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IIpencraBneHo npocTpaHcTBEHHOE pacnpenenenue kapooHaToB Kaibliusg (CaCO3) B HOBEPXHOCTHOM CJIO€ U UX
npodUIBHOE pacipeesieHHe B OPOIIaeMbIX OYBaX JABYX KIFOYEBBIX y4yacTKOB CBETIOSPCKON OPOCUTENLHON
cucreMbl Bonrorpasackoit o6nactu. KiroueBble yuacTKM HaXOAATCS B pa3HbIX MPUPOIHBIX pailoHaX CyXOCTEIHON
30HBI: Ha BO3BbIIeHHOCTH Eprenu u Ilpukacnuiickoit Hu3MeHHocTu. [Tosis Ha 000UX yyacTKax UMEIOT
IATHUCTBIA PUCYHOK Ha KOCMUYECKMX CHUMKAX KaK OTKPBITOM IOBEPXHOCTHU IIOYBBI, TAK U PACTUTEIBHOIO
nokposa. OAHOMN U3 TJIaBHBIX IPUYUH MSITHUCTOTO U300pakeHUs ABIISIETCS pa3HOE coJiepKaHue KapOOHATOB B
IIOBEPXHOCTHOM CJIO€ ITOYBBI. Y CTAHOBJICHO JiBa MEXaHU3Ma MOsBJICHUS KapOOHATOB BO3JIE TIOBEPXHOCTH
opolaeMbIX o4B. [IepBblil — cpe3Ka OYB BBIMYKJIbIX YYaCTKOB MUKPO- U Me30pebeda MpH MIaHUPOBKE MOJIEH
BO BpEMsI CTPOUTENBCTBA OPOCUTEIIBHOM CUCTEMBI C OOHAXKEHHEM KapOOHATHBIX TOPU30HTOB CpeIHEH YacTu
MOYBEHHOTO MPOMIIIS U EePEMEIIEHHEM CPE3aHHOT0 MaTepralla, BKIIOYAIOIero KapOoOHAaThl, HA COCEHNE
apeassl. Bropoil — Bocxozsiee NoATATMBAHUE TIOUYBEHHBIX PACTBOPOB B IOBEPXHOCTHBIN CIION C OCAKICHUEM
KapOOHATOB MPH JJIUTEIILHOM IIEPUOJIE OPOLLIEHUS B CyXOM *apKoM kiumaTte. COBMECTHOE UCIIOIb30BaHUE
JAHHBIX JIUCTAHLIMOHHOTO 30HAUPOBAHUS U HA3€MHOI'0 MIOJIEBOI'0 00CIIEI0BAHUS 110YB BJIOJIb TPAHCEKT,
IIEPECEKAIOIINX apealIbl C PA3HOM MATHUCTOCTBIO U CIEKTPAJIBHOMN SIPKOCTBIO HA CHUMKAX, IT03BOJISIET BBIABIATH
MIOYBBI C Pa3HBIM COJEpKaHUEM KapOOHATOB B TaXOTHOM FOPU30HTE IOYB.

KittoueBbie c10Ba: MATHUCTOCTh OPOIIAEMBIX MOJIEH, KOCMUYECKHE CHUMKH, COepKaHHe KapOOHATOB KaJIbIUs

XuMud 1Mo4B

I'peunmena H. 0., Spocnasuesa H. B., Korensnukosa A. /1., Ocrax O. C., Xononaos B. A., 3aBopoTtHsiii B. JI.,
bana6a B. H. Mo6uin3anust mo4YBeHHOI0 OpraHMYECKOT0 BEIIECTBA yJIbTPApPECHBIMU BOJAMHU: €TO

MOJIETTUPOBAHUE U OIIEHKA BIHMSHHS HA MOJBIKHOCTD TsKeNbIX MeTaioB // [louBoBenenue. 2021. Ne 6. C.
675-685. https://doi.org/10.31857/S0032180X21060058

Pa3paboTanbl 10AX0/1bI M TPOBEIEHBI IKCIIEPUMEHTHI 10 MOOMIIM3AMN OPTaHUYECKOTO BEIECTBA 10YB B
YCIIOBUSAX NMPOMBIBKH YJIBTPANPECHBIMU BOJIaMH Ha (POHE MyJIbCALMHU COJIEBOTO PeKUMa. DKCIIEPUMEHTHI
OCYIIECTBIISUIM C HE3arpsA3HEHHBIMU U UCKYCcCTBEHHO 3arps3HeHHbIME Cu(ll) mouBamu: yepHO3€MOM TUIIUYHBIM
sorenocyrmuHucThIM (Haplic Chernozem) LenTpansHo-UepH03eMHOTO TOCYAapCTBEHHOTO OMOC(EPHOTO
3anoBegHuKa uM. B.B. Anexuna Kypckoii 061acTu v JepHOBO-TI0A30JUCTOMN JIETKOCYTIIMHUCTOM nouBoi (Albic
Glossic Retisol (Loamic, Cutanic, Ochric)) MockoBckoit o6nactu. [IpoOsr 0TOMpanu u3 BepXHero
TYMYCOBO-aKKyMYJIATUBHOTO Topu3oHTa (A1) Ha rimy6une 5—15 cMm. [lokazano, 4To mpu pe3koM U3MEHEHUU
cocTaBa IPOMBIBHOTO pacTBopa ¢ yinbrpanpecHoro Ha 0.1 M NaCl u BHOBb Ha yJIbTpanpecHbIi MPOUCXOAUT
paspylieHe MOYBEHHBIX arperaToB Mol AeMCTBHEM OCMOTHYECKOro naBieHus. [Ipu aToMm cTpykTypa
JIepHOBO-TI0/130JIMCTOM MOYBBI O0JIee YCTOWYHMBA K pa3pyIIEHUIO 10 CPABHEHUIO C YEPHO3EMOM THITMYHBIM.
BoimpiBanue Cu(ll) 13 mouB cBA3aHO C MOTOKOM PacTBOPEHHOI'O OPraHMYECKOIo BELIECTBa B ClIyyae
JEPHOBO-IIOA30JIMCTON MIOYBBI, @ B CIIy4ae YEPHO3EMa TUIIMYHOIO — C Pa3pyLIEHUEM arperaTtoB 1
BBICBOOOK/IEHUEM BHYTpHArperaTHoro opranuueckoro Beuectna. [lokazano, 4To npu nNocTpoeHun
murpannoHabix moaeneit Cu(ll) mis 1epHOBO-IOA30IMCTOM MOUBBI HEOOXOAUMO YUUTHIBATH KOTMYECTBO
PacTBOPEHHOI'0 OPTaHUYECKOr0 BELIECTBA, B TO BPEMsI KaK JUIsl THIIMYHBIX YEPHO3EMOB — COJICpKaHHE
apomMatudeckux (pparmMeHTOB B ero cTtpykrype. [Ipemioskena moaens BerHoca Cu(ll) u3 3arps3HeHHbIX
J€PHOBO-TI0/130JIMCTHIX MTOYB U TUIIMYHBIX YEPHO3EMOB B YCIOBUSAX IPOMBIBKH YJIBTPANIPECHBIMU BOJIAMH IPU
MyJIbCALMU COJIEBOTO pEXKUMa Ha (POHE PAa3pyLICHUS CTPYKTYPHI.
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[IpencraBieHbl JaHHBIE 10 U30TOITHOMY COCTaBY YIJIEPOJIa U XUMUYECKOW CTPYKTYpPE Pa3HbIX I1yJIOB
opranudeckoro seuiectsa (OB) TUnMYHOrO yepHO3eMa B KOHTPACTHBIX BapUaHTAX 3€MJICIIOIb30BAHUS (CTEIb U
JUITEIbHBIN YUCThIN nap). [Ipocnexkena nocienoBaTesbHOCTh pasnoxkeHus OB B nousax. BeisiBieHo, 4To B
LEJIMHHBIX YEPHO3EMax I10J1 CTEIbIO IIPU POABUKEHUN OT CBOOOJHOrO K arperupoBanHoMmy OB ¢ukcupyrorcs
U3MEHEHHUS XUMHUYECKON CTPYKTYpPBI, XapaKTEepHbIE /1JIs1 HaualbHbIX CTaUI Pa3IOKEHUs: YBEIUUNBAETCS
CTeNeHb apOMaTHYHOCTH U rHipodoOHocTH OB, a Takke cTeneHb ero MUKpOOHOJIOrH4ecKoil nepepaboTKH.
[TpoxykTel MUKPOOHOTO pa3zinokeHus arperupoBanHoro OB agcopOupyroTcs Ha TIIMHUCTHIX YacTUIAX MIIMCTON
¢pakuuu. OHU UMEIOT BBIPAXKEHHYIO alIi()aTUUECKYO IPUPOLY CO 3HAYMTEIbHBIM BKIIAJOM
JUIMHHOIIENIOYeuHbIX ankmioB. OB miia xapakrepu3yercs HauOoJbIIeH CTENEHbIO Pa3IOKEHHOCTH U
MaKCHUMaJIbHbIM BKJIaJIOM MOJUMENTHAOB, YTO corylacyercs ¢ HaunOombIiel koHueHnTpanuei 13C cpeau Becex
uccienoBaHHbIxX 1mysnoB OB. Xumudeckas cTpykTypa (ppakiiy OCTaTKa aHaJOTMYHA TAKOBOM WIMCTOM (ppakuuu,
oboraiiieHa KOpOTKOLIETIOYEUHbIMU aJIKUIaMU. [IpakTuyecky noaHoe OTCYTCTBHE MOCTYIIICHHSI CBEXKETO
OpPTraHUYECKOTo MaTepualia B IIOYBY B T€UCHHE JITUTEIHHOTO (YHKIMOHUPOBAHUS B PEXKUME YUCTOTO Iapa
BBI3BIBAET PE3KOE YBEINYECHUE CTEIIEHH MUKPOOHOH 1nepepaboTKN UMEIOIIErocs: B IOYBE OPraHUYECKOro
MaTepuasa BO Bcex uccieoBaHHbIX myjax OB, uto noareepkaaeTcs “yTskeneHueM” UX U30TOIHOTO COCTaBa.
YMeHbIIaeTcsi KOJIMYECTBO HanboJiee JIErKOAOCTYIHBIX U SHEPreTUUECKHU MPUBIIEKATENbHBIX A1 MUKPOOHOTO
coobriectBa pparMeHToB opranndeckoro marepuaia (O-AlK), yBeauuuBaeTcs CTeNeHb €ro pa3iokeHHOCTH U
ruipooOHOCTH. YBEINYEHUE J10JIM apOMaTHUECKUX (hparMeHToB U cTeneHn apomatuunoctu OB
CBUJETEIBCTBYET O CEJIEKTUBHOM HAKOIIJICHUH XUMHYECKH HanboJiee yCTOMUMBBIX apOMaTHYECKUX COETUHEHUH.
KitoueBble ciioBa: rpanylio-aeHcuMeTpudeckoe ppakuuonuposanue, 613C, 13C SIMR cnekrpockonus,
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Abstract - The goals of this study were to determine the concentrations of Cu in the soil of olive orchards grown
on the Terra rossa and to examine how close the Cu concentration is to contamination limits defined by different
soil quality standards. A total of 40 composite topsoil (0-25 cm) samples were collected in the traditional dry
farming and highly fragmented olive orchards that covered an area of 3200 ha and located in the Middle
Dalmatia, Croatia. The aqua regia Cu concentration was determined by ICP-OES; and basic soil properties (pH,
carbonates, SOC, and particle size distribution), by standard analytical procedures. The mean value of Cu
concentration of 68.4 mg kg™ was more than twice as high as the mean values of the naturally occurring
concentration of Cu in the Terra rossa soil. High mean value and a wide range of copper in the soil (33.8-250 mg
kg™?) are due to the long-lasting application of Cu-based fungicides related to the fact that the olive growing area
and vines overlap. The Cu contamination risk assessment in olive orchards was calculated by comparing the
detected concentrations of Cu with the soil quality standards prescribed by the Finnish Decree and Croatian
Ordinance and using the threshold value of the regional background data on Cu concentration in Terra rossa soil.
According to the Finnish Decree, in 7.5% of cases, Cu concentration in soils exceeded the threshold limit of 100
mg kg*, which indicates the need for further assessment of the potential contamination of the area. In 7.5% of
cases, Cu exceeded the critical limit of 150 mg kg that presents an ecological risk. By applying the Croatian
Ordinance, in 10% of cases, the concentration of Cu exceeded the maximum admissible concentration of 120 mg
kg2, so that the soil can be considered contaminated and unsuitable for agriculture. The regional threshold value
for the background concentration of Cu in the Terra rossa soil amounted to 55 mg kg, and its use in 47.5% of



cases indicates the need for further assessment of the potential contamination in the area. The presented results
showed significant differences between national soil guideline values (SGVs) and the regional threshold value
for Cu and confirmed the fact that there is no general and accurate reference method for soil contamination
assessment that can be applied at all sites. The use of threshold values derived for a particular soil type that
dominates in a given area would be more reliable than the national soil quality standards. Research has pointed
to the problem of soil contamination with Cu under olive orchards and has highlighted the need for studying the
given issue in the areas, where olives share space with vines, and in particular, where mixed or consociate
cropping system is present.
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OneHeHbl TOKa3aTeN!, XapaKTEPU3YIOIIKE COJIEpPKaHUE U cOCTaB 19-TH MPUOPUTETHBIX MOJIULIUKINYECKUX
apoMatnyeckux yriesoaopoaos (ITAY) B mousax (Spolic Technosol) u mouBooOpasyromux Nopoaax OTBAIOB
I'opnoBckoro anTpanuToBoro mectopoxaeHus (HoBocubupckas obmacts). [lokazaHo, 4To conepkaHue
MOJINAPEHOB B UCCIIEyEMbIX IMOYBAaX BapbUpyeT B upokux npezaenax (ot 100 go 74622 ur/r). OTcyTcTBHE
CTaTHCTUYCCKHU 3HAYMMBIX CBSI3ei MeK Iy KoHIleHTpanuei [TAY u comepkanueM yriaepoaa u (GU3nIecKon
TJIMHBI B HCCIIEIYEMBIX MMOYBaX yKa3bIBaeT Ha crienupuyeckue npoiecchl oopasopanus [TIAY mpu
TpaHchopMaIMK yriield TOYBOOOPA3YIOUINX MOPOA. Pe3ympTaToM 3THX pOoI1eccoB sBisieTcs (JOpMUPOBAHHE HA
MOBEPXHOCTH OTBAJIOB CIIEIU(PHUUECKUX TEXHOTEHHBIX 00pa3oBaHuil — “OuTyMHbIX 03ep”. CoaepraHue
MIOJINAPEHOB B HUX MOXKET JocTUrarh 10 864.4 mr/r. Mcnonabp3oBaHue K1acTepHOro aHaIN3a MO3BOJIUIIO
CTPYIIIMPOBATh UCCIEyeMble O0BEKThI B 3aBUCMOCTH OT CHeLU(UKH MPOIIECCOB TpaHCHOpMaIK
OpPraHMYECKOT0 BEIIeCTBA B MOUYBaX (IIPHU MCIIONb30BaHUM HHJEKca JKakkapa METO/1 OIMHOYHOM CBS3M), a TAKXKE
BBIJICJIUTH T€ U3 HUX, B KOTOPBIX IPOMCXOUT XEMOT€HHOE MTPeoOpa3oBaHue YIIUCThIX YacTHIl (IIpU
UCIOJIb30BaHNU MeToaa Bapa). Pe3ynbTaTsl aHan3a riiaBHbIX KOMIIOHEHT [TOKa3bIBalOT, YTO HarboJiee TECHYIO
MIOJIOKUTEIIBHYIO CBSI3b C IIEPBOM KOMIIOHEHTON UMeeT (PeHaHTPEH, a TaKxke 5—6-s7epHble coenHenus. Bropas
KOMITOHEHTa Ha/Ie’KHO KOPPETUPYeET ¢ (hiIyopaHTeHOM, HadTaTuHOM, aHTpalleHoM U upeHoM. [lo pe3yiabTatam
aHaJIM3a IJ1aBHBIX KOMIIOHEHT YCTaHOBJIECHO, YTO JUISl OLICHKH CTETIEHN XeMOTe€HHOM NMPpeoOpa30BaHHOCTHU YIJIs B
MOYBaX aHTPAIMTOBBIX MECTOPOKICHHUI HanboJIee MepCeKTUBHBIM IpeicTaBisiercs oTHomenue Phe/(Phe +
Chr).
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Llenbro McceToBaHMs SBISIETCS MOJISIIMPOBAHIE BOIOY/ICPKUBAOIIEH CITOCOOHOCTH M OTHOCUTEIILHOU
THIPABIMYECKON MPOBOIMMOCTH MOYBHI KaK KAMMIUISIPHO-TIOPUCTOM Cpefibl, a TAaK:Ke BEpHUPUKAIUS
npeJuIaraeMbIX MOJIETICH B CpPaBHEHUH ¢ HanOoJiee N3BECTHBIMU MUPOBBIMH aHAJIOTaMH. Y Ka3aHHas 1eJTb
AOCTUTACTCA PCHICHUCM CIICAYIOMHNX 3ada4: 1) OIIMCAaHUEM FI/II[pO(bI/ISI/I‘ICCKI/IX CBOMCTB IIOYBEI B BHUC TPEX
cucteM (YHKIMI C COOTBETCTBYIOIIMMH HA0OpaMH OOIIMX MapaMeTpoB; 2) BepudUKaIuel STUX CUCTEM ITyTEM
OLICHUBAHUsI OTHOCUTEJILHON TMAPABINYECKON ITPOBOAUMOCTH, a TAKKE CKAHUPYIOLUX BETBEH
BOJIOYICPKHBAIOIIEH CITOCOOHOCTH C MCIOJIB30BAHUEM ITAPAMETPOB, HICHTH(GHUIIMPOBAHHBIX MO JAHHBIM U3



JUTEPATypHOr0 HCTOYHUKA O IVIABHBIX BETBAX FMCTEPE3UCA BOAOYIEPKHUBAIOIIEH CTIOCOOHOCTH ONECUaHEHHOTO
CYIVIMHKA; 3) IPUMEHEHUEM PAaBEHCTBA 3HAUEHUN SKCIIOHEHIIMAJILHOTO ITapaMeTpa B BBIUUCIICHUAX BETBEN
HCCYIIEHUS M YBIaXXHEHUS THCTEpe3nca BOAOY IEPKUBAIOILEH CIIOCOOHOCTH MOYBBI JJIs1 YCTPaHEHUS
HEXKEJIATeIbHOTO UCKYCCTBEHHOTO “dpexTa momisl”’; 4) UCCIeI0BAaHUEM BIMSHUS a/TATUBHOTO MTapaMeTpa Ha
MOTPELIHOCTH TOYEUHON anMnpOKCUMAIMK JaHHBIX O IJIaBHBIX BETBSAX BOAOYIEPKHUBAIOILEH CIIOCOOHOCTH, a
TaK)K€ Ha MOIPEUIHOCTH OLEHOK OTHOCUTEIBbHOU I'MIPaBIMUECKOI POBOIMMOCTH U CKAHUPYIOLUX BETBEH
rucTepe3nca BoJOYAEPKUBAIOLIEH CIOCOOHOCTH MOYBBI, & TAKXKE 5) BBIABJICHUEM JIOCTOBEPHBIX pa3IHuuil
MEXy TOTPEIIHOCTSIMU 3THX OLEHOK 1o Kputeputo Bunbsimca—KiryTa 11 BeiOopa srydrieid cuicTeMbl (OyHKIHA.
B nouckax pemieHus npo6iemM TOUHOT0 HPPUTALUOHHOTO 3eMIIEIeINs, TAKUX KaK POTHO3UPOBAaHUE
BJIaroo0ecrneueHHOCTH CeIbCKOX03HCTBEHHBIX KYJIBTYP U pacyeT NPEU3NOHHBIX HOPM OPOLICHUS,
IIPUMEHEHHE IpeJlaraéMblX aBTOpaMH MOJIeJIeH pecTaBisieTcss Haubosee MpeOYTUTEIbHbIM.

KiroueBbie ciioBa: MaTeMaTuueckasi MOJIeIb, TOUEYHAs anmpoKcuManus, “3¢(ext momMnsr”’, rTHAPOGU3NIECKHIEC
CBOMCTBA ITOYBEI
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[TpoBeseHa oreHKa BETMYMHBI OMOMACCHI TPOKAPHOT U TPHOOB METOIOM JTFOMHHECIIEHTHON MUKPOCKOTTHH,
OIpEeJIEJIEHO COJIepkKaHUe KON puOOCOMAaIbHBIX TEHOB MUKPOOPraHU3MOB MeToioM peain-Taiim I1LIP, n3ydeno
TaKCOHOMHYECKOE pa3HOOOpa3ue KyJIbTHBHPYEMbIX MUKPOMHIIETOB B Al-Fe-rymycoBbIX mojj301ax Ha mec4aHon
mopene (Albic Podzols) a pazHom paccrosiaun oT KaHaanakickoro amroMUHHEBOTO 3aBOJIa, PACIIOI0KEHHOTO
Ha KonsckoMm momyoctpoBe. B mouBe Bcex yuacTKOB HaMOOJbIIIEE KOJIMUYECTBO KOMHMM pruOOCOMAIbHBIX TEHOB
BBIABIEHO s OakTepuit (4.3 x 1010...10.3 x 10° xonwuit/r moussr). [lns rpu6oB 1 apxeil UX KOTHIECTBO
m3MeHsIoch B peaenax 0.4 x 1010...3.1 x 10*° konwii reroB/r mouskl. OTMEUEHO CYIECTBEHHOE YBEIHUCHHE
O6romacchl aKTHHOMUIIETOB BOJIM3M 3aB0OJIa, TOT/1a Kak OrMomacca 6akTepuil 1 rpuOoB NMPaKTHUECKH HE
M3MEHWIACh Ha Pa3HOM PACcCTOSIHUU OT UCTOYHHKA BBIOPOCOB. MUIIENNii U CIIOPBI TPHOOB MPEUMYIIIECTBEHHO
MpeJCTaBIeHbI MEIKUMH (popMamu tuameTrpoM 2—3 MKM. Ha cunpHO3arpsisHeHHOM ydacTke (8 KM OT 3aB0Oja)
JI0JIS1 CIIOP COCTaBMIIa 0oJiee MOJIOBUHBI CYMMapHON OHMOMacchl IpUOOB U KOJIMYECTBO KPYIHBIX CIOP OBLIO
MakcuMaiabHbIM (33.6%). JlnmuHa rpubHoro Mumenus u3MeHsiack ot 92.3 1o 206.3 m/r, mpu SToM
3aKOHOMEPHOCTEH B €T0 pacipeelIeHIH 10 TPaANeHTy 3arps3HeHus He BBIsIBIEHO. OTMEUEHO COKpaIeHHe
pa3Ho00pa3usi MOUYBEHHBIX MUKPOMUIIETOB Ha YPOBHE POAOB U BBIIIECTOALINX TAKCOHOB I10 IPAUEHTY
3arpsi3HeHus BBIOpocamMu 3aBojia. BhIsiBiIeHa cMeHa CTPYKTYpbl COOOLIECTB C MOJIMIOMUHAHTHOM ((hOHOBBIN
y4acToK) Ha MOHOJIOMHHAHTHYIO (BOIM3H 3aBoaa). Penicillium spinulosum momuHMpoBan Ha Beex 3arpsi3HEHHBIX
ydacTkax B 15 kM 30He. Ha ¢poHOBOM ydacTke, KpoMme BBINIEyKa3aHHOTO BU/IA, K IOMHUHUPYIOIIMM OTHOCHIIHCH
Trichoderma koningii, P. implicatum u rpymnmna rpu6oB co CTEpHILHBIM MULICTHAEM.

KiroueBsie cinoBa: Konbckuii moayocTpoB, MpOKapuoTHl, TpUOkI, Onomacca, KomdaecTBeHHas pean-taim [T1[P
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dopmupoBaHUE U30TOMTHOTO COCTaBa a30Ta MUKPOOHOU Onomaccel mous (015NMuKp) cBsi3aHO ¢ porieccamu
TpaHc(hOpMAIH COSTMHEHUH a30Ta, OMPEACISIFOIINMHI H30TOITHBIA COCTAaB 3JIEMEHTA B Pa3HBIX
a30TCOJCPKAIINUX COSAMHEHHSIX, M ¢ OalaHCOM JOCTYITHOCTH yTiepo/ia U a30Ta Uik MUKPOOPTraHu3MoB. M3ydeHa
3aBUCUMOCTh 015NMuKp oT M30TONMHOTO cocTaBa azoTa B cyoctpare (015N obmiero u 3kcTparupyemMoro a3oTa), a
takxke 3aBucuMocTh O15NMukp u 15N-o0oramenus mukpoOHoi 6nomaccsl (ALSNmukp = 615NMukp —
815Ncy6cerp) ot mokazareseit gocTymHOCTH a30Ta (cootHomenne C/N B mouBe, akTHBHOCTH N-MUHEpaIH3aIuy,



KOHIEHTPALKs SKCTParupyeMoro a3ora 1 3pPeKTUBHOCTH UCIIOJIb30BAHUS a30Ta) B MOYBAX YETHIPEX IKOCUCTEM
anprnuiickoro nosica CeBepHoro KaBkasza u 4eTbIpex 3KOCUCTEM TYHAPOBOro nosica Xubux. Ilokazano, 4ro
BennurHa 015NMukp Bapsupyet oT —0.2 10 +8.4%0 1 MoxeT xapakTepuszoBathes kKak 15N-oboramenuem, Tak u
obennenneM (orpunatensabie 3HaueHUsI A1ISNMUKP) OTHOCHTENBHO OOIIETO U SKCTParupyeMoro a3ora mo4Bbl.
Kak npaBuno, A15SNmukp cocraBisiet 1.5-3.1%o0 otHocutensHo Nobur u 0.6—4.8%o0 otHocuTensHO NaKCTp.
Opnnako B HanOomnee N-IeUIUTHBIX YCIOBUSAX B MOYBAX TOPHO-TYHIPOBBIX JTUIIAWHUKOBBIX U KYCTAPHUIKOBBIX
nmycromeld NMHUKp HE HaKaIrIMBaeT MOBbIMIeHHOE KorndecTBo n3otomna 15N. Bemmunnst 015NmMukp u ALSNmukp
HE MoKasaiu TecHou cBsi3u ¢ cooTHomeHneM C/N. 'opasio sydrie akKyMyJIsiiys TSHKEJIOTo H30ToIa a30Ta B
MUKpPOOHOM OuomMacce cBs3ana ¢ N-muHepanm3aiuei (IoJI0KUTEIBHO) U 3P (HEKTUBHOCTHIO UCIIOIb30BAHMS
a30Ta (OTPUIATENIEHO). DTO CBUICTEIBCTBYET O POJIM MHUKPOOHON AUCCUMMIISIIUHN a30Ta B KOHTPOJIUPOBAHUH
M30TOIMHOI'0 COCTaBa a30Ta MUKPOOHOI OroMacchl OYB.

Kitouessie cioBa: 15N-o6oramenne, MUKpoOHast OmoMacca, aCCUMUIISIUS - TUCCUMUIISIINS a30Ta,
bpaxknuonupoBanue n30Tonos, N-muHepanuzaius, 3G (GeKTUBHOCTh NCIOIB30BaHUS a30Ta

Munepajiorusi 1 MUKpoMop@¢oJ10rusi No4s

M.F. Alvarez, R. M. Poch, M. Osterrieth Bioporosity in thin sections of Luvic Phaeozems of Southeast of
Buenos Aires, Argentina, and its possible role as an indicator of soil quality. An micromorphological approach //
Eurasian Soil Science. 2021. Ne 6 ony6/inkoBaHa TOJIbLKO B AaHTJINIICKOI BepcHn

Abstract-—Soil micromorphology, by means of the description and analysis of soil thin sections, provides
information about soil microstructure, which includes, among other features, morphological data on the
aggregates and the porosity derived from structure formation. Soil porosity may be due to both abiotic factors
and biological activity (biopores). The aim of this study is to validate a methodology for the quantification of
bioporosity in thin sections of Luvic Phaeozems of Argentina, for its use as soil quality indicator. Soil samples
were taken from the surface horizon in plots with different uses: reserve (R), agricultural (A), Eucalyptus
globulus forest plantation (E), and Pinus radiata forest plantation (P). In each site, bulk density, penetration
resistance, structural stability, organic matter, and pH were determined. Three undisturbed samples were taken,
impregnated with resin, and treated using routine techniques to obtain soil thin sections. VVolume percentages of
total porosity and biopores were determined in the thin sections using two methodologies (I: irregular polygon
on the outline of the biopore and I1: point counting), in order to obtain an estimation of the biological activity
under the different land uses. Plots R, E, and P showed greater porosity and higher bioturbation compared to plot
A. In addition, the percentage of biopores in soils of R, E, and P plots reaches almost 80% of the total porosity,
while in soil of plot A plot, it is two times lower (40%). This indicates greater biological activity in the natural
and forested plots as compared with the cultivated plot. This activity is linked to the high content of organic
matter, high structural stability, low bulk density, and low penetration resistance. These results show that the
estimation of the bioturbated volume would be a good indicator of soil quality and, in addition, the
methodologies used in this study constitute an easy-to-use tool for the determination of bioporosity in soil.
However, methodology |1 is preferred, because it requires a shorter time of image edition.

Keywords: porous system, biological activity, bioturbation, micromorphology, structure degradation, soil quality

llerpaz]aunﬂ, BOCCTAHOBJICHHUEC U OXpaHa IMOYB

LIU Lian, YANG Shuai-bin Characteristics and sources of black carbon and organic carbon in topsoil from
different functional zones of Beijing, China // Eurasian Soil Science. 2021. No 6. ony6/inkoBaHa TOJbLKO B
AHIJIMHCKON Bepcuu

Abstract-—Considering human activities are the most direct and important factors leading to the accumulation
and loss of soil black carbon (BC), a detailed understanding of soil BC in different functional zones and
reasonable soil management are the keys to determine whether soil is the carbon source or carbon sink. In this
study, carbon concentrations and isotope compositions of black carbon (BC%, 53Cgc) and organic carbon (OC,



813Coc) were determined in topsoil from different functional zones (roadside grass verges, parks, residential
areas, mines, arable lands, woodlands and wastelands) in urban and suburban of Beijing, China. The organic
carbon (OC) content in soils of the urban area (averaging 1.67%) is higher than in suburban areas (averaging
1.05%). Black carbon is not evenly distributed across different functional zones, but is more concentrated and
variable in urban areas (0.11-2.43%, averaging 0.73%) than in suburban areas (0.03-0.70%, averaging 0.18%).
The ratios of BC% to OC% in suburban areas (0.04-0.40) are smaller than in urban areas (0.15-0.98). The
313Cac of topsoil (—26.35...—20.85%o) reflects that coal combustion has a strong impact on soil BC accumulation
in Beijing. The carbon isotope differences between OC and BC of the suburban and urban topsoils are positive
(averaging +0.56%o0) and negative (averaging —0.41%o), respectively. This suggests that urban areas are seriously
influenced by human activities which lead to a large amount of fossil fuel combustion, but suburban areas have
received a uniform deposition of atmospherically transported finer BC aerosols.

Keywords: biomass burning, fossil fuel burning, urban, suburban

M. JI. Bypayxkosckuit*, B. 1. T'onos, II. A. Ilepenenkuna, 1. B Kucenesa, 51.0. TumodeeBa ArporeHssie u
[OCTAarpoOreHHbIC H3MEHEHHUS 3a1acOB yriiepoaa U (PHU3MYECKUX CBOWCTB MOI0EI0B TEMHOI'YMYCOBBIX //
[TouBoBenenue. 2021. Ne 6. C. 747-756. https://doi.org/10.31857/S0032180X21060046

[IpencraBnensl pe3ynbTaThl H3y4eHHUS U3MEHEHUH (PU3NYECKUX CBOMCTB U 3aI1acoB yriepona B
TeMHOTryMycoBbIx nogbenax (Luvic Albic Mollic Planosols (Epiloamic, Endoclayic, Aric)) B xoae JIHTETHHOTO
CEJIbCKOXO35IICTBEHHOI'O MCIIOJIb30BaHUs U MIOCTarpOr€HHOro pa3BuTus. Pabora npoBezeHa Ha CTallMOHAPHOM
nosieBoM onbite ®HIL Arpoouorexnonoruit Jlansaero Boctoka um. A.K. Yatiku (IIpumopckuii kpaii) B
BapHaHTax: KOHTPOJIb, MUHEPAJIbHBIE y100pEHUs, MUHEpPAJIbHbBIE YJOOPEHUSI C OJTHOBPEMEHHBIM
HCII0JIb30BAaHUEM HABO3a M U3BECTH, a TAK)KE HA 3AJIEKHBIX y4yacTkax 15, 20, u 35-netnero Bo3pacra.

VY cTaHOBNIEHO, YTO AJUTEILHOE UCIIONIb30BaHUE MUHEPATIBHBIX YI00PEHHH CITIOCOOCTBYET YBETNYEHUIO
IUIOTHOCTH NTaXOTHOT'O TOPU30HTA 1MOYBbl. COBMECTHOE UCIIOIb30BAHNE OPraHO-MHUHEPATBHBIX Y100peHUH 1
M3BECTH OJIaroNpuUsiTHO OTPA3UIIOCh HA IUIOTHOCTH MOYBBI U €€ CTPYKTYPHBIX XapakTepuctukax. [Ipu uzbarun
IIOYBBI U3 CEJIbCKOXO3SIICTBEHHOIO UCIIOJIb30BaHUS IIPOMCXOAUT BOCCTAHOBIEHUE €€ €CTECTBEHHOM CTPYKTYPHI.
B OpIBIIEM TAXOTHOM CJI0€ 3aJI€KHBIX YUYAaCTKOB YBEIMUUBAECTCS KOJTUYECTBO arPOHOMUYECKH IIEHHBIX
arperaToB, YMEHBILIA€TCA UX CPEIHEB3BEIICHHbBIN AuameTp. B nmepBbie roJbl mocie BbIBOAA MOJEH U3
CEJIbCKOXO35IICTBEHHOI0 000pOTa B BEPXHEM CJIO€ MTOUBBI YMEHBIIAETCS CO/epKaHNe U 3amackl yriaeposa. C
YBEJIIMUEHUEM BO3PACTa 3aJI€KU IIPOUCXOANT yCTOMYMBOE HAKOIUIEHNE IOUYBEHHOTO yriiepoaa B Tonie 0-50 cm.

KitroueBbie ciioBa: MOJEBOM OMBIT, YA0OPEHNUS, TOCTArPOTeHHBIE TIOYBbI, CTPYKTYpa MOYBBI, TEMHOTYMYCOBBIC
nooensl (Luvisols)

Wei Hu, Xingyu Zhai, Shuli Du, Xingyi Zhang Impacts of Slope and Longitudinal Ridge on Soil Organic
Carbon Dynamics in the Typical Mollisols Sloping Farmland (China) // Eurasian Soil Science. 2021. Ne 6.

Oony0JIMKOBAaHA TOJIbKO B AaHIJIMHCKON BepcuH

Abstract-Soil organic carbon (SOC) plays an important role in preserving soil fertility. Assessing how
topographic factors (slope gradient, slope length, slope shape, and slope position) and their interactions influence
the SOC dynamics in the surface soil of longitudinal ridges of sloping farmland is very important for Mollisols
protection in Northeast China. The SOC contents and variations were quantified within classes of topographic
factors. A total of 39 soil samples were collected at the same sampling points in 13 typical Mollisol sloping
farmland in 2004 and 2016. The results indicated that the average annual decrease rate of SOC from 2004 to
2016 was 5.64%o. The SOC stocks were significantly affected by slope gradient, slope length, and slope shape,
but only affected by the interaction between slope gradient and slope position. In addition, the SOC stocks
decreased with increasing slope gradient (p < 0.05). The variation in SOC stocks during 12 years showed a
decreasing trend with increasing slope length (p < 0.05). The straight slopes had higher variation in SOC stocks
than concave and convex slopes (p > 0.05); the footslope had higher SOC content than the upper and middle



slope (p > 0.05), corresponding to the soil erosion and deposition along the slope. Our findings could offer
suggestions for future landscape management.

Keywords: soil organic carbon; slope gradient; slope length; longitudinal ridge tillage; the Mollisols sloping
farmland

Tepexona B. A., [Ipynuuxosa E. 0., Kupromun A. B., Kapnyxun A. U., [Tnexanosa U. O., Skumenko B. H.
DUTOTOKCHYHOCTE TSKEIIBIX METAIIOB B JACPHOBO-MIOA30JIUCTBIX ITOYBAX pa3H0171 CTCIICHU OKYJIbTYPCHHOCTH //
IMouBosenenue. 2021. Ne 6. C. 757-768. https://doi.org/10.31857/S0032180X21060137

CpaBHUTEIIBHBIC HCCIEIOBaHUS BO3ACHCTBYS TspKenbiX MeTauioB (TM: Cu 660 + Zn 1100 + Pb 650 mr/kr) Ha
arpojaepHoBo-Tio3oarcThie mouBkl (Albic Retisols (Loamic, Aric, Cutanic, Ochric)) aByx noseit (YamHukoRo,
MockoBcKasi 00J1aCTh) pa3HOI CTENIEHN OKYJIBTYPEHHOCTH C PAa3HBIM COJIEPKAHUEM OPTaHUYECKOTo yriepoaa
(Copr 3.86 u 1.30%) npoBeaeHbI 0 OKA3aTENSIM OCTPO U XpOHNYECKON (PUTOTOKCUYHOCTHU. Y CTAHOBJICHO,
YTO MPHU OAWHAKOBOM YPOBHE MOJIMMETATHYECKOTO 3arPs3HEHUS OTKIIMKH TECT-PACTEHHUI HA TIPUCYTCTBHE
BBICOKHX KOHIeHTpauii TM u moTeHIuanbHbIX PEMEIMAaHTOB (JIMTHOTYMaTa U OUOYTJIs) B IOYBAX OJHOTO THIA
C pa3HbIM cojiepxanueM Copr 3aMeTHO pa3jInyaroTcsl 10 POCTOBBIM MapaMeTpaM U HAaKOIUIEHHUIO METAJJIOB B
¢dbutomacce. 3arpszHenre TM cnabo0OKyJIbTYPEHHOH MOYBBI IPUBENIO K TOTHOM r'MOeIN pacTeHH B
BEreTaI[IOHHOM OIIBITE, TOTJa KaK B CHJIIBHOOKYJIBTYPEHHON PAaCTEHUS MPOIOJIKUTEIBHO PA3BUBAIHCH JI0 CTAIHH
[[BETEHUS C HE3HAUUTEIbHBIMU OTKJIIOHEHUSIMU OT KOHTPOJIs. [IpuBeneHb! SKCriepuMeHTa IbHbIe JAHHBIE 110
BaJIOBOMY COCTaBY H COJICPYKaHHIO BOJAOPACTBOPUMBIX (HOPM TOKCHKAHTOB M OMO(PHIBHBIX HJIEMEHTOB B
UCCIIETIOBAaHHBIX MOYBaX. MeTO0M ITIaBHBIX KOMIIOHEHT BBISIBJICHBI B3AUMOCBSI3H MEXKIY XUMUYECKUM
COCTaBOM I10YB U pe3ysbTraraMu ¢purorecToB. OOCYy)KaaeTcss HEOOX0IMMOCTh KOPPEKIIMH HOPMATHBOB
OPUEHTHUPOBOYHO JIOMMYCTUMOTO coaepkanus TM amsi 1epHOBO-TIOI30IMCTHIX [T0YB C BKIIFOUEHUEM Tpaialiuii
conepskanust Copr nomumo pH u rpaHyJI0METPHUYECKOTO COCTaBA.

KittoueBbie cioBa: SKoI0ruueckas oleHKa oyB, OMOTEeCTUPOBAHKE, OPTAaHHUECKUN YTIepo,
MOJMMETATHIECKOE 3arps3HeHNe, HOPMUPOBAHHE, IMTHOTYMAT, OMOyToJb, OMOIOCTYITHOCTD, Me/lb, IINHK,
CBUHEI]



