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ITouBeHHOE OpraHWYECKOE BEIIECTBO MPEIIOKEHO MOAPAa3NeITh Ha CTPYKTYPHBIE U TTPOLIECCHBIE TTYJIHI.
K cTpyKTypHBIM ITyJ1aM OTHECEHBI TBepAble oprannyeckue yactuiinl (Particulate Organic Matter, Cpgyy) M
MMHEPAIBHO-CBA3aHHOE opraHndeckoe Bewectso (Mineral-Associated Organic Matter, Cyjaom), @ K IPO-
LIECCHBIM ITyJ1aM — MUKPOOHast buomacca (C,,,,,) ¥ NOTEHLMAIIbHO-MUHEPAIU3YEMOE OPraHUYECKOE Bellle-
ctBO (Cy)). UccnenoBanus MpoBOOWIM B MHOTOJIETHEM MUKPOIOJIEBOM OIBITE Ha cepoii iecHo nouse (Luvic
Retic Greyzemic Phaeozems (Loamic)). ExxeronHo Ha NpOTSK€HUM 9 JIeT MPUMEHSUIM MUHEpajibHbIe
(N 90-360, P,0O5 75—300 u K,O 100—400 kr/ra) 1 oprannueckue (CBeXnii HABO3 KPYITHOTO POTaTOro CKO-
Ta oT 25 no 100 T/ra) ynoOGpeHus B Bo3pacTamluux go3ax. [IpupocT 3amacoB opraHMYecKoro yrieponaa
(C,pr) B mouBe o NPK 1 HaBosa coctaBuit 5—10 n 38—83% cooTBeTCTBEHHO. BHeceHre sKCTpeMalbHBIX
no3 HaBo3a (o1 700 mo 900 T/ra 3a 9 j1eT) BeJIO K HACBIIICHUIO MOYBBI OPraHUYECKUM YIiieponoM. Paszmephl
nynoB [TOB ymensuanuce B nocienoBatenbHOCTA Cyaom > Cpom ~ Co > Cuuxs cocTabias 7.91—12 r/xr
(50—84% ot C,pp), 0.76—12 r/kr (8—50%), 0.32—1.71 r/kT (2.8—13.7%) 1 0 09—0.56 r/kr (0.8—3.7%) coot-
BeTcTBeHHO. Pa3zmeps! myna Cpgy; 3aBUCEIM B OCHOBHOM OT 1036l MUHEPAIBHBIX Y OPraHMYECKUX yIOOpEeHMUIA,
a CyaoMm — OT LIUTENBHOCTU NpuMeHeHus ynoopenuid. Ilynel C,,, u Cj yBeJIMUUMBAINUCH C NOBBILLIEHUEM
IT03BbI HABO3a U YMeEHbIAINCh ¢ pocToM 103 NPK. MHorojieTHee mpuMeHeHe HaBO3a He TaBajio KyMyJIsi-
TUBHOTO HakoruieHus: Cy B mouse. [TomyepkuBaeTcsi, 4YTO BblAEJIEHUE CTPYKTYPHBIX U MPOLIECCHBIX MYJIOB
MOKET ObITh UCITOJIb30BAHO B MOHUTOPHMHTE KauyecTBa U (DYHKIINIA ITOYBEHHOTO OPTaHMYeCKOTO BellleCTBa.

Karouesbie cro6a: MOYBEHHOE OpraHM4Ye€CKoO€ BC€IICCTBO, Copn CCKBECTpaluAa OpraHN4e€CKoro yri€poaa, op-
TaHNYECKOEC BEWICCTBO TBEPAbIX YAaCTU1L, POM , MUHEPAJIbBHO-CBA3aHHOC OPraHM4€CKO€ BEIIECCTBO, ITOTCH -
ITHaJIbHO-MUWHEPATIN3YEMOEC OPraHNY€CKOE BEUICCTBO, CO: MI/IKpOGHaH GI/IOMaCCEl, CMMK
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BBEIAEHME

[TouBa siBisIeTCS KPpyIMHEUIIMM pe3epByapoM Op-
raHM4eCcKoro Bemiecrsa, 3SHaymMbIM NCTOYHHUKOM U
CTOKOM OMOKCHAA yIjiepoda, yBeJIndeHrue KOHIICH-
Tpaluy KOTOPOro B aTMOoc¢epe HECET YyIpo3y K-
MaTU4YEeCKOIl CUCTEME TUIAHETHI. nCpCHeKTI/IBHbIM
IIyTEM CMSITUCHUS IIOCJICACTBUIA aHTPOIIOT€HHOTO
W3MEHEHUS KJIMMaTa BBIIVISIIUT CEKBECTPALIMS aTMO-
chepHoro C—CO, pacTyliuMU pacTeHUSIMU C MIOCTIe-
JIYIOIIMM IIepeMellleHMeM CBSI3aHHOIO yriepoaa B
IIOYBY M COXpaHEHMEM €T0 B BHUIE IIOUBEHHOTO Opra-
Hu4deckoro BeimectBa (IIOB) Ha mporsokeHuun 10—
100 net [6, 10, 44, 61]. CetbCKOXO3sIHCTBEHHBIE TTOY -
BBl UMEIOT OOJIBIIYIO CIIOCOOHOCTh K HAKOIUICHUIO
opraHuyeckoro yriepoaa (C,,;) BCIEACTBUE UCTOPU-
YeCKM MNPOJIOJLKUTEILHOIO OOEIHEHMSI ITaXOTHBIX
II0YB OPraHMYECKUM BEIIECCTBOM, a arpO3KOCHUCTEe-
MaM CBOMCTBEHEH BBICOKUI IOTEHLMAJI CEKBECTpa-

LIUU yriiepona 6jiarogapsi OT3bIBYNBOCTHU CETBCKOXO-
3SIMCTBEHHBIX KYJIBTYP Ha YIOOpPEeHMS 1 arpOTEXHUKY
[27, 47, 49, 50, 63, 73]. 3a BpeMs CEIbCKOXO3sii-
CTBEHHOTO KCITOJIb30BaHUSI TTaXOTHbIE TTOYBBI MOTeE-
pAIM 3HaYMTENbHYIO YacTh C,, [59, 60, 66] 1 comep-
kat B cpenHeM Ha 25—75% menblue C,,., 4eM HeoOpa-
OaTbIBa€MbI€ ITOYBBI I10J E€CTECTBEHHBIMU YIOIbSIMU
[17, 48, 67]. B HeymoOpeHHBIX MAaXOTHBIX MOYBAX 3a
20—80 sjeT BO3OEABIBAHUS CEJILCKOXO3SIMCTBEHHDBIX
KynbTyp norepu C,,. nocrurator ot 0 mo 15 1/ra [16],
a IIpY POAOJIKUTEIBHOCTH OT 6 10 154 j1eT — B cpef-
HeM Ha 7—16% [46].

TeopeTnuecku, IpUMeHeHUE MUHEPaIbHBIX U OP-
FaHUYECKUX YIOOPEHMI1, IOBBIIIASI IPOAYKTUBHOCTh
CEJIbCKOXO3SICTBEHHBIX KYJIbTYP, [OJDKHO J1aBaTh
peanpHylo cekBectpauuto C—CO, yrinepoaa B arpoa-
KOCHCTeMax, U IpsSIMO WIA KOCBEHHO oOoralaTh
MOYBBI OpraHUYEeCKUM BellecTBoM [ 19, 28, 36, 39, 57,
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58,73, 76]. BnusgHue MuHEpaJIbHOM U OPraHNYeCKOMI
cucTembl ynobpeHuit Ha coxepxkanue C,,. B MMaxor-
HBIX MOYBaX MPOSBISIETCS MO-pa3HOMY: TP MUHE-
paJbHOI CHUCTEeMe — 3a CYET OOJIbIIETO KOJIMYEeCTBA
pacTUTEJIbHBIX OCTAaTKOB, a MPU OPTaHUYECKOM — 3a
CYeT TPSIMOTO OOOTrallleHUs] TOYBbI OpraHUYEeCKUM
BEIIECTBOM 1 OOJIBIIIEi MACChI paCTUTEJILHBIX OCTaT-
KOB. B meiicTBUTEILHOCTU, CYIIIECTBEHHOE yBEJIMYe-
HUE YIJIEPOMHOTrO ITyjia Haa3eMHOI 6uoMacchl, KOp-
HEell U pacTUTEJIbHBIX OCTATKOB IIOM AEiICTBUEM MU-
HepaJIbHBIX a30THBIX YIOOPEHMM HAaeT CKPOMHBIMN
npupoct 3anacoB C,,. B nouse [42, 57]. B onmiTax,
BBITIOJIHEHHBIX B Pa3HbIX PETMOHAX MUpa, IIpUMeHe-
HUEe MUHepaJbHbIX y1oOpeHuilt B 79% ciiyyaeB cro-
Co6CTBOBAIIO yBenueHUIo conepxanus C,,. B o4Be
B cpenteM Ha 3.6 T C/ra, B 15% ciydaeB cHIKajio Ha
1.4t C/rau B 6% ne uzmenso yposus C,,. [19]. Pe-
3yJIbTaThl IPYTOro MeTaaHajar3a rnoka3ajid HakoIljie-
Hue C,, B MOYBE IOA AEHCTBMEM MMHEPAIbHBIX
a30THBIX ynoopenuii Ha 8% [46]. Hakomnenue C,,. B
MOYBE IIPY MUHEPAIBHOM CUCTEME YIOOPEHMIT IPO-
HCXOIUJIO JIUIIb B TOM Clly4yae, €CJIM Hai3eMHbIe pac-
TUTEJIbHbIE OCTAaTKM 3ae/IbIBAJI B IIOYBY, COACpKAa-
Hue C,,. B MOYBE HE MPEBBILIAIO MPEAETbHOTO IS
JIAHHOTO TUIIA TTIOYBHI YPOBHSI, a IPUMEHSIEMbIE 103bI
yIoOpeHUil JaBajiy NpubaBKy ypoxkasli BO3IesIbIBac-
MBIX KyJbTyp [19, 28].

B miuTenbHBIX TTOJIEBBIX OIbITaX, MPOBOJAUMBIX B
Poccuun u Espone, pasmepsl nipupocta C,,. B mo4Be
YMEHBIIAJINCh B CIEAYIOIIEM psiAy NpUMEHSIeMBbIX
CHUCTeM ynoOpeHUsl: opraHuyeckKasl = opraHo-MuHe-
pasibHasg > MuHepaibHag [16, 18, 45]. B pucoBbix
MoYBaxX OpraHO-MMHepajbHasl CUCTeMa yIoOpeHUs
naBaja Gosiee 3HaYUTENIbHOE HakomieHue C,,., 4eM
opraHuyeckass U MUHepajibHasi CHCTEMbI, O UeM CBU-
JIETEIbCTBYIOT JaHHbIe MeTaaHanu3a [71]. BHeceHue
HaBO3a COBMECTHO C MUHEPAIbHLIMU YIOOPEHUSIMU
YBEJIMYUBAJIO YPOXKaNHOCTb 3epHa Ha 6—19%, a co-
nepxanue noyseHHoro C,,. Ha 9—39% mno cpaBHe-
HUIO ¢ MUHepaJbHbIMU ynoopeHusimu [42]. 1o apy-
MM JaHHBIM CUCTeMaTU4YeCcKoe MprMMeHeHe HaBo3a
JlaeT cTaOWUJIbHOE U 3HAYMMOE YBEJIMUEHUE COMIepKa-
Hus 1 3anacoB C,,. B TIOYBE 10 CPABHEHUIO KaK C He-
yI0OpEHHBIM KOHTPOJIEM, TaK 1 OTHOcUTeIbHO NPK
[26, 32, 36, 42, 46, 53, 58, 62, 64].

MOXHO NPENITON0XKNUTh, YTO 00OTaneHne TTOYBEI
pacTUTEJILHBIMU OCTaTKAMU 1 HABO30M OTPAa3UTCS Ha
kagectBe [1OB co cnennduyeckuMm n3MeHEHUSIMU
B pa3Mepax 1 COOTHOIIEHUSIX Pa3HbIX (hpaKIIUii 1 my-
JoB. Ilo HoBeluMm mnpeacrasieHusM [TIOB — ato
KOHTHMHYYM OT I'pPyOBbIX TBEPABIX OPTaHMYECKMX Ya-
ctun pazmepom 2—0.053 MM (particulate organic mat-
ter, POM) 10 TOHKOIMCIIEPCHBIX, CBSI3aHHBIX C MU-
HepaJlaM1 OpraHN4ecKuX BerecTB pazMepoM <0.053 mm
(mineral-associated organic matter, MAOM) [21, 30,
31, 37, 51, 52, 65]. ITyn POM cocTOUT U3 CBEXUX U
pa3iaramlirxcss OpraHM4eCKMX OCTaTKOB, JIU00 He-
3aIIUIIEHHbBIX, MO0 BKIIIOUEHHBIX B arperaThl II0OYBbI
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[12, 14, 35] co cpeqHM BpeMeHEeM CYyIIeCTBOBAaHUS B
TOYBE OT HECKOJILKMX JIET N0 AECATUIIETUI U IPEaIIo-
JIOXKUTEJIbHO sIBJIsIeTCs JIaOubHbBIM ITysioM [TOB [51].
Hanpotus, myn MAOM, npencraBieH B OCHOBHOM
TOHKOJIMCIIEPCHBIM OPraHUYEeCKUM BEIIECTBOM M3
MOOOYHBIX IIPOAYKTOB MMKPOOHOIO IIPOMCXOXKIEC-
HUSI, CBSI3aHHBIM C MUHEPAJbHBIMMA YaCTUIAMU,
cpemaHee BpeMsl CYIIECTBOBaHMSI KOTOPOIO OlleHUBa-
€TCSI OT HECKOJIBKUX NeCITUICTUI 10 BEKOB U 00pa3y-
eT ctadbmpHBIN Iy [TOB [51]. ITouBeHHBIE MUKPOOP-
ranu3Mal pasiaaraior POM 1o rmonmmMepoB 1 MOHOME-
pOB, KOTOpBIE BMECTE C MHKPOOHOI HEKPOMAacCOM
crabmmsupyorcss B popme MAOM [43, 54, 55].
DU3NKO-XUMUUYECKHE B3aUMOJCHCTBUS OpraHuyYe-
CKOTO BEIlIeCTBA ¢ MUHEPpaJIbHBIMM YaCTULIAMU I10Y-
BBl 00€eCIIeYMBaIOT HamboJiee IMPOYHYI0 CTaOuIM3a-
LIAIO yTjiepoda U €ro IJMTEIbHYIO COXPaHHOCTb B
nouse [21, 25, 30, 31, 44, 74]. MoXHO Ipeamnoo-
XnTh, 9T0 POM XapakrepusyeT CTaauio ITOYBEHHOM
cekBecTpauuu yriepona, a MAOM — 3anacanus (e-
IMIOHUPOBaHMs) yIjIepoAa B IOYBe, a 00a 3TH MyJIa OT-
HOCSITCS K TpyIIIIe CTPYKTYpHEIX ITyi1oB [TOB.

OcTtaeTrcst IMCKYCCUOHHBIM BOITPOC O MPEANOYTH-
TEeJIbHOM COCTOSIHUM CEKBECTPUPOBAHHOI'O OpraHU-
YECKOTO BEIECTBA B ITIOYBE: JOJXKHO JIU OHO OBbITH 00-
Jiee MHEPTHBIM U JICTIOHUPOBAHHBIM WJIM TpaHCcHOp-
MUpYeMbIM U yHKIMOHAIBHBIM [20, 22, 23, 27, 41,
70]. TlosTOoMy mporpamMMBI IIPAKTHUYECKOIl CEKBe-
CTpalluy U AETTOHUPOBAHUS yIIepoa, B TOM YHUCTIE B
paMKax KapOOHOBBIX MOJUTOHOB [ 1], TOKHBI BKITIO-
JaTh OLIEHKY He TOJIbKO CTpyKTypHoro cratyca ITOB,
HO U ero TeKylleil ¢GyHKIIMOHAILHOCTH, TToApa3yMe-
Basl TI0J] 3TUM €T0 CIIOCOOHOCTh Y4aCTBOBAaTh B TEKY-
IIMX TTOYBEHHBIX Mpolieccax M MOMJIEPXKUBATh KO-
ouonornyeckue yHKIMuU moussbl [40]. [1is1 oueHKuU
¢yukumoHansHocT IIOB ciemyer omnpenensTh
MUKpOOHYyto 6uomaccy (C,,,) 1 NOTEeHIMATbHO-MU-
HepanuzyeMoe opraHnueckoe Beiiectso (Cy) [2, 4, 7,
9, 11], koTopbie 00pa3yIOT IPYMITY MPOLECCHBIX My-
JioB [TOB.

Ilenp paboOThl — OLIEHUTH KOJMYECTBEHHBIE 1 Ka-
YeCTBEHHbIC U3MEHEHHUSI OPTaHMYECKOTO BEIleCTBA B
MOYBe, 3BTPOPULIMPOBAHHON €XErogHbIM MHOTO-
JIETHUM BHECEHHWEM MUHEPAIbHBIX U OPraHUYECKUX
yIOOpPEeHMIA, MO COOTHOIIEHUIO CTPYKTYPHBIX (POM
u MAOM) u nipouieccHbix (C,,,, ¥ Cy) MyJI0B.

OBBEKTDBI 1 METObI

YcaoBus npoBeaeHus onbita. McciienoBanue mpo-
BOIWIN Ha MpOTskeHUU aeBsatu et (20112019 rr.)
B CTaIlTMOHAPHOM MHOTOJIETHEM MUKPOTIOJIEBOM OIThI-
Te, 3aJO0XEHHOM BHYTPU CETYATOro IIaBUJIbOHA
(54°8308" N, 37°6052" E). IlouBa — cepas jnecHas
CPEIHECYINIMHUCTOTO TPaHYJIOMETPUIECKOTO COCTa-
Ba (Luvic Retic Greyzemic Phaeozems (Loamic)),
B3sITasi ¢ HEyIOOpEHHOTO IMaxXOTHOTO ydJacTka. Mc-
XOmHBIE (DUBMKO-XMMUYECKHE IT0Ka3aTed ITOYBHI
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nepen 3aknankoi oneira (pHgc — 4.96 £ 0.16, C, . —
0.97 £ 0.03%, Nyg, — 0.095 £ 0.001%, conepxaHue
dusnyeckoit mmmHbl — 32 + 1%) u yepe3 9 et ero
MIPOBEACHMS, a TaKKe TTOAPOOHOE OIMMCaHUe TPOIie-
IypHI TIOATOTOBKU M 3aKJIAJIKW OIIBITA TIPUBEACHBI B
pa6ote [13]. Iinomanb MUKPOACTSTHOK, OTAEJICHHbBIX
IIPYT OT Opyra KapKacaMy U3 BUHUILIACTA, COCTaBIsLIa
0.25 M2 (0.5 x 0.5 x 0.3 m). Cxema onbiTa BKJIIOYajIa
clenylolnye BapuaHTHL: 1) 0e3 ymoOpeHmMit (KOH-
Tpoiib); 2) NIP1KI1; 3) N2P2K2; 4) N3P3K3;
5) N4P4K4; 6) cBexXXuii MOOCTHIOYHBIN HaBO3 KPYyII-
Horo poratoro ckora (KPC) u3 pacuera 2.5 xr/m?;
7) To xe 5.0 xr/M?%; 8) T0 ke 7.5 Kr/M?; 9) T0 *)e 10.0 KI/M?;
10) umcrniii map. Jo3st N1P1K1 u HaBo3a 2.5 kr/m?
YCJIOBHO OTHECEHBI K yMepeHHbIM, N2P2K2 1 HaBo3a
5.0 kr/M? — Kk BbIcOKUM, a N3P3K3, N4P4K4 u HaBo-
3a 7.5 u 10.0 Xxr/M? — K 3KCTpEMaJIbHBIM. A30THbBIE
ynoopeHust (KapbamMua) BHOCWIIM C IIIarOM U3 pacye-
ta 9.0 r/M? a3ora B unTepsaie ot 9 (N1) no 36 (N4) r/m?,
dochopHbie (1BoiiHOI cyriepdocdar) — ¢ marom 7.5 r/m>
P,O; B unTepBae or 7.5 (P1) no 30 (P4) r/m2, kanwuii-
Hble (CEPHOKUCIBIN Kanuii) — ¢ marom 10 r/m? K,0 B
nHTtepBaie ot 10 (K1) mo 40 (K4) r/m%. MuHepasib-
HbIE U OpraHUYeCKUe yIOOPEeHUSI BHOCUJIU €KETOTHO
BECHOI1 mepe/1 IToCeBOM, paBHOMEPHO pa30packiBasi o
TIOBEPXHOCTH TIOYBBI ¥ BPYJIHYIO TIepeKaITbiBasi Ha IJTy-
ouny 20—22 cm. Conep:kaHUe CyXOro BellecTBa B HaBO-
3e KPC B cpenneM 3a 9 et coctasisuio 19.3 £ 0.9%,
Copr —37.3 £ 1.8%, Ny, — 1.97 £ 0.04% Ha cyxoe Be-
IIECTBO. 3a 9 JIeT onbiTa ¢ MUHEPAJILHBIMU yI00pe-
HUAMM ObUTO BHECEHO (r/M?) 81—324 a30Ta B 3aBUCHU-
MoCTH OT 10361, 68—270 P,O5 1 90—360 K,O. C opra-
HUYECKUMU YIOOpPEHUSIMU B TOYBY IIOCTYMWJIO
(r/m?) 4321—17282 cyxoii macchl, 1611—6446 opranu-
YyecKoro yrieponaa, 85—341 azora, 65—259 P,Osu 86—
346 K,O (ta6:. S1). [ToBTOpHOCTE OITBITa TPEXKpaTHAsI.

B 5-mosibHOM ceBOOOOpPOTE BO3ACBIBAIU caxap-
Hy10 cBekiy (“AHacTtacus’), KyKypy3y Ha 3eJIeHYIO
Maccy (“MonmaBckuii”), ayK perrdatsiii (“LienTyproH”),
kaptodenb (“ZKykoBckuii”), kaptodesb (“ZKykoB-
ckuii”). Ilocie BcxomoB Ha KaxXOoil MUKPOAESISIHKE
OCTaBJISUTA 2 paCTeHUS caxapHOIT CBEKJIBI M KapTode-
JIs1, 6 — pacTeHUit KyKypy3bl 1 JIyKa. YOOPKY ypoxast
KYJILTYp HPOBOIWIA B CEHTSIOpE, YUMTHIBAs Maccy
OCHOBHO1 MPOAYKLMKU. BeanunHbl ypoxKas KyJabTyp
npuBeaeHbl B padotre [13]. [ToboyHYyI0 MPOAYKIIUIO
yAaJsiId ¢ MUKPOJEISHOK, a OCTaTKKU KOpHEil mepe-
MeIMBaIu ¢ mouBoii. [IouBy uncToro napa B TeueHue
BETreTallMOHHOTO MepUoia IBAXKIbl TTepeKanbiBalu C
yaaJeHUueM COPHBIX paCTCHUI.

OT00p NpoO MOYBBI U MOAPA3AeIeHHE TOYBEHHOTO
OpPraHMYecKoro BemecTsa Ha myJbl. O6pa3iibl MOYBbI
oTOUpanu nmocie yoopku ypoxas u3 ciiosg 0—20 cm
Ha KaXXJIOM OelssHKe TPOCTeBBIM OypoM. OToOpaH-
HBbIE TIPOOBI OOBENVHSIA B CMEIIaHHBII obOpaszell.
OO0pa31bl TOYBBI BEICYIITUBAIN Ha OTKPBITOM BO3IY-
Xe, MMPOCEeuBaM 4yepe3 CUTO C TUaMETPOM OTBep-

CEMEHOB wu np.

CTUI1 2 MM, yIaJsUIM BUOIUMBIe (hparMeHTHl PacTU-
TEeJbHBIX OCTAaTKOB.

ITpouienypa BblAeNE€HUSI TBEPIABIX OPTaHUYECKUX
yactull (POM) mo metony [24] uszioxeHa paHee
[12]. ITouBeHHYIO CYCIIEH3MIO, IIOJYYEHHYIO IMC-
MeprupoBaHuEeM MaKpO- U MUKPOArperaTtoB MOYBbI
0.5%-HBIM pacTBOpOM rekcameTtadocdara HaTPUS
(NagPsO,g), mpomyckanu 4yepe3 CUTO C IUAMETPOM
orBepcTrii 0.05 MMm. Conmep:KiTMoe Ha CUTE HECKOJTb-
KO pa3 NpOMBbIBAJIM AUCTUJUIMPOBAHHOI BOJIOM, BbI-
cymmBainy 1 B3BemuBaau. [lojrydeHHast Macca TBep-
IbIX yacTull pa3mepoB 2—0.05 MM mpencrasJsiia co-
0oii ppakuio POM.

Cycniensuio mon, cutoM pasmepoMm <0.05 MM u
IIPOMBIBOYHYIO XXMIKOCTh KOJIMYECTBEHHO COOUpaIv
B €MKOCTH UISI BBIOEJIEHUSI (PpaKLIMY MUHEpPaJIbHO-
CBsI3aHHOTO opraHmyeckoro BemiectBa (MAOM).
CopepXuMoe eMKOCTEM BBIIEPXKUBAIU A0 MOJHOTO
OCaxXIeHMs YaCTULI, IeKaHTUPOBAJIM HAIOCATOYHYIO
XKUIKOCTh, HEeHTpU(YTUPOBaIN, OCAIOK BHICYIINBA-
Ju. Maccy MAOM BBIYUCTSIIA 110 PA3HULIE MEXIY
HaBeCcKOM MoYBbI U Maccoit POM. B kaxnom aHau-
3UpyeMOM 00pa3lie MOYBBI M3MEPSIIM Maccy (pak-
uuii POM u MAOM wu coaepxaHue yriepojaa BO
dpakuusax (Cpoy ¥ Cypaom) B TPEX TOBTOPEHUSIX.

IMoTeHLIMAIbHO-MUHEPATIN3yeMOe OpraHuYecKoe
BEILIECTBO B IMOYBE OMpPEACIsUIM IMyTeM WHKYOAlnu
MOYBEHHBIX 00pa3loB IMPHU ITOCTOSIHHBIX YCIOBUSIX
temrmeparypsl (22°C) u BraxxHocTt (25 mac. %), us-
Mepsisi KoJndecTBeHHO Bblaenstonuiics C—CO, Ha
razoBoMm xpomatorpade (Kpucramwr JIrokc 4000 M)
[9, 11]. [TpomOJKUTENLHOCTh MUHKYOAIIUX COCTaBIISI-
J1a 0koJ10 6 Mec. [ToBTOpHOCTHL — TpexkpaTHasi. Conep-
XKaHWe YIepoja NOTeHIUATbHO-MUHEPAIU3yeMOro
opranuueckoro Beuectna (C,) B 104YBe HA MOMEHT Ha-
yajia UHKYOallM¥ pacCYMTHIBAIN IO KyMYJISITUBHOMY
konuyectBy C—CO,, BbIIEIUBIIIEMYCS 32 BECh IEPUOLT
WHKYOAIH, UCITOIb3YS] OMTHOKOMITOHEHTHOE ypaBHe-
HUE KUHETUKU TIepBOro Topsiaka. PaccuuTbiBaiu
KOHCTaHTy ckopocty MuHepanusauuu [TOB (cyt™!) u
npoueHT munepanusauuu [OB (Cy, % ot C,,,).

Yraepoa mukpoOHoii 6uomacchel B nouse (C,,.)
oIpeAessii METOAOM CyOCTpaT-uHIAYLMPOBAHHOTO
neixanust (CUIO) B mogudukanmu [2]. ITociie npen-
BapUTENbHON MHKYOAIIMU K 00pa3Ily ITOUYBbI JOOABIISI-
Jm 0.2 MJ1 5%-10 pacTBOpa MIIOKO3bI, UHKYOMPOBAJIU B
TeueHue 3—4 4 npu 22°C, 3aTeM OTOUpAIN Ta30BYIO
npoOy mn3 (akoHa M U3MepsIn KoHLIeHTpauuo C—
CO, Ha razoBom xpomatorpade (Kpucrtann Jlrokc
4000M). IToBTOpHOCTH — TpexkpaTHasi. CoaepkaHue
C,ux (Mkr C/T MOYBBI) PACCUUTHIBIN MO CKOPOCTU
CHI (mxn C—CO,/(T TI0YBHI 1)).

Conepxanue C,, 1 N6, B HABO3€, LIEIbHOI 1104~

Be U Bo dpakuusix POM (Cpoy) ¥ MAOM (Cyiaom)
onpenensuin cyxuM cxkuranueM Ha CNHS-ananmnza-
tope (Leco 932, CIIIA) nmpenBapuTebHO pacTupas
o6pasirsl 10 yactuil <0.25 MM. DKcriepuMeHTaAIbHBIE
TTOYBOBEAEHUE
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IaHHbIC IIPUBEICHBI B BUIE CPEOIHUX BEIUIUH M3
TpeX aHAJIUTUYSCKUX TTOBTOPEHUIT U X CTAHAAPTHBIX
OTKJIOHeHUIT. MaTteMaThdecKyro 00padboTKy TaHHBIX
npoBoanIn ¢ moMoIkio MS Excel  iporpamMmer Sta-
tistica 10.

PE3VYJIBTATBI U OBCYXIEHHUE

Conepxanue u 3anacel C,,,. By ynoopenust (Mu-
HepaJbHbIE WJIM OPraHMYECKME), JO3bl U IJIUTEIb-
HOCTh MPUMEHEHUSI ObLIM OCHOBHBIMU (hakTOpaMu
usMeHeHuii conepxanus C,, B oOpabaTbiBaeMOi
cepoii iecHOII mouBe. 3a 9 et HAOIIOOeHUI Comep-
xaHue C,,, B 1o4YBe 6€3 y100peHU I YBEINIMIOCH HA
1.7 /KT TOYBBI, MPY BHECEHUU BO3paCTalOIIUX /103
MOJIHOTO MUHEPAIBHOTO ynoopeHust — Ha 1.9—2.5 /KT, B
BapMaHTaxX C OpraHUYECKUMHU YIOOpPEHUSIMU — Ha 7—
14.4 T/KT B 3aBUCUMOCTH OT J03bl HaBo3a. BenuuunHa
npupocra C,, OT UCXOIHOIO COAEPXKAHUSI OpraHude-
CKOTO BeIlIeCTBa B OYBE B HaYaJie ONbITa OblJIa paBHA
17, 20—26 u 72—149% coOOTBETCTBEHHO B BapHaHTaXx
0e3 ynoopenuii, c NPK u ¢ HaBo3oMm. IIpupocrt 3amna-
coB C,,, B MOYBe BapuaHTOB 6e3 yno6penuii, ¢ NPK
1 ¢ HaBo30M 3a 9 jieT onbiTa cocTtanisa 0.44, 0.58—
0.74 u 1.56—2.89 kr/mM?, a B OTHOCUTEIbHBIX 3HAYe-
Hugx — 18, 25—29 u 62—115% coorBercTBEHHO. Pas-
JIMYMS B IIPOLIEHTAX MPHUPOCTa COAepKaHUS U 3alia-
coB C,,, ObLIM OOYCIIOBJIEHBI YIUIOTHEHUEM TTOYBBI B
BapuaHTax 6e3 ynoopeHuii u c NPK, Ho pa3ynioTHe-
HUEM IIpY BHECEHMHU HABO3a.

MuHepaibHbIe yIoOpeHus 3a 9 1eT He3HAYUTEIb-
HO nosbickn coziepxkanue C,,,. B mouse Ha 0.3—0.9 r/kr
(B 1.03—1.09 pa3) 1o cpaBHEeHUIO C HEYTOOPEHHBIM
KOHTpPOJIEM, a OpraHM4ecKue ynoopeHus: — Ha 5.3 I/Kr
Mpu 1o3¢ HaBosa 25 T/ra u Ha 12.8 r/Kr npu mo3e
100 Tt/ra (B 1.47—2.13 pa3). CooTBETCTBEHHO MIPUPOCT
3aracoB OT NMPUMEHSIEMbIX MUHEPAJIbHbBIX U OpTraHU-
yeckux ynoopennii coctasui 0.14—0.29 u 1.11—2.45 xr/m>.
HonoaHurenbHoe HakorieHue C,, B IOYBE OT IIPHU-
MEHEHUsI HaBO3a 10 CPaBHEHUIO C 9KBUBaJIEHTHBIMU
no NPK no3zaMu MyuHepaabHbIX yIOOpeHUI COCTaBU-
110 4.9—12.3 r/kr noussl (41—104%) v 0.95—2.26 xkr/m?
(30—-72%). Cxopoctb akkymyssauuu C,,. B mouse 6e3
ynobpeHuii coctapisiia 0.22 r/(Kr roa), a ¢ exXero-
HbIM BHECEHWEM MUHEpPaJbHbIX U OPTraHUYECKMUX
yno6peHuit coorBeTcTBeHHO OT 0.29 10 0.38 1 01 0.76
mo 1.57 r/(xr rom) (puc. S1). BiusHue Bo3pacraio-
IIUX 103 MUHEPAJIbHBIX YIOOPEHWI Ha colepKaHUe
Copr B TOYBE B TeYEHUE 9 JIET OBbLIO HE YCTONYMBBIM
(puc. S2), npu aTtoM nipupoct C,,. OT YMEPEHHBIX U
BBICOKMX /103 ObLT OOJIbIIIE, YEM OT IKCTPEMaJIbHBIX
[13]. Hao6opoT, ueM GoJibllle ObLIa 1032 HaBO3a, TEM
3HauyMTeIbHee BodpacTaiio coaepxanue C,, B IIOYBE.

Ilo naHHBIM JUTEPATYpBl TIPUPOCT COAECPXKAHUS
Copr B TIOUBE OT MPUMEHEHUST OMHOTO a30THOrO (N)
win nojHoro (NPK) MmuHepanbHOro ynoopeHus 1o
CPaBHEHUIO C HEYAOOPEHHBIM KOHTPOJIEM COCTaBJISI-
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er 0.06—0.08% [18] 1 0.1—0.4% ot MaccChHl IIOYBHI
[45],9% [16], 4—16% [42], 8% [46], a 3anmacos C,,. —
3.5% [57], 3.6 T C/ra [19]. Eciin mpu HecOataHCHPO-
BaHHOM minTebHOM npuMeHeHur NPK comepxa-
Hue C,,. B BEPXHEM CJIOE ITOYBbI yBEMMYMIOCH Ha 0.9 /KT
(10%), To ipu cbanaHcupoBaHHOM — Ha 1.7 r/Kr
(15%) [38]. Ckopoctb HakomneHuss C,,. B PUCOBBIX
noyBax Npyu MUHEpaJbHOI cucTeMe ynoopeHus Oblia
oueHeHa B 0.046 r/kr rox [71].

I[IpumeHeHWe opraHUYeCKUX yIOOpeHWi B BUIe
HaBO3a JaeT 60J1ee CTaOMIbHBIN U BBICOKUIA MPUPOCT
C,pr B mouBe Ha 0.17—0.25% [18] n nHa 0.1-0.9% ot
Macchl TTouBsI [45], Ha 20% [16]. B apyrux o600611e-
HUSIX yBEIMYeHUE conepxkanus (3anacos) C,,. B o4~
BE TP UTUTEJIBHOM TIPUMEHEHNN HaBO3a TOCTUTAJIO
o cpaBHeHuio ¢ NPK 3.5 r/kr (36%) [38], 9—-39%
[42], 37% [46], 29% (49% 110 cCpaBHEHUIO C HEYIO0-
pPEeHHBIM KOHTpoJeM) [26], 17.7% [32], 9—-39% [42],
17% [62], 40% w 11.9 1/ra (30% u 10.2 T/ra mo cpas-
HeHuIo 6e3 ynoopenwmit) [36], 8.96—9.4 1/Ta (5.6—7.4 1/ra
o cpaBHeHUIO 0e3 ymoobpenwmii) [53, 58]. Hakoruie-
Hue C,,; B MOYBE MPU OPTaHUYECKON crUCTEME Y100~
peHumii ouenuBaercda B 0.36 [71], a mo ApyruM maH-
HeIM B 0.23—0.26 u 0.18—0.19 r/(XT rom) cooTBeT-
CTBEHHO I10 CPAaBHEHMIO C KOHTPOJIEM 0e3 ynoOpeHu i
u ¢ NPK [64].

[Monyyennpie npupoctbl C,, OT MUHEPATbHbBIX
yIO0OpEHUI MOJHOCTBIO COBITANAIOT C TAKOBBIMU B
JIPYTUX ONBITaxX, a 0oJjiee CHILHEIN 3¢ (EeKT OT opra-
HUYECKUX YIOOpEeHN MOXET OBITh OOYCIIOBJIEH 00-
Jiee paBHOMEPHBIM pacrpeaeeHrueM HaBo3a Mo Mo-
BEPXHOCTHU MOYBBI 1 BHYTPU MAaXOTHOIO CJIOSI, YeEM B
KPYITHOAEISTHOYHBIX ITOJIEBBIX OMBITAX U €XKETOIHBIM
BHECEHMEM BBICOKHUX JI03 BILIOTh 40 9KCTPEMaJIbHbIX.
Yposenb conepxanust C,,. B IIOUBE TP MUHEPAJIb-
HOIi cucteme ynobpeHust Ha 69% 3aBucen OT -
TEJIbHOCTH TIPUMEHEHUST YIOOpeHUiA U Ha 5% OT I03bI
NPK, Ttorga Kak npu opraHM4ecKoil cucteMe — Ha
28% OT IJIUTEILHOCTU BHECEHUY U HA 63% OT BHe-
CEHHOI1 Macchl HaBo3a (TadJj. S3).

OnHUM U3 TToKa3aTesel neficTBUS OpraHUIeCKMUX
ynoopenuit Ha [1OB sBnsercst koadpopuueHT ynep-
XKMBaHU yriiepona HaBo3a (manure—C retention co-
efficient) — mpoueHt npupocra C,,. B 10YBE OTHOCU-
TeJIbHO TIOCTYMMBIIIETO C HAaBO30OM YIJepoja 3a BcCe
Bpemsi. OKa3aiochk, YTO B MOYBE 3a 9 JIeT e3KeroaHOoro
BHECEHUS HaBO3a KO3(OUIIMEHT YAEPKUBAHUS ObLI
paBeH 35—59% OT BHECEHHOTO KOJIMYECTBA, C€CIU
KOHTPOJISIMU ObLIM BapuaHTbl C 3KBUBAJEHTHBIMU
mozamu NPK u 38—69% nipu koHTpoJie 6e3 yamoope-
Huii. [1o onHUM JaHHBIM KO3GhGULIMEHT yaepKuBa-
HU yIyIepoaa HaBo3a paBeH 6—10% [53], o apyrum —
12% [58]. B HeCKOJMBKMX OMBITaX, BHITIOJHEHHBIX B
Kanane, koaduumneHT ynep>xuBaHus yrjiepoaa Ba-
pbupoBai ot 5 1o 38.9%, Bo3pacTast B 3aBUCUMOCTH
OT BYJIa HABO3a B Psilly CBUHOM < KOPOBUM U XXUIAKUIA <
< TBepaplii < KOMITOCTUPOBAHHKIN [56]. [TocKOIBKY
MPY NOCTOSIHHBIX YCJIOBUSIX TEMIIEPATYPHI U BJIAXKHO-
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CTH 3a TOI MUHEepanu3yeTcst IpuMepHo oT 19 mo 28%
yIjepoja, ColepxKallerocss B CBEXEM COJOMUCTOM
HaBosze KPC [8], To mojydeHHbIe BEIUUYMHBI KO3 (D-
duIIMeHTa yoepXXKUBaHUS yIjiaepoaa B IIpeaenax 35—
69% BBITJISAST BIIOJIHE pealbHBIMU.

Kak oTMeueHo Bblliie, YeM 0OoJIbliIe TTOCTYIUIIO yT-
JepoJa ¢ HaBO30M, TeM MeHblIe BHeCEHHOro C,,.
YIEPKUBAJIOCh B IMOUBE. DTO CBUIETEILCTBYET O Ha-
CHIIICHUM TIOYBBI OPTaHWYECKMM BEIIeCTBOM [69,
77]. Ilo manHbIM [13] HIKHSS M BEepXHSS T'paHUIIA
HAaCBIIIEHUS CEPOM JIECHOM MOYBBI OPraHUYECKUM
BEILIECTBOM COOTBETCTBYIOT comepxkanuio C,, 23.4 u
27.5 r/xr noussbl. Oty npeneisl C,,. 10CTUralOTCs M0~
cryruienueMm 700—900 u 1300 T/ra cBexero HaBo3a
KPC coOoTBETCTBEHHO, YTO 3KBUBajJeHTHO 50—65
95 T C/ra. YcTaHOBIIEHHBIC IIPEIe/Ibl HACHIIIICHUS Ce-
pOIi JIECHOM MOYBBI OPTaHUYECKMM YTIICPOIOM OJITN3KHU
BEJIMYMHAM YIJIEPOANIPOTEKTOPHOM €MKOCTH, TOJTy-
YEeHHBIM IJIs1 CEPOM JIECHOI CpeqHECYIVIMHUCTOM [5] 1
JIEPHOBO-TION30JIMCTOM TSKEJTOCYTIIMHUCTOM [3] mouB.

Takum o06pa3oM, cucTeMaTU4ecKoe IpUMEHEHHE
MUHEpaJIbHBIX YIOOPEHWI B M03aX, ONTUMATBHBIX
JIJISI BbIpAIIMBA€MbIX KYJIBTYP, TTO3BOJISIET MOAASPKU -
BaTh TOCTUTHYTHIN YPOBEHb 00€CIIeYeHHOCTH ITOYBEI
OpraHUYEeCKUM BEIIECTBOM WJIM Jaxke HE3HAYUTEb-
HO yBEJIWYMBATh €0 3arachl 3a CYET CTAOMJIBLHOTO
MOJIyYeHUST BBICOKOTO ypoxas. [1omHast pekapOboHU-
3alMsl CEPOM JIECHOM ITOYBBI MOCTHUTACTCS €XKeTom-
HBbIM BHECEHHEM BBICOKUX BIUIOTh IO 3KCTpeMasb-
HbIX 103 (o1 50 mo 100 T/Ta) cBexkero HaBo3a KPC Ha
npoTsskeHUn He MeHee 10 JieT, Ho MOXeT IIPUBECTH K
HACBIILLIEHUIO TTOYBbI OPTaHUYECKUM YIJICPOIOM, 13-
3a Yero IMocTyrnamplilee OpraHnYeckKoe BelIeCTBO He
yoepKuBaeTcsl B IOouYBe. BaXHo 3HaTh, B KaKUX
cTpykTypHbIx yjax [TOB akkymynupyeTcs 3anacae-
MBI YTJIepOn M KaK HACHIIIEHUE YIICPOIOM TTOYBBI
oTpaXkaeTcs Ha COOTHOIIIEHUH STUX ITyJIOB.

ITynbl TBepabix opranmdyeckux yactun, (POM) u
MHHEPAJIbHO-CBSI3AHHOTO OPraHMYECKOro BelecTBa
(MAOM). Ipy6eie opranuyeckue yactuibl (POM)
pazmepom 2—0.05 MM, pacripelesieHHbIe B TpaHyJio-
MeTpHUUeCcKOl (hpakiiMM Mecka U TOHKOAMCIIEPCHOE
MUHEPAJIbHO-CBSI3aHHOE OPraHWYeCKOe BEIIECTBO
(MAOM) nbeuir 1 tiuHBl <0.05 MM, OTHOCSTCSI K
rpymrie cTpyKTypHBIX IryjioB ITOB. Macca POM Bme-
CTe ¢ TIECKOM TIOCJIe TIEPBOTO Tofa OTbITa COCTaBJIsIIA
5.8—8.1% oT Macchl MOYBHI, a Yepe3 9 JieT ombITa —
5.4—13.8%. B BapuaHTax ¢ BHeCEHEM HaBo3a Macca
POM yBenunuuBaiack, ipu npumeHeHun NPK — no-
YTU HE MEHsIach, a B YUMCTOM T1apy — YMEHbIIAJIACh.
PazHuiia Mexay Maccoil aHauM3upyeMoii HaBeCKU
mouBel 1 POM cootBetrcTBOBasia Mmacce MAOM, Ha
KOTOPYIO TIPUXOIIIOCH OT 86 1m0 94% Macchl OYBHI.
O6pasusl POM Obumn oborallieHbl OpraHU4eCKUM
yriepoaoMm B 1.3—4.9 pa3a 1o cpaBHEHMUIO C LIEJIbHOM
nouBoii, a MAOM, HaoOopor, obengHeHbl B 1.1—
1.8 paza (1abu. 1 u 2). Conepxanue C,, B oOpasuax
POM u MAOM 3aMeTHO pa3inyanoch MEXIy BapHu-

CEMEHOB wu np.

aHTamMu onbITa. Hambomnee oborameHHBIMA YIJIEPO-
JnoM obn oopasusl POM 1 MAOM B BapuaHTax ¢
HaBo3oM. B BapmnaHTax 0e3 ynoOpeHuit U ¢ HaBO30M
KOHIIeHTpalus yriaepoaa B oopasiax POM cTabuiib-
HO BO3pacTajia Ha IPOTsKeHUU 9 j1eT onbiTa ¢ 2.29 no
2.891c4.07 1o 8.68% ot maccsl POM cooTBeTCTBEH -
Ho, B BapmnaHTe ¢ NPK — BapsnpoBaia 1mo rogaMm, a B
YMCTOM Tapy — MOCTEIIEHHO yMeHbIIajgachk. O6pa3s-
el MAOM B o1MHAKOBOM Mepe 000Talllaich yIje-
pPOIOM B TEYEHME OIThITA KaK B BApHMaHTaX C HABO30M,
TaK U C MUHEPAITbHBIMU YIOOPEHUSIMU.

TBepabple opraHMyecKre YacTUIIbl XapaKTepu3sy-
I0TCSI CYIIECTBEHHO 0oJjiee MIMPOKUM OTHOIICHUEM
C/N, yeM o0Opa3ibl uelbHOoM nouyBsl 1 MAOM, oco-
OeHHO B BapmaHTax 0e3 ymoOpeHHWit M ¢ HaBO30OM
(puc. S3). Paznuuus B otHowmieHun C/N Mexmy my-
nmamu POM u MAOM o06yciioBiieHbI IIpeodiagaHueM
CJ1a00Pa3IOKUBIIIMXCS OCTATKOB KOPHEI pacTeHUid 1
HaBo3a B POM u nipoayKToB MUKPOOHOIT OMoMacchl —
B MAOM [29, 51]. B nouBax JIeCHBIX U JIYTOBBIX KO-
cucteM otHomeHus: C/N B menoit mouse, POM u
MAOM Haxongatcs B nporopuuu 1 : 1.5 : 0.84 [29].
J171s1 maxOTHOM cepoii JeCHOM MOYBLI HAILIETO OIbITa
C UHTEHCUBHbBIM NMPUMEHEHUEM MUHEPAJIbHBIX U Op-
raHUYEeCKUX YyIOOpeHUI TOoJydyeHbl OJU3KUE IpOo-
nopuuu 1 : 1.4 : 0.78, 4To yKa3bIBaeT Ha OIHY U Ty K€
npupony BeimensseMbIx mysios [TOB.

®akTuueckoe copepxkanne Cpgy B TTOUBE C yUe-
TOM MAaccChl TBEPAbIX OPTAaHWYECKMX YACTHIL U COlepKa-
HUSI B HUX yriepona cocrasisuio oT 0.76 mo 12 r/kr, a
nporueHT Cpoy 0T 061mero C,,. BAppUpOBa OT 8 10
50%, uato B cpeaHeM paBHsuIoCh 23 £ 9%. B MaccuBe
00pa310B MTOYB pa3HbIX TUIOB, 3€MJIETNOJIb30BAHUI U
crnocoboB ynoopeHus cogepxanue Cpgy B CpeaHeM
cocrasnsio 24% ot C,,. [12]. Iyn Cyaopm comepxan

or 7.91 no 12 r/Kr HOYBHI, YTO OBLIO SKBUBAJICHTHO
50—84% ot Copr-

B yucrom napy conepxanue Cpgy BApbUPOBAJIO B
npenenax 0.76—1.22 r/kr, B BapraHTe 0€3 yIoOpeHmii —
1.38—1.91 r/kr, ¢ NPK — 1.63—2.71 /KT, a ¢ HABO3OM —
2.78—12.0 r/xr. U3MeHeHus B coaepxaHuu Cyiaom B
mouBe 0e3 ynoOpeHUI M ¢ HaBO30OM OBIJIM HE CTOJIb
pe3kumu. IIpupoct Cpgy B TTOUBE B TeueHUe 9 jer
OITbITa MPU BHECEHWM HaBo3a ObuT B 6 u 10.5 pas
0oJblile, YeM B BapuaHTax 0e3 y1oOpeHuit u ¢ BHece-
HueM Bo3pacramomux 03 NPK (042, 0.07 u
0.04 r/(xr rom) cooTBeTCTBEHHO) (pHUC. 1). XOTSI MexK-
ny nozoii NPK u conepxanuem Cpnys B IOUBE CyIlIE-
CTBOBaJIa MpsiMasi CBsI3b, HAOIIOIAJIOCH 3aMelJICHUE
HaKOILJICHUSI TBEPAbIX OpraHUUEeCKUX YaCTULL B BApu-
aHTax C SKCTPeMaJIbHO BBICOKMMM J03aMW MUHE-
pajdbHBIX ynoOpeHuit (puc. 2). MoXHO Hpenronao-
XKUTh, 4TO cnabbiii mpupoct Cpay B MouBe ¢ NPK
00yCJIOBJIEH KaK OTpullaTeIbHbIM IEMCTBUEM 3KC-
TPEMaJIbHO BBICOKUX /103 Ha MPOAYKTUBHOCTb KYJIb-
TYP Y COOTBETCTBEHHO Ha KOJIMYECTBO PACTUTEIbHBIX
OCTaTKOB, TaK U ycujieHueM MyuHepanu3auuu POM B
MPUCYTCTBUM MUHEPaIbHBIX ynoopenuii. Han6oin-
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Ta0muna 1. CogepxxaHue yriaepona B ITyjle TBepAbIX opraHndeckux 4actull (Cpgyg) TOYBBI IPU €XETOTHOM BHECEHUU
MUHEPATbHBIX U OPraHUYECKUX YIOOpeHUI

T'on onbiTa
Bapuant
2011 2013 2015 2018 2019
Cpom> % ot Mmaccel POM
1 2.39£0.04 2.2910.24 2.60 = 0.07 2.87 £0.07 2.89 +£0.07
2 2.70 £0.10 2.47 £0.02 3.20 £ 0.06 3.11 £0.19 3.29+0.15
3 2.92+0.14 2.75+0.21 3.22£0.50 3.86 £ 0.16 3.21 £0.09
4 3.46 £0.10 3.17 £ 0.03 3.26 £ 0.44 3.58£0.13 3.06 £ 0.05
5 3.03+£0.04 3.36 £0.49 3.65*0.19 3.56+£0.24 3.12£0.18
6 4.07 £0.44 4.25 £0.18 4.50 £ 0.08 4.79 £ 0.45 5.81 £0.11
7 4.69 £ 0.32 4.85 £ 0.46 5.541£0.21 5.72 £ 0.41 5.80+0.34
8 5.73 £0.26 6.24 £ 0.46 6.29 = 0.44 6.64 £0.10 6.26 = 0.06
9 6.28 £ 0.03 6.75£0.73 8.00 £ 0.13 7.23 £0.17 8.68 £0.16
10 2.08 £0.09 2.04 +£0.06 1.98 = 0.09 1.74 £ 0.11 1.43 +£0.17
Cpoms I/KT TOUBBI
1 1.38 £ 0.08 1.50 £ 0.12 1.76 = 0.08 1.85+0.10 1.91 £ 0.06
2 1.73 £ 0.08 1.63 £ 0.06 2.21 £ 0.05 2.00 £0.23 2.23+£0.05
3 2.09£0.13 1.95+0.10 2.29£0.28 2.78 £ 0.11 248 £0.11
4 2.51 £0.08 2.12£0.04 2.13+0.24 2.41 £ 0.18 2.21 £0.10
5 1.85+0.04 2.19+0.19 242 +£0.19 222 +£0.25 212+ 0.15
6 2.71+£0.23 291 £0.15 3.40 £ 0.13 3.51+£0.19 4.69 £ 0.18
7 3.27 £0.28 3.50+£0.38 4.40 £0.46 4.57 £0.37 5.57+£0.63
8 4.19+0.29 4.96 £ 0.31 6.11 = 0.47 7.04 £0.12 7.85+0.21
9 5.07 £0.16 6.42 = 0.64 9.72 £0.20 9.56 £ 0.09 12.0 £ 0.42
10 1.22 £ 0.04 1.13 £ 0.04 1.09 £ 0.12 0.94 £ 0.07 0.76 £ 0.04
Cpom, % 0T Cyp;

1 14+ 1 I5+1 16+1 16+1 17+1

2 17 £1 161 19+0 172 19+0

3 21+ 1 19+1 19+2 23+1 211

4 26+ 1 200 18+2 20t 1 18t 1

5 19+0 212 212 18 +2 18+ 1

6 25+2 23+1 25+t 1 211 28t 1

7 29+3 25+3 2913 26+ 2 29+3

8 3412 28+2 33+£2 34t 1 37+1

9 39t1 35+4 46 £ 1 410 50+2

10 13£0 11+0 1m+1 10+1 8§+0

l'IpMMeanMe BapuanTs! onbiTa: 1 — 6e3 ynoopenwmit, 2 — N9P7.5K 10, 3 — N18P15K20, 4 — N27P22 5K30, 5— N36P30K40, 6 — HaBo3
2.5 Kr/M (C179N9P7K10), 7 — HaBO3 5 r/M2 (C358N19P14K19), 8 — HaBo3 7.5 Kr/M (C537N28P22K29), 9 — HaBo3s 10 Kr/M2

(C716N38P29 K38), 10 — yncrsiit nap. Konnuecrsa C, N, P,O5 u K,O naner B r/M2

TTOYBOBEJEHUE Ne 4

2023
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CEMEHOB wu np.

Ta0muna 2. ConepxaHue yriiepona B ITyJle MUHEPAIbHO-CBSI3aHHOTO opraHuyeckoro BeuecTBa (Cyaonm) MOYBBI NIpU
€XeTOHOM BHECEHUM MUHEPATbHBIX U OPTaHUYECKUX YIOOpEeHU It

l'on onbiTa
Bapuant
2011 2015 2019
Cmaom» % ot maccest MAOM
1 0.87 £ 0.03 0.96 + 0.01 0.98 + 0.02
2 0.86 £ 0.03 0.98 £ 0.02 0.99 £ 0.01
5 0.86 £ 0.01 0.99 + 0.01 1.01 £ 0.02
6 0.85+0.01 1.08 £ 0.05 1.26 = 0.04
9 0.87 +£0.02 1.23 £ 0.05 1.39 £0.03
CmaoMs I/KT IOYBBI
1 8.22+0.33 8.94 +0.11 9.19 £ 0.18
2 8.08 £0.26 9.11 £0.15 9.22+0.14
5 8.04+0.09 9.29 +£0.08 9.46 £ 0.16
6 7.91+0.13 10.04 £ 0.44 11.54 +£ 0.39
9 8.00 £ 0.16 10.84 + 0.44 11.97 £ 0.29
Cmaoms % ot Copp
1 843 81+ 1 8112
2 8213 79+ 1 78t 1
5 83t 1 79 £ 1 80 £ 1
6 74 £ 1 73+3 69 £ 2
9 61 £ 1 52+2 50£1

ITpumeuanne. Homepa BappaHTOB cM. Ta0II. 1.

ITyI0 CKOPOCTh HAKOIUICHUS yIJIepoa MUHEPaITbHO-
CBSI3aHHOTO OPraHWYeCKOTO BellleCTBA 1aBajJio BHE-
cenue HaBo3a (0.48 r/(xr romn)), a B BapuaHnTax ¢ NPK
u 6e3 ynoopeHuit npupoct Cyaop B TIOUBE PABHSJICS
0.16 1 0.12 r/(Kr rom) COOTBETCTBEHHO. MOXKXHO 3ame-
TUTb, 4TO B oTiinuue oT Cpgy hopMUpOBaHUE MTyJa
CyiaoMm CTab0 3aBHCENIO OT 03 HABO3a 1 HE 3aBHCENIO
OT 103 MUHEPATLHBIX YIOOPEHUIA.

C moMoIIbli0 MHOXKECTBEHHOW perpeccuu OB
OILIEHEH BKJIaJ 103 U MPOJOLKUTEIbHOCTU IIPUMEHE-
HUSI MUHEPaJIbHbIX U OPraHWYECKUX yI0O0peHuil Ha
pasmepbl 1yJ0B Cpoy M Cypaom B CEPOI JIECHOI TTOUBE.
Okazajoch, 4TO TPU TNPUMEHEHUU MUHEPaIbHbBIX
yImoOpeHUit n3MeHInBOCTh mysia POM Ha 31% 065b-
SICHSIETCST 103011 1 Ha 18% mIUTeNbHOCTHIO TIPUMEHe-
HMSI, TOTIA KaK IIPU MHOTOJIETHEM ITPUMEHEHUU HaBO-
3a — COOTBETCTBEHHO Ha 73 1 15%. [lTaBHBIM (hakTOpOM
U3MeHYMBOCTU T1yJa Cyaonm ObUIA JUIMTETBHOCTD MPU-
MEHEHUSI MUHEPAIbHBIX U OPraHUYECKUX YIOOpeHnit
(77 1 63% cooTBeTCTBEeHHO). BivsitHMe T036I B Bapu-
aHTax ¢ NPK 0bu10 HEIOCTOBEpHBIM, a C HABO30M —
TonbKO 14%. Ecnu B iepBbiii ron omnbita B BUne Cpoy

1 Cpaom OBIIO TIPEACTaBICHO B 3aBHUCHMOCTU OT
yIoOpeHusT COOTBETCTBEHHO 15—39 u 61—-84% or
Bcero C,,., To yepes 9 ser — yxe 17—50 u 50—81%.
3T0 yKa3beiBaeT Ha 1o, 4To I1OB B yno6psieMbIX moce-
Bax oboramaercs IpenuMyllIeCTBEHHO TBEPAbIMU OpP-
raHUYECKMMM YacTUIIAaMU, a POJIb HaBO3a, KaK MC-
TouHnka POM, MHOrokparHO BBbIIIE KOPHEBHIX
ocraTkoB. [TonydyeHHbIe TaHHBIC HE COBITAAAIOT C pe-
3yJIbTaTaMU IPYyTUX aBTOPOB [65], mMoKa3aBIINX, YTO
YHaBOXWBAHUE CIIOCOOCTBYET MPEUMYIIICCTBEHHOMY
HakomieHnio MAOM B cuty 060raiieHHOCTA HaBO-
32 MUKPOOHOIT OMoMaccoit 1 OoJIbIIEe TOCTYITHOCTH
HABO3a MOYBEHHBIM MUKPOOPTAaHM3MaM B KayeCTBe
cyoctpara. 1o HamemMy MHEHUIO, BRICOKWI TPUPOCT
MAOM B 11ouBe C HABO30M IO CPaBHEHUIO C BApUaH-
tamu NPK, B KOTOpbIX eIMHCTBEHHBIM UCTOYHUKOM
OpPraHMYEeCKOTO BEIIECTBA ObUIM pPaCTUTEIbHBIC
OCTaTKM, OOYCJIOBJICH OOJBIINMU BEJIUYMHAMU I1O-
CTYILUIEHHUS B TTIOYBY yIJIepOJa C HABO30OM.

Taxoke BBICKa3aHO MPEAIIOJOXKEHHUE, YTO IIyII
TBEPABIX OPraHUYECKUX YACTUIL HE MOABEPKEH Ha-
celieHnIo U B Buae POM MoxXeT HaKariuBaTbCS

ITOYBOBEJEHUE

Ne 4 2023
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Yucno et

Puc. 1. BausiHve mponoKUTeIbHOCTU BHECEHUsSI MUHEPAJbHBIX U OPTaHUYEeCKUX yIOOpeHMI Ha pa3Mephl MyJIOB TBEPIbIX
oprannyeckux yactull (Cpopg) U MUHEPAIIBHO-CBA3aHHOTO oprannyeckoro semecTsa (Cyaonm) B MouBe. | — 6e3 ynobpeHnmii;
11 — BapuaHThI ¢ 103aMU MUHEPaTbHBIX ynoopeHuit or N9P7.5K10 no N36P30K40; I11 — BapraHThI ¢ 103aMU OPraHUYECKUX

ynobpenwuii ot 2.5 no 10 kr/mM“ cBexkero HaBo3a.

CKOJIBKO YTOJHO MHOTO YIJIEpO/a, TOrAa KaK ITyJl MU-
HEpaIbHO-CBI3aHHOTO OPraHMYeCKOro BelllecTBa
SIBJISIETCS HACHIIIIAEMbIM U €T0 EMKOCTb KOHTPOJIUPY-
eTcs1 Maccoil pakumii b U IMHEL [33]. B meii-
CTBUTEJIbHOCTH 3Ta F'MMOTe3a IPpUMEHUMAa K YMEPEH-
HOMY 00O0TallleHUIO ITOYBBI PACTUTEILHBIMU OCTaTKAa-
MU, HO He TOATBEPXKIAETCS MPU CUCTEMATUYECKOM
MPUMEHEHUM BBICOKMX 03 HaBo3a. B Hacrosiiem
OTIBITE BeTMIUHBI TpupocTa Cpgyy B TOYBE 3a 1—5 jet
CUCTEMATUYECKOTO TPUMEHEHUST MUHEepaIbHBIX
yIoOpeHUi B BO3pacTalolInX 103ax cocTapusiv 10%,
a 3a 5—9 jet oTcyTcTBOBaIU. B BapuaHTax ¢ exeros-
HbIMU J03aMu HaBo3a 25 u 50 1/ra conepxxanue Cpay
B IouBe 3a 1—5 u 5—9 jieT Bo3pacTalio OIMHAKOBO Ha
30%. I1pu npumeHenun 75 n 100 T/ra HaBo3a TpU-
pocT Cpgy B IOUBE 32 TIEPBOE MATUIIETHE OB OOJIBIIIE,
yeM 3a Bropoe ngarwietue onbita (70 u 30% cooTBeT-

TMTOYBOBEAEHUE

Ne 4 2023

CTBEHHO). DTO yKa3bIBaeT Ha HACHIIIIEHUE ITyJIa TBEP-
JIBIX OPraHMYECKHX YACTUIL TOJIBKO B ClIydae UCITOJb-
30BaHUs IKCTPEMaNIbHBIX 103 HaBo3a. [Ty Cyaom Ha-
ChIIIAJICS TIPUMEPHO OOMHAKOBBIMU TeMMAaMU Kak
pyu npuMeHeHUM MuHepaabHbIX (10 1 0%), Tak n
opranmyeckux ymoopenuii (30 u 10%) 6e3 ocobObIxX
OTJIMYMI MEXITY Pa3HBIMU TO3aMMU.

ITyast mukpo6Horo (C,,,) ¥ NOTEHIMATLHO-MUHE-
paausyemoro yriaepoaa (Cy). MukpobHasi 6uomacca u
NOTEeHIIMAJIbHO-MUHEPAJIN3yeMO€e OpraHNIeCcKoe Be-
IIECTBO OTHOCSITCSI K TPYIIe TPOLECCHBIX MYJOB
I1OB, B KOTOPBIX OCYILIECTBISIETCSI CUHTE3, NECTPYK-
1S U TpaHchopMalsi OpraHMYEeCKUX BEIIEeCTB U
coenquHeHM. TpaHcdep pacTUTEIBHBIX OCTaTKOB
MukpoopranusmMamMu B POM 1 MuUKpoOOHOII HEKpO-
Maccel B MAOM, Ha3bIBaeMbIil “MUKPOOHBIM HACO-
coMm”, oOecIieuBaeT HEIIPePhIBHOE ITpe0Opa3oBaHme
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= 0.30
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1.8 y=0.0006x + 0.50 2.0
15 R>*=0.133, P=0.014
_ 1.5
W
2 12 y=0.0003x + 5 x 10762 + 0.46
2 0.9 R2=0.328 1.0
—~
£ 06 0.58 y=10.097x + 0.49
0.3 R?>=10.929, P<0.001

Puc. 2. Bmustnue no3 MunepanpHeix (I) u oprannueckux (II) ynobpeHuit Ha pazmepsl Mys1oB MouBeHHOro yriaepona. Cpon —
TBepable opraHuyeckue yacTulbl, (Cyjaom) — MUHEPAILHO-CBA3aHHOE OpraHuyeckoe BewmecTso, C,,.. — MUKpOOHas 6uo-
macca, Cy — NMOTEeHUMAaIbHO-MUHEPAIU3YEMOE OPraHMYECKOE BEWECTBO. I — MmHepanbHble ynoopenus or NOPOKO mo

N36P30K40 I‘/Mz; 11 — opranuueckue ynoopenus ot 0 mo 10 kr/ M2 CBeXero HaBo3a. 3aBUCHMOCTD conepxanus Cyaon OT 103

o

1
30 60 90 120
Nosa NPK, r/m?

MUHEepaJbHbIX YIOOpEeHMT He TOCTOBEPHa.

0 3 6 9 12

Jlo3a HaBo3a, KI/M?2

TTOYBOBEJEHUE Ne 4
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Ta6muua 3. ConepxaHue yriaepoaa B MUKpoOHoM myiie (C,,,,, ) MOUBBI IIPU €XKETOJHOM BHECEHUU MUHEPAJIbHBIX U Opra-
HUYECKUX yIOoOpeHU I

Ton ombiTa
Bapuant
2011 2012 2013 2014 2015 2016 2017 2018 2019
T/KT TIOYBBI
1 0.17 £0.01 (0.14 £ 0.01|0.14 £ 0.02|0.16 = 0.01 |0.15 £ 0.01 |0.15 = 0.01 {0.19 £ 0.01|0.18 £ 0.03 {0.19 £ 0.00
2 0.20 £0.01/0.18 £ 0.01{0.16 £ 0.00{0.18 = 0.02|0.15 £ 0.01|0.14 £ 0.00{0.22 £ 0.01 |0.18 £ 0.01 | 0.17 = 0.01
3 0.19 £ 0.01{0.17 £ 0.00|0.16 = 0.01 {0.15 £ 0.01|0.14 = 0.01 {0.14 £ 0.01|0.19 £ 0.00 {0.16 = 0.02{0.15 £ 0.01
4 0.20 £ 0.00(0.17 = 0.01{0.17 £ 0.02 (0.12 = 0.00{0.10 £ 0.01 | 0.13 = 0.01 {0.16 £ 0.01 [0.13 £ 0.00|0.11 & 0.00
5 0.19 £ 0.01{0.15+0.01|0.15 £ 0.01 {0.11 £ 0.00{0.09 £ 0.01{0.13 = 0.01{0.16 £ 0.01 {0.12 = 0.01 {0.10 £ 0.01
6 0.24 £ 0.00(0.23 £ 0.01{0.23 = 0.02(0.21 £ 0.00{0.22 £ 0.01|0.19 £ 0.01|0.27 = 0.01 |0.30 £ 0.02{0.30 & 0.00
7 0.26 £0.01 {0.30 = 0.01{0.24 + 0.04|0.27 = 0.02{0.25 = 0.01{0.25 £ 0.02|0.33 £ 0.01{0.34 = 0.01{0.38 £ 0.02
8 0.29 +£0.010.33 £ 0.01{0.29 £ 0.04]0.36 £ 0.02{0.35 = 0.01{0.29 £ 0.02{0.39 & 0.01{0.44 £ 0.01|0.47 £ 0.02
9 0.36 £ 0.01]|0.38 £0.01{0.36 & 0.00/0.40 £ 0.03{0.39 + 0.01|0.37 = 0.02{0.45 = 0.01|0.51 = 0.01 {0.56 &+ 0.01
10 0.15£0.00{0.12 £ 0.01{0.13 £ 0.00(0.15 £ 0.01|0.13 £ 0.00|0.14 + 0.01 {0.17 £ 0.01 | 0.11 £ 0.00|0.16 £ 0.00
% ot Cqp,r/% o1 C)

1 1.8/31 1.4/29 1.5/31 1.6/32 1.5/34 1.4/33 1.7/43 1.5/39 1.7/59

2 2.0/33 1.8/32 1.7/33 1.8/32 1.4/28 1.2/27 1.8/37 1.5/34 1.5/33

3 1.9/31 1.7/32 1.6/31 1.4/26 1.3/22 1.1/23 1.6/32 1.2/30 1.2/28

4 2.0/32 1.8/32 1.7/32 1.2/22 0.9/16 1.1/24 1.3/28 1.0/25 0.9/25

5 1.9/29 1.6/29 1.6/29 1.1/21 0.8/16 1.1/24 1.3/28 0.9/24 0.8/24

6 2.4/31 2.1/29 2.0/32 1.7/30 1.6/27 1.4/23 1.9/35 1.9/38 1.9/41

7 2.7/29 2.7/26 1.9/27 2.0/29 1.7/27 1.6/23 2.1/30 1.9/35 2.1/44

8 3.0/27 2.7/25 2.1/28 2.0/31 1.9/25 1.5/24 2.1/30 2.2/34 2.3/38

9 3.7/27 2.9/22 2.4/29 2.2/27 1.9/26 1.8/26 2.0/31 2.2/36 2.4/40
10 1.6/27 1.3/28 1.4/30 1.5/36 1.3/30 1.4/35 1.7/42 1.1/27 1.7/45

ITpumeuanue. Homepa BapuaHTOB cM. Tab. 1.

OpraHM4ecKoro BelllecTBa B ImouBe [15, 43, 54, 55].
Conepxanue C,,, n otHoumenue C,,,,/C,, ABIAIOTCA
MpeauKTOpaMu paHHUX U3MeHeHuil kKadyecTtBa ITOB
[68]. TMoTeHLMATbHO-MUHEpPAIU3yeMOe OpraHude-
CKO€ BeIIeCTBO (OMOJIOrMYeCcKr aKTUBHOE OpTaHruye-
CKO€ BelIIECTBO) OTBETCTBEHHO 32 MHOTUe OMo-du-
3MKO-XMMHWYECKHE MpPOIECChl B TMOYBE, BKJIIOYas
SMUCCHUIO KJIMMAaTUYECKHN aKTUBHBIX Ta3oB [11, 75].

Conepxanue C,,,, B TOYBE B 3aBUCUMOCTU OT BU-
J1a M O03bl yooOpeHUil, BhIpAIIMBAEMON KYIbTYpHI,
MOTOIHBIX YCJIOBUI rojla BapbUpPOBaJo Ha MPOTSIKe-
Huu 9 et ot 0.09 10 0.56 /KT MOYBKI, YTO COCTABIIS-
10 0.8—3.7% ot C,,, (Tabx. 3). B nouse 6e3 ynobpe-
HUI U C HABO30M HaOJIIoAascsl HEOOJIBIIION eXero/-
Herit mpupoct C,,, B 0.004 1 0.016 v/(kT TOm), TOrOa
Kak cucremMatnyeckoe npuMeHenme NPK Bemo k
CHUIKEHMIO pa3MepOB MUKPOOHOIO MyJia CO CKOPO-
cteio 0.005 r/(xr rom) (puc. 3). Bo3pacraroiiue 1035l
NPK 1 HaBo3a NMpUHIUITMATIBHO MO-Pa3HOMY BIIMSI-
JIM Ha MUKPOOHGKI 1Ty 1TouBbl. Ecnu yBennyeHue 1o3
HaBO3a OT YMEPEHHBIX 10 3KCTPEMaJIbHBIX CITIOCO0-
CTBOBAJIO HAKOIUIEHMIO MMKpPOOHOM OMOMAacChl B
cpenHeM 3a 9 et B 1.5—2.6 pasa 1o cpaBHEHUIO C
Ne 4

TTOYBOBEJAEHUE 2023

KOHTPOJIEM, TO HEOOJBbIIOE MOJOXUTEIHLHOE BIUSI-
Hue B 1.1 paza ymepeHnHoii 1o3bl N1P1K1 cmeHsimoch
yMeHblieHueM C,,,, B 1.2 pa3a npu s3KCTpeMaibHOM
nose N4P4K4. Exeronnblii mpoueHT npupocta C,,,
ObL1 MeHbILIE TaKOBOTO st C,,, YTO TIOBJIEKIIO 3a CO-
60i1 ymenpiuenue ornomenus C,,,,/C,,. B IouBe 6€3
yaoOpeHuit u ¢ HaBo30oM 4yepe3 9 et onbita. OcoOeH-
HO cusbHOe cyxkenue C,,,/C OTHOIIEHUA TIPOKC-
XOJIMJIO B BapMaHTaX C 9KCTpeMaJIbHBIMU J03aMU MU -
HepaJbHBIX YIOOPEHUIA.

OtpuliaTeibHOE AeliCTBUE MUHEPATBHBIX YI00pe-
HUI Ha MUKPOOHYIO OMOMacCy MOYBBI XOPOIIIO IO/~
TBEPKAEHHBIN B JINTepaType (pakt 1 00yCIOBJIeH KakK
MPSIMBIM WHTUOUPYIOIIMM JIefiCTBUEM XUMUYECKHUX
coJieil Ha MUKPOOPraHU3Mbl, TaK U KOCBEHHO, 13-3a
HeaocTaTKa AOCTYITHOTO yrjiepona, TpedbyeMoro st
KOMIIEHCAIlUY UMEIOLIMXCS 3a11acoB MUHEPAJIbHOTO
a30Ta, U B pe3yabTaTe NOOKUCIeHMs ITouBkI [34, 72].
B nipenbinyieii padoTe mokazaHo, UTO B ITOUYBE C €Ke-
TOJHBIM BHECEHUEM 3KCTPEeMajbHO BBICOKUX J103
MUHEpPAIbHBIX YIOOPEHUI COo31aBaJicsi BbICOKUIA
YPOBEHb OCTaTOYHBIX HUTPATOB, a pH mmouBkI mocie 9
net nmpuMmeHenns NPK cHmxancs no 3.6 [13]. B me-
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Puc. 3. BiusaHue npono/KUTETbHOCT BHECEHUS MUHEPAIBHBIX M OPTAHUYECKUX YI0OpeHUit Ha pasmepsl MUKPOOHOTO (Cy i)
U MOTeHIMATbHO-MUHepanu3yeMoro (C) Imys10B MouYBeHHOTO yriepona. | — 6e3 ynoopenuii; 11 — BapuaHThI ¢ 103aM1 MUHEPATb-
HbIX ynoopeHuii ot N9P7.5K10 no N36P30K40 r/M2 ; III — BapraHTBI ¢ JO03aMU OpraHUYecKUX ynoopeHuii ot 2.5 1o 10 kr/m“ cBe-

Xero HaBo3a. 3aBUCUMOCTb coacpKaHuA C() OT IIPOOOJIKUTEIIbH!

jgoM copepxkanue C, . B IOYBE C MUHEPATbHBIMU
yno6penussmu Ha 20% 3aBuceso OT 403kl U HA 6% OT
JuTenabHocTy mpuMeHeHust NPK, a c opranundecku-
MU yIoOpeHUsIMU — Ha 76% OT 003bl HaBo3a M Ha 12%
OT JUIMTEILHOCTH IIPUMEHEHHSI.

Ha Mmukpo0OHyto 0momMaccy MOTJIO ITPUXOIUTHCS OT
16 mo 59% mnoreHIMaIbHO-MUHepanu3zyemoro (C,)
opranuyeckoro Beuectsa. Jomst C,,, B C, yMeHbllIa-
JIach B CJIEIYIOIIEM PSITY BApUAHTOB: 0€3 ymoOpeHMit >
> 9UCTBIN Map > opraHU4YecKue yonoopeHusT > MUHe-
pajibHble YIOOpeHUsl. YMeEHbIlIeHUe OTHOIICHUS
C,.u« K Cy B BapraHTaxX ¢ MUHEPaJIbHBIMU YIOOpEHU -
IMH OOYCJIOBJIEHO, TO-BHUANMOMY, HEOJIaroITpusIT-
HBIMU YCJIOBUSIMU IIJISI pOCTa MUKPOOHOI OMOMaccChl,
a C OPraHNYECKUMU YIOOPEHUSIMU — IIOCTYILUIEHUEM
C HaBO30OM JIPYTMX OpPraHUYEeCKUX BEIIECTB, CIIOCO0-

OCTH BHECCHUA 103 HABO3a HC TOCTOBEPHA.

HBIX K MUHEpaJIU3alu, B YaCTHOCTHU, TBEPIBIX OpTa-
HUYeCcKUuX yacTull [12].

B Tedenue 9 et onbiTa conepxkanue C, B mouse
BapbupoBayio ot 0.32 mo 1.71 r/kr wnu ot 2.8 1o 13.7%
ot C,,, (Tabu. 4). BeipammBaHue KyabTyp 6€3 yno6-
PEHU’IL BEJIO K ITOCTEIEHHOMY OO€THEHMIO ITOYBEI YT-
JIEPOIOM MOTEeHIMAJIbHO-MUHEPAIN3YEMOIO Opra-
HUYECKOTO BelllecTBa co ckopocThio 0.019 r/(Kr ron).
B nmouBe ¢ MuHEepaNIbHBIMU YIOOPEHUSIMU COAEpPXKa-
Jioch B cpeniHeM B 1.2 pa3a 6osblie Cy, 4eM B HEY100-
PEHHOI1 MoYBe, HO MpU exXeromHoM BHeceHur NPK
pa3BUBaJIaCh TEHASHIINSI YMEHBIIIEHUS Pa3MepOB I10-
TeHIMaJIbHO-MUHepanudyemoro mnyiaa ITOB co cko-
poctbio 0.009 r/(xr rom). YMepeHHble n1o3bl NPK
CIIOCOOCTBOBAIM HE3HAYUTEILHOMY POCTY obecre-
YEeHHOCTHU MOYBHI MMOTEHIINAIbHO-MUHEPATN3YEMbBIM

TTOYBOBEAEHUE

Ne 4 2023
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Ta0muna 4. ConmepxaHue yriepoja B MyJie MOTEHLMAIbHO-MUHEPAIU3YEMOTO opraHndyeckoro Beuectsa (C,) MOYBEHI
MPU €XerONHOM BHECEHUN MUHEPATbHBIX U OPraHUYECKUX yI0OpeHUit

Ton ombiTa
Bapuant
2011 2012 2013 2014 2015 2016 2017 2018 2019
T/KT TIOYBBI
1 0.56 £ 0.01|0.48 £ 0.00{0.46 = 0.01{0.49 + 0.00|0.44 + 0.00{0.46 = 0.00|0.43 £+ 0.02{0.46 = 0.01{0.32 &+ 0.00
2 0.59 +£0.01(0.56 + 0.00{0.50 & 0.01{0.56 £+ 0.01]0.54 + 0.04]0.52 £+ 0.03|0.60 = 0.00{0.53 £+ 0.02(0.52 + 0.00
3 0.61 £0.02{0.53 = 0.00|0.51 = 0.00{0.57 £ 0.00{0.63 £ 0.02(0.59 & 0.01{0.61 £ 0.00|0.52 = 0.01{0.52 = 0.01
4 0.62 £ 0.02(0.54 = 0.01{0.52 = 0.00{0.56 £ 0.00{0.61 £ 0.02|0.54 £ 0.01{0.59 £ 0.01{0.50 & 0.00|0.44 £ 0.01
5 0.65 £ 0.01(0.53 £ 0.01{0.54 = 0.01{0.53 £ 0.01]0.58 £+ 0.00{0.53 £+ 0.01|0.58 = 0.00{0.49 £ 0.01{0.41 = 0.01
6 0.754+0.01|0.80 = 0.01{0.73 £ 0.02|0.71 £ 0.00{0.80 + 0.02{0.80 £ 0.00{0.77 & 0.00{0.78 £+ 0.00(0.74 & 0.02
7 0.92 £ 0.04|1.14 £ 0.04/0.89 £ 0.00{0.96 £ 0.02{0.96 £ 0.00|1.07 £ 0.00| 1.12 & 0.02]0.96 + 0.00(0.86 % 0.01
8 1.06 £0.02|1.33 £ 0.01|1.04 £0.00(1.14 £ 0.02| 1.41 £ 0.05|1.22 £ 0.00|1.29 £+ 0.02|1.28 £ 0.01 {1.23 £ 0.03
9 1.32 £ 0.03|1.71 £ 0.03{1.24 = 0.00|1.47 = 0.04|1.53 £ 0.04|1.41 £ 0.00|1.44 = 0.01|1.41 = 0.01 |1.42 £ 0.02
10 0.56 £ 0.01|0.43 £ 0.01{0.43 £ 0.00{0.43 = 0.00|0.43 £ 0.01{0.39 £+ 0.00|0.39 £ 0.01{0.41 £+ 0.00{0.35 = 0.01
% o1 Copy

1 5.8 4.9 4.6 4.8 4.4 4.2 4.0 4.0 2.8

2 6.1 5.7 5.0 5.4 5.0 4.5 4.8 4.4 4.5

3 6.3 5.4 5.3 5.5 5.8 4.9 4.9 4.1 4.3

4 6.4 5.6 5.3 5.4 5.7 4.5 4.8 4.0 3.6

5 6.7 5.5 5.4 5.1 5.4 4.5 4.6 3.9 33

6 7.8 7.5 6.3 5.6 6.0 5.8 5.3 5.1 4.6

7 9.5 10.3 7.0 6.9 6.6 7.1 7.1 5.5 4.8

8 11.0 10.8 7.4 6.5 7.7 6.5 6.9 6.4 6.0

9 13.7 13.2 8.1 8.0 7.6 6.7 6.2 6.0 6.1
10 5.8 4.6 4.7 4.3 4.3 4.0 3.9 4.1 3.7

IMpumeuanue. Homepa BapuaHTOB Te ke, UTO U B TaO. 1.

OpPraHMYeCKUM BEIIECTBOM, a 3KCTPEMAJIbHO BBHICO-
KUe BBI3bIBaIU CHIXKeHUe C, 13-32 OTPpULIATEIbHOTO
JIeCTBUSI SKCTPEMaIbHBIX 103 MUHEPATbHBIX YI00-
peHuii Ha coaepXaHWe MHUKPOOHOIT OGMOMAacCH U
POM. Bkian mNpoao/KMTENIbHOCTH IIPUMEHEHUS
NPK B Mexxronosbie kosiebanusi C, B IOUBE paBHSJI-
ca 19%, a mo3el NPK — 13%. B nouse ¢ Bo3pacraio-
MMM JO03aMM HaBo3a cojepxKajaoch B 1.7—3.2 pasa
6oJIbllIe, YeM B HeynoOpeHHOoi mouBe U B 1.7—2.6 pa-
3a, yeM B mouBe ¢ NPK.

B otinuue ot o6mero C,,, 1 Ipyrux myJioB yrie-
pona 9-1eTHee BHECEHME OMHOM 1 TOM XKe 103bl opra-
HUUYECKOTO YIOOpeHUsI He AaBajo KyMYJISTUBHOTO
npupocta C,, NoAAEepKUBas JUILb TOT YPOBEHb, KO-
TOPBI JOCTUTAJICSI TIPUMEHEHMEM COOTBETCTBYIO-
et 1o3bl HaBo3a. Kak ciencteue, emMHCTBEHHBIM
3HaYUMBIM (hakTOpoM n3MeHeHust C, B MOYBE C Opra-
HUYECKUMU YI0OpeHMSIMU ObLia 103a HaBo3a. [1o pa-
Hee TIpeIJIOXKEHHOU I1Kaje 00ecreuYeHHOCTU TMOYB
NOTEHLMAJTbHO-MUHEpaIu3yeMbIM yrjiepoaoM [11]
cepas JecHas ToyBa 0e3 yIoOpeHU U ¢ BO3pacTalo-
mmMu no3aMu NPK MoxeT ObITh OTHECEHA K HU3KO-
Ne 4

TTOYBOBEJAEHUE 2023

obecrieueHHo (0.35—0.75 r/Kr), C €XerogHbIM MpU-
MEHeHMeM HaBo3a oT 25 10 75 1/ra — K cpenmHeobec-
neueHHoi (0.75—1.50 r/kr), a mpu BHeceHuu 100 T/ra
€XeroHo — K BbicokoobecneueHHoM (1.50—3.00 r/kr).

Eure onHa 0cO6G€HHOCTL MHOTOJIETHE TUHAMUKU
MOTEHIUAJbHO-MUHEPAIM3YEMOIO IIyjJla — 3TO IIO-
CTEIIEHHOEe YMEHbIIIeHUE ero n1ojau B coctaBe I1OB.
3a 9 5er BBIpAlIMBAHUSI CEJILCKOXO3STMCTBEHHBIX
KynbTyp nipoueHt C, ot obutero C,,. B mouse 06e3
ynoopeHuit ymeHbIIMiICd B 2 pazac 5.8 10 2.8%, B Ba-
puanTax ¢ NPK —B 1.6 pazac 6.4+ 0.3 103.9£0.6,
a Ipyu BHECEHUM BO3paCTAlOLIMX J03 HaBOo3a — B
1.9 pazac 10.5 £2.510 5.4 = 0.8%. B mouBe 6e3 yno6-
peHuii u ¢ npumeHeHueM NPK cHuxenue nonu C, B
ITOB MorJio 66ITh 00YCIOBIEHO HEAOCTATOYHO ITOJT-
HOI KOMIIeHcalueil MUHEPATN30BaHHOTO OpraHu-
YEeCKOTO BellleCTBA ITOYBHI pasjaracMbIM MaTepura-
JIOM PacTUTEIBHBIX OCTAaTKOB, T.€. MUHEpaJIM3ally-
OHHbIE ITTOTEPU YIJIepoaa ObUIM BbIIIE TTOCTYIICHUS
MOTEeHIMAJIbHO-MUHEPAJIM3yeMOoTro BellecTBa. Ilpu
€3KeTOAHOM IIPMMEHEHUY HaB0O3a MOTJIO pa3BUBaThCS
HAacChbIIlIIeHMEe TIOYBKLI pasjiaraeMbIM CyOCTpaTOM, KO-
[Ja ero KOJIWYEeCTBO MPEBBIIIAeT MUHEPAITU3YIOIIYIO
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Puc. 4. CBs13b pa3MepoB MyJI0B TBepAbIX opraHnyeckux yactuil (1), MuHepaabHO-CBsI3aHHOTO opraHnyeckoro Bemectsa (I1),
MuKpo©6Hoit 6uomaccs (111) u moreHManbHO-MUHEpam3yemoro yriepona (1V) ¢ conepkaHueM B o4Be OOIIETro OpraHn4de-

CKOro yriepoaa (Copr).

CIIOCOOHOCTh MMKPOOPraHU3MOB, JIUOO MMEJIO Me-
CTO CHUCTeMaTHhuYecKoe mpeobiianaHue TPyIHOMUHE-
paau3yeMBIX KOMIIOHEHTOB, IMOCTYMNAIOIIMX C HAaBO-
30M, Haj JIeTKOMUHepann3yeMbiMu. He3aBucumo ot
npuurH, C,,. B NOYBE HAKAIUIMBAETCS TPEUMYIIIE-
CTBEHHO B OMOJIOTMYECKU CTAaOMJIILHOM COCTOSIHWU,
T.€. TTIOABEPTaeTCsl pealbHOIM CEKBECTPALIVIMN.

CooTHOIIEHUS U B3aMMOCBSI3M CTPYKTYPHBIX M MPO-
neccHbix rpynm myjoB ITOB. /17151 omHUX U TeX XXe Ba-
PMAHTOB M CPOKOB OTOOpa o0Opas3lioB Bapuadeb-
HOCTb comepxanus C,,. B mouBe cocrasnsa 32%, a
yn0B Cpoym B Cyaom COOTBETCTBEHHO 83 11 14%. Ko-
3 PULIMEHT U3MEHUMBOCTHU MPOLIECCHBIX MYJIOB C,,
u C,, paBHsuics 54 u 51% cootBeTcTBeHHO. Comepxka-
HUe yrjiepoia B CTPYKTYPHbBIX U MPOILIECCHBIX ITyjax
JOCTaTOYHO TECHO KoppeaupoBano ¢ obmum C,,.
(puc. 4), moeTOMY 3TH 4 ITyja CIEAYIOT CYMTaTh OCHO-
BOIIOJIaraloliMMy MPU MOHUTOPUHIE CBOMCTB U AU~
Hamuku [TOB. YBennmunBas cogep:kaHue B TOYBE Op-

raHUYeCcKoro yriepozaa Ha 1 T/KT ¢ TOMOIIIbI0 TIpuMe-
HEHUsI MUHEPAIbHBIX U OPraHUYECKUX YIOOpPEeHUil,
MOXHO YBEJINUMUTb pasdMepbl y0B Cpoy U Cypraon HA
0.58 u 0.27 r/kr noussl, a C,,,,, 1 C; Ha 0.02 u 0.08 r/kr
COOTBETCTBEHHO. B paHee BBINMOJIHEHHBIX 0000IIIe-
Husx ipudaBka Cpoy 4 C) B TOYBaX Pa3HbIX TUIIOB U
3eMJIETIONIb30BAHUI OT YBEJIUYEHUS COAepXKaHUS
Copr Ha 1 1/kT mouBbI oieHuBanach B 0.23 u 0.02 r/kr
COOTBETCTBeHHO [11, 12].

Pa3mepbl CTpyKTYpHBIX ITYJI0B ObLIU OOJIbIIIE TTPO-
LIECCHBIX B clienyrolleil nocnenoBateabHOCTH: Cyaom ~
> Cpom > Cp > C, k- [Ty moTeHIIMATTBHO-MUHEPATIU -
3yeMOro yriepoja OblI Bcerma 00Jibllie MUKPOOHOTro
myJia B cpeaHeM B 3.5 pasa, Bapbupys Mo rogam 6e3
Kakoii-1100 OTUeTIMBOI 3aBUCUMOCTU OT BUA U 10-
3bl yn0oOpeHus, Torna Kak oTHoweHue Cyaom K Cpom
CWJIbHO MEHSIIOCh B 3aBUCUMOCTHU OT KOJIMYECTBA IO~
CTYIIAIOIIEro B IMOYBY HaBo3a. B Heyn1oOGpeHHol rmou-
Be oTHOIIEeHUE Cyaom K Cpom PABHSIOCH 5, B Bapu-

ITOYBOBEJEHUNE

Ne 4 2023
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Puc. 5. PerpeccuoHHBIe 3aBUCUMOCTH COZIEpKaHUIA yriepoa B IyJ1ax TBepAbIX opraHndeckux ewecTs (Cpop), MUHEPATBHO-
CBA3aHHOrO opranuyeckoro seectsa (Cypaon), MUKpOOHOI 6uomaccesl (C,; ) U NOTEHLMAIbHO-MUHEPAIU3YEMOTO Opra-
Huueckoro Bemectsa (Cg) moussl. [Tpumedanne: csasb Cyaonm € Cp HE JOCTOBEPHA.

anrax ¢ NPK — 4, a ¢ nozamu HaBo3a 25 u 100 T/ra —
3 u 1. IoctoBepHas koppeasiuus Cpoy € Cpaoms Co U
C,ux SBIISIETCS €llle OMHUM TMOATBEPXKIEHUEM TOTO,
YTO TBEpIble OPraHMYECKME YacCTULIbI SBJISIIOTCS
NpealIeCTBEHHMKOM MUHEpPaJIbHO-CBI3aHHOTO Op-

TTOYBOBEJEHUE Ne4 2023

TAaHUYECKOTO BeIIeCTBA M TPSIMBIM HMCTOYHUKOM
MHMKPOOHO# GUOMAacchl U MOTEHIMATbHO-MUHEpa-
JIU3yeMOTO OpraHuyeckoro BeiectBa. M3 ypaBHe-
HUIi perpeccuu, NMpencTaBiIeHHbIX Ha puc. 5, cliety-
eT, 9To 1 1/Kr Cpoy MoxeT matb 0.30 /KT Cyaoms
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0.04 C,,,,x 1 0.12 r/kr C,. PaHee Ob110 TTOKa3aHO, YTO
Bo dpakuuu POM conepxurcs B 2.8—7.6 pa3 60j1b-
e Cy, 4eM B LIeJIbHOM 00pasiie MOYBbI, CTENIEHb MU-
Hepanuizanuu POM seimie, yem ITOB B 1.2—2.4 pa3a,
a yBeJImIeHHue comepxkaHus B mouBe Cpgy Ha 1 T/KT
JaeT MPUPOCT NOTEHIIMATIbHO-MUHEPATIN3yeMOTIO yT-
Jepona Ha 0.07 r/kr [12].

MukpobHast Oumomacca SBISIETCS COCTaBHBIM
KOMITOHEHTOM U MOAEPaTOpOM MOTEHILIMAJIbHO-MU-
Hepamm3yemoro 1yia I[TOB. B cBoro ouepens moteH-
LIMAJIbHO-MUHEPAIM3yeEMOE OpraHUYeckoe Bellle-
CTBO XapakTepu3yeT OIHOBPEMEHHO IOCTYMHOCTb
OpraHMYeCcKoro BellecTBa MUKPOOPraHM3MaM U Cro-
COOHOCTh MUKPOOPTaHU3MOB MCIOJIb30BaTh YIJIEPO/I
B CBOEil XXW3HeAesTeIbHOCTU. B3anMOCBsI3b MUK-
pOOHOTro U MOTEHIIMAJIbHO-MUHEPAIM3yeMOro MyJI0B
MTOYBEHHOTO yIJIepoa MOATBEPKAAETCS TECHO KOp-
pensuueit mexny C,,, 1 Cy, a TaKKe, Kak MoKa3aHo
BBILIIE, OIU3KUMU Ko3(dduiimeHTaMy BapruadeIbHO-
cTtu 3HaYeHui. Ho poirs MUKpoOHOTO Mynna yriepoaa
HEe OTpaHUYMBAETCSI B3aUMOCBSI3bIO C MOTEHIIMAb-
Ho-MuHepamu3yeMbiM ItyioM [1OB, a mposBiasercs
TakXe B (DOPMUPOBAHUM MHUHEPATbHO-CBSI3aHHOIO
opranuueckoro seuectsa. Eciu Bkian Cyaonm B I1O-
TeHIMabHO-MUHepanu3yemblit myn [TOB Obu1 He
noctoBepHbIM, TO MeXIY Cyaom U C, iy OOHAPYKU-
Bajach mpsiMasi JIMHelHas cBsi3b. ComiacHO pacye-
TaM, YBeJIUUEeHHUE B TIOYBE MUKPOOHOTO yriepoaa Ha
1 r/kr MorJjio 66l 1aThb 5.92 r/Kr MOYBbl MUHEPAJIbHO-
CBSI3aHHOTO OPTaHUYECKOIO BEIIECTBA.

SAK/IIOYEHHME

buo-dusnyeckoe pasnenenue [TOB Ha yriepon-
HbIe TIYJIbl SIBJISIETCSl PACIPOCTPAHEHHBIM CITOCOOOM
OLIEHKM TMPUPOJbl, CBOMCTB, 000pAaYMBAEMOCTU U
dyukuuit [IOB. IlenocTHOCTh, aBBTOXTOHHOCTH 1 CO-
xpaHHocTh [1OB co3nmaioTcst cTpyKTYpHBIMU ITyJIaMU
TBepAbIX opraHnyeckux yactull (Cpoyp) U MUHEPATIb-
HO-CBSI3aHHOTO opraHuyeckoro semectBa (Cyaom)s
KOTOpPBIC BBIACISIIOTCS TPaHyJIOMETPUUECKUM (ppak-
MoHupoBaHueM. MukpoOHas Ouomacca (C,,,) u
MOTEHIIMATIbHO-MUHEPAIU3YEMOE OPTaHUYECKOE Be-
mecTBO (Cy) OTHOCSTCS K MPOLIECCHO rPyIIIe MyJ10B
M XapaKTepu3yIT PeaKTUBHOCTb, TpaHCHOpMUpye-
MocTh U 6uoakTuBHoCTh [TOB.

MHoroseTHee eXerogHoe IpPUMEHEHUe MUHe-
paJIbHBIX U OPraHUYECKUX yIOOpEeHUId YBEIUUMBAIIO
3amnacel C,, B CEpOIi JIECHOM TTOYBE 110 CPABHEHUIO C
HeymoOpeHHBIM KoHTposieM Ha 5—10 u 38—83% co-
OTBETCTBEHHO B 3aBMCUMOCTH OT BHOCHUMBIX 103.
Yem OoJibllie MOCTYIIAJO yIjiepoda ¢ HaBO30OM, TeM
MeHblIIe BHECEHHOTO C,, YIEPXKUBAIOCH B IIOYBE U3~
3a HaChIIIEHWS MOYBbl OPraHUYECKUM BEIIECTBOM.
Huxuwuii mopor HacklieHust mouBbl C,,. COOTBET-
ctBOBaJ 2.34% OT MacChl ITOYBHI IPY CYMMAapPHOM ITO-
crymiaenuu ot 700 mo 900 T/ra (50—65 T C/Ta) cBeXe-
ro HaBO3a KPyMHOro poratoro ckota. [TojiHoe Hachi-

CEMEHOB wu np.

IIeHNEe MaXOTHOM Cepoil IeCHOM MOYBHI YIIIEPOIOM
cooTBeTCTBYeT comepxanuio C,,. 2.75% ot macchl
MOYBHI U gocturaercs BHeceHueM 1300 T/ra HaBo3a.
ITyn Cyaom HachIIIANCA YIJIEPOAOM, KakK MpU MUHE-
paJIbHOM, TaK U MPU OPraHUYECKOM yI10OpEeHUHU, TO-
raa Kak HacslileHue myja Cpgoy IOCTUTATOCH JIUIID
BHECEHHEM DKCTpeMabHbIX 103 HABO3a.

[1pu MuHEpaTbHOM yIOOPEHWHU B IIOYBY ITOCTYyIIA-
IOT TOJIbKO PacTUTEIbHbIE OCTaTKU, a IIPY OpraHude-
CKOM — pacTUTEIbHbBIE OCTAaTKUA U HaBO3. Pa3nuuus B
KOJIMYECTBE M KAYECTBE ITOCTYIIAIOIIETO B IIOYBY HO-
BOI0 OPraHMYECKOro MaTrepuaja Io-pa3HOMY OTpa-
KaJIMCh HA pa3Mepax U COOTHOILIEHUSIX CTPYKTYPHBIX
nysioB yriaepona. Ilyn TBepabIX opraHMYECKHX Ya-
ctul 6osiee oOoraileH yriiepoaoM, YeM LeJbHbI 00-
pa3zell MOYBHI, a ITyJI MUHEPaJIbHO-CBSI3aHHOT'O BEIIIe-
cTBa, Hao0opoT, obemHeH. OtHoeHus: C/N B 11e10i
nouBe, POM 1 MAOM ¢ MHTEeHCUBHBIM NpUMEHE-
HUEM MUHEPAJIIbHBIX W OpTraHWYEeCKMX YHOOpeHUIA
cooTBeTCTBYIOT ITporopuumu 1 : 1.4 : 0.78. [TocTymnaio-
11Ie€ B IOYBY OPTaHUYECKOE BEIIECTBO PACTUTEILHBIX
OCTaTKOB W HaBO3a HaKaIUIMBaJOCh MpeuMylle-
CTBEHHO B IIyjle TBEPIbIX OPraHMYECKUX YaCTHIL.
IIpuMeHeHMe MUHEPaTbHBIX YIOOpEeHMI JaBajIo cja-
Ob1it mpupocT Cpy IO CPABHEHUIO C HEYTOOPEHHBIM
KOHTPOJIEM M HE MPUBOJAMIO K HAKOTUIEHUIO Cyaom-
ITpu BHeceHuu HaBo3a conepxkaHue Cpgy YBEIUUU -
Bajioch B 2.1-5.2 paza, a Cyaom — B 1.2—1.3 paza.
Pasmepnl mysna Cpp)y 3aBUCEU B OCHOBHOM OT JO3bI
MUHEpaJbHBIX U OPraHUYECKUX YIOOpEHMIA, Toraa
KakK Cyaom — OT JJIUTEABHOCTY NPUMEHEHUS yI00-
pEHUN.

Xots B mpoueccHbIx nynax C,,,, u C, cocpenoro-
yeHa Hebonbias yactb C,, (0.8—3.7 n 2.8—13.7%),
TOYHOE U3MEpPEHMUE yIiaepoja B 3TUX MyJaX BaXKHO
JUTST OLIEHKM MOTOKOB yriaepoaa. MUuKpoOHbIi U Mo-
TeHILMILHO-MUHEePpaIn3yeMblil TIyJIbl yIjiepoaa B3a-
MMOCBSI3aHbI MEX]Y COOOI 1 B 11€JI0M OITMHAKOBO pe-
arupyloT Ha MUHepaJibHbIe M OpTaHUYECKHUE YI00Ope-
HUS: YBEJIMUMBAIOTCS C TTIOBBILLIEHUEM J03bl HABO3a U
yMeHbINaTcsd ¢ yBeamdeHneM n1o3sl NPK. MHoro-
JIeTHee MpUMEHEeHNWe HaBO3a He JaBajlo KyMYJISITHUB-
Horo npupocTa C,, B TouBe, MOAAEPKUBas JIULIb TOT
YPOBEHb, KOTOPBIU TOCTUTAJICS TIPUMEHEHUEM COOT-
BETCTBYIOLIEN 103bl HaBo3a. HakoruieHue B 1ouBe
Copr IPY MHOTOJIETHEM NPUMEHEHUH OPTAHMYIECKUX
ynoopeHuii u ymepeHHbIX 103 NPK npoucxomuiio 3a
cyeT OHOJIOTUYECKU CTaOMJIBHOTO OPraHWYEeCKOTO
BeEllleCTBA.

TBepable oOpraHUdYecKUe YaCTULILI —SIBJISIIOTCS
MPENIICCTBEeHHUKOM MUWHEPaJIbHO-CBSI3aHHOTO Op-
FaHUYEeCKOTOo BEIIeCTBA W TIPSIMBIM HCTOYHHKOM
MUKpPOOHO#I GMOMAacChl U MOTEHIMAILHO-MUHEPA-
JIN3yeMOro oOpraHuuyeckoro BelecTBa. I[IpoayKThl
pas3IoXKeHUS ITOCTYIAIOIIETO B MOYBY OPraHNIeCKO-
IO BellleCTBA U OTMEpILE MUKPOOGHOIT GOMAaCCHI 00-
PasyIoT Iyl MUHEPAJIbHO-CBSI3aHHOTO OPraHUYECKOTO
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BelecTBa. MuKpoOHas 6omMacca SIBISIETCSI COCTaB-
HBIM KOMITOHEHTOM 1 MOAEpPaTOPOM ITOTCHLIMAJIbHO-
muHepanusyemoro 1ryia [I0B, a noTeHIImaabHO-MU-
Hepalm3yeMoe OpraHUIeCcKoe BEIIECTBO XapaKTepH-
3yeT OJHOBPEMEHHO U JOCTYITHOCTh OPraHUYEeCKOTO
BellleCTBa MUKPOOPTaHM3MaM U CIIOCOOHOCTh MUK-
pPOOPTaHU3MOB HCIIOJIb30BaTh UMEIOIIECST 3aMachl
yriaepoma.

MuHepanbHbIe yIOOpEHUS B 3aBUCUMOCTH OT J0-
3bI MOTYT OBITh KaK CPEACTBOM IOAACPKAHUS 3ara-
COB OpPTaHMYECKOIO BEIIeCTBA B IOYBE, TaK Y IIPUY M-
HO Aerpagalyy CTPYKTYPHBIX U IPOLICCCHBIX MTYJI0B
ITOB. OmauM M3 cocoOGOB BOCHOJHEHUS paHee
yTpayeHHBIX 3aI1aCOB OPraHUYECKOTO yrieposa B ma-
XOTHBIX ITOYBaX B pAMKax peKapOOHMU3ALIUU arPOIKO-
CHUCTEM SIBJISIETCSI €XKEerOAHOES BHECEHUE B MOYBY BhI-
COKMX 103 HaBO3a KPYIMHOI'O pOraToro cKora BILJIOTb
10 aKcTpeManbHbiX. Ho 3Ta TeopeTryeckast KOHIIE -
LU BPSII JIM OCYIIIECTBMMA B IPAKTHKE.

OPMHAHCUPOBAHUE PABOThHI

Pab6ora BrimtorHeHa mpu nomuepxkke Poccuiickoro Ha-
yaHoro ¢oHaa, mpoekt Ne 22-26-00100.

KOH®JIMKT MHTEPECOB

ABTODBI 3asIBJISIIOT, YTO Y HUX HET KOH(MJIMKTA UHTE-
pecoB.

JOITOJITHUTEJIBbHBIE MATEPUAJIBI

Ta6auna S1. ExxeromHoe M cyMMapHOE TOCTYIUIEHUE
yriaepona W TMTATeJIbHBIX BEIIECTB B ITAXOTHYIO CEPYIO
JIECHYIO TTIOUYBY C MUHEPATbHBIMU U OPTAHUYECKUMMU yI00-
PEHUSIMU, T/M>.

Tabauna S2. CopepkaHue OpraHUYECKOTO yTriepoja
(Copr) B MOUBE MPU €XETOTHOM BHECEHUU MUHEPAIBHBIX U
OpraHMYeCKUX YIOOpEeHU B IIATUITOILHOM CEBOOOOPOTE,
I'/KT BO3AYIIHO-CYXOi TTOYBBI.

Taonuua S3. BaussHue IINTENTbHOCTU BHECEHUS U JO-
3bl MUHEPAJIbHBIX U OPraHUYEeCKUX YAOOpEeHUt Ha pa3Me-
pbI YJIOB OPraHUYECKOTO YIJIEpoaa B OYBE.

Puc. S1. U3meHeHMs conepKaHUSI OPTaHNYECKOIO YT-
Jiepoia B IOYBE B T€UEHUE 9-JIeTHEr0o MPUMEHEHUSI MUHE-
PaIBHBIX U OPTaHUYECKUX yIOOpeHUI B BO3paCTaIOIINX
JTo3ax.

Puc. S2. U3ameHeHusI conepKaHUsi OpraHUYeCKOro yr-
JIepoJia B TIOYBE TIPU €KEeTOTHOM IIPUMEHEHUY MUHEPATTh-
HBIX ¥ OPTaHUYECKUX YIOOPEHUI B BO3pacTaOIMINX 103aX.

Puc. S3. CootHouienue C/N B TOYBEHHOM OpraHuye-
CKOM BEIIIeCTBE U B IYJIaX TBEPIBIX OPTAHNIECKUX TACTHI]
Y MUHEPaAJbHO-CBA3aHHOTO OPTaHUYECKOTO BELECTBA.
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Sizes and Ratios of Organic Carbon Pools in Gray Forest Soil
under Long-Term Application of Mineral and Organic Fertilizers
V. M. Semenov" *, T. N. Lebedeva!, N. B. Zinyakova!, and D. A. Sokolov'

!Institute of Physicochemical and Biological Problems in Soil Science, Russian Academy of Sciences,
Pushchino, 142290 Russia

*e-mail: v.m.semenov@mail.ru

Soil organic matter (SOM) is proposed to subdivide into structural and process pools. Structural pools in-
clude particulate organic matter (Cpg)y) and mineral-associated organic matter (Cyaonm), and process pools
include microbial biomass (C,,;.) and potentially mineralizable organic matter (C,). The studies were carried
out in a long-term microfield experiment on gray forest soil (Luvic Retic Greyzemic Phacozems (Loamic)).
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Mineral (N 90—360, P205 75—300 and K,O 100—400 kg/ha) and organic (fresh cattle manure from 25 to 100 t/ha)
fertilizers in increasing doses were applied annually for 9 years. The increasing in soil organic carbon (C,,)
stocks from NPK and manure was 5—10 and 38—83%, respectively. The application of extreme doses of ma-
nure (700 to 900 tons/ha in 9 years) led to saturation of the soil with organic carbon. SOM pools sizes de-
creased in the sequence Cyaom > Cpom > Cp > Cyyie, amounting to 7.91—-12 g/kg (50—84% of C,,), 0.76—
12 g/kg (8—50%), 0.32—1.71 g/kg (2.8-13.7%) and 0.09-0.56 g/kg (0.8-3.7%), respectively. Cpgy pool size
depended mainly on the dose of mineral and organic fertilizers, and Cyjsopm depended on the duration of fer-
tilizer application. Both C_;. and C, pools increased with the manure dose and decreased with the NPK dose.
The long-term manuring did not produce a cumulative accumulation of Cj, in the soil. It is emphasized that
the separation of structural and process pools can be used for monitoring of SOM quality and functions.

Keywords: soil organic matter, C,,, sequestration, storage, particulate organic matter, POM, mineral-asso-
ciated organic matter, MAOM, potentially mineralizable organic matter, C,, microbial biomass, C,;.

TTOYBOBEJEHUE Ne4 2023



