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HN3meHeHHe NPOTHBOIPO3MOHHOM CTOMKOCTH OPOIIAeMBbIX
Cepo-KOPUYHEBBIX MOYB CyX0i CyOTPONMYECKOH 30HbI
A3zepOaiizkaHa B 3aBUCUMOCTH OT JaBHOCTH UX OPOILIIEHUS

Pa6oTa BEINOIHEHA [0 TOCYIAPCTBEHHOMY 3aJaHHI0 VIHCTUTYTa TI0YBOBEICHHS
1 arpoxuMuu HarmoHanpHOM akanemMun Hayk AsepOaiiakana,
A3sep0aiiPKaHCKOTO TOCyIapCTBEHHOTO aPXUTEKTYPHO-CTPOUTENBHOTO YHHBEPCUTETA,
A3zepOaii>kaHCKOTO TOCYAapCTBEHHOTO YHHBEPCUTETA HE(YTH U IPOMBIIIIIEHHOCTH.

Bnepevie usyuenvt u uznoscenvl pesyibmamsl UCCIEO0BAHUL NO USMEHEHUIO
NPOMUBOIPOIUOHHOU CMOUKOCIU OpOuaemMblx cepo-kopuuneswvix nous (WRB (2014)
Haplic Kastanozems / Haplic Calcisols) npedzopHuix u pasnunusix meppumopuii cyxot
cyomponuueckou 30Hbl A3epbauiddxicana 6 3a8ucumMocmu om 0agHOCMU UX OPOULEHU.
Buisignenvt  usmenenuss mop@onozuteckux npoghunel, QUIUUECKUX U XUMUYECKUX
CBOUICME  YETUHHBIX U OpPOUIAeMbIX CepO-KOpUYHesbix nous. Onpedenena c643b
KONU4eCmeeHHbIX noKazameinell NpOMu0IPOUOHHOU CIMOUKOCU NOYE C 8ENUYUHAMU
pasmwieaioweti cKopocmu NOmoKa ¢ 6000NPOYHOCHIbIO CHIPYKMYPbL, NIONMHOCHIbIO
nouBdbl, GLICOMOIU  6bICIMYNOS uiepoxosamocmu. Jlana oyeHka U YCMAHOBIEHA
3a8UCUMOCb NAOMHOCIU MEePOOll Pasvl, NIOMHOCMU CIOHCEHUA U NOPOSHOCHU
0pouaeMbIX CePO-KOPUUHEBLIX NOUE O COOEPHCAHUS 2YMYCA, 2PAHYIOMEMPULECKOL0
cocmasa U OA6HOCMU UX OPOULEHUA. YCMAHOBIEHO, 4mO NPOMUBOIPOSUOHHYIO
CMOUKOCMb CEPO-KOPUUHEBLIX NOUE 8 3ABUCUMOCTU OM 0ABHOCHU UX OPOULEHUS. NO
Mepe CHUdMCeHUs OOHHOU pasmbleaioweli CKOpoCmu NOMOKA U NPOMUBOIPOSUOHHOU
VCMOUYUBOCU  MONCHO PACHONONCUMb 6 CLeOVIoWull pAd. YeruHa—opoulaemble
(oxono 100 1em)—oagnoopouiaemvie (6onee 300 1em)—rnosoopowaemvie (20-25 nem,).
Ha ocnosanuu nonyuentvix pesyibmamos onpedeieHo Mecmo cepo-KopUiHegbix oy 6
3a8ucumMocmu om 0agHOCMU OPOUEHUs 8 CUCmeMe MeHCOYHAPOOHOU Kidccugurayuu
WRB (2014): yenuna, HacvluyeHHas 2neeBas KapOOHAMHASL MAHCENO-CYNUHUCMAS CePO-
xopuunesasa nouea — Duric Gleyic Calcic Kastanozems (Loamic); — nosoopuiaemvle
cepo-kopuyHesvle (20-25 nem), mowHaa HO8as opowiaemas KapOOHAMHAS MAKHCENO-
cyenuHucmas cepo-kopuunesas nousa — Newly irrigated Grey Cinnamonic (20—
25 years old) — Someric Calcic Kastanozems (Loamic),; — opowaemas cepo-kopuunegas
nousa (oxono 100 nem), mowHas OKVILIMYPEHHAS OpowlaeMas KapOOHAMHAS
msacenocyanunucmas  cepo-kopuunegas novea — Someric Kastanozems (Anthric,
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Loamic); — oasnoopwaemvie cepo-kopuunesvie (UppucayuoOHHO-AKKYMYISAMUGHDbIE)
(6onee 300 nem), mowHas eneedas OKYIbMYPEHHA OAGHOOPOUIAEMAs KAPOOHAMHAS
msidiceno-cyenunucmas cepo-kopuunegas nousa — Gleyic Petrocalcic Kastanozems
(Anthric, Loamic).

KaroueBsie cioBa: Haplic Calcisols; cepo-KopH4HEBBIE MOYBBI; JAIHTEIBHOCTD
OpPOLICHHUSI; HPPHUTAlIMOHHAS 9pO3ust; AzepOaiimkan
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BBenenue

[maBHas mpoOiiemMa MUPOBOTO 3eMeNBbHOrO (POHa, OCOOCHHO B 3aCYLIMBBIX
30Hax, — JAerpananus [ 1—4]. BeIcokuii ypoBeHb BOBICYCHHOCTH 3€MEJILHOTO (POH-
Jla B CEeNbCKOXO3SIICTBEHHBIH 00OPOT B CYXOCTENHOW 30HE MAacTOMII NpH Tepe-
BEINIACE CKOTA, HECOONIOOeHUU NPABUL U HOPM NOTUBA 8 OPOULACMOM 3eMAedenuu
YacTO COMPOBOXKIAETCS AeryMu(HUKalueH, 3aCOIeHUEM, Pa3BUTHEM MPOLIECCOB
BETPOBOI U UppUrallMOHHOM 3po3uH [1, 5, 6]. B mupe 31% cymm noxsepxeHo Bo-
JTHOH 3PO3HHM; €KETOIHO CMBIBAETCS B MUPOBOI OKkeaH 10 60 MIIp/ T MOYBEHHOTO
Marepuaina [7]; B bemopyccun miomanb 3poaupOBaHHBIX TTIOYB 3aHUMAET OKOJIO
480 Thic. Ta [8], B Poccuiickoit ®enepannu — u3 36,5 MIIH ra ceiabXo3yroAauid, moj-
BEP)KCHHBIX BOAHOU 5p03uH, 24,7 MITH T'a COCTABIISIET MAITHS, BEIMBIBACTCS OKOJIO
1,5 mapa T mogopoanoro ciost [9], B CILIA mogHOCTEIO pa3pyLIEHO UITH CepPhe3-
HO TIOBPEXACHO OKoio 115 MiH ra maxoTHOW 3emiu, 313 MIH ra B pa3nudHON
CTEMeHHU MOJBEP)KEHBI IPO3UOHHBIM TporieccaM. CortacHo mporHo3y MHcTUTy-
Ta HabIONeHHH 3a cocTostHueM Mupa (Hplo-Mopk) Ipu cymecTByOmUX TeMmax
pazButus 5po3uu k 2030 . TIIOIOPOJHON 3eMJIM Ha IUIAHETE CTaHET MEHbIIE Ha
960 mupn T [4, 7]. B cBsi3u ¢ 3TUM TOYHAS OIICHKA 3PO3UH, BHI3BAHHON OPOIIICHU-
€M, UMeeT Ba)KHOE 3HaYeHHeE /IS pa3pabOTKH TUIaHa YIIPaBISHHUS dPO3UeH U KOH-
Tponem 3arpsizHeHus [10]. Cpenn MOYBEHHBIX MMOKa3aTeiel HEMOCPEACTBEHHOE
BIIMSIHME HA OMACHOCTh UPPUTAIIMOHHOMN 3PO3HH OKa3bIBaeT MPOTUBOIPO3HOHHAS
CTOMKOCTB TMOYBHI (pa3Mep W BeC OTICIBHBIX MOYBEHHBIX YACTHIl W arperaTros,
[IepOX0BATOCTh MOBEPXHOCTH MOUBHI) [0, 11, 12], a ee KpuTEepHUeM CIyKUT «pa3-
MBIBAIOIIAs! CKOPOCTHY BOTHOTO ITOTOKA, IPH KOTOPOH HAYMHACTCS «CIUIOIIHON
oTpbIB yacTull [13]. ITu nporuecchl MUPOKO PacpOCTPAHEHbI Ha MPEATOPHBIX U
PaBHUHHBIX TEPPUTOPHIX CyXOCTEITHOH 30HBI A3epOaiikana, U HppUraOHHAs
9p0o3Hsl NPOSBIIAETCS HA IUIomaau Oosee 255 ThIC. Ta. Yiepo, KOTOpbIil Mpu4nHs-
€T UPPUTALHOHHAS dPO3US CEITHCKOMY XO3AHCTBY PECITyOIHKH, MPOSBISETCS HE
TOJILKO B Pa3pylIEHUH CTPYKTYPHI ITOYB, HO U B BEIHOCE U3 MOUYBbI IUTATEIBHBIX
anemeHnToB [14, 15]. OgHako 3aKOHOMEPHOCTH W3MEHEHHUS MTPOTUBOIPO3NOHHON
CTOMKOCTH OpOILAEMBIX CEPO-KOPUYHEBBIX MOYB CYXOH CyOTpOMHUYECKON 30HBI
Aszep0aiipkaHa B 3aBHCHUMOCTH OT TaBHOCTH OPOILICHUST MHOTOOOPA3HEI M HEMIO0-
CTaTOYHO W3y4YE€HBI, TOITOMY MPOBEJACHHE MCCIEIOBaHUI B 3TOM HalpaBlIeHUH
SIBIISIETCSI aKTyaIbHBIM [16].
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Lenp HacTosmiel pabOTBI — HCCIIEAOBATh M3MEHEHHE MPOTHBOIPO3ZHOHHON
CTOMKOCTHU OPOLIAEMBIX CEPO-KOPUYHEBBIX I10YB IIPEATOPHBIX U PABHUHHBIX TEp-
pUTOpHIA CyXO¥ cyOTpomnmueckor 30HBI A3epOaii)kaHa B 3aBUCUMOCTH OT JIaB-
HOCTH opouleHus. Ha ocHOBaHMU NOJIy4EHHBIX PE3YJIBTATOB ONPENEIUTh MECTO
CEPO-KOPUYHEBBIX II0YB B 3aBUCUMOCTH OT IaBHOCTH OPOLIEHUS B CUCTEME MEXK-
nOyHapoaHoi knaccudukaru WRB (2014).

MaTepnam,I U METOAHUKH HCCJICT0BAHUSA

OOBEKT UCCIECIOBAHUS — CEPO-KOPHUIHEBBIC MOYBBI MPESATOPUI M PABHUH CyXOil
cyOTpondeckoi 30HbI A3epOaiimkaHa. B kimaccmukamy YU TMAarHOCTHKE TI0YB
CCCP 1977 1. cepo-KOpUUHEBBIE MOUBBI OTHOCAT K pedeparuBHOil rpymme — Grey-
cinnamonic soils /Luvic Calcicoils/ Luvi-Calcic Kastanozems [17] (omMHEHHBIE Kap-
OOHATHBIC TMOYBBI C MAJOTYMYCHBIM MPOQIIEM, KallITAHOBO-KOPUYHEBBIM I[BETOM
BEPXHETO TOPH30HTA, TI0 CTPOCHHIO M CBOMCTBAM SIBISIOTCS TEPEXOTHBIMH MEXITY
KOpUYHEBBIMH TIOYBaMU M cepo3emamu) [18, 19], mo wiaccudukaimm mous Asep-
OaifpkaHa — k cepo-kopraHeBbIM (Grey Cinnamonic) [20], mo WRB (2014) — Haplic
Kastanozems/ Haplic Calcisols [21]. B Tab1. 1 mpuBeneHb! 0ObEKThI NCCIEIOBAHUMN U X
MecTornoyioxeHve. OOIast IIoma b Cepo-KOPUUHEBBIX MTOYB COCTABIISIET OKOJIO 1,4 MITH
ra. B reoMop(oornueckoM OTHOIICHUH OHU TIPUYPOUCHBI K PEATOPHBIM HAKIIOHHBIM
PaBHIHAM, pacwICHEHHBIM ITOATOPHSIMH, YBAINCTO-XOJIMICTHIMHI, B OCHOBHOM BOJTHO-
9PO3MOHHBIMHE, AKKYMYJISATHBHBIME (popmamu penbeda Kypa-Apasckoil HU3MEHHOCTH
(Beitnaran, Eenax n Arman), [Tprapasckoit onock! (brsicysap), I'irmka-Kazaxckoro
MAcCHBa, KOTOPBIN pacrioiiaraeTcs MEKITy TOpHBIME XpeOTamu bomnbinoro u Masoro
Kapkaza (Akcrada), roxxHOTrO0 ckiiona bonbimoro KaBkasa (Axcy) 1 ogHoxbst bosbiio-
ro Kaskaza (I'eokuait) [14]. [TouBooOpasyrommmMu MoporaMi cepo-KOPUYHEBBIX TIOYB
Beiinaranckoro paifoHa SIBISFOTCS MICOHACTO-METKO3EMHUCTO-KapOOHATHBIE CYTITUHKH
WITH JICCCOBUJTHBIC CYIIMHKH U TIMHBI, EBIAXCKOTO — JISIOBUATIGHHBIC U JICTIOBAAITb-
HO-TIPOIOBUAIEHBIE KapOOHATHBIE CYITIMHKH, ATAIICKOTO — aJUTFOBHAIBHO-TIPOITIOBH-
QJTBHBIC BATYHHO-TAICYHUKOBBIC MEJTKO3EMICTBIC OTIOKEHM, BrusicyBapckoro — omep-
TeJIeHHBIE, BBICOKOTHFIICOHOCHBIE CYIIMHUKHA CO CMECBHIO TaJICYHHUKOBBIX OTIIOMKCHHM,
AKCTaUHCKOTO — BEpXHEUCTBEPTHYHBIE, TSHKEIOCYNIMHUACTHIC M JICTKOIIMHICTBIC all-
JFOBHAJTFHO-TIPOITIOBHABHBIEC OTIIOKEHHS, AXCYHHCKOTO — IIHHCTEIE COJIEHOCHBIE OT-
JIOKEHUSI AJITFOBUATIBHO-TIPOTIOBUATIBHOTO IIPOUCXOKACHHUS, | e0KJalicKoro — recyaHu-
KM, BTyHHO-TAJICYHIKOBEIE CJIOUCTHIC OmIoKeHMs. [1odBo0OpazoBarebHbII Iporiece
LEUHHBIX MOYB MPOTEKAET B OCHOBHOM B YCIIOBHSIX HEJIOCTATOYHON BIAXKHOCTH MPH
OCITa0JICHHOM WJIH 3a9aCTYI0 HEPOMBIBHOM BOJHOM PEXKIME, a OPOIIaeMBIX — B IIPO-
MBIBHOM HPPHTAIMOHHOM PEKMME YBIKHEHHUS Ha (JOHE CMEHBI TIEPHOIOB HUCXOMIS-
11ero (TIPOXJIaTHbIN) M BOCXOMIAIIETO (CyXOH JICTHUI) JIBIDKCHHI pacTBOPOB, B COCTABE
KOTOPBIX Npeo0raiatoT GUKapOOHAThI KaNIbIMs ¥ MarHust [ 14].

Kimvar Tepputopwii pactipocTpaHeHUS CEpO-KOPHIHEBHIX IOYB 3aCyIUIABBIN
C BBICOKOH TEII000ECICUCHHOCTHIO M HEIOCTATOYHBIM aTMOC(EPHBIM YBIAXKHE-
HreM. 3UMa 3acylIINBasi, TeIIas CO CPeIHEH TOIOBOM TEMIIEpaTypoil B sTHBape
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+1-+2 °C. CHeXHBI MOKPOB HeycToHuMBEIi. Jleto xapkoe — +25...426 °C (B
utone). CpeHerooBas Temieparypa Bo3ayxa cocrasiuger +14...+15 °C, cymma
akTuBHBIX Temmeparyp — 3 5004 500 °C, rogoBoe KOIMYECTBO BBITAIAIOIIAX
ocagkoB — 250-500 MM, MAakCUMyM UX HPUXOAUTCS Ha OCCHHE-3UMHE-BECEH-
HUH mepuon, jeto 3acyunmBoe. Koaddumuent ypnaxuenus — 0,3-0,5. MHnekc
cyxoctu — 2,0-3,0. Cymmapnas paguarus cocrasisier 122,5-128,5 kkan/cm?,
tom >10 °C — 210-240 nnet, to °C — 240270 nmueit [21]. Benencrue
HHU3KOTO KOJIMYECTBA BBHINA/IAIOIIMX OCAJIKOB M BHICOKOTO HHJIEKCA CYXOCTH LeTMHHAS
PACTUTEIHHOCTh Ha HCCIIEAYEMBIX TEPPHTOPHAX OCTalach HA HEOONBIIHX ILIO-
mandax u npejacTtabieHa 3demeponnaMu, 00poaadeBO-THITYAKOBBIMH, TTOJBIHHO-
00pOIaueBBIMH, MOXOKEBEIBEHBIME cooOmecTBamMu (Tabm. 1). Bennuwnna nenvs-
HOU (huTOMacchl cyxocTenmHoN nonockl Hu3kas (52,0-95,0 u/ra). 3HauntenbHast
9acTh CEPO-KOPUIHEBBIX TIOYB OCBOEHA ITOT OOTapHOE M OPOIIAEMOE 3eMIICICITHE.
B Mop¢onornueckoM OTHOLIEHUH CEpO-KOPUYHEBBIE MOYBBI XapaKTEPU3YIOTCS
YeTKoU muddepeHnanueit mpoQuiis, XOpoIIo arperipOBaHHBIM T'YMYCOBBIM T'O-
pusonToM (AU 1 A/B —40-50 cm), HanmuneM kapOOHaTHO-UIUTIOBHAIBHOTO TOPU-
3oHTa Bea. CocTaB 0OMEHHBIX OCHOBaHHMI ITOKA3BIBAET BEICOKYIO HACHIIIIEHHOCTD
noys kaTHoHOM Ca (19-29 mr-sks./100 r. mouBsl). BenuuuHa a30Ta B BEpXHUX
ropuzoHTax coctasmuset 0,20-0,30%. Oraomenne C:N —7,0-9,0. [To rpanymome-
TPUUYECKOMY COCTaBYy MOYBBI TSDKEJIIOCYTIMHUCTBIE U JIETKOIIMHUCTBIE, C TIPE00-
JIaJaHUEM TIBUIEBATHIX YAaCTHUII, CTEIICHb UIMCTOCTH cocTaBisieT — 42-52%. Co-
JiepKaHue BOJOMPOYHBIX arperatoB >0,25 mm — 43-48%, rymyca — 2,28-2,65%,
Bononponuiaemocts — 1,1-1,2 mm/mMuH, pH — 7,5-8,5 [22].

OCHOBHBIE METOZIbI UCCIIEIOBAHMS ITPOTHBOIPO3UOHHON CTOMKOCTH CEpO-KOpUY-
HEBBIX IIOYB — CPaBHUTEIBHO-TeOrpaduueckuii (reorpapuieckue 3aKOHOMEPHOCTH
pacnpezieneHus JaHHBIX TIOYB MO TPaHYJIOMETPHYECKOMY COCTaBy M TyMYCHPOBaHHO-
CTH ITAXOTHOTO TOPH30HTA) M CPABHUTEIEHO-aHATIMTHIECKUHA. Ha THITIYIHBIX yaacTKax
3aJI0)KEHBI TI0YBEHHBIE pa3pe3bl, OMpeNeNieHbl BBICOTHI HAJl YPOBHEM MOPSI U UX Te€0-
rpaduIecKre KOOPIMHATHL, MPOBEACHO MOP(OIOrHIeCKOe ONHCAHNE, TT0 TCHETHIC-
CKHMM TOPH30HTaM OTOOpaHbI OYBEHHBbIE 00pasikl [19, 21, 23, 24]. [IpoTrBo3po3u-
OHHAs CTOMKOCTb IOYB OIPEIESICHa TOHHOW pa3MBbIBAIOIIECH CKOPOCTBEO TIOTOKA — 10
M.C. Ky3nenosy [13], BOZOIPOYHOCTh arperaTtoB — METOAAMU CYXOTrO M «MOKPOTO»
arperatHoro aHami3a 1o CaBBUHOBY, IIOTHOCTB TBEPIIOH (ha3bl — MMKHOMETPHYECKIM
METO/IOM, TPaHYJIOMETPHUYECKUI COCTaB — MeTOZIoM IuneTky (Bapuant H.A. Kaunn-
CKOT'0 TIpH TIOZITOTOBKE K aHANM3Y MOoUBHI upadocharasmv metonom o C.U. [lonroBy
u A.W. JInumaHOBOI1), TNIOTHOCTH MOYBBI — OypOM TIO OOIIENPHHATON MeToauKe [25,
26]. 3HaueHne BHICTYIIOB IIEPOXOBATOCTH TI0YB OMPEIEIECHO 0 COOTHOIICHHIO

A=0,7dw
b
e dw — CpPeOHEB3BELICHHBIA OUaMETp BOJONPOYHBIX arperaroB. BenwmuuHa

paccumuTaHa 1o pe3ynpTaraM CTpYKTYpHOTo aHanu3a noussl o metony H.U. Cas-
BHHOBA IPY UCXOHOM BiaxkHoctu W [27], cogeprxanue odmero rymyca dw — o
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N.B. Tropuny B Moaudukanui HUKUTHHA, IEIUTION030JUTHYECKAsT aKTUBHOCTD —
aNMUTUKAIIMOHHBIM METOJIOM I10 Pa3JIOKEHHUIO XJI0MYaToOyMaXKHOTO MOJIOTHA (T10-
BTOPHOCTh — TpexkparHas) [28]. Craructuueckas oOpapabOTKa IMOIyYIECHHBIX
JTaHHBIX IpoBozieHa 1o b.A. JlocniexoBy [29].

Pe3ysabTarsl Hccaeq0BaHUS U 00CYKICHTE

OpolieHue UMeeT TeHJCHIUI0 U3MEHATh Mopdosiornyeckue, GU3ndecKue u
XMMUYECKHE CBOIMCTBA MOUYBHL, Aejas UX IIOJOOHBIMHI ITOYBaM, 00pa30BaBIINMCS
MIPH TIOBBIIIEHHOM KOJMYECTBE OCAJKOB B 3aCYIUIMBBIX U MOJIy3aCYyILUTUBBIX 30-
Hax [30]. BeraBiaeHo, 9TO CEIbCKOXO3SIIICTBEHHOE MCIIOIBb30BaHNE IIETMHHBIX Ce-
PO-KOPUUYHEBBIX ITOYB B 3aBUCUMOCTHU OT MX TeorpauuecKoro pacrioioKeHus Ha
Pa3HBIX IIUPOTaX, COCTaBa M CBOUCTB MMOYBOOOPA3YIOMINX MOPOI, JABHOCTH OPO-
LIeHUS TPUBENO K Pa3IMyHbIM MOP(OIOTHIECKUM U3MEHEHHUSIM TOYBBI M MOIII-
HOCTH T€HETHYECKHX TOPH30HTOB U SIBISIETCS OJHUM M3 OCHOBHEIX (DaKTOpPOB,
OTIPENeNAIONINX U3MEHEHHE POTUBOIPO3HOHHON CTOWKOCTH MOYB CYXOCTEIHOM
30HBI A3epOaiikana. YCTaHOBICHO, YTO HOBOOPOIIAEMBIE CEPO-KOPHYHEBEIE T10-
yBbl B ArgamickoMm (Kypa-Apa3sckas Hu3MeHHOCTh) U [eoruaiickom (TMOIHOXKbE
rop Bonbmoro Kaskasa) palioHax HaxXoIATCS B HaYallbHOW CTaJIMA OCBOCHUS U
OpOIIEHUST; TpeolI1afaeT 0COOEHHOCTh 30HAIIBHOTO MMOYBEHHOT0 THMA. OKYIbTY-
peHHbIH cnol (MomHOCTh 25-30 cM) chOpMHUPOBAH HE MOJHOCTHIO, HOBBIC IMa-
xoTHble (Al —22-27 cM) 1 moanaxoTHbIE TOPU3OHTHI (A2 — 15—16 cM) HecKoMb-
KO YIUIOTHEHBI. B IaXOTHBIX M MOANAaXOTHBIX TOPU30HTAX CTPYKTypa yXYIIIEHa,
OMYILEH YPOBEHb KApOOHATHBIX M THIICOBBIX TOPU30HTOB. MaKCUMaJIbHOE UX Ha-
KOTUIEHHE OTMEUEHO B HIDKHUX Topr3oHTax. B bumscyBapckom (ITpuapasckast mo-
noca), EBnaxckom (Kypa-Apasckas HU3MEHHOCTB), AKCTaUHCKOM (MEXIy Top-
HbIMH XpebTamu bombiroro u Manoro Kaekaza) 1 AXCyHHCKOM (TOXKHBIA CKJIIOH
Bonbmoro KaBka3za) paifoHax cepo-KOPUYHEBBIE OpPOIIAEMBIE TTOYBbI HAXOSATCS
BO BTOPOH CTaIuy KyJIBTYpPHOTO TIOYBOOOPA30BaTENBHOTO Iporecca. Mopdomro-
THYECKoe CTpoeHHe Mpoduis pe3Ko OTIMYAETCS OT UEIMHHBIX U HOBOOpOILAe-
MBIX TI0YB C TpeoOIaJaHneM MPU3HAKOB, NMPHUCYIINX OKYJIBTYPEHHBIM HOYBAM.
IIpoduns obnanaet yeTkoii nBeToBOH Tuddepenimanueii. CHopMUpOBaH OKYIIb-
TypeHHBIN cior (52—56 cM), MaxoTHBIM TOPH3OHT COCTaBIsIET 25-28 cM; mMoa-
MaXOTHBIA — 24-26 cM, WILTIOBUATBHO-KapOOHATHBIA TOPU3OHT BBIPAXKEH Cl1ado,
cHkeH 10 96-101 cMm. JlaBHOOpOIIaeMbie (MPPHUTAIlHOHHO-aKKyMYJISITHBHBIC)
cepo-kopuuHeBble mouBbl B busacysapckom (IIpuapasckas nonoca) u beiinaran-
cxkoM (Kypa-Apa3ckas HU3MEHHOCTh) paliOHAX MO BO3JAEHCTBUEM IITUTEIHHOTO
OpOIIEHHUST MYTHBIMH BOJAaMH M TOCTOSSHHONH 0OpaOOTKH MONHOCTBIO TOTEPSIIH
MIPU3HAKY 30HAJBHBIX MEPBHYHBIX TOYB M IPHOOPETH 0COOBIN THUII OYBEHHOTO
npoduist. 3To, IPEXkAe BCEro, OTHOCUTCS K PACHPEENEeHHIO TyMyca, KapOOHAaTOB
U THUIICa B TOYBEHHOM Ipodrte. Pa3BuBasch B yCIOBHAX IPOMBIBHOTO HppHTa-
LUOHHOTO PEXHMa YBIAXKHEHUS, COMPOBOXKIAEMOr0 MPUBHOCOM MYTHBIMH IIO-
JIMBHBIMHU BOJIaMU [TUTATEIbHBIX 3JIEMEHTOB, PACTBOPUMBIX COJIEH U B3BELIECHHBIX
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YacTHIl, HA MOIIHBIX arpoOMpPpPUTAIMOHHBIX OTIOXCHUSIX CEPO-KOPHYHEBEIE II0-
YBBI IPHOOPETAIOT MOHOTOHHBIA CEPOBATO-KOPUYHEBATHIN I[BET, OJHOPOAHOCTD
IpoQuiIs M CIOXKCHUS, HONHOCTHIO C(HOPMHUPOBAHHOTO OKYIBTYPEHHOTO CIIOS
MOITHOCTBIO 65—70 cM. Ha riry6une 61-83 cMm BeTpedaroTcs morpeOeHHbIe TOpH-
30HTEL.

IIpoTuBO3pO3UOHHAS YCTOMIMBOCTD IOYB SIBJISETCS MHTETPAIbHBIM [TOKa3aTe-
JIeM, KOTOPBI HEBO3MOXKHO 0OBEKTHBHO OLIEHUTH TOJIBKO ITPH IIOMOIITH KaKOTO-TO
OIIHOTO (hakTOpa, a LEeNecoo0pa3HO MPUBJIEKATh K aHAIU3Yy JApPYrue MOKa3aTelnu
arpodusmueckoro coctossHus o4B [3, 13]. I'ymyc siBisieTcst ofHUM 13 (PaKTOpOB,
CHIDKAIOLIUX TOABEPKEHHOCTh IOUBBI 3PO3UOHHBIM IIPOIECCaM, ITyTEM «CKJIe-
WBaHUSD) TPAHYIOMETPUIECKAX DJICMEHTOB B MUKPO M MAaKpOAarperarsl, 00pasys
TyMaThl KaJIbIMs U MarHusi, KOTOpPbIE BBIIAJAIOT B OCAJ0K M CIIyXaT LIEHTpaMu
arperaroo0pasosanus [31, 32].

IIpu uccrnenoBaHNM NPOSBIECHUS HUPPUTAIMOHHOM 3PO3UH Ha CEpo-KOpUd-
HEBBIX MOYBAX, KOTOPHIE Pa3BUBAIOTCS Ha PAa3IMIHBIX MO TEHE3HCY MOYBOOOpa-
3yIOIIUX MOPOJAX, YCTAaHOBIEHO, YTO Haubosee MHTCHCUBHO OHA MPOTEKaeT Ha
HOBOOPOIIIAEMBIX BapHaHTaX, PACIIONIOKEHHBIX Y TIOMHOXBS rop bompmoro Kas-
Ka3a, IMEIOIUX NPUIIOHATHIN U HAKJIOHHBIH penbed, a Takxke B Kypa-Apasckoit
HU3MEeHHOCTH. [I0uB00Opa3yomuMu MopogaMy Ha STHX TEPPUTOPHSX SBISIOTCS
MECUaHUKH, BaTyHHO-TAJICUHUKOBBIE CIIOUCTBIE OTIOXKEHUS, AIIIOBHAIBHO-IIPO-
JIOBUAJIFHBIC BAJTYHHO-TAICYHUKOBBIC MEIKO3EMHCTBIE OTIOXEeHUSI. Ha Takmx
MOYBAX C YXYAIIEHHEM arpo(pU3UIecKUX CBOMCTB BO3PACTAET MOJBEP>KEHHOCTD
9pO3HH, KOTOPAsT MOXKET IIPUBECTH K MOJHOM MOTEpe TyMyCOBOTO TOpHU30HTA [22].
BoBneueHue cepo-KOPUUHEBBIX MIOYB B OPOIIACMOE 3eMIIEAEINE OKa3bIBAJIO He-
TaTHBHOE BO3/ICHCTBHE HAa OPraHUYECKYIO YaCTh OYBEI, IPOSBUBIINCH B CHIDKE-
HUM COJACPKAHUS TyMyca, YTO OKa3aJloCh JIOBOJBHO MH(OPMATHUBHBIM IIPU CO-
MTOCTABIICHUH JAHHBIX 110 TYMYCY LEIUHHBIX M OpOIIaeMbIX mouB (Tadm. 2). Co
BpEMEHEM IOCJIE PACHAIIKH U OPOLICHUS LENUHBI IOTEPU I'yMyca MOCTEIEHHO
3aMEUIIOTCS, ¥ CITYCTsl HECKOJIBKO NIECSTIIECTHH €T0 CoAepiKaHue B IIOYBE CTa-
oumszupyercs [33, 34], 4ro u HabIIOAAETCS HA TEPPUTOPUAX JABHOOPOIIAEMbIX
(MppUTaIIIOHHO-aKKyMYJIATUBHEIE) TIOUB.

IIpu comocraBieHUH CPEAHECTATHCTUUECKUX MAHHBIX rymyca (M) BbISBU-
JOCH, YTO BEIMYHMHA ITOTEPh TYMyca IPH OPOIICHUHN 3aBHCUT TAKXKe OT TaBHOCTH
OpOIIEHUs OYB. B IIeIMHHBIX MOYBAX COJEpKaHUE TyMyca, II0 CPEAHECTATHUCTH-
YECKUM JTaHHBIM, B CMBIBaeMEBIX 30Hax (0—25 cMm) coctaBmiio 2,68%, a mocie opo-
LIeHUs eTro BeJnuuHa cHu3miack Ha 0,47% B HoBoopIaemsbIx, Ha 0,30% — B opo-
maembix U Ha 0,19% — B maBHOOpPOIIaeMBIX (MPPHTaliOHHO-aKKYMYISITHBHBIX )
BapuaHTax. Pemraromias poib B HAKOIUIEHUU ITOYBEHHOTO OPTaHUYECKOTO Bellle-
cTBa (TyMyca) MPUHAUICKHUT TPABTHUCTON pacTUTeIbHOCTH [34]. B HOBOOpOIIA-
€MBIX CepO-KOPUYHEBBIX MTOYBAX II0 CPABHEHHUIO C OPOLIAEMBIMU U JJABHOOPOIIIA-
€MBIMH CHIDKCHHUE COIEPKaHUs TyMyca OOBSCHICTCS HE TONBKO HEIOCTaTOYHBIM
MOCTYIUIEHHEM B NOYBY OPraHUYECKOTO BEIECTBA MOCIE XJIOMUaTHUKA, TOMU-
JOPOB W TIICHUIIBI, HO W HEOONBIINM COJCP)KaHIEM B PACTHTEIHFHBIX OCTaTKaX
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azora. /3 opolraeMbIX IIOYB JaBHOOPOIIAEMbIE XOPOIIO0 MHKPOATPETHPOBAHBI U
OTJIUYAIOTCS OTHOCHUTEIHHO HAMOONBIIMM COACPIKAHUEM B MAXOTHBIX TOPH30H-
Tax rymyca (2,49%). 9To MOXHO OOBSICHUTH IPUBHOCOM MYTHBIMH TIOJTMBHBIMH
BOJIAMU MUTATEIBHBIX 3JIEMEHTOB, PACTBOPHUMBIX COJICH, B3BCIICHHBIX YACTHI[ U
WX HAaKOIUICHHEM JJINTENHEHOE BPeMs. ATPOMPPUTAIIOHHEIE CIOM ITOKa3BIBAIOT
CHIDKEHHUE COMIEPKAHUS TyMyca 10 CPABHEHHIO C BEpXHUMH FOPU30HTAMHE, HO €T0
cojiepKaHue B cpeaHuX yacTax nmpopmis (25-50 u 50-100 cm) opoiaeMpIX TIOYB
Bcerna oombie (1,78-2,29% u 0,93-1,34%), uem B nenuuubIx —1,19% u 0,72%.
[ox BnusHEEM OpOUICHUS W3MEHWIOCH PACHpEieIeHIe TyMyca 110 MPOQUIIIO.
B naBHOOpOIIIaeMbIX MOYBAX TYMYC PacIpeielicH pABHOMEPHO IO BCEMY ITOYBEH-
HOMY nipoduiro 10 50-100 cm.

Tao6bnumma2[Table?2]
Copnep:xaHue rymyca B Cepo-KOpPHYHEBBIX MOYBAX B 3aBUCUMOCTH

OT JIaBHOCTH OPOLUECHUS
[The humus content in Grey Cinnamonic soils depending on the age of irrigation]

Tny6usa Yo Conepxanue
Opasua, | ciydaes, mir. ymyea
ITouBsi [Soils] obpasiia, Y e [Humus
cM [Number of content], %
[Depth, cm] | cases, pcs.] (M= W;M)
0-25 20 2,68+0,076
Cepo-kopruHeBast (LIeJIMHA) 25-50 20 1.190.113
[Grey Cinnamonic] (virgin soils) 50100 20 0’ 794 0: 053
0-25 26 2,214+0,092
Hosoopraemsie cepo-kopuanessie (20-25 ner) ’ .09
[Newly irrigated Grey Cinnamonic] (20-25 years old) 25-30 26 1,780,098
yme Y Y 50-100 26 0.930,067
0-25 25 2,38+0,105
Opomaembie cepo-kopuaHeBsie (okoino 100 ner) 25-50 25 1.8540.91
[Irrigated Grey Cinnamonic] (about 100 years old) ? ?
50-100 25 1,02+0,097
JlaBHOOpIIaeMBIE (MPPUTALTUOHHO-
AKKyMYJIATHBHBIE) CEPO-KOPHYHEBBIE 0-25 31 2,49+0,121
(6omnee 300 net) 25-50 31 2,29+0,118
[For a long time - irrigated Grey Cinnamonic] 50-100 31 1,34+0,109
(over 300 years)

Ilpumeuanue [Note]: M* m, — cpenHss apupMeTHIECKas C OIUOKOH cpemHed apudmeTHye-
cKkoif [Mean and standard error of the mean].

CreneHb NPOTUBO3PO3MOHHON CTOMKOCTH IOUB LIEIE€CO00PA3HO ONMPEAETsTS,
MIPUMEHsIsT OMOMArHOCTHKY [36], KOTOpas pearupyeTt Ha OTpUIaTeIbHbBIC BUIOM3-
MEHEHHsSI Ha paHHHX dTanax ux nposieieHus. OAWH U3 YyBCTBUTEIBHBIX METOJIOB
OMOIMAarHOCTHKA — ONpEIENICHIE [EeINTIOI030JUTHIECKONH aKTHBHOCTH TOYBHL
[Ipu 5TOM cTeneHb ee MPOSBICHUS 3aBUCUT OT YPOBHS 3POJMPOBAHHOCTH MIOYBHI,
BO3/IENBIBAEMBIX KYJIBTYp U TaBHOCTH opoineHus [36]. [Ipu moBbImeHny memto-
JIO30JIMTUYECKON aKTUBHOCTH B OpOIIaeMOM BapuaHTe (3 ypoxasi 3eJIeHOH Macchl
B rox ¢ 1 ra) mpoOMCXOAWUT MHHEpPAIH3AIHS HEIYMADUIIMPOBAHHBIX PACTUTEIIh-
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HBIX OCTaTKOB ¢ MMMOOWIH3AINEeH a30Ta, KOTOPBIH BEICBOOOKIAIOT MUKPOOpPTa-
HU3MBL. 3[1€Ch YacTh I'yMyca MUHEPAIU3YETCsl, YTO MPUBOAUT K MOBBIIICHUIO CO-
Jep KaHus B TI0YBE JaOMIBHBIX TYMYCOBBIX BEIIECTB 3a CYET HOBOOOPa30BAHHBIX
T'YMYCOBBIX BEIIECTB.

IIpy4viHEl yCTOMYMBOCTH Pa3HBIX TUIIOB IOYB K BOJHOM 3PO3WH B 3HAUH-
TEJIbHOM Mepe CBSI3aHBI C MX T'PaHyJIOMETPUUYECKUM cocTaBoM [25, 37], ompe-
JIETISIOMAM XapaKTep CBsI3eW MEXAy 4YacThlamMu M uX mpodHocTs [34]. Uc-
CJICZIOBaHUSI MTOKA3bIBAIOT, UTO B CEPO-KOPUYHEBBIX I0YBAX B 3aBUCUMOCTHU OT
JAaBHOCTH OpPOIIEHUS T'PaHYIOMETPHICCKUN COCTAB MPETEPIIET OIpEICICHHBIC
U3MEHECHHS — OTMEUYAeTCsl WITIOBUUPOBAHUE MIUCTON (PpakIMy U3 MaXOTHBIX
CIIOCB ITOYB B IIOANIAXOTHBIC M HIDKEIIE)KAIINE TOPH30HTHI (Tabi. 3). B maxoTHBIX
ciosix (0—25 cM) HOBOOPOIIIAEMBIX CEPO-KOPUYHEBBIX IT0YB COACPKAHNUE YACTHUIL
¢paxmun <0,001 MM HIDKE (24,2%), yeM Ha HEeTUHHEBIX (25,8%), opomraeMbIx
(27,4%) u paBHOOpomambIx (28,4%) mouBax. I[lon BiAMSIHHEM 3PO3MOHHBIX
MIPOIIECCOB MMPOUCXOANT YTSDKEICHIE TPAHYIIOMETPHIESCKOTO COCTaBa IMaXxOTHO-
ro cios nouBsl [36]. Cpeanecratuctudeckue 3HadeHus ¢paxkuuit <0,01 MM u
<0,001 MM MMOKa3BIBAOT, YTO HAUMEHBIIIEE TIepeMeleHIe WINCTON (Qpakiuu ¢
naxoTHbIX cioeB (0-25 cMm) mouB B moamnaxoTHsle ciou (25-50 cM) mo cpas-
HEHHIO C HOBOOPOIIAEMBIMH II0YBaMH OTMEUEHO Ha OpOIIaeMOM BapHaHTe (Ha
0,6%), a Hanbonbee (Ha 8,2%) — Ha JaBHOOpoIIaeMoM. OTMEYEHO, YTO B IPO-
Iecce OPOUICHHUS CHIDKEHHUE HIINCTOH (PpaKkIluy BO BCEX BaPHAHTAX IPUBOAMIIO
K YBEIHUYEHHUIO KoJIuuecTBa (pusndeckoil muHel (Ha 0,6—3,5%) U yTsSKeICHUIO
TpaHyJIOMETPHUECKOro cocTraBa. Hambompimee comepskaHHe YaCTHIl (HPaKITHid
<0,001 u <0,01 MM B MaxOTHBIX U MOAMAXOTHBIX CIOSX JIaBHOOPOIIAEMBIX Ce-
PO-KOPHYHEBBIX MOYB YKa3bIBAET HA UX OTHOCHTEIHHO BBHICOKYIO IPOTHBOIPO-
3MOHHYIO YCTONYMBOCTb IO CPaBHEHMIO C IICIMHHBIMH, HOBOOPOIIAEMBIMU U
OpOIIacMBIMH BapHAaHTAMH.

CrnocoOHOCTh TyMyca CKJICHBAaTh, LIEMEHTHPOBATh YaCTHUIIBI MOYBHI B BOJO-
MIPOYHEIE arperaThl HEMOCPEACTBEHHO JOJDKHA CKa3bIBATHCSI HA MPOTHBOIPO3H-
OHHOH cToiiKOCTH ToYB [38], U BOIONPOUYHOCTh MOUBEHHOH CTPYKTYpHI, KaK U
MHOTHE JIpyTHe CBOWCTBA MOYBHI, THHAMUYHA W M3MEHSCTCS B IMPOCTPAHCTBE H
BO BpeMeHH [4, 39, 40]. HexoTopsle uccieoBaTeny CUUTAIOT, YTO II0YBa, HAXO-
JIIasicst O ATTATENFHBIM aHTPOTIOTEHHBIM BO3IEHCTBHEM C1a00 MUKpOArperi-
pOBaHa, MPOTUBO3PO3UOHHAS CTOMKOCTh HEYIOBIETBOPUTENbHAS, @ CIOCOOHOCTD
K arperupoBaHuio cinabas [41], B CBA3M C 3THM 0COOCHHOE 3HAYCHHE MMEET XO-
polrasi CTpyKTypa MOYBBl B paiiOHAX ONACHOCTU INPOSIBICHHUS HPPUTALOHHOI
apozun [42].

HccnenoBaHus MOKa3bIBAIOT, YTO (PU3UUECKOE COCTOSHHE CEpPO-KOpUYHE-
BEBIX IT0YB BO MHOTOM 33aBHCHT OT aBHOCTH OPOIICHHS, CITOCO0a MOJIMBA, BO3-
JICJIBIBAEMBIX KYJIBTYp M XapaKTEPU3YeTCsl pa3IMUHBIM arperaTHbIM COCTAaBOM
(Tabm. 4).

Heopomaemsle (LieJIMHHBIE) CEPO-KOPUYHEBBIE TOUBBI XapaKTEPU3YOTCS J10-
BOJILHO HEIUTOXHMM COepKaHUEeM TIIBIONCTHIX oTaenbHocTei (11-16%).



H3zmenenue npomusoapmuormoﬁ cmoukocmu 43

Taonuma3[Table 3]
JlaHHBIE IPAHYJI0OMETPHYECKOI0 COCTABA CEPO-KOPHYHEBbIX 0YB
B 3aBHCHMOCTH OT JaBHOCTH OPOIIEHHS
[Data on the granulometric composition of Grey Cinnamonic soils
depending on the age of irrigation]

R E N Dpaxkius [Fraction]
5? 2 0,01 mm, % <0,001 mm, %
2 5|9 E
2|84
ITousa ~ &° g
S21(58 | Mtm, |SD| CV | MEm, |SD| CV
© =2 !
E\ o |53
= = £
=
Cepo-kopuunesas (mennna) | 0-25 | 20 |57,6+0,80(4,64| 8,04 | 25,8+0,30 |1,71| 6,60

[Grey Cinnamonic] (virgin soils) |25-50| 20 [59,2+1,25(7,38(12,45|27,7+0,42 (5,41(19,54
HoBoopiiaemsie cepo-
KOPUYHEBbIE (20725 J'[eT) 0-25 26 56,7+1,186,76|11,93 | 24,2+1,04 (5,94 (24,81
[Newly irrigated Grey 25-50| 26 |58,7£1,26|8,47|14,42|26,7+0,82 |5,52|14,42
Cinnamonic] (20-25 years old)

Opoluaemeie cepo-
KOpUYHEBbIE (OK()J'[() 100 J'[eT) 0-25 15 59,6+1,21|7,48|12,55| 27,4+0,77 |4,83|17,60

[Irrigated Grey Cinnamonic] 25-50| 25 ]60,2+1,4816,26|11,12|28,0+0,95|4,16|18,90
(about 100 years old)
JlaBHOOpI1IaEMEBIE CEPO-
KOpPHYHEBEIC (MPPUTAIIHOHHO-
aKKyMy.HSITI/IBHI)Ie) 0-25 31 60,8+0,85(5,21| 8,58 | 28,4+0,68 (4,80|18,91
(60mee 300 yer) 25-50| 31 |64,3£0,93]5,36| 8,34 | 36,6+0,88 (5,01|17,45
[For a long time-irrigated Grey
Cinnamonic] (over 300 years old)
IIpumeuanue [Note]: 3nech U nanee B Tadbmuuax [Here and further in the tables] M+m, , — cpennss

apudmernaeckas ¢ omubKoi cpenneil apudmerndeckoit [Mean and standard error of the mean];
SD — cpenHekBaparuueckoe oTKIOHeHue [Standard Deviation]; CV — k03 duIHEHT BapHaun
[the Coefficient of variation].

Bonompounslit arperarasiii coctaB (>0,25 MM) B ropuzonte 0-25 cM TaHHBIX
TIOYB TIPH CperHecTaTucTHIeckoM 3HaueHnH (54,08%) yka3pIBaeT Ha UX CPEIHIOI0
CTPYKTYPHOCTb. BerencTBue opolieHus cepo-KOpUIHEBBIX TIOUB COIEPIKaHHE BO-
JIOTIPOYHBIX arperaroB >0,25 MM B axoTHBIX closx (0—25 c¢M) MOYBHI IO CpeIHe-
CTaTHUCTUYECKUM 3HAUEHHMSAM 0 CPABHEHHIO C IETMHHBIM BapuaHToM (54,08%)
cHkaercs 10 35,83% B HOBOOpOLIAEMBIX, B opolIaeMblX — 10 38,23% u B uppu-
TalMOHHO-aKKYMYJISITUBHBIX (TaBHOOpOIIaeMbIX) — 10 40,40% . 3nech BBIABIACTCS
3aBUCHMOCTD arpeTHPOBAHHOCTH ITAaXOTHBIX CIIOEB ITOYB C CONEp)KaHHEM TyMyca,
penbeda, ToIBO0OPa3yIOMUX MOPOJ, AABHOCTU OPOILIEHHUS U T.JI. Pe3ynbrars! ycra-
HOBJICHHSI BOZOTIPOYHOCTH arperaroB MOATBEPKAAIOT, YTO OpPOIIaEMEIE CepO-Ko-
PpHUYHEBBIE MTOYBHI, 0COOEHHO HOBOOPOILIAEMBIE, HMEIOT HU3KYIO BOIOIPOYHOCTb.

OKyneTypHBaHHE ITOYB TODKHO OBITH HAITPABJICHO HA YIYUIICHHUE arpOXHMU-
YEeCKHUX U (PU3HUECKUX CBOMCTB [43, 44], a u3MeHHEHHE CTPYKTYPbI 3pOJUPOBAH-
HOU TTOYBHI MIPUBOANT K M3MEHEHUSM BEIMYMH IUIOTHOCTH, 0OIIeH MOPHCTOCTH.
BnakxHOCTb MOYBBI COBMECTHO C COJIEp)KaHHUEM I'yMyca U3MEHSIOT €€ MJIOTHOCTb,
a CTPYKTYPHOCTb | INIOTHOCTH — BOJOIIPOHUIIAEMOCTH [45].
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Cpennee copepsxanie BOAONPOYHBIX arperaros pasmepom >0,25 mm
B C€PO-KOPHYHEBLIX I0YBAX B 3aBHCHUMOCTH OT JaBHOCTH OPOLICHUS
[Average content of water-resistant aggregates > 0.25 mm in size
of Grey Cinnamonic soils depending on the age of irrigation], %

Taonumad [Table4]

I'imy6una Yucno
obpasua, | 00pasnos,
ITouBsI [Soils] cM LLIT. Mxm,, | SD| CV
[Depth, | [Number of
cm] samples, pcs.]
Cepo-KopuuHeBas (LienruHa) 0-25 20 54,08+2,27|4,27(12,03
[Grey Cinnamonic] (virgin soils) 25-50 20 42.91+3,36(3,81[14,50
HoBoopiaemblie cepo-KOpHUHEBbIE
(20-25 ner) 0-25 26 35,83+3,81(5,41(24,81
[Newly irrigated Grey Cinnamonic] 25-50 26 31,95+4,17|5,52(17,45
(20-25 years old)
grfr’iog‘:t:g%‘;‘:y’ gﬁgiﬁoln?g]““) 0-25 25 [38,23+1,26|4,80|18,91
(about 100 years old) 25-50 25 37,29+1,48(5,86(17,60
JlaBHOOpIIIaEMBIE CEpO-KOPHUUHEBBIE
(MppUTaIIIOHHO-aKKyMYJISSTHBHBIC) 0-25 3] 40,40+2,31|5,35(20,96
(bonee 300 net) . . 25-50 31 [39.50+1.12(8.12]18.42
[For a long time-irrigated Grey Cinnamonic]
(over 300 years old)

YeM MEHBIIE INIOTHOCTH MOYBHI U JIy4lle €& OCTPYKTYPEHHOCTh, TeM OOJIbIIe
3Ha4YeHHE BOIOIIPOHUIIAEMOCTH H, CJIE0BaTENbHO, MEHBIIIE CKOPOCTb CTEKAFOIINX
Bozi. OmpeneneHre INIOTHOCTH CEPO-KOPHYHEBEIX II0YB IIPU Pa3HOH TaBHOCTH
OpPOIIEHUsI CBUICTEIBCTBYET 00 OTIMYMSX 10 JAHHOMY TOKa3aresto (Tabi. 5).

TabOnumaS5[Tables5]

ILnoTHOCTH CEePO-KOPUYHEBBIX MMOYB B 3ABUCUMOCTH OT TAaBHOCTH OPOIIICHUSA
[The density of Grey Cinnamonic soils depending on the age of irrigation]

I'mybuna [TnotHoCTS, T/CM?
Yucno : 3
obpasa, [Density, g/ cm
ITouBsI [Soils] cM 06%a3u33’ H;T'
[Depth, | Iumbero Mzm,, sD | ¢cv
em] samples, pcs.]
Cepo-kopuuHeBas (IIenuHa) 0-25 20 1,190+0,021 {0,080 6,88
[Grey Cinnamonic] (virgin soils) 25-50 1,352+0,034 (0,098 9.29
HoBoopiiaemblie cepo-kopUuHEBbIE
(20-25 ner) 0-25 2% 1,286+0,041 |0,161]| 13,54
[Newly irrigated Grey 25-50 1,365+0,023 (0,116 3,77
Cinnamonic (20-25 years old)]
Oroma, oo 0ae) o33 | [ Lawsnaar [o1ie
(about 100 years old)] 25-50 1,414+0,025 |0,115| 6,98
JlaBHOOpIIaeMBIE CEpO-KOPHUUHEBBIE
(MppUTaIIIOHHO-aKKyMYJISITUBHEIC) 0-25 3 1,384+0,025 0,160 | 11,56
(Gonee 300 xer) 25-50 1,420+0,010 0,074 5.21
[For a long time-irrigated Grey
Cinnamonic (over 300 years old)]
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B nenmHHBIX MOYBaX MIIOTHOCTH B TaX0THOM cioe (0—25 cm) o cpegHecTaru-
cTuueckuM 3HadeHusMm (M) cocrasmser 1,19 r/cM?, a ¢ miyGHHON BO3pacTaeT 10
1,35 r/em? (cimoti 25-50 cm). CpaBHHUTENbHAS XapaKTEPUCTHKA CEPO-KOPUUHEBBIX
MOYB CBUICTEIBCTBYET, YTO B 3aBUCUMOCTH OT JJABHOCTU OPOIICHHS B MTAXOTHOM
cinoe (025 cM) mpOMCXOIUT AOCTOBEPHOE MOBBIMICHHE TUIOTHOCTH CIIOKEHUS
1o 1,29 r/cm® (HoBoOpomiaemeie, Gomee 2025 ner) u 1,38 r/cm® (maBHOOpOIIIA-
eMBbIC CEPO-KOPUYHEBBIC (MPPHUTAIMOHHO-aKKyMYJIATUBHBIC), Oonee 300 Jer).
Hanbonee ynioTHEHHBIH WILTIOBHANBHBIA TOPH30HT UPPUTAUOHHO-AKKYMYJIs-
THUBHBIX (IaBHOOPOIIAEMBIX) II0YB OTMEUEH TaM, IJIe COAEpKaHnue (H3MUECKOM
muHbI coctapisier 64,3%. Craructuueckas oOpaboTka JAaHHBIX MOKa3aa, 4To
Hanbosee BHICOKHE BEIMYMHBI KO GHUINEHTa BapHalldH IDIOTHOCTH CIIOKEHHS
(SV'=13,54%), npu cpenHekBaaparndeckom oTkiaoHeHn# (SD = 0,161) u ommnodxe
cpennet Bemmuunbl (m,, = 0,041), HabmronaeTcss B HOBOOPOIIAEMOM BapHMaHTE.
OnHako NaHHBIC MOKAa3aTeld HAXOAWINCh B MpeaesaX JOIMYCTUMBIX ONTHMAIIb-
HBIX 3HAYCHHH IDIOTHOCTHU CIIOKEHHS JJIS ITOYB CENbCKOX03IHCTBEHHOTO HUCTIONb-
3oBanus (o knaccudukanuu H.A. Kaunuckoro — 1,31-1,55 r/cm?).

KonmdecTBeHHYI0 XapaKTEpPHUCTHKY NPOTHBOIPO3NOHHONW CTOMKOCTH ITOYBHI
JIAF0T KPUTUYICCKHUE BETMYMHBI Pa3MBIBAIOIINX CKOPOCTEH B 3aBHCUMOCTH OT HX
TPaHYJIOMETPUIECKOTO COCTaBa, KOIIMYECTBA BOAOMPOUYHBIX arperartoB [13]. Uc-
CIICTIOBAHUSIMU BBISIBIICHO, YTO HAWOOJNBIIEH NOHHON pa3MBIBAIOIICH CKOPOCTH
MMOTOKa 00NamarT Heopolaemble (mienwHHBIe) moyBbl — 0,070-0,072 m/c, He-
CKOJIBKO MEHBIIIE — OPOIIIAeMbIe BAPUAHTHI TOJ] POXKb + BHKa + parc — KyKypy-
3a + cos + copro + aMapaHT — SYMEHb + BHKa (3 ypoxas B To ¢ 1 Ta) U pOXKb.
Poxsb, KyKypy3a, cos, JIOIepHa, xJom4aTHuK, amapast (0,063-0,050 M/c), motom
CIIelyeT JTaBHOOPOIIaeMBIi (MpPUTAIlIOHHO-aKKYMYJISITUBHEII) BAPHAHT IO JIFO-
LIEpHY, TBep/as MIIeHUIa, XJIOMYaTHUK, TOMAThL, KyKypy3a, cos (0,048-0,050 m/c)
(Tabn. 6). HoBoporraemblie cepo-KOpHYHEBBIE TIOYBHI C IUIOTHOCTBIO He Oolee
1,286 r/cm? 6e3 pacTUTEBHOCTH HIIH O] TOMATHI, XJIOMYATHUK, TBEPAYIO MTIICHH-
Iy, POXKB, KYKypY3Y, IMEIOT CaMyI0 Malylo TOHHYIO Pa3MBIBAIOILYIO CKOPOCTH TI0-
toka (0,048-0,049 m/c). CTOMKOCTb K pa3MbIBY OpPOIIAEMbIX U JAaBHOOPOILIAEMBIX
(MppHUrannoHHO-aKKyMYISITHBHBIX ) TIOUB, OUYEBHIHO, CBSI3aHA C COACPKAHUEM T'y-
Myca, TIOTIOICHHBIX OCHOBAHHH U BO3/ICTIBIBAEMBIX KYJBTYP (KOPHEBBIC CHCTEMEI,
CKpEIUISs YaCTHIBI TI0YB, ITOBHIIIAIOT COIPOTHBIIEMOCTH OTPHIBY arperaTon), KO-
TOpBIE CO3/IAI0T BOJIOIIPOYHYIO CTPYKTYDY.

[opucTocTh 3aBUCHUT OT TPaHYJIOMETPHIECCKOTO, MUKPOATPEraTHOTO COCTaBa
U CTPYKTYpBI MOYBBI, OT ()OPMBI MOYBEHHBIX YACTHII, ITIOTHOCTH UX YIAKOBKH,
U B 3aBHCHMOCTH OT W3MECHEHHS BOJOMPOYHOCTH CTPYKTYPHI IIOYBBHI MEHSIIOTCS
MOPUCTOCTh U YCTOMYMBOCTD TIOYBBI K Pa3MBIBAIOIIEMY JCHCTBHIO BOJAHOTO II0-
ToKa Tipu opoireHuu [13]. Hanbonpiee 3Hau€HHE TOPUCTOCTH, MPH TUIOTHOCTH
TBepIOoH (aser 2,65-2,67 r/cM>, OTMEUEHO HAa HeopomiaeMoM (IIeIMHA) BApUAHTE
(49-55%), B maBHOOpOIIaEMOM (MPPUTAITHIOHHO-aKKyMYIISATUBHEIN) — CHIDKACTCS
10 47-49%. Ilo cpaBHEHHIO C HOBOOPOIIAEMbIM U JABHOOPOIIAEMBIM (HppHTa-
IUOHHO-aKKyMYJIITUBHBIM) BapHaHTaMHU IIOPUCTOCTH HA OPOIIAEMOM BapHaHTE
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MIpY TUIOTHOCTH TBEPIO# (a3er 2,66—2,77 r/cM® COOTBETCTBOBAIA B TIpeaeiiax JI0-
MMyCTUMBIX ONTUMaJIbHBIX 3HaueHui (51-52%).

Taonuma6b6[Table6]
JdoHHasi pa3sMBbIBaOIIasi CKOPOCTH MOTOKA PHIXJILIX IAXOTHHIX TOPU30HTOB

CEPO-KOPUYHEBBIX IMOYB B 3ABHCUMOCTH OT JTABHOCTH OPOINCHUSA
[Bottom flow erosive velocity of loose arable horizons
of Grey Cinnamonic soils depending on the age of irrigation]

[TouBbI, TABHOCTH OpOIIEHHS, arpoGoH
[Soils, duration of irrigation,
agricultural background]

JloHHas pa3MbIBaroIas
CKOPOCTb IIOTOKA, M/C
[Bottom erosion
flow rate, m/s]
[InoTHOCTE TBEPAOH
(ba3bl ouBHI, T/CM3
[Density of the solid
phase of soil, g/cm?]
ITopucrocts arperaron
[Porosity of aggregates], %

Cepo-kopuuneBas (uennHa) [Grey Cinnamonic] (virgin
soils): TIONIBIHE TOpBKast [Artemisia absinthium), Gopomad
0OBIKHOBEHHBIH [Andropogon ischaemum), oBcsiHULIA 0,070 2,67 55
KameHwucrtas [Festuca sulcata), npIpeit mon3ydauii

[Elymus repens], ceunopoit mansaatsiit [Cynodon dactylon],
KOBBUIb BOJIOCATHK [Stipa cappilata], MSTIVK TyKOBUYIHBIN
[Poa annual; nonbisb ropbkast [Artemisia absinthium], 0,072 2,65 49
MBIIIEXBOCTHUK MalleHbKUU [Myosurus minimus),
MOXKEBEJIBHUK OOBIKHOBEHHBIN [Juniperus com-

munis), poTOTIaBHYUK STMUKOBUAHEIH [ Ceratocephala
testiculata], kOBBUIb BosIOCATUK [Stipa cappilata]
Hosoopmaemsie (20-25 set) [Newly irrigated Grey Cinnamon-

ic] (20-25 years old): xyomyatauk [Gossypium tomentosum], 0,048 2,73 50
ToMarsl [Solanum lycopersicum], kykypy3a [Zea mays];

TBepaas muenuna [ Triticum durum], Kykypy3a [Zea mays]; 0,048 2,60 51
poxb [Secale cereale], xnmomyarauk [Gossypium

tomentosum], Tomatsl [Solanum lycopersicum], 0,049 2,72 50

TBepaas muenuua [ Triticum durum]

Oporaemsie (okoso 100 set) [Irrigated Grey Cinnamonic]
(about 100 years old): Poxs [Secale cereale] + Buka o3umas 0,063 2,66 52
[Vicia villosa] + panc [Brassica napus L.] — kyKypy3a
[Zea mays] + cos xynsrypHas [Glycine max] + copro
IByLBETHOE [Sorghum bicolor] + amapaHT GarpsiHbIN
[Amaranhtus cruentus] — ssYMeHb OOBIKHOBEHHBIN
[Hordeum vulgare] + Buka ozumas [ Vicia villosal;
Poxsb [Secale cereale], xykypy3a [Zea mays], cos 0,050 2,73 51
KyaeTypHas [Glycine max], morepHa NOoceBHAast
[Medicago sativa], xnomuatauk [ Gossypium tomento-
sum), aMapaHT OarpsHblil [Amaranhtus cruentus);
Poxb [Secale cereale], xnomuarauk [ Gossypium tomen- 0,049 2,72 48
tosum], TBepaas mmennua [ Triticum durum), Kykypysa
[Zea mays], amapanT OarpsiHblil [Amaranhtus cruentus)
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OkoHuaHnue Taba. 6 [Table6 (end)]
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[Soils, duration of irrigation, 8 Eg8 é z B3l AP
agricultural background] 285 oE2% 3%
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JlaBHOOpIIaeMble (MPPUTAllHOHHO-AKKYMYJISITHBHBIE)
(6omee 300 net) [For a long-irrigated Grey Cinnamonic] (over
300 years old): monepHa nocesHas [Medicago sativa]; 0,050 2,71 49
TBepaas mineHuna [ Triticum durum), XJIOMUATHUK
[Gossypium tomentosum], Tomatsl [Solanum lycopersicum], 0,048 2,70 47

KyKypy3a [Zea mays], cost kynbTypHast [Glycine max]
JaBHOOpIIaeMbIe (MPPUTAlIHOHHO-aKKYMYJISITHBHBIC)
(6onee 300 set) [For a long time-irrigated

Grey Cinnamonic] (over 300 years old): JIfoIlepHa IOCEBHAS 0,049 2,70 49
[Medicago sativa), poxs [Secale cereale], xnom4aTHuK
[Gossypium tomentosum], Tomatsl [Solanum lycopersicum];
monepHa nocesHas [Medicago sativa], cost KyabTypHast 0,048 2,71 49
[Glycine max], Tomarsl [Solanum lycopersicum), Kykypy3a
[Zea mays], xnonyatHuk [ Gossypium tomentosum)]

BaxHBIM KOJIMYECTBEHHBIM INapaMEeTPOM IMOYBEHHOH CTPYKTYpBHI SIBISIETCS
CPEIHEB3BEUICHHBIN JUaMETP BOJOYCTOMYMBEIX arperaTroB, KOTOPBIA UMEET 3Ha-
YUTEJIbHYIO IPOCTPAHCTBEHHYIO U BPEMEHHYIO H3MEHUUBOCTS [13, 46]. YcTaHoB-
JICHO, YTO HanOOJBINAs BEMUMHA CPEAHEB3BEIICHHOTO JHaMeTpa BOIOYCTONIHN-
BBIX arperaroB OTMEUEHA B IIETIMHHBIX CepO-KOpUUHEBbIX nouBax (0,67—0,74 Mm).
[Ipu comocraBneHNH MOTYICHHBIX JaHHBIX HAOIIOMAETCS 3aKOHOMEPHOE YMEHB-
HIEHUE HTOTO MOKAa3aTess OT LIEIMHHOTO BapUaHTa K HOBOOPOILIAEMOMY U Jaiee K
JABHOOPOIIaeMOMY (MpPHUTAIMOHHO-aKKyMYJIATUBHON ) BapuanTaMm (ot 0,67-0,74
10 0,27-0,31 mMm) (puc. 1), T.e. 4eM OombllIe TOYBA NOABEPKEHA UPPUTALIMOHHON
9PO3HH, TEM MEHBIIE CPEIHEB3BEIICHHBII JHaMETP BOIOYCTOHINBEIX arperaTos.

Bonbimii cpeHEeB3BEIICHHBIH THaMeTp BOJOYCTONUUBBIX arperaroB y LEJIUH-
HBIX II0YB IO CPAaBHEHHIO C HOBOOPOIIIAEMBIMH, OPOIIAMBIMHE F TaBHOOPOIIIaEMEI-
MH (MPPUTAIMOHHO-aKKyMYJISITUBHBIMU ) CEPO-KOPUYHEBBIMU IIOUBAMH OOBSICHSIET-
CsI TEM, UTO B BEPXHEM CIIO€ ITOYBHI B (DOPMUPOBAHUH BOIOYCTOWIHNBOH CTPYKTYPHI
3HAYUTEbHAS. POJIb MPUHAUISKUT IyMmycy. IIpu onpeneneHUH NpOTUBOIPO3UOH-
HOW CTOHKOCTH K pa3MbIBAOIIEH CKOPOCTH TIOTOKA BBISBICHO, YTO HAHOOJbIIIECH Be-
JTUYUHBI 005111 LIeJMHHBIE cepo-KopuyHeBble mouBkl — 0,0710+0,102) (Tabm. 7).

Bricokast cCOmpoTHBIISIEMOCTE pa3MbIBY JaHHBIX MTOYB, OYEBHIHO, CBSI3aHA C
OTHOCHUTEIBHO BBICOKUM COJICP)KaHHEM I'yMyca, HU3KOH IJIOTHOCTBIO CIOXKEHUS
MIOYBEI, CIIOCOOHBIX CO3JaTh BOJOIPOYHYIO CTPYKTYpY. Bemuanna pa3meIBaromieit
CKOPOCTH ITOTOKAa HOBOPOOIIIAEMBIX CEPO-KOPUUHEBBIX IIOYB IIPH COMOCTABICHUU
¢ nenuaaeiMy Ha 0,025 M/c MeHbIIE.
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d, mm

0.70 —
0.65 —|
0.60 —|
055 —
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040 — I
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Puc. 1. 3aBUCUMOCTb CpeTHEB3BELIEHHOTO JUaMETpa BOIOYCTOHUUBBIX arperaTton
CepOo-KOPUUHEBOH MOYBBI B 3aBUCUMOCTHU OT IaBHOCTH opolueHus. [1o ocu opauHar —
CpeIHEeB3BEIICHHBII AUaMeTp BOJOYCTONUYHMBBIX arperaros (d, Mm); 1o ocu
abcuucce (mousa): 1 — nenuHa; 2 — HoBoopouraembie (20-25 net); 3 — oporaembie
(oxono 100 net); 4 — naBHOOpOLIAEMBIE (UPPUTALMOHHO-aKKYMYIIITUBHBIE)
(6omee 300 ner). I — maxoTHsIit ropu30HT; II — MOAMAaXOTHBI TOPH30HT
Fig. 1. The weighted average diameter of water-resistant aggregates
of Grey Cinnamonic soils depending on the age of irrigation.

Y axis - the weighted average diameter of water-resistant aggregates (d, mm); X axis - (soil): 1 - Virgin,
2 - Newly irrigated (20-25 years old), 3 - Irrigated (about 100 years old), 4 - Long-irrigated
(irrigation-accumulative) (over 300 years old). I - Arable horizon; II - Subsurface horizon

Cinnamonic soils depending on the age of irrigation|]

Taonuma7[Table7]

IIpoTHB0O3PO3HMOHHAA CTOMKOCTD PHIXJIbIX NAXOTHBIX TOPU30HTOB

CEPO-KOPHYHEBLIX MOYB B 3aBUCHMOCTH OT JaBHOCTH OPOIIECHHS
[Anti-erosion resistance of loose arable horizons of Grey

CpenHss BbIcOTa

Yucio Pa3meiBaromas
oBpasiion, J—— BBICTYITIOB
HOTOKA. M/C IEPOXOBAaTOCTH, MM
ITouBs! [Soils] [NmTi) [Blumng’ fiow [Average height
umber of the roughness
of samples, speed, m/s] profrusions, mm]
pes.] MEm,, MEm,,
Cepo-ropunesas (uenina) 20 0,0710+0,102 0,40+0,75
[Grey Cinnamonic (virgin soils)]
Hogoopiaemsie cepo-
Kopuunesbie (20-25 ger) 26 0,0485+0,098 0,083
[Newly irrigated Grey Cinnamonic
(20-25 years old)]
OpotaeMble cepo-KOPUIHEBBIE,
(oxono 100 ner) 25 0,05400,116 0,25£0,91
[Irrigated Grey Cinnamonic]
(about 100 years old)]
JlaBHOOp11aEMBIE CEPO-
KOpPHYHEBBIE (MPPUTALIIOHHO-
akkyMmymsTHBHEIE) (6omee 300 net) 31 0,0495+0,079 0,27+0,074

[For a long time-irrigated
Grey Cinnamonic (over 300 years old)]
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U3 oporraeMbix cepo-KOPUIHEBBIX MTOYB HAHOOJBIIEH pa3MbIBaIOIIeld CKOPO-
CTBIO MTOTOKA OTIHYaeTcs opolraeMblii BapuadT (0,054 m/c), a HauMeHbIIel — HO-
Boopomiaemblit (0,04—0,05 m/c). OmHako 1o KiacCH()UKAIMU OPOIIaeMbIX TIOYB
AszepbaiixaHa IPOTUBOIPO3MOHHON CTOMKOCTH MO MATHOAIBHON IIKaJle Opo-
IaeMblii ¥ JaBHOOPOIIAeMbIH (MpPHTAllHOHHO-aKKyMYJISITHBHEIN) BapHUaHTHI
OLIEHUBAIOTCSI KaK CPEIHHE.

[lepoxoBaToCTh OTpakaeT COCTOSHHE IIOBEPXHOCTH MOYBEI U ITO3BOJISIET OLIe-
HUTH TOTCHI[MAIBHBIC MOTEPH MOYB OT BOAHOU 3PO3MHU. AHAIHM3 MOJYYCHHBIX
JaHHBIX IO IIEPOXOBATOCTH MOBEPXHOCTH OPOIIAEMBIX CEPO-KOPHIHEBHIX IOYB
(Tabmn. 7), moKa3bIBAET, YTO IO CPEAHECTATUCTUUECKUM 3HAUCHUSM HauOONIbIIas
CpenmHss BEICOTa BBICTYIIOB IIEPOXOBATOCTH OTMEUEHA B TaBHOOPOIIaeMOM (Hp-
PHUrallMOHHO-aKKyMYJIITUBHOM) BapuaHte (0,27 MM), 3aTeM clieyeT OpOIIaeMBblil
BapuanT (0,25 MM), a HanMeHbIass — B HoBoopomaemoMm BapuaHte (0,19 mm).
BbIsiBNIEHO, UTO HAUMEHBINAS PA3MBIBAIOIIAsl CKOPOCTh OTOKA U CPEAHSS BHICOTA
BEICTYIIOB IIEPOXOBATOCTH OTMEYAIOTCS B JABHOOPOIIAEMOM (MPPHUTaliOHHO-aK-
KyMyJIATUBHOM) BapuaHTe. Kak BHIHO U3 Tabn. 7, MO Mepe YBEIUYCHUS UHTCH-
CHBHOCTH Pa3BUTHS SPO3NOHHBIX MPOIIECCOB TPH MTOJIUBE M JABHOCTH OPOIICHHUS
IPOTUBO3PO3UOHHASL CTOMKOCTh OPOIIAEMBIX ITOYB YMEHBIIAETCS.

BriBoabI

1. Opo3ust cepo-kopuuHeBbIX MouB (mo kiaccuguxamuu CCCP — Grey-
cinnamonic soils /Luvic Calcicoils/ Luvi-Calcic Kastanozems, AsepOaiimkana —
Grey Cinnamonic, WRB (2014) — Haplic Kastanozems/ Haplic Calcisols) B cyxoii
cyOTpornmaeckoi 30He AszepOaiipkaHa UMeeT 3HAYUTEIBFHOE PACIpOCTpaHeHHe, U
OpOLICHNE 0Ka3aJI0 3HAYNUTENILHOE BIMSHUE Ha ITPOLIECCH M CBOMCTBA JAHHBIX MOYB.

2. BBIsIBIIEHO, YTO BCIIEACTBUE YMEHBIICHUS coaepkaHus rymyca (2,21%) Bo-
JonpovHasi cTpykrypa (35,83%) HOBOOpOIIaeMbIX IOYB UMeEJIAa HU3KYIO IPOTHBO-
3pOo3uOHHYI0 cTOMKOCTE (0,048-0,049 M/c), YeM IlemUHHBIE, OpolIacMbIe U JaB-
HOOpoOIaeMble (MPPUraliOHHO-aKKYMYJIATHBHBIE).

OTMeueHO yMEHBIICHHE BEIMYMHBI CPETHEB3BEUICHHOTO IHWaMeTpa BOIO-
MPOYHBIX arperatoB oT HenuHHbIX (0,6—0,74 MM) K JaBHOOpOIIAEMBbIM (MppHra-
IMOHHO-aKKyMyJIATUBHBIM) (0,31 MM) 1 HOBoopomiaeMbiM rmouBam (0,27 Mm).

3. YcraHOBIEHO, YTO U3 OPOILAEMBIX TIOYB HAMOOJNBIIEH Pa3MbIBAIOIIEH CKO-
poctero notoka (0,054 M/c) Tpu cpeHECTATUCTHYSCKOM 3HAUYCHUH 110 BBICOTE
BBICTYIOB ImiepoxoBaTocTd 0,25 MM oTnyaics opomaemblii BapuanT. Ho mo
KJIacCHU(HKAIIIH OpPOIIaeMBIX TOUB A3epOaiikana 3HaYeHUE MPOTUBOIPO3NOH-
HOM CTOWKOCTH 1O MATHOAIILHOH IIKajle OLIEHUBAETCS KaK Cpe/lHee.

4. Cepo-KOpHUYHEBBIE TIOUBEI B 3aBUCHMOCTH OT JaBHOCTH OPOIICHHUS MOYKHO
PactoJIOKUTh B PAZ B MOPSJKE CHIDKEHHS IPOTMBOAPO3MOHHON CTOMKOCTH: 11e-
nuHa — opomiaeMble (okoo 100 et) — maBHOOpoIIaeMeie (6onee 300 ser) —
HoBoopomaeMsle (2025 net). [IpoBeaeHHas ctaTucTudeckasi 00paboTKa MOIy-
YCHHBIX JAHHBIX TOATBEPKIACT MX TOCTOBEPHOCTb.
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5. Ha ocHOBaHMY TIOIyYEHHBIX PE3yIBTaTOB OMPENENIEHO MECTO CepO-KOpHU-
HEBBIX IIOYB B 3aBUCUMOCTH OT JJABHOCTH OPOIICHHS B CUCTEME MEKTyHAPOTHOM
knaccuduranua WRB (2014):

— LEJIUHA, HACLIWEeHHAs 2llee6as KapOOHAMHASL MANCENO-CYNUHUCAS CepO-
xopuunesas nousa (Virgin soils, Saturated gley calcareous heavy loamy — Duric
Gleyic Calcic Kastanozems (Loamic));

— HOBOOpIIIaeMbIe cepo-KopuaHeBbie (20-25 net), mownas Hosas opouiaemas
KapboHamuas msaxceno-cyenunucmasn cepo-kopuunesasn nousa (Newly irrigated
Grey Cinnamonic (20-25 years old), Powerful new irrigated calcareous heavy
loamy Grey Cinnamonic-Someric Calcic Kastanozems (Loamic));

— opolnaemasi cepo-kopuaHeBas rmousa (okoio 100 ser), mowHas okyavmyper-
Has opoulaemas KapOOHAMHAS MANCENO0-CY2IUHUCIAS Cepo-KOPUUHEsds no4ea
(Irrigated Grey Cinnamonic (about 100 years old), Powerful cultivated irrigated
calcareous heavy loamy-Someric Kastanozems (Anthric, Loamic));

— IaBHOOPIIAEMBIE CEPO-KOPUYHEBBIE (MPPUTAIIOHHO-aKKyMYJISITHBHBIC)
(6onmee 300 ner), mowHas eneegas OKYIbMYPEHHAS OABHO Opoulaemas Kap-
bonamuas msiceno-cyenunucmas cepo-kopuyrnesas nousa (For a long time-
irrigated Grey Cinnamonic (over 300 years old), Powerful gley cultivated for a
long time irrigated calcareous heavy loamy Grey Cinnamonic-Gleyic Petrocalcic
Kastanozems (Anthric, Loamic)).
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Changes in anti-erosion resistance of irrigated grey Cinnomanic soils
of the dry subtropical zone of Azerbaijan depending on the age of irrigation

The dry subtropical zone of Azerbaijan is located in an erosion-hazardous zone,
and irrigation erosion manifests itself on an area of more than 255 thousand hectares.
The damage caused by irrigation erosion to the agriculture of the republic is manifested
not only in the destruction of the soil structure, but also in the removal of nutrients
from the soil. At the same time, the patterns of change in the anti-erosion resistance
of grey Cinnomanic soils /Luvic Calcisols /Luvic-Calcic Kastanozems (according to
the classification of the USSR), grey Cinnamonic soils (according to the classification
of Azerbaijan), (on WRB (2014)-Haplic Kastanozems / Haplic Calcisols) in the dry
subtropical zone of Azerbaijan, depending on the age of irrigation, are diverse and not
fully studied. Therefore, conducting research in this direction and assessing the anti-
erosion resistance of grey Cinnamonic soils is relevant for Azerbaijan.

The aim of this research is to study the changing of the anti-erosion resistance of
irrigated grey Cinnomanic soils in the foothill and plain areas of the dry subtropical
zone of the republic, depending on the age of irrigation. Based on the results obtained,
the place of grey Cinnomanic soils in the international classification system WRB
(2014) was determined. The research was carried out on grey Cinnomanic soils of
heavy loamy and light clayey granulometric composition of the foothills and plains
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of the dry subtropical zone of different irrigation periods, in the territories: Grey
Cinnomanic (virgin soils) — Beylagan (39°46'02.2"N, 47°36'13.3"E) and Yevlakh region
(40°60'67.75"N, 47°17'02.71"E); Newly Irrigated Grey Cinnamonic (20-25 years old) —
Agdash region (40°6324.62"N, 47°49'11.92"E) and Geokchay region (40°37'10.5"N,
47°44'29.5"E); Irrigated Grey Cinnamonic (about 100 years old) — Bilasuvar
(39°48'36.49"N, 48°43'35.24"E), Yevlakh (40°44'34.18"N, 46°96'51.13"E), kshu
(40°55'39.53"N, 48°35'04.18"E), and Aghstafa region (41°06'11.17"N, 45°28'07.32"E);
For a Long Time-Irrigated Grey Cinnamonic (about 300 years old) — Bilasuvar
(39°44'25.56"N, 48°42'52.72"E) and Beylagan region (39°76'45.13"N, 47°59'13.50"E).

The research methods are comparative-geographical (geographical patterns of
distribution of these soils according to the granulometric competition and humus
content of the arable horizon) and comparative-analytical. On the plots, soil sections
were laid, a morphological description was carried out, soil samples were taken from
the genetic horizons (Field guide of soils in Russia (2008), FAO. Guidelines for soil
description (2006), IUSS Working Group WRB. World Reference Base of Soil Resources
2014, update 2015, Kallas and Tanzybayev (2001)). The anti-erosion resistance of soils
was determined by the bottom erosion flow rate-according to Kuznetsov MS. (1981),
the water resistance of the aggregates — by methods of dry and “wet” aggregate analysis
according to Savvinov, the specific gravity of the solid phase — by the pycnometric
method, the granulometric compotition — by the pipette method, soil density — with a
drill according to the generally accepted method (Arinushkina, 1970; Vadyunina and
Korchagina, 1986]. The value of the protrusions of soil roughness was determined by
the ratio A= 0.7 4w, where g is the weighted average diameter of the water-resistant
aggregates. The value 4y was calculated based on the results of the structural analysis
of the soil by the Savvinov method at the initial moisture content W (Grigoryev and
Makkaveev, 1979), the content of total humus — according to Tyurin, modified bu
Nikitin, cellulolytic activity — by application method for the decomposition of cotton
canvases (Kazeev, Kolesnikov and Valkov, 2003).

Depending on the age of irrigation, we revealed changes in the morphological
profile of soil and qualitative indicators of physical-chemical properties of grey
Cinnamonic soils during cultivation. In newly irrigated grey Cinnamonic soils, the
cultivated layer (25-30 cm thick) is not fully formed, new arable (A1-22-27 cm) and
subsurface horizons (A2-15-16 cm) have been formed and are somewhat compacted,
the structure is deteriorated, the level of carbonate and gypsum horizons is lowered. The
profile of irrigated soils differs sharply from virgin and newly irrigated soils, has a clear
colour differentation; a cultivated layer is formed (thickness - 52-56 c¢m), the arable
horizon is A1-25-28 cm, subsoil - A2-24-26 cm, the illuvial-carbonate horizon is poorly
expressed, down to 96-101 cm. Long time-irrigated (irrigation-accumulative) soils
under the influence of long-term irrigation with turbid waters and constant cultivation
have lost the signs of zonal primary soils and acquired a special type of soil profile — a
monotonous grayish-brownish colour, uniformity of profile and composition, a fully
formed cultivated layer with a thickness of 65-70 cm; burried horizons are found at a
depth of 61-83 cm. A distinctive feature of the irrigated and irrigation-accumulative
(long-irrigated) variants of grey Cinnamonic soils — an increase in the microaggregates
content, a high content of physical clay (60.8-64.3%), which, when compared with
the non-flush type of water regime (virgin), causes not very high humus content of
the upper (0-25 and 25-50 cm of soil) horizons (2.29 and 1.78% humus), their weak
resistance to the destructive action of water (See Tables 2 and 3). The content of water-
resisant aggregates >0.25 mm in layers (0.25 cm) of the soil in comparison with virgin
(54.08%) decreases to 35.83% in newly irrigated, in irrigated - to 38.23 % and in
irrigation-accumulative (long-irrigated) - up to 40.40% (See Table 4); the highest values
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of the coefficient of variation of density (CV = 13.54), with a standard deviation (SD =
0.161) are observed in newly irrigated soils (See Table 5).

A high bottom erosive flow rate was noted in virgin soils is 0.070-0.072 m/s,
somewhat less - in irrigated (0.050—-0.063 m/s), in long-irrigated (irrigation-accumulative)
(0.048-0.050 m/s) and in newly irrigated soils - 0.048-0.049 m/s (See Table 6). The
highest value of porosity, with a solid phase density of 2.65-2.67 g/cm?, is noted on
non-irrigated (virgin) soils (49-55%), in long-irrigated (irrigation-accumulative) soils,
it decreases to 47-49%, and on irrigated at a solid phase density of 2.66-2.77 g/cm?
corresponded within the permissible values (51-52%) (See Table 6). The values of
the weighted average diameter of water-resistant aggregates decreased from virgin
to newly irrigated and to long-irrigated (irrigation-accumulative) soils (from 0.67-
0.74 mm to 0.27-0.31 mm) (See Fig. 1). The highest value of the ratio of anti-erosion
resistance to erosion flow velocity was observed for virgin grey Cinnamonic soils
(0,0710£0,102 m/s). The maximum average height of roughness protrusions was noted
in long-irrigated (irrigation-accumulative) soils (0.27 mm), then irrigated (0.25 mm),
and the smallest - in newly irrigated (0.19 mm) soils (See Table 7).

We revealed that depending on the age of their irrigation, the anti-erosion resistance
of grey Cinnamonic soils, as the bottom erosion flow rate and anti-erosion resistance
decrease, can be arranged in the following row: virgin soils — irrigated — long-
irrigated — newly irrigated.

Based on the results obtained, we determined the place of grey Cinnamonic soils
in the international classification system WRB (2014): Virgin soils - Saturated gley
calcareous heavy loamy - Duric Gleyic Calcic Kastanozems (Loamic); Newly irrigated
Grey Cinnamonic (20-25 years old) - Powerful new irrigated calcarecous heavy loamy
Grey Cinnamonic - Someric Calcic Kastanozems (Loamic); Irrigated Grey Cinnamonic
(about 100 years old) - Powerful cultivated irrigated calcareous heavy loamy - Someric
Kastanozems (Anthric, Loamic); For a long time-irrigated Grey Cinnamonic (over
300 years old) - Powerful gley cultivated for a long time irrigated calcareous heavy
loamy Grey Cinnamonic - Gleyic Petrocalcic Kastanozems (Anthric, Loamic).

The paper contains 1 Figures, 7 Tables, and 46 References.

Key words: Grey Cinnamonic soils/Luvic Calcisols/ Luvic-Calcic Kastanozems
(according to the classification of the USSR), grey Cinnamonic soils (according to
the classification of Azerbaijan), (on WRB (2014)-Haplic Kastanozems / Haplic
Calcisols); the age of irrigation, irrigation erosion, humus; water-resistant aggregates;
erosion resistance, Duric Gleyic Calcic Kastanozems (Loamic), Someric Kastanozems
(Anthric, Loamic), Gleyic Petrocalcic Kastanozems (Anthric, Loamic).
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