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IMpencrapyieHbl pe3ysibTaThl 2-JI€THETO BEreTallMOHHOTO OTbITA M0 U3YUYEHUIO BIUSHUS JTUTEIbHOCTH Oe3-
MOPO3HOTIO MeproAa Ha XUMUYECKHUe CBOMCTBA U OMOJIOTMYECKYIO aKTMBHOCTh arpoKalliTaHOBBIX MTOYB U
arpouepHo3eMa. B 3amady sakcriepuMeHTa BXOIWJIa OLleHKA M3MEHEHUST TOYBEHHBIX CBOMCTB, KOTOPBIE MO-
T'YT MIPOUCXOIUTH NIPY JATbHEMUIIEM MOTEeTUICHUU KJIMMaTa U COKpallleHu BpeMeH! MpeObIBaHUs TTOYB B
3aMmepaiieM cocTossHuU. [1epBbIit BApUaHT OTbITA MTpeaycMaTpUBal MHKYOAIIMIO ITOYB B 3aMep31leM COCTO-
SIHUU B 3UMHUI TTIepUO Ha MPOTskeHnu 160 cyT, BTopoit — 56 cyT, B TpEThbeM BapHaHTe IMOYBY MHKYOUPO-
BaJIM BeCh 3UMHMI Tiepron mpu Temrieparype >0°C. Ilepen 3SMMHUM MHKYOUPOBAHUEM TTOYBY YBIIAKHSIIN
10 60% I1B, BHOCHIM MUHEPAIbHbIC YIOOPEHUS K COJIOMY. BeCHOII B ITOYBY CesLIU IPOBYIO IMILIEHUILY COP-
Ta 3nara cenekuuu MockoBckoro HUMCX “HemunHoBKa”. Ha mpoTsKeHUM BCEro BEreTallMOHHOTO Tie-
puoaa o6pasiibl TOYB HAXOAUIMCH B BEreTallMOHHOM TMaBUJILOHE B YCIOBUSIX €CTECTBEHHOM YBIAXKHEHHO -
CTH ¥ ocBellieHHOCTU. OTOOp 00pa310B ¥ U3MEPEHUsI OMOJIOrMYECKMX CBOMCTB IPOBOIUIIM B BECEHHUI T1e-
puox yepes 10 cyT mociie Toro, Kak 06pasiibl MepeHOCWIN U3 XOJOAWIbLHUKA B BETeTallMOHHBIN NTaBUJIbOH.
YcraHOBIEHO, YTO B 3aBUCUMOCTM OT IUIMTEIbHOCTU Tepuoaa MpOMepP3aHUsl UCCIEJOBAHHBIX IMOYB
Hanbosiee YyBCTBUTEIbHBIMM ITOKA3aTeNSIMU Ha U3MEHEHHE TeMITepaTypbl 0Ka3aJluch MUKpOOHast 61o-
macca (C-CHU), ckopocth 6asanbHOro nbixaHust (V-BA3) MukpoOGHOro coobiiiectBa M YMCIEHHOCTh
mukpoopranu3MoB (KOE), pacTyiiux Ha ToYBeHHOM arape u Ha 6oraTtoii cpene. B mouBax, KoTopble MIHKYOU-
poBaJii 6e3 3aMopaxkrBaHusl, ObUTM camble HU3KKe nokasarenu C-CU/ u V-BA3. YBennueHue rnepuoma rnpo-
Mep3aHUsI TTIOUBHI OTPA3UJIOCh HA KUCIIOTHOCTH IMOYB. B BapyaHTax ¢ IUIUTETbHBIM 3aMOPaXKMBaHUEM BO 2-i1 rof
rccienoBaHus BeauurnHa pH yBeauuwmnace. /g arpoyepHo3eMa OTMEUEHO CHIDKeHre coaepxanus P,Os o
Mepe yBeJIMYeHUsI Tieproia poMep3aHus. st arpoKallTaHOBBIX TTOYB 3Ta 3aKOHOMEPHOCTh ObLIa MEHEE BbI-
paxeHHOI. B 3Tux mouBax Obljia BbISIBJIEHA TEHIEHIIMS K CHUXKeHUIo cooTHoleHust C : N 1pu yBeTMm4eHUuu
BpeMeHU MpebbIBaHus B 3amepaiiieM coctostHuu. Conepxanue Cgp,, a TAKXKe MAKpO- U MUKPOSJIEMEHTOB BO
BCEX BapMaHTax MPaKTUYECKU HE U3MEHSJIOCH 3a 2 rojia 9KCIIepuMeHTa.

Katouegoie croea: buonornueckasi akTUBHOCTD, MalllHs, 0€3MOPO3HbII MEPUOJ MOYB, arpoKallTaHOBbIE

IIOYBBI, arpO4YCPHO3EMBI.
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BBEAJEHUWE

Bmusamio COBPCMCHHOI'O ITOBBINICHWA TEMIICPA-
TYpbl Ha IMTOYBCHHLIC CBOMCTBA MOCBSIIEHO MHOXKE-
CTBO pa60T. I/I3BCCTHO, YTO ITOBBIICHUE TEMIIEPATY-
PbI B 3UMHUA IIepurona CHOCO6CTByeT YMCHBIICHUIO
I‘JIY6I/IHLI IIpOMEP3aHuMA IMOYBbI, B CBA3MN C YEM NU3MC-
HAIOTCA YyCJIIOBUSA ITOITIOIIICHM A TAJIbIX BO. JT10 pur-
BOIMUT K OoJjee FJIY6OKOMy IIpoMadYnBaHHUIO ITOYB B

' Pagora Beimonuena B pamkax rpaHta PO®U 19-29-05178 Mk
“PeTpoCneKTUBHBIN aHAIU3 U CLIeHAPUii BO3MOXHBIX U3MEHE-
HUIA MOYB M BKOCHUCTEM CTelHOi1 30HbI EBpomneiickoil yactu
Poccuu B ycnoBusix moOaabHbIX UBMEHEHU I KiinMaTa”.
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BECEHHUI MepHoJI M COKPAILIEHUIO BEJTMINHBI BeCeH-
Hero croka. Ha mpuMepe yrioTHeHHOM NalrHu 00b-
eKTa, MCCIeI0BaHUsI KOTOPOro IpoBomiun ¢ 1973 1.,
MMOKAa3aHOo, YTO CMbIB YMeHbILINICI B 6.2 pa3a [1].

Becbma 3HauMTENIbHBIE U3BMEHEHMUSI, CBSI3aHHbBIE C
COBpPEMEHHbBIM MOTEIUIEHMEM KJIMMaTa, 3aTparuBaioT
1 GUOJIOTUYECKHE CBOMCTBA MOYB. AKTYaJIbHbIM UC-
cliefOBaHUEM U CETOIHSI OCTAeTCs ONpeaeieHUe Ibl-
XaTeJIbHOI aKTMBHOCTH TTOYB BO BpeMsI OTTaUBaHUS
rocJie 3MMHeTo Tnepuonaa. B cpeqneM amuccust yrie-
KHCJIOTO Ta3a U3 TaKUX MouB cocTasiiseT 19—70% ot
X HayaJbHOI ObIxaTesabHON akTuBHOCTU mpu 10°C.
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B manmpHelieM HabI0maIu pe3KUii pOCT ITOYBEHHOTO
IBIXaHWSI, YTO CBSI3BIBAIM C ACCUMMJISIIIAEI OCTaBIIM -
MUCS KJIETKaMH JIETKOIOCTYITHOTO ITyJia yriiepoaa, 00-
pa30BaBIIIETOCS B Pe3yJIbTaTe OTMUPAHUS YaCTU MUK-
pOOHOTO COO0IIeCTBa IPU 3aMep3aHUU OB [2].

IMoreruienue kamMaTa 3a4acTyiO CBS3BIBAIOT C
MapHUKOBEIM 3 eKToM. YBenTndeHNE TEMIIePaTyphl
HamnpsIMYIO 3aBUCHUT OT ITOBBIIIAIOIINXCS KOHIIEHTPa-
uuit CO,, N,O, CH, B atmocdepe. 3a nocinenHue
100 jteT oTMEUYeHO BO3pacTaHUE TeMIIePaTypPhl BO3IY-
Xa Ha Bcex KoHTuHeHTax Ha 0.3—1.5°C [3], a B MecTe
C Hell M yBenuuBaeTcsi KoHeHTpaiuu CO, B aTMo-
cepe. IloBelmleHNEe KOHIIEHTpPAMU YIIEKHCIOTO
rasa B JaHHOM CJIydae MOXET pacCMaTpUBAThCS KaK
CBOETO poja AOIOJHUTENILHEIN (pakTop arMocdep-
HOI'O yIoOpeHMsI, KOTOPHIiI CIIOCOOCTBYET yBeIM4YE-
HHIO IPOAYKTUBHOCTU PACTCHUMN M aKTUBHOCTH 109~
BEHHBIX MUKpoopranuismMos [4]. IToka3zaHo, 9To I10-
BBHIIIICHWE TeMIIepaTypbl IIPUBEIIO K YBEIMYSHUIO
ypoKasl 3epHOBBIX KYJIBTYp B I0KHBIX peToHax Poc-
cuu (IToBomkbe, KOxHoMm DO) B mepuon ¢ 1975 no
2010 . Bo3MOXXHO, 3TO TakKKe CBSI3aHO C OOIBITUM
HaKoOIUIEeHMeM aTMOC(hEpPHOM BJIard B MOYBaxX B 3UM-
He-BeCeHHUI nepuon. B To ke Bpems IoTeIuieHue
KJIMMaTa HEraTUBHO CKa3aJIOoCh HAa ypoxKae paHHUX
SIPOBBIX U O3UMBIX KyJIbTyp B LleHTpanbHo-UYepHO-
3eMHOM PEeTUOHE, YTO, IO-BUIMMOMY, CBSI3aHO C CO-
KpallleHEM BJIaro00eCIIeY4eHHOCTH JIETHETO Mepruo-
J1a 1 00pa3oBaHUEM MOYBEHHBIX 3acyX [5].

B cpennem, mist eBporneiickoit yvactu Poccuu 3a
nocaenHue 100 et oTMeueHo Bo3pacTaHue TeMIiepa-
Typhl Ha 1.2—1.3°C. [TogoGHbIe M3MEHEHUS KIIMMaTa
OTPaXaroTCsl U HA 30HAJIBHOM DPSIAE TTOYB, & UMEHHO
Ha CMEIIEHUN MOYBEHHO-KINMATUYECKNX 30H B CE-
BepHOM HaripasjieHuu. Hampumep, B ieCHbIX moYBax
CEBEPHOM U CPEIHEMN TAWTU C MOBBILIEHUEM TEMIIE-
paTypbl OyOeT yMEHbIIAThCS MOA30JIUCTHIN TTPOLIECC
U YyCWJIMBATBHCS JEPHOBBIN. B CyXOCTETTHBIX 30HAX 10
Mepe YBEJIUYEHUST apUAN3ALNN, BEPOSITHO, YCUIISITCS
MpoIIeCcChl 3aCOeHMs ToYB [3].

CremyeT OTMETUTD, YTO B OOIBIIMHCTBE ITyOIKa-
LU BIUSIHUE IIOTEIUIEHNUS KJIMMAaTa Ha MTOYBEHHBIE
CBOIICTBa pacCMaTPUBAIOT B KOHTEKCTE U3MEHEHUI
YCJIOBUI JIETHErO mnepuoja, Jubo B 1I€JIOM 3a TOf.
C1abon3y4eHHBIM BOITPOCOM OCTAETCSI BIMSTHUE MO~
BBHILIEHUSI 3UMHHMX TeMIIEpaTyp Ha XUMUYECKHUE U
MUKpPOOHOJIOTUYECKHE CBOMCTBA IT0YB. B TO Xe Bpe-
Msl BIIOJIHE BEPOSITHO, YTO JaJIbHENIIE U3MEHEHUSI
KJIMMaTa OyIyT COMPOBOXIATHLCS MOBBIIIICHAEM 3UM-
HUX TeMIlepaTyp. B aTom citygae MOTYT ITpOUCXOIUTH
Ka4yeCTBEHHbIE U3MEHEHUS COCTOSIHUS I1OYB: ITOYBBI
psia perMoHOB Hallleil CTpaHbl MOTYT IIepeiTH U3
daun yMepeHHO- UM KPATKOBPEMEHHO MPOMep3a-
IOLIMX B HEMTpoMep3aloliye. B ¢Bsi3u ¢ 3ThM 11eJ1b pa-
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0OTHI — HN3Yy4YCHUC U3MEHEHUN MI/IKp06I/IOJ'IOI‘I/I‘-IC-
CKMX U XMMHWYECKMX CBOMCTB IOYB B YCJII0BHAX pa3-
HOM IJIMTEJIbHOCTU Hp€6bIBaHI/I$I B 3aMep3lieM
COCTOSIHUU B 3UMHUIA IIEpHUOI.

METOJANKA NCCIEJOBAHWA

B xauecTBe 00BEKTOB McCCIeNOBaHUSI OBLIM BBI-
OpaHbI 2 TUIIAa MAaXOTHBIX MOYB: arpoKalllTAaHOBEIC
MOYBBI M arpodyepHo3eMbl. OTOOp 00pa3loB OCy-
LIECTBJISUIA B OMHOTUITHBIX TeOMOP(OJIOTUYSCKUX U
JIMTOJIOTUYECKHUX YCIIOBUSIX.

ArpoKallTaHOBBIE TTOYBEI OTOMpPAaIN Ha TEPPUTO-
pun PemoHTHeHCKOro p-Ha PocroBckoit o6n. Tep-
puUTOpHS pacmojioXeHa B 30He cyxux creneit. Kinu-
MaT CyxOll M XapKuii, IUIMTEIbHOCTH Tiepuona 0e3
mopo3a — 170—180 cyt. CymMmma ocankoB B TeUeHME
roga — 340—415 MM, 13 HUX B JIETHEEe BpeMs roga —
175—240 mM. McnapeHue Biiaru 3a rog paBHO 975 MM.
ITouBooOpa3yomIyie TOPOALl IIPEACTABIEHBI JeCCO-
BUIHBIMM KapOOHATHLIMU CYINIMHKAMU, MOACTUIAe-
Mbl€ HEOT€HOBbIMU NIMHAMU. B MOYBEHHOM ITOKPOBE
npeo61anarT KalllTaHOBBIE TTOYBBI U COJIOHIIBI BO-
CTOYHO-eBpOMelicKoii palmm, Teruiblie, MpoMep3ato-
mue (2—3 mec.) [6]. PasmeneHHOCTb TEeppUTOPHIA
OBPaXHO-0a7104HOi ceTn moxomuT 0o 0.27 KM/KM?2,
YTO 00EeCIIeYnBaeT XOPOIINE yCIOBUS APEHUPOBAH-
HOCTH.

OO6pa3upl arpoyepHo3eMa ObUIM OTOOpaHEL B bo-
ryyapckom p-He BoponHexckoit o6i. (LieHTpajibHast
yacTb Pycckoit paBHuHBI). KnuMaT ymMepeHHO-KOH-
TUHEHTAJIbHBIN C XOPOIIIO BbIpaXXeHHBIMU CE30HAMU
rojia: 3MuMa — XoJIofiHasl, JieTo — Terioe. Ha reppurto-
puu TipeobiagalT 3amnaaHble, ceBepo-3alaiHble U
IOr0-BOCTOUYHBIE BeTpa. Ocaaku paclpeneistoTcs
HEpaBHOMEPHO: MaKCUMaJIbHOE KOJIMYECTBO OCa/-
KOB BBHITIaaeT B MioHe — 60.6 MM, MUHIMAaJIBHOE — B
Mapte (28.6 MM). CpegHee KOJTMYECTBO OCATKOB — OT
450 no 550 mMm. HecTaOMabHOCTh U HU3KAd TOJIIIIMHA
CHEXXHOTro TOKpOBa BbI3bIBaeT Iiybokoe, 10 70 cM,
IIpoMep3aHue MoYBHI (B TeueHuu 3—4 mec.) [7].

B utone 2019 r. 66110 oToOpaHo 1mo 100 kr arpo-
KAllITAHOBOM M arpO4Ye€pHO3E€MHOM MOYBBI U3 MAXOT-
HOT'O TOPU30HTa B IMOJEBOM BiaxkHOCTU. B nabGopa-
TOPHBIX YCJIOBUSX MOYBY BBICYIIIMBAJIM U TTPOCEMBa-
JIV 4epe3 CUTO 5 MM.

B kaxmyio mouBy OCEHbIO BHOCWIIM cojoMy (U3
pacuerta 50 1m/ra) m HuUTpodOcKy (M3 pacdera
N90P90K90). Conomy nepen BHECEHUEM MEJIKO M3-
Menbpda 0o ¢pparmMeHToB ~1—2 cMm. Ilocie ee Tima-
TEJIbHO TIepeMEIINBaI C TOYBOM W pacChIain
CMecCh 10 KOHTeiTHepaM 060beMOM 5 KT, UTO TT03BOJIN-
JIO cIeJIaTh IO 6 MOBTOPHOCTE 1151 KaXKAOTr0 BapyaH-
Ta OMBITA.
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Ta6mua 1. HekoTopble XMMUUYECKUE U OMOJIOTHYECKIE CBOMCTBA MHKYOAIIMOHHBIX ITOYB C Pa3HOM IIPOIOKUTEHHO-
CTBIO MEPUOIa MPOMEP3aHUS

BapuaHT (1iuTesbHOCTD Howmep Copr N S Koaddunuent OHHFZITHI[eKC
repuona MpoMep3aHus, JBIXaTeIbHOM pocdHoCTH
CyT) obpastia % akTuBHOCTH (Qr) BC : TIA
ArpokallTaHoBas 1To4Ba, 1-if rom aKcrepuMeHTa
®on 1.2 0.10 0.017 0.28 £ 0.02 354 £ 8
0 1 1.0 0.09 0.015 0.35+0.01 2715
2 1.0 0.09 0.013 0.41 +£0.03 249 £ 5
3 1.1 0.10 0.014 0.24 £ 0.02 270+ 4
56 4 1.1 0.10 0.015 0.61 £0.02 3107
5 1.1 0.10 0.014 0.10 £ 0.02 33317
6 1.0 0.09 0.013 0.20 +0.01 270 £ 6
160 7 1.1 0.10 0.016 0.22 +£0.02 330+9
8 1.1 0.10 0.014 0.43 +£0.03 290 + 10
9 1.1 0.10 0.013 0.13 £ 0.01 270 = 10
ArpokalitaHoBas ToYBa, 2-i rof 3KCrepuMeHTa
0 1 1.0 0.09 0.013 0.39 £0.02 259 + 16
2 1.0 0.09 0.022 0.38 £0.03 272+ 15
3 1.1 0.10 0.016 0.46 = 0.01 290 + 18
56 4 1.0 0.10 0.013 0.38 £ 0.06 453+ 15
5 1.0 0.10 0.013 0.37 £ 0.04 508 £ 8
6 1.1 0.10 0.015 0.42 +£0.03 745 £ 59
160 7 1.0 0.10 0.012 0.34 +0.06 230+ 9
8 1.0 0.10 0.012 0.44 +0.02 264 £ 11
9 1.1 0.10 0.013 0.43 £ 0.07 2799
ArpouepHo3eM, 1-i1 ron SKCriepuMeHTa
don 5.3 0.42 0.074 0.23 £0.04 311 £33
0 1 4.9 0.39 0.043 0.13+0.02 2309
2 5.1 0.41 0.044 0.17 £ 0.03 264 £ 12
3 5.0 0.39 0.043 0.15£0.01 279 £ 10
56 4 5.1 0.41 0.048 0.12 £ 0.01 239+ 16
5 5.1 0.40 0.045 0.16 £ 0.02 274 + 14
6 5.1 0.41 0.046 0.20 £ 0.03 309 £8
160 7 5.0 0.40 0.053 0.25+0.02 296 £ 7
8 5.0 0.40 0.052 0.20 £ 0.02 291 +7
9 5.1 0.41 0.047 0.12 £ 0.01 333t 11
ATpoYepHO3eM, 2-11 rof SKCIepuMeHTa
0 1 4.9 0.40 0.050 0.45+0.04 193 + 16
2 4.9 0.40 0.043 0.46 +0.03 278 + 18
3 5.1 0.40 0.042 0.50 = 0.01 268 + 14
56 4 5.0 0.40 0.044 0.51 £0.02 252 £ 11
5 4.9 0.40 0.042 0.51 £0.02 291+ 12
6 5.1 0.40 0.043 0.56 = 0.06 303+ 13
160 7 4.9 0.40 0.044 0.52 +£0.01 203 £ 12
8 4.9 0.40 0.045 0.55 +0.01 180 = 11
9 4.9 0.40 0.043 0.48 £ 0.02 226 £ 13
ATPOXUMUA Ne 4 2023
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[Nepen 3uMHMM MHKYOMPOBAaHMEM TIOYBY YBJIAKHSI-
1 10 60% I1B 1 moMelanu B IJIaCTUKOBbIE KOHTEIHe-
po1. o1 oOMeHa TTOYBEHHBIX Ta30B OBLIA MPOACTaHbI
TEXHOJIOTUYECKIE OTBEPCTHSI B BEpXHEM YaCT KOHTEI-
HepoB (6 IT. TnamMeTpoM 5 MMm). J1o HACTYIUIEHUS MO-
pPO30B II0YBY MHKYOMPOBAIM B BETeTallMOHHOM IIa-
BIWJILOHE IIPY €CTECTBEHHBIX TeMIIEPaTyPHBIX YCIIO-
Busx. Ilocme mepBbix 3amMopo3koB (20 HOsSOpst)
KOHTEiHEpHl C TOYBOM HMHKYOMPOBAJIM COINIACHO
cxeMe onbiTa. [1epBoIii BapraHT ONbITa IOMEIIAIN B
MOPO3UJIBHYIO KaMepy Npu Temmeparype —12°C Ha
160 cyT. Bropoii BapraHT oIbITa ITOMEIIaIN B MOPO-
3UJIBHUK TIpHU Temneparype —12°C Ha 56 cyT, nocie
Yero MEepeHOCWIN B XOJOOWIBHUK Y MHKYOMpPOBaIU
JI0 BeCHBI ITpu TeMneparype 6—8°C. Tpetuii BappaHT
OMbITAa IIOMECTWIN B XOJOAWIBHUK M MTHKYOMPOBaIN
Ha IIPOTSKEHUHU BCEro 3MMHETO IIEpUoAa P TeMIIe-
patype 6—8°C.

Yepes 160 cyT KOHTEITHEPHI C TIOYBOI MMEPEHOCU -
JIM B BEreTallMOHHBbI maBWiIboH. OTOOpP 00pa3loB
MOYB Ha aHAJIU3bl MpoBoauan Yepe3 10 cyT nHKybOa-
LIMU B €CTECTBEHHBIX YCIOBUSIX. M3 KaKIOTo KOHTe i -
Hepa oroupanu 1o 50 r moussl. OOpa3iibl JOBOAWIN
JIO0 BO3IYIITHO-CYXOT'O COCTOSIHUS U yCpeaHsiiu. B ce-
penuHe Masi TPOBOAWJIM MOCEB MILEHUIIbI SIPOBOIA
copta 3nata (Triticum aestivum L.) cenexuuu Moc-
koBckoro HUUMCX “HemuynHoBKa” (BCXOXECTh
mieHubl — 95%). B KaxknoMm KoHTelHepe TUToa-
Iblo 27 X 27 cM ocTaBisuu 110 9 pacteHuii. Pactenus
pPa3BUBAINCH B YCIOBUSIX aTMOCGhEpPHOro yBJIaXKHEe-
HUS U OCBEIIEHHOCTH.

B xoHIle BereTallMOHHOTO Mepuoaa ONMpencsIn
ypoxaii m BeIMYnHy HazeMHol ¢puromaccsl. Ilocie
STOTO B TIOYBY BHOCWJIM YIOOpEHHS U COJIOMY,
yBaaxHsau 1o 60% I1B u nHKyGUpoBanu B Berera-
LIMOHHOM TTaBWJILOHE O HACTYTUICHUSI MOPO30B. Jla-
Jiee 0O6pasLbl TTEPEHOCUIM B MOPO3WIBHUK U XOJIO-
JIWIBHUK B COOTBETCTBUU CO CXEMOI OIbITA.

Ha cnenyrommii rom NpoBOAWIINA BCE OMMCAHHBIE
BBIIIIE NEMCTBUSI B aHAJOTUYHOM ITOPSIIKE.

OT1OOp ITOYBEHHBIX 00Pa31IOB HAa aHAIN3bI TPOBOIM -
JIY TIOCJIe 3MMHEro MHKyOrpoBaHusl. M3 Kaxaoro KoH-
TeitHepa otompaiu 1o 50 T mouskl. OOpa31bl AOBOAVIIA
J10 BO3AYIITHO-CYXOIO COCTOSIHUSI U YCPETHSITU.

B oOpasnax onpenesnsim Takre OMOI0TrnIecKue Io-
Ka3aTer KakK: CKOpoCTh 0azambHoro gerxanus (V-BA3)
[8], comeprkaHre MUKPOOHOI GMOMACCHI TT0 CKOPOCTH
cyocrpar-uHaympoBanHoro aeixanust (C-CHUO) [9],
pacdeT Ko3(dUIImeHTa YCTOMIUBOCTH MHUKPOOHBIX
coob6iectB (Qr) [10]. Tak:ke mpoBOAMIN OLIEHKY aK-
TUBHOCTH pepmeHTa ypeassl [11] 1 dpocdaTtassr [12].

151 olleHKYM MHAEKCca OJIMTOTPO(PHOCTU MUKPOO-
HOro coob61ecTBa [13] mpoBoawIv IIOCEBEI Ha TBEP-
Jible TIMTaTeJIbHbIE CPeabl. YUeT OTUTOTPOGHBIX MUK-
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pPOOPTaHM3MOB, UCIIOJIB3YIOIINX 3JIEMEHTBI TUTAHUS
W3 PAcCesTHHOTO COCTOSTHUS, TTPOM3BOMIIIN Ha TOY-
BeHHOM arape (ITA) ciaemyromero cocrasa (T/71): II04-
Ba — 200, arap — 20.

st ydeta MUKPOOPraHM3MOB, pa3jiararmlinix
pacTUTEIbHbBIE OCTAaTKH, NCITOJIb30BaJIM OOraTylo op-
rannueckyto cpeny (BC) ciaenyromiero cocrasa (1/1):
CyXOli MUTATeIbHBIN arap — 3, IENTOH — 3, TPUIITOH —
1, ipoxKeBoit 3KCTpakT — 1, mioko3a — 1, arap — 20.
NHpekc oaurorpo@HOCTH pacCYUTHIBAIM MO (op-
myne ITA/BC % 100, rae ITA — 4YMCI€HHOCTb MUKPO-
opranusmoB (KOD), pacTyuiux Ha ITOYBEHHOM ara-
pe, BC — yncnenHoct MukpoopranuzMon (KOD),
pacTylIuX Ha boraToii cpene.

B uccrienoBaHHBIX MOYBaX OMPEACIIsIN CIIEIYIO-
1IMe XUMUYECKHUE CBOMCTBA: colepKaHUe yriepoa,
azora u cepbl Ha (C/H/N)-ananuzatope [14], K,O u
P,0O5 onpenensiniu no Mauuruny, pH — tpanuuuoH-
HeiMu MeTonamu [15]. KoHlleHTpauuio Makpo-
(Si0,, TiO,, Al,0;, Fe,05, MgO, MnO, CaO, Na,0)
u MukpoasieMeHToB (Ba, Co, Cr, Cu, Cs, Ga, La, Mo,
Nb, Ni, Pb, Rb, Sn, Sr, Y, V, Zn, Zr) BBIIIOJHSIIU T10
METOJIMKE U3MEPEHUSI MAaCCOBOI JOIM BJIEMEHTOB U
OKCUOB B ITOPOIIKOBBIX IMPOOaX METOAOM PEHTTCHO-
dmoopeceHTHOTO aHanu3a (M049-11/04) ¢ momo-
b0 HacTtojibHOro WD-XRF kpucrann-nudpakim-
oHHoro ckanupymliero crekrpomerpa “BRUKER
JAGUAR S6”.

PE3VIIBTATHI 1 UX OBCYXIEHUNE

s pacueTa HauboJiee TOUYHOIO CPpEeTHEro Mmoka-
3aTelisl KaxkKJI0ro BapraHTa OITbITa MCTIOIb30BaIN 10-
CTaTOYHO peTpe3eHTaTUBHYIO BIOOPKY. Kaxknblii Ba-
PMAHT OMNbITA COCTOSI U3 3-X IIOBTOPHOCTEi, B CBOIO
ouepenb Kaxaas MOBTOPHOCTb ObLIa pasiesieHa Ha
2 XoHTelftHepa. B mabopaTOpHBIX YCIOBUSIX KaxKIbIi
OTOOpaHHBII 00Opa3el aHAJIM3UPOBAJIM B TPEXKpPAT-
HOI MPOBOPHOCTH (IJIST BBISIBJIEHUSI OIIMOKMN B DKC-
NepUMEHTE), TAKUM 00pa3oM, BHIYMCICHUS CPETHE-
ro IoKa3aTeJsisi OMHOTO MapaMeTpa OCyIIEeCTBIISLIN 110
18-tm pe3ynbrataMm. Ha rpadmkax 60Kc-TUIOT ITOKa3aHo
BapbHPOBaHNE XMMWUECKIX CBOMCTB 1 OMOJIOTMUECKOI
aKTUBHOCTHU B arpOKaIlITAHOBBIX U arpo4epHO3EMHBIX
MOYBaXx B 3aBUCMMOCTH OT IJIUTEILHOCTH IIeproIa Ipo-
Mep3aHus B 3MMHUIA epuor, (puc. 1, 2).

Bausnue daumenvHocmu nepuoda npomep3anus Ha
ypoxcaii. B 1-it Ton MUHUMAaIBHBIN YpOXKail MIIIEHM-
116l ObLIT 3a(pMKCUPOBAH JIs1 YepHO3EMa B BApUAHTE C
160 cyt npoMmep3aHus. Pasanyuss Mexay BapraHTa-
mu 56 u 0 cyT mpoMep3aHus ObUTH IIPUMEPHO OfMHA-
KOBBIMU (CpenHsisd HazeMHasl (putomacca st KaK10-
ro KOoHTeitHepa Obuta paBHa =15 1) (puc. 3).
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Puc. 1. IsmeHeHust HEKOTOPBLIX XUMUYECCKNX CBOWCTB IMOYB 3a 1-ii u 2-1i rox SKCIIEpUMEHTA C pa3HOI71 JJINTCIIbHOCTBIO IT€pruoaa

MPOMEP3aHMUsI.

151 arpoKalTaHOBOM ITOYBbI MUHUMAJIbHAS YPO-
KaMHOCTD B 1-i1 rom OBLJIa B BapuaHTE C IIPOIOJIKM -
TEJIBLHOCTBIO TIpoMep3aHust 56 cyr (=15 r/KoHTeii-
Hep), MaKCUMaJIbHasI — IIPU MTHKYOMPOBaHUM ITOYBBI
MIPU MOJIOXKUTEIBHBIX TEMITepaTypax Ha IIPOTSKEHUN
BCcero 3uMHero nepuoaa (=18 r/koHteitHep). Ob6par-
Hasl 3aKOHOMEPHOCTh IS arpOKalllTaHOBBIX ITOYB
ObLIa BBISIBJIEHA BO 2-I Tof 3KCIIEpUMEHTa, Tae 00-
mast puromMaca M ypoxkai ObIIM OOJIBIIIE B BApyuaHTe C
MPOAOJIKUTEILHOCTBIO TIpOMep3aHust 56 CyT.

B BapmaHTax c arpoyepHO3eMOM BO 2-if TOf 9KC-
epyMMeHTa HaOIIo4aIu 3aKOHOMEPHOE BO3pacTaHue
Ha3eMHOI (PUTOMACCHI IO Mepe YMEHbBIIIEHUS IIEPU-
ona npomep3aHusi. Takke BO 2-i1 ToJ SKCIIepUMEHTa
OTHOCUTENBHO 1-TO yBennmumiach ¢puroMacca B 00-
pasuax, KoTopele mpomeps3anu 160 cyt, — Ha 2 T,
56 cyT — Ha 4 1, 6€3 MpoMep3aHus — Ha 6 T.

Bapvuposanue xumuueckux ceolicme azpoxauima-
Ho6bIX u azpoueprozemubix nous. Comepxanue C,. B
¢ OHOBEBIX MOYBax ObLUIO Ha ypoBHE 1.15% B arpoxari-
TaHOBOM U 5.34% — B arpouepHo3eMe. [1ocne 2-x et
BKCIIepUMEHTa HaOIo1alu o0llee He3HAUYUTETbHOE
CHIDKEHHME coaep:kaHus yriaepona B 1-if m 2-it ron

skcriepuMeHTa (Ha ~0.1%). Mexny BapuaHTaMu
OTIBITA OCOOBIX Pa3JIMYNI BBISIBICHO HE OBIIIO.

CopepkaHUe a30Ta B MCCIIENOBAaHHBIX arpokarli-
TaHOBBIX ITOYBaX MeHsUIOCH B npeaenax 0.09—0.1%, B
arpouyepHo3emax — 0.38—0.41% 3a 1-ii u 2-ii nepuon,
skcriepuMenTa. ConepxkaHue a3otra B QOHOBBIX ITOY-
Bax OBIJIO MPUOJIM3UTETBHO paBHBIM ITOYBAM 3KCIIe-
pUMeEHTA.

OtHoureHnue yriepona K a3oty (C : N) B arpouep-
HO3eMHOI1 MOUBE MPAKTUYECKU HE Pa3Indaioch B Ba-
pHMaHTax C pa3HOM IJIUTEIbHOCTHIO MPOMEP3aHUS
Kak B 1-ii, Tak 1 BO 2-ii roa akcnepumeHTa (puc. 1).

MNuasg 3akoHOMEPHOCTB OBLJIa BEISIBJICHA IJIS arpo-
KalllTaHOBBLIX IIOYB. B TIepBBHIN TOm 3KCIIepUMEHTa
HanmMeHbIlIee oTHomeHue C : N ObIJIO B BaprMaHTax
0e3 mpoMep3anus. Ha 2-it ron skcriepyMeHTa B 3TOM
ke BapuaHTe omnbiTa BeamumHa C : N ocrajack Ha
TnpekHeM ypoBHe. B To ke BpeMs1 HaOrogamm xapak-
TepHOe yMeHbIIeHne BeanunHBI C : N 110 Mepe yBe-
JINYCHUSI BPEMEHU MPOMEP3aHUs arpOKaIITAHOBBIX
MOYB.

Kak mpaBmito, BHeceHUe MUHEPATBLHBIX yIoOpe-
HUI OJAroNpUSITHO CKa3biBaeTCs Ha YBEJIWYCHUU
ypoxas cebX03KyabTyp [16]. BHecenue amMmodocku
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Puc. 2. iaMeHeHUsI OMOJIOTMYECKO aKTUBHOCTH MOYB 3a 1-if 1 2-if To 3KCIeprMMeHTa ¢ pa3HOM JUIMTEIbHOCTBIO Meproaa

MPOMEP3aHUSI.

n3 pacuyeta N9OP90OK90 B HameM ciydyae SIBISICTCS,
MO-BUIMMOMY, 3aBBIIIEHHON mo3oii. CpemHeMy co-
nepxanuio P,Os B arpokamTaHOBBIX TIOYBAX U arpo-
YyepHO3eMax, KaK TMPaBIJIO, TOJDKHO COOTBETCTBO-
Bath 0.25 mr P,O5/kr, K,O — 2.5 mr/kr [17, 18]. Tak-
K€ CTOUT OOpaTUTh BHUMaHUE Ha CoIepKaHNe STUX
BJIEMEHTOB B (DOHOBO ITouBe (puc. 1), rie mokasaHo,
yrto Bkiaa P,Os u K,O uzHavyanbHO ObLT BBICOKUM. B
pa6ote [19] ykazaHO, 4TO MOTPEOHOCTH BO BHECEHUU
JIOTIOJTHUTEIBHBIX (DOC(OPHBIX 1 KAJIMMHBIX yI00pe-
HUI B TaKWe TTOYBBI OYeHb HU3Kasl.

Conepxanue P,Os; B arpokallTaHOBBIX ITOYBaxX B
1-it 1 2-i1 rox 3KcHepuMeHTa HECKOJbKO MOBBICU-
JIOCh OTHOCUTENBHO (poHa (puc. 1). ITo mepe Bo3pac-
TaHUsI TIPOIOJDKUTEILHOCTA ITPOMEpP3aHUsT BO 2-ii
roji 9KCIepUMEHTa OTMEUYeHa TEHISHIIMS K CHUXKe-
HUIo conepxxaHusa P,Os B arpokamTaHOBBIX TTOYBAX.
Cxoxxast TeHISHILIUS MpociieXXeHa B arpoyepHo3eMax
Kak B 1-11, Tak m Bo 2-11 Tox ombITa. BappupoBanue
conepxanusi K,O OblIO MeHee 3aMeTHBIM, B arpo-
KallITAHOBBIX TTOYBAX 3TOT IMOKa3aTelb U3MEHSIICS B
npenenax 3.5—4.4, B arpouepHo3zemax — 3.1—4.3 mr
K,O/xr.

ATPOXUMUA  Ne 4 2023

M3BecTHO, 4TO BHECEHUE MUHEpPAJIbHBIX yI00pe-
HUIA BBI3BIBA€T HEKOTOPOE CMEIlleHHE BeTnInHBl pH
B kuciyio o6aacte [20]. Ha puc. 1 BugHO, 94TO OTHO-
cuTenbHO (bOHA B OOpasliax 3KCIepUMeHTa IToYBa
obl1a 6onee kucioit. I1pm aToMm a3 dexT TmonKmcie-
HUs ObUT MUHUMAJBHBIM B BapHaHTE C JUTUTETLHBIM
MIepuoOIOM TIpOMep3aHUs IOYBHI. [logKkucieHWo
ITOYBBI B HAIIIEM CJTydae MoTJia CIToCOOCTBOBATH U BBI-
cokast BiaxHocTb (60% I1B) — ucnonb3oBaHue au-
CTUJUIMPOBAHHOM BOJbI, BHECEHUE COJIOMBI M CBSI-
3aHHOE C 3TUM Pa3BUTHUE IPUOHON MUKPODIOPHI, a
TakXe pa3Hble TUAPOTepMUYECKUE YCaoBus [21].

UckimoyeHneM ObUIM MOYBBI C MEPUOIOM IIPO-
Mep3aHus 160 cyT, B 5TOM ciydae BO 2-# rof DKCIle-
puMeHTa BeauuuHa pH ObuUta 6ir3Kka K pOHOBOMY
BapuaHTy, KaK B arpOKallITAHOBOI1 MMOYBE, TaK U B ar-
pouepHo3eme. B aTux ob6pasiiax MpoucxXoauiao 3HaUM-
TeJbHO MeHbliee BbiaeneHue CO, MUKpOOpraHu3Ma-
MU, KOTOPBIA, pacTBOPSSICh B TIOUBEHHOM PacTBOpE,
o6pazoseiBan H,CO; [20]. MoXHO TNpeanoaoxXuTh,
4YTO IJUTENHLHOCTh NMTPOMEP3aHUsl KOCBEHHO BIUsIa
Ha udMeHeHue pH uyepe3 akKTMBHOCTb MUKpPOOpTa-
HU3MOB.
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Puc. 3. BetmuuHa ypoxxast 1 Ha3eMHOI (hMTOMACCHI SIpPOBOI MIIEHUIIBI () TPY BbIpAallMBAHUU Ha arpOKallITAHOBOM MOYBHI (a)

u arpodyepHo3eMme (0).

B xome skcriepuMeHTa OTMEUEHO CHUXKEHHUE CO-
JIep>KaHUsI Cephl B TOUBE, 0COOEHHO 3TO OBIJIO 3aMET-
HO B BapMaHTax ¢ arpoyepHozeMoM. M3BecTHO, 4TO
MOTPEeOHOCTh KYJIbTYPHBIX PACTEHUM B CEpE BhICOKA,
3TOT MOKa3aTeb He NOJKeH oryckathesa <0.065% r
[22]. MakcuMaibHOE coiepKaHue S B MCClieNOoBaH-
HBIX TOYBax ObLIO B arpoyepHoseme — 0.07%.
Bo Bcex BapuaHTax OITbITa ¢ arpOYepHO3EMHOM TTOY -
BOM colepxaHWe S ObUIO 3HAYMTEIbHO MEHbIIIE
(0.05—0.04%), yem B (poHOBOI 1TouBe. Hanbomee 3a-
METHOE CHIDKEHHME ee coaepXaHUsl ObLJIO OTMEYEHO
BO 2-i1 ron B BapraHTe IMpoMep3aHus B TeueHue 160 cyT.
BeposiTHO, Hekoe yBeIWYeHHE KOJMUYECTBA CEphbl B
HernmpoMep3allnux 00pa3nax 2-ro roga 3KCrepruMeH-
Ta OBLIO CBsI3aHO C OoJiee KUCJIOU CpPemoil U MeHee
OBICTPBIM BBILIICTAYMBAHUEM, YeM MpPU IMpoMep3a-
Huu [23]. ConepxxaHue S B arpoKalllTAHOBOI MOYBE
M3HaYaIbHO ObLIO He BhicOKUM (0.017%) u nipakTu-
YECKM HC UBMECHAJIOCH B BapMaHTax OIlbITa.

B 3T0 ke BpeMs1 aHaIM3 BajJOBOTO XMMUUYECKOTO
cocraBa I0Ka3ajl, UYTO B XOJe 2-JIETHETO 3KCIIepu-
MEHTa KOHLEeHTpauuu makpo- (SiO,, TiO,, Al,O;,
Fe,0;, MgO, MnO, CaO, Na,0) u MUKPO3JIEMEHTOB
(Ba, Co, Cr, Cu, Cs, Ga, La, Mo, Nb, Ni, Pb, Rb, Sn,

Sr, Y, V, Zn, Zr) B 1ouBax 3KCIIepUMEHTa HE U3MEHSI-
JIUCh U HE 3aBUCEJIU OT MPOIOJLKUTEIILHOCTU MEPUO-
Jla MIpOMEeP3aHusl.

Hzmenenus buonoeuqeckoii axkmuenocmu nous. B 1-i ron
SKCIEpUMEHTa pPa3IMYHBIM Tepuod MpOoMep3aHus
TTOBJIUSII HE3HAUMTEIbHO Ha CKOPOCTh 0a3aJbHOIO
neixaHus (V-BA3) arpokaiiraHoBoM MoYBHI (puc. 2),
cpenHue BeJTUYMHBI KOTOPOii ObUIY Ha OMHOM YPOBHE
¢ ¢oHoBoii mouBoii. CkopocTth AbixaHus (V-BA3)
MUKPOOPraHU3MOB arpoYepHO3eMHOI MOYBHLI B 00-
pasnax mpu HaumOoJbIIeM IEpUOAE IPOMEpP3aHUS
onu1a aHajornyHa V-BA3 MukpoopraHu3MoB (pOHO-
BOM TTOYBHI 1 CYLLIECTBEHHO OOJIbIIIE, YeM B 0Opa3liax
C MEHBIIUM MEPUOIOM IIPOMEP3aHUS.

Bo 2-it1 ron skcrmepuMeHTa MHTEHCHUBHOCTH Oa-
3aJIbHOTO JBIXaHUSI arpOKAIITAHOBOI MOYBHI YBEIU-
yuiack B 2 pasa (1.0—0.8 mxr C-CO,/r/4), arpodep-
Ho3ema — B 3 pasa (1.75—1.4 mxr C-CO,/r/49). BoIsiB-
JIeHa TEHIEHOUS K YCWICHUI0 WHTEHCUBHOCTU
6a3aJIbHOTO AbIXaHUS B 3aBUCUMOCTHU OT YBEJIMYCHUS
nepuoa MpoMep3aHUsI TIOUBHI B 3MMHUI IEPUO]T.

JmuTenbHOCTh TIepuoia IIpOMEp3aHMsT Cyllle-
CTBEHHBIM 00pa30M OTpa3uiach Ha BEIMUYMHE MUK-
ATPOXUMUA
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po6Hoi1 6uomaccel (MB) Kak B arpokaliTaHOBOI
IoYBe, TaK M B arpodepHo3eme (puc. 2). B memom
pesmuHa MB B arpodepHo3eMe Oblma OOJIbIIe
Ha =100 Mxr C/T, 4eM B arpoKalllTaHOBOI. BrisiBieHa
3aKOHOMEPHOCTH IIJISI TOYB, KOTOPhIe MHKYOUpOBa-
JIW TIPU TUTIOCOBBIX TeMIIepaTypax U MOYB C MaJIbIM
neproaoM npomep3anus (56 cyt). B stux BapnaH-
Tax MUKpoOHasT 01MoMacca Obl1a cxoxkeil ¢ poHOBOM
mouyBoi (arpokaiuraHoBas — 110, arpoyepHOo3eM —
210 mxT C/1).

Bo 2-ii ron sxcnepuMeHTa OTMEUYEHO YBEJIMYSHUE
rokasaTeJisi MUKpOOHOII OMOMacChl BO BCeX BapraH-
TaxX OMNbITa, HO B MEHbIIIEl cTeneHn. MakcuMajbHas
MBb kak B arpoxkamraHoBoil mmouBe (190 mxr C/r),
Tak 1 arpouepHoseme (275 mkxr C/T), ObL1a OTMEYeHA
B BapMaHTe C MAaKCUMAaJIbHOMN IJIMTEIBHOCTBIO TIepH-
ona nipomepaanust (160 cyt). C yMeHbIIEHUEM TIepU-
oIa MpoMep3aHUs MOYBBI 3aKOHOMEPHO CHIXKAJACh
MHTEHCUBHOCTD CyOCTpaT-uHAYLIUPOBAHHOTO JIbIXa-
HHs. BO3MOXHO TPUYIMHOM 3TOT0 OBIJIO OTMHUpaHUE
JacT MHKPOOHOIro cooOiiecTBa M (popMUpoOBaHUE
ImyJla JOCTYIHOIO yIjiepoda IUISI OCTaBIISiiCs 4acTu
MUKPOOMOTHI ITOYB.

Koaddunment nwpixatenbHoi akTuBHOCTU Qr,
pacCYMTAHHBIN IT0 OTHOIIIEHUIO CKOPOCTEM Oa3alib-
HOTO U CyOCTpaT-uHAYLIUPOBAHHOTO IBIXaHUS, JAET
MpencTaBIeHNEe 00 YCTOMIYNMBOCTA MUKPOOHBIX COO0-
IIECTB TTOYB B YCIIOBUSIX PA3HOM IJIUTEIILHOCTU TIe-
puoma mpoMep3aHus. B cTpeccoBBIX YCIOBHUSX OTME-
yeHo yBenudeHmne 3Toro mokasarens [10]. Mccimeno-
BaHUs, TpOBeIeHHbIe B 1-ii Tom, mMoKas3ajiu, YTO
HanboJee yCTOHMYMBBIC MUKPOOHEBIEC COOOIIIECTBA ObI-
JIV B arpOKaIITAaHOBBIX MTOYBAaX B YCJIOBUSIX HANOOIIb-
LIero nepuoaa npomep3anus — 160 cyt. B arpouep-
HO3eMax CHUTyalus Oblla oOpaTHOM: BenumumHa Qr
OblJIa MUHUMAJIBHOM B BapHaHTe 0e3 IIpoMep3aHus.
CpaBHeHUE YCTOMYMBOCTU MUKPOOHBIX COOOIIECTB
1-ro 1 2-TO roma 3KCHEPUMEHTA CYIIECTBEHHO pas3-
JIMYaJIMCh KaK B arpokaiuraHoBoii (B 1.5 pa3a), Tak u
B arpouepHo3eMHOM (2.5 pa3za) mouBe. HapyiieHnue
YCTOMUMBOCTA MUKPOOHBIX COOOIIECTB MO CpaBHE-
HUIO C MpEedbIayIIuM TOOOM YyKa3bIBaJI0O Ha IIepe-
CTPOIIKY MUKPOOUOTHI ITOYB.

AKTHUBHOCTH (hepMeHTa ypeasbl (YA), OCyIIEeCTB-
JISIIOIIE TUAPOJIUTUYECKOE paclleryicHe MOYEeBU-
HBI ¢ 0O0pa3oBaHMEM aMMMaKa 1 YIJIEKUCJIOro rasa,
moka3aHa Ha puc. 1. OTHOCUTEIbHO MMOYB (poHa YA
OblIa MEeHBIIIe B 1-if TOI BKCIIEpMMEHTa KakK B arpo-
KalllTaHOBOIi MOYBE, TaK U B arpouepHo3eMe. B Bapu-
aHTe ¢ MAaKCHUMAaJbHOM IJIUTEILHOCTHIO ITIeproaa
npomepaaHus (160 cyT) Kak B arpoKallITAHOBOM MOY-
Be (46.5 mxr N-NH,/r/2 4), Tak 1 B arpouyepHO3eMe
(89 Mxr N-NH,/r/2 4) YA Oblia He3HAYUTEITBHO
6oJbllle, YeM B BapuaHTaX C JJIMTEIBbHOCTBIO MPO-
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Mep3aHUs MOYBEI 56 CyT, U B BapyaHTax, UHKyOUpPO-
BaHHBIX TIPU TUTIOCOBBIX TeMIIepaTypax.

3HauUnTeNIbHOE BO3pacTaHuWe YA HaOmomain B
MOYBAaXx 2-TO ToJia SKCIEPUMEHTA, UTO BEPOSITHO CBU -
JIETeJIbCTBOBAJIO 00 MHTEHCUGUKALIMU IIPOoliecca MU -
Hepalu3aluMu CJIOXHBIX OpPraHWYEeCKUX a30TCOAEep-
Kalnx coemuHeHW B mouBe. OTHOCHUTENILHO 1-TO
roga 3KCIIepUMEHTa aKTUBHOCTh (DepMeEHTa ypeasbl B
arpoKalllTaHOBOM MOYBE U B arpo4epHO3eMe B Cpell-
HeM Bo3pociia 6oJjiee yeM B 2 pasa.

B otninmuum ot nmokasateneit Mb u MHTEeHCUBHO-
CcTM 0a3aJIbHOrO AbIXaHUSI MaKCHUMaJibHash aKTHUB-
HOCTh (pepMeHTa ypeasbl 3aUMKCHpOBaHa B arpo-
KallTaHOBBIX IOYBaX, MEPUOM MPOMEP3aHUsI KOTO-
pbix coctaBisul 56 cyr — 115 mxr N-NH,/r/2 4.
B arpouepHo3eMe HanboabIIas aKTUBHOCTH ype-
a3pl ObLJIA B BapuaHTe 0e3 mpoMep3aHus — 187 MKr
N-NH,/r/2 4, HO BeIWYMHBI CPEAHUX OBLIN TIPU-
MEpHO OOWMHAKOBHIMHU BO BCEX BapMaHTaX OIIbITA.

YucaeHHOCTh OaKTepuii, pacTyllUX Ha OoraToii
cpene (BC), B arpouyepHO3eMHOII mo4YBe 1-TO roma
9KCIlepuMeHTa Oblia 60JIbliie, YeM B (hOHOBOI TTOYBE.
YucnenHocTth O0akrepuii, pactymux Ha BC, B aTom
JKe TOJly B 3KCIIEPUMEHTE C arpoKaIlTaHOBOI ITOYBOIA
TakXke ObL1a 0OJbllle OTHOCUTENbHO (hOHA, HO 3TO
pasnuuue ObLUIO MeHee CyIleCTBeHHbIM. B 1-if ron
9KCIIepMMEHTa B arpoyepHo3eMe HaOJirogaad CHU-
KeHUE YUMCIeHHOCTU MUKPOOPTaHU3MOB, PACTYIIUX
Ha BC no Mepe yBennueHus riepruoaa mpoMep3aHusi
OTHOCUTENILHO HeTlpoMmep3awiiux 1oy (B 1.3—
1.5 pa3a). AHAJIOTMYHO 3TO IIPOSIBISIOCH W BO 2-i1 TOII
sKcnepuMeHTa (B 2.7—2.5 paza). B aTux xxe oOpa3siax
COOTBETCTBEHHO CHU3UJIACh U CIIOCOOHOCTh MUKPO-
OpraHU3MOB paszjiaraTh pacTUTEIbHbIE OCTaTKU. Yuc-
JIeHHOoCcTh MuKpoopraHusmoB (KOE), pacrymux
Ha BC, B nouBax, mepuon npomMep3aHusi KOTOPbIX CO-
ctaBui 56 1 160 cyT, Ha 2-if TOII SKCIIEpUMEHTA CTaja
MeHbllIe, YyeM B (pOHOBOIA IMOYBE.

B arpoxaintaHoBO# MoyBe YUCIEHHOCTh MUKPO-
opraHu3MoB, pactyiux Ha bC, OblJIa OIMHAKOBOI1 B
obpa3iax 0e3MOpPO3HOIo mepuoia U B oOpaslax c
MIPOIOJKUTEILHOCTRIO TTpoMep3anusa 160 cyt, B Ba-
pHaHTe C MPOIOJIKUTEILHOCTBIO IPOMEP3aHust 56 cyT
YUCJIEHHOCTh MUKPOOPraHU3MOB, pacTyiiux Ha bC,
OblJTa HE3HAUYUTEJIbHO MeHbllle. MHTepecHast 3aKo-
HOMEPHOCTb BBISIBJIEHA BO 2-# rof sKCIIepuMeHTa
B 9THX BapuvaHTax. B arpokaiitaHoBbIX ITOYBaxX Ha-
OJroanu MPOTUBOMOJIOXHYIO TEHACHIIUIO, YeM B
arpoyepHo3eMax: YHCJIEHHOCTb MUKPOOpPTaHU3-
MOB, pacTyIIMX Ha OoraToiu cpeae, Bo3pacTasia Ipu
YBEJIWYEHUM MNPOMNOJKMUTEIbHOCTU IepuoAa MHpo-
Mep3aHusl.

YurcaeHHOCTh MUKPOOPraHU3MOB, PACTYIIMX Ha
MOYBEHHOM arape, B arpo4epHO3eMHEBIX ITOYBax (B



86 [TUHCKOW u np.

1-i1 1 2-i1 rom) u (POHOBOM BapbUpOBaJIa AHATOTYI-
HBIM 00pa3oM C YMCJIIEHHOCTbIO MUKPOOPTaHU3MOB,
pactymux Ha BC. MIHast 3aKOHOMEPHOCTh Oblila BbI-
SIBJICHA IIJISI arpoKalllTaHOBBIX Mo4yB. B 1-ii rom skc-
MepuMeHTa B BapuMaHTax OIbITa C HEIMPOMep3aBIleii
MOYBOM M MpOMep3aBllIeil 56 CyT OCHOBHAsI Macca
BBIOOPDKM TaHHBIX ObLIa MeHbIIe (POHOBBIX IMOKa3a-
tesieit. Torma Kak B BapuaHTe C MPOIOIKUTEIbHO-
CcThi0 mpoMep3aHuss 160 cyT B MOJOBUHE CIydaeB
YUCJIIEHHOCTh OJIMTOTPOMHBIX MUKPOOPTAaHM3MOB
ObL1a OoJblIe, YeM B (poHOBOIT 1ouBe. BTopoii rox
ASKCIEPUMEHTA MPUBEI K YMEHBIICHUIO YUCISHHO-
CTHU OJIMTOTPO(MHBIX MUKPOOPTAaHU3MOB B 00Opa3Iax
arpokallTaHOBOI MOYBbI, HE MOIBEPTIINXCS 3aMOpa-
xuBanuio (B 1.3—4.0 paza 11o oTHOIIEHUIO K (DOHY).
B o6pa3iax mouBsl B BApHaHTaX C MPOJIOKUTEIIEHO-
CTBIO TIpoMep3aHust 56 1 160 cyT Bo 2-it Tom HaGIIO-
JTaJIi 3HAYMTEJIFHOE YBeIMUCHE TAaHHOTO MOKa3aTelIs.

ITo pesyabTaraM OLICHKM OOIIEii YMCIEHHOCTU
OUTOTPO(MHBIX MUKPOOPTraHU3MOB U OaKTepHid,
CMOCOOHBIX MCMOJb30BaTh PACTUTEIbLHBIE OCTATKU,
ObLT1 paccumTaH wuHIeKC oaurorpodHoctu (MO)
MUKPOOHBIX coobImecTB. Kak mpaBnio, B eCTEeCTBEH-
HBIX YCJIIOBUSIX YBEJIMYEHUE MHIEKCA OJIMTOTPOGHO-
CTU OOBIYHO ITPOUCXOIUT ITPU HETOCTATKE JOCTYITHO-
r0 OpPraHUYeCKOTO BElIeCTBA B TIOYBE U YACTO CBS3a-
HO ¢ apuau3auueil kimumara [13, 24]. B 1-ii ron
SKCITEPUMEHTA C arpOYEePHO3EMOM OTMEUYCHO YBEJIH -
yeHne MO 1mo mepe yBeanmdeHus Tieproia mpoMep3a-
HUS TMOYBBI. DTU BEJIMYMHBI HAXOAWJIUCH B TIpeaeiax
¢ona. Bo 2-ii rom skcnepuMeHTa O0JIsI OJIUTOTPOd-
HBIX MUKPOOPraHM3MoB, pactymiux Ha ITA, cHuka-
JIach B BapMaHTax 0e3 IIpoMep3aHus U B BapUaHTaX C
npoMep3aHueM B TeueHue 160 cyt. BeposiTHO, aspa-
1S 1 BHECEHME YIOOPEHUI 1 COJIOMBI O0YCIIOBUIN
camxeHre MO, 4To IpuUBEIO K CO30aHUIO OJIaro-
MPUSITHBIX YCIIOBUI IJISI pOCTA MUKPOOPTAaHU3MOB,
pactymux Ha BC. CootHoutenue ITA : BC B Bapu-
aHTe C IIEPUOAOM IIPOMepP3aHUs 56 CyT He U3MEHU-
JIOCh BO 2-1i TOII OMBITA.

B arpoxkainraHoBoii TouBe, Kak B 1-if ron skcme-
pUMeHTa, Tak 1 Bo 2-if, BeamunHa MO 6pla 60bIine
B BapMaHTax C IepHOIOM ITpoMep3aHust 56 cyt. H-
TepeCceH TaKXKe TOT (DaKT, YTO B ITOM BapUaHTE OMbITA
B 1-i1 rom MO Ob1u1 MeHbIIIe (POHA, TOTIA KaK BO 2-1 IO/,
HaoO0OpOT, 3HAYUTEIBHO OOJIbIIIE.

B nestom B BapmaHTax 63 IIpoMep3aHus U B Bapy-
aHTax ¢ IMpoMep3aHueM B TedeHue 160 CyT YMClIeH-
HOCTb MHUKPOOPraHM3MOB, pacTylIMX Ha Oorartoii
cpene, Oputa OoJibie. DTa OBLIO OCOOEHHO 3aMETHO
BO 2-i1 Tof B 0Opa3iiax ¢ MaKCUMaJlbHOM JITUTEIbHO-
CThIO TIpOMep3aHUs.

3AKJIFTOYEHHME

Takum oO6pazoM, TIPOAOIKUTEIbHOCTD ITPeObIBa-
HUS TIOYBHI B 3aMep3IIeM COCTOSTHUM B 3UMHUIA TTe-
pMoIl OKa3biBajla 3aMETHOE BJIMSIHUE HA HEKOTOpbIE
XUMHMYECKHE CBOMCTBA MW OWOJOTMYECKYIO AKTUB-
HOCTb TTOYB.

B Gospliieit Mmepe yBeIudeHUe MPOIOKUTEIbHO-
CTU TIeprolia IIPOMEp3aHUs ITOYBBI OTPA3UIOCh Ha
pennuunHe pH. B BapranTax mpomepsanus 160 cyT Bo
2-1i ron uccaenoBanus BeanyrHa pH Bo3pocna. Co-
nepxanue P,Os B arpoyepHo3eme B 1-ii 1 Bo 2-i o
OIBITa CHIXXKAJIOCH IO MEPE YBEIUYCHUS IIPOIOJIKI~
TEJIbHOCTU IMPOMep3aHusl MOUB. B MeHbIIIei Mepe 3To
OBLIO BBIPAXKEHO [IJIST arpOKAIITAHOBBIX ITOYB BO 2-11 IO
sKkcnepuMeHTa. Kak B arpokallraHOBOM, TaK U B ar-
pouepHO3eMHOI nouse conepxkanue C,,., MAKpo- U
MUKPO3JIEMEHTOB IIPAKTUYECKU HE U3MEHSIOCh OT
BJIMSIHUSI pa3HbIX TeMIepaTyp B 3MMHUI TTEpUOI.

Bnustaue nnmrenbHOCTH 0€3MOPO3HOTO Meprona
B OoJIblIIeli Mepe OTpa3mWIOCh HA MUKPOOUOIOTnYe-
CKUX TIOKazaTesisix IMoyB. BenuumHa MUKpOOHOI
OMoMacChl, pacCUMTAHHAs I10 BeJIMUYMHE MOKa3aTelIs
C-CH/1, 3aKOHOMEpPHO CHMXKAJIaCh IIPU YMEHBIIIe-
HUU TIPOJOJIKUTEIbHOCTU TIEpUOAA NPOMEP3aHU
KaK arpoKalllTaHOBBHIX ITOYB, TaK W arpoyepHO3eMa.
Cxoxxast TeHIIeHIIUsl OblIa BBISBICHA IS CKOPOCTU
6aszanbHoro abixanus (V-BA3) mouBeHHOro MUKpoO-
HOTO cOOO0IIIecTBa. DTa TeHASHIUS U3MEHEHUS I10-
KaszaTesl Oblia 00yCJIOBJIeHa OTCYTCTBUEM OTMUpa-
HHUS 9acTU MUKPOOHOTO COOOIIeCTBA B MOPO3HBIN
nepuoa, 4To (GopMUPOBAIO AOTOJHUTEIbHbBIN My
JIETKOJIOCTYITHOTO YIJIEpO/ia AJIsI TUTaHUS OCTaBIIeii-
¢Sl YaCTU MUKPOOHOTO COOOIIIECTBA.

YpoBeHb pocdaTazHON aKTUBHOCTU TaKKe CHU-
JKaJicsl TI0 Mepe YMEHBIIEHUS JUTUTEIbHOCTU MEPUO-
JIa IpOMeP3aHus, HO B MEHBIIICH CTETIEHM.

AKTUBHOCTh (hepMeHTa ypeas3bl U IbIXaTeJIbHBIN
ko3 dunmeHT Qr B BapraHTaX OIThITa B ICCISIOBAH-
HBIX KaK arpOKaIlITAHOBBIX, TAK U aTpOYEePHO3EMHBIX
ImoyBax NMpakTU4Y€CKM HE UBMEHAJIaCh 1 BapbrpoBajia
B Ipeaesiax MOrPelTHOCTH.

Hunekc onurorpodrHoctu (MO) Bo 2-ii roa 3Kc-
neprMEeHTa BO BCEX TUIIAX MTOYB ObLI OOJIBIIIE B BApU-
aHTax, C JUIMTEJIBHOCTBIO IIpoMep3aHust 56 CyT.
B mouBax, KoTopble MHKYOMpOBaIU IIPU TOJOXKU-
TeJILHBIX TeMIIepaTypax, a TakK:Ke B BapuaHTe C JIJIM-
TeJIbHOCTBIO MpoMep3aHug 160 cyt BenuumHa MO
ObL1a MEHbIIIe (POHOBBIX MTOKA3aTeJIei, UTO YKa3bIBa-
JIO Ha yBeIMYEHUE YUCIICHHOCTA MUKPOOPTaHU3MOB,
pacTylux Ha O0raToii cpeie U pa3jaararoix pacTu-
TeJIbHbIC OCTaTKU.
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Changes in the Chemical and Biological Properties of Arable Soils
with Different Duration of the Freezing Period
V. N. Pinskoy“*, N. N. Kashirskay’, A. O. Alekseev*, V. V. Malyshev, and A.V. Borisov*
4 [nstitute of Physico-Chemical and Biological Problems of Soil Science of the RAS
Institutskaya ul. 2, bld. 2, Moscow region, Pushchino 142290, Russia
# E-mail: pinskoy @inbox.ru
The results of a 2-year vegetation experiment to study the effect of the duration of the frost-free period on the
chemical properties and biological activity of agrokashtan soils and agrochernozem are presented. The task
of the experiment was to assess changes in soil properties that may occur with further warming of the climate
and a reduction in the time of stay of soils in the frozen state. The first variant of the experiment provided for
incubation of soils in a frozen state in winter for 160 days, the second — 56 days, in the third variant, the soil
ATPOXUMUA Ne 4 2023
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was incubated throughout the winter period at a temperature of >0°C. Before winter incubation, the soil was
moistened to 60% of FMC, mineral fertilizers and straw were applied. In the spring, spring wheat of the Zlata
variety of the selection of the Moscow NIISH “Nemchinovka” was sown in the soil. Throughout the growing
season, soil samples were kept in the vegetation pavilion in conditions of natural moisture and illumination.
Sampling and measurements of biological properties were carried out in the spring period 10 days after the
samples were transferred from the refrigerator to the vegetation pavilion. It was found that, depending on the
duration of the freezing period of the studied soils, the most sensitive indicators for temperature changes were
microbial biomass (C-LED), basal respiration rate (V-BASRR) of the microbial community and the number
of microorganisms (NMO) growing on soil agar and on a rich medium. The soils that were incubated without
freezing had the lowest values of C-LED and V-BASRR. The increase in the freezing period of the soil af-
fected the acidity of the soils. In the variants with prolonged freezing in the 2" year of the study, the pH value
increased. For agrochernozem, a decrease in the content of P,O5 was noted as the freezing period increased.
For agrokashtan soils, this pattern was less pronounced. In these soils, a tendency to decrease the C : N ratio
was revealed with an increase in the time spent in the frozen state. The content of C,,, as well as macro- and
microelements in all variants practically did not change during the 2 years of the experiment.

Key words: biological activity, arable land, frost-free period of soils, agrokastan soils, agrochernozems.

ATPOXUMHUA Ne 4 2023



