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OueHnIN BAUSHUE OTBAJIbHO 1 MUHUMAaJIbHBIX TEXHOJIOTH 00pabOTKM arpoYepHO3EeMOB Ha aKTUBHOCTh
¢depMEHTOB a30THOTO LIMKJIA, U X POJIb B IIPpEBpAIllEHNM a30TCOAEPXKALINX OPraHNYECKUX COSTUHEHMIA.
Hauboiee 3HaunMbIe pa3indus B CE30HHOI TMHAMUKE COAepKaHUS (DpaKIIMK TPyTHOTUIPOINIYEMBIX CO-
eIMHEeHMI a30Ta OOHApY:KEeHBI B IOYBE arpolieHO3a s’YMEHsI TIPU BceX Buaax o0padoTku mouskl. [1pu nc-
MOJIb30BAaHNN MTOBEPXHOCTHOIO IMCKOBAHMS TMHAMUKA UX COACPKaHMsI ObUIa 00yCIOBJIeHa aKTUBHOCTBIO
npoTeasbl. BeisiBeHa BbICOKass 00€CIIeYeHHOCTD IMTOYBHI JIESTKOTUAPOJIM3YEMbIM a30TOM, UYTO YKa3bIBajlo Ha
OTCYTCTBHE MOTPEOHOCTH B a30THBIX YIOOPEHUIX. 3aBUCUMOCTb TUHAMUKM COMIEPKAHMS JISTKOTUIPOJIN -
3yeMbIX COEIMHEHUIT a30Ta OT aKTUBHOCTH IpOTea3bl OblJIa HEOAHO3HAYHOM. B yCIIOBUSIX MPUMEHEHUSI MU~
HUMAaJIbHOKM 00pabOTKM MOYBHI (DOPMUPOBAHUE JIETKOTHAPOIN3YEMbIX COCIMHEHNI a30Ta HAaXOOWIOCh B
o0paTHO 3aBUCUMOCTH OT Ipoliecca mpoteoyun3a. I[lmockope3Hblii cnocod phIxjeHUsl 00YCI0BUI MTOBbI-
IIICHUE YPOBHS aKTUBHOCTH ypea3bl OTHOCUTEIHFHO OTBAILHOM BCIIAIIKM U IIOBEPXHOCTHOTO JUCKOBAHMUSI.

Kntoueswie crosa: cnocodbbl 06pabOTKM TTOYBHI, a30TCOIEPKAIe OpraHUYeCKUe COeTUHEHUsT, DepMeHTa-
TUBHAasl aKTUBHOCTD TTOYBHI, TIpOTeasa, ypeasa.
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BBEAEHUE Mep, AaKTUBHOCTb IIPOTEOJIM3a

0o0ycJIOBIMBaET

IIponeccwl mpeBpalieHus a3oTa B mouBax Cnomnp-
CKOTO peruoHa 3aTOPMOXEHbI CYpPOBBIMU OMOKIMA-
TUYECKUMU YCIOBUSIMU, TIPU KOTOPBIX 3HAYUTEIb-
Hasl 4acTh a30TOCOAEPKAIIMX COSTMHEHUI MpeBpa-
maeTcsd B “MepTBBIN” a30THBIN (DOHII, MCKITIOYaCTCs
13 OMOJIOrMYECKOTO KpyrOBOPOTa U MUTAHUS pacTe-
auii [1-3]. [IpuMeHeHMEe TTOYBO3AIMUTHON CUCTEMBI
3eMIIeIeN U TIpeaycMaTpuBaeT COKpalleHue MHTeH-
CHUBHOCTH W TJIIyOMHBI BO3IEHMCTBHS 0OpadaTHIBAIO-
IIUX OPYAWil Ha OYBY, YTO CITOCOOCTBYET JIOKAJIM3a-
LIMM OPraHUYEeCKUX OCTATKOB, YXYIILICHUIO a3paiuun
HUKHUX TOPU30HTOB M MOCJIOMHOM nuddepeHima-
MK OMosornyeckux npoieccos. [lepecTpoiika rnou-
BEHHOII OMOTHI MPUBOOUT K M3MEHEHUIO peXrma
a30THUCTBIX COCAMHEHUI U CHUXKEHUIO a30TMOOWIIN -
3yolieil cnocodbHocTu 1mouB [4—9]. B ¢Bs3m ¢ aTuM
aKTyaJIbHBIM SIBJISICTCSI BOIIPOC O POJM (pepMeHTa-
THUBHOM aKTUBHOCTHU MOYBHI B IIpolieccax TpaHchop-
MallM¥ a30TCOoIepXKallnX OPraHMYECKUX COeIUHEe-
HHUU B yCIIOBUSIX Oecrury>kHo¥ obpaborku. Hampm-

MIPOIIECCHI Pa3IOXEeHUS MOCTYIAIONINX B TTOYBY pac-
TUTEJTBHBIX OCTAaTKOB U OOecIieYeHrue pacTeHUi T0-
CTYHOHBIMHU MCTOUYHMKaMM a3ota [10].

Lenps paboThl — UCCIegOBaHUE TUHAMUKU COIEP-
XKaHUSI a30TCOIEPXKAIIUX OPraHMYEeCKUX COEIMHE-
HUI M aKTUBHOCTU (hepMEHTOB a30THOIO LIMKJIA TIPU
HMCHOJb30BAaHUM OTBaJIbHOI 1 TTOBEPXHOCTHBIX CIIO-
co00B 00paboTKU YepHO3eMOB KpacHosipcKoii 1eco-
CTeTIH.

METOAMNKA NUCCIIEJOBAHUA

MccnenpoBaHue NpoBOAMIN B IPOMU3BOACTBEHHOM
oneiTe OO0 OI1IX “/Iapsr MannaoBKI” Cyx00y3uM-
ckoro p-Ha B KpacHosipckoii 1ecocTenu, pa3MelieH-
HOM B Tipenenax YynsiMo-EHucelickoro neHymanm-
OHHOTO IIIATO IOTO-3amamHoOi oKpaumHbl CpemHein
Cubupu (56°10°c.ur. u 91°47’B.1). B rpanuuax mnpo-
W3BOJCTBEHHBIX IIOCEBOB OBLIIM 3aJI0XKEHBI pEIIepHbIC
YYACTKH TIPSIMOYTOJILHOM (POPMBI OOIIEH TIIIOIIAIBIO



4 BEJIOYCOBA, BEJIOYCOB
Tabomuna 1. MeTeoposornyeckue mokasaresiv B TOAbI OMbITa
Ton Mecsu CyMMa aKTUBHEBIX
Maii HIOHB WIOJIb aBIyCT CEHTAOPD Temmeparyp, °C
CpenHsig TeMneparypa Bosayxa, °C
2017 11.0 20.3 19.5 16.8 8.5 2074
2018 8.1 20.5 18.6 18.3 10.1 2061
2019 9.0 18.7 19.5 18.8 9.9 2047
Hopwma (1961—1990 rr.) 8.7 15.2 17.6 14.8 8.8 1833
Ocanku, MM CyMMa ocaikoB, MM
2017 28.0 30.0 79.0 81.0 81.0 299.0
2018 29.0 29.0 33.0 21.0 58.0 170.0
2019 8.3 106.1 45.4 68.9 54.0 274.4
Hopma (1961—1990 rr.) 50.0 61.0 95.0 78.0 48.0 332.0

1200 m? ¢ yyetHo#t miowansio 600 M2, B mpenenax
KaXJI0TO y4acTKa BbIAEJSIIU 3 TOBTOPHOCTH, IJIOIIA-
nb10 200 M2, BeIGOp 371€EMEHTOB METOAMKMU T10JIEBOTO
OIbITa OOYCJIOBJEH BIAMSIHUEM BHYTPUIIOJbHOUN He-
OIMHOPOJHOCTU MOYBEHHOTO TIOJOPOIUS OMBITHOTO
crauuoHapa [11]. IlouBeHHbBIe MpOObl OTOMpaNIUd B
CPOKHU, TIPUYypOUYEHHBIE K (pa3aM pa3BUTHUS CEIHCKO-
XO3STACTBEHHBIX KynbTyp, 13 ciaoeB 0—10 1 10—20 cm
MeTonoM 3Meiku. OO0beM BBIOOPKU ObLIT paccyuTaH,
KUCXOs1 U3 YPOBHSI BapbUPOBAHUS TIJIOAOPOAUS TTOY-
BBl MO pe3yjbTaTaM PEKOTHOCLIMPOBOYHBIX TTOCEBOB
u coctaBua n = 12. HabmroneHWs IpOBOIWIN B 3BEHE
ceBooOoOpoTa: Tap — sipoBasi nmueHuua (7riticum aes-
tivum L.) — ssameHnb (Hordeum vulgare 1..). Ins ucche-
JIOBaHUS ObUTY BBIOpaHbI CIEAYyIOLINE BapUaHThI: 1 —
oTBajibHas (st) Bcramika Ha TyouHy 25—27 cM miy-
rom Gregoire Besson SPLM B9. B BereranimoHHOM
cezone 2017 1. mouBy oOpabGaTeiBaiu B 1-10 mekamy
WIOHS IO TUIMY paHHEero Iapa, ¢ IOCJeayolIuMU
KyJIbTUBALIUSIMU Ha ITyOUHY 5—7 ¢M 110 Mepe oTpac-
TaHUS COpPHBIX pacTeHuii. Janee, B 2018 r. npruMeHsI-
JIM BCIAIIIKy Ha MIyOuHY 25—27 CM ¢ IIpeaIioCeBHOM
KynbTuBanuein Ha 5—7 cMm arperatom AIIK-7.2 +
+ B3TC-1;

2 — MUHUMaJIbHas (ITOBEPXHOCTHOE NTMCKOBAHUE)
o6pabotka quckatopoM BJIM-Arpo BJIM 6 x 4I1 Ha
nryouny 10—12 cMm. B 2017 r. mouBy o6pabaThIBaIv 1O
TUIY CTepHeBoro napa, B 2018 r. — 6opoHOBaHUEM C
MPEANOCeBHON KyJIbTUBaIlUEN HA 5—7 CM arperatom
AIlK-7.2 + B3TC-1;

3 — mniockopesHas (KyJbTUBalLMsI) OOpaboTKa
KynbTuBatopoM ApocmaBny KBM-10.8 I1C-4 nHa
rnyouny 10—12 cm: B 2017 1. mouBy 00padaThIBaJIM 110
THUITY CTEpHEBOTIO T1apa, Ha CIIEAYIOLINi Tog — 60po-
HOBAaHMEM C TIPEINIOCEBHOM KyIbTUBAalIME HAa 5—7 cMm
arperatom AITK-7.2+B3TC-1. B 2018 r. Ha onmbITHOM
oJjie BO3AEbIBAIN SIPOBYIO TIIeHUIy copTa HoBo-

cubupckasi-31, B BereTallMOHHBIM ce30H 2019 T. — 514~
MEHb copTa Aya.

XumMnyeckue u GU3NKo-XxMMUUYeCKre MoKa3aTeaun
MOYBBI OTIPENEJISITIU IO METOANKAM, U3JI0XKEHHbBIM B
[12]. B moaroroBieHHBIX 00pa3ax OIpeacsiiiui Op-
ranndeckuii yriepon 1o Tiopuny (C,,,), TOABUXKHbBIA
docdop n ooOMeHHBIH Kamii — mo YnpukoBy, comep-
kaHue TpyaHo- (N,,) u jgerkoruaposnusyemoro (N,.)
azora — 1o Kopuounay [13]. ®epMeHTaTUBHYIO aK-
TUBHOCTbB IMOYBbI ONPEAEIISIIN CIEAYIOIIMMA MEeTO1a-
MU: ypea3Hyl0 aBTHBHOCTb — KOJIOPUMETPUUECKUM
METOIOM yuyeTa aMMOHMs ¢ peakTuBoM Heccrepa,
BeIpaxkeHHoro B Mr N-NH,/Kr nousbl/cyT, mpoTeas-
HYIO aKTUBHOCTb — MeTonoM ['ochdmanHa u Teiixepa
[14] B Mr amuHHOrO a30Tta,/T mo4Bbi/20 4.

OOBEKT McclIeNOBaHUSI — YEPHO3eM OOBIKHOBEH-
HBbIA CPEOIHETYMYCHBIM CPEIHEMOLIHBINA TSXKEI0CY-
NIMHUCTBINA Ha KpacHO-0ypoii rmuHe. [ToyBa omnbiTa B
MMaXOTHOM cJIoe cofepxkana 6.5% opraHn4eckoro yr-
Jiepoaa, noaBrKHOro pochopa — 295—320 1 oOMeH-
Horo kaust (1o Yupukosy) — 127—138 mr/kr, pHy
ObL1 630K K HelTpanbHOMY (PHy 6.7).

OueHKY TMOJIydeHHbIX MOaHHBIX IPOTEOIUTHYE-
CKOI aKTMBHOCTHM MCCJIEOBAHHOI MOYBBI MPOBOAM-
JIU TIO 1lIKaJle CPaBHUTEIbHOMN XapaKTEPUCTUKU OUO-
XUMHYeCcKoil akTuBHOcTU [15]. CratmcTuyecKmii
aHaJu3 JaHHBIX TTPOBOAWUIM METOJOM OJHOMAKTOp-
HOTO ¥ ABYX(haKTOPHOTO TUCIIEPCUOHHOTO aHAJIN3a C
KCIIOJIb30BaHUEM MakeTa mporpamMMm MS Excel.

ATrpOMeTeOpOJIOTUUECKUE YCIIOBUSI BEreTalluOH-
HbIX ce30HOB 2017—2019 rr. moka3zaHbl B Taba. 1.
CyMMa akTMBHBIX TeMIlepaTyp OblIa 3HAYMTEITBHO
BBIIIE CPEIHEMHOTOJIETHUX TTOKa3aTeJIei, a KoIrude-
CTBO OCAJKOB, HANpPOTHUB, CYIIECTBEHHO YCTYyNajo
HopMe. BTopas 1mojioBuHa jieTa mepBOro rojaa uccie-
moBanus (2017 1.) xapakTepu3oBaJlaCh 3HAYUTENIb-
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HBIM KOJIMYECTBOM OCAIKOB OTHOCUTEJIbHO 2018 u
2019 rT. HaOTIIOAEHUIA.

PE3VJIBTATbBI 1 UX OBCYXIEHHUE

[7MaBHBIM MCTOYHUKOM MOYBEHHOIO a30Ta SIBJISI-
€TCSl OpraHMYeCcKOe BEIeCTBO, B COCTaB KOTOPOTO
a30T BXOJIUT B BUje OoJjiee 1 MeHee YCTOMYMUBBIX CO-
enuHeHuit. [uapoausyemMble coeAMHEHUST a30Ta CO-
CTOSIT U3 JIETKO- U TPYIHOTUAPOJIU3YEMbIX (DPaKIIUIA.
Ponb paznuuHbiXx (POPM a30TUCTBIX BEIIECTB B (pop-
MUPOBAaHUM a30THOTO pPEXMMa TMOYBbI U MUTAHUS
pacteHuit HeomuHakoBa. Mpakuus TPYIHOTUAPOIU-
3yeMOT0 a30Ta SIBJISIETCS Pe3ePBOM [IJIsl TIOTIOTHEHUSI
¢doHaa MOABMXKHBIX a30THBIX COeNUHEHU. BhisiBie-
HO TIpeobIagaHue TPYIHOTUAPOIN3YyeMbIX (pOpM Ham
JIETKOTUIPOJU3YEMBIMU, UTO OOBSICHSIETCSI BHICOKOM
yCTOMYMBOCTBIO mouB Cubupu K rumgponusy [16].
B ycnoBusix mapoBaHUsI coepKaHUe a30Ta TPYIHO-
ruapoausyemoin dpakuuu (N,,) yKa3plBaJlO Ha He-
3HAUUTENIBHYIO €T0 JTUHAMUKY U OTCYTCTBUE CyIlle-
CTBEHHBIX pa3IN4Mii B BereTallMoHHBIN niepuond 2017 T.
Hunamuka pacrnipeneneHus N, [0 CJI0SIM MTOYBbI ObI-
Jla c1aboii 3a cueT paBHOMEPHOIO pachpeneseHust
OpraHMYeCKUX COENMHEHUM, OTCYTCTBUS MOCTYILIe-
HUS CBEXUX TOPLUI pacTUTENBLHOIO Marepuasna u
MOoTpeOIeHUS a30Ta KyJIbTypamu (puc. 1).

IIpu MCIIONB30BaHUU OTBAJILHOM BCITAIIKU IO
MoceBaMU SIPOBOIl TIIIIEHUIBI OOHAPYKEHO Cylle-
CTBEHHOE YMEHbIIEHUE CONEePXaHUI PpaKIuu a30-
TUCTBIX COeIUHEHMI, Tiepexoasmux B 6 H. NaOH, k
HIOJTIO I JOCTOBEPHOE YBETUUEHHE 3TOTO IMMOKAa3aTelIs
B KOHIIe BereTalilnoHHOro ce3oHa 2018 r. [TonoOHEbIE
TeHISHLIMA K M3MEHEHUIO TWHAMUKH COACPKAHUS
TPYOAHOTUAPOIN3YEMBIX COEIMHEHWI a30Ta HaGIIO-
naiau U B cioe mouBsl 10—20 cMm.

CokpallileHue MHTEHCUBHOCTHM M TJIyOMHBI BO3-
neiicTBrs 06pabaThIBaIOLIUX OPYIUIA HA TIOUBY OIpe-
JIeJISIET MOCTENEHHOE CHUXKEHNE MHTEHCUBHOCTU Ha-
koruieHuss N,.. OueBUIHO, pa3pbIXJIEHUE MOBEPX-
HOCTHOTO CJIOS, IPEUMYIIIECTBEHHOE MOCTYIJICHUE B
9TOT CJIOM ITOXHUBHBIX OCTAaTKOB U YIJIOTHEHUE
HMKHEM 4YacTu 00padaThIBAEMOTO CJIOSI SIBISICTCS
MNPUYMHON 3aMeIIeHUs] IIPOILIECCOB MOOMIM3AIUN
MUTATEJbHBIX BEIIeCTB. Majasi HoABMKHOCTh a30Ta
CBsi3aHa C IJIMTEIbHBIM COXpPaHEHHEM HEPa3I0XKUB-
IIIMXCS PACTUTEIbHBIX OCTATKOB, C IIPEUMYIIECTBEH-
HBIM COAEPKaHMEM T'YMHUHOB U TYMUHOBBIX KHCJIOT B
COCTaBe T'ymMyca 1 MOBBIIIEHHON CTEIIEHbIO KOHIECH-
CHUPOBAHHOCTHU MX apoMaTudeckoro sapa [1]. Hanoo-
Jiee 3HaUuMMBbIe pa3jindusl B CE30HHOM PUTME U3MEHe-
HUIi conepxXaHus (ppakiMyu TPYIHOTUIPOIA3YEMBIX
COCTMHEHMI a30Ta OBIJIM HalAeHBI B ITOYBE arpolie-
HO3a TYMEHSI. AMIUIMTYHA CE30HHBIX U3MEHEHUI CO-
JIEep>XaHUS TPYIHOTUAPOJIU3YEMBIX COCTMHEHUIA a30-
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Ta B II0YBE BapMaHTOB OIIBITA YKa3bIBaJIa HA CXOXKMIA
XapaKTep MX IpeBpallleH’il. 3aMeTHOe HAKOIUIEHUE
ITaHHOI (ppakumy a3oTa Habmonaau B (ase 1IBeTe-
HUS suMeHs. B panpHelilmeM OTMEYeHO HeCylle-
CTBEHHOE YMEHBIIICHUE COMEPKaHUs TPYITHOTHUOAPO-
JIM3yeMbIX COeMMHEeHM a3oTta. [lo-BunnMoMy, 1ByX-
JIETHee HaJloKeHne oopaboTok 0e3 obopoTa TuiacTa
00yCIOBIMJIO U3MEHEHUS B COACPXKAHUHN ITOIBXKHBIX
TYMYCOBBIX CO€OWHEHUI: 3HAYUTEIbHOE CHILKCHNE
KOHIIEHTpAlIMM yIjiepoaa T'YMUHOBBIX KHACIOT U yBe-
JImyeHne noau QynbBocoenuHeHMi (dyabpBaTH3a-
I1s1) B TIOYBE BCEX BapuaHTOB onbiTa. B (haze nBere-
HUS STIMEHSI Pa3JIoKeHME paCTUTEILHOIO MaTepraja
B II0YBE, I1I¢ UCIOJIb30BAIM IUCKOBBIE OPYIMS U OT-
BaJIBHBIN ILIYT, CONPOBOXIAIOCH (POPMHUPOBAHUEM
IIPUMEPHO PaBHBIX ITOKa3aTejeil coaepKaHUsI TyMU-
HOMOOOOHBIX coenuHeHui. Torma Kak B YCIIOBHSIX
IUIOCKOPE3HOM TEXHOJOTUM OTMEUYEH ITOCTOBEPHO
HU3KUI YPOBEHb COAEPKaHUS MTOABKHBIX TYMUHO-
BBIX KMCJIOT B CPAaBHEHMH C BApUaHTAMM KOHTPOJISI 1
IUCKOBaHUS. B KOHIIE BereTallMOHHOTO Ce30Ha B
citostx 0—10 m 10—20 cM BBIIBJICHA TEHASHIINS K yBE-
JIMYEHUIO COAePKaHUS MOJIOIBIX TYMUHOBBIX KMCJIOT
IIPpU IDIOCKOPE3HOM 00pabO0TKe OTHOCUTEIHHO ITOYBHI,
oOpaboTtaHHOI nuckaTopoM. O4eBUIHO, TEMII TYMHU-
KA pacTUTEIbHBIX OCTATKOB B BEpXHEil 4acTu
MMOYBEHHOTO IIPOMUIIS B YCIOBUSIX IPUMEHEHUS 0e3-
OTBaJIbHBIX TeXHOJIOTWi1 3amemistiicsi. biarogaps 1o-
CTOSTHHOMY OOHOBJICHMIO CHCTEMbI I'YMYCOBBLIX Be-
IIECTB, IIPOMCXOAMII OOMEH a30TCOACPKAILMU I1€ PH-
deprIeCKMMH IPYHITMPOBKAMU WJIM, KaK IT0Ka3aIn
onbIThl [17], OMHOBpEMEHHEBIN ITePEeXOn a30TUCTHIX
CTPYKTYpP U3 MOABMKHBIX (DPaKIIMii B MaJIOIOABIK-
HbIE 1 HA00OPOT.

O06061masg obcy:KIeHne IIPoIIeccoB TpaHcdopMa-
LI TPYAHOTUAPOIN3YEMBIX COEIMHEHMNI a30Ta, OT-
METHUM, YTO OIWUHAMMKA MX COIAEPKAHUS OIIpEIeIsi-
JIaCh aKTUBHOCTBIO (DepMeHTa IpOoTeashbl TOJBKO MPU
WUCIIOJIb30BAHUM  MOBEPXHOCTHOTO  OUCKOBAaHWUSI.
DTO CBUAETEIBCTBOBAJIO O HAIMYUU OPYTUX IIPUINH-
HO-CJIEACTBEHHBIX CBsI3ei Tipu TpaHchOopMaun
JTaHHBIX COeIMHEHU B JTaHHBIX TIOYBEHHO-METEOPO-
JIOTUYECKUX YCITOBUSIX.

OnHo 13 OCHOBHBIX (POPM MOIBIKHOTO ITOYBEH-
HOTO a30Ta SIBJIsIeTCs (DpaKIIus JIETKOTUAPOIN3YeMO-
ro azora. CorjmacHO arpOHOMMYECKOI OLIEHKE, JIeT-
KOTHIPOIN3YEMBI a30T COCTaBISIET ONVKaNIIMin
pe3epB IS IMTaHUS pacTeHuil. JlmHaMuKa ero co-
JIepXaHus 00yC/IOBJIeHA HEOAMHAKOBOM WHTECHCHUB-
HOCTBIO MUHEpAJIM3AIIMU a30TCOASPKAILIETO OpraHu-
yecKoro BellecTBa. B reuenue netHero nepuona 2017 1.
B IIOYBE MCCJIIENOBAaHHBIX BapHMaHTOB HaOMIOmAIN
TEHICHIIMIO K YMEHBIIIECHUIO COIePKAHMSI IIEJTOUHO -
TUAPOJIM3yeMOoTo a3oTa. B HkHeit yacTit 00pabdaTthI-
Baemoro cios (10—20 cm) 3apmkcrnpoBaHO HAKOTLIE-
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AI'POXUMMUA

I'my6una 10-20 cMm

I'nyouna 0—10 cm

MajbHasg 00paboTKa, (B) — IIIOCKOpe3Has oopaboTka. *KoppensaumoHHas 3aBUCUMOCTb MEXY coepkaHueM N . 1 mpoTeas-
HO#1 aKTUBHOCTBIO TTOYBBI.

Puc. 1. IluHamMuka coaepxkaHust TPYIHOTMIPOJIM3YEMbIX COSAMHEHMIT a30Ta (Mr/Kr): (a) — OoTBajibHast 00paboTKa, (6) — MUHU-
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Puc. 2. IluHaMuka cofepkaHMsI JIETKOTUAPOIN3YeMbIX COeNMHEHU I a3oTa (MI/KT): (a) — oTBajibHast 06paboTka, (6) — MUHU-
MasibHas1 00paboTKa, (B) — IuIocKope3Hast o6paboTka. *KoppersiroHHas 3aBUCMMOCTb MEXIy cofepxXaHueM N . 1 mpoTeas-

HOI aKTMBHOCTbBIO TTOYBBI.

HUC (bpaK].[HH JICTKOTUAPOJIN3YEMbBIX a30TUCTBIX CO-

equHeHuit (puc. 2).

B ocennuii mepnon 1OCTOBEPHBIN MUHUMYM Ha-
KOIUICHMS 3TOM (PpakIIMy OTMEYEH B ITOYBE C 0Opa-

ATPOXUMUA  Ne 5

2023

0OTKOI1 OTBAJIbHBIM ILTYyTOM. DTO OBLIO CBSI3aHO C OT-
CYTCTBUEM MOCTYIUICHUSI CBEXEro pPacTUTEIHLHOTO
BeLLECTBA B IOYBY, a TAaKXKe C OCOOEHHOCTSIMMU IIepe-
pacnpeneaeHus pacTUTEIbHOIO MaTepyajia B I1axoT-
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Tab6muna 2. AKTUBHOCTb TIOYBEHHOM MPOTea3bl MMaXOTHOTO CJI0SI YepHO3eMa OOBIKHOBEHHOTO, M aMUHHOTO a3oTa/10 T

nouBkl/20 4 (2017 1.)
HroHb (dhon) Hronb CeHTA0pb
Bapuant
0—10 cm 10—20 cm 0—10 cm 10—20 cm 0—10 cm 10—20 cm

1. OTBanbHas Bcnamka (st) — — 21.4 23.6 17.6 21.1

2. MuHuManbHas - — 19.2 16.8 13.5 17.6
obpaboTKa (AMCKOBaHUE)

3. ITnockope3Hast o6paboTKa — — 18.6 18.3 16.6 18.5
(KyJIbTUBALIVSI)

HCPy; Fy < F, 4.1 2.7 Fy < F,

HOM CJTOe TIPH pa3HbIX BUIAX MEXaHMIeCKOM 06paboT-
K. Kcmonb3oBaHMEe KyJIbTUBAaTOPOB-TIOCKOPE30B
COITPOBOXKIATIOCH Pa3HOHAIIPABIIEHHOCTHIO IIpeBpa-
MIEHUST OPTraHNYEeCKUX COSNMHEHUI a30Ta M IIPUBO-
IWJIO B OCEHHUI TIepUOI K KOMIIEHCAIINN UX ITOTePh
¥ 3aMETHOM aKKyMYJISILUU B cJioe ITouBbl 10—20 cM.

B TeueHue BerertaumoHHoro ce3oHa 2018 r. mak-
CUMaJIbHOE colepKaHue (ppaKiMy JIETKOTUAPOJIN3Y-
MBIX COCIMHEHMI a3oTa OOHApyKeHO B HalCeMeH-
HOM YacTU ITOYBBI, 0OpaOOTAHHOI OTBAJbHBIMU U
JIVCKOBBIMU OpYIMSIMU, B ¢pa3e LBETCHUS SIPOBOI
nmeHunbl. ITpu miockope3Hoit 06padboTKe MaKCH-
MYM HaKOIUICHUSI JIETKOTUAPOJM3yeMoil (paKIuu
a3oTa HaOaoganu B ceHTsa0pe B cioe 0—10 cM u ero
coJepxXKaHUe JOCTOBEPHO YMEHBIIAI0Ch B CJI0€ IT0Y-
BbI 10—20 cM.

MHoiit xapaktep TpaHchopMalnu JIETKOTUAPOJIU -
3yeMbIX COEAMHEHUI a30Ta OTMEUEH B arpo4yepHO3e-
Me 1oJ IToceBaMu stumeHs1. ITocieybopoyHoe moroi-
HEHNE MOPTMAcCChl ITOXXHUBHO-KOPHEBBIMU OCTaTKa-
MU 3€pPHOBOI KYJBbTYpbl, OTMEPIIMMU KOPHSIMU
COMPOBOXIIAJIOCh 3HAYUTEIbHBIMU W3MEHEHUSIMU
colepxKaHUsl coenuHeHuit, mepexoasmux B 1.0 H.
NaOH. MakcuMyM ux oopa3oBaHUs MTPUXOAUIICS HA
cioit 10—20 cM B nepuon yOOpKu stYMeHs TIpu obpa-
0OTKE MOYBHI OTBAIbHBIM ILJTYTOM U TNIOCKOPE3HBIMU
opynusimMu. IlpyMeHeHUe NUCKaTOpoB OOHAPYXKUJIIO
3aMETHBIA a30TMUHEPAIM3YIOLIMH TMOTeHLIMal Hal-
CEMEHHOTO CJIOSI TTOYBHI.

XapakTep 00pabOTKM arpod4epHO3eMOB OIIpene-
JISIeT OCOOCHHOCTY B pacIpeeIeHUN PACTUTETbHBIX
OCTaTKOB B 00OpabaThIBAGMOM CJIO€ M CITEIU(PUKY
MPOLIECCOB ITpeBpallleHUSI OpraHUYEeCKOTO BellleCTBa.
HenponomkurenbHoe (B TeueHue 2—3 JeT) IIpUMe-
HeHMe 00paboTOK ITOYBHI O6e3 000pOoTa IMJjracTta BBI-
SIBUJIO HAJIMYME Pa3HOKAYECTBEHHOCTH CJIOEB 10 Be-
JINYUHE aKKyMYJISLIMKA OpTaHnYecKux ¢opMm as3ora.
IMoka3zaTenu KOppesiliMOHHOI 3aBUCUMOCTH JIETKO-
TUIPOJIU3YEMbIX COSIMHEHUI a30Ta ¢ aKTUBHOCTBIO
mpoTteas3bl ObUIM HeOmHO3HAYHBIMU (puc. 2). ITomy-
YeHHbIC JaHHbIE B KOHTPOJBHOM BapUaHTE CBUIE-

TEJILCTBOBAJIM O CpeIHeil 3aBUCUMOCTH HAKOILICHUS
N, OT ypOBHS aKTUBHOCTHU MPOTEOJUTUUECKUX (hep-
MeHTOB B ciaoe 0—10 cM, mist 6oJiee TIIyOOKOIO CIIOS
CBSI3b MEHSJIaCh Ha oOpaTHy0. B yciaoBusIX mmpuMe-
HeHWsI MUHUMAaJIbHOII 00pabOTKM ITOYBbI (POPMUPO-
BaHUeE JIETKOTUIPOJIU3YEMbIX COEAMHEHUWI a30Ta Ha-
XOOWJIOCh B 00paTHOI KOPPEJISILMOHHON 3aBUCUMO-
CTU OT aKTUBHOCTH MPOTEOIN3A.

®depMeHTAaTUBHAS AKTHMBHOCTb IIOYB OTpaXkaer
OOIIIyI0 OMOreHHOCTBh, YKa3bIBaeT Ha CIIELU(UKY
MpeBpalleHUs a30Ta U XapakKTep MUILEBOTo peXnma
B TI0YBE. YCTAHOBJIEHO, YTO IJISI YEPHO3EMOB (dep-
MEHTOM, OTIpeIeJISIIOIINM CKOPOCTh BCeil e mpe-
BpallleHUsI a30TOPTaHUYECKUX COCIUHEHUIA, BILJIOTh
10 oOpa3oBaHUS MUHEPAJbHBIX (OpM, SIBIISIETCS
npoteasa [18].

INoka3zaHo, 4TO XapaKTep OTWHAMHUKHU IIPOTEOJIH-
THYECKOM aKTUBHOCTH B T€UEHWE BETeTAIIMOHHOTO
cezoHa 2017 1. Ha pa3HBIX (poHAX 0OPAOOTKM ITOUBEI
OBUI MIEHTUYHBIM (Ta0. 2). AMIUIUTYIA U3MEHEHUIA
aToro mokxazarens B ciioe 0—10 cMm 1mmouBsl, 00pabo-
TaHHOI OTBAJIBHBIM IUIYTOM, ObUIa CYIIECTBEHHO
OoJIBIIE, YeM TIPH TPUMEHEHUN MIHUMAIBHBIX CITO-
c060B 00paboTkn. CHIKeHHE aKTUBHOCTH IIPOTE-
a3bl TTOKa3aHO B KOHIIE BETeTAllMOHHOTO Ce30Ha M
OBLIO 00YCIOBIIEHO AS(UIIUTOM JISTKOMUHEPaIN3ye-
MBIX a30TOCOIEPKAIINX OPTaHNIECKIX COSTMHEHMUIA.
BeposTHO, Tirybokast 06paboTKa arpo4epHO3¢MOB B
TapyomeM Toirle (hopMHupoBaja 6oyiee MOIIHBIN Ta-
XOTHBIH CJTOi1, 0OecTIeYBaIa JIyUIITyIO a3PalliTo TOJIIIH
B pe3yJIbTaTe IpoOJIeHUS TIOYBEHHBIX OTICTBHOCTE.

CyniecTBEeHHO MEHbIIIasi aKTUBHOCTh IIPOTEO0JIM3a
OTMEUYEHAa B YCJIOBUSIX IIPUMEHEHUS TUCKOBBIX OpY-
nuit 06paboTKu nmouBbl. B ceHTs10pe, Korma cHUXa-
Jlach TeMIIepaTypa U 00eCIIedeHHOCTb BJiaroii (tadi. 1),
BO3pacTajia TUIOTHOCTb CJIOXEHUsI MOYBBI, clioil 0—
10 cM oTianyajcsd HauMMEHBbIIe (epMeHTaTUBHOM
aKTUBHOCTHIO.

ITonm moceBamMm SIPOBOIA TIIIIEHUIIBI, CIIeIOBaBIICH
IOCJIe MapOBOIO ITOJIsI, IIPOTea3Hass aKTUBHOCTh Xa-
ATPOXUMUA

Nes 2023
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Tab6muna 3. AKTUBHOCTb TTOYBEHHOM MPOTea3bl MMaXOTHOTO CJI0SI YepHO3eMa OOBIKHOBEHHOTO, MT aMMHHOTO a3oTa/10 r

rmouBbl/20 4 (2018 1.)
Wb (boH) Hronb CeHTs10pb
Bapuant
0—10 cm 10—20 cMm 0—10 cm 10—20 cm 0—10 cm 10—20 cMm

1. OTBanbHas Bcnaiika (st) 18.4 18.6 19.4 21.0 17.4 19.5

2. MuHuMaibHast oo6paboTka 19.0 19.2 19.1 19.8 16.1 15.9
(muckoBaHUe)

3. IInockope3Hast o6paboTKa 20.5 19.9 19.1 20.8 19.2 17.8
(KyJIbTUBALIVSI)

HCPys Fy < F, Fy < F, Fy < F, Fy < F, 2.0 Fy < F,

Ta6auna 4. AKTUBHOCTB ITOYBEHHOM IIpoTC€as3bl IMTaXOTHOTO CJIO0A YEPHO3EMAa OGI)IKHOBCHHOFO, MI' aMMHHOTO a30Ta/10 r

mouBbl/20 9 (2019 1.)
HioHb (poH) Hronb CeHTs10pb
Bapwnant
0—10 cm 10—20 cm 0—10 cm 10—20 cm 0—10 cm 10—20 cm

1. OrBanbHas Benamka (st) 18.8 19.3 19.4 23.0 20.0 20.2

2. MuHumasnbHas o6paboTka 20.9 18.0 18.8 16.9 15.6 15.9
(muckoBaHUE)

3. ITnockope3Hast o6paboTka 18.3 16.1 17.3 16.2 19.5 19.4
(KynbTUBaLINS)

HCPys 1.6 Fy<F, Fy <F, 1.8 1.4 0.9

pakTepu30Bajach pPaBHOLICHHBIMU MTOKA3aTeJIsSIMU BO
BCeX BapuaHTax onbITa (Tadi. 3).

IToBepxHOCTHAsT 06pabOTKA ITOYBHI ITMCKOBBIMU
OpyIMSIMU OIpenenia JOCTOBEPHOE CHIKEHHNE aK-
TUBHOCTH mpoTeasbl B cioe 0—10 cM K KOHILY K13-
HEHHOro LMKJa SpOBOM MiueHulbl. I1nockope3sHoe
perxiieEne Ha nryomHy 10—12 cM crmocoOCcTBOBAJIO Cy-
LLIECTBEHHOMY IIOBBIIIEHUIO (EPMEHTATUBHON aK-
TUBHOCTH B cioe 0—10 cm.

B TedyeHue cnemyroliero BereTalliOHHOTO Ce30Ha
B IIEJTOM, aKTUBHOCTh TUAPOJIMTUYECKUX TIPOIIECCOB
B IOYBE CHIKAJIACh MPU UCITOIb30BAHUN O0€30TBAIb-
HBIX CIOCO00B 00paboTku (Tabis. 4). HanbGonbleit
BEJIMYMHON MPOTEOIN3a XapaKTepu30BaAJIaCh MOYBA
MPU €XeroIHOM OTBabHOM Bemalike. OnTuMaabHbIe
YCJIOBUST JJIsI OCYIIECTBJICHUSI TUAPOJIUTUUECKUX U
OKUCJIUTEIIbHO-BOCCTAHOBUTEIBHBIX TIPOTEOITUTUYEC-
CKHX MPOIIECCOB CKIIAIbIBAINCH HA (pOHE BCTIAIIKU U
TUIOCKOPE3HOTO PBIXJIEHUS.

IToBepxHocTHOE MUcKOBaHME Ha WIyonHy 10—12 cm
MOJ, TOCeBAMU STYMEHSI COITPOBOXIAIOCH ITOCTEITCH-
HBbIM YMEHbIICHUEM aKTUBHOCTH IPOTEa3bl B TeUe-
HuUe JieTHero nepuoaa. Ilo mueHuio [19], cHkeHune
¢depMEeHTATUBHOM aKTUBHOCTH IT0 Mepe MUHUMM3A-
o 00pabOTKM MOYBEI OOYCIIOBIIEHO COKpaIIeHUEM
MOCTYIUICHUSI (pepMEHTHBIX OCIKOB M3 PaCTUTEIIb-
HBIX OCTaTKOB M MUKPOOHBIX KJIETOK. TOpMOXKeHUE

ATPOXMUI

Ne5 2023

STUX MPOLIECCOB MPU COKpAIlleHUU MIYOWHBI U Ya-
CTOTBI 06PAaOOTKM MOYBbI CBSI3AHO U C YMEHBIIIEHEM
MEXaHUYECKOTO 3apakeHUsl TMOYBbl MUKPOOHBIMU
KJIETKaMU, KOTOPOE MPOUCXOAUT TIPpU MepeMellnBa-
HUU ee TIIyTOM, a TaKKe ¢ 00eTHEHUEM CBEXUM Op-
raHWYECKMM BEIeCTBOM HMXHEH Y4acTU MaXOTHOTO
cnosi. ITo-BuauMomy, 0oCOOEHHOCTHU Mepepacnpeae-
JICHUsI pacTUTEJIbHOTO MaTepuaja B KopHeoOuTae-
MOM CJIO€ B YCJIOBUSIX NMPUMEHEHUsT Ge30TBaIbHBIX
00paboTOK arpo4epHO3eMOB OOYCJIOBUIU MPEUMY-
IIECTBEHHO MUKPOOUOJIOTUYECKUIA XapaKTep MPOay-
LIMPOBaHUSI TIOYBEHHOI TIIpoTeasbl. esTeNbHOCTD
KOpHGBOﬁ CUCTEMBI 3JIaKOBBIX KYJIbTYPp HE OKa3bIBa-
Jla CYIIECTBEHHOIo pusocdepHoro ag@exra Ha ak-
TUBHOCTBD ITPOTECOJJIM3a B ITIOYBE UCCJICAOBAHHbIX Bapu-
aHTOB onbiTa. CoxpaHeHUE CTaOWJILHOI MpOTea3HOM
AKTUBHOCTU CBUAETEJBCTBYET O CO3MAaHUM YCIOBUI
U1 obecrneyeHusT MOYBEHHOI OMOTHI TOCTYITHBIMU
UCTOUHMKamMu a3zoTa [10].

Crenylomiasi craaus IIpeBpalleHus: a30TOpraHu-
YeCKMUX COeANHEHMI CBsI3aHa ¢ IeificTBueM (pepMeHTa
ypea3pl. AMMOHMIT, 00pa30BaBIINICI B pe3yibTaTe
ypea3HOl peaklnu, CIYXUT MCTOYHMKOM MUTAHUS
pacTeHMI 1 MOYBEHHBIX MUKpoopraHmu3mMoB. Conep-
>KaHWE TTOYBBI MO/ ITAPOM, I1Ie¢ CKIaIbIBAIMCh 0J1aro-
MPUSATHBIE YCIOBUS IJISI TIPEBpaIIeHUsT PaCTUTEIb-
HBIX OCTaTKOB, OOYCJIOBJIMBAJIO HAKOIUICHUE 3HAYM-
TEJILHOTO KoJM4uecTBa a3oTa. Ha paccMOTpeHHBIX



10 BEJIOYCOBA, BEJIOYCOB

Ta6muna 5. JIluHaMrKa akTUBHOCTH ypeasbl TaXOTHOTO CJIOSI YepHO3eMa OOBIKHOBEHHOTO, MT MO4YeBUHBI/ 10 T 11ouBbl/24 4

(2017 1.)
Hionb (hon) Hronb CeHTs10pb
Bapuant
0—10 cm 10—20 cMm 0—10 cm 10—20 cm 0—10 cm 10—20 cm

1. OTBanbHas Bcnaika (st) - - 119 150 1.5 0

2. MunuManbHast 00paboTKa — — 92 84 0.5 2
(muckoBaHUe)

3. [Inockope3Hast 06padboTka — — 76 3 0.5 17
(KyJIbTUBALIVSI)

HCPys 17 26 0.6 5

Tabomuuna 6. JlnHaMrKa aKTUBHOCTH Ypeas3bl TaXOTHOTO CJIOSI YepHOo3eMa OOBIKHOBEHHOTO, M MOYeBHHBI/ 10 T 11ouBbl/24 4

(2018 T.)
HioHb (hoH) Hronb CeHTs10pb
Bapunant
0—10 cm 10—20 cm 0—10 cm 10—20 cMm 0—10 cm 10—20 cm

1. OrBanbHas Benamka (st) 5 3 1 2 0 1

2. MunuManbHast 00paboTKa 8 11 14 5 4 19
(muckoBaHUE)

3. ITinockope3Hast 06paboTka 6 10 4 2 6 27
(KynpTUBALINS)

HCPys Fy <F, 4 3 2 2 8

Ta6omuna 7. JIlnHaMMKa aKTUBHOCTH Ypeas3bl IAXOTHOTO CJIOSI YepHO3eMa OOBIKHOBEHHOTO, M MOYeBHHBI/ 10 T 11ouBbl/24 4

(2019 1.)
Wions (boH) Nionb CeHTs10pb
Bapuant
0—10 cm 10—20 cMm 0—10 cm 10—20 cMm 0—10 cm 10—20 c™m

1. OTBanbHas Bcnaika (st) 23 9 8 8 18 13

2. MuHuMasibHast 06paboTka 8 16 9 22 13 13
(muckoBaHUE)

3. Inockope3Hass 06padboTKa 33 14 39 50 25 31
(KyapTUBaLINS)

HCPys 9 Fp<F, 8 7 5 5

¢doHax 0OpabOTKM arpoYepHO3EMOB YPOBEHBb ypeas-
HOM aKTMBHOCTM COOTBETCTBOBAJl OYCHBb BBLICOKOIA
HAMpPSKEHHOCTH OMOXMMUYECKUX IIPOLECCOB CO-
mracHo mkase [20] ¢ mociieAyIonM ee CHUKEHUEM B
CEeHTSIOpe M0 o4YeHb OeqHol (Tabi. 5).

ITpu mpruMeHeHUN OTBAJIbLHOU 00paboTKM OOHa-
py’keHa MakKcuUMaJlbHasi aKTUBHOCTh ypeasbl. DTO
YKa3bIBAJIO Ha BBICOKYIO 0OOTaIlleHHOCTh TTOYBBI Ba-
pUaHTa MOYEBUHOI. BeposiTHO, K KOHILy BereTalioH-
HOTO CE30Ha 3aITac 3TOTO JIETKOIOCTYITHOTO CyOCcTpaTa
ncuepmbiBasicsa. CokpallleHre MeXaHNIeCKOTO Tepe-
MeIIMBaHUsI TTOYBBI IPUBOIMIIO K U3BMEHEHUSIM B Me-
TabOIM3MeE a30TCOAEPXKAIINX OPTAHUIECKUX COCIU-

HEeHUI, 3aMeIJIsIsT X TpaHCcOpMalIUIO B TOYBEHHOMN
TOJIIIIE.

B 2018 r. HaubGopllIee 3aMenjieHUe Ipolecca pas3-
JIOXXEHUSI MOUYEBUHBI BBISIBUJIN B TI0UBE, 00OpaboTaH-
HOIi OTBaJIbHBIM IJIyTOM, Ha TIPOTS>KEHUM BCEM Bere-
TallU SIpOBOI MIeHUIBI (TabJI. 6).

3aMeHa OTBaJbHOM BCHAIIKY JUCKOBBIMU OPYIU-
IMU obecIleunyia 3aMETHOE YBEJIMYECHUE ypea3HOI
aktuBHOCTHU B ci1oe 0—10 cM B hasze nBeTeHUS SIpOBOM
neHubl. [IpuMeHeHne TIOCKOPE3HON KyJIbTHUBA-
UM CONPOBOXIAIOCH YBEJIMYCHUEM aKTUBHOCTU
ypeasbl IpeumyliecTBeHHO Ha rryouHe 10—20 cwm.
OmauM 13 pakTopoB, 00YCITOBINBAIOIINX TAKOE U3-
MeHEeHHe, TTo MHeHUIo [21], ObIO cocpenoTodYeHNE B
ATPOXUMUA

Nes 2023
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citoe 10—20 cM IToYBBHI KOPHEBBIX CHCTEM pacTeHUIA,
o0oramarImx ero 6MoJorn4eckK aKTUBHBIMU Be-
IIeCTBAMHU U CTUMYJIUPYIOIIUMU pa3BUTHE MUKPO-
daopsl. [lon moceBaMu STAMEHS, CIIETOBABIINMMU 10~
cJie IpOBOM MIIEHUIIBI, Ypea3Has aKTUBHOCTh ObLIa
CYIIECTBEHHO OOJIbIIIE MPU TPUMEHEHUH TIJIOCKOPE3-
HOM 00paboTku (Taba. 7). B cBoio ouepensb, mpume-
HEHVEe OVCKOBBIX OPYAUil 3HAYMMO OCJIA0JISIIO MPO-
LiecC TUAPOIN3a MOYEBUHBI U CMEIIAI0 €ro MaKCH-
mMymM Ha 1inyomny 10—20 cm. Takum oGpasowm,
TLIOCKOPE3HBIN CITOCO0 PHIXJIICHUSI OOYCIOBUIT TTOBBI-
IIEHWE YPOBHSI aKTUBHOCTH Ypea3bl OTHOCUTEIHHO
OTBaJIbHOWM BCHAIIIKH Y TIOBEPXHOCTHOTO TUCKOBAHUSL.

SAKIIIOYEHHUE

3HauMMble pa3inyusl B CE30HHOU NUHAMUKE CO-
nepxXaHus pakiu TPYIHOTHUIPOJUIYEMbBIX COSIM -
HEHUI a30Ta ObLIM BBISIBJIEHBI B MMOYBE arpoleHo3a
SIUMEHSI MPU BCeX crocobax o6paboTKu arpovyepHO-
3eMa. Ix nuHaMuKa onpenensiyia akTMBHOCTh TPOTE-
a3bl MIPU UCTIOJIB30BAHUM TTOBEPXHOCTHOTO AUCKOBA-
HUS. 3aBUCUMOCTb COAEPXKaHUS JErKOTUIPOJIU3ye-
MBIX COEOIWHEHWI a30Ta OT aKTUBHOCTU MPOTEA3bI
Obl1a HeomHo3HauHoMl. [Ipy NMpUMEeHEHUU MUWHU-
MaJIbHOIi 00paboTKu (OopMUpOBaHUE JIETKOTUAPO-
JIN3yEMbIX COEMUHEHUI a30Ta HAXOAWIOCh B CUJIb-
HOM 00paTHOII KOPPEISIIMOHHON 3aBUCUMOCTU OT
aKTUBHOCTHU npoTteonu3sa. [lmockope3Has obpadboTka
oOycioBWIIa TIOBBIIIIEHUE YPOBHSI aKTUBHOCTU ype-
a3bl OTHOCUTEIBHO OTBAJIbHOI BCIAIIKU U TMOBEPX-
HOCTHOTO JWCKOBAHMSI.
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Influence of Basic Tillage Technologies
on the Transformation of Nitrogen-Containing Organic Compounds
in Agrochernozem and the Activity of Nitrogen Cycle Enzymes

E. N. Belousova’ and A. A. Belousov**

“Krasnoyarsk State Agrarian University
prosp. Mira 90, Krasnoyarsk 660049, Russia

#E-mail: svoboda57130@mail.ru

The influence of dump and minimal agrochernozem processing technologies on the activity of nitrogen cycle
enzymes and their role in the transformation of nitrogen-containing organic compounds was evaluated. The
most significant differences in the seasonal dynamics of the fraction content of difficult-to-hydrolyze nitro-
gen compounds were found in the soil of the barley agrocenosis in all types of tillage. When using surface disk-
ing, the dynamics of their content was determined by the activity of protease. The high availability of the soil
with easily hydrolyzable nitrogen was revealed, which indicated that there was no need for nitrogen fertilizers.
The dependence of the dynamics of the content of easily hydrolyzable nitrogen compounds on the activity of
protease was ambiguous. Under conditions of minimal tillage, the formation of easily hydrolyzable nitrogen
compounds was inversely dependent on the proteolysis process. The plane-cutting method of loosening
caused an increase in the level of urease activity relative to dump plowing and surface disking.

Key words: methods of tillage, nitrogen-containing organic compounds, enzymatic activity of the soil, pro-
tease, urease.

ATPOXUMHUA  Ne5 2023




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


