS O HAKOIUICHUH
XMMHUUYECKUX JICMEHTOB B MOYBAX MOAYMHEHHBIX 3JIEMEHTOB pernbeda
(Kacumos, 2015; CemenkoB, 2016). TlogoOHble HAOMIOACHHS
OOBSICHAIOTCA TEM, YTO ISl TEPPUTOPHUU HCCIECIOBAHMS XapaKTEPHO
OTHOPOTHOE CTpOeHHe, penbed wMeeT Cinaldblii YKIOH, ITOYBBI
chopMHUpOBaHBl Ha TIECYAHBIX I[MOYBOOOPA3YIOMIMX TOPOAax |
OTJIMYAIOTCSl HEBBICOKOM T'yMYCHOCTBIO. B CBSI3M C 3TUM YCTOHYMBBIE
COCIMHEHMS TPAKTUYECKM HE BBIHOCATCS W3  JIIOBHAIBHBIX
naaAmadpToB, GOPMHUPYETCS TPAH3UTHO-IITIOBHAIBHBIN (¢ 00eIHEHNEM
TeTEePOHOMHBIX TOYB OTHOCHUTEIBHO aBTOHOMHBIX) THII JIATEPATBbHO-
MUTpAIMOHHON nuddepennumanmu katensl (laBpmioBa, Kacumos,
1989; 'eoxumus..., 2011).
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Puc. 4. JlarepanbHas qudQepeHIranys XUMHIECKUX IEMEHTOB B TOPH30H-
Tax mouB KkareHbl (1 — aBTOHOMHBIN; 2—1 u 2-2 — TpPaH3UTHBIN;
3 — akKyMyJISITUBHBIH JTaHAIadT).

Fig. 4. Lateral differentiation of chemical elements in soils” horizons of catena
(elementary landscapes: 1 — automorphous; 2-1 and 2-2 — transite; 3 — accu-
mulative).

3AKJIIOYEHUE

OmnpenensomyMy  YCIOBUSMH  JIaHAIIA(QTHO-TEOXUMHUYECKON
muddepeHIaInyd XUMUYECKUX 3JIEMEHTOB B M3Y4aeMBIX MOYBAX SIB-
JSIOTCA  NPUPOAHBIE  (AKTOPBl  MOYBOOOPA30BaHUS: HM3OBITOUHOE
YBJIQXKHEHHE, NTPOMBIBHON PEXHUM, HEOOJIBIION YKIOH HOBEPXHOCTH,
necyaHble 03epHO-JIEAHUKOBBIE TOYBOOOPA3YIOIINE MOPOIBI, HX XOPO-
mas IPEHUPOBAHHOCTh, TaeXKHasl PacTUTEIBHOCTh U 3aTOPMOKEHHOE
Pa3IoKEHHE PACTHTEIBHBIX OCTATKOB. AHAJM3 BaJOBOTO COCTaBa M
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COJIepXKaHUsI MUKPO3JIEMEHTOB B COMPSKCHHOM DSy ITOYB JaHAIadTa
BOJIHUCTOM O3€PHO-JIEHUKOBON MECYaHOW pPaBHUHBI CPEIHETAECKHOU
nom3oubl Kapenuu mMo3BONMI BBIABUTH CIEIYIONIHNE TC€OXHMHYECKHE
0COOEHHOCTH:

- [TouBBI aBTOMOP(HBIX U TPAH3UTHBIX JaHIIIA(TOB XapaKTepH-
3YIOTCA OKUCIUTEIbHBIMUA YCIOBUSMU U UMEIOT TUMUYHBIN IS Cpel-
HeTaeKHOW TOA30HB Kapenuu KHCIBIM Kiacc BOIHOM MHTrpaIruu.
TopgsiHbie O0YBBI, (GOPMHUPYIOIIUECS B MOJYUHEHHBIX YACTSIX PEIbe-
(a, SBIAIOTCS HEOTHOPOIHON IT€OXUMHUUECKON CUCTEMOH, TI¢ YCIOBUS
MUTPAIUU PE3KO MEHSIOTCS ¢ TiyOonHoH. BepxHue ciou Topda xapak-
TEPU3YIOTCS OKUCIUTEIbHON CPENON, a HU)KHUE — BOCCTAHOBUTEIbHON
U UMEIOT TJIEEBBIN KIlacC BOJIHON MUTPAIUH.

- B BanoBOM cocTaBe ITOYB OTMEUACTCS THUIIMYHOE IS T10/130J10B
pacnpezeiacHue 1Mo nMpoduIr0 KPEMHEKUCIOTH U OOJIBIIMHCTBA MOJTY-
TOPHBIX OKCUJO0B. B MOA30JIMCTHIX TOPU30HTAX MOYB TPAH3UTHBIX I1O-
3WIIMH, 110 CPABHEHHIO C aBTOMOP(HBIMH, MPOMCXOIUT 00JIee MHTEH-
CUBHBII BBIHOC DJIEMEHTOB, a B allb(DEryMyCOBBIX TOPU30HTAX IO30J1a
WJUTIOBHAJIbHO-)KEIC3UCTOrO TJICEBOI0 BBIABJICHBI BHICOKHE KO3 DHUIIH-
SHTHI HaKOIIJICHUS aTIOMUHUS, JKeJie3a, TuTaHa u gocdopa.

- JIast Bcex M3ydaeMbIX IIOYB XapakTepeH AeHUIUT OOJBIIMH-
CTBa MHUKPO3JIEMEHTOB, IOJIYYEHbI OYEHb HU3KHE KOI(DPHUIIMEHTHI KOH-
LIEHTPAllMd HHUKENs, KoOajabTa, MapraHiia. I1o4Bel aBTOMOPQHBIX H
TPAH3UTHBIX (Al OTIMYAIOTCS HAKOIUICHHEM B JIGCHOM TOICTHIIKE
MHKPO3JIEMEHTOB-OMOT'€HOB, OCOOEHHO IIMHKA W MapraHiia, C yBeInde-
HHEM CTENEHU OTOP(OBAHHOCTH TMOICTHUIKH MPOUCXOIUT 3HAUNUTEIh-
HOE€ CHH)KEHHE COJIEP)KaHUsI MUKPORJIEMEHTOB.

- PagmaneHoe pacmpenenenre OOIBIIMHCTBA MHKPOIJIEMEHTOB
Mo mnpoduisM TOM30I0B HOCHUT AaKKyMYJISTHBHO-3IIOBHATBHO-
WJUTIOBHANIBHBIX XapakTep. HaOnromaercst pa3nmudHas CTENeHb HHTEH-
CUBHOCTH MUTPALlMU 3JIEMEHTOB B CBSI3U C U3MEHEHUEM IOJIOKCHUS B
penbede. B mouBax aBTOMOpP(MHBIX IMO3UINIA pacIpe/lelieHue MHKpPO-
3JIEMEHTOB B HIDKHEH 9acTH MpOQUIIT UMEeT MOHOTOHHEIN XapakTep, B
TO BpeMs Kak JJIs MOYB TPAH3WUTHBIX JIaHAMA(TOB XapakTepHa Oolee
WHTEHCHUBHAS TU(depeHITHaIrs MUKPOIJIEMEHTOB.

- Ilo Tumy naTepalbHO-MUTPAallMOHHOW MU depeHnau n3y-
YyaeMble KaTeHBl OTHOCATCS K TPaH3UTHO-ITIOBHATBHEIM. Habmomaercs
YMEHBIIIEHHNE CO/IeP>KaHuUs HIEMEHTOB B JTaHAIIA(Tax 110 HAPaBICHUIO
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oT aBTOMOpq)HI)IX K aKKYMYJIATUBHBIM, YTO OHNPCACIACTCA NPHUPOIHbI-
MU YCJIOBUAMU 1/I3yqaeM0171 TCPPUTOPHUH.
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Pesiome:  llenpio  uWccrnemoBaHWSl  SBISUIOCH  M3YYEHHE  B3aHMMOCBSI3U
XMUMHUYECKHX M MHKPOMOP(]OJIOrHIECKNX CBOMCTB MOYB HAa €CTECTBEHHBIX
rmacTouIax ceBepo-3amanHoi dyacth [Ipukacnuiickol HH3MEHHOCTH C
npouspactanieM Ha Hux Kochia prostrata (mpytHsk mpocteptsiii). Bsuio
3aJI0)KE€HO 4 TIOYBEHHBIX TONYSIMBI (TIOUBBI — COJIOHIIBI CBETIIbIC M KaIlITAHOBAS
COJIOHIIEBATasl) C y4ETOM MaKCHMaJIbHOM TITyOMHBI IIPOHUKHOBEHHUSI OCHOBHOM
Macchl KOpHeW u3ydaemoro pacteHus. K. prostrata — oveHb IUTaCTHYHBIH
KOPMOBOH BHJ, KOTOPBII CIOCOOEH IMpoHM3pacTtaTh Ha MOYBaX C HIMPOKHM
HaOoOpoM MOpP(OIOrMYECKUX CBOMCTB, pa3HBIM COJIEp)KaHHUEM COJIeH M HX
XMMHYECKUM COCTaBOM. BEIsiBIIeHO, 4TO Ha (hOHE MPAKTHYECKU OIMHAKOBOTO
cOJiep)KaHMsi TymMyca U BBICOKOTO COJIEpXKaHUsT OOMEHHOrO MarHus
MHUKPOMOP(OJIOTHYECKHE TIPHU3HAKN OTPAXKAIOT Pa3HYI0 CTETEHb MPOSBICHUS
9JIEMEHTAPHBIX  MOYBOOOpA30BaTENbHBIX  MPOLECCOB  —  T'YMYCOBO-
aKKyMYJIATHBHOIO, BBIILIETTAYNBAHNS JIETKOPaCTBOPUMBIX coei,
TUIICOHAKOIUICHUs, OKapOOHAuYMBaHMs, OCOJIOHIeBaHWS. HecMoTps Ha
pa3iu4HOe CcofiepKaHue OOMEHHOIO HATpHs, BO BCEX MOYBAX MPHCYTCTBYIOT
CBCXKUE TJIMHUCTBIC WA T'YMYCOBO-TJIMHHUCTBIC KYTaHbl WIIIFOBUHUPOBAHUS,
CBUJIETENBCTBYIOIIME O  MPOSIBJICHWH  COBPEMEHHOI'O  AJIOBHAILHO-
WUTIOBUAIILHOTO ~ TIepepacIpe/ielieHdss  TOHKOJUMCIIEPCHOTO  BelllecTBa
(mporrecca neccuBaxa).

Kniouesvle cnoea: NpyTHAK, CONOHIBI CBETJbIC, KALITAaHOBAs COJIOHIIEBATAs
[I04Ba, MHUKPOCTPOCHHE.
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Abstract: The aim of the study was to research the relationship of chemical
and micromorphological properties of soils with the growth of Kochia
prostrata. The objects of study were the soils on natural pastures of the North-
Western part of the Caspian lowland. It was laid 4 soil pits (soils — light
solonetz, solonetzic chestnut) with the maximum penetration depth of the
main mass of roots of the studied plants. K. prostrata is a very plastic forage
species that can grow on soils with a wide range of morphological properties,
different salt content and their chemical composition. It is revealed that on the
background of almost the same content of humus and high content of
exchangeable magnesium micromorphological features represent the different
degree of manifestation of primary pedogenic processes — humus
accumulation, leaching of soluble salts, gypsum accumulation, carbonate
enrichment, solonetzization. Despite the different content of exchangeable
sodium, in all soils there are fresh clay or humus-clay illuvial coatings,
indicating the manifestation of the modern eluvial-illuvial redistribution of
fine matter (lessivage or illimerization).

Keywords: Kochia prostrata, light solonetz, solonetzic chestnut soil,
microfabric.

BBEJIEHUE

B mocnennue necATHIICTHS B YCIOBUSAX apUIU3alid KIHMATa,
YCUJICHUSI TIPOIIECCOB 3aCOJICHHUSI U BETPOBOM 3PO3UM 3HAYMTEIIHLHBIC
TEeppUTOpPHH tora Poccuu TpOSBISIOT TEHICHIUIO K Jerpanarnuu. B
pe3yabTaTe HEPAIMOHAIBHOTO BEIEHHS CETLCKOTO XO3AHCTBA, )KUBOT-
HOBOJICTBA, MCITOJIb30BaHMS BOJHBIX M PACTUTENHHBIX PECYPCOB apH/I-
HEIE rmacTouIIa MIPENCTABIISIOT coboit aHTPOITOTEHHO-
TpachopMEpOBaHHbIE TaHAMADTH C 3aIacCaMi KOPMOBOM MacChl HUXKE
WX TOTEHIIMAJIBHBIX BO3MOXKHOCTEH. ApUAHBIE TEPPUTOPHH 3aHHMAOT
okoio 15% mmomanu (6omee 250 mutH ra) Poccniickoit @enepannu. U3
o6melt tuiomaay mactoum Poccuu (67.37 muH. ra) 73% (6onee 49 mmH
ra) COCpenoToueHO Ha apuaHbIX Tepputopusax (lllamcyrnnHoB u ap.,
2005; 3o8H u ap., 2004).

Kochia prostrata (L.) Schrad (Bassia prostrata (L.) A.J. Scott)
(mpytHsik npoctepThiii) (cemeiictBo Chenopodiaceae) — MHOroNETHHIA
Kceporajgout (3acyxo- W coyneycroiunBoe pactenue). OH sBIsETCS
Ba)KHBIM KOPMOBBIM PACTCHHEM C BBICOKOI MHUTATENBHOW LEHHOCTHIO,
KOTOpOE TIOEAaeTCs BCEMH BUJAMU CKOTA B TEUCHHE BCETO CE30HA Be-
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reTaluy eCTECTBEHHBIX apUIHBIX MACTOUII] M M3BECTHO Kak “‘JorepHa”
nycteiad (IllamMcyTanunoB u ap., 2005; Tomepwu u ap., 2014). K.
prostrata obmamaer MIMPOKUM apeasoM U DKOJOTHYECKON IIaCTUYHO-
CTBIO, IIPOM3PACTAS. B YCIOBUSX IIONYyapUIHOM Y ApHUIHOM 30HBI
(OpatoB, 1971), u XapaKTepH3yeTcss 3HAYUTEIBHBIM T'CHETHYECKHM
moaumopdusmom B Cpeaneit Asun (Ilyiickas u ap., 2001). Hecmotps
Ha TO, YTO JUIS TOMYMyCTHIHHON 30HBI CeBepo-3amanuoro [Ipukacmus
M3Yy4eHO SKoJIornyeckoe paszHooOpasue K. prostrata m omperneneHs!
MEPCIEKTUBHBIC 3KOTUIBI U OHOTHIBI JUIsl BBEIACHHUS B KYJIbTYPY
(Humroawn, 2013), B HacTosIee BpeMsl HEJOCTATOYHO CBEACHWH 00
snaduyeckux Qaxkropax, BIUSIOMMX Ha npouspactanue K. prostrata s
€CTeCTBEHHBIX apHIHBIX MacTonmax (Paxmankynosa u ap., 2013).

ens mcciaenoBaHusi — M3ydEeHUE B3aUMOCBSI3M XHUMHYECKUX H
MHUKPOMOP(]OIIOrHYECKMX CBOWCTB MOYB HA €CTECTBEHHBIX MAaCTOMIIAX
ceBepo-3anaaHoi yactu IIpukacnuiickoil HU3MEHHOCTH C IpOU3pacTa-
aueM Ha HuX K. prostrata.

OBBEKTHI 1 METO/IbI

Paiton uccrnenoBaHMil pacIiosioXeH Ha CEeBepo-3aliajie 3aBOJIXK-
ckoi yactu IIpukacnuiickoii HUBMEHHOCTH, TEPPUTOPUS KOTOPOU OT-
HOCHTCSI K MOPCKOH O€CCTOYHON aKKyMYJIATUBHOW pPaBHHUHE XBaJIBIH-
CKoro Bo3pacTa. Kimmar m3ydaemoll TEpPUTOPHH OTIMYAET pe3Kas
aTMocdepHas 3aCyIUITUBOCTh U 0€3BOAHOCT. McmapsieMocTb JOXOIUT
mo 1000 MM, Torma Kak CpeIHETOJOBOE KOJIMYECTBO OCAJKOB HE TIpe-
Beimaer 300 MmM. B reoMopdoornueckoM OTHONICHWH TaHHAs TEPPH-
TOpHUS XapaKTepPHU3yeTCsl COUYETaHHEM IIIOCKON MOBEPXHOCTU C PEIKH-
MU CYXHMH pyclaMH, IIMPOKUMH OaTKaMi W OOLMIUPHBIMU JIETIPECCHSI-
MU — KOTJIOBHHAMM COJIEHBIX 03ep bymyxta u OnpToH. beccrounas
paBHHMHA J&KHUT Ha BbicoTe 20—25 M Hal yp. M., OTMETKH ype3a o3ep-
HBIX KOTJIOBHH pacloiararorcst Ha BoicoTe oT +16 M (03. bynmyxra) o —
16 M (03. DBPTOH). DTH TEPPUTOPUHU XAPAKTEPU3YIOTCS KOHTPACTHBIM
MMOYBEHHBIM TTOKPOBOM W BBIPKEHHBIM ME30- U MHUKPOPENhE(hOM.
OneMeHThI Me3openbeda: OoNbIlMe MIOCKHE JIMMAHBI TITYOHHOH A0 2
M, momaas uHorma 6osbine 1000 ra, ¥ MUIOCKHME HNOHMKEHHUS — Ia-
THBI TIyOuHOM 10 1 M 1 tuomaasio ot 2—3 mo 200 ra. JlumaHs! 3aHs-
ThI KOPHEBHIITHO-3TAKOBON PaCTUTEIHLHOCTHIO Ha JIYTOBO-KAIITAHOBBIX
OTJICEHHBIX TOYBAaX U COJOJSAX, TAK KaK OHU HMHOrJA 3aTalUIMBalOTCA

86



bronnerens [louBennoro naCTHTYTa M. B.B. Jlokydaesa. 2019. Bem. 100.

Dokuchaev Soil Bulletin, 2019, 100

TalbIMH BECEHHHMMH BOJaMH. B TaauHax pa3BUTa 3J1aKOBO-
pa3HOTpaBHAs PaCTUTEIBHOCTh CTEMHOrO THUIIA Ha JIyTOBO-KAIITAHOBBIX
Wi 4epHo3eMoBUIHbIX mouBax (Poxe, [Monbckuii, 1961; JleOGenepa,
Cusemckas, 2010). Mexnaauauas TeppuTOpHs PailoHa XapaKTEPH3Y-
€TCA KOMIUICKCHBIM ITOYBCHHO-PACTUTCIIbHBIM IIOKPOBOM, PAa3HOCTH
KOTOPOTO MMEIOT pa3Mephl OT €AMHUI] 0 HECKOJIbKHX JECSITKOB MET-
POB U NPEACTABJICHBI CBCTJIOKAITAHOBBIMU U COJIOHIIOBBIMHU MMo4YBaMU,
pacTUTENBHOCTh HA HUX B HACTOSIIEE BPEMs OTHOCHTCS K cooOle-
cTBaM omycTeiHeHHBIX creneil (Cabponora, 2006), KOTOpbIe OEAHBI ITO
BHJIOBOMY COCTaBY, HO TPOCTPAaHCTBEHHO OY€Hb HEOJHOPOAHBL. Oc-
HOBHAasl Macca BIMUTHIBAIOIIMX KOPHEH Yy M3yYEHHBIX BUJOB PACTCHHMU
pacmionoxena B BepxHeMm cioe 50—60 cm (bansin, 1972), nosTomy mou-
BEHHBIE CBOWCTBA aHAIM3UPOBAIUCH HA JIAHHYIO TITyOUHY.

Pacrutensubie coobinecTBa ¢ yuactuem K. prostrata mombupa-
JIUCh C YY€TOM MaKCUMAalIbHOTO Pa3HOOOpa3usi MeCT ero oOMTaHui, HO
PacCIioIO’)KEHHBIX Ha BBIIIOJIOXKEHHBIX YyYacTKax oe3 BBIPAXXCHHOT'O
Mukpopenbseda. I'eoboTaHndeckrne onrucaHusl BRIOPAHHBIX COOOIIECTB
BBINIOJTHEHBI 10 oOmenpuHsToii Meroxuke (IloneBas reoboraHuka,
1964; PabornoB, 1992) B 5 MecroobuTaHusx. JI00 yd4acTHS BHIOB
OIICHWBAIM TIO CTenmeHHu mpoekTuBHOro mokpeitusa (III): mama K.
prostrata U JOMUHaHTOB B % B cocTaBe OOLIEro NPOEKTUBHOIO MOKPHI-
st (OIII), mis mpodyrx BUIOB — CIOBECHO (YacTO, PEAKO, PACCESHHO,
€IMHUYHO), €CIM OHO HEe3HA4YWTEeNIbHO. Pe3ynbraTsl OGOTaHWYECKUX
OIMCAaHMUI MPEACTaBICHEI B Ta0ymIie 1.

Hns usydenus spadudeckux (akTopoB, BIMSIOIIMX Ha IIPOMU3-
pacranue K. prostrata B eCTECTBEHHBIX apHUIHBIX MACTOWINAX, OBLIH
3aJI0)KEHbl MOYBEHHBIE MONYSIMBbI B OOTAHWYECKH ONHCAHHBIX MECTO-
obuTaHmsax. |’ myOmHA MONysiIM BBIOMpAach ¢ y4eTOM MaKCHMAaTbHOMN
IyOWHBI TPOHUKHOBEHHUS OCHOBHOHM Macchl kopreit K. prostrata. Ha
OCHOBaHUHM MOP(OTOTHUECKUX CBOMCTB 4 M3Y4EHHBIX Pa3pe30B Ha3Ba-
HUS 1ToYBaM npucBauBaiu 1o IloneBoMy onpenenurento nous Poccuu
(2008), mopdomnorudeckne CBOWCTBA CPaBHUBAEMBIX ITOYB IPENCTAB-
nenpl B Tabmure 2. [To mopdonormueckuM cBoiicTBa TONBKO paspes 20
MOXHO OTHECTH K KallITAHOBOH COJIOHLIEBATOH IOYBE, OCTAJIbHBIE SIB-
JISIIOTCS COJIOHLIAMH CBETJIbIMH. Bce M3ydeHHbIe TOYBBI 3aCOJICHHBIE, B
pa3Ho# CTeneH! KapOOHATHBIE.
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Tadanua 1. OObeKTHI HCCIeN0BaHUS — TOYBBI U PACTUTENbHBIE COOOIIEeCTBa ceBepo-3anaquoi yactu [Ipukacrmiickoit

HU3MCHHOCTHU
Table 1. Objects of study — soils and herbaceous communitites of the north-western part of the Caspian lowland
IIpoexTHBHO
MecroHaxoxkIeHUE, KOOPAMHATHI e nokpetne | OIN, PacTuresbHbIe cooduiecTBa
e » Koopa Kochia % 111

prostrata, %

15EV18 conoHel cBeTbIi 3aCONEHHBIH KOPKOBBIH KapOOHATHBIH CONOHYAKOBBIN
BocTperoBo-HCTBEHHUYHO-CONTHKOBO-TIPYTHAKOBOE C
MSITJINKOM JIYKOBUYHBIM

DIBTOH — BEPXOBLE P. Xapbl 30 50
N 49°2521.1"; E 46°19'12.9"
1EV18 conoHer; cBeTIIbIi 3aCONICHHBINH KOPKOBBIN KapOOHATHBIN COIOHYAKOBATHII

[onoruit ckinon k @uHOreHOBY Npyny
N 49°2313.1"; E 46°21'50.9" 30-40 50 lpyrHkosoe

20EV18 kamraHoBas COJIOHIEBATAs! 3aCOJICHHAS

TIOBEPXHOCTHO-OCBETIIEHHAA Kap60HaTHaﬂ COJIOHYaKoBaTas

[Inakop, Mex 1y KaHaJOM U
OHHOreHOBBIM MPYIOM

N 49°23'31.6"; E 46°23'22.8"

14EV 18 coioHelr CBETIIBIIH 3aCOIEHHBIM MEKHH C1a00BBILIETOUYEHHBIH COOHYAKOBATHIH

40-50 70-80 | JIucTBEHHHMYHO-COISTHKOBO-YEPHOIOIBIHHO-NPYTHAKOBOE

[Inaxop, okoso Kyprana :
N 49°22/09.4" E 46°15'45.4" 15 70 IIpyTHAKOBO-BOCTPEIIOBOE C KUTHIKOM ITYCTHIHHBIM

pumeuanne: OIIII — obmee MPOSKTUBHOE TTOKPBITHE.
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Tadanua 2. Mopdonornyeckre CBOMCTBa ITOYB CeBepO-3ana Hol yacTtu [Ipukacnuiickoil HU3MEHHOCTH
Table 2. Morphological properties of the soils of the north-western part of the Caspian lowland

SIbTOH

DHHOreHOB NpPYJ

MecromnoJio- Mexny @UHOreHO-
JKeHHe Bepxoshe Xapbi B 250 M oT ®uHOreHOBa Mexay KaHAJIOM H BBIM IIPYJIOM H 03.
P p npyaa DUHOTeHOBBIM NIPYAOM ByiyxTa okos10 Kyp-
rafHa
14EV18 cononen
15EV18 cononern ceer- . 20EV18 kauraHoBas COJIOHIIEBA- o o
N . 1EV18 conoHery cBeTJIblii 3acOeH- CBETJIbIN 3aCOJICHHBIN
JIBI 3aCONIEHHBI KOp- . . N Tast 3aCOJICHHAs TOBEPXHOCTHO- .
ITouBa o ~ HBII KOPKOBBIH KapOOHATHBIH CO- MEJIKHH cnaboBbILie-
KOBBI KapOOHATHBIH N OCBETJICHHAst KapOOHATHas CO- .
o JIOHYAaKOBaTbhIN JIOYCHHBIM COJIOHYA-
COJIOHYAKOBBIif JIOHYaKOBaTast "
KOBATBIH
Iloxa3zarenn Ilosepxnocmuvie 2opusonmaol
ny6una, cm SEL 0-3 SELs 04 AJ 0-5 SEL 0-10
Iser ITaneBo-KenTOBATHII, JKenrtoBato-maseBslii, CepoBaTo-IaneBblid, CepoBaTo-naneBbIi,
25Y7/3 10YR 8/4 10YR 7/4 10YR 7/4
KomxoBaTto-
CIpyKTYDa Croucrasi, TOHKOYE- BeipaxkeHHas pparMeHTaMu HenpouHo-koMKOBaTas ¢ opo- HOPOIIKCTA,
TPYKTYP uryifuaTas uenryityaras IIHCTOCTBIO peaxue Oychl 1o KOp-
HSIM
I'panynome-
TPUYECKHH IIbinesar. m.c. IIpinesar. n.c. IIpinesar. n.c. — c.c. ITbueBar. n.c.
cocTaB
HoBoobOpa3oBa- B HImKHEl yacTi KBapIieBbie
P Her pu Her Her
HUS CKeJeTaHbI
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Cpedunnbte COJIOHY06blE U COJIOHY eeamble 20PU3OHM bl

I'my6una/
MOLIHOCTb, CM

BSN 3-18 (15)

Cocrout U3 3 rOpU30HTOB
BSN 4-18 (14) /
[AJ] /sn 18-28 (10) /
BSNs 28-44 (16)

BMKsn 5-22 (17)

BSN 10-32 (22)

CBerJ10 XKenToBaTo-0yphIid,

Kopuunesaro-ypu, 10YR 6/2/ KopuuneBaro-0ypslii, XentaTo:
Iser 10YR 3/4 ¢ 6enecbimu TeMHoceno-6vpbtit. 0YR 4/2/ 10YR 3/4 KOPHYHEBBIH,
ronoekamu, 10YR 5/4 PO-OYPHI, 10X 10YR 5/4
XKenrosaro-0ypsii, /
ToHKkue npu3Msl / CTOJI- KpymHo-opexoBaTo-nopouucTas/ B BepxHeii uactu 3epHuUcCTast, B [TpusmoBuaHO-
CrpykTypa OMKH, JIETKO pacnaza- MIPH3MOBHIHO-KOMKOBAaTO-KPYITHO- HIDKHEH — YIJIOTHEHHbIE KPYIHO-TIUTYATO-
I0TCSI Ha MEJIKHE OPEXU opexoBaTas HPU3MBI opexoBaTast
Tpanysometpu- IeeBar.t.c. — c.c. Tec./Te. Ieinesar.t.c. — c.c. ITbueBar. c.c.

YyecKui cocraB

Her / mo yrnoBaTsIM IpaHsaM OTAEIb-
HBbIE OecTAmue KyTaHbl, 10 BEPTH-
KaJIbHBIM TPEIIHHAM I'YMYCOBBIE IIPO-

I'ymycoBbie KyTaHbI

HoBooGpa3osa- Kpachl, GAMHUYHBIE MapraHLIEBbIC .
Her N Her 110 MarucTpaIbHOI
HUS koHkpenuu 0.1-2 MM/1Io HUXKHEH ermmre
TPaHHUIIEC Ha BEPTHKAJIBHBIX TPEIIMHAX P
€IMHUYHBIE KapOOHATHBIC BBIICIICHUS
MHUIETHATBHOTO B
Hanwnane Bckn-
TIaHMS, eTo Ty~ Her Ects, 28 Ects, 20 Her

OuHa, cM
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Cpeounnsie KapoOHAMHO-AKKYMYIAMUGHbIE 20PU30HM b

I'my6una/
MOLIHOCTb, CM

Cocrost u3 2
TOPHU30HTOB:
BCAdc,cs,s 18-27 (9) /
BCAdc,cs,s 27-50 (23)

BCAdc,cs,s 44-60 (16)

CocTosT U3 3 TOPU30HTOB:
BMdc 22-36 (14) /
BCAdc 36-48 (12) /

BCdc,cs,s 48-70 (22)

BCAnNC,s
32-43 (11)

Temuo 6ypsrit, 10YR
4/6 / Kenrosaro-

TlaneBo-0ypslit ¢ KPEMOBBIMH TISIT-

ITaneso-6ypsriit, I0YR 6/3 / XKen-
ToBaTo-0ypsIi, I0YR 6/6, ¢

Byposaro-ceeTiio

BET o OOJIBIIIMM KOJIMYECTBOM KPYITHBIX boKuit, 10YR 6/4, ¢
1 PBDKHIA, Hamy, 10YR 6/3 DYITHE P i >
1OYR 6/6 erMOBbIX IISITEH / )KCJ'ITOBaTbIl/l, erMOBbIMl/I IIsSITHAMU
10YR 7/6
Kpynzo-rinsibucras,
npl/l3MOBl/l]1HO'l'U'll/lT'-laTaﬂ /
pacmagaercst Ha KpyI- HemnpouHo-opexoBaTo-
CrpykTtypa MeJIKO-opexoBatas / HenpouHo-ribioucras
HBIC IUIUTKY / yIIJI0- Npu3MaTHYecKas
HEIPOYHO-TIIBIOUCTO-0pEeXoBaTast
LIEHHO-TJIBIONCTAs
I'panynomerpu-
pany P T.c.—c.c. T.c. T.c./c.c./c.c. C.c.
YECKHIi COCTaB
Juddysubie kapOOHATHBIE MATHA
/ Bonbme au 3HbIE Kap0o-
Her/ by p

MHorouuciaeHHble co-

Ha OTAEIbHOCTSX TPpaHeH IPOXKUIKU

HaTHBIC IAAITHA, MOLIHBIC TYMYCO-

Meinkas Oeoriaska,

HoBooGpa3oBa- u Gernoriazka KapOOHATOB, THIICA, BBIC KyTaHbI 110 X0JaM KOPHEH n MaTOBbIC ['YMYCOBBIC
HUS JICBBIC = TORKH, TOHKHE coueif, e[MHUYHbIC TIIMHUCTBIC TYMYCOBBIC MHUKPOKaMephbl, BHH3 KyTaHbI [0 TPCIMHAM
MPOXUIKH, TU(dy3HBIE ’ My P Pl 4 T P
irHa KyTaHbI 6enbie conu / OOMIME THIICOBBIX U TPaHAM
CKOIUICHMUH, MOIIHBIX KyTaH Ha
TPaHsX arperaTos
Hamynuue Bcku-
TIaHMS, eTo Ty~ Ects, 18 Ectp Ecte Ects, 32

OuHa, cM

IIpumeyaHue: MbUIEBAT. — MBUIEBATHIMN, JI.C. — JJIETKUNA CYIJIMHOK, C.C. — CPEAHUNA CYIIIMHOK, T.C. — TSDKEJIBIA CYTTIMHOK.
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Ucxonmnas uHaekcamusi pa3pe3oB MpeicTaBieHa B TaOIHMIAX, B
TEKCTE AJISl KpaTKOCTH OyAyT HCIONBb30BAaHBI TOJILKO HOMEpPa Pa3pe3oB.

W3  mnouyBeHHBIX  0Opa3llOB  HEHAPYLIEHHOI'O  CTPOCHUS
M.A. JlebeneBbim (ITouBeHnsrii mHCTUTYT UM. B.B. Jloky4aeBa) Obuin
W3rOTOBJIEHBI IUTH(EI. B nanpHelimemM numudsl H3y4aaich MEKPOMOP-
(hoJOrNYEeCKUM METOJIOM C TIOMOIIBIO MOJISIPU3ALIMOHHOTO0 MUKPOCKOTA
Olympus BX51 ¢ nudporoit kamepoit Olympus DP26 u mporpamm-
HbIM oOecriedyeHneM Stream Basic IleHTpa KOJJIGKTHBHOTO IMOJIb30Ba-
HUSl HAYYHBIM 000pysoBaHKeM “@DYHKINU W CBOWCTBA ITOYB U TIOYBEH-
Horo nokpoBa” [lousenHoro uactuTyTa NM. B.B. Jloky4aesa.

XuMudeckre aHainsbl 1mouB Obuth mposeneHsl WJIL[ ®I'BHY
“ITouBennblit uHCTUTYT WM. B.B. JlokyuaeBa”. AnHanu3 BOIHOW BBI-
TsoKKH mpoBeeH mo ['OCT 26428-85, onpenenenre eMKOCTA KaTHOH-
Horo oomeHa — o 'OCT 17.4.4.01-84, conepxaHrie OOMEHHBIX KaTH-
onoB omnpenenero 1o Ilomten6eprepy (PykoBomcTso..., 1990).

PE3VJIBTATBI U OBCYXAEHUE

Oco0eHHOCTH XHMHYEeCKOI0 COCTABA U3YYEHHbIX 10YB

Pe3ynbTaThl nccienoBaHMs XMMHYECKOI'O COCTaBa H3YYEHHBIX
oYB IpezacTaBiieHbl B Tabmuue 3. Ilo comepikaHuio rymyca B BEpXHEM
TOPU30HTE BCE U3Yy4YCHHbIE€ IIOYBBI NPHUOIM3UTENBPHO OIMHAKOBBHI,
HamOomnbIee coaepxkanue B rop. Al pasp. 20 (2.4%), HaumeHbIIee — B
rop. SEL pasp. 1 (1.73%). [Ipu 3TOM B CpeMHHBIX TOPU30HTaX BCEX
[I0YB, KPOME COJIOHIIA CBETJIIOr0 KOpPKOBOro (pasp. 15), comeprxkanue
rymMyca MeHbllle, 4eM B BepxHux ropusontax. Conepxxanue CO, xap-
00HAaTOB B KapOOHATHO-aKKYMYJISITUBHBIX (B MOJ€ — BCKHUIIAIOUIUX OT
10% HCI) ropuzonTax Bcex MOYB MPHUMEPHO OJMHAKOBOE U COCTABIISET
okono 4%. Hemuoro monmxenHelM coxpepxkanuem CO, xapOoHaTOB
xapakrepu3ytorcst ropu3onTel BM u BCA paspesa 20 — oHO cocTaBms-
er 2.3 u 3.3% coorBercTBeHHO. 3HaueHU PH M3y4yeHHBIX MOYB HAXO-
ISTCSL B IMANa30He OT cIaboIeouHoro A0 menoyHoro. Camble BBICO-
kue 3uadenus pH umeror ropusont BCA pasp. 14 (pH = 9.4), ropu-
30HT BM pasp. 20 u HIKHSIS YacTh COJOHIIOBO# Toumu pasp. 1 (pH =
9.1 B 0boux ciyuasix). Bo Bcex mouBax oTMedaercst TEHACHLUS TTOBBI-
menns PH ¢ yBenudeHueM riyOuHEL.

W3yueHHbIe HAMH COJIOHIIBI XapAKTEPU3YIOTCS B LIEJIOM HU3KUMHU
sHavenusMu EKO, ot 8.54 mmonb(+)/100 r B rop. SEL pasp. 1 mo
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17.04 mmonb(+)/100 T B ropuzonte BM pasp. 20. BooOrie Bce ropu-
30HTHI pa3pe3a 20 umeroT Oonee Bbicokue 3HaueHuss EKO mo cpaBHe-
HUIO C OCTaJbHBIMH pa3zpe3aMu. O0Ias 3aKOHOMEPHOCTD pacrperierne-
HUS BKJIaJa 0OMeHHbIX kaTnOHOB B EKO TakoBa: HAMMEHBIIIYIO JOJIO
umeer kanuit (mo 10.8% — rop. AJ pasp. 1), HECKOIBKO OONBIIYIO —
Hatpuii (10 34.8% — BTOpoOit rop. BCA pasp. 15), Marauii u KabIuii
nenst muaupyromue nosuuu (1o 71.9% B Tomme BSN + [AJ] pasp. 1
u 10 75.8% B rop. BSN pa3p. 14 coorBercTBeHHO). B 11enom Beipaxena
TEHJCHIUS Mpeo0IalaHus IO MarHus HaJ BCEMH OCTAJIbHBIMU 0O0-
MeHHBIMHU KaTHoHamu B EKO.

B Tpex n3y4yeHHBIX IIOYBAX BEPXHUE U CPEIUHHBIE FOPU3OHTHI
XapaKTePU3YIOTCS OTCYTCTBHUEM 3aCOJICHUS, KPOME COJIOHIA CBETIIOTO
pasp. 1. Crenens 3aconeHuss B 3THX MOYBAX MPOSABISETCA MO-Pa3HOMY,
pasnuyaercs ¥ XMMHU3M 3acolieHns. HanMeHee 3acosieHa mouBa pasp.
20, xoTOpas OUArHOCTHPOBAaHA HAMH KaK KaIITaHOBAs COJIOHIIEBATAas
mousa (Tabit. 3), 31ech ciiaboe XJIOPHIHO-CYIb(aTHO-MAarHHEBOE 3aC0O-
JICHHE TIPOSIBJIACTCS JIMIIb B HrbkHeM ropusonTe (BC, 48-70 cm). Ha
ATOM yYacTKe MpoeKTHBHOe MokphiTHe K. prostrata camoe BBICOKOE.
Hawuboree 3acoeHHBIM MOKHO CUMTATh COJIOHEI] CBETJIBIA KOPKOBBIM,
BCKPBITHI B BEPXOBBE P. Xaphl OJU3 03. DIbTOH (pasp. 15), Tak kak
3[1eCh CHJIbHAs CTENEHb XJIOPUIHOTO 3aCOJIEHUS IMPOSBIAETCS yXKe€ Ha
rryowHe 27 ¢M B BEpXHEM KapOOHATHO-aKKyMYJISITHBHOM TOPHU30HTE.
[Tockonpky mpoekTnBHOE TokpeITHE K. prostrata ma 3Toif Touke He
SIBJIICTCSI HANMEHBIIINM, MOXKHO CHHTATh, YTO TAKOE BBHICOKOE XJIOPH]I-
HOE 3acolieHHEe He OKa3bIBAET CYIIECTBEHHOTO HEraTHBHOTO BIIMSHUS
Ha 3TO KOpMoOBoOe pacTernwue (Taoi. 1).

N3ydenHpie HAMU TTOYBBI OTIUYAIOTCSA OOJIBIIMM Pa3HOOOpa3meM
MUKpOMOponocuteckux c8olicms, TaKUX KaK MUKPOCTPYKTypa, MHUK-
poopranuzamus TorkonucnepcHoro emectsa (T/IB), cocras u comep-
JKaHHE TyMyca, JJIeMEHTapHOEe MHUKPOCTPOCHWE, HATHINE U COCTaB HO-
BooOpa3zoBaHui. OHAKO €CTh W OOIIHE XapaKTepUCTUKH: 1) Hamudme
TJIMHUCTBIX KyTaH; 2) MPHUCYTCTBHE BO BCEX MOYBAX MHUKPOCKOITHYE-
CKUX YTIAEPUIIMPOBAHHBIX PACTUTENBHBIX OCTATKOB, HMEIOIINX pa3Me-
PBI TIEPBBIX JECATKOB MUKPOMETPOB; 3) B MHHEPAJIIOTHIECKOM COCTaBe
BCEX M3YUYEHHBIX TOYB BO (Ppakimu Iecka mpeodranatoT KBapil U Io-
JIEBBIE TIATHI, BO (PPaKIIUU KPYITHON M CPEHEN IMBUTA BCTPEYAIOTCS
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Tabéauna 3. XuMudeckre CBOMCTBAa U3YUEHHBIX [TOYB ceBepo-3anaaHon yactu [Ipuxacnuiickoil HU3MEHHOCTH
Table 3. Chemical properties of the studied soils of the north-western part of the Caspian lowland

Loy~ o CO, OO0MeHHbIE KATHOHBI, BKJIA/ EKO- ¥ ToKke Crenens
¥ ) Kap0o- B EKO, % 3., .| Cl/ISO4
OuHa, 2 > pH coJieid, 3aCOJICHHSA,
i} HaTOB, ca* | Mo Na* K* MMOJIb(+) 0% TOKC.
cM % a g a 100 & ) XHUMH3M
15EV18 cosoneI CBETIIbIi KOPKOBBIN COTOHYAKOBBIH
0-3 1.8 Her 75 49 35.7 7.2 8 8.97 0.1 0.18 Her
3-18 1.97 Her 8.5 35.4 | 47.2 15.7 1.6 10.17 0.1 0.34 Her
H CurbHas,
18-27 one Her 9.1 336 | 439 | 218 0.7 15.48 0.5 2.37 Cl'—Na‘c
p- Y4acTHUEM COJbl
OlleHI; CUJIbHAS,
He SO, -CI' -
27-50 orp. 4.31 8.7 16.1 | 48.2 | 34.8 0.9 14.93 1.3 1.06 Mg?* — Na*
C TUIICOM
1EV18 conoHelr cBETIIbIN KOPKOBBII COJIOHYAKOBATHIMH
7
0-4 1.73 Her | 7.7 | 468 | 422 | 02 | 108 8.54 0.2 0.05 C“,\‘f%i" S04~
g —Na
4-17 1.36 Her 8 42.6 | 53.2 2 2.2 11.27 0.1 0.3 Her
Crnabas,
1728 | 114 | H 86 | 173 | 71.9 | 102 | 06 13.9 0.1 145 | SO -CI-
. €T . . . . . . . . Mgz+ - Na+ ¢
Y4YaCTHEM COJIBI
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H CuiibHas,
28-44 one 4.1 9.1 48.6 35.6 15.1 0.7 12.35 0.4 0.69 Cl'—Na'c
p- Y4aCTHEM COJIbI
He CuiibHas,
44-60 4.0 8.7 37.6 47.8 13.9 0.7 11.7 1.0 0.96 Cl -S04~
orp. o4 R
Mg”" — Na
20EV18 kamranoBast COJIOHIEBaTasi COJIOHYAKOBaTast
0-5 2.4 Her 7.5 475 43.2 6.2 3.0 9.26 0 0.21 Her
5-22 1.49 0.1 8.3 44.8 47.8 0.2 7.3 13.4 0.1 0.17 Her
22-36 0.61 2.3 8.7 58.7 37.6 2.7 1.0 17.04 0.1 0.31 Her
36-48 OI;IG) 3.3 8.4 46.5 49 3.6 0.9 16.33 0 4,96 Her
He Cnabas, ClI' —
48-65 orp. 4.1 8.1 77.4 19.4 1.1 2.1 18.59 0.3 0.27 SO MgZ+
14EV 18 cosoHel CBETIIBIN MEIKHI COIOHYAKOBATHIN
0-10 2 Her 7.8 26.9 67.3 1.8 4 8.92 0.1 0.25 Her
10-30 1.82 Her 8.7 75.8 12.6 7.5 4.1 12.67 0.1 0.14 Her
q Cra6ast, SO~
35-45 ¢ 3.96 9.4 51.4 37.7 8.7 2.3 11.68 0.2 0.12 COJIOBBIM
omp. Mg* — Na*

IIpuMeyanue: XUMHU3M U CTETICHb 3aCOJICHHS OIIPEIEISITH COrTacHO MOHOTpaduu 3aconeHnble mouBbl Poccnu (2006).

95



bromnerens [louBennoro nacTHTYTa M. B.B. Jlokydaesa. 2019. Bem. 100.
Dokuchaev Soil Bulletin, 2019, 100

TaKXKe TIayKOHUT W SMUAOT-IOU3UTHI, MUPOKCEHBI, pexke aM(puOOIbI,
MYCKOBUT; 4) MpH MOSBICHUN KapOOHATHBIX TOPU3OHTOB C MHUKPHTO-
BBIMH HOBOOOPA30BaHUSIMH (TIPEUMYIIECTBEHHO MPOMUTKOM) B Mpod H-
Jie BCTPEYaIOTCs B TOM MJIM MHOM KOJMYECTBE OOJIOMKH PaKOBHH MOJI-
JIFOCKOB.

Pa3noo0Opa3zue MukpoMop¢o0ruyecKkux Npu3HaKoB Mo-

BEPXHOCTHBIX TOPU30HTOB

[ToBepxHOCTHBIE TOPU3OHTHI, 32 UCKIIOUeHHEM pasp. 20, B KOTO-

poM BeIsIBIIEH Top. AJ, ipencrasiensl ropuzontamu SEL. MomrHocTh

MOBEPXHOCTHBIX TOPU30HTOB YBEIWYMBACTCS B Psiy: pasp. 15 — pasp.

1, pa3p. 20 — pa3p. 14. IIpu 3TOM OHa MPUMEPHO OJAMHAKOBA B pasp. 1,

15, 20 u TonmpKo B pa3. 14 yBenmmuusaercs B rop. Al 1o 10 cm. Bee Han-

COJIOHIIOBBIE TOPU3OHTHI M3YYEHHBIX MOYB XapaKTEPU3YIOTCS HATHYH-

€M TOHKOTO ITecKa, KOTOPOro HIKe MPAaKTUIeCKH HeT. B psije pa3pe3os

(1, 14 — cnmabo, a B 15 — cuiIbHO) BBIpakK€Ha KOJBIIEBAs Cermaparius

TOHKOTO TIECKa M KPYMHOH MbUTH (puc. 1) W MPUCYTCTBYIOT IJIOTHBIE
TOHKOIIbLIEBAThIC MH(UILIMHIHY B opax (puc. 2).

Puc. 1. Kpuorennas cemapaiusi CKeJIeTHBIX 3epeH B ropusontax SEL (XN):
a —pasp. 1 (04 cm); 6 — pasp. 14 (0-10 cm); B — pasp. 15 (0-3 cm).

Fig. 1. Cryogenic separation of skeletal grains in horizons SEL (XN):
a—pit 1 (04 cm); 6 — pit 14 (0-10 cm); B — pit 15 (0-3 cm).

I'op. SEL comonma xopkoBoro (pa3p. 15) xapakrepu3yercsi TH-
MMAYHOM JIJISt 3TOTO TeHETUYECKOr0 TOPU30HTA YEIIy4aTO-TIOPOIIHCTOMI
MHUKpOCTpYKTYpoii (JIeGeneBa u ap., 2016; Lebedeva et al., 2018),
mpeobIalaHieM B COCTaBE€ OPraHWYECKOTO BEIeCTBA PACTUTENBHBIX
OCTaTKOB MXa W JIMINAHHUKOB, OY€Hb MAJIBIM COJEpKaHHEM T'yMyca B
BUJI€ TyHKTYalMi.
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Puc. 2. [TeuteBatsic uubmLTHHTH B Tiopax (IIN): a — TOHKHE TOHKOIBUICBATHIC
B ropusonte [AJsn] pasp. 1 (22-28 cm); & — MOILIHbIE TOHKOIBLIEBATHIE B I'O-
puzonte SEL paszp. 14 (0-10 cM); B — dhparMeHTapHBIE TOHKOIBUICBATHIC B
ropuzorTe Al pazp. 20 (0-5 cM); © — KpyITHOMBUIEBATHIE B TIOPaX MEXIY JIMH-
30BHAHBIMHU arperatamu B ropusonte SEL pasp. 15 (0-3 cm).

Fig 2. Silty infillings in pores (IIN): a — thin infillings of fine silt in horizon
[AJsn] of the pit 1 (22-28 cm); 6 — thick infillings of fine silt in horizon SEL
of the pit 14 (0-10 cm); B — fragmental infillings of fine silt in horizon AJ of
the pit 20 (0-5 cm); r — infillings of coarse silt in pores between lenticular
aggregates in horizon SEL of the pit 15 (0-3 cm).

KpynHonbiieBaThIX MHQUIUIMHIOB OY€Hb MHOTO, OHH 3aIIOJHSIOT MIPU-
MepHO 50% MekarperaTHeIX HOp, HO SIBJSIFOTCS IPU3HAKOM KPHOI'CH-
HOIi cemapaiyu, a He WUTIOBHHPOBaHus yactul] (puc. 2r). [opu3oHTEI
SEL ocTaibHBIX COJOHIIOB MUMEIOT Pa3iIMYHbIE MHKPOCTPYKTYPHI, KO-
TOpBIE UMEIOT Pa3HBIi TeHe3nc: B pa3p. | — oKpyriio-0J0KOBYIO, B pasp.
14 — HeonHOPOAHYIO IECCOBUIHYIO C MUKPO30OHAMH KOMKOBATBIX arpe-
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raroB (ot 200 mo 100 mxm). B pa3p. 1 oTmeueHbl eTuHUYHBIE TITUHU-
CTbI€ KyTaHBI [0 PACTUTEIBFHBIM OCTATKaM.

Muxkpoctpoenne rop. SEL pasp 14 HeogHopoaHoe: Ha (oHe
TJIMHACTON aHU30TPOIHOW TIA3Mbl OTMEUEHO OOIbIIE BCEro MPaKTH-
YeCKH HM30TPOIMHBIX T'yMYyCOBO-TJIMHUCTBIX 30H. B coctaBe opranunye-
CKOT'0 BEIIECTBA MPeo0IagaroT KOPHEBBIE PACTUTEIbHBIE OCTaTKH, T'y-
Myca MeHble. [IT0THbIEe TOHKOIBIIEBaThIe HWHOWIIMHTH 3aHUMAIOT JI0
40% mexarperaTHbix nop (puc. 20).

B pasp. 20 rop. AJ umeer ocoObie 3JIEMEHTBI MUKPOCTPOCHHUS.
Kpome koMKOBaToOii CTPYKTYpHI 3[1eCb OTMEUEHBI MUKPO3OHKI ¢ Ooliee
BBICOKUM JIBYJIYYENPEIOMIIEHUEM 3a cUeT ryMycoBo-TimHucroro T/IB.
[To-BuamMoOMy, OHO SIBJIIETCSI CIIEIOM aCCUMIUIMPOBAHHBIX arperaToB
HIDKENEKAIIEr0 OCOIOHI[OBAHHOTO Topu3oHTa. Ha moBepxHOCTAX He-
KOTOPBIX arperaToB BCTpEYaloTCsl 00e3plIeHHBIE 30HB. B cocraBe op-
TaHWYECKOT0 BEIIECTBA TOPU3OHTA BCTPEUAIOTCS KPYIHBIE CPEIHE pas-
JIOXKHBIIHMECS YrIIeDUIIMPOBAHHBIE M OXKEIE3HEHHBIE pPACTHTENbHBIC
octaTku. OTMeueHBl KOMpoJuThl. EAMHUYHO oTMedueHBl “cTapbie” ac-
CUMUJIMPOBAHHbIE BO BHYTPUIIEIHYIO MacCy INIMHUCTBIE KyTaHBbI.

PaznooOpa3zue MukpomMopdo1oruyeckux Npu3HaKoB cpe-
JUHHBIX TOPU30HTOB.

CpeanHHbBIE COJIOHIOBBIC H COJIOHIEBATHIC TOPU30HTHI

TenneHnus yBeIMUYEHHUS MOIIHOCTH T'OPU30HTA C MPHU3HAKAMU
OCOITOHIIEBaHHS B SOy MOYB paszpe3oB 15, 1, 20, 14 B oOmiem coxpaHs-
eTCsl, OMHAKO M3 Hee BEIOMBaeTcs pasp. 1, 3ayIokeHHBIH BOMM3M DUHO-
TeHOBa Mpyja. 37IeCh B TOJIIE COIIOHIIOBOTO TOPHU30HTa OBLIT OOHApY-
*eH morpedeHHbIii TyMmycoBbiid Top. Al (18-28 cm), 0Opa3oBaBmIHiics
BCJIEZICTBUE TPEXbSIPYCHOM BCIAILIKHU, UMEBIIEH MECTO Ha 3TOH Teppu-
topuu B 2004 T., 1 TIOCIIEAYIOMIETO OPOIIEHUS B TeueHue 3 et (YCTHOe
cooOmieHne TIaBbl MecTHOW amMuHucTparwu Eroposa A.I.). Ilo-
CKOJIbKY BCIAIlKa NPOAOJDKAjach HENONro, MOrpeOeHHas TONIa He
ycIiena mepeMenaTtbesi ¢ OO0Ied Maccoil COJOHIIOBOTO T'OPU3O0HTA,
OCTajlach BBIPQKEHHOM Jake Ha MakpoypoBHe (Tabm. 2). Ha mukpo-
YPOBHE OHa JAEMOHCTPUPYET NPU3HAKHA ACCHUMWJIILUN: MHOXECTBO
TOHKOIIBIEBATO-T'YMYCOBBIX MH()WIIJIMHIOB; HEOAHOPOIHOE paclpese-
nenue TJIB — ecTb 30HBI T'YMYCHUPOBAHHBIE U T'YMYCOBO-IJIMHUCTHIE. B
IYMYCHPOBaHHBIX 30HaX r'yMyC YepHbI B (hopMe paBHOMEPHBIX MPO-
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nuToK (puc. 3), B Ooniee TTMHHUCTHIX 30HAX BCTPEYAIOTCS TIIMHUCTHIC
IUIEHKH 110 CKEJIETHBIM 3€pHaM U MHUKPUTOBBIC CTSDKECHUS, eIUHUYHBIC
onnoponHsie Fe-Mn nHogynu o 100 M. Taxoke BO BMemaromeit mac-
CE ATOT0 FOPHU30HTA BCTpeUaroTcs (hparMeHTh! TIIMHBI (puUc. 3).

e ¥ PR b
Puc. 3. Ocobennoctr MUKpocTpoeHus ropusonTa [AJsn] pasp. 1 (18-28 cm) —
YepHbIE TYMYCOBBIE IMPOIUTKH, TOHKOIBUICBATHIH WH(UILTHHT, (hparMeHThI
KopuuHeBoi (mrokomamHoit) ruas! (1IN).
Fig .3. Specific features of the horizon [AJsn] of the pit 1 (18-28 cm) — black
humus impregnations, fine-silt infilling, fragments of brown (chocolate) clay
(1IN).

R

JBe ToNmM COJOHIIOBOrO TOPU30HTA pasp. 1, pa3neneHHbIE MO-
IpeOCHHBIM TYMYCOBBIM T'OPHU30HTOM, II0 MHKPOCTPOCHHIO BEChMa
cxoxu. Bepxusis gacth rop. BSN (4-18 cMm) oriamyaercs Haauduem
Oyporo rymyca B cocrtaBe T/IB, obunmeM TOHKOIBLIEBATHIX WHOUII-
JIMHIOB, TJIMHUCTO-TYMYCOBBIX KyTaH, NMPUYPOUYEHHBIX K CHJIBHO pPas-
JIOKMBILMMCSL PaCTUTENBHBIM OcTaTKaM (puc. 4a), oOMIMeM 3KCKpe-
MEHTOB II0YBEHHOH MHUKpO(ayHbl B MeXarperatHeix nopax. B HuxHel
gactu Top. BSN pasp. 1 (28—44 cM) ToHKOHICTIEPCHOE BEIIECTBO TIH-
HUCTOE, TYMyca B HEM HeT, Cpeu HOBOOOPa30BaHWH MEHbILE TOHKO-
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MBIJICBATHIX MHOHIUIMHTOB, OTCYTCTBYIOT TITHHHCTO-TYMYCOBBIE KyTa-
HBI, HO MHO>KECTBO TJIMHUCTBIX KyTaH U CTpecc-KyTaH (puc. 40).

Puc. 4. ConoHITOBBIE U COJOHIIEBATEIC TOPU3OHTHI M3ydeHHBIX mouB (XN): a —
ropuzoHT BSN pa3zp. 1 (16-22 cm); 6 — ropuzont BSN pasp. 1 (28-—44 cm); B —
ropuzoHT BSN pasp. 15 (3—18 cm); r — ropmzont BMKsn pasp. 20 (5-22 cm).
Fig. 4. Solonetzic and solonetz-like horizons of the studied soils(XN): a —
BSN of the pit 1 (16-22 cm); 6 — BSN of the pit 1 (28-44 cm); B — BSN of the
pit 15 (3—18 cm); r — BMKsn of the pit 20 (5-22 cm).

OCOOEHHOCTSIMH COJIOHIIOBOT'O TOPHU30HTa pasp. 15 sBIArOTCA:
HaJIW4Me OTHEIbHBIX 30H OMOreHHOH NepepadOoTKH, Ilie UMEIOTCS MPo-
MUTKH U MYHKTyaluu Oyporo rymyca; HaJU4ue €AMHUYHBIX KPYIHBIX
YTIepUIMPOBAaHHBIX PACTHTENBHBIX OcTaTKOB (o 500 miwm). ['muHu-
CTble KyTaHbl 37IeCh MMEIOT YETKHE IPAHUIBl C BMEIIAIOIEH Maccoi

(puc. 4B).
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ConoHLIOBBIM TOPU30HT pa3p. 14 xapakrepu3yercss KOMKOBATO-
OKPYTJI0-OJIOKOBOW CTPYKTYPOH, CpPETHHM KOJIMYECTBOM PACTUTENb-
HBIX OCTaTKOB, NMPAaKTHYECKH IOJHBIM OTCYTCTBHEM CBETIO-Oyporo
rymyca B cocrase T/IB, HanuuueM KOIPOJIUTOB, SKCKPEMEHTOB MUK-
podayHbl, BEIpaKEHHON KOJIBLICBOM Cemapaliueil CKeJIETHBIX 3epeH. B
Mmopax OTMEUYEHBI OTJENbHBIE TOHKOIbIIeBaThie MHGMILTUHTUA. OcOOeH-
HOCTb 3TOT'0 COJIOHIIOBOTO TOPU30HTA — HAJMYHE MUKPHUTOBBIX CTSIKe-
HUH ¢ 1u¢y3HBIMHA TPAHUTIAMH U OOJIOMKH paKyIIekK.

B ropuzonte BMKSsn pa3p. 20 HeT MHKPOIPHU3HAKOB T'yMyca,
MaJiO0 pacTUTENbHBIX OCTaTKOB, HO MHOT'O CJIEIOB JEATENbHOCTH MOY-
BEeHHOH MHKpo(ayHbl. OCOOEHHOCTBIO MIMHUCTBIX KyTaH 3TOTO TOPH-
30HTa SBJSIETCA MX HaJM4ME Ha arperarax, BHYTPUIIEAHBIN MaTepual
KOTOPBIX TPEJCTABIIEH MBLUIEBATHIM MAaTEPHUaJIOM C OYE€Hb HHU3KHUM CO-
JepKaHUeM TIIMHH (puc. 4r).

CpeanHHble KAapOOHATHO-AKKYMYJISITUBHbIE TOPU30HTHI U
nepexo/JHble K MOPojie TUTIC-COiepKaIIne

Bce noaconoH110BbIE TOPU3OHTHI XapaKTEPU3YIOTCS MOSIBICHUEM
MUKPUTOBOM IPOINUTKU INIMHUCTOTO MaTepuana, KOoTopas TOJIbKO Ul
pa3p. 20 nuMeeT MUKPO3OHAJIBHOE paclipelielICHUue, B OCTaIbHBIX pa3pe-
3aX OHa MHTEHCHMBHAs W cIUlomHas (puc. 5). MukpoMopdonornyecku
BBIpaKCHHbIC KapOOHATHBIE CTSHKEHHS (PBIXJIBIE W/HIM C IUIOTHBIMHU
TpaHHUIlAME — MHUKPOOEIOTIa3ka) BEIpaXKEHBI TOJNBKO B pasp. 14 u 20,
MIPUMEPHO C OJHOM U TO ke riyounsl (32—-36 cm) (puc. 5, Tad. 4).

B Tpex u3 uerblpex M3y4EHHBIX IOYB MUKPOMOP(]OIOrH4ecKn
JIMArHOCTUPYIOTCSI THIICOBbIE HOBOOOpasoBaHus (puc. 5, Tabm 4).
MakcuManbHO BBICOKOE B IPOQUIIE MOSBICHUE TUIICOBBIX aKKyMYyJsi-
Uil B NOopax — MHQWIUIMHIOB — OTMEYEHO B TOACOIOHLIOBOM T'OPH30H-
Te pasp. 15 (18-27 cm). B comonte (pa3p. 1) u B KamraHoBO# CONOH-
neBatoii mouBe (pasp. 20) rurcoBbie HOBOOOPA30BAHHS BBIPAXKEHBI
rry0xe, MPUMEPHO C OMHOW W TOW ke riyouHbl (44-48 cm). OHm
MIPEACTAaBJICHB! IPEUMYIIECTBEHHO MJIOTHBIMA MH()UITIMHIAMU U3 MUK-
POKPHCTAJIIIOB THIICA, UMEIOIIMX HENpaBUibHYI0 Gopmy (puc. 6). B
pasp. 1 u 15 BcTpedarorces u 6onee kpymablie (0 500 MKM) KpHUCTAILIBL.
B pasp. 14 npennonaraem Gonee riyOOKoe MOSBIECHHUE TUIICOBBIX HO-
BOOOpa30BaHMi, HA MOMEHT MCCIIEIOBAHUSI OHU HE OBUIM BCKPBITHI.
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Tab6auma 4. Mukpomopdoiornueckre Mpu3HaKH U3YYCHHBIX ITOYB CeBepo-3amaaHoi Jactu [Ipukaciuiickoi HU3MEHHO-

CTH

Table 4. Micromorphological features of the studied soils of the north-western part of the Caspian lowland

Tity6u- Opranuuecikoe Hogoo6pazopanns semenTap-
I'opusont Ha. oM Crpykrypa BeIIECTBO Cocrtas T/IB HOE MHKpO-
g b (BH/K0JI-BO) cTpoenne
1 2 3 4 5 6 7
paspe3 15 — conoHel CBeTIbIi KOPKOBBIN COJTOHYaKOBBII
TJIHHHUCTBIE KyTaHBI 10
yelryifuato pact. oct., sepuam / +++, MeCYaHO
SEL 0-3 o Oypslii rymyc TJIMHACTOE Fe-Mn Homymu / +, .
MOPOIIHCTAs TU1a3MEHHBIN
(TTyHKTYyanum) nbUIeBaThle MHQUIIIUHTY /
+++
OKpYTJI0- TYyMYCOBO- HeCYaHo-
BSN 3-18 (A) PyT. YIJIU, PacT. OCT. My Fe-Mn Homymnu / +++ .
O110KOBast TIIMHUCTOE IIa3MEHHBIN
OKpYyTJI0- .
6s10K0Bast / YriIH, GypLi ry- TYyMYCOBO- TJIMHHUCTBIE KyTaHbl / +++ HeCyaHo-
BSN 3-18 (B) Myc (IpOTHTKH) ymy T ’
30HBI KOMKO- ye tip ’ TIIMHUCTOE Fe-Mn Ho, /++ i
INAIVE IIa3MEHHBIN
BaTON pact. ocT.
KapOOHATHBIC CTSDKEHUS /
JIMHHUCTO- T, TIICOBLIC HH(II- TbLIEBATO-
BCAdc,cs,s 18-27 rpaHy/spHas - JIMHTH / +++ ¥ TUIICOBBIE .
KapOoHaTHOE ITa3MEHHbII

KpUCTaIIbI / +++, Tble-
BaThle MHQYWUTHHTHY / +++
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1 2 3 4 5 6 7
THUICOBBIE NHOWUINHTH /
TJIMHHUCTO- +++ U TUIICOBBIE KPUCTAII- MBIJIEBATO-
BCAdc,cs,s 27-50 rpaHyssIpHas - P .
KapOOHATHOE JIbl / +++, TIbLIICBATHIE MJ1a3MEHHBIA
WHQWITHHTY / ++
paspe3 1 — comoHel CBEeTIIbIi KOPKOBBII COTOHYaKOBATHIN
N TJIMHUCTO-
Oypslii rymMmyc TJIMHACTBIE KYTaHbI 1O MBIJICBATO-
OKpYTJIO- rymycoBoe /
SELs 0-4 (myHKTYauu + 3epHaM U PacT. ocT. / +, NeCYaHo-
OIoKOBast TYMYCOBO- .
CT'YCTKH) Fe-Mn Hopmymu / + TUIa3MEHHBIN
TJIMHUCTOE
MBIJICBATO-
pacr. oct TJIMHUCTBIE KyTaHbl / + U necyaHo-
JI0BaTo- N TJIMHUCTO- TJIMHUCTO-TYMYCOBBIE TUIa3MEHHBIH /
BSN 16-22 T Oypblit rymyc my
Os10KOBasK (crycriu) TyMyCOBOE kyransl / +++, Fe-Mn TMBIJICBATO-
y HOJIYJIU U CTsDKeHwms / + IIa3MEHHO-
necyaHblit
o 710- TYMYCOBO-
6;;};}(’;“ / YepHBIN TyMYC Fﬂyl/ll\;[{)ll/ICToe / [JIMHHCTBIC KYTAHBI 11O flecHano-
[AJ]/sn 18-28 P yMy 3epHaMm +, Fe-Mn Homymu / BLIEBATO-
yIII0BaTO- (mponuTKn) TJINHUACTO- .
+ IUIa3MEHHBIN
OJ10KOBast TyMYyCOBOE
HOBATO TJIMHUACTBIE KYTaHbI U nec4aHo-
BSNs 28-44 r pacr. ocrt. TJIMHUACTOE crpecc-kytansl / +, Fe-Mn bLIEBATO-
O5oKoBast o
Homynu / +++ IUIa3MEHHbBIN
TI0BaTO-
g;OKOBaﬂ / TJIMHUACTO THIICOBBLIC MHQULIUHIW /& MBLIEBATO
BCAdc,cs,s 44-60 - Y TUIICOBBIE KPUCTAILTBI / N
OKpYTJIO- KapOOHaTHOE TUIa3MEHHBIH
+, Fe-Mn nomynu / +
OJI0KOBast

103




bromterens [TouBennoro uncruryra uM. B.B. Jlokyaaesa. 2019. Beim. 100.
Dokuchaev Soil Bulletin, 2019, 100

rpaHy/IspHas

+++

1 \ 2 3 | 4 5 | 6 7
paspe3s 20 — kalITaHOBAask COJIOHLIEBATAs COJIOHYAKOBATAsI
acT.ocCT., OypbIit
p » OYP TJIMHUCTO- Fe-Mn Hozynu u cTsbxe- NECYaHO-
rymyc (crycrxy,
Al 0-5 KOMKOBaTas TIyHKTyaiH) rymycoBoe / HHSA / ++, TIbIIIEBATHIE MH- IbLIEBATO-
i yr};_m ? TJIMHUCTOE ¢wumHrH / ++ I1a3MEHHBIH
JI0BATO-
T TJIHHHUCTBIE KyTaHbl / +++,
6110x0Bast / HbLIEBATO-
BMKsn, 5-22 pacr.ocrt. TJIMHUCTOE Fe-Mn HOnynu u neHnpu- .
OKpYTJI0- TUIa3MEHHBIN
ThI / +++
6110K0Bast
MaccuBHast / KapOOHATHO Fe-Mn Hoptyiu u crxe- MBUICBATO
BMdc 22-36 pacr.ocrt. P HMS / ++, TIbUICBATBIC UH- .
rpaHyIsIpHast TIIMHUCTOE IIa3MEHHBIN
¢wmary / ++
YIJI0BaTO- KapOOHATHBIE CTSHKEHUS /
Gi10x0Bast / TJIMHHCTO- +, Fe-Mn Homynu n nenn- fectano-
BCAdc 36-48 pacr.ocr. ’ BLIEBATO-
YIUIOTHEHHASI KkapOOHAaTHOE | pHTHI / +, IbUICBATHIC WH- .
IIa3MEHHBIN
rpaHyssipHas ¢dbwumary / ++
THUICOBbIE MHOUIUINHTH /
MaccHBHast / kapOonaTHO- | +++, Fe-Mn nennpursi / =, MbLIEBATO-
BCdc,cs,s 48-65 - .
TIIMHUCTOE MbUIEBAThIe MHOWUIMHIM / | TIJIa3MEHHBIN
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1 2 3 4 5 6 7
paspe3 14 — cooHeI CBETIBII MEJIKHI COJTOHYAKOBATHIM
pacr. oct TJIMHACTBIE KYTaHbI 110
. 3epHam / +,
IpaHyJSIPHO- Oypslii rymMmyc TYMYCOBO- necuaHo-
SEL 0-10 Fe-Mn Homynu /+ .
KOMKOBaTast (cryctku + myHK- TJIMHACTOE Y. > TUIA3MEHHbIIH
Tyarm) TbLIEBaThIe HHOUILTHHTH /
yan +++
pacr. ocr.,
BSN 10-32 YIJI0BaTO- CBETIIO-OyphIit R TIIHHHUCTBIC KyTaHbI / +++, necyaHo-
OJ0KOBast rymyc (yHKTya- Fe nopymm / + IJ1a3MEHHbIH
17079
KOMKOBATO- KapOOHATHBIE CTSDKEHUSI /
32-43 TJINHACTO- MBLIEBATO-
BCAnNc,s yrioBaTo- pacT. ocT. ++, .
(A) KapOOHATHOE MTa3MEHHBIH
OJI0KOBast Fe nonymu / £
KOMKOBATO-
32-43 TJIUHHCTO- Oeoraska / ++, IbLIEBATO-
BCAnNc,s YIII0BaTO- pacr. ocrt. .
(B) 610KOBas KapOOHATHOE Fe nonymu / £ UIa3MEHHBIH

Mpumeuanue: T/IB — ToHKOMCIIEPCHOE BEIIECTBO; PACT. OCT. — PACTHTENBHBIE OCTATKU; YIIH — OOYIJICHHbIE MEIIKHE
pacrutenbHble OocTaTkU. bykBamu A u b B Kpyriibix ckoOkax 0003Hau€HbI MOBTOPHOCTH HUTU(OB M3 00pa3loB OIAHOU
riyouHbI 0TOOpa. BeTpeuaemocTh MUKpoINpHu3Haka: £ — eJMHUYHO, + — Mauio (10 15 mTyk Ha numg), ++ — cpenHee Koau-
4ecTBO (15-20 mTyk Ha numg), +++ — MHoro (6osee 20 mTyk Ha HUTAD).
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Puc. 5. OcobeHHOCTH MHKPOCTPOEHHUS! KapOOHATHO-aKKyMYJISITUBHBIX TOpH-
30HTOB (XN): a — MHKPO30HAJIBHOCTh MHUKPUTOBOW mponuTku rop. BCAdC
pasp. 20 (3648 cm); 6 — MuKpoOeToria3ka — IMIIOTHOE MUKPUTOBOE CTSKCHUE
rop. BCANc,s pasp. 14 (32-43 cm); B — Mmukpobenoriazka rop. BCAdC pasp.
20 (3648 cm).

Fig. 5. Specific features of microstructure of the calcareous accumulation ho-
rizons (XN): a — microzonal micrite impregnation of the horizon BCAdc (pit
20, 36-48 cm); 6 — micro loess doll — massive micrite nodule in the horizon
BCAnc,s (pit 14, 3243 cm); B — micro loess doll in the horizon BCAdc (pit
20, 36-48 cm).

Puc. 6. I'unicosie numumrara B mopax (XN): a — rop. BCAdc,cs,s pasp. 15
(27-50 cm); 6 — rop. BCAdc,cs,s pasp. 1 (44-60 cm); B — rop. BCdc,cs,s pasp.
20 (48-65 cm).

Fig. 6. Gypsic infillings in pores (XN) in the horizon: a — BCAdc,cs,s (pit 15,
27-50 cm), 6 — BCAdc,cs,s (pit 1, 44-60 cm), B — BCdc,cs,s (pit 20, 48-65
cm).

Bo Bcex M3ydeHHBIX HIKHMX TOPHU30HTAX AAaHHBIX IIOYB OTMeE-
YEHO NPHUCYTCTBUE NPU3HAKOB KOIPOr€HHOW arperupoBaHHOCTH Ha
(oHe mpeobianaHUs JIECCOBUIAHOTO MaTepHuaia ciaabol YIUIOTHEHHO-
CTH U HEMHOTOYHMCIICHHbIE TOHKOIIBIJICBAThIE MH(MUIUTMHTH, KAKOBBIE B
OOJBIIOM KOJIMYECTBE OTMEUEHBI B BEDXHUX TOPU30HTAX.
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XKenesucteie u Kene3o-MapraHieBblec HOBOOOPa30BaHUS B U3Y-
YEHHBIX MOYBAX MPEACTABICHBl B OCHOBHOM IUIOTHBIMH MHKPOHOIY-
My, uMetoruMu pasmep 10 100 mukpon. Ilpuyem B pasp. 15 oHu
KeJIe30-MapraHIeBbIe U €CTh TOJILKO B TOBEPXHOCTHOM H COJIOHI[OBOM
ropu3oHTE (31IeCh OHU KpyIHEe W Yalle BCTpeyaroTcs), a B pasp. 14
OHU €CTh KaK YHCTO JKEIE3UCTHIE, TaK M JKEJe3UCTO-MapraHIeBbie, HO
BCTPEUAIOTCS MPH 3TOM EIUHUYHO BO BCEX TOpu3oHTax. bomee mHTe-
pecHasi KapTUHa HaOJI01aeTcsl B COJIOHIIE pa3p. | ¥ KallTaHOBOM MOUYBE
pasp. 20. B o0oux ciydasx BCTPEYAIOTCS JKEJIE30-MapraHICBO-
OpraHu4YecKue JCHAPUTHI, HO B pa3p. 1 onu menkue (1o 150 Mxm) u
OTMEUYEHBI TOJBKO B HIKHEH TOJIIIE COJMIOHIIOBOTO ropu30HTa. B Kam-
TAHOBOW COJIOHIIEBaTOM mouBe pasp. 20 IeHapuTHl Oosiee KpyIHbIE, B
rop. BMK mo 300, a 8 BCA u BC — gaxxe g0 500 mxwm (HO B Top. BC
OHU yXe 0e3 OpraHuKd B cOcTaBe). B 1enom 3ToT paspe3 oTiamyaercs
HauOOJBIIMM  Pa3HOOOpasueM  HOBOOOPA30BAaHWHA  IKEIE3UCTO-
MaprafieBoro cocraBa. 3JieCb TakKXKe HPUCYTCTBYIOT JKele30-
MaprasieBble ¢ BKIIOUCHISIMH CKEIETHBIX 3€PEH U YKCTO JKEIIe3UCThIE
MUKPOHOTYJTH.

Brutrouenusi 00JI0OMKOB PakOBHH MOJITIOCKOB BCTPEYAIOTCA BO
BCEX M3YyYEHHBIX MMOYBAX M MPUYpPOUYEHBI B OCHOBHOM K KapOOHATHO-
AKKyMYJISITUBHBIM TOpU30HTaM. B pasp. 15 oHM BcTpeuaroTcs eauHuY-
HO.

Brurouennst Menknx 00JIOMKOB KOPHYHEBOW TIIMHBI (IIPEIIIOI0-
JKUTENNBHO TIoKomaaHoi (Cutod u ap., 2017)) ObTH OTMEUEHBI B T10-
rpebeHHoi Tommie rop. AJ KOpKOBOro coyoHIia pasp. 1 u B mepexo-
HOM K ITOpOJI€ TOPU30HTE KAIITAHOBOM COJIOHIIEBATON O4BHI pasp. 20.
[To MmHEHHIO aBTOPOB, OOHApYKEHNE 00JIOMKOB TJIMHBI B TIOTPEOEHHOI
tommie rop. Al pasp. 1 sBisiercss pe3ynbpTaToOM NESTENBHOCTH MOYBEH-
HOI Me30(ayHBI.

3epHa TJIayKOHUTA BCTPEYAIOTCS BO BCEX M3YYEHHBIX MMOYBAX, X
pa3mepsl cocTaBisitoT A0 50—100 mxM. OcHOBHast TEHAECHUUSA — 3TOT
MUHEpaJ BCTpPEYaeTcs yalle B MEepexXONHBIX K MOpoJie TOPH3oHTaxX. B
MOBEPXHOCTHBIX FOpU30HTaxX pas3p. 15 u 1 ux mano, B pasp. 20 u 14 —
cpenHee KomM4ecTBO. Brimensercs Ha obmem ¢ore pasp. 20 — 31ech
10 BCEMY MPOGUITIO BIUIOTH JI0 TIEPEXOJHOTO K MOPOE TOPU30HTA 3€P-
Ha TJIAYKOHUTA OTHOCUTEIEHO MeNKHue — 10 50 MKM, TOJIBKO B HUKHEM
FOpU30HTE UX pazMmep yBenuuuBaercsa 10 100 mxm. IIpu 3ToM B AaH-
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HOM pa3pe3e HeT SIBHOTO yBEIMYEHHs YaCTOTHI BCTPEUYAEMOCTH STOTO
MUHepaJa ¢ yBeIUnYeHHUEM T Ty OHHEIL.

CormacHo pe3yinbTaTaM MHUKPOMOP(OIOrHYECKOTO HCCIEI0BA-
Hust nouB Cesepo-3anaanoro [Ipukacnusi, Ha KOTOPBIX MPOU3PACTAET
K. prostrata, Bce 3Tu Mo4BBI 001a1aI0T BBIPAKEHHOH CIIOMCTOCTBIO 11O
coctaBy T/IB u pacnpenenennio HOBOOOpa30BaHMMN: TIIMHUCTHIX, Kap-
OOHATHBIX, THUIICOBBIX, JKEIE3UCTO-MaprauieBbix (Tadm. 4). Hacto mo-
sIBJICHHE B cocTaBe rauHucToro TJIB moBbeIeHHON 101M KapOOHATHOM
TIa3MBI COMTYTCTBYET MOSIBICHHUIO KapOOHATHBIX HOBOOOpa30BaHHHA U
o0siomMkoB pakyiuek. IIpeodnananue B cocraBe T/IB riuHHCTOrO Be-
IIECTBA Yallle BCETO COOTBETCTBYET OOHAPYKEHHIO M TIIMHUCTBIX HOBO-
00pa3oBaHUi B TaKMX IOpPU30HTaX (IJICHOK Ha CKENETHBIX 3epHax, Ky-
TaH, TUTIO- M CTPECC-KyTaH Ha MOBEPXHOCTSIX arperaToB W B IOpax).
Paznuus B XMMHYECKUX M MHUKPOMOP(OJIOTHYECKIX CBOMCTBAX CBS-
3aHbl C Pa3sSHBIMU PEKUMAMH, PACTUTCIBHOCTBIO U 3BOJ'II-OI.[I/ICI>1 IT10YB,
00pa3yoIMX MOMYIYCTBIHHBIE COMOHIIOBBIE KoMIuTekchl (Pome, TTomb-
ckuid, 1961).

CnoncTocTh OTIOKEHUH, IO MHEHHIO aBTOPOB, JHATHOCTHPYET-
Csl TIOSIBJICHHEM OOJIOMKOB paKyIleK W3 aparoHuTa (yCTOMYHUBOTO K
pPacTBOpEHHIO MUHEpaja rpynmnsl KapOOHATOB), KOTOPHIE MPAKTHIECKU
BCErza CBS3aHBI C KapOOHATHBIM TOPHU30HTOM C WHTEHCHBHON MUKPH-
TOBOM MPOMUTKOM.

OCOOEHHOCThIO M3YYEHHOTO PsiJia ITOYB SBISIETCS HU3KOE 3HaUe-
are EKO u odeHb BrICOKOE comepikanne oOMeHHOro Maraus (Tabm. 3),
YTO XapaKTepHO UIS TI0YB, PAa3BUTHIX HA MOPCKUX XBAJIBIHCKUX OTIIO-
keHUAX manHoro perumona (Poxe, IMoawckuif, 1961). OTHOCHTETHHO
BBICOKAsT JOJs OOMEHHOTO HAaTpUsS OTMEUYEHa TOIbKO B pazp. 1 m 15,
YTO COOTBETCTBYET KPUTEPUIO XHMHYECKOTO OCOJIOHIIEBAHUS 3THX
mouB. TeM HEe MEHee MUKPOIPU3HAKH TTOIBIKHOCTH TJIIHHBI ¢ 00pa3o-
BaHWEM KyTaH WJUTIOBUMPOBAHUS OTMEYEHHI JJIs BCeX MOo4YB (Tadir. 4),
YTO OINpEAEsIeTCS, BEPOSITHO, BBICOKUM COJIEPYKAaHHEM OOMEHHOTO
MarHusi (MarHWEBBIM OCOJIOHIIEBaHWEM). Bce W3ydeHHBIE COIOHIIBI
MMEIOT IPUMEPHO OJMHAKOBOE COJepKaHHe ryMmyca, KallTaHOBas CO-
JIOHIIEBATasl OTJIIMYAETCS] HECKONBKO OoJiee BBICOKUMHU 3HAYCHHSIMHU
(Tabm. 3).

B psiny cpaBHMBaeMBIX IMOYB KaIlITAHOBAs COJOHIIEBATAasl TIOYBA
(pasp. 20) ornmuaercs COYETAHHEM MHUKPOIPH3HAKOB, CBS3aHHBIX C
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MOYBOOOPa30BaTENbHBIMU MpOLIeCCaMy, 0OecTIeunBaOIIMMU Hanboee
BBICOKOE TUIOJOPOAME TOYB. JTO Oojiee HHTEHCHBHBIH TyMYyCO-
AKKyMYIISITUBHBIN Tporiecc (MakCHUMAIbHO BBICOKOE COJEpXKaHHE Ty-
Myca, OMOTreHHasi arperupoBaHHOCTb, BBICOKAs MeKarperaTHasi OpH-
CTOCTB), HauOOJbILAsI IPOMBITOCTE OT coiied (TOsBIEHUE CIadoro 3a-
coJIeHHs TOJIbKO Tiryoxke 48 cMm). [IposiBieHue Ha 3TOM TayOWHE MpH-
3HAKOB THApOMOpdHU3Ma (HaIuuue OONBIIOr0 KOJUYECTBA JACHAPOBH -
HbIX Fe-Mn HoBoOOpa3oBaHUil), BEPOSTHO, CBSI3aHO C MOABEMOM YPOB-
Hsl TPYHTOBBIX BOJI M3-32 OJIM30CTH KaHaja, B MPOILIOM 3aIlOJHEHHOTO
BojioM (ceiiwac cyxoro). MakcuManbHOE YIUIOTHEHHE JECCOBUIAHOTO
Marepualia HUKHUX TOPU3O0HTOB C O6paSOBaHI/IeM IIJIOTHBIX T'HIICOBBIX
WHOHUUIMHTOB TPOW3O0IIIO 338 CYET BhINIENaYiBaHuUs JIETKOPACTBOPH-
MBIX COHeﬁ, HO C OCTaTOYHBIM COBPEMCHHBIM I'MIICOHAKOIIJIECHUEM, I10-
CKOJIbKY THIIC SIBIISIETCsl Ooliee TPYAHO PacTBOPUMOI conbio. Ha muk-
POYPOBHE MOPCKHE ITOKOJIATHBIE MOHOTJIMHUCTBIC CJION UMEIOT OTYET-
JHMBbIC KpHCTa/LuToonTHYecKue cBoiicTBa (Lebedeva et al., 2018) IMosis-
JIEHUE B HIDKHEM TOPU30HTE paspe3a 20 00JIOMKOB 3TUX MOKOJIATHBIX
[JIMH [O3BOJISIET IPEAIIONOXKUTh, YTO OHU BXOJST B COCTAB HErNIyOOKO
3ajieraronieil moJACTUIIAIONIEH TOPO/Ibl TaHHOM MOYBHI.

Comnomnert pasp. 1 (Ha o4eHb IMOJIOrOM CKJIOHE Henmaneko y PuHo-
IeHOBa INpyZAa) Cpeld M3Y4YEHHBIX IIOYB BbIIENsAETCA HaJIU4YMEM IIpu-
3HAKOB arporeHes3a — IOSABJICHUEM TEMHOLBETHOTO I'yMYyCOBOT'O I'OpH-
30HTA BHYTPHU COJIOHLIOBOM TOJIILH, YTO, OUYEBHIHO, CBSI3BIBAHO C IPO-
BEICHHEM TPEXBAPYCHOM BCHAIIKUA M KPATKOBPEMEHHBIM OpOIICHUEM.
B pesynprare OpolIeHHs B 3TOM CJIO€ PacTUTEIbHBIE OCTaTKU B BOC-
CTaHOBMTEIBHBIX YCIOBUSX YIIeQUIHUPOBAINCH, YTO IPUBEIO K IIOSB-
JICHUIO TYMYCOBBIX HOBOOOPA30BaHM, MMEIOIINX YEPHYIO OKPACKY
(puc. 3). Ipyrue MUKpOIIPU3HAKHA HE MPETEPIIEN CYLIECTBCHHBIX H3-
MEHEHH 3a CTONb KOPOTKHH cpok. [louBa xapakTepusyercsi claObIM
BBIILEJIAYNBAHUEM COJIEH ¢ MIYOMHON M HAIWYMEM CBEXMX TNIMHUCTBIX
KyTaH WJUIIOBUMPOBAHUS, KOTOpPBIE 0C000 BUIHBI HA ()OHE TEMHOLIBET-
HOT'0 TIOrpedEHHOro TYMYCOBOTO Topr3oHTa (puc. 4a, 46). B aTom pas-
pe3e TakxKe JUarHOCTHPOBaHbl MEJIKHE OOPBIBKH IIOKOJIAIHOM IJIMHEI B
norpeOeHHOi ToIe, KOTOpbIE, MO-BUAMMOMY, 3aHECEHBl TyAa IOY-
BEHHOU Me30(ayHOiA.

Cononeny pasp. 14 3aHMMaeT NMPOMEKYTOYHOE IOJIOKEHUE MO
rYMYCHPOBaHHOCTH M MHKPOAarperupoBaHHOCTH B ropu3oHTax SEL n
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BSN Mexny kamTaHOBO# COJOHIIEBATON MOYBOM pasp. 20 U COIOHIIOM
pasp. 15. B mocnemHeM MaKCHManbHO BBIPaXKEHbI MHUKPOIPU3HAKA
3IMIOBHATBHO-WIITIOBHAIIBHOTO TIepepacipeieicHUs] TIMHUCTOrO Bellle-
CTBa C 06pa3OBaHI/ICM TUITMYHOI'O TOHKO‘ICIHyﬁ‘IaTOI‘O IIbIJIEBATOI'O
HajCcoIoHII0BOrO Topu3onTa (JIebenera, I'epacumona, 2009).

HpaKTI/I‘ICCKI/I 1A BCEX COJIOHIOBBIX I'OPU30HTOB, HECMOTPS Ha
BBIPKCHHOCTh MIIMHUCTHIX KyTaH (Spuiosa, 1966), xapakTepHa cMeHa
TUNIUYHOM YIJIOBATO-0JIOKOBOM CTPYKTYPHI Ha OKPYTJIO-0JI0KOBYIO, KO-
nporennyto (Jlebenesa, Konromikosa, 2011), 4To cBA3aHO C yBenuue-
HHEM KOJIHNYECTBA OCAaAKOB B ITOCJICAHHE I'OAbI U aKTPIBPI3aHPIefI aesa-
TENFHOCTH TO4YBeHHONW Me3odayHbl. COriacHO HCCIEAOBAaHUIM IIO-
CIEMHUX JeT, HaunHasg ¢ KoHma 1970-x romoB Ha rOro-soctoke EBpo-
neiickoir Poccum HaOnromaeTcst yBenudeHne yBIaXKHEHHOCTH KiMMaTa
(Camanos, 2007; CananoB, Cusemckasi, 2015). TTopsiok BeTH4HH, Xa-
PaKTEepHU3YIOIINX dTH U3MEHEHHSI, HEBEJIMK: OCaJIKU YBEINIHIHCh Ha 50
MM, HCIapseMOCTh 3a TEIUIBIN Meproj yMeHblmiack Ha 70 MM, ofHa-
KO, KaK M3BECTHO, apHAHBIE W cyOapuaHble JaHIMa(Thl OY€Hb YyB-
CTBUTEIBHBI K TAKUM M3MEHEeHUsM. /{11 Bcex OB Ha BCIO M3YYEHHYIO
IyOWHY XapakTepHBI CBEXHE MbUIEBAThie HH(DMIUIMHTA pa3HOW MOIII-
HOCTH Y TJIMHHCTHIE KyTaHBI [0 OCTaTKaM PacTUTENBHBIX KOpHEH (puc.
2, 4). Bce 3T0 CBUIETENBCTBYET 00 aKTUBHBIX COBPEMEHHBIX IPOIIEC-
cax wuntoBurpoBanus T/IB mocie BeCeHHEro CHeroTasiHusl.

Juis Toro 4To0BI CBSI3aTh CBOWMCTBA M3YYEHHBIX MOYB C IPOH3-
pacranueMm Ha HUX K. prostrata, Ovlia cocraBieHa tadbmuma (Tadi. 5).
B Heil nokasaHno, 4to B psay paspesos: 14, 15, 1, 20, — yBenuuuBaercs
MPOEKTUBHOE TOKpBITHE K. prostrata. B TakoMm Xe psaxy OTMEJaroTcs
CIIEIYIONTHE TeHICHIINN U3MEHEHHS TIOYBEHHBIX CBOWCTB: 1) yBenmmde-
HUEe TIyOMHBI OOHAPY)KEHUS THIICA HA MHUKPOYPOBHE; 2) YMEHBIIIEHUE
WHTEHCUBHOCTH TPOSBJICHHS COJOHIIOBOTO TpoIlecca, KOTOpOe BEIpa-
JKAETCS B KOJNMYECTBE TIIMHHUCTHIX KyTaH WILTIOBUUPOBAHUS; 3) YMEHbB-
IeHne TIyOWHBI TOSIBICHUS TIEPBOTO OTHOCHUTENBHOTO JUIA paspesa
MaKCHMyMa COfAep KaHHsi OOMEHHOTO HATpusl; 4) yBeNUUeHHE TITyOHHBI
TTOSIBJICHUS TIEPBOTO MaKCUMyMa COJIepKaHusl OOMEHHOTO Maraus. Jlis
OOBSICHEHUS BBISBICHHBIX TPEHJIOB HEOOXOAWMEI NajbHEUIHe yriry0-
JICHHBIE MCCIIEOBAHUS CBOWCTB IMOYB M XUMHUYECKOT'O COCTaBa pacre-
Huit K. prostrata, mpon3pacraronyx Ha HUX.
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Tabauma 5. Cxema B3auMOCBs3eli IPOCKTUBHOTO MOKpEITHS Kochia prostrata
M ITIOYBEHHBIX CBOWCTB

Table 5. The diagram of interactions between the projective cover of Kochia
prostrata and soil properties

Homep yuactia | 4 1ey 10 15EV18 1EV18 20EV18
HpOGKTI/IBHOC TIOKPbI-
tue Kochia prostrata, 15 — 30 — 3040 — 40-50
%
KonuuectBo 3penbix et - t (_ -+ . +
TJIMHUCTBIX KyTaH
Cpean ryGuna 0 —| 385 o 36 | 25
1-ro max Na, cm
Cpenan ryGuna 5 > | 105 o 225 - 42
1-ro max Mg, cm

3AKJIIIOYEHUE

Kochia prostrata — oueHp r1acTU4HbIA KOPMOBOM BHUJI, KOTOPBIi
Croco0eH MPou3pacTaTh Ha MOYBaX C IIMPOKUM HAOOpOM MOPGhOIOrH-
YECKUX CBOWMCTB, Pa3HBIM COJEPKAHUEM COJCH M WX XUMHUUYCCKUM CO-
cTtaBoM. Ha ¢oHe mpakTHYecKH OJMHAKOBOTO CONCPKAHUSA TyMyca H
BBICOKOTO COJEp)KaHUsI OOMEHHOTO MarHus MHKPOMOPQOIOTHIECKUE
MIPU3HAKK OTPAKAIOT PA3HYIO CTEICHb MPOSBICHUS DSJIEMEHTAPHBIX
MMOYBOOOPA30BATENHFHBIX TPOIIECCOB — TYMYCOBO-aKKYMYJISITHBHOTIO,
BBIIIENIAYNBAHUS JIETKOPACTBOPHUMEIX COJIEH, THIICOHAKOIUICHUS, OKap-
OoOHAYMBaHMs, OCOJIOHIIEBAHHS.

HecMotpst Ha paznmuuHoe comep’kanre OOMEHHOTO HATpPHS, BO
BCEX TIOYBaX MPUCYTCTBYIOT CBEXKHE TJIMHUCTBIE WIH TYMYCOBO-
TJIMHUCTBIE KyTaHbl WJUTFOBHMPOBAHUS, CBUACTENHCTBYIOIINE O TIPOSB-
JICHWH COBPEMEHHOTO JIIIOBHAIbHO-WJLTIOBHAIFHOIO TIepepacipenene-
HUS TOHKOJIMCIIEPCHOTO BelIecTBa (IIporecca IECCUBaXKa).

Pesynbratel, monmy4deHHbIe, IPH U3yYeHHH MUKpPOMOpQorornde-
CKUX W XHMHYECKHUX CBOMCTB IOYB COJOHIIOBBIX CYXOCTEMHBIX KOM-
IJIEKCOB CeBepo-3amaaHoi yactu [Ipukacnuiickoii HU3MEHHOCTH, IM03-
BOJIAFOT MPENIOaraTh, YTO MPUCYTCTBUE B PACTUTEILHOM COOOIIECTBE
K. prostrata MoxxHO paccMaTpuBaTh KaK MPU3HAK HAJIWYHS COBPEMEH-
HOTO JIECCHBaXka B MOYBAX JaHHOW TEPPUTOPHH IPHU MOJEBBIX HCCIIE-
JOBaHUAX. B manpHeiiem 3To mpeanonaoxeHre OyneT mpoBepAThCs Ha
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OOJbIIIEM KOJHYECTBE Pa3pe30B Ul CTATHCTHYCCKOW OIEHKU MPOSIB-
JICHHs TIPoLlecca WILUTIOBHUPOBAHMUS TIIHHBI B [TOYBAX HA MHKPOYPOBHE
NPY HAJIMYUH B pacTUTEbHOM coobmiectBe Kochia prostrata.
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Abstract: The problems of radioactive contamination of biosphere with the
81 in recent years have attracted a large number of experts in various fields
of knowledge. Natural radionuclides are an integral part of the biosphere.
They are concentrated everywhere: in rocks, in soil, water, air and food.
Various types of phosphorus fertilizers and other natural ameliorants used in
agriculture are also an additional source of heavy natural radionuclides. The
review describes the behaviour and migration of ?*®*U in biosphere, which
depend on various factors acting simultaneously. It is noted that the behaviour
of 22U in the soil depends on the forms of its presence in it and the physical
and chemical properties of the soil. The processes of sorption and desorption
of 2*8U by different soil types are significant indicators.

Keywords: *®U; radioactive contamination; soils, behaviour of %**U, uranium
forms.

*

INTRODUCTION

Intensification of energy development on nuclear and fossil or-
ganic fuels, extraction of rare and non-ferrous metals, production of
phosphorus fertilisers with a high content of heavy natural radionu-
clides (HNR) can lead to further dispersion of uranium in the bio-
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sphere. A sharp increase in technogenic flows of HNR in the biosphere,
including in the field of agricultural production, necessitates the study
of patterns of inclusion and migration of HNR in biological chains. To
reliably assess the sanitary and hygienic danger of HNR, it is necessary
to study the processes of interaction of these radionuclides with the
soil. Migration of HNR in the terrestrial biosphere is a serious theoreti-
cal and practical problem, largely unsolved by modern science.

ROCKS AND SOILS

Isotopes of uranium are widely distributed in the Earth's crust.
Uranium mass concentrations in parent rocks vary from 0.1 to 1,250
ppm with a typical range of 2.0-6.1 ppm or 25-75 Bq kg™ ?**U (Table
1) (Rubtsov, Pravdina, 1971). The estimated average **U concentra-
tion in the continental crust is 32.9 Bq kg™

Table 1. Typical U concentrations in various rocks (adapted from Gascoyne,
1992)

Rock types U (mg kg™ 25U (Bq kg?)

Silicic rocks (granites-dacites) 2.2-6.1 27-75
Basalts 0.1-1 1-12
Gneiss 2 25
Schist 2-5 25-62
Limestone 2 25
Black shale 3-1,250 37-15,000
Phosphates 50-300 620-3,700

Relatively high uranium concentrations are observed in black
shale and phosphate rocks. The high uranium concentrations in shale
are likely due to associations of clay-rich material of organic origin,
whereas phosphate rocks of sedimentary origin are composed of min-
erals rich in uranium. Silicic rocks, granites and basalts tend to have
similar uranium concentrations.

Concentrations of uranium in the soil depend, to a large extent,
on its concentration in the parent rock. Parent rocks are affected by
many environmental factors, resulting in soil formation. In particular,
because of uranium weathering from the parent rocks, uranium can be
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transferred and deposited as loess, silt placers and Tertiary soils (Table
2).

Table 2. Uranium concentrations in soils (Alexakhin et al., 1990; Baranov,
Morozova, 1971; Saric et al., 1995)

238
. U

Landscape Type of soil Texture mg kg™
Tundra Soddy-Podzolic™  [Loam 2.53+£0.6
Taiga Soddy-Podzolic™  |Loam 20.1+2.5
Taiga Soddy-Podzolic Loam 47+29
Mixed forests Typical chernozem |Clay 2.7+0.2
Deciduous forest |Grey forest Loam 1.2+0.1
Meadows, steppe g:f;gozem’ Brown Clay, clay-loam 3.03+0.7
Chernozem Clay 2.6+0.2

Light brown Clay; clay-loam 29+0.7

Dry Subtropics  |Red earth Clay-loam 5.1+0.3
Desert 'S‘(;ﬁht brown desert 533+0.5

“Area with elevated natural background, the Komi Republic;
bSamples taken from the arable soil.

The data in table 2 show that **®U concentrations in soils in areas
with normal natural radiation background vary from 0.4 to 20 mg kg™.
The highest mean values of 20.1 + 2.5 mg kg™ were found in Soddy-
Podzolic Loam soils of the taiga.

Available data on uranium measurements in soils of different
countries of the world are also reported in an UNSCEAR report (Saric
et al., 1995), table 3 shows that ?*U concentrations in soil vary over a
wider range than that reported in table 2, most likely because of the
wider range of soil types investigated, inhomogeneity of the soils stud-
ied, the wider range of uranium concentrations in the parent rocks and
other properties (in some cases localised) favouring uranium accumula-
tion in the topsoil. Even within some countries, the ranges of reported
25U concentrations in soils covered a large fraction of **®U concentra-
tions range presented in table 3. For example, this is the case for China
(0.2-55 mg kg™) and Thailand (0.2-29.7 mg kg™).
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Table 3. **®U-concentrations in soil on a country-by-country basis (adapted
from Saric et al., 1995)

. Bq kg™ mg kg™
Region Country
Mean | Range Mean | Range
Africa Algeria 30 2-110 2.4 0.2-8.8
Egypt 37 6-120 3.0 0.5-9.6
o (Costa Rica 46 | 11130 | 37 |09-105
United States 35 4-140 2.8 0.3-11.3
East Asia China 33 2-690 2.7 0.2-55.5
India 29 7-81 2.3 0.6-6.5
Japan 29 2-59 2.3 0.2-4.7
Kazakhstan 37 12-120 3.0 1.0-9.6
Malaysia 66 49-86 5.3 3.9-6.9
Thailand 114 3-370 9.2 0.2-29.7
West Asia Armenia 46 20-78 3.7 1.6-6.3
;ﬁgﬁglﬁrab 23 | 1064 | 18 |0851
North Europe [Lithuania 16 3-30 1.3 0.2-2.4
Norway 50 4.0
'West Europe |Ireland 37 8-120 3.0 0.6-9.6
Switzerland 40 10-150 3.2 0.8-12.1
East Europe [Bulgaria 40 8-190 3.2 0.6-15.3
Hungary 29 12-66 2.3 1.0-5.3
Poland 26 5-120 2.1 0.4-9.6
Romania 32 8-60 2.6 0.6-4.8
Russian Federation 19 1-67 1.5 0.1-54
Slovakia 32 15-130 2.6 1.2-10.5
South Europe |Albania 23 1.8
Croatia 110 21-77 8.8 1.7-6.2
Greece 25 1-240 2.0 0.1-19.3
Portugal 49 26-82 3.9 2.1-6.6
Median 35 17-60 2.8 1.4-4.8
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The median value for the ?*U concentration in soil calculated
based on these data is 35 Bq kg™ or 2.8 mg kg™. However, there are
some areas in the world where the normal range of variation of natural-
ly occurring radionuclides in soils or waters is greatly exceeded. These
high radiation background regions are known as “Enhanced Natural
Radiation Areas” or “ENRA”.

Maximum values were found to be for some Azerbaijan sites,
Ramsar, Iran and the Komi Republic of the Russian Federation, where
238U activity concentrations were two to three orders of magnitude
higher than the average worldwide value of 32 Bq kg™ reported in
UNSCEAR (2008).

28 AND AGRICULTURAL ECOSYSTEMS

Heavy natural radionuclide uranium participates in the formation
of the Earth crust. Atomic mass of the natural uranium is 238. It was
discovered by the German chemist M.H. Klaproth in 1789. Uranium is
widely spread in nature (Tananaev, 2011). It was discovered in consid-
erable concentrations in earth material, oceans, the Earth mantle and
meteorites. The half-life of 22U is 4.49 x 10° years (4.49 billion years)
280 is the a-emitter with maximum energy of 4.7 MeV.

In areas where rocks containing **U and mine dumps come to
the surface, there is an increased level of contamination of the bio-
sphere with uranium. In the industrial production of phosphate fertiliz-
ers, there is also additional contamination of soils and vegetation with
uranium (Ishchenko, 1988)

The content of mobile forms of ?®U in ammophos and phos-
phogypsum comes up to 5.95 and 23% from gross content in water-
soluble form.

Content of uranium in earth crust is 2-10% (Tananaev, 2011).
Average content of U in all earth soils is 2.4 x 10*% (Alexakhin et
al., 1992). The **®U content in grey forest soils is equal to 3.4 x 1070,
in chernozems — 3.0 x 10™%, in the upper layers of sierozemic soils of
semideserts it comes up to 2.2 x 10™%. The average content of **U in
soils all over the world is 24.4 Bq kg™. Global technogenic flows of
8 in biosphere were approximately 1.5 x 10* Bq at the operation of
fuel cycle enterprises working on nuclear and fossil fuels and 1 x 10"
Bq at the application of phosphoric fertilizers. Volume of *®*U in
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ploughed horizon of agricultural areas is 1.4 x 10" Bq (Alexakhin et
al., 1992).

Uranium belongs to the class of water migrants, and in natural
media, it exists in (IV) and (VI) valency forms. In continental surface
waters, the distribution of U follows the natural and climatic zone
sequence, where the concentration of this radionuclide varies from
nx 10%0 nx 10° L g™ In the waters of large rivers flowing through
different climatic zones, the concentration of U for the Northern
Hemisphere increases from north to south (Alexakhin et al., 1990). In
continental surface waters, the distribution of *®U follows the natural
and climatic zone sequence, where the concentration of this radionu-
clide varies from nx10®0 nx10® Ig™. In the waters of large rivers
flowing through different climatic zones, the concentration of *®U for
the Northern Hemisphere increases from north to south (Alexakhin et
al., 1990).

28U in natural waters exists as a uranyl ion UO**, which forms
complex compounds with inorganic and organic acids. The ability of
the uranyl ion to form complexes with ions such as S0,%, CI', F, NO3,
COg3, CH3COO " etc., to become a part of the negatively charged colloi-
dal sols of the hydroxide and to form complexes of uranium-organic
compounds plays a major role in the migration of *®*U to natural waters
(Drichko, 1983). The forms of ?®U in surface waters depend on pH and
the content of CO, and Coq. In neutral and slightly acidic waters of the
cold and temperate zones of the humid zone, the dissolved *®*U mi-
grates in the form of fulvates, hydroxycomplexes or pseudocolloids.
For weakly alkaline waters of the arid zone containing carbonate-ion,
the main forms of finding ?*®U are stable carbonate complexes
[UO,(CO3),(H,0,),]* and [UO,(COs3)s]*. The researchers also assume
the presence of bicarbonate complex compounds 2*®U (Alexakhin et al.,
1990).

Anthropogenic sources of environmental pollution by 28U, in-
cluding agricultural ecosystems, are: extraction of uranium in mines
and a formed uranium trace, the atomic and nuclear power industry,
agriculture (mineral fertilizers, primarily phosphoric, may contain 2°U
in high concentrations), uranium content in irrigation water (Alexakhin
et al., 1992; Drichko, 1983), the use of radioactive projectiles in mili-
tary conflicts.
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With the systematic use of waste (phosphogypsum) and complex
phosphoric fertilizers, accumulation of gross and mobile forms of
heavy natural radionuclides can occur in soils. It can reach the levels
exceeding background concentrations by 1.5-2.0 times (Drichko
1983).

The nature and direction of the soil formation processes deter-
mine the distribution of uranium in the soils of certain landscape zone.
These factors result in the great variety of uranium content in soils.
Uranium is accumulated mainly in the sod and the upper arable soil
horizon.

238 IN SOILS OF AGRICULTURAL LANDS

The major factor determining the behaviour of the #*®U, which
enters the land cover, is its high mass concentration in the soils, where-
by the chemical properties of the element itself play a more significant
role in the behaviour of the radionuclide than the stable analogues
(Alexakhin et al., 1990). At the same time, for U present in soils in
ultramicroconcentrations, in some cases, the carrier may not be U,
but some chemical elements being typomorphic for individual land-
scapes, which is confirmed by the deviation of the ratio ***U/*®U from
1 (Titaeva, 1992).

Sorption of U in soils depends on many factors (Alexakhin et
al., 1990). The degree of oxidation of U in soils is +4 and +6. In a
highly reducing medium, ?*U is predominantly in 4-valence, and in
oxidative — in 6-valence forms.

Sorption of ®U in soils depends on the chemical properties, the
physical and chemical state and concentration of elements, the granu-
lometric and mineralogical composition of soils, the content of organic
matter, the presence of certain ions in the solution, migratory-capable
colloids, complexing agents, etc. (Alexakhin et al., 1990; Alexakhin et
al., 1992; Drichko, 1983).

When pH varies from 5 to 6 *®U appears in soils mainly in the
form of well-sorbed hydrolysed forms of uranyl, and for this reason,
the transition of the radionuclide into water extract from these soils is
negligible. At a small (about 1M x 10°%) content of carbonates, hydrol-
ysis forms of uranyl prevail in the pH range of 2-12 (Iskra, Bakhurov,
1981). Therefore, even at a high pH of the solutions, the recovery of
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38U from the soils does not increase. Thus, at pH 11, the fraction of
radionuclide that has passed from leached chernozem to water extract
is only 1.5%. In neutral and alkaline media, carbonate and phosphate
compounds predominate (Sultanbaev, Grigoryev, 1979), and this can
reduce and weaken the absorption of **®U in the soil (Iskra, Bakhurov,
1981). At pH above 10, the equilibrium shifts again towards the for-
mation of hydrolysis forms, the recovery of **U decreases. In media,
rich in CaCO; and MgCOs;, the absorption strength can increase due to
the precipitation of Ca,(UO,(COs); and Ca,Mg(UO2(COs)3). The min-
imum absorption of ?®U by sod horizons of sod-podzolic and sod-
meadow soils was found at pH —3, maximum (97-98%) at pH 5-8.

A significant concentration of humus, as a rule, increases the
sorption of radionuclides in the soil (Rusanova, 1971; Sultanbaev, Gri-
goryev, 1979). Organic substances of the soil solution bind *U to
complex compounds, differing in their solubility and stability (Evseeva
et al., 1974). For example, the strength of the element complexes with
humic acids is 1.5-2 times higher on average than with fulvic acids
(Kichigin, Nosova, 2004). Under reducing conditions at pH 5, humic
acids and, at pH 6.0-6.6, fulvic acids precipitate ?**U, in oxidative con-
ditions, soluble compounds are formed. The carbonates concentration
of 1M x 10° almost eliminates the formation of soluble hydrolysis
products and prevents the humate binding at the content of the humic
acids lower than 0.1M x 10, At their concentration of 50M x 10 and
low (0.5M x 107®) carbonate content, the formation of uranium humates
dominates (Rachkova et al., 2010). The effect of organic substances on
the processes of absorption in the soil is due to the fact that they are
themselves collectors of radioactive elements, or modify the absorption
properties of other sorbents, and also form mobile compounds with
radionuclides. Mechanisms of sorption and fixation of U by soils
have been poorly studied. Absorption process includes adsorption, ion
exchange, precipitation, particularly due to oxidation-reduction reac-
tions. Some authors (Evseeva et al., 1974) believe that the last of the
above mechanisms is the most important in the process of sorption of
uranium in the soil. At the same time, it was experimentally established
that hexavalent uranium retains its valence in complexes with natural
humic acid (Teterin et al., 2001). The mechanism of sorption consists
of the exchange of hydrogen cations and uranyl UO?, that is why the
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capacity and rate of absorption depend on the acidity of the medium.
Fe** ions inhibit the formation of uranyl humates due to sorption on the
surface of particles of colloidal humic acid (Teterin et al., 2001) that
prevents the migration of **U in the form of absorbed or molecular
solutions of uranyl humates. At the same time, the addition of humic
acid to the hematite suspension reduces the absorption of the radionu-
clide, the degree of reduction depends on the pH of the medium and the
amount of humic acid. In addition, the dominant factor is the fraction
of 2*U bound to humates. In the presence of fulvates, the sorption of
the radionuclide by the clayey soil components is completely inhibited
(Kornilovich et al., 2001).

The sorption of ?*U in soil is related to the size and specific sur-
face area of soil particles (Arkhipov et al., 1986; Ishchenko, 1988;
Ishchenko, Butnik, 1990; Rubtsov, Pravdina, 1971). For soil with a
high content of physical clay and silt, the high values of the distribution
coefficients were set (Drichko, 1983; Rubtsov, Pravdina, 1971; Rud-
nick, Gao, 2003; Saric et al., 1995; Titaeva, 1992). The content of Z2U
in the solid phase of clay soils is 200-7.9 x 10° times higher than in the
equilibrium solution. For desert-sandy, meadow, meadow-swamp soils,
light and typical sierozems, direct dependence of the absorption and
mobility of **U on the content of humus, potassium, calcium and phys-
ical clay has been established (Ishchenko, 1988; Ishchenko, Butnik,
1990). According to some estimates, the content of *®U in the clay
fraction is up to 3 times higher than its concentration in unfractionated
soil. At the same time, little information indicates a lack of a close rela-
tionship between the sorption of radionuclides and the granulometric
composition of soils. For example, for soils in the taiga zone, up to
50% of radionuclides of the uranium series are sorbed on the surface of
particles with a size of 1-100 um, and consolidation of aggregates in
this range is accompanied by a decrease in the content of radioele-
ments.

Fixation of *U in soils occurs due to its sorption by organic
substances and clay minerals (illite, montmorillonite and kaolinite)
(Alexakhin et al., 1990; Ratnikov et al., 2007; Rusanova, 1998;
Taskaev, 1979). Limestone weakly absorbs *®U, and crystallised earth
silicon does not absorb the uranium at all (Alexakhin et al., 1990; Sav-
enko, 2001). The sorption centres of two types are significant for sorp-

125



bromnerens [louBennoro nacTHTYTa M. B.B. Jlokydaesa. 2019. Bem. 100.

Dokuchaev Soil Bulletin, 2019, 100

tion of radionuclides by clay minerals. These centres are located on the
basal surfaces of mineral particles, where ion exchange takes place, and
on the lateral faces with the formation of strong sorption complexes.
According to Kornilovich et al. (2001), uranium was primarily ab-
sorbed on the lateral faces of clay minerals The X-ray diffraction anal-
ysis (Iskra, Bakhurov, 1981) showed that binding takes place according
to the ion-exchange mechanism. 2**U competes with cations Ca**, Ba**,
Mg?* for sorption centres, but not with Na* and K*. According to the
structural data, uranyl forms dissolved and absorbed by clay minerals
are identical. Under sub-acidic conditions, they correspond to the hex-
ahydrated ion (Kornilovich et al., 2001). In the pH range 6-12, the
sorbed forms of uranyl are represented by UO,OH" and (UQ,),(OH).
Absorption of UO,OH" predominates at pH 6, with a decrease in acidi-
ty, the ratio of sorption of (UO,),(OH) increases. The isotherms of **U
(V1) sorption by clay minerals have a maximum at pH 3-6 with a sharp
decrease in the absorption parameters to the sides of this interval
(Kornilovich et al., 2001).

Influence of the capacity of cation exchange on the sorption of
28 by soils is practically absent. For example, the removal of organic
matter and free ferrous oxides from the clayey fraction of silty loam
reduces its cation-exchange capacity, without changing the absorption
rate of 28U. Along with this, there is an opinion (Kornilovich et al.,
2001) that in surface media the Fe content controls the pH-dependent
adsorption of *8U. Oxide forms of metals (goethite, hematite, boehm-
ite, etc.), on the one hand, themselves serve as sorbents of a radionu-
clide, and on the other — when they are adsorbed, these oxides form
films on the surface of clay minerals changing their ion-exchange
properties. The distribution coefficient of the radionuclide between so-
lutions of its salts and Fe minerals reaches 2 x 10° ml g™, which is 100
times greater than for secondary minerals.

Behaviour of *®U and its forms in soils are determined both by
the state of the radionuclide itself and by the physical and chemical
properties of the soils. The original form of the radionuclide fallout
plays an essential role in the processes of sorption and desorption of
8. For example, the sorption of *U by 5 types of soil (17 soil dif-
ferences) with contrasting physical and chemical properties and indica-
tors of texture when introducing a radionuclide in the form of a solu-
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tion of uranyl nitrate is 82.2-99.2%, desorption by water is 1.1-7.5%,
by 1IN ammonium acetate solution — 2.4-40.8%, and by 2N HNO; so-
lution — 51.3-79.2% (Alexakhin et al., 1985) (Table 4).

Table 4. Rate and strength of sorption of 28U in different types of soils (in
relation to the original quantity), %

Soil type Sorption Desorption
H,O | 1IN CH;COONH, | 2N HNO;

Sod-podzolic 97.0 1.7 2.4 54.6
Dark-grey forest 98.4 1.2 11.7 59.5
Grey forest 96.9 1.4 3.2 51.3
Brown forest 88.4 1.2 36.2 79.2
Chernozem

leached 98.5 1.2 13.4 68.4
podzolic 82.2 5.9 24.1 51.3
usual 85.9 7.5 9.6 57.0
southern 90.9 3.6 25.6 68.4
firm 98.1 1.1 22.2 76.4
Meadow 801 | 56 223 69.5
chernozem

Sod 82.2 5.9 24.1 51.3
Meadow 99.2 15 23.6 60.8
Humic-gleyed 98.1 1.1 14.8 72.8
Meadow- 875 | 3.6 23.0 69.2
swampy

Dark kastanozem 93.6 3.8 32.8 77.2
Kastanozem 87.0 4.8 40.8 61.2
Light kastanozem 87.4 4.4 26.4 72.0

In works of Arkhipov et al. (1986), there were established the
limits of the absolute and relative content of gross, acid-soluble and
exchangeable forms of natural radionuclides (**U, #2Th, **Ra, #°Po
and #°Pb) in the soils of the agricultural territory of the country. The
gross content of *®U is 0.2-0.5 pCi g in sod-podzolic soils, 0.6-1.0
pCi g™ in chernozems, 0.7 pCi gin kastanozems, 0.8 pCi gin brown
semi-desert soils, 0.7 pCi g'in sierozems. The content of the acid-
soluble forms of U is 6-26% of the gross content, depending on the
agrochemical properties of the soil. The amount of exchangeable and
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water-soluble forms of *®U in sod-podzolic soils varies between 18—
40%, in chernozem — 9-12% of gross soil content (Arkhipov et al.,
1986).

By this means, a generalisation of the accumulated data indicates
that intensive and strong absorption of ®U in soils occurs mainly due
to organic matter and clay minerals. The processes of ion exchange,
complexation, hydrolysis and oxidation-reduction designate the fixa-
tion of U in soils.

To date, there is a lack of the investigation of the temporal as-
pects of U absorption processes in various soils. The existing re-
search methodologies do not allow evaluating fully the transformation
of forms and mechanisms of radionuclide binding in soils. One of the
ways to overcome these difficulties can be carrying out complex *U
full-scale and model studies.

Study of Ishchenko and Butnik (1990) conducted on different
soil types in Central Asia gives a comprehensive assessment of the ef-
fect of **U on the bioavailability, depending on the time of interaction
of the radionuclide with the soil.

Transformation of the *®U forms in time was studied on a typi-
cal sierozem. Soil samples were taken from the plots, where cotton was
grown in the first and second years, in the third year — wheat. The con-
centration of 2*U was 53 mg kg™ of soil.

28 from soil samples was successively extracted with distilled
water, acetate-ammonium buffer solution (pH 4.8), solution of citric
acid (0.033M), mixture of citric (0.033M) and oxalic (0.5M) acids, hy-
drochloric acid. The content of the 228U forms was calculated in %, as-
suming the initial value to be 100%.

It was found that uranium, introduced into the soil as a solution
of 28U(NO;),, comprises mainly exchangeable forms with soil compo-
nents in desert-sandy soil, light and typical sierozems, and in meadow
soils, the uranium interaction with soil components results in acid-
soluble form. From such soils as desert-sandy, light and typical siero-
zems, most of the **U passed into aqueous and acetate-ammonium ex-
tracts (from 48.4 to 51.5%), into which readily soluble, exchangeable
compounds and organomineral complexes are displaced. There is an
inverse relationship between the physical and chemical soil properties
and the amount of water-soluble and exchangeable forms of **U, and
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with the number of fixed ?®U compounds, the relationship is direct.
Correlation coefficients between the amount of radionuclide in water-
soluble and exchangeable forms and all indicated soil parameters
turned out to be rather high (R = 0.73-0.88).

The ratio of water-soluble, exchangeable, acid-soluble and fixed
forms had been determined for three years in order to study the
influence of the time factor on the transformation of the occurrence of
28 in a typical sierozem, the ratio of the forms of radionuclide was
determined two weeks after its introduction into the soil. A year later,
the number of exchangeable compounds of **U increased, and the
number of acid-soluble compounds decreased. After two years of radi-
onuclide stay in the soil, no further changes in the content of the vari-
ous forms of 28U were detected. With a 3-year incubation of #®U in
the soil, the number of fixed compounds increased significantly in
comparison with their content in the first year, while the fraction of the
exchangeable forms of the radionuclide remained unchanged (Ratnikov
et al., 2019; Kornilovich et al., 2001) (Table 5).

Table 5. The content of various forms of 2**U, depending on the time of their
stay in the soil, % of application

Timing .
of Water Exchangeable Acid- Fixed
L soluble soluble

determination
In 2 weeks 7.5 415 27.6 23.8
In 1 year 5.9 47.0 21.6 25.5
In 2 years 4.1 49.1 20.8 25.6
In 3 years 2.7 47.5 10.7 39.2

The amount of water-soluble and essentially acid-soluble forms
has decreased. This occurs because acid-soluble compounds of *2U
have been transformed into fixed ones with time. As for the water-
soluble compounds of the radionuclide, it is possible that some of them
migrated down the soil profile, and a part entered the plants, so their
content in the plough horizon of the soil decreased.

Describing, in general, the behaviour and migration of *®U in
biosphere, it should be noted that all this occurs under the influence of
various factors acting simultaneously. For the chemical element as a
whole, it will depend mainly on three main parameters: 1) the chemical
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properties of the element; 2) the physical and chemical conditions of
the environment; 3) the forms of finding the element in the initial
rocks. The second factor is a function of climatic and partly geological
conditions; the third one is completely determined by geological condi-
tions.
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Peziome: B TlepMckom  (demepaibHOM — HMCCIEIOBATEIBCKOM  IICHTPE
pa3pa6aTBIBaeTCﬂ TCXHOJIOI'Us TMOJTYUCHUS u MMPUMCHECHUA HOBBIX
KOMIIJICKCHBIX y}lO6pCHHﬁ MPOJOHIMPOBAHHOT'O ﬂeﬁCTBI/IH U3 TJIHWHHUCTO-
COJIEBBIX OTXO0HOB Iepepaborku K-MQ pyn mocne momydeHUs KajUHHBIX
yanoopeHuii. OCHOBHBIMHU NPOLIECCAMH B TEXHOJIOTHHU SBJISIOTCS OOOraIieHue
OTXOJIOB M BBICOKOTEMIIEPATYPHbIH OOXHI KOHIIEHTpaTa oOoramenus. B
pesynbrate  (GOpPMHUpYETCS INPONYKT, IIOJYYMBIIMH Ha3BaHHE OTapoK,
UMEIOLIMH  CBOMCTBA  KOMIUIEKCHBIX  YJIOOpEHHMH  IPOJIOHTMPOBAHHOIO
JeicTBHA, MENMOpaHTa M MHKpoynoOpenus. IIpoBenens! yabopaTopHble U
TIOJIEBBIE OIBITHI IO MIPUMEHEHHIO Orapka B KauecTBE KaJIMIHOTO ynoOpeHHUs.
W3ygaemble KymbTypbl — spoBas NIICHHIA, SYMEHb, KapTrodenb. Cxema
OIBITOB BKIIIOYAJa BapUaHTHI: KOHTpob (0e3 ymoopenuit), NP — ¢on; NP +
KCI u NP + orapok. JIist 3epHOBBIX KyJbTyp (TIIICHUIA, SIMEHE) IPUMEHEHHE
orapka Ha ¢oHe NP moBbicHIO ypoxaiHOCTh Ha 1.7—1.9 T/ra Mo OTHOIICHHIO
K KOHTpOJIIO, puMeHeHne cranaapTHeiX ynoopenuir NPK — Ha 1.8-2.0 T/ra,
pasuuia — B npenenax omuoOku onbita (HCPgs = 0.21; 0.38 1/ra). Conepxanue
a3ota, (ocdopa M Kamus B 3epHE U CONIOME OOEHX KYJIbTYp B BapHaHTaX C
IIPUMEHEHWEM oOrapka ObUIO Ha YPOBHE BapHaHTa C IPHUMEHEHHEM
CTaHAAPTHOTO YIOOpEHMS M AOCTOBEPHO BHIIIE IO CPABHEHHIO C KOHTPOJIEM.
Paznumums  Mexnay  BapuaHTaMH C  NPUMEHEHHWEM  orapka  Oblid
HecymecTBeHHBIMHA. BHecenne NgoPgp m momHoro MuHepanpHOTO yaoOpeHust
(NgoPgoKgp) crtocobcTBOBAIIO TTOBBIMIEHHUIO YPOKAMHOCTH KITyOHEH KapToderns
Ha 1.43-4.51 T/ra coorBercTBeHHO. [IpMMeHeHHME yaOOpEHMIT-OrapKkoB Ha
¢ore NP He ycrymano mo 3¢(}eKTHBHOCTH HCIOIB30BAHUIO XJIOPHCTOTO
kammsa. Ilokasatenn kadecTBa ypoxas KapTrodernst (comepikaHHE CyXOro
BEIIECTBA M KpaxMalia B KII[yOHSIX, COIEPKaHNE TSDKENIbIX METAIIIIOB) TAaKXKe HE
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YCTYIaJIX NPUMEHEHHUIO TPaJUIIMOHHOr0 KamuiHoro ynoopenus. [Ipumenenue
orapka 1noj kaproelib ¥ 3epHOBBIC KYJIBTYPHI B J103aX 3KBUBaJICHTHBIX Kgo 120
He TPHUBOAWIO K YXYAUIGHUWIO IIOKa3aTeled IUIOMOpOAWs JIEpPHOBO-
MOM30JMCTON TOuYBBl. [lpM moONMydeHMH oOrapka MOXKHO HCIIONB30BaTh
JIOTIOJIHUTENIFHO HEOTPAaHWYCHHBIH HabOp KOMIIOHEHTOB. MHade roBopsi, 3TO
KOHIICNITyalbHask MOJENb JUIS CO3MAHHsT HOBBIX BHIOB MHHEPaIbHBIX
yI00peHuil ¢ 3aJaHHBIMU CBOWCTBAMH JUTS Pa3HbIX MOYBEHHO-KIUMATHIECKHUX
YCIIOBUA W KYJBTYp C Pa3IMYHBIMH TPEOOBaHHSAMH K MHHEPAILHOMY
MUTAHHIO.

Knrouegvie cnoea: TIMHHUCTO-CONIEBBIC OTXOJbI, IIUIAMBI, IPAHYISAT, OrapKH,
BBICOKOTEMIIEPATYPHBIH 00K, KOMILICKCHBIC yaA00peHUs
MPOJIOHTUPOBAHHOTO JICHCTBUS, MHKPOIJICMEHTHI, MUHEPAJIbI-MEIHOPAHTHI,
YPOXKAWHOCT, TMIICHUIA SPOBasi, SYMEHb, KapTOdenb, CEMEHOBOICTBO
Kkaproders.
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Abstract: Technology for the production and use of new multiple slow-release
fertilizers from clay-salt waste (sludge) remaining as a result of potassium
fertilizers production from natural K-Mg ores, is elaborated in Perm Federal
Research Center. The main processes in the technology are waste enrichment
and subsequent high-temperature calcination of the enriched concentrate. As a
result, the product, received the name the calcine of clay-salt sludge, was
formed having the properties of multiple slow-release fertilizer and
ameliorant. Laboratory and field experiments on the calcine use as a potassium
fertilizer were fulfilled. The studied crops were spring wheat, barley, and
potato. The experimental scheme included such treatments: control (without
fertilizers), NP — background; NP + KCI and NP + calcine. The use of calcine
for grain crops (wheat, barley) on the NP background promoted the yield gains
by 1.7-1.9 t/ha compared with the control, the use of standard NPK fertilizers
— by 1.8-2.0 t/ha, the difference was within the error of the experiment (HCPs
= 0.21; 0.38 t/ha). The content of nitrogen, phosphorus and potassium in the
grain and straw of both crops in the treatments using calcine was
approximately equal to the variants using standard fertilizer and significantly
higher compared to the control. Differences between calcine treatments were
not significant. The application of NgoPgo and full mineral fertilizer (NgoPgoKgg)
contributed to the yield increase of potato tubers by 1.43-4.51 t/ha
respectively. The use of unconventional potassium fertilizer — calcine on the
background of NP was not inferior in efficiency to the use of traditional
fertilizer — potassium chloride. The quality parameters of the potato crop (dry
matter and starch content in tubers, the content of heavy metals) were also not
inferior compared to the use of traditional potassium fertilizer. The use of
calcine for potato and cereals in rates equal to Kgg.120 did not lead to
deterioration of the fertility indicators of sod-podzolic soil. Upon receipt of the
cinder, one can use the additional unlimited set of components. In other words,
this is a conceptual model for creating new types of mineral fertilizers with
desired properties for different soil and climatic conditions and crops with
different requirements for mineral nutrition.

Keywords: clay-salt waste, sludge, granulate, calcine, high-temperature
calcination, multiple slow-release fertilizers, trace elements, ameliorants,
yield, spring wheat, barley, potato, potato seed production.
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BBEJIEHUE

Kaptodens knyonenocusiii (Solanum tuberosum) — Baskuedmast
MHUpOBasi MPOJOBOJILCTBEHHAs, KOPMOBas M TEXHHUYECKas KyJIbTypa.
Poccus mpousBogut 6osee 10% obOmemupoBoro oobema kaproders,
OJIHAKO CPEAHSS YPOKAWUHOCTh 3TOM KYJIBTYpbl B CTPAHE OCTaeTcs Ofi-
HOI ux cambIx HU3KUX (JKeBopa u np., 2017). K oCHOBHBIM NpHUYHHAM
MOXHO OTHECTH HHW3KOE Ka4eCTBO TOCAJI0YHOrO MaTephala, 3Ha4yu-
TelbHBIE TIOTEPU B IpOIecce BEreTallMd B pe3yibTaTe MOpa)KeHUs
MHOTOYHCIICHHBIMH BPEAUTEISIMH U OOJNIE3HAMH, a TaKKe BCIEICTBHE
3aCOPEHHOCTH TOCAIOK.

Cy1iecTBeHHBIN BKJIaJ B CHUKEHHE MOTEHIIHAIBHON ypOoXKaiHo-
CTH BHOCSIT TMOCJEJCTBUSI aOMOTHYECKMX CTPECCOB: 3aCyXH, HeOJiaro-
MpHUATHBIE (PU3UUECKHE U arpOXMMHYECKHE CBOMCTBA 1TOYB, HecOamaH-
cupoBaHHOe MUHepanbHoe nuTanue (Kopryrnos, 200306).

K BaxkHEHIIIMM 0COOEHHOCTSM JaHHOH KYJIBTYpPhl OTHOCSTCS I10-
BBIIIICHHBIE TPEOOBAHUEM K 3JIEMEHTaM MUTaHUS, OCOOEHHO K KalluIo, a
TaKKe MPOJODKUTEIBHBIN MePHO MUTAHUS, IPUYeM MaKCHMyM a30Ta
u (ocdopa mocTynaer B pacTeHus 10 LBETEHHS, a TIOCTYIUICHNE KaJIus
MPOAOJKACTCS 10 MOJIHON (DHU3HOIOTHYECKON 3penocTH KiyoHeir. Ka-
JMUN CTHUMYIHMPYET CHHTE3 CaxXxapoB M BHICOKOMOJEKYJISIPHBIX YTIIEBO-
JIOB — KpaxmaJia, [eJUTI0JIO3bI, TEKTHHOBBIX BEIIECTB, KCHJIAHOB — KakK B
JINCTBAX, TaK U B K1yOousax kaprodens (Kopmynos, 2003a).

Kaprodensr or3piBunMB Ha BHECeHHE yMOOpPEHHM, TPEXIe BCETO
KanmuiHHBIX. OCHOBHBIM BUAOM KaJHIHOTO YAOOpEHUS, IPUMEHIEMOT0
B CEITbCKOM XO3SIHCTBE, SBIIAETCS XJIOPUCTHIN Kanmwmii. OMHAKO I Kap-
Topenss HeXemaTenbHO MPUMEHEHNEe yaoOpeHni, comepKaImx XJop,
TaK KaK HapyIIaeTcs yriIeBOAHbIN 0OMeH MpHu (OPMHUPOBAHUH YPOXKasl.
[TosTomMy HE0OXOAMMO pacUIMpEHHE aCCOPTHMEHTA KaJMHHBIX yI00-
peHHiA IpyTUX POpM.

[locamku kaprodenss YacTo pa3Mem@aroTcs Ha TOP(SHUCTHIX
MOYBax, ryie HaOIroMaeTcsi HEXBaTKa MUKPODJIEMEHTOB, MPEXKIE BCETO,
Mean. Menp Takke BXOIUT B COCTaB MHOTMX (DYHTHIIHJIOB, TTO3TOMY
TIOJTHOIIEHHAsT O0ECIIeYeHHOCTh PACTEHHM KapToQens MeIbi0 MOXKET
WUTpaTh ONpENENeHHYI0 pONb B MpO(HUIAKTHKE TPUOHBIX OOIEe3HEH.
Pacrenus xaprodens HyKIalOTCSI U B JPYTUX MUKPORJIEMEHTaX, CPein
KOTOPBIX  OCHOBHBIMH  SIBIIIFOTCS ~ XaJIbKO(UIBHBIE  3JIEMEHTHI
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(Fernandes et al., 2011; Soratto et al., 2011; Sharipova et al., 2016; Cu-
chiara et al., 2017). IIpumeHeHe KOMILIEKCHOTO yao0penus Mukpo-
BHUT, B COCTAB KOTOPOTO BXOJST MaKpORJIEMEHTHI, a TAKKE ME/Ib, JKelle-
30, IIUHK, 00p, MONMOIEH, cokpainaeT Ha 30% MECTULIUIHYIO HAarpy3Ky
Ha pacTeHus, CIOCOOCTBYET yBEIMUYEHHIO ypokaiiHocth Ha 15-30%
(Kysueros u ap., 2017).

[losTOMy BO MHOIHX CHy4asx [eIecooOpa3HO TNpUMEHEHHe
KOMIUIEKCHBIX YIOOpEHHH, B COCTAaB KOTOPBIX BXOAAT MAKpO- U MHK-
PORIJIEMEHTBI, 8 TAaKXKEe MUHEPAIIbI-METUOPAHTHL: JIOJIOMUT, KapOOHATHI
u cynbhate! kanbius (CMeraHHUKOB ¥ p., 2017).

[Ipu ocHOBHOM (OCEHHEM) BHECEHHHW YIOOpEHHH 4acTo MpOHC-
XOJSIT MOTEPU MUTATEIBHBIX BEIIECTB B TEUCHUE OCEHHE-3UMHErO Iie-
proma M BECEHHEro B mporiecce TasHus cHera. OcoOeHHO OoibIme
MOTEepH HAOJIFOIAI0TCSA B PErMOHAX C MTPOMBIBHBIM BOJHBIM PEKUMOM, a
TaKKe B CiIydae MPUMEHEHHs ObICTPOPACTBOPUMBIX (hOPM YIOOpEHHUIA,
HalpuMep, XJIOPUCTOro Kajus. B CBSI3W C 3TUM IPOBOMASATCS IHOUCKH
CIIOCOOOB COKpalIeHusI MOIOOHBIX TOTeph. [IpuMeHeHue ynoOpeHwii ¢
MTOHIKEHHON PaCTBOPHUMOCTBIO (IIPOJIOHTHPOBAHHOTO JEHCTBHS) TO3-
BOJIAET J0 ONPEAENIEHHON CTENeHN CHHXPOHH3HPOBATh CKOPOCTH pac-
TBOPEHHUS B TOYBEHHOH CpEle W CKOPOCTh TMOCTYIJIEHUS B PACTEHHUSA
MUTaTedbHBIX BemecTB. Hanbonee pacnpocTpaHeHHBIME (TpaaWLIHOH-
HBIMH) BUJAM{ YIOOPEHHI MPOJIOHTHPOBAHHOTO NEHCTBHS SBISIOTCS
KOMILUTIEKCOHATHI METAJJIOB: XeNaThl (Ha OCHOBE KOMIIJIEKCOHA ATHIICH-
nuamuHTeTpa-ykeycHas kuciora (3JITA)), dochopconepxarime Kom-
IJIEKCOHBI  (THOpOKCHATHIUACH-dochorHoBas kucinora (0O2/1D),
autpwitpu  (MetmiaeHpoconoBas) kucinora (HT®D)) wu  mpyrue
(Cpy3znesa u ap., 2015).

Hokaszano, yro S[TA u apyrue TpajaulMOHHBIE KOMILJIEKCOHBI
CO BpEMEHEeM HaKaIUTMBalTCs B OMocepe W BBHI3BIBAIOT PACTBOPEHUE
OTJIOXKEHHH TOKCHYHBIX METAJIOB C MEPEXOfOM HX B PacTBOP B BHIIE
CTaOMIIBHBIX KOMITJIEKCOHATOB, YTO MPUBOIUT K OTPABICHUIO TIAHKTO-
Ha, pbIO, MITUI] ¥ BBICIINX JKUBOTHBIX, 4 TAKXKE BBI3BIBAET THIIOKCHIO B
npupoaHbIxX Bogax (MapreiHenko, Kysemuna, 1986). ITo 3Toii npudnme
B TIOCJIETHEEe BpeMs CTaBKa JeNaercs Ha NMPUMEHEHWE MeHee TOKCHY-
HBIX KoMmIuiekcoHoB (001D, HT®D, nmpous3BOAHBIX SHTAPHOW KHCIO-
ThI), KOTOpPBIE JIETKO IOMJAIOTCS OWOMECTPYKIIMH B €CTECTBEHHBIX
YCIIOBHUSIX, B OTJIMYME OT aHAJIOTMYHBIX KOMILUIEKCOB C KIACCHYECKUM
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KOMITJIEKCOHAMH, CIIOCOOHBI MOBBIMIATH YPOKAHHOCTH CEeNbCKOXO03sIi-
CTBEHHBIX KYJIbTYp M yJIy4IllaTh Ka4eCTBO MPOAYKIUHU (MapThIHEHKO,
Kyspmuna, 1986).

Hpyrumu criocobamu 3ameieHHs] TOCTYIUICHHST TMUTATEeIbHBIX
KOMITOHEHTOB B ITOYBY SIBJISIIOTCSI TPAaHYIMPOBAHHUE U KaIlCYJIMPOBAHHE,
HO JaHHBIC IPUEMBI 3aMEIJISIIOT PACTBOPEHNE B HE3HAYUTENFHOM CTe-
neuu (['ypbanosa u ap., 2017; CraposoiitoBa u ap., 2018: Kpyrbko,
[lleBuyk, 2011; Cabupos u 1p., 2005).

[IpuMeHst0TCS B KauecTBE MPOJIOHTUPOBAHHBIX yI0OPEHUH MPO-
JyKTbI CIICKaHUsI IJIAMOB U XuMHu4eckux pearenToB (Hu et al., 2018) u
mponykr cuuTesa MepauHouTa (KsCay(SixsAlg)Ogs - 24H,0) u3 305181
yrus (Li et al., 2014) u apyrue npoaykrsi (Ruthrof et al., 2018).

HccnenoBanust mpoOayKTOB IepepabOTKH OTXOJI0B T'OPHO00BI-
Barollell MPOMBIIUICHHOCTH 3aCTaBWIH OOpAaTUTh BHUMAaHKE Ha TIIMHU-
CTO-coneBble 0TX0bl mepepaborkn K-M( pyn Bepxaekamckoro me-
cropokaenus. CoctaB OTX0JOB (IIUTAMOB) CBUICTEIHLCTBYET O BO3-
MOXHOCTH HMX HCIIOJb30BaHUSI B KAa4eCTBE KOMIUIEKCHBIX YI0OpEeHUH
(CmerannnkoB u gp., 2013; Onocos, CmeranunkoB, 2014). Vrunm3za-
Y [UIAaMOB, HAaKOIUIEHWE KOTOPHIX B NUIAMOXPAaHHJIMINAX CO3IAeT
BBICOKHH ypOBeHB dKoIoruueckoi omacHocru (bauypun u ap., 2014),
nMeeT OOMbIIIoe 3HAYEHHE JIJISI PEIICHHs DKOIOTMIECKUX MPOoOIeM pe-
THOHA.

OCHOBHBIMH COCTABIISFOIIMMH [UIAMOB SIBJISTFOTCS HEPacTBOPH-
MbIH B Boge octatok (HO), ocrarounsie xmopuas! u Boga. B HO mura-
MOB coxaepratcs kanmeBble mosieBble mmathl (KIILI) — ucTounmk Ka-
nust, cynabGaThl Kanblus (THIC) W JOJOMHT, SIBIISIFOIIMECS MUHepala-
MH-METHOPAHTAMH, a TaKXKe Cymb(UIbI, COAEpIKaIie MHUKPOIJIEMEH-
Thl. Mlcnonp30BaHMIO MUUIAMOB B KadecTBE yMOOPEHWH MEMmaroT OcTa-
TOYHBIE XJIOPHIBI M TEXHOICHHBbIC 37eMeHThl (CMETaHHUKOB W JIp.,
2018). B cBs13u ¢ 3THM mpo0IieMa WX HUCIOIb30BAHUS B KAYECTBE y100-
peHMIA BKITFOUYaIa HEOOXOIUMOCTh Pa3pabOTKA TEXHOJIOTHH, UCKITI0Ya-
IOIIe W3 COCTaBa IIIAMOB TEXHOTEHHBIE KOMIIOHEHTHI M BOIy obOora-
TUTENFHBIMA METOJIlaMH, a TakXke TIpeodpa3oBaHue (paspylieHue)
OCTaTOYHBIX XJIOPUIOB KAJIUA M HATPHUS C IENBI0 00ECTIEUUTh BXOXK]IE-
HUE TIPOIYKTOB MPeo0pa30BaHUs BO BTOPUYHBIE KalMEBbIe MUHEPAIBI
¥ B MUHEpAJIbI, 00JIaJAI0INe METHOPUPYIONUME cBoiicTBaMu. OCHOB-
HBIM CITOCOOOM CTaJl BHICOKOTEMITEPATYPHBIH OOXUT, TTO3BOJIMBIIAN
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MOTY4UTh 0e3XJIOPUIHBIN MPOAYKT — OrapoK.

[IpensaputenbHble nccnenoBanus, nposedeHHsie B 2014-2016
rr. yuenbimMu ['opHoro umncturyta YpO PAH u Ilepmckoro HUMCX
MOKa3alii, 4TO MPUMEHEHHE OrapKa IO/ 3¢pHOBBIC KYJIbTYPhI HE YCTY-
naer JeWCTBUIO TPAIUIIUMOHHOTO KAMHHOTO YIOOpPEHHS MPH YCIOBUHU
paBeHCTBa /103 B AeiicTByrommeM BeriectBe (CMETaHHUKOB U Jp., 2017).

CylecTBeHHBIMH TPEMMYIIECTBAMU JAHHOTO BHOa yA0OpeHUit
SIBIISTIOTCS KOMIUTEKCHBINH Xapaktep (Hammuue K, Ca, Mg 1 Mukpoaie-
MEHTOB), CIIOCOOHOCThH YJIy4IlIaTh HE TOJBKO arpoOXMMHUYECKHE, HO H
arpou3NvecKre CBOWCTBA MOYBHI, IPAKTUYECKOE OTCYTCTBHE XJIOPH-
JIOB, MPOJIOHTHPOBAHHOCTh ACHCTBHSA. B oTimuMe OT Apyrux BUJIOB
ya00peHHi TPOJIOHTUPOBAHHOTO JIeHCTBUS, JUIS MPOU3BOACTBA KOTO-
PBIX Tpedyercsi MPOBECHUE TOMOTHUTENBHBIX TEXHOIOTHYECKHX OIle-
panmii (CHHTE3 OPraHUYECKHX COEIMHEHUH — KOMILJIEKCOHOB U JIp.), B
YKa3aHHOM BHJIC YAOOPEHUsI — orapke — MIPUCYTCTBYET rOTOBAas MUHeE-
pasibHas MaTpuila. MuHepanibl, BXOAAIIME B €r0 COCTaB, MOTYT CIy-
KUTh OCHOBOM WM MaTpUIIEH A Makpo- ¥ MHKDPOIJIEMEHTOB, UTO
[O3BOJIIET 100aBNIATh B HEE IPAKTHUYECKU HEOI'PaHUUYCHHBIH Habop
KOMITOHEHTOB (BKJIIOYas CTUMYJLTOPBI pocTa U OaKTepuasbHBIE IIpe-
mapatel). Takum oOpazom, hopMupyeTcs KOHIENTYaIbHAS MOJETH CO-
3aHMsI HOBBIX BUJIOB MHUHEpPAJbHBIX YAOOpEHHH, MO3BOJISIOMAs MpU-
MEHATh UX B Pa3HbIX NOYBEHHO-KIMMAaTHUYECKUX YCIOBUSAX U AJIS KyJlb-
TYp C Pa3IN4YHBIMU TPEOOBAHUSIMU K MUHEPATIbHOMY MUTAHUIO.

st peanm3anuu manHOi Moznenu B Ilepmckom demepaapHOM
HCCIIEI0BATENIBCKOM LIEHTPE, B KOTOPBI Ha MpaBax (UIMAajIOB BOLLIH
Topusrit nactutyt 1 [IHUUCX, ¢ 2017 1. mpoBoAsTCS pacmMpeHHbIe
HCCIICOBAHUS IO pa3paboTKe M COBEPILIEHCTBOBAHMIO TEXHOJIOTHH
MOTY4EHHs] KOMIJICKCHBIX YIOOPEHUH M UX IPUMEHEHHS Ha MOocaaKax
CEMEHHOT 0 KapToders.

Lenp uccnenoBanusi — pa3paboTaTh U peayn30BaTh KOHLELHIO
WCIIONB30BaHMUS OTXOMOB mepepadotkn K-Mg pyn B kauecTBe KOM-
IUIEKCHBIX YAOOpEeHUIl MPOJIOHTMPOBAHHOTO NEHCTBUS, U3YUUTh BIIMS-
HUE WX NPUMEHEHHUS Ha YPOXKAaHHOCTb M KOMIUIEKC XO3SHCTBEHHO-
LEHHBIX PU3HAKOB CEMEHHOI'0 KapTodess, U3yIuTh BIMSIHUAE Ha arpo-
XMUMHYECKHE U arpodu3nyeckue CBOWCTBA MOYBHI, & TAK)KE HA MTOKa3a-
TEJH TIIOAO0POIHS IEPHOBO-TIOA30JIUCTOHN ITOYBBI.
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OBBEKTHI 1 METO/bI

Hcxomaple 1iaMbl TpPENCTaBISIOT COOOH CYCHEH3HIO, COCTOS-
LIyI0 U3 TBepJoi U xuakon ¢a3. Teepaas asza — 3T0 HEPACTBOPUMBIH
B Boje ocrartok nwamoB (HO), xoropeiii cogepxutr no 35% cmecu
TUICa W aHrujpura, 10 16% KaiaueBoro ImojieBoro Immara (Jajiee
KIIIII), no 15% monmomuta, 10 15% kBapua u 10 35% cMecu CHIIbBHHA
u ragura. Kpome toro, HO conepxar ot 0.1 10 0.3% Zn, Cu u Co B
Bujie puMecd B cynbduaax (CmeranHukoB u jp., 2018). OcobeHHo-
CTBIO COCTaBa JKUJKOW (a3bl MUIAMOB SIBJISIETCS IPHUCYTCTBUE OCTATOY-
HBIX XJIOPHUJIOB U TEXHOJOTHYECKHX PEareHTOB, MPUMEHSEMBIX B TEX-
HOJIOTUYECKUX TIPOIECcCaX, BBHIMONHSIOMINX POJIb BCIICHUBATENEH, CTy-
cTUTENeH, colOupaTeiaei (aMHMHBI, IOJIMAKPHIAMHI, KapOaMuIbI,
HeoHON U Jip.). [ToaToMy TIIaBHBIMU 3a/lauaMy pa3padaThiBaeMOi TeX-
HOJIOTHH ObLIH:

1. Vnanenue Biaru, U3JUIIKOB XJIOPHIOB U TEXHOT'CHHBIX KOM-
MOHEHTOB O0OTaTUTENBHBIMA METOJaMH (OTMBIBKA, CYIIKA, TpaHYIIs-
s u gocymusanue npu 150-200 °C).

2. I'nyOokas mepepaboTKa BBICOKOTEMIIEPATYPHBIM OOKHIOM, C
TIONTyYeHHEM MPOAYKTa — Orapka.

ITocite oboramieHust U 00XKHUTa B COCTaBE Orapka o0pa3yercs M-
POKCEH U Cynb(aT KaJlus — CHHI'€HUT — 3a CUET pa3pyIIeHHs XJIOPUIOB,
nonomuTa, rurica. Kommaectso kBapua u KIIII coxpansiercsa. Cynbdu-
Il OTKUTAIOTCS, © MAKPORJIEMEHTHI TI0Cie 00KHUTa (OTXKHUTA) IMpeodpa-
3yl0TCS B OKCHAHYIO (popmy. Orapok mpuoOperaer CBOMCTBa KOM-
IJIEKCHOTO yMOOpEeHHs MPOJIOHTUPOBAHHOTO AeicTBud. [IpoioHTHpo-
BaHHOCTh OOECIIEUMBAETCSl MPUCYTCTBHEM B OTrapke TPYAHOPACTBOPH-
moro KIIIII u cuHreHuTa Kak MCTOYHUKOB Kanus. DyHKIUKA MUHEpasa
MeNMOpaHTa MepexousT ot rurca u gonomura k Ca, Mg-coxepxamemy
MMPOKCEHY.

OTu WcciaenoBaHus MO Pa3pabOTKE TEXHOJOTHH TIONYYEHUS H
MIpUMEHEHNsT yIOoOpeHnuH MPOBOMMIKNCH B JlabopaTtopuu |'opHOro WMH-
cruryra YpO PAH u Ha onsrtHOM none Ilepmckoro HUMCX. TexHo-
norusi paspadareBanack B 2005-2013 rr. B xone uccnenopannii 2013—
2017 rr. Texnosorusi OblIa cymiecTBeHHO aopadorana (OnocoB, Cme-
TaHHUKOB, 2014; bauypus u ap., 2014).

[Ipu oboramennn nutaMoB ObllIa TTIOHWKEHA TEMITEpaTypa BOIBI
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mpu otMbiBke 70 40 °C (Bmecto 60—70 °C) ¢ 1ebi0 MaKCUMATBHOTO
n3baBiieHHs OT XJjopuaa HaTpua. Ho rimaBHBIM 00pa3oM H3MEHEHHS
KOCHYJIUCh TapaMeTpOB BBICOKOTEMIIEPATYPHOI'0 OOXHra ¢ Ueblo
MaKCHUMaJIbHOTO MPeo0pa3oBaHusl MUHEPAJIHHOTO COCTaBa MIIAMOB.

JlJ1s BBISBJICHUS ONTUMAaJIbHBIX MMAapaMeTPOB KOHIIGHTpAT odora-
LICHUSI TPaHYJSIT OOXKUTAJCS TpeMsl MapTUSAMH TpU TeMIIepaType
600 °C (VJITII-1), 800 °C (YJITII-2) u 900 °C (YJITII-3). Munepasb-
HBII cOCTaB MPOJYKTOB 00KuTa moka3a B Tabiuie 1. JlanHable TaOnu-
bl 1 AEMOHCTPHUPYIOT, YTO MPeoOpa3OBaHKeE ITaMa B OrapoK XapakTe-
pu3yercs pa3pylIeHHEM XJIOPHJIOB, JOJOMHUTA, aHTHAPHTA M UX yda-
CTUEM B (I)OpMI/IpOBaHI/II/I HOBBIX KaJIMEBbIX U KaJIBIIMECBBIX, MarHUCBbIX
MuHepanioB. [IpudeM WHTEHCHMBHOCTH pPa3pylLICHHS TECHO CBA3aHA C
MOBBIIIIEHUEM TeMIepaTypsl oOura. HamOomnbimas WHTEHCHBHOCTH
npeoOpa3oBaHus M KOJIUYECTBO HOBOOOPa30BAaHHBEIX MHHEPATIOB OTMe-
gaercst mpu temmeparype 900 °C (puc. 1).

Tabdauna 1. MuHepansHBII cocTaB OrapKoB
Table 1. Mineral composition of calcine

MuHepajibHbIH cOcTaB OrapkoB 1o J1aHHbIM PK®A (macc. %)
o = = | E| g | | E
el 21 2| 5| 5| 5| 8| =] g &
< = S = o) = < ) =
2| 2| 5| & | | 35| &| g
= S = =4 = .5
600 10 18 8 5 4 44 2 13
800 9 15 5 3 4 40 2 19
900 8 13 2 1 2 18 2 43 8

Cunrenut — K,Ca(S0,),-H,0.

Takum 00pazoM, ONITUMANBHBIA PEXUM OOXKUTA TPUBOUT K TIe-
pepacnpeneneHuio (BXOXICHUI0) Kallus, XJIOpa, KallbI[Us U MarHus B
HOBOOOpa30BaHHBIE MHHEPAITBL.

bamanc xamms B orapke pacmpefensercs Mo TPeM MHHEpalaM,
conepxkamiuM kanuii, — KIIIII, cMHreHuT M OCTaTOYHBIA CUIILBHH
(KCI), — obnanmaronM pasHoii pacTBOpUMOCThI0. CyIIeCTByeT BO3-
MOXKHOCTh PAacCUMTATh ONTUMAIBHYIO 03y C IMPOTHO3HBIM JIEHCTBUEM
oqHOro BHeceHHs Ha 4—8 yer. KpoMe Toro, yHHKalbHBIM KadueCTBOM
orapka siBJISIeTCs €ro cTepuibHOCTh (CMeTaHHUKOB, 2017).
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Puc. 1. Orapok — rpaHysr, 0G0 KEHHBIIT nipu Temneparype 900 °C.
Fig. 1. Calcine — granulate, annealed by 900 °C temperature.

[TomeBsle  OMBITHI ~ NPOBOAWJINCH  HA  JIGPHOBO-CHIIBHO-
MOJ30MUCTON TshKenocyrmuHucTOl nmouBe (pHgo — 5.2-5.4; rymyc —
2.21-2.30 %, cymma TOIJIOMEHHBIX oOcHOBaHmii — 19.6-22.0
Mr-5kB/100 T mouBsl; mOABMXKHEIA (ochop — 121-124, oOMeHHBIH Ka-
i — 110-120 mr/kr mousbl). CXeMBI OIBITOB C 36PHOBBIMH KYJIBTY-
pamu u KapTodeneM MpeacTaBieHs! B Tabiumnax 2, 3.

ArporexHuKa B ONBITE — OOLIENPHUHSATAS U1 BO3ACTbIBAHUS
SIPOBOM MIIEHUIIBI, STUMeHs U KapTodens B [lepmckom kpae. B npensa-
PHUTENBHBIX JIAOOPATOPHBIX HMCCIEAOBAHUAX HCIOIb30BAHHE Orapka B
KayecTBe COOCTBEHHO cyOcTpara Ui BhIpaIlMBaHMs PACTEHUM MPUBO-
IO K UX YTHETEHUIO, U HE MOXeET ObITh PEKOMEHIOBAHO K ITPUMEH e-
HUIO B CEJIBbCKOXO3AHCTBEHHON MpakTuke. [1o3ToMy B cepuy MOJIEBBIX
OIBITOB ITOAXOX K MCIOJIb30BAHUIO OTXOJOB KAJIWHHOM MPOMBIILICH-
HOCTH OBII IPUHUMIHAIBHO U3MeHeH. Orapok HCIONIb30BajIcs KaK MU-

143



bromnerens [louBennoro naCTHTYTa M. B.B. Jlokygaesa. 2019. Beim. 100.

Dokuchaev Soil Bulletin, 2019, 100

HepanbHOe YI0OpeHHe B [103aX, COMOCTABUMBIX C J03aMHU TPaIUIHOH-
HBIX YAOOpPEHUH ¢ y4eTOM MPOLEHTHOr'0 COACPKAHUS B HUX MUTATENb-
HBIX BCIICCTB, B JAHHOM CJIy4ac€ — C XJIOPHUCTBIM KaJIUCM. HpI/I 3TOM
COOTHOUICHUE MacChl yIOOpEHHsI U MacChl MaXOTHOTO TOPU30HTA MOY-
BBl PaJMKaIbHO OTIMYAIOTCS OT COOTHOIICHHS, IMOMYyYeHHOro B Jabo-
paTopHbBIX HcclienoBaHusax. [lo3bl ymoOpenuii cocraBistoT or 100 mo
800 kr Ha 1 ra, macca maxoTtHoro ropu3onTa ¢ 1 ra — jo 2 400 T.

Crioco0 ¥ CpoKH MPUMEHEHHs Orapka ObUIM aHAJIOTHYHBIMHU 00-
HICTIPUHSATON TEXHOJOTMH TPUMEHEHHS MHHEPaJbHBIX YAOOpEeHHUH:
TOBEPXHOCTHOE BHECEHHUE C MOCJIENYIOIIEN 3aJIeJIKOM B MOYBY B XOJI€
OCeHHeH 340JIeBOl BCIAIKH. B ombITax ¢ 3epHOBBIMH KYJIbTypamH H
kaprodenem i ycraHoBleHHsS 3()()EKTUBHOCTUA Orapka pa3HoW CTe-
MeHn 00XKHUTa Hapsly ¢ KOHTPOJIeM ObLIM BKJIFOUEHBI CIIEMYIOIINE Ba-
puanThl: GoH — NeoPeo, NeoPsoKzo, NeoPeoKeo.

VYyer ypokas CIJIONIHOH, moAenssHouHbIA. CraTucTryeckas 00-
pa60T1<a TMMOJTYYCHHBIX JTaHHBIX BBIIIOJIHCHA 110 METOAHKE, HU3J10KEHHOMN
B.A. JloctiexoBbiM (1985).

KauecTBeHHBIM cOCTaB 3€pHa, COJOMBI 3EPHOBBIX KYIBTYp U
KIIyOHEH KapTodemns OmpenessuId 1Mo OOIMEHPUHATHIM METOAWKAM B
n3noxkeanu B.B. Kunnna (2008).

PE3VJIBTATBI 1 OBCYXXJIEHUE

Pe3ynbTaThl pa3padoTku cnocoda npeodpazoBaHus HLJIAMOB.
['maBHBIME pE3yNILTATOM CTAJO MONYYCHHE MPOJYKTa — Orapka, KOTo-
pBI TIO3UIIMOHUPYETCS KaK KOMILIEKCHOE YAOOpEHHE MPOIOHTHPO-
BAHHOI'O JEHCTBUSL.

OCHOBHasI TIO3UITHS 3aKJIFOYACTCS BO BKITFOUCHHHM MUTATEIHHBIX
kommonenToB (K, Ca, Mg) B MuHepasibl, 001a1aoIne HU3KOi pacTBO-
PHUMOCTBIO, U B UX 3aMEJICHHOM MOCTYIICHUHU B MOYBY. J[pyroe cBoii-
CTBO — HAIIMYUE METHOPUPYIOIINX KOMIIOHEHTOB M KOMIIOHEHTOB, T10-
3HIIMOHUPYEMBIX KaK MUKpOyJ00peHus. Kpome Toro, TeXHOIOrus mo-
JyYEeHUs] Orapka He UCKIII0YaeT BO3MOXHOCTH CMEIIMBAHUS HA CTAJUH
oOorarmieHusi ¢ orxomamu oboramieHust GochoputoB (3ensiMu) u mo-
my4dernst K-P orapkos.

Bropas mo3uius — 3T0 COXpaHEHHE MENHOPUPYIONIMX CBOWCTB
orapka Imocjie o0XHra U paspylieHUs JOJIOMHUTA W THICA, OCKOJBbKY
MPOAYKTHI pa3pylleHHs JOKAIU3YIOTCS B MUPOKCEHE, Takxke olnaja-
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IOLIeM METHOPUPYIOMIMMHU CBOMCTBaMHU. TpeThsi MO3ULUsl — 3TO Tepe-
BOJl MHKPORJIEMEHTOB, BKIIOYEHHBIX B CyAb(pHUABI TOCIE 00XHra, B
okcuanyio Gopmy (CMeraHHUKOB M Jp., 2017, CMeTaHHUKOB U .,
2018). Bce aTH Tpu MO3UIMK XapaKTEPU3YIOT “Orapok’ Kak KOMILIEKC-
HOE yaoOpeHue MpOJIOHTHPOBaHHOTO JelcTBUA. Kpome yka3aHHBIX
BBIILIE CBOWCTB, MPUMEHEHHE Orapka MOXKET pacCMaTpUBATHCS KakK HO-
BBII cr10cO0 COXpaHEHHsI TIOAOPOIHS I0UB B KOMIIEKCE C BOCCTAHOB-
JICHUEM W YIIY4YIICHUEM €€ (1)I/ISI/IKO'XI/IMI/I‘-ICCKI/IX, ArpOHOMUYCCKUX
CBOMCTB U yJIy4IIICHUEM YCTOWYMBOCTU PaOOTHI arpO3KOCHCTEMBI.

Takum obpazom, chopMupoBaHa KOHIENTyaslbHAsT MOJAECNIH CO-
3/IaH¥sI HOBBIX BUJIOB MUHEPAJbHBIX YA0OPEHHH, MO3BOJISIIOMA MPH-
MCHATH UX B PasHbIX NOYBCHHO-KIIMMATHYCCKUX YCIIOBUAX U JIA KYJIb-
Typ C pa3In4YHbIMUA Tpe6OBaHI/ISIMI/I K MUHEpaJIbHOMY MU TAaHHUIO.

B TO e Bpemsi BO3HUKAET psiJl BOIIPOCOB, OCHOBHBIM M3 KOTO-
PBIX siBIIsieTCst Bompoc o BpemeHu paspymreHust KT u “dopme” mo-
CTYIUICHUA KaJius B IIOYBY.

UzBecTHO, 4TO 00pa3zoBaHME OCAJKOB, WX TMOCTENIEHHOE MOrPY-
JKEHHE C HAKOINIEHUEM HOBBIX OCAJIKOB CIIOCOOCTBYET IOSBICHHUIO T'pa-
TUEHTA AaBJieHHS U TeMmrepaTtypbl. Coderanue 3TuX (pakTopoB Crocoo-
CTBYyeT IpeoOpa3oBaHHi0 (MeTaMOp(H3aIMK) MOrPYKAIOMUXCA 0Ca -
KOB M TMPeoOpa30BaHMIO TMEPBHYHBIX MHHEPAJIOB OCAJKOB B JAPYyTUE
(metamopdorennpie) MuHepanbl. [logo0HOE SBICHHWE MPOWCXOAWT H
MIpH OOKWTE NUTAMOB, OJTHAKO JOMUHHUPYIOIINM SIBIISIETCS] TEMITEpaTyp-
HEIH (akTop.

B mouBe areHTaMn XMMHUYECKOTO BBIBETPUBAHUS SIBISIFOTCS: BO-
na, KACIOPOJI, YIIEKUCIOTa M PA3INIHbIE OPTaHUYECKUE COEeINHEHIS
MPEUMYIIECTBEHHO KHCIOTHOTO THMA. [Ipy BO3elicTBUH 3THX areHTOB
B TIOYBAaX HYT PEAKIUU PACTBOPEHUS, OKUCIICHUS, THAPATAUN U TH/I-
ponm3a MUHEPAIOB. B psiay ycTOMYNBOCTH MUHEPAJIOB Orapka K XUMH-
YeCKOMY BBIBETPHUBAHUIO MOXXHO BBICTPOUTH CIEHYIOMIHH psi: 1) THIIC
Y OpraHWYEecKHe BEMIeCTBa; 2) MOJOMUT; 3) XJIOPUT, CepUIHNT; 4) Mu-
pokcen; 5) oprokina3 (KIII). K ycroiiunBeiM MuHEpajgamM OTHOCSATCS
KBapIl, IUPKOH, OKCUIBI TUTaHa U np. Jl06aBOUYHBIM (haKTOpOM, CITO-
cooctByrommM pazpymrenuto KIIII, sBrisercst pa3smepHOCTh ero 3epeH,
KaK B MCXOJIHOM IIJIaMe, TaK U B OrapKe, KoTopasi cocTasisier meHee 40
MUKPOH.
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Kax Buano u3 370it nocnenosarensHocty, KIIII moxxer monsep-
raTbCsi XMMUYECKOMY BBHIBETPHUBAHHIO B MOYBAaX C HECPaBHEHHO Ooree
ciIIbHBIM 3¢ exTom, ueM B KOpe BHIBETPUBAHUS TOPHBIX mopoa. Pas-
noxenune KIIII mo Ilepensmany, IlonbHoBy (IlonbiHoB, 1934; Ca-
HIOKHUKOB U JIP., 1972) npeacTaBisieTcs CIeAyIoNel peaKiueii:

K,0-Al,04-Si0, + CO, + 3H,0 = K,CO3 + Al,03-2S10,-2H,0 +

[TocnenoBaTenpHOCTh BEIIECTBEHHBIX MPEBpPALIEHUH — OpTO-
KJ1a3-roran-kaonuHuT. [lorami, ckopee BCero, M SBISETCS OCHOBHBIM
KaJINEBBIM MTUTATEIbHBIM KOMIIOHEHTOM.

Pe3ynbTaThl MCOBLITAHHA [EHCTBUSI OrapKoB Ha YypoOKai-
HOCTb ¥ KA4€CTBO MOJIEBBIX CEJIHCKOX03SIICTBEHHBIX KYJIbTYP.

MereopoiornuecKie yCJaoBHs B OBl MPOBEACHUS OMbITa ObLIH
pasnuunbiMH. Bereranmmonnsiii mepuox 2015 1. xapakxTtepmzoBaiics
ONaroNnpUATHBIMU YCIOBHSMH JIUIsI ()OPMHUPOBAHUST YpOXKasT 3EPHOBBIX
KyIbTyp, a 2016 T. — Kak 3aCyIIIUBEIN ¢ BBICOKOH TEMI000eCTIeueHHO-
CTBI0O M HEIOCTAaTOYHBLIM KOJIMYECTBOM ocaikoB, 2017 r. oramyanics
HU3KOH TEII000eCIedeHHOCThIO M OOJIBIIIAM KOJTHYECTBOM OCAIKOB.

YpokaiHOCTh SPOBOM MIIEHUIIB 0e3 yIOoOpeHH B CpeaHEM 3a
nBa roja cocrasuna 1.68 t/ra, sumens — 2.04 1/ra (tabi. 2). Buecenue
a30THO-(pochOpHBIX yHOOpEHHI CIOCOOCTBOBAJIO TOBBIMIEHUIO YPO-
JKaWHOCTH SPOBOM TIIICHHIIHI 110 CpaBHEHHWIO C KOHTpoiieM Ha 89 %,
samerst — Ha 76 %. Ilpumenenne NgPgoKeo Tarke obecreunBaiio cy-
mecTBeHHbIe mpubaBku: Ha 117 % mo cpaBHEHWIO ¢ KOHTPOJIEM U Ha
15-17 % no cpaBHEHHUIO C POHOM.

[Ipumenenne  orapka  crmocoOCTBOBaiIO  (pOPMHUPOBAHHIO
YPOXKaWHOCTH 3€pHOBBIX KyabTyp Ha ypoBHe KCI (paszmuums — B
npenenax ommOku ombiTa). [IprbaBka ypokas sSipoOBOil MIEHHIIBI TIO
CpaBHEHHUIO ¢ KOHTposneM coctaBuia 1.42-1.78 t/ra, ¢ ponom — 0.23—
0.28 1/ra, stumens — 1.30-2.02 u 0.34-0.47 1/ra COOTBETCTBEHHO.

AHanmu3 KadecTBa TMOMYYCHHOW WPOMYKIIMK TOKa3al, dYTO
cojJiepkaHue aszora, ¢Gocopa W KaiMsg B 3€pHE U COJIOME OOEUX
KyIbTYyp B BapHaHTaxXx C NPUMCHEHWEM orapka ObUIO Ha YpOBHE
BapHaHTa C MPUMEHEHUEM CTaHJAPTHOTrO YJOOpPEHHS U JIOCTOBEPHO
BBINIE 10 CPABHEHHUIO C KOHTpOJeM. Pazinuus MexIy BapHaHTaMHu C
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MpPUMEHEHNEM Oorapka ObLTN HEeCYIeCTBEHHBIMHU.

Takum oOpa3om, NpUMEHEHHE HOBOI'O TUMA YAOOpEHHH IOA
3€PHOBBIC KYJIbTYPHl B PEKOMEHAYEMOM 103€ sBJsAeTCS 3()PEKTUBHBIM
MPUEMOM, TaK KakK IOBBIIIACTCS YPOKaWHHOCTh 3E€PHOBBIX KYIBTYP,
KayecTBO MNPOAYKIMHM HE yXYyAIIaercs, a TakkKe pelaercs
JKOJIOTMYECKass  mpoOiieMa  yTHIM3AaIllMd  OTXOJIOB  KaJMMHOM
IMPOMBIIIIJICHHOCTH.

Kpome 3epHOBBIX KynbTyp NpHUMEHEHHE Orapka B KauecTBe
ynoOpeHuii u3ydanud Ha Kaptodene B CPaBHEHHH C a30THO-
dochopHbIME B a30THO-QocopHO-KaTHIHEIMU yI00peHusmMu. Heno-
CTaTOK TeIlJIa U M30BLITOK BJAard B TEUEHUE BEreTallMOHHOI'0 Imepruoaa
OTpUIIATENBHO CKa3ajcs Ha (JOPMHUPOBAHUH ypOKaWHOCTH KapToders,
KOTOpBIN Ha KOHTpose cocTaBui 2.92 1/ra (tabm. 3).

Buecenune azorHo-pochopHbIX ynodpenuit (poHOBBIH BapHaHT)
u nonHoro MuHepainsHoro ymoopenus (NPK) B pexomenmyemoi mpo3e
CIIOCOOCTBOBAJIO TIOBBIIICHUIO YPOXKAWHOCTH KITyOHEH KapTodens Ha
1.43-4.51 1/ra o cpaBHeHHIO ¢ KOHTposieM. HanbGomnbliero 3HaueHus
ypokaitHocTh mocturia mpu BHeceHHH NgoPooKgo (KCI) — 7.43 1/ra.
CbanancupoBaHHOE MUHEPAIbHOE MHUTaHNWE KapTOQemns MOBBIIAIO HE
TOJNBKO ypPOXKaHHOCTb, HO M CHOCOOCTBOBAJIO YIYYIICHHIO KadyecTBa
Ki1yOHel. OTMedeHa TEHAEHIUS TTOBBIMICHUS COIEPKAHMUS CyXOro Be-
IIeCTBA, Kpaxmaia 1 BuTaMuHa C 10 CpaBHEHHUIO ¢ KOHTPOJIEM.

Buecenme a3ora, pocdopa u orapkoB B peKOMEHIYEeMOU H TO-
BBINICHHOW J103ax obecrevnBao mojiyvyeHue ypoxaiHoctu 6.41-6.88
T/Ta — Ha YpoBHE XJOopucTOro Kamus. IIpu 3ToM mokaszatenn kadecTBa
ypoXKasi: cozep>kaHHe CyXOro BeIIecTBa, Kpaxmaia, HUTPATOB, BHUTA-
muHA C, — HE YCTYNaJ Il BapuaHTy ¢ MPUMEHEHUEM XJIOPUCTOTO Kajws,
pa3Iuums MEeXIy BapHaHTaMH ObLIM B OCHOBHOM B ITpEZENaxX OIIMOKH
ombita. ConepikaHne a3oTa BapbupoBajo B OoTBe B mpemenax 0.29-
0.32 %, a B kyonsax — 0.31-0.33 %, P,Os — 0.10-0.12 % u 0.12-0.16
%, K,O —0.85-1.03 % u 0.68-0.96 % cOOTBETCTBEHHO.
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Tadaunua 2. BiusiHne orapka Ha ypoXXaiHOCTb SIpOBOH IMIIEHHIIBI U IpOBOro staMeHst (cpenHee 3a 2015-2016 rr.)
Table 2. Spring wheat and barley yields as influenced by calcine application

SpoBasi mueHMIA SumeHs, T/Ta

BapuanTs! ypouKaii- npudaBKa ypoxaii- npudaBkKa

HOCTb, | K KOHTPOJIIO K (pony HOCTh, | K KOHTPOJIIO K (pony

T/Ta Tra | % T/Ta % T/ra Tra | % |T1/ra| %
Bbes ymobpenuii — 168 i ) ) ) 204 ) i i i
KOHTPOJIb
NgoPeo — on 3.18 150 | 89 - - 3.59 1.55 76 - -
NesoPsoKkel 30 3.30 162 | 96 0.12 4 3.83 179 | 88 | 024 | 7
Neo Pso Kkci 6o 3.65 197 | 117 | 0.47 15 421 217 | 106 | 0.62 | 17
NegoPeotYJITII-1 30 3.18 150 | 89 - - 3.34 1.30 64 - -
NegoPeotYJITII-3 30 3.10 142 | 84 - - 3.38 1.34 | 66 - -
NeoPeotYJITII-1 60 3.46 1.78 | 106 | 0.28 9 4.06 202 | 99 | 047 | 13
NeoPeotYJITII-3 60 3.41 1.73 | 103 | 0.23 7 3.93 189 | 93 | 034 | 9
HCPgs 0.21 0.38
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Tadauna 3. YpoxallHOCTh 1 KaueCTBEHHbIE MOKa3aTeNu KiayoHel kaprodens (2017 r.)
Table 3. Potato yield and tubes quality parameters (2017)

Ypoxaii- IIpudaBxa Conep:xanue
Bapuantsl HOCTb, K KOHTPOJII0 K ¢pony cyxoe |KpaxmaJ,| HUTpaThbl, | BATAMHH

T/ra T/ra % T/ra % B-BO, % % MI/Kr C, Mr
Koutpons 2.92 - - - - 18.9 13.6 13.2 11.91
NgoPgo or 1 4.35 1.43 49 - - 18.6 13.9 14.0 12.79
NogoPgoKxkei 90 7.43 451 154 3.08 71 19.1 13.8 18.1 14.81
Don + 014 4.36 1.44 49 0.01 - 18.8 13.6 13.1 13.10
@on + 0-1g9 6.41 3.49 119 2.06 47 18.7 11.6 16.9 13.45
@on + 0135 7.07 4.15 142 2.72 62 19.2 15.0 17.6 13.25
@on + 024 4.89 1.97 67 0.54 12 19.1 135 15.0 13.60
@on + 0249 6.88 3.96 136 2.53 58 18.5 11.4 17.5 13.10
@oH + 0215 6.99 4.07 139 2.64 61 18.7 11.6 17.8 13.29
@on + 0-34 5.15 2.23 76 0.80 18 19.1 115 16.0 13.90
@on + 0-3q9 7.37 4.45 152 3.02 69 19.1 14.4 17.2 14.40
@on + 0312 7.50 4.58 157 3.15 72 19.2 141 17.4 14.70
HCPys 0.88 Fb<F, | Fb<F, 3.2 1.1
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B xinyOHsx kaprodens W MOYBE MPOBETH ONpENeNeHHE COAep-
KaHUS TSDKENTBIX MeTaJuloB. [laHHbIe, MpUBEACHHBIC B Ta0MULE 4, TOKa-
3BIBAIOT, YTO COJEPIKAHUE THKEIBIX METAIOB B KIYOHSX KapTogens
He npesbimano [IJIK u YK u Obuto Ha ypoBHE (POHOBOIO M KOH-
TPOJILHOT'O BAPUAHTOB, a TAK)Ke BAPUAHTOB C BHECEHUEM TOJIHOTO MU-
HEpaIbHOrO YI0OpEHHUSI B PEKOMEHTyEMOM JI03€.

Tabauna 4. BiusHue orapkoB Ha COICPIKAHKUE TSDKENIBIX META/UIOB B KITYOHSIX
Kaprodensi, Mr/kr

Table 4. Heavy metals composition in potato tubes as influenced by calcine
application

BapuaHtsl Kagmuit CBuHen Bop KobGaabT

bes ynobpernii — 0.012 0.22 11.27 0.28
KOHTPOJIb

Ngg Poo — o 0.022 0.42 13.73 0.40
NgoPgoKag 0.020 0.37 10.37 0.13
®on +0-1 120 0.012 0.22 12.91 0.21
don + 0-2 120 0.017 0.31 13.28 0.19
®on + 0-3 120 0.0097 0.26 10.37 0.18
®on +0-3 90 0.010 0.16 11.49 0.32

AHanornyHble PE3yNbTaThl MOMYYEHBI U TIO COJCPIKAHUIO TSKE-
JIBIX METAJUIOB U MHUKPO3JIEMEHTOB B mouBe. VX copaepxkaHue ObLIO
MPAKTUYESCKU OJMHAKOBBHIM B BapHaHTAX C BHECCHUE Orapka WU XJIOpH-
cToro kamwus (Tabm. 5).

Takum  00pa3oMm, MNpPUMEHEHHE oOrapka He  yXYIIIHIOo
arpoXMMHUYECKHE MMOKA3aTeld TOYBBI 1O CPABHEHUIO C BHECCHUEM
CTaHJAPTHOTO yI00PEHHS — XJIOPUCTOrO KaJHsl.

B nasnpHeHIMX uccieqoBaHusIX HE0OXOMUMO MPOBECTH TONMHBIH
OMOXMUMHYECKHUN aHan3 (COEpKAaHHUE ChIPOro MPOTEHHA, XKHUPa, KIIeT-
YaTKH U JIp.) ¥ OMPENEIICHUE COEePKAHUS PACIIUPEHHOTO HAbopa MUK-
PODJIEMEHTOB B UCTIBITHIBAEMBIX KYJIBTYpaXx.
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Tabdnuuma 5. BnusHue NpUMEHEHUs] OrapkoB Ha COJEp)KaHHUE TSKENbIX
METAJJIOB ¥ MUKPORJIEMCHTOB B TIOYBE, MI/KT'

Table 5. Calcine application impact on heavy metals and trace elements
content in soil, mg\kg

Tsxennple MeTALIbI = MuKpo3JjieMeHThI
=
= = g % = q=.a[
-]
Bapuantbl 2 = 2 = g = £ 5
o) = = = sz s =
= | =5 & &85 8 g
S E = =
Kontpons 24.33|48.05|10.64 | 0.198 | 3.66 1.20 39.15

Ngo Pgo—or | 25.39|47.61| 9.92 |0.201| 4.26 0.83 44.65

NooPooKao 26.43|48.79| 9.75 [0.208| 2.69 | 1.67 | 38.30

®on + 0-1 120 26.52 | 48.13|10.19 | 0.210| 1.93 1.13 39.33

®on + 0-2 120(23.38 | 47.13| 9.53 | 0.228 | 2.38 1.27 34.21

®on + 0-3 120(21.99 | 47.71|10.44 | 0.237| 3.38 1.47 26.92

@on +0-3 90 |22.65|48.54|10.44|0.284| 2.28 1.20 27.54

BbIBO/IbI

1. Pa3paboTtana u ycOBEpIIEHCTBOBaHA TEXHOJOTHS IepepadoT-
KA IUIAaMOB B KOMIUJICKCHBIC YIOOpPEHUS MPONIOHTHPOBAHHOTO JICH-
CTBHS, KITFOUEBBIM JJIEMEHTOM KOTOPOM SIBJISIETCS BBICOKOTEMITEPATYP-
HeIi (t = 900 °C) obxur nuramoB. [lomydeHHBIH TPOAYKT HA3HIBACTCS
orapok. Orapok comepkuT nutareiabHbie KomrnoneHtsl (K, Ca, Mg),
MEITUOPHUPYIOIINE KOMITIOHEHTHI (MTUPOKCEH, TOJIOMHUT W THIIC), MUKPO-
anementsl (Cu, Zn, Co u ap.).

2. TlpoBenieHHast cepus MOJIEBBIX OIMBITOB MOATBEPIUIIA BO3MOXK-
HOCTh WCIOJIb30BaHUS Orapka B KauecTBE yJ00pEHUs B J103aX, COIMO-
CTaBHMBIX C JI03aMH TPAJUIIMOHHBIX YyA00peHui. BHeceHue orapkos
CIoOCcOOCTBOBANIO (HOPMHUPOBAHUIO YPOKAWHOCTH 3E€PHOBBIX KYIBTYp H
KapTodessi Ha ypOBHE CTaHapTHOro ynoopenus. Kpome toro, mokasa-
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TeNM KauecTBa ypokas KapTodens (coaepkaHue CyXOro BeElIecTBa M
Kpaxmana B KIyOHSAX, COIEpKaHHE TSDKENBIX METAJIOB) HE YCTYMalH
TakOBbIM B BAapHaHTaX C MPUMEHEHHEM TPaJAULHMOHHOIO KaJIMHHOTO
yI0OpeHUsL.

3. Heo0x0anMo MpOIOIKUTE MCCIIEAOBAHMSI IO COBEPIICHCTBO-
BaHUIO cocTaBa (BKJIIOYEHHUE MAKpO- M MHUKPODJIEMEHTOB), a TaKKe
pa3paboTKe TEXHOJNOTHH TIONyYEHHs W MPUMEHEHUS Ha Pa3IHYHbBIX
KyJIbTypax HOBBIX KOMILIEKCHBIX PK ynoOpenuit mposIoHrHpoBaHHOTO
JENCTBUS.

4. MuHepasbl, BXOASIINE B COCTaB Orapka, MOTYT CIyKHUTh OC-
HOBOW MJIM MaTpHLEN I MAKpO- U MUKPOAJIIEMEHTOB, YTO IO3BOJISIET
N00aBISATh B HEE MPAKTUYESCKH HEOTPaHHMUYEHHBIH HA0Op KOMITOHEHTOB,
BKJIIOYAsl CTUMYJSATOPHI pocTa W OaKTepHalbHBIE Tperaparsl. Takum
o0pazoMm, (GopMUpyeTCS KOHIIETITyalbHAasT MONENb CO3JaHUS HOBBIX
BHJIOB MUHEPANBHBIX YIOOpEHHI C 3aJaHHBIMH CBOWCTBAaMH, CIIOCOO-
CTBYIOLIMMH COXPAHEHHWIO M TOBBIIIEHUIO TUIOJOPOIHS MOYBBI, MTOBBI-
[IEHUIO YCTOMYHNBOCTH arpO3KOCHCTEMBI, a TaKKe TO3BOJISIOMIAs MPH-
MEHSTh X B Pa3HBIX NOYBEHHO-KIMMATHYECKUX YCIOBUAX U JUISI KyJIb-
TYp C pa3INYHBIMH TPEOOBAHUAMU K MUHEPAIBHOMY ITUTAHUIO.

BJIATOAAPHOCTD

HccnenoBanusi BBINIONHEHBI MpU Nogjaepxke rpanta PODOU Neo
17-45-590998 “Pa3paboTka KOHIENTYaTbHOTO MOAX0Ja K mpeodpaso-
BaHUIO (YTHJIM3AI[MHM) TIMHUCTO-COJIEBBIX OTXOAOB (IIUTAMOB) TIOCIE
nepepaborkn K-MQ pyn u BCTIONB30BaHUIO MPOAYKTOB YTHIIM3AINH B
KadecTBe KOMILIEKCHBIX yMOOpPEHHWU MPOJOHTHPOBAHHOTO IEHCTBHS,
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Peztome: C NOMOIIBIO METOJa MOCEBA Ha AJICKTWBHBIE NMHUTATEIBHBIE CPEIbI
OllCHEHA YHCICHHOCTh ¥ AKTUBHOCTh TAaKCOHOMHYECKHX (OaKTepui,
AKTHHOMHIICTBI, MHKPOMHUIIETH) H (DYHKIMOHAIBHBIX (a30T(HKCATOPEL,
aMMOHHU(HUKATOPBI, JICHUTPUPHUKATOPHl AMUIOIUTHKH, LEJUTIOIIONATHKH)
TPYIIl MHKPOOPTaHU3MOB B arpouepHo3eMax CTaBpOIOIBCKOrO Kpas MOj
BIIMSIHHEM Pa3IMYHBIX CUCTEM 00pabOTKU MOUYBBI — MpsiMoro nocesa (no-till) u
BCIIAIIKM ¢ O000OpOTOM IUiacTa (TpaJuiMOHHAs 00paboTKa). AHAIN3BI
OPOBOJMJIA Ui BAPMAHTOB €  O3WUMOM  MIICHHWIICH, KyKypy3oil,
MOMCONMHEYHUKOM M COeld TP  BHECCHHH/OTCYTCTBHH  MHHEPAIbHBIX
ymoopenuii. TpaguiuonHass o0paOOTka TOYBBI JUIS  OOJBIIMHCTBA
CEIbCKOXO03IHCTBEHHBIX KYJbTYp HNPUBOAUT K POCTY AKTUBHOCTH a3pO6HbIX
AMMOHHU(HKATOPOB, LEJUTIOJIOIUTHKOB, NEHUTPUPHUKATOPOB, aKTUHOMHIIETOB
U MukpomuieroB. Texnonorust no-till, B cBOWO ouepelp, NOBBIIIAET
WHTEHCUBHOCTh aHadPOOHBIX I[EJUTIONIOIMTUKOB U a30T(HKCATOPOB, a9POOHBIX
I1a30TpooB M aMIIONUTHKOB. Hambomee OT3bIBUMBON KyNbTYpOH, MOA
KOTOpOH yBEJIMYMBATIACH OHMOJOTHYECKAas aKTHBHOCTh MPAaKTHYECKH BCEX
IpyII MUKPOOPTaHU3MOB Ha NOJsiX no-till, crana kykypysa, Torna kak o3umas
NIIEHWIA [OBBIANa YHCICHHOCTh MHKPOOPIaHM3MOB IPH  BCIAILKE.
[lpumenenne MuHEpANBHBIX  YIOOpPEHHH IOBBINIATIO  OHOJOIMYECKYIO
aKTUBHOCTH ITOYBBI I10J] IIOJCOJHEYHUKOM IIPH NPSAMOM IIOCEBE, B TO BpeMs
Kak [pd TPaaMIHOHHOM 00paboTKe 3HA4YeHHA JAaHHOTO Mapamerpa
YBEJIMYMBAINCH HA (JOHE OTCYTCTBHS MUHEPAIBHBIX yIOOpEHHI.

Knroueevie cnoea: uuncnennocts KOE, IEIUTIONOMUTHKY, aMUIOTHTHKH,
a30T(HHUKCATOPBL, JIEHUTPUPUKATODBL, Oaxrepun, AKTHHOMMUIIETBHI,
MHKPOCKOITUYECKHE IPHOBI, HyJIeBasi U TPaJUIMOHHAsT 00paboOTKa MOYBHI.
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Abstract: Using the method of inoculation on elective nutrient media, the
abundance and activity of taxonomic (bacteria, actinomycetes, micromycetes)
and functional (nitrogen fixers, ammonifiers, denitrifiers of amylolytic,
cellulolytic) groups of microorganisms in agrochernozems of the Stavropol
region under the influence of various tillage systems — direct seeding (no-till)
and moldboard plowing with the turnover of soil horizon (traditional
treatment). Analyzes were carried out for such crops as winter wheat, corn,
sunflower and soybean with/without application of mineral fertilizers.
Traditional tillage for the majority of crops leads to increased activity of
aerobic ammonifiers, cellulolytics, denitrifiers, actinomycetes and
micromycetes. No-till technology, in its turn, increases the intensity of
anaerobic cellulolytics and nitrogen fixers, aerobic diazotrophs and
amylolytics activity. The most responsive crop, under which the biological
activity of almost all groups of microorganisms increased in the no-till variant,
was corn, while winter wheat contributed to the increase in the number of
microorganisms in the moldboard plowing variant. The use of mineral
fertilizers provoked the growth of soil biological activity under sunflower
sown directly in the soil, while conventional tillage resulted in higher soil
biological activity without application of mineral fertilizers.

Keywords: CFU abundance, cellulolytics, amylolytics, nitrogen fixators,
denitrifiers, bacteria, actinomycetes, microscopic fungi, zero and conventional
tillage.

BBEJIEHUE

OO0paboTka TIOYBBI 3HAYUTEIHLHO OMNpENENIeT ee (U3HUECKHE,
XUMUYecKue U arpoHomuueckue coiictsa (Delgado, Gomez, 2016). B
3aBHCUMOCTH OT HCIOJB3yEeMOH CHCTEMbI MEXaHHUYECKOH 00paboTKH
MEHSIETCSl CTPYKTypa TIOYBBI, €€ IIJIOTHOCTh, MOPO3HOCTh, BOJHO-
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BO3IYIIHBI U TEIUIOBOM PEXKUMBI, YTO OKa3bIBACT BIMSHHE Ha a’pa-
U0 U OOIIYIH0 MPOAYKTHBHOCTH T'YMYCOBBIX TOPH30HTOB. Y POBCHB
a’pali, B CBOK Ouepellb, CKa3bIBaeTCs Ha MPEOOTaJaHuHM TEX WIIH
UHBIX (YHKIMOHAIBHBIX TPYNI MHKPOOPTaHW3MOB, BIHSIONIMX Ha
GbopMbl M 3amackl OMOTEHHBIX DJICMEHTOB B MOYBE, OMPEACIssS MPH
ATOM MUTAHUE PACTCHUI M B KOHEYHOM MTOr'e KQ4eCTBO U KOJIUYECTBO
moaydaemoro ypokas (Shukla et al., 2017).

IMTockonbKy OHONIOTHYECKHE CBOWCTBA MOYBBI MPSMO HJIH KOC-
BEHHO BJIMSIOT Ha BBIXOJI CEIIbCKOX035HCTBEHHON TPOAYKIIMU, HEOOX O-
JIMM aHaJIM3 JIAHHBIX MOKa3aTeleil B pe3yibTare JIUTEIBHOr0 MpuMe-
HEHHs TOW MJIM MHOW TeXHOIOrHuu 00pabdborku mouss (Liu et al., 2016).
MHuUKpOOHOIOrHYecKre MOKa3aTeIM 4acTO UCIONb3YIOT B IENIAX OHO-
WHIUKAIUH, TIOCKOJIbKY TIPOKAPUOTHl i MUKPOMHIIETHI HanOOoJIee TyTKO
OTKJIUKAFOTCSI Ha OOJIBIIUHCTBO BO3ICHCTBUM, KOTOPHIM TOIBEPTatOTCS
moussl (Anderson, 2003). Ba)xHO TOHMMATh, YTO pa3HbIE THITHI OOpa-
OOTKM TIOYBBI CO3AIOT TOPOH JHAMETPAIBHO MPOTHBOIOIOKHBIE
YCIIOBHSI ISl COXPAHEHHMsl BJIATM W JIOCTYIHOCTH B HEH KHCIOpoIa
(Trojan, Linden, 1998), uro ompenenser npeodiasaHine adpoOHBIX HIIH
aHadPOOHBIX TPYII MHKPOOPTaHU3MOB. VX COOTHOIIICHHE MOXET CITy-
KHUTh WHIUKATOPOM CTEIEHH HACBINICHHOCTH IMOYBBI aTMOCHEpPHBIM
BO3JIYXOM, MapIUAILHOTO JIABJICHUS] KUCIIOPO/A, & TAaKXKe HHTEHCHBHO-
CTH TaKHX BaXKHBIX OHOJIOTHYECKUX IPOIECCOB, KaK a30ThUKCAIHS,
aMMoHHU(HUKanMs (MUHEpaIu3anys a30Ta), HUTPATPEAYKIHUS U IPYTHE
(JoGpoBoabckas u ap., 2015; Kyrosas u ngp., 2016, 2018; Marinkovic
et al., 2018). TpaaurponHas 00pabOTKa IOYBHI C HCIIOIB30BAHHUEM
BCIAIIKKA ¢ 000POTOM TIACTAa PE3KO YCHIIMBAET MHTEHCHBHOCTh HEKO-
TOPBIX HETAaTHBHBIX, C TOYKU 3PCHUS arpONOYBOBEICHHUS, MUKPOOUO-
JIOTHYECKUX TPOIECCOB (MUHEPAIU3AIUIO a30Ta M Yriepoja), OJHAKO
JMaHHBIX O BIMSHUM TeXHONIOTWHU no-till Ha wx cOamaHCHPOBAHHOCTH B
CTONTb BaXKHBIX JUIS CEIBCKOTO XO3SHCTBAa MOYBAX KAaK YEPHO3EMBI,
npaktryecku Her (Bensera, 2013).

Iens paboOThl — M3yYeHHE BIMSHUS JUTHTETHHOTO MPUMEHEHUS
TEXHOIIOTUH TPAMOro TmoceBa (no-till) Ha OMOIOrMYecKyr0 aKTHBHOCTh
B arpouepHo3emax CTaBpONOIbCKOro Kpasi.

162



bronnerens [louBennoro naCTHTYTa M. B.B. Jlokydaesa. 2019. Bem. 100.

Dokuchaev Soil Bulletin, 2019, 100

OBBEKTHI 1 METO/IbI

UccnenoBanus npoBoAWIN ¢ o0pa3laMH arpo4epHO3eMOB, OTO-
OpaHHBIX Ha TeppuTopuu ombiTHoro xo3siicrea ®I'BHY “Cesepo-
Kaskazckuit ®HAILL” I[llnakoBckoro paiioHa CTaBpOMOIbCKOrO Kpas
(45°07'48" ¢. m1.; 42°01'39" B. a.). ITouBa OMBITHOIO y4acTKa — YepPHO-
3eM OOBIKHOBEHHBIM CPEITHEMOIIHBIN CIa00ryMyCUPOBAHHBIN TSXKEIO-
CYTJIMHUCTBINA, CQOPMHUPOBABIIMICS Ha JIECCOBHIHBIX KapOOHATHBIX
cyrnmunkax (['amxuymapos, 2018). [1axoTHBI TOPHU30OHT XapaKTepU3y-
eTCsl HU3KUM cojiepxkaHueM rymyca — 3.87% u HUTpaTHOrO a3ora (B
MoMeHT oTOopa — 11.9 MI/KT), cCpelHUM KOJMYECTBOM ITOABHIKHOTO
¢dochopa — 18.7 mr/kr (mo MauuruHy) ¥ cpeaHel 00eCre4eHHOCThIO
OOMEHHBIM KajiueM — 245 wr/kr. Peakiius OYBEHHOro pacTBOpa
HeWTpanbHas — pH = 6.32. Bau3 no npodwinto 3HaueHus BceX MoKasa-
TeJIeH TOCTEIIEHHO YMEHbBIMaTCs: Tymyc — 10 0.65% B ropuzonte C
(126175 cm); N-NO;z — 1o 0.5 mr/xr; P,Os — 1o 3.4 mr/kr; KO — 1o
155 MI/Kr; 1IETOYHOCTh YBEIMUNBAETCS B HUXKHUX C10sx 70 pH = 8.3.
[TouBBI ONBITHBIX MONEH 7 JIET BO3AENBIBAIN C IOMOIIBK TPAAULUOH-
HOI 00pabOTKK (BCIAILIKKA ¢ 00OPOTOM ILJIACTa) M 110 TEXHOJOTHUHU TP Si-
Mmoro mmocesa NO-till. TIoBTOpHOCTL ombITa TpEeXKpaTHas, IUIOMAAb e-
mstHOK 300 M2 (50 M X 6 M), yuerHast — 90 M°. J[ist moueit 060X THIIOB
00paboTkn BHOCHIN MHHEpaiabHbIe yaoopeHus (NegoPsoKso) mepen mo-
ceBoM (175 kr/ra HUTPoaMMOGOCKH) B C TIOMOIIIBIO CESITKH TIPH ITOCEBE
(200 xr/ra HETpoamMmodockn). IlmoTHOCTE TOUBHI TIONEH TIepen yOop-
Koit ypoxas B cioe 0—10 cM ¢ TpagunmoHHOH 00padOTKO# cocTaBisiia
1.23 r/em®, Torma kax st moneit no-till — 1.24 r/cm®. Ananussr mpoBo-
IUTA TS BAPUAHTOB C CEIBCKOXO3SIICTBEHHBIME KyIbTYpaMu (03MMast
MIIeHUTa, KYKypy3a, MOICOIHEYHUK, COs) TIPU BHECEHHH/OTCYTCTBUU
MUHEpaIbHBIX ymoOpeHuii. Kontponem ciyxwuna HeoOpabaTeiBaeMas
3alle)KHasg T0YBa BOJIM3M OMBITHBIX molei. OTOop 00pa3ioB MpoBOAH-
mu u3 ciost 0—-10 cm B okTs16pe 2018 r. B 3-KpaTHOI MOBTOPHOCTH C
HEOOXOAMMBIMH MEpaMH TI0 MPENOTBPAIIEHHUI0 KOHTAMUHAIWU (TabI.
1). lo ananm3oB 00pa3isl XpaHWMCh pu Temmeparype +4 °C.
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Tadaunua 1. Crimcok 00pasnoB, 0TOOPAaHHBIX IS MUKPOOHOJIOTHYECKOTO aHa-
nm3a
Table 1. List of samples taken for microbiological analysis

O0padoTka MOYBBI KyabTtypa Ynoopenns
KyKypysa
+
MuHnManbHasl, cost
+
MIPSIMOM IoceB
(no-till) o3MMasl MiIeHuIa
+
TIO/ICOJTHEYHUK
+
KyKypy3a
+
TpaauuronHas cos
+
(Bcmaika ¢ 000pOTOM ILIa-
cTa) o3uMas TIIeHUIa
+
TMIO/ICOJTHEYHUK
+
3aexp pa3zHOTpaBbe -
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Mukpo6mosIoru4ecKuii moces.

Omnpenenenrie  YUCIEGHHOCTH WM aKTHUBHOCTH  JKOJOTO-
TPOPHUUECKUX TPYNI MHKPOOPTAaHU3MOB MPOBOIMIN METOAOM MOCEBa
Ha NUTAaTeNbHbIe Cpepbl: MsconenToHHbl arap (MITA — nns aMmMoHU-
¢uKaTOpoB M canpoTpodHBIX OakTepuil), KpaxMaJloaMMHauHbIi arap
(KAA — mns amunmonuTukoB), Tonoansid arap (I'A — mist onurorpo-
¢oB), cpeny Yamneka (UA — i OI[eHKH OOMJIHS CanmpoOTPO(HBIX MHUK-
pockornnueckux rpubos), cpeay ['erdnHcoHa (¢ OyMakKHBIMU JTUCKaMHU
— Ui @3pOOHBIX MUKPOMHIIETOB Ieiutto030auTikoB) (Temnep u mp.,
2005); akTUBHOCTH a30TO0AKTEpa OI[CHUBAJIN 110 OOPACTAHUIO TTOYBCH-
HBIX KOMOYKOB Ha cpene Ouibu (Tenmep u ap., 2005); meToqoM mpe-
JeNbHBIX pa3BeicHuid ([IpakTHKyM [0 MUKPOOHMOJIOTHH..., 1976) Ha
KHUJIKUX CpellaX YYUTHIBAIM aHadpoOHbIe azordukcaTopsl (cpena Bu-
HOT'PAJICKOT0), MUKPOOPTaHU3MBI TPYTIITBI HUTPATHOTO IbIXaHUs (cpena
I'H) (Mnbpunra, @omuna, 1983), anaspoOHBIE TEIUTION030IUTUKN — Ha
cpene ['erunHCOHA ¢ OyMaKHBIMH IMOJIOCKaMH (DUIBTpOBaNILHON Oe3-
30JibHOM Oymaru. KonuuecTBeHHBIC MOKAa3aTeNd Ha JKUAKHUX Cpeaax
MIPEJCTaBIIEHBl B HanOoJee BEPOATHOM KOIHWYECTBE KJIETOK MHUKPOOP-
raausmoB (KKM) B emuauniie oobema cycrensuu — 1 mit. [ToBTopHOCTD
Ka)XJOr0 BapHaHTa IMOceBa MATHKpaTHas. s mpuroToBieHUs mod-
BEHHOHM CYCITEH3WH Opayii 5 T CBE&KEH MOYBBI U CycIieHAUpoBaH B 50
MJI CTCPUIBHOW TUCTHIUIMPOBAHHOW BOABI. JlecopOInio KIETOK MHK-
POOpPTraHMU3MOB OT TTOYBEHHBIX YACTHII OCYIIECTBIILIN yTeM oOpaboT-
KW TOYBEHHOW cycreH3uu Ha BopTekce “MSV-3500” (JlatBus) mpu
ckopocta 3500 o6/muH B Tedenwe 10 muH. s momaBiieHMs pocTa
OakTepuii B NUTATENbHBIE cpennrl Yameka u I'eTumHCOHA TOOABISUTH
roporok crpentomunuHa (100 Mr/im).

B Tabmuie 2 ykazaHBI COCTaBBI MATATENBHBIX CPEIl, UCIIONB3Ye-
MBIX JIJIs MUKPOOHOJIOTHYECKOT0 TTOCEBa, Pa3BelEeHUs IIOYBEHHOH CyC-
TIEH3WW U CPOKH y4deTa MHUKPOOPraHu3MoB. CTaTUCTHUYECKYI0 00paboT-
Ky pesynbratoB mpoBomwn B mporpammax STATISTICA 10.0 u
Microsoft Excel 2016.
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Taﬁnnua 2. CocraB TBEPABIX U KUAKUX CPE/, UCTIOJIB3YEMbIX IJIA MI/IKpO6I/IOJ'IOFI/I‘-IeCKOFO I1ocena
Table 2. Composition of solid and liquid media used for microbiological culture

HasBanue
cpeabl

Coctas cpeanl Ha 1000 mu H,O

IToka3zaTenn

pa3Benenust
MOYBEHHOH
CyCHIeH3UM

Oo0Bem
cyCcHeH3un
iR ¢
moceBa

Cpoku
yuerta,
CYTKH

MIIA

[enton cyxo#t pepmentupoBanuslii — 10.0 1;
skcrpakt msicaoit — 11.0 r; NaCl — 5.0 r; arap
—15.0r.

3-5

100 Mk

KAA

Kpaxmano-aMMuauHsIif arap
KzHPO4 -1.0 r, (NH4)25047 2.0 r, MgSO4 —
1.0r; NaCl - 1.0 r; CaCO3 -3 1;
pactBopuMBIid kKpaxmain — 10; arap — 20 1.

3-5

100 Mk

3,5

Cpena
T'erunncona

KoHPO, - 1.0 CaCIZ —-0.1T; MgSO4 -0.3
r; NaCl — 0.1 r; FeCl3 — 0.01 r; NaNOs — 2.50
r; CaCO; — 10 r; arap— 20 r. TTocne
3aCTBIBAHMS cpelbl B yamkax [lerpu mepen
TIOCEBOM HA ITOBEPXHOCTH CPebl KIIaxyT
CTEPIIBHYIO (QMIIBTPOBAIBHYIO OyMary B
Ka4eCcTBE MCTOYHHKA LIEJUTIOJIO3EI

1-3

1 M

7,14, 21

Cpena
Yameka

KHZPO4 -1.0 T, MgSO4 -0.5 T, NaN037 3.0
r; KCI - 0.5 1; caxaposza — 30 r; FeSO, — 0.01
r; arap — 20 1. Ilepen pa3mTMBOM 1O YaIIKaM
[etpu B x0710Yy ¢ TOpsTUEii Cpemoit T0OaBIAIOT
CTPENTOMHIHH.

2-4

200 MK

7,14, 21
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Iloka3artennb Oo0bem
Ha3sanue pasBefeHUs1 | CyCIIeH3MH Cpoxu
Coctas cpensl Ha 1000 mu H,O . yuerta,
cpenbl TMOYBEHHOM Jif) ¢
CYTKH
CyCHeH3un nocesa
Tonopuiii Arap-20r 35 100 Mk 7,14, 21
arap
ITo 25 xoMouKkOB
KH,PO, — 0.2 r; MgSO,4 — 0.2 r; NaCl — 0.2 1; obpacTaHus Ha 2 YalIKH
Cpenma Dmibu | K;SO4— 0.1 1; CaCO3 — 3.0 r; manaut — 10-15 | Tletpu roToBAT U3 2 T MOYBHI 10
r; arap —20T. C YBJIa)KHEHHEM CTEPUIIbHOM
BOJIOM
Krkas K,HPO, — 0.5 r; MgSO,4 — 0.5 1; rimroko3a —
. eﬂa 15 r; NaCl — canenpr; FeSO,4 — cnensr; MNSO, 36 10
e — CJIebl; B KaXIyIO POOUPKY Tepen 2-6 1 M DA
Bunorpaznck 6 CaCO 14
oro pasznuBoM cpefpl nobaisitor CaCO3 Ha
KOHYHKE IITATENS.
KH,P0,4 — 1,0 r; Mmonounas kuciota (80%) —
s | Ve 03 cote- | e
cpema I'HI T Y ’ 14

FeCl; —0.02 r; NaOH - 1.0
O6poMTuMonoBeIid ciaAi — 10.0 ML
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PE3VJIBTATBI U OBCYXXAEHUE

MukpoouoiornyecKue moceBbl

1. AzoTduxcaropsl

Cpenu JKMBBIX CYIIECTB TOJBKO HEKOTOPHIE W3 IPOKapHUOT,
a30T(UKCcaTOPHI (IUA30TPOPHI), CIIOCOOHBI EPEBOUTH MOJICKYIISIPHBIH
a30T U3 BO3JyXa B COCAUMHEHUS, JOCTYNHBIE A OOJBIIMHCTBA Opra-
HU3MOB. braronmaps nuazorpodam (GUKCUPOBAHHBINA a30T MOXKET Iepe-
XOAUTH B TIOYBEHHOC OPraHUYCCKOC BCUICCTBO, YBECINYUBAA MTIOYBCHHOC
wionopoaue (JoOdpoBonbekas u np., 2015). Pe3ynbTaThl akTHBHOCTH
a’pOOHBIX a30T(HUKCATOPOB MPEACTABICHBI Ha pucyHKke 1.1.

% obpacTtaHus W no-till
100
m trad
90
-  3anexb

70
60
50
40
30
20
10

0

HYKYpY3a NnoacoMHEeYHUHK 0o3.nueHyla

Puc. 1.1. YwucrmenHocts a’poOHBIX aszor¢ukcaropoB Azotobacter (cpema
Ombn) Ha onbitax CeBepo-KaBkasckoro @HALL nox pasHEIMH KyJIbTypaMH ¢
MPUMEHEHUEM MUHEPAJIbHBIX YI00peHHU 1 Oe3 HUX.

Fig. 1.1. Number of aerobic nitrogen fixers Azotobacter (Ashby medium) in
the experiments of the North Caucasus FNAC under different crops with and
without mineral fertilizers.

MuHuManbHbIe 3HaYSHHs] OOHAPYKEHBI B 00pa3iax MOYBHI MO/
03MMOH MIIEHUICH U IOACOTHEYHUKOM, 3 MaKCHMAJIbHBIE — II0JI COCH,
MPUYEM HECKOIBKO OONbIIMe 3HAYEHUS XapaKTepHBI Ui TOJeH ¢
MHHUMaIIBHOH  oOpabotkoit  no-till.  MckiaroyeHue — cocrassier
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yI0OpCHHBI BapUaHT O3MMOM IIICHHUIIBI U BapHAHT ITOJICOIHCYHHKA
0e3 ymoOpenuid. Pe3ynpraTel cormacyloTcsi ¢ JUTEpPaTypHBIMH
MCTOYHUKAMH, JEMOHCTPUPYIOIIMMH HH3KYIO JIOJI0  adpOOHBIX
a30T(QUKCATOPOB IMOJ 3EPHOBBIMH, a BBICOKYID — M0J 0O0OOBBIMHU
kyneTypamu (KokemsikoB u nip., 2004; JoOpoBonbekast U ap., 2015;
Geddes et al., 2015). YBenuueHue a01u a30T(PUKCATOPOB MOXKET
KOCBEHHO CBH/IETE/ILCTBOBATH O IMOBBIIICHUH COACPKAHUS B JIaHHBIX
BapuaHTax JOCTYIHBIX Ui pacTeHuil GopMm a30Ta W, KaK CIEICTBHE,
CpaBHUTCIBHO 6OHBHII/IM IJI00POAUEM I10YB.

KonuuecTBo aHa’spoOHBIX a30T(HUKCATOPOB B HUCCIEAOBAHHBIX
obpasuax mmensock ot 8.9 x 10° 1o 8.3 x 10° KOE/r mouss (pwc.
1.2).

lg KOE/r nousbl

T T1 =T

o no-till

m trad

[ 3aneb

i

NoW R T Y N o

6/y |ynoGp.| Gfy |ymobp.| 6/y |yzoGp.

KYKYpY3a ‘ noAcONHEYHHUK ‘ 03.NWeHnUa ‘aanemb

Puc. 1.2. YucneHHOCTh aHa3pOOHBIX a30TduKcaTopoB (cpena Bunorpaackoro)
Ha ombiTax Cesepo-KaBkazckoro @HAILl mox pasHBIMH KyIbTYpaMH C
MPUMEHEHHEM MUHEPATIbHBIX YI0OpeHHid 1 6e3 HUX.

Fig. 1.2. The number of anaerobic nitrogen fixers (Vinogradskiy's medium) in
the experiments of the North Caucasus FNAC under different crops with and
without mineral fertilizers.

MuUHMMaNbHBIMU IOKA3aTeIIMH  XapaKTEPU3YIOTCS BapUAHThI
MO/l TIOJICONHEYHHKOM TpH ucnoib3oBanuu NO-till u BHecenuu
yI00peHuii, a MaKCHMaIbHBIMH — IOJ KYJIBTYpaMH COM H KYKYpPY3bl
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BHE 3aBUCUMOCTH OT OOpaOOTKHM MOYBBI M HAJIMYUs YAOOpeHHH. DTO
MOXHO OOBSCHUTH MOIIHOH CTEp)KHEBOW KOPHEBOH CHCTEMOIi
MOJICOJTHEYHNKA, MPOHUKAWIIEH Ha DIyouHy ao 1.5-3 M, xoropas
obecrieunBaer 3HaunTeabHYIO asparuio (Gregory, 2007; Delgado,
Goémez, 2016). HeobxomumMo Takke OTMETHUTh, YTO KyJIbTUBHUPYEMBIE
aHa’pOOHBIC a30T(HUKCATOPBI, K KOTOPBIM OTHOCSITCSI MUKPOOPTaHU3MbI
poxa Clostridium, 6ojee axkTHBHEI B BapHaHTaX € MHHHMAJIbHOU
00paboTkoit mouBsl NO-till, 3a MckMOYeHEM TTOCOMHEYHMKA.

2. AMMOHUHUKATOPBI

[lpu aMMOHH(HKAIIUU MPOUCXOAUT MHUHEpaIu3alMs a3ora M3
OpPraHnv4CCKuX COCHHHCHHﬁ, 6OJ'II)IHa$I 4aCTb KOTOPOI'0 CTAHOBUTCA J10-
cTymHO# pactenusiM ([loOpoBoibckas u ap., 2015). KomudyectBo Muk-
POOPraHU3MOB 3TOW HecTelru(PUISCKON IKOIOTMUECKON TPYIIIbI ABJIS-
erTcsl IMoKa3aTeleM HWHTEHCUBHOCTH MHHEPAIHM3allid a30Ta B TIOYBE
(Vlasova et al., 2015; Marinkovic et al., 2018).

Uncnernocts KOE ammonungumupyromux 6akrepuit Ha MIIA B
pasHbIX BapraHTax Konebanacs ot 4.9 x 10° 1o 7.2 x 10" KOE/r mousst
(puc. 2a), 9TO COOTBETCTBYET pe3yibTaTaM HccienoBateneii CtaBpo-
moiasckoro HUMCX (®Pauszosa u ap., 2013), a Takke JaHHBIM I10 APY-
ruM depHo3eMHBIM TTouBaM (KyroBas u mp., 2018). MuHAMYM aMMO-
HADUIUPYIOMKX OaKTepuil BHISBIEH IJIi BAPUAHTOB IOJIEH C TIpUMe-
HEHHeM TeXHoIoruu no-till mog Kykypy3o#f W IMOICOITHEYHHKOM 0Oe3
ymoOpeHuii, a MaKCUMyM — JIJISl TIONIEH ¢ TPaAWIIMOHHOW 00pabOTKOM
ol KYKypy30il 1 03MMOii IiIeHuIe 6e3 ynoopenwuii. [IpociexxnBaet-
csl o0mas TEHIEHINS YMEHBIIEHUS YHCIEHHOCTH aMMOHHU(HUKAaTOPOB
P MCTIOIH30BAHUY MUHUMAIIEHONW 00pabOTKH MOYBBI, MPUIEM aKTH B-
HOCTB TIPUOIIKAETCS K MOKa3aTelsiM 00pa3IoB 3aJIeKH, TIe TIPOIECCH
Oosiee KOHCEPBATUBHBI, HAMPABJIEHHl HA COXPAaHEHHE YHEPTHH U TYMY-
coBbix BemecTB (Illapkos, 2011). B Gonbliei cTerneHy 3TOT MPOIece
MPOCTISKUBACTCS MO KYKYpPY30/, O3UMON MIIEHULIEH U MOACOTHEYH U-
KoM 0e3 ynoOpenuii. TexHomorust 0OpaOOTKH MOYBEI HE MOBIUSIIA HA
YHCIIEHHOCTh OakTepuil Ha cpene MIIA u3 oOpasmoB mox coedd. OTa
CEIbCKOXO3MCTBEHHAS KYJIbTYpa COAEpXHUT MHOro Oeika (Marinkovic
et al., 2018), siBistrONIEroCs MOAXOMAIIAM MHUTATEIBHBIM CyOCTPaTOM
JUTT aMMOHH(MKATOPOB HE3aBHCUMO OT JIOKAJIH3AIMH PACTUTEITHHBIX
OCTaTKOB — Ha ITOBEPXHOCTH TIOYBHI B cydae no-till uimm 3amaxaHHeIME
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B TONIIy 00pabaThiBa€MOro rOPU30HTA B CiIydae BCIAIKH. B 3aBucu-
MOCTH OT HaJIMUMs/OTCYTCTBHUSl YIOOpEHHI YHMCIEHHOCTh aMMOHH(]U-
KaToOpOB MEHSETCS He3HauuTenbHO (puc. 2). BeceHue ynoOpeHuit
YBEJINYMIIO UX aKTUBHOCTh B HECKOJIBKO pa3 MOA coell u Gonee ueM Ha
MOPSIIOK — TOJ TIOACOTHEYHNKOM B CHCTEME MUHUMAaJbHON 00paboT-
KH.

3. leHUTPpUPUKATOPHI

Okonoruueckas rpymnmna JeHUTPUPUKATOPOB MPUBOIUT K BOC-
CTaHOBJICHUIO HUTPATOB JI0 3aKUCH a30Ta WJIM MOJEKYJSPHOrO a3oTa.
JaHHbIH Tiporiecc 0OBIYHO MPOUCXOANUT NP YMEHBIICHHH COJIEpPIKaHuUs
KHCJIOpOJa B MOYBe (HampuMep, MpH CHUKCHUN MHTEHCUBHOCTH 00pa-
OOTKM TOYBBI) M MPUBOAUT K IMOTEPSM a30Ta, YTO CHUXKAET YPOBEHb
mouBeHHOro Trogopoans (JobpoBonbekast u ap., 2015).

Jnst ydyera MHKpPOOPTaHM3MOB TPYINIBI HUTPATHOTO JIBIXAHHS
BBIOpaH MHTErpaJIbHBINA TIOKA3aTeNb, BKIFOUYAIOIINN B ce0sl HECKOIBKO
(aKTOPOB KOJOHUAILHOTO POCTa: TMOMYTHEHHE Cpelbl, M3MCHEHHE
nsera (pH), smuccus raza (Unpuna, @omumnua, 1983). UncneHHOCTH
JNEHUTPU(UKATOPOB JUIsSi BCEX HCCIEAOBAaHHBIX 00pasIoB COXpaHsia
OTHOCHTEIBHO BBICOKUI YPOBEHb BHE 3aBUCUMOCTH OT KYJIbTYPbI, THIIA
00paboTKH TOYBHI M BHECEHUS ynoOpeHus (puc. 3). CXxomHble pe3yib-
TaThl MpeacTaBiieHbl kowteramu (Kyrosas u mp., 2016). Makcumaib-
HbIC 3HAYCHUS XapaKTEePHBI JIJISI JACISIHOK MO/ TIOACOIHESYHUKOM, 00pa-
OaTpIBaeMOro o TexHomoruu no-till 6e3 ymobpenwuii. 3HaueHus TOKa-
3areNieil HUXKe, YeM B OCTAILHBIX BapHAHTAX JIMIIL B KOHTPOJIC Ha 3a-
JeXH U Bapuante “kykypysza — NO-till — 6e3 yoobpenus”, arto moxer
OBITH CBSI3aHO C HU3KHM COJICP)KaHUEM HUTPATOB B yKa3aHHBIX BapH-
anTax. [IpakTHYecKr Ha BceX TOYKax oTOOpa, KpoMe JEISHOK C TO/I-
COJIHEYHUKOM, MPOIECC ACHUTPUPHKAINN CHIXKCH IMPHU HCIONB30Ba-
HUM TexHonoruu NO-till, mo cpaBHEHHIO ¢ TpaaUIIMOHHOK 00pabOTKOM
mouBbl. Takum 00pa3oM, MOXKHO TIPEAIOI0KHUTh, YTO OOIBIINE TOTEPH
a30Ta MOTYT MPOUCXOJUTH MPH UCTONB30BAHUN BCHAIIKH ¢ 000POTOM
miacta. OJHAKO BO3JENbIBacMas KyJbTypa TAKXKE BIUSECT HA WHTCH-
CHBHOCTb pa3Buths jeHutpuduraropos (Graf et al., 2016; Wang et al.,
2017). 3HaunrtenpHOE coxmepkanne coeanHeHuit ¢ aHnoHoM NOj; B
MOYBE, a TAKXKE HU3KOE MapIUabHOE JaBICHUE KUCIOPOa MPUBOIUT
K WHUIMAIUA MUKPOOPTaHU3MOB TPYIIbI HUTPATHOTO JBIXaHUS M aK-
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TI/IBHOf/i L[eHI/ITpI/I(bI/IKaIII/II/I, 4yToO CHOCO6CTByeT HOTCpi[M a30Ta U3 I1OYBbI
(Graf et al., 2016; Wang et al., 2017).
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Puc. 2. ucnepcuonssiii ananu3 gncieHHocTn KOE MuxpoopraHusMoB pas-
JUYHBIX SKOJIOrO-TPO(PHUYECKUX TPYMII B 3aBUCHMOCTH OT THMa OOpabOTKH
nouBsl (no-till, TpagunuonHas), BHecenus ynoodpenuii (I — 6e3 ynoopenwuii, 11
— C pacueTHOW 70301 yIOOpEHHI) U CelbCKOX03HCTBEHHOM KYIbTYpHI (€ —
COH, K — KyKYpPY35l, Il — IIOACOIHEYHHKA, Ol — 03UMOM MIICHULBI): a) — OaKTe-
puit Ha cpene MIIA, 6) — Gaktepuii Ha cperne KAA, B) — akTHHOMHIIETOB Ha
cpene KAA, r) — mukpomurietos Ha cpene KAA, n) — 6akrepnii Ha cpene T'A,
€) — aKTMHOMHMIIETOB Ha cpeme ['A, ) — MHKpOMHUIIETOB Ha cpeme ['A, 3) —
MHKPOMHIIETOB Ha cpene Yameka, H) — MEKPOMHIIETOB Ha cpene ['eTunHcoHa,
K) — KOJIMYIECTBO aHAIPOOHBIX [EILUTION030UTHKOB.
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Fig. 2. Dispersion analysis of CFU number of microorganisms of various eco-
logical and trophic groups depending on the type of tillage (no-till, tradition-
al), fertilization (1 — without fertilizers, 1l — with a calculated dose of fertiliz-
ers) and agricultural crop (¢ — soybean, k — corn, m — sunflower, om — winter
wheat): a) — bacteria grown on the meat infusion agar, 6) — bacteria grown on
starch-and-ammonia agar, B) — actinomycetes grown on starch-and-ammonia
agar, r) — micromycetes grown on starch-and-ammonia agar, x) — bacteria
grown on water agar, e) — actinomycetes grown on water agar, ) — micromy-
cetes grown on water agar, 3) — micromycetes grown on Czapek's agar, u) —
micromycetes grown on Getchinson's medium, k) — quantity of anaerobic cel-
lulolytic bacteria.
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Puc. 3. Yncnennocts nerurpuduxatopos (cpema ['HI) Ha ombiTax Cesepo-
Kaskaszckoro @HAIL noz pa3sHbIMH KyIbTypaMHu ¢ MPUMEHEHHEM MUHEPallb-
HBIX yI0OpeHuil u 0e3 HUX.
Fig. 3. Number of denitrifiers (Nitrate Breathing Group medium, NBG medi-
um) in the North Caucasus FNAC experiments under different crops with and
without mineral fertilizers application.
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4. OuroTpoHbIe MUKPOOPTraHU3MbI

Oprann4eckoe BEUIECTBO B MOYBE MPEACTABICHO OCTaTKaAMH Op-
TaHW3MOB, CIEIU(PUUECKUMH TYMYCOBBIMH BEIIECTBAMH M HECICIH-
(UYECKHMHU COETMHEHUSMH, B COCTaB KOTOPBIX BXOAST aMHHOKHCIIO-
ThI, OCJIKH, YTIEBOBI, MOHO- U TIONHCAXaPHbI, INTHUH, OPTaHUYECKHE
KHCJIOTBI, JINTIHABI U MHOTHE Apyrue coemuHenus (Lehmann, Kleber,
2015). Opranuueckoe BEUIECTBO PacIpOCTPaHEHO BechMa HEPaBHO-
MEpPHO BCIIEJICTBHE TETEPOr€HHOCTH IMOYBHL. YacTo OHO HEIOCTYITHO
JUIST MUKPOOPTaHU3MOB W3-32 OTCYTCTBHS JIOCTATOYHOT'O KOJIMYECTBA
BJIATH WM HEOoOXOMUMBIX (epmeHToB (Meronpl..., 1992). [TosTomy
3HAYMUTENbHAS YacTh TOYBEHHBIX MHKPOOPTAHWU3MOB SBIISIETCS OJIH-
rorpodamu (Merosbl..., 1992; Jlo6poBoibckas u jp., 2015). Yacts u3
HUX CIIOCOOHBI yCBaMBAaTh LIEIUTFONIO3Y M JIUTHUH, pasiaras ux Jo bonee
JIETKOTHIPOJIM3YEMbIX COCJIMHEHUH W TYMYCONOJOOHBIX BEIECTB, IMO-
STOMY OIlEHKa HMX YHCIEHHOCTH Ba)KHA JUISi CENbCKOXO3SMCTBEHHOM
mukpobuosoruu (Tuxonosuy, Kpyrios, 2006).

Bonpiree kommyectBo KOE onurorpodHbix GakTepuid, KyJIbTH-
BUpyeMbIX Ha cpege ['A, B 0bpasuax cocraBuio ot 9.8 x 10* o 5.7 x
10° KOE/r mo4BbI, BHE 3aBHCHMOCTH OT CEIIbCKOXO3SHCTBEHHOM KyJb-
Typhbl, THUIIA 00pPaOOTKK MMOYBBI U BHECCHHs ymoOpenuit (puc. 2m). Ta-
KH€ 3HAa4YeHHs TOCTATOYHO BBICOKH IO CPAaBHEHUIO C JaHHBIMH, TIONY-
YeHHBIMH paHee I uepHo3eMHON 30HBI (KyToBas u mp., 2016). Mo-
CTOBEpHBIE Pa3Nuyusi OOHAPYXEHBI 0] O3MMOI TIICHUIEH, HE3aBH-
CHMO OT BHECEHHs ynoOpeHuii: Oakrepmii Ha I'A BBIpacTano ropasao
Ooubllle TPW HMCTONB30BAHUN TPAJUIMOHHON TEXHOIOTMH, HE3HAYH-
TeNbHOE yBeJIndeHue OaKTepuil B BapuaHTaxX IIPH BCIAIIKE OTMEYEHO U
ozt moAcoHeyHuKoM. [lom KymbTypamu con U KyKypy3bl CYIIECTBEH-
HO yBENWYeHa aKTUBHOCTh ONHTOTPOMHBIX OAaKTepHil B TEXHOJIOTHHU
MIPSIMOTO TI0CEBA.

MHorue akTHHOMHIIETHI SIBISIOTCS onurorpodamu (3eHOBa U
np., 2011), ux obuire 1 TAKCOHOMHYECKUH COCTaB B TIOYBAX CEIHCKO-
XO3SMCTBEHHOTO HWCIOJIB30BAHMS YaCTO 3aBUCHT OT BO3JEITBIBAEMBIX
pactenuii. UncneHHocTh akTHHOMHIIETOB Ha ['A komebamack OT 10*
KOE/r nouss! noy KyKypy3oii B cucteme no-till 6e3 ynobpenuii 1o 10
KOE/r nouBsl mox coeii 6e3 ynoopenwuii take B cucreme No-till (puc.
2e).
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CornacHo pe3ynbTaTaM JUCIEPCHOHHOTO aHaJn3a, YUCIEHHOCTh
OJIMTOTPO(HBIX AKTHHOMHUIIETOB (pHC. 2€) NMPUMEPHO OJUHAKOBA B
I1o4yBax 1moJa IoJACOJIHEYHHUKOM U 031UMOM HIHeHHIleﬁ " IPAKTUYCCKH HE
MEHSETCS HH T0J] BO3JICHCTBUEM 00paOOTKH, HY TPU HAJIUYUH MHHE-
panbHBIX ynoOpenuit. Torga xak mof coeld U KyKypy30i MakcHMaib-
HbIC 3HaYECHUs] OOHAPYKEHBI TPH MPSIMOM ToceBe Oe3 BHECEHHs y100-
peHuH, a mpuMeHeHre yAoOpeHuil KapAMHAILHO U3MEHWIIO KapTUHY —
YHCIIEHHOCTh aKTHHOMHIIETOB YMEHBIIMIACH JUIsl Tosel no-till u yBe-
JIMYMJIACh JIJIS TAaIlHU. BeposITHO, OTCYTCTBUE yI0OpEHMM M HEIOCTa-
TOK DJIEMEHTOB NHTaHUS TPUBOIAT K MpeobialaHuio ONUroTpodoB,
HCIOJIB3YIOIUX PAaCTUTCIIBHBIC OCTATKHW HAa MOBCPXHOCTHU IMOYBBLI B CHU-
creme no-till.

MHorue poasl MOYBEHHBIX MHKPOCKOIUYECKHX T'PHOOB MPOSIB-
JIIOT B coobiiecTBe onurorpodHyro crpareruio (Mupumbk, 1988;
Domsch et al., 2007), mO3TOMY UX YHUCICHHOCTH B OOJBIIMHCTBE MPO-
aHAJM3MPOBAHHBIX BapuaHTOoB Ha ['A ObuTa BeCchbMa 3HAYHUTEIHHOU H
nocturana 10°~10° KOE/r mouss! (puc. 2x). OfHako B 06pasiax, oto-
OpaHHBIX MOJ KYKYypy30i B BapuaHTE C TPATUITHOHHONW 00pabOTKON U
BHECEHHEM yJ0OpEHUH, KOMNYIECTBO IPHOHBIX 3a4aTKOB HE NPEBBIIIA-
o 10° KOE/r mouBsl, a 6e3 ynoOpeHuii OHH 0OHAPYKEHBI SIUHIIHO.
Jlpyrue uccienoBaTely MOKa3bIBaIM CHIKEHHE OOMINS MUKPOCKOIH-
4eCKHX TPHOOB B IIOUYBE MPH TPaaMIIHOHHON 0OpaboTke (Irawan et al.
2017; Schmidt et al., 2019). B HacTOAIIMX MCCIENOBAHMUSAX BCIALIKA C
000pOTOM TITacTa TMOBIHSIIA HA YMEHBIIEHNE KOTMIECTBA MUKPOMHIIE-
TOB TOJIBKO IIOJ COEll U KyKypy30i. B BapuaHTe ¢ 03MMOI MIICHUIIEH
3HAYUMBIM (DAaKTOPOM SIBIISICTCSI IPHUMEHEHHE MHHEpPAIBHBIX yIoOpe-
HUH: B CIly4asX UX OTCYTCTBUS KOJIMYECTBO MHUKPOCKOIMMYECKUX TPH-
0OB yMeHBIIIaeTCsl KaK B BapHaHTaX CO BCIIAIIKOM, Tak M 0e3 Hee, 4To
TaK)Ke corjiacyercs ¢ aureparypHbivu gaHasiME (Fu et al., 2019).

KommaectBo KOE onmurorpodHBIX MUKPOMHUIIETOB TOCTOBEPHO
BBIIIE TOJBKO B BapuaHTe ¢ KYKypy30d mpu TexHomoruu no-till (puc.
2k), ocobeHHO 0e3 ymoOpeHnid. 3a9acTyi0 YUCIEHHOCTh MHKPOMHUIIE-
TOB TIOBBINIAETCS B IMOYBE NPU BHECEHHHU ynoOpennit (CeMeHOB U Jp.,
2019). VBenuueHHe YHCICHHOCTH MUKPOMHIIETOB JUISL ACISHOK ITOJ
Coell IPH TEXHOJIOTUH MPSMOro IOCEBA MOXKET OBITh CBSI3aHO C MOBBI-
IIEHHBIM YPOBHEM a30Ta, NPOXYLUPYEMOro OaKTepHUAIbHBIMU CHM-
ouonTamu 6060BbIX (Marinkovic et al., 2018). O6uime onuroTpodHOI
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MHUKOOHOTHI MOJT 03UMOH MIIEHHUIIEH, BEPOSITHO, 00YCIIOBIEHO COKpa-
LICHUEM YHCIEHHOCTH KOMUOTPO(OB MPHU HEAOCTATKE a30Ta M APYTHX
9JIEMEHTOB MUTAHMUS JJIsl JAHHBIX JENSHOK, YTO MOATBEPIKIAETCS yBe-
JUYEHHEM MX YMCICHHOCTH TPW BHECEHHHM MHHEPAIBHBIX YHOOpEHHI
MOYTH Ha MOPSIOK HE3aBUCHMO OT TEXHOJIOTUU 00pabOTKU MOYBHI.

Okonoruyeckasi pojib MUKPOCKONIUYECKUX TPHOOB B MOYBE MHO-
rorpanHa. brmaromaps mmpokoMy HaOoOpy (epMEHTOB JaHHBIC opra-
HU3MBI MOTYT pazjarath JOCTATOYHO OOJNBINOW CHEKTP OPraHUYECKHX
BEIIIECTB, MPHU ITOM CKOPOCTH JaHHOTO TMpollecca CYNIECTBEHHO Tpe-
BBIIIAET TAKOBYIO MO CPABHEHUIO ¢ OAaKTEPHUsIMU B a3pOOHBIX YCIOBUSIX.
[pomeccr! mpeoOpa3oBaHMs paCTUTEIBHBIX OCTATKOB B TIOYBEHHOE Op-
TaHWYECKOEe BEUIECTBO U T'YMYC TaKKe BO MHOTOM OIPEACISIFOTCS JIesi-
TENFHOCThI0 MHKpOCKOmHuYeckux rpuboB (Mupumnnk, 1988; Garrett,
2016).

OOmiasi YMCICHHOCTh KYJIBTUBUPYEMBIX MUKPOMHIIETOB B ITOCE-
Bax HCCIICIOBAHHBIX MOYB (JUIs WHAWBUIYyallbHOTO 00pasia) Ha cpezie
Yareka OTHOCHTEIBHO HEBeNMKa M coctaBimsma 10 3.2 x 10° KOE/r
ouBkl (puc. 23). Haubonemiee koiandecteo KOE orMeueHo B 00pasmax
C TPAAUIMOHHON 00pabOTKOM MOA KyIbTypaMH COM BHE 3aBHCHMOCTH
OT BHECEHHS yIoOpeHui M KyKypy3sl 0e3 ynoopenwmii. [lo-Buaumomy,
3TO MOXKET OBITH CBSI3aHO C KyJIbTYpOH-TIPEIICCTBEHHUKOM Ha JJAHHBIX
JEIIHKaX, 9aCTO OMPENENAIOme HHTEHCHBHOCTh PAa3BUTHS MHKPOOP-
ranu3moB B mosix (Teotia et al., 2016). TIpeaecTBEeHHUKOM KyKypy-
36l B IAHHOM CJIydae SIBJISICTCS TTOJCOMTHEYHUK, a COM — KyKypy3a, 3TO
MPOIAIIHBIE KyJIbTYpHI, OCTABIISIOIINE MTOCIe YOOPKH Ha TIoJNie OCTa-
TOYHOE KOJHMYECTBO IIOKHUBHBIX OCTaTKOB, IPU 3allalike KOTOPBIX
MHKPOMHMIIETBI MOT'YT aKTHBHO pa3BuBaThes (Grebenikova et al., 2018).
Ha 2-3 mopsinka MeHblIe YHUCICHHOCTh KYJIBTUBUPYEMBIX MUKPOCKO-
MIYECKUX TPUOOB B OCTAJBHBIX UCCIEAYEMBIX BapHaHTax moieid. Mu-
HUMYM MHKPOMHIIETOB OTMEYEH JUISl MOJEH MINeHUIBI U TOICONHEeY-
HUKa, OCOOCHHO JUIS TI0YB, ITOJIBEPTalOIIMXCs BO3/ICHCTBUIO TPaHIIU-
OHHOM 00paboTKH ¢ ymoOpeHussMu. OTCYTCTBHE yIOOPEHUN TOBIHUSIIO
Ha YBEIWYEHHE YUCICHHOCTH MUKPOMHMIIETOB MO BCEMH KYJIbTYypaMu
Ha JIENSHKAaX C TPAAWIMOHHOM 00pa0oTKOH mo4Bbl. OTMETHM, 4YTO
YHCIIEHHOCTh MHKPOCKOITMYECKHX TI'pHOOB B IIEJIOM HW)KE Ha Cpere
Terumncona (B cpexrem ot 0.6 x 10° KOE/r nmouskl, puc. 2u), 4eM Ha
cpene Yaneka (B cpennem 7.1 x 10° KOE/r noussl, puc. 23).
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CanpotpodHblii 0JIOK MEKPOMHIIETOB B HCCIIEAOBAaHHBIX 00pas3-
max MpeacTaBJICH TUIIMYHBIMHA IMIOYBECHHBIMU pOAAMU: Acremonium
Aspergillus, Aureobasidium, Cadophora, Coniothyrium,
Cuninghamella, Epicoccum, Eurotium, Geotrichum, Metarhizium,
Monilia, Mortierella Mucor, Paecilomyces, Penicillium,
Pseudogymnoas, Rhizopus, Sarocladium, Talaromyces, Trichoderma,
Umbellopsis u apyrumu. Dta rpynna MUKPOCKOMHYECKUX TPHOOB IIH-
POKO Crienualnu3vupoBaHa U MOKET OJMHAKOBO XOPOLIO pasjiaratb pas-
HOOOpa3HbIE TUIIBI CYOCTpaTa — KaK CJIOXKHBIC MOJUCaXapy ibl (JIMTHUH,
LHEII0JI03Y U I[p.), TaK W JICTKOAOCTYIHBIC OPraHUYCCKUEC BCUICCTBA
(caxapa, aMHHOKHUCIIOTEI U Jp.). B pe3ynpTaTe NeATeNbHOCTH Campo-
TPOGHBIX MHKPOMHIIETOB pasjiaraercsi OOoJbIas 4acTb OTMEPIIUX pac-
TUTENBHBIX U XKHUBOTHBIX octatkoB (Domsch et al., 2007), mporcxomut
MHHEpaIN3aIis OpraHUIeCKNX BEIMIECTB M 00pa3oBaHUE TyMyca, yBe-
JUYMBAIOIIErO Iomopore moussl (Garrett et al., 2016; Irawan et al.,
2017).

duronaroreHunie MHUKPOMUIIETBI, HECMOTPS Ha IIUPOKYIO BUIO-
BYIO IIPEACTABICHHOCTD, OBLIM MHUHOPHBIM KOMITOHEHTOM COOOIIIECTBA,
MMOCKOJIbKY 00J1amaiu KpalHe HHU3KOW YHMCICHHOCTBIO Ha I'paHH I10-
rperaroctH (ot 2.0 x 10" 10 8.0 x 10" KOE/r moussr). OHu mpexncras-
nmenbl  Bupamu: Alternaria tenuissima, Cladosporium spp.,
Cochliobolus lunatus, Fusarium poae, F. solani, Humicola fuscoatra,
Phoma exhigua, Ph. herbarum, Stachybotrytis chartarum, Verticillium
tenerum. duromaToreHHbIE MHUKPOMUIETEI ABJIAIOTCA €CTECTBCHHBIM
KOMIIOHEHTOM JIFO0OH TTOYBBI, B TOM YHCIIe TIPUPOTHOM, TO3TOMY 00-
Hapy>X€Hbl B MUHHUMAJIbHBIX KOJIMYECTBaX IMPAKTHUYCCKHU BO BCCX BapHu-
AdHTaxX ITOJIEBOI'O OIIbITa HE3aBUCUMO OT TEXHOJOI'NHU 06pa60T1<1/1, BHC-
CeHMsI yIOOpEHHI U BBIPAIINBAEMON KYJIbTYPHI.

5. AMuioMTHYeCKHEe MUKPOOPTraHU3MbI

Kpaxwman — onue 13 Hanbosee pacpocTpaHEHHBIX TOJHcaxapy-
JIOB B TIOYBE, COZIEP KAIIUICS B 3HAYMTENBHBIX KONUYECTBAX B TAKHX
CENTbCKOXO3HCTBEHHBIX PACTEHUSX KaK KyKypy3a, KapTodenb u Ipy-
rue (Wang et al., 2015). Cyapba pacTUTENbHBIX OCTATKOB THX KYJb-
Typ JJIs arpodepHOo3eMOoB He BrionHe sicHa (CemeHoB u ap., 2015). He
W3BECTHO, HACKOJIBKO ITOJTHO ¥ OBICTPO OHU pa3jiaraloTcs, HaXOsCh Ha
TTOBEPXHOCTH TTOYBHI MM Oyy4H 3amaXaHHBIMU B CJIO€ arpodepHo3e-
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Ma (TypycoB u sp., 2017). Jlns u3ydeHus 3TOro BOMPOCa MCCIIEAoBa-
J1ach YHMCJICHHOCTh aMHJIOJUTUYECKUX MHKPOOPTaHHW3MOB B 00pasLax
MOYBHI.

OO1m1as YiCcIeHHOCTh OaKTEpHil B pa3NIMYHBIX BApHAHTAX Ha Cpe-
ne KAA BapbupoBania B mpezenax ogHoro mopsuaka (puc. 20). Makcu-
MaJbHAS YHCIEHHOCTh aMUIONHTHKOB (3.6 x 10" KOE/r moussr) oTMe-
YeHa B BapHaHTE MO/ KYKypy30H NpU TpaJUIIMOHHOM 00paboTke u 6e3
BHECCHUSI yJO0OpeHH. YMEHbIIEHHE KOIUYECTBA aMHIIOJUTHKOB OT-
Meualld Ha TOJsIX, 00padaThiBaeMbIX IO TPAIUIIMOHHONW TEXHOJIOTHH C
BHECCHUEM YJOOPEHUH TOJ] COeH, MOJICOTHEYHUKOM M OCOOEHHO O]
kyKypy3oii (1.3 x 10° KOE/r mouBsI), B MOC/EHEM BapHAHTE YHCIICH-
HOCTh MHUKPOOPTaHMU3MOB JIAHHOW TPYNIBI MPHOIMKAIACH K TAKOBOH
(MUHHIMATTBHOIT) B (hoHOBOM GHOTOME — 3a1exu (8.1 x 10° KOE/r mou-
BbI). [lo-BUIMMOMY, CHIDKEHHE KOJIMYECTBA TMPEACTABUTEICH TaHHOM
AKOJIOTO-TpOUIECKOW TPYIIBI MOXKET OBITH OOYCIIOBIIEHO TOKCHYeE-
CKMM JIeficTBHEM MuHepaibHbIX ymoOpenuit (Geisseler, Scow, 2014)
MOJ] BCEMU KYJIbTypaMH, KpOMe O3UMOM MIIeHHIIBl. JIFOOOIBITHO, 4TO
OTpHUIIATENbHOE  NelicTBHE  yOOOpeHWH Ha  MHUKPOOPTAHHU3MBI-
aAMWJIONIUTUKH TIPU HCIIOIB30BAaHUM MUHHMMAJIbHOW 0OpaOOTKHM IOYBHI
HUBEJIUPOBAHO IO/l BCEMH KYJIbTYpaMu, KpOMe IILIEHUIIbl, e HabIro-
Jaercst HeOONbIIoe CTUMYIIHPYIONee IeHCTBHE, U YHCIEHHOCTh OaKTe-
puii, kynbTUBHpyeMbIX Ha cpene KAA, Heckonbko Bo3pocrana. Ilo-
no0HBIH 3ddekr ormeuancs B Apyrux wucciaenoBanusx (Geisseler
Scow, 2014).

JucriepcioHHBIA aHAM3 BBIIBHJI JOCTOBEPHO OONBIIYIO YHC-
JICHHOCTh aMHJIOTUTHICCKUX OaKTepuid B BapHaHTE MO, oOpaboTaH-
HOTO TPaIUIIMOHHO 0e3 ymoOpeHui moj KyKypy3oi u B mone no-till ¢
YIOOpEHHSIME TaKXKe Mo KyKypy3oi (puc. 20). JlaHHBIHA (aKT MOXKHO
OOBSCHUTH TEM, YTO B OCTaTKaxX KyKypy3bl COIEPKUTCS IOCTATOYHO
muoro kpaxmana (Wang et al., 2015), siBastroierocst cyocTpaToM st
JaHHOHM YKOJIOTO-TPOPHIECKON TPYIITHl MUKPOOPTaHU3MOB.

Cpenu OaxTepuii-aMIIIONTUTHKOB 3HAYATENHHYIO JIONI0 COCTaB-
JISUTW aKTUHOMMIIETBI, UTParolye, 6aronaps MULEIUIO, BAXXHYIO POJb
B (popMHUpPOBaHUU CTPYKTYphI MOUBHI (3eHoBa U jip., 2011; JloOpoBoib-
ckas u jp., 2015). VX 9iCIeHHOCTh B Pa3IUYHBIX BapHAHTaX Ha Cpere
KAA BapbupoBaa B npezenax Tpex nopsakos — ot 1.0 x 10* 1o 4.4 x
10" KOE/r nouss! (puc. 28). MUHMMyM BBISBIEH B 00pa31ax MOUBBI C
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JEeNSTHOK cou 0e3 ymoOpeHuil BHE 3aBHCMMOCTH OT TE€XHOJOTUU 00pa-
00TKH 1MOYBBL. MaKkcuMallbHas YMCIEHHOCTh aKTHHOMHIIETOB OTMEUYEHA
TaKKe T0J] COeH, HO Ha MOJIAX C BHECCHUEM ynoOpenumii. Taxxke yBenu-
YCHUEC YHNCJICHHOCTH AKTUHOMUICTOB IIpW BHECCHUU MUHEPAJIBbHBIX
yInoOpeHui HaOMI0IaIOCh Ha JEISHKAX C MOACOJHECYHHKOM IPH TEX-
uosioruu NO-till u ¢ o3umoit menuIel mpu Bemaiike. [Ipu BeIpalMBa-
HUW MIIEHUIBI MO TexHojoruu no-till addekra or ymoOpenui He
HaOmonanu. [1omo0HbIe 3aKOHOMEPHOCTH IS TIOJeH ¢ OOMJIMEM pac-
TUTENBHBIX OCTAaTKOB (MYJIbYH) MOKAa3aHbl U APYTUMH HCCIIEOBATEN -
mu (Fu et al., 2019). Konnu4ecTBo aKTHHOMHIIETOB YMEHBIIMIOCH TIPU
BHECCHUM yJOOpEHH Ha MOJSIX ¢ KyKypy30i HEe3aBHCHMO OT criocoba
00pabOTKH TOYBHI, a TAKXKE Ha JINITHKAX C IMOJICOTHEYHUKOM IIPU Tpa-
JTUITMOHHOW Bemainke. TakuM 00pa3oM, He HAOJI0JaeTCsl YSTKOH KOp-
pensauu co cnocodbamMu 0OpabOTKM MTOYBHI U BHECEHHWEM YAOOpEHUH,
KaK TMOKa3aHo B Apyrux wuccienoBanusx (CemeHoB u gp., 2019), a
Hanbojee 3HAYUMBIM (DPAaKTOPOM BBICTYHAIOT OMOJOrMYEcKHEe OCOOCH-
HOCTHU BO3)ICHLIBaeMOI>‘I KYJIBTYPhI U €€ KOpHeBOﬁ CHUCTCMHEI.

Cyns mo pesyibTraTtaM JUCIEPCUOHHOTO aHAIH3a, YHCICHHOCTD
aAMIJIOJIMTUYECKNX aKTHHOMHIIETOB BO BCEX BapWaHTaX I0J] BCEMH
KyJIbTYpaMH, KpOME COH, MPAKTHYECKU OJIMHAKOBA W HE CBS3aHA C UC-
crnenyeMbiMu (akropamu (puc. 2). VIMeroTcs THib TCHICHIINU K yBe-
JIUYCHHUIO YUCIICHHOCTH aKTWHOMUIICTOB Ha TOJISAX C TPaJMIMOHHON
00pabOTKOI TOYBHI IO COEH, MOACOTHESYHUKOM W O3UMOM IIIICHUTICH
0e3 BHeCeHUs yI00peHunH, a Takke Ha moisx no-till mox kykypy3oi 6e3
yIoOpEeHHH U IO KyKYPY30i U TIOJCOTHEUHHKOM C yIOOpEHHUSMH.

YucneHHocTs MUKpOMUIETOB Ha cpene KAA Bo Bcex uccieno-
BaHHBIX 00pa3lax HU3Ka, U He mpesbimaer B cpexreM 10°-10* KOE/r
TIOYBBI, B GOMBIIMHCTBE 00pa3nos cocraisier 102 KOE/r mouss! (prc.
2r). MakcuMaJIbHbIe 3HAYCHUS] YUCICHHOCTH MHUKPOCKOITHYECKHX TPH-
00B, CITOCOOHBIX pa3iaraTh Kpaxmaj, COOTBETCTBYIOT JENITHKaM C Ky-
Kypy30# 1IoJi MUHUMaTbHOH 00paboTkoit 6e3 ynoopenuit. Takoe siBie-
HUE MOXHO OOBSICHUTH MPAKTUICCKH MOTHBIM OTCYTCTBHEM (PUTOIMATO-
TEHHBIX MUKPOMHIIETOB JJIsl KYKYPY3bl, COIepIKaIleil MHOTO Kpaxmara
(Wang et al., 2015). B ocrampHbIX citydasx Ha jaensiHkax no-till mog
COCHi, TIOJICOTHEYHUKOM W O3UMOH MIIIeHUIIeH MUHEpalbHbIe YI00pe-
HUS YBETMYWBAIM YMCICHHOCTh MHUKPOMHIIETOB. [T0Ka3aHbl CXOIHBIE
pe3ynbTaThl YIS MOJieH ¢ o0miMeM pacTutenbHol Mynsun (Fu et al.,
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2019). B oOpasuax ¢oHOBOro OHOTONA 3al€KH MHUKPOMHIIETOB-
aAMIJIOJIUTUKOB HE BBISIBIICHO.

JucniepcHOHHBIN aHanu3 sl aMUJIONUTHYECKUX MHKpPOMHUIIE-
TOB, TaK K€ KakK Il aKTHHOMHIETOB, 3TOW 3KOJOr0-TPOPUUECKON
TPYIIIBI HE BBISIBHI IOCTOBEPHON Pa3HHUIBI MEXIY pacCMaTPpUBAEMbIMU
BapHaHTaMH, KpOME €AMHCTBEHHOT'O PE3KOro MPEBBIIICHUST YHCICHHO-
CTH KyJIbTUBUPYEMOW MHUKOOWOTBI JUIS TOJISL IO/ O3UMOM IMIICHUIICH,
00paboTaHHOI0 TPAAUIIMOHHO HE3aBUCHMO OT yoOpeHuit (puc. 2r).

6. LlequtroiouTHYECKHE MEUKPOOPTAHU3MBI

Ilenntono3a — camblil pacrpoCTpaHEHHbIN MoJUcaxapuj B MpHU-
pone. Ero 3amacel Ha moisix, oopadaTeiBaeMbIx Mo TexHomoruu no-till,
Moryt ObITh BechMa Benuku (Kuprormn, 2013; Xenesosa u ap., 2017;
Kyrosas u jip., 2018). OnHako mpeoOaaroT i Ha HUX (GUTOMATOreH-
HBIC MUKPOOPraHU3MbI UJIN OCTAaTKH 6BICTpO pasjiararoTcsa TUITNMYHBIMU
LEJUTIONIONIMTHKAMU B arpovepHo3eme, He uizBectHo (XKenezora u jp.,
2017).

AdpoOHOE TIEIITIONOMUTHYECKOE COOOIIECTBO HCCIEAOBAHHBIX
00pasIoB Ha CEeNeKTHBHOW cpene ['eTYMHCOHA MPEACTaBIeHO MPaKTH-
YeCKH HCKITIOYMTENBHO MHKpOCKOMMYeckuMu rpubamu Chaetomium
globosum, Doratomyces stemonitis, Oideodendron sp., Rhizopus
stolonifer, Trichoderma spp. Mx o0Imass 4MCIEHHOCTH Maja BO BCEX
o6pasiax — 10 3.0 x 10? KOE/r mouss! (puc. 2n). MaxkcumyMm aspo0-
HBIX IIEJUTIOJIONUTHKOB BBISBIICH B IOCEBAX 00PA3IIOB MOYBHI C JICNTHOK
IO/ COEH, BO3JENBIBAEMON IO TPAJAULHUOHHOW TEXHOJOIMU BHE 3aBU-
CHMOCTH OT YJOOpeHHH, a Takxke B 00pasiax MOYBBI C JICNSHOK O]
MTOJICOTHEYHUKOM 0e3 yoOpeHnii He3aBUCHMO OT CHCTEMBI 00paOOTKH
nmo4Bbl. HU3Kast 1EUTIONONUTHYECKAS AKTUBHOCTD B a9POOHBIX YCIOBH-
SIX MOYKET OBITh 00YCIIOBJICHA OTHOCHTEIILHO BEICOKHUM COJICPYKAHHEM B
Mo4yBe OoJyice MUTATENBHBIX OPTaHUYECKUX BEIIECTB — PACTUTEIBHBIX
OCTaTKOB M KOPHEBBIX JKCCYJAaTOB, MEHEEC DHEPro3aTpaTHbIX MPH UX
Pa3NOKEHUN ¥ UCIOJIb30BAHUY MHKPOOPTaHU3MAMH, a TaKKe ynobpe-
HUH, ASHCTBYIOIUX TOKCHYHO HA YACTh I[SJUTIONIO30UTUKOB.

[emmrononuTuieckas akTHBHOCTh B aHAPOOHBIX YCIOBUSAX MHU-
HUMAITbHA Tl 00Pa3I0B C JCNISHOK, IIe BRIPALUBAIHN COI0 U KYKYPY3y
(puc. 2k). [Tocne yOOpKH 3THX KyJIbTYp Ha MOJSIX OCTAETCSA Majo pac-
TUTENBHBIX OCTATKOB, YTO, MO-BUAWMOMY, CHIIKAECT YHCICHHOCTh U
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AKTHUBHOCTH B MOYBE ITAMMOB, pa3naraiommx kierdatky (Kyrosas u
ap., 2016). Bonee BeICOKKE 3HAUCHUS JACTPaIallK IICJUTFONIO3bI I NO-
till, rne BepxHue crmou mouBbl MeHee a’puposanbl (Kuprommn, 2013;
KyroBad u nip., 2018), moaTBep:xaaoT JaHHYIO runoresy. Hanporus, B
MOYBE IMOJ] MOACOTHEYHUKOM TPH OTOOpE 00pa3ioB BBHISBICHO 3HAYH-
TENbHOE KOJIMYECTBO MYJBYH, YTO, B CBOIO OYEpeIb, CTUMYIHPOBAIO
pa3BHUTHE EUTIOIOIUTHUECKUX MuKpoopranu3moB (Fu et al., 2019).
CTOHUT OTMETUTH CPABHUTEILHO OOJIBIIYIO BEJIMUNHY aHA3POOHOM 11eI-
JIIOJIONTUTHYECKON aKTUBHOCTH Ha TIOJISAX, 00pa0OTaHHBIX 1O TEXHOJO-
rud no-till, mpakTHYeCKHn BO BCeX BapuaHTax IMOJ] BCEMH KYJIbTYPaMH,
KpOME O3MMO MIlIeHUIIBI. Takas 3aKOHOMEPHOCTh MOYKET OBbITh 00BsIC-
HEHa yBEIWYEHWEM YHCIIa aHA3POOHBIX 30H M 3HAYUTENLHBIM KOJHYE-
CTBOM PaCTHUTEIILHBIX OCTATKOB B ITOYBaX, 00pa0OTAHHBIX MO TEXHOJO-
rum no-till (Kuprormmn, 2013.)

3AKJIKOUEHUE

Tun 00paboTKM TOYBBI CYIIECTBEHHO BIIMSET HAa OMOIOrHYe-
CKYI0 aKTHBHOCTb YEPHO3EMOB U BO MHOI'OM OIpEAEISIET UX arpoHo-
MU4ECKHe CBOMcTBa. TpaauuuoHHasi 00padoTKa MOUYBbI, 10 CPABHEHHIO
¢ no-till, TPUBOANT K YBEIMYCHUIO YHCICHHOCTU ad3pPOOHBIX aMMOHH-
(UKaTOPOB M IIEJUIIOJIOJIUTHKOB, NPEBPAINAOIINX a30T U YIVIEPOA B
JNOCTYIHYIO AJ1s pacTeHui GopMy. Ha BeraxaHHBIX MOJSIX, IIO CpaBHE-
HHUIO ¢ MUHAMAJIbHO 00paOoTaHHBIMH JEIsTHKaMH, 00JIee aKTUBEH TIPO-
Lecc ACHUTPU(PHUKALNU, B PE3YyIbTaTe KOTOPOrO MPOUCXOAUT HOTEPs
a30Ta U3 NMOYBHL. TarKe IPHU 3TOM THUIIE TIOYBEHHOM 00pabOTKU yBenu-
YUBAETCS KOJIMYECTBO AKTMHOMUIIETOB, OCOOCHHO IIPH HCIIOJIb30BAHUU
MUHEPaTbHBIX yIOOPEHUH, Y4TO CBS3aHO CO CIIOCOOHOCTBIO OONBIINH-
CTBa 3TUX MHKPOOPTaHHU3MOB Pa3BHBATHCS B YCJIOBHSX IOBBILICHHON
KOHLIEHTpaluu coieid. Kpome Toro, MHOrMe akTHHOMHIIETHI [TOYB yMe-
PEHHOM KIMMAaTHYECKOM 30HBI YCTOMYMBBI K IMOBBILICHHBIM TEMIIEPa-
TypaM M BBICYIIMBAHHIO IIOYBBI, I03TOMY B BapHaHTaxX ¢ TPaAULMOH-
HOW 00paboTKON OHM MOJYYHJIM IPEUMYILECTBO B pocte. 1 HampoTus,
MUHHMAaJIbHAsl TEXHOJOTUs 00pabOTKM IOYBBI, IO CPaBHEHUIO CO
BCIAIIKOW, MOBBIIAET aKTUBHOCTH aHA’POOHBIX LEIIIIONIONUTHKOB. Ha
MoJIsiX, 00padaThIBaeMbIX MO0 TEXHOJIOIMU MPSIMOrO IoceBa, Habmoxa-
ercs MaKCUMalibHas YHMCICHHOCTh a30T(HMKCATOPOB, PAa3BUBAIOLIUXCS
KaK B a’3pOOHBIX, TaK U B aHA3POOHBIX YCIOBHUSX, a TAK)KE aMUIIOJIUTH-
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KOB (0COOEHHO B BapHaHTaxX C BHECEHHEM YyIOOpeHMil), COCOOHBIX
WCTIONIB30BaTh Ui POCTa HE TOJBKO OENKOBBIE, HO W MHHEpaJIbHBIE
(hopMBI a30Ta HEMOCPENCTBEHHO U3 MTOYBBI.

UMcaeHHOCTh BCeX KYJIbTHBHPYEMBIX MHKPOOPTaHH3MOB IIPH
JUTUTETHPHOM MPUMEHEHUH TPAIUIIMOHHON BCTIAIIKA HECKOJIBKO YBEIH-
YHBAETCS, YTO CBA3aHO C Jy4lleld adpHUpOBaHHOCTHIO TTAXOTHOTO TOPH-
30HTa. [Ipr 3TOM MONs, BO3/AENBIBAEMBIEC C UCTIOIF30BAaHHEM TPaIUIIH-
OHHBIX TIPHEMOB, COJIEPIKAT CPABHUTEILHO MEHBIIYIO JION0 (QUTONaTO-
TeHHBIX MHKPOMHUIIETOB, YeM OIS, I/Ie MpUMeHsiercst no-till, uto ss-
€TCs BayKHBIM JJI CEJIbCKOTO X03siicTBa. BMecTe ¢ Tem npsMoi noces,
MO0 CPaBHEHHWIO CO BCHAIKOW, CO3/IaeT B MOYBE OONbIIEe KOIUYECTBO
MHUKPO30H C MPEUMYIECTBEHHO aHadpPOOHBIMH YCIOBUSMH U MOXKET
HECTU PUCKH BCIIBIIIEK (DUTOMATOreHHBIX WHPEKIMNA TI0 CPAaBHEHUIO C
noJsiMH, 00pabaTbiBaeMbIMU TpaaulimoHHO. C JIpyroi CTOPOHBI, TO-
BBIIIEHHE O OJIOrMYECKOr0 Pa3Hoo0pas3us AelaeT UCCISAYEMYIO ITOUBY
O] IPSIMBIM TIOCEBOM 0o0Jjiee YCTOMYMBOW K (pakTOpaMm BHEIIHEH cpe-
JIbl, 2 YMEHBIIIEHNE aKTUBHOCTH HEKOTOPBIX I'PYII MHUKPOOPTaHU3MOB
MpHOJIMKACT CBOMCTBA MOYBBI K KOHCEPBATUBHBIM MPUPOTHBIM YEPHO-
3eMHBIM ITOYBaM.

[ony4eHHble MaHHBIE TO3BOJNSIOT MONYYUTH HWH(MOPMAIHUIO O
BBIPQKEHHOCTH ¥ HANPABJICHHOCTH MOYBEHHO-OMONIOTHYECKHX TIPO-
IIECCOB B arpOYEPHO3EMAX B YCIOBHSX MPUMEHEHHMS TeXHOmoruu no-till
MPH BHIPAIIUBAHUN OCHOBHBIX CEJIbCKOXO3SHCTBEHHBIX KyIbTYp. I1o-
Ka3aHO, YTO OHMOJIOTHYECKAas AKTUBHOCTh MPAKTHYECKA BCEX TPYIII
MUKPOOPTaHM3MOB BO3pPACTAET TOJ KyKYPY30d MPH TEXHOJIOTHH TIPSi-
MO0 MOCeBa, a MoJl 03UMOM MILEHUIIEN — NMpU TPaJULIUOHHON BCemali-
ke. KympTypa moacoidHedyHHKa OKaszajlach CaMOM BOCIPUHMYUBON K
BHECCHUIO MHHEpPAJbHBIX YI0OpeHWi. bBuomornueckass akTHBHOCTb
BO3pacTalia BO BCHAXaHHBIX I[MOYBAX B OCHOBHOM IIPH OTCYTCTBHU
yInoOpeHuit, Torma KaK Jjisl moyieil ¢ MPUMEHEHUEM TEXHOJIOTHH MPSIMO-
r'0 IMOceBa MX BHECCHHWE HE BBI3BAJIO MAJICHUE YUCICHHOCTH, & B BapH-
aHTax C TMOJCOJHEYHHKOM Jaa)ce yBenuuwiio ee. [lomaraem, 4ro 3TO
MOXET OBbITh BBI3BAHO OOJBIIMM KOJMYECTBOM YIJIEPOAa OT PACTH-
TEJBHBIX OCTATKOB, IPH OOHMJIMHK a30Ta U3 ya00peHuii Ha mosstx no-till.

COOTHOIIIEHHS TPYII MHKPOOPTaHU3MOB MOXHO HCIIONB30BaTh
JUT OLIEHKH CTEIeHH a’pOOHBIX/aHa’pOOHBIX YCIOBUH cpenbl oOuTa-
HUS B TOYBAX CTEMHOM 30HBI B YCIOBUSX MUHUMHU3AIUHA X 00PaOOTKH.
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