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B MUKpOTIOJIEBBIX OMBITaX, IPOBEACHHBIX Ha CEPOIi JIECHOI ITOYBE, M3yYeHbI U3MEHEHUsT (DOPM Kasusl 1oz
BJIMSTHUEM BHECEHUSI MUHEPAIbHBIX YIOOPEHUI M paCTUTENBHBIX OCTaTKOB. [ToKa3aHo, YTO TMTOYBEHHBII
KaJIii, comepKalluiicsi B BOOOPACTBOPUMOM U JIETKOOOMEHHOI (hopMe, U3MEHSIJICS B IIIMPOKUX TMpeesiax.
B ycnoBusx 2012 r. npu BHecenuu K60 Ha ¢oHe azora u ¢pocdopa 1o cpaBHEHUIO ¢ KOHTPOJIEM BO3POCIIO
conepkaHue BOIOPaCTBOPMMOTO KaJlvsi MPUMEPHO B 2, JIETKOOOMeHHOTo — B 4 pa3a. B ciyyae 3anmenku pactu-
TEJIbHBIX OCTATKOB B TIOYBY CONlEp>KaHUe KaJlvsl B BOIOPACTBOPHMMOI (hopMe MOBBICUIIOCH B 2 pa3a, JIeTKOOOMeH-
Hoi1 — B 2.5 pa3a cootBeTcTBeHHO. ConeprkaHre 0OMEHHOTO KaJlvsi U3BMEHSUIOCH B BapMaHTax MaJjlo, UBMEHEHUS
3aTparMBajiM B OoJibllieii cTeneHM HeoOMeHHyIo ¢opmy. B yacTHoCcTH, comepkaHne HEOOMEHHOIO Kaius B
2018 1. 110 cpaBHEHMIO ¢ 2012 T. cHM3MITOCH B 1.5—2.0 pa3a, 4To IToTpeboBalio co3naHus 00jiee HaneXKHOM OCHO-
BBI 15T HOJIyYeHUST OOBEKTUBHOM MH(MOPMALIMK O COCTOSTHUM KaJIMITHOTO (hOH/IA ITOYB JIECOCTeTHOM 30HEL. 1o
piusiHueM K-ymoOGpeHuit B coyeTaHUM C pacTUTEIbHBIMU OCTaTKaMU CTa0WIM3UPOBaIach MPOIYKTUBHOCTh
pacTeHUid, ¥ MPY 3TOM CKIIaIbIBAJICS MOJIOKUTEIbHBII OaJlaHC Kajus B TTIOUBE.
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BBEAJEHUWE

ITonydyeHne ycTOMYMBO BBICOKOM NMPOAYKTUBHO-
CTH CEIbCKOXO3SIMCTBEHHBIX KYJbTYpP HEBO3MOXKHO
IoOUThCS Oe3 HaIeXXHOTO OOecIedeHMsI pacTeHU
KanuiiHbeIM TuTtanueM [1, 2]. OcobeHHOo ocTpo Takas
cuTyalusi BOZHMKAeT Ha II0YBaX JIETKOro IpaHyJIo-
MeTpUIecKoro cocrtana [3, 4], monBep>KeHHBIX BOII-
HOM M BETPOBOM 3po3uu [5, 6], npu pasMelleHUU
KYIBTYpP B CUCTEME CEBOOOOPOTOB 03 JOCTATOYHOTO
000CHOBaHUS CIEIIM(MPUKN KOHKPETHBIX MTOYBEHHO-
KJIMMaTU4YeCKMX yciioBuii [7, 8]. Bce aTo oTpaxkaercs
Ha 3KOJIOTUYECKOM YCTOMYMBOCTM arpoleHO30B K
HeOJIarONPUSITHBIM YCJIIOBUSIM OKpPYXKAIOIIEei Cpebl
[9] u, xaK ciaeacTBUE, HEPEIKO BBI3BIBAET CHIDKEHIE
MPOAYKTUBHOCTU KyJIbTyp. PemeHue maHHO mpo-
OJ1eMBI 3aTparunBaeT 0COOEHHOCTH 3aAEKH COJIOMBI B
naxoTHBINA cioit [10, 11], TOMCK ONTUMAaNBHBIX H03
MUHEPAJIbHBIX YIO0OpEeHUI, N3y4eHHOCTh KOTOPHIX B
HACTOSIIIIee BPpeMsI CUJIbHO OTJIMYAETCS MEXIY CO00I
Kak B reorpaMueckoM, TaK M MOYBEHHO-IKOJIOI M-
YyecKoM acriekrax [12, 13].

Oob6ocHoBaHa crienudrKa KaJWNHOTO ITUTAHUS
pactenuii [ 14, 15], ocHoBaHHasI HA U3yYEeHUU BIMSTHUS
JUTATEJIbHOTO MPUMEHEHHs yToOpeHMit Ha pa3HbIX TH -
rax I0YB, BBISIBJICHUU TOKa3aTelieil, XxapaKTepusylo-
IINX WX KaJUMHOE COCTOSIHUE B arpolieHo3aX. YcTa-
HOBJIEHO [16], 4TO ypOXaiiHOCTH O3UMOM ITIIEHULIbI
>30 11/Ta MOXKHO TIOJTYYUTh BO BCEX MIOYBEHHO-KIIMMA-
TUYECKUX 30HAX CTPaHbI TOJHKO HAa BBICOKOOKYJILTY-
PEHHBIX TIOYBaxX. BHeceHUe MOJIHOTO MUHEPabHOTO
ynoopeHust N90P90K90 crmoco6CTBOBaAIO MOBBIIIIE-
HUTIO coiepKaHUs Bcex (popM Kanus B ITouBe Ha 20—
50% [17]. B MuHepaabHOM MMUTAaHUM pacTeHUI 3Ha-
YUTEIBHO JIydllle M3ydeHa IpobJieMa, CBSI3aHHAsI C
U3y4EeHUEM POJIM PACTUTENIBHBIX OCTATKOB B @30THOM
peXMMe OYB U IIPOAYKTUBHOCTHU pacTeHUiA. OmTHaKO
KpaiiHe HeJOCTaTOYHO MPOBEAECHO UCCIeIOBAaHUM, HA-
MPAaBJIEHHbIX HA BbISCHEHUE PO PACTUTEILHBIX
OCTaTKOB M UX COYETAHUSI C MUHEPAJTBHBIMU yIOOpe-
HUSIMU B (DOPMHUPOBAHUN KAIMITHOTO (POHIA TTOYB.

exs pa®bOTBI — N3YYUTH COCTOSTHNE (DOPM KaJTHST
B CEpoi JIECHOI MoYBe M OOOCHOBaTh 3P(PEKTUB-
HOCTh IIPUMEHEHUSI MUHEPAITbHBIX yIOOpEHUM TIpu



4 HA3APIOK, KAJITUMVYJIIIMHA

Mr/100 T
0.18 -
0.16 +
0.14
0.12 §§ 2
0.10 -
008 I~ 2
§ 3 gs B
0.06 - Eét
SR
0.04 %*it
s 3 :%t 3
0.02 4 5 E?’én 7
0 RSN

o N 2081

Puc. 1. BiussHue MuHepalbHBIX YIOOpPEeHUI U pacTUTEIbHBIX OCTaTKOB (PO) Ha aKKyMYJISILIAIO BOJOPACTBOPUMOIO Kalus B
no4YBe, BAapMaHThIL: 1 — KOHTPOJIb 0€3 ynoopenuit, 2 — 3anamka PO, 3 — N30P20K30, 4 — N30P20K30 + PO, 5 — N60P40K60,

6 — N60P40K60 + PO, 7 — N90P60K90, 8 — N9OP60K90 + PO.

3aMaxXuBaHUU PACTUTEIIBHBIX OCTATKOB B CUCTEME CE-
BOooboOpoOTA.

METOAMNKA UCCIELJOBAHUA

M3yuenue 3¢ppeKTMBHOCTH BHECEHUSI MUHEPATb-
HBIX yIOOpEeHUI 1 3a0eJKHN B TI0YBY COJIOMEI IIPOBO-
JIVJIA B MOJIEJIbHOM IIOJIEBOM CEBOOOOPOTE C Yepeao-
BaHMEM KYJIBTYp: OBeCc copra PoBeCHHMK—SYMEHBb
copta Aua—rmmeHuiia copra HoBocubupckas 22 ¢
2014 1o 2016 r. YueTHaa mroanh OEJISHKA COCTAB-
nsna 1 M2, TTouBa ONBLITHOTO yYacTKa — cepasi JiecHast
CPEMHECYINIMHUCTOIO IPaHyJIOMETPUYECKOTO COCTa-
Ba, cj1ab0 oboraiieHa rymycoM (3.94%), nmena HU3-
Koe conepxkaHue oomMeHHoro kanus, pH 7.2. ITouBy
KaXXaoi JeassHKM o0opadyuBaliv ITIOJUATUICHOBOM
TUICHKOM Ha IITyOMHY IaxoTHoro ciosi. [louBeHHBIE
o0Opa3lbl OTOMpaiM BECHOIl M OCEHBIO, PaCTUTEIIb-
HbIe — B (pa3ax KyIIeHUs U YOOPKHU ypoxKasl.

INoTpeOGHOCTD pacTeHMiT B MaKpOdJeMEeHTaX pac-
CUMTBIBAIIN, UCXOIA M3 3 GEKTUBHBIX 103 MIUHEPATh-
HBIX YIOOpEHMII, YCTAHOBJICHHBIX paHee B ITOJIEBBIX
onbiTax [18, 19]. B kauecTBe opraHuyecKkoro yaoope-
HUST VICTTONTB30BAIN TIOSKHUBHBIE 1 KOPHEBBIE OCTATKU,
HaJI3eMHYIO BETeTaTUBHYIO MAcCy 3€PHOBBIX KYJIBTYD
(conomy), KOTOphle U3METbYalIM IT0CIIe YOOPKM ypOoxKast
U 3aTeM OCEHBIO 3aIe/TBIBAJIN B TTOYBY.

AHaJTMTUYECKYIO pabOTy BBIMOJHSIM B TpEXKpar -
HOM MOBTOPHOCTU CJIEAYIOIIMMU METOAaMU: COIep-
KaHWE BOJIOPACTBOPUMOTO Kajivsl OIPEAEsId MpU
B3aMMOJICICTBUM BOABI C IIOYBOM B COOTHOIIEHUM
1:5, nerkoodbmeHHoro kanus — B 0.005 H. CaCl,, 06-
meHHoro — B 1 H. CH;COONH, (1o MacnoBoii), He-

oobmeHHoro — B 2 H. HCI (mo IMuenkuHy). 3amachl
MOYBEHHOTO KaJIWSI PACCUYUTHIBAIN, UCXOISI U3 CO-
Jiep>KaHusl 2JIeMeHTa (JaHHbIe MOJyYeHbl HaMu) U
TUIOTHOCTH CJIOXKEHMSI LIS CepOoii IeCHOM mouBklI [20].
JoCcTymHbBIN s pacTeHUI KaJTUWHBINA ITyJ1 B TIOYBE
OTIpeNEeISLIN KaK CYMMapHYIO BEIMYUHY BOJOPACTBO-
PUMOIi, JIETKOOOMEHHOI1, 0OMEHHOIT 1 HEOOMEHHOI
dopmM. Tlomaranu, 4To CTPYKTYPHBIM U MaTpUYHBIA
KaJauii Mpu NpUMEHEHUN MUHEPATbLHBIX YIOOpEHUIA
BPSII JTU MOXKET UMETh CYyIIIECTBEHHOE 3HAaUEHUE B Ka-
JIMAHOM TIUTAHUU PACTECHUM.

PE3VIIBTATHI 1 UX OBCYXIEHWE

HMccnenoBanue rnoxkasano, UTO B HaYaJIbHbBIN Me-
puon ocBoeHusi ceBoobopoTa (2012 r.) MUHUMAaJIbHOE
coliep>KaHWe BOJOPACTBOPHMMOTIO Kajiusl B IOUBE Obl-
JIO OTMEYEHO B KOHTPOJbHOM BapuaHTe (puc. 1).

3amesika B IOYBY PACTUTEILHBIX OCTATKOB 3aMeT-
HO TOBBICUJIA COAEPXKAHUE KaJIMEBBbIX COCAUHEHUIA,
YTO CBA3aHO C aKTUBM3alMEl Nepexona Jierkopac-
TBOPUMBIX COJIeii B TIOYBEHHBII pacTBop. BHeceHue
MUHUMaJbHOM n03bl ynoopenuit N30P20K30 6e3
PACTUTENIBLHBIX OCTATKOB IMPAKTHUYECKU HE OTpasu-
JIOCh Ha JaJibHeiIIeM MOBBIIIEHUN COIEPXKaHUS BO-
JIOpacTBOPUMOIO Kalausl B IIOYBE, UYTO CBUACTCIIb-
CTBOBAJI0O O NPUMEPHO OOUHAKOBOM BO3IEHCTBUM
PaACTUTENIBLHBIX OCTATKOB W MMHEPAJIBHBIX yIo0Ope-
HUI Ha MOYBY MPU YCBOSHUM 3JIeMEHTA M3 MTOYBEH-
HOro pactBopa. M TOJNBKO TpU YBEIUYEHHU OO3bI
asoTa, ¢pocdopa 1 Kamms B 2 pa3a BO3POCIO KOJIMUIE-
CTBO BOJIOPACTBOPUMOTO Kajusl, MpUUYeM BHECEHUE
MUHEepaTbHBIX YIOOPEHWI MHOTAA MOTJIO UMETh He-
ATPOXNMUI

Ne 11 2023
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KOTOpO€ MNPEMMYIIECTBO IIEpe] OpraHU4YeCKUMMU.
BHecenune makcumainbHoi 10361 NPK B HavambHBII
Mepuo BereTaluy KyJIbTyp 00eCIIeYIO CAMOE BbI-
COKO€ cofepKaHMe BOJOPACTBOPUMBIX COJIEM Kalus
B IIOYBE.

B pe3ynbprate 00OMEHHBIX IIPOIIECCOB COJIEPKaHUE
BomopacTBopuMbIX ¢popM K* crabunusuposaiocs Ha
OIpeneIeHHOM YPOBHE COAEpKaHUSs Kalusl B TTIOYBeE.
ConepkaHue BOAOPACTBOPUMOTO Kajlusl 3a IJIUTEb-
Hblit nepuox (¢ 2012 1o 2018 IT.) CHU3MIIOCH BO BCEX
BapHaHTax oItbiTa mnpuMepHO B 1.5—2.0 pa3za. Mckiio-
yeHHe cocTaBui auinb BapuanT N60P40K60, B KoTo-
pOM cofiepXkaHre BOAOPACTBOPUMOTO Kajlus B TOUBE
B pa3Hble MePUOIbl ObLIO OMUHAKOBBIM U COCTaBUIIO
0.5 mr/100 1. ITomaraem, 4TO 3TO CBSI3aHO C pa3Idd-
HBIM YCBOCHMEM KaJIUsl paCTEHUSIMU 13 BOAOPACTBO-
puMoii (hopMbl B HaYaJIbHBII MEPUOI U B KOHIIE PO-
TallMy, YTO MPUBEJIO K BhIPABHMBAHUIO MMOUYBEHHBIX
MPOLIECCOB. DHEPTreTUYeCKue 3aTpaThl, CBSI3aHHbBIE C
nortoleHeM noHoB K+ kopHeBbIMU BoslockamMu Oy-
IIyT, OYEBUIHO, CYIIECTBEHHO MEHbIIIe B HaYaIbHBIA
Mepyoa CeBOOOOPOTa, YeM B 3aKJIIOUMTEINIbHBIN, YTO U
CcKa3aJIoCh Ha pacIipeeJIeHUU 3JIeMeHTa B 3Toii (hopMe.
Hawubosiee BbICOKOE comepkaHue BOIOPACTBOPUMOIO
Kaust 6put0 B BapuaHTe N9OP60K90 + pactutenbHble
octratku (PO) B 2018 1. 1 MUHUMAJILHOE — B KOHTPOJIb-
HOM BapHaHTe.

M3ydeHne cocTosTHUST JIETKOOOMEHHOW (DOpPMBI
MOYBEHHOTO KaJIUS TT0KA3aJI0, UTO €€ COJepKaHUE BO
MHOTOM 3aBUCEJIO OT INTUTEIbHOCTU UCTIOIb30BaAHUS
MUHEpaAJIbHBIX YIOOpeHUI W 3alaxuBaHUs PacTu-
TEeJAbHbIX OCTAaTKOB (TabJ1. 1).

B KOHTpOJIbHOM BapMaHTE UCXOAHOE COJIepKaHUe
JIETKOOOMEHHOTO Kajivsl B TTOYBE ObLIO BeCbMa HU3-
kuM (=1 mr/100 r). OHO ITOCTENEHHO CHIKAJIOCh U 33
18 nieT Bo3aeIbIBaHMS 3€PHOBBIX KYJbTYP YMEHbIIIU -
JIOCh MOYTH B 5 pa3s. 3ajeska B MOUBY pacTUTETbHbBIX
OCTaTKOB TpUBEJa K CYIIECTBEHHOMY yBEJIMYEHUIO
coliepKaHUsl JIETKOOOMEHHOro Kajius. B ycioBusx
2012 . ero BeJIMUMHA ObIJIa BOCCTAaHOBJIEHA, OTHAKO B
JNajibHelillleM OHa BHOBb CTaOWJIM3HWpOBaIach Ha
yposHe 0.4 mr/100 r. OTcioga BUTHO, YTO cOAepKa-
HUe€ JIeTKOOOMEHHOTIO Kajlusl, CBSI3aHHOE C Mpollec-
caMM MUHEpau3aliu OPraHUYEeCKOro BelIeCTBa,
BapbUPOBAJIO B NOBOJBHO HIMPOKUX mpenenax. Omu-
HaKO B paHHee MPOBEJEHHBIX UCCIEA0BaHUSIX MOKa-
3aHo [21], 94To pU INTEIHLHOM OTPUIIATEIILHOM 0a-
JIaHCe 3JIEMEHTa BCeraa COXpaHsieTcsl onmpeaeeHHbI
YPOBEHD JIETKOOOMEHHOTO KaJlusl B MIOYBE, UTO IaJIO
BO3MOXHOCTb aBTOpPY MCHOJb30BaTh COJEpKaHUE
aJieMeHTa B 3TOl (popMe B KauecTBe IOKaszaTesist
00€eCIeYeHHOCTH TTIOYB KaJIMeM.

BHeceHne MUHepallbHBIX YIOOPEHUI B BO3pacTa-
IOIINX J03aX OOBIYHO MOBHIIIIANIO COePXKaHE JIETKO-
ATPOXNMUI

Ne 11 2023

Taomuna 1. ComepkaHue M 3arachl JISTKOOOMEHHOTO Ka-
JIVSI B MIOYBE MPU MHOTOJIETHEM BHECEHUW MUHEPATbHBIX
yIOOpEeHMIA U pacTUTENbHEIX OCTaTKOB (PO)

1998 r. 2012 . 2018 .
Bapuant

1 2 1 2 1 2
KoHTponb 09| 18104 9 (02| 4
PO — — 10916 |04 | 7
N30P20K30 08 17 108 |17 |05 | 11
N30P20K30 + PO — — | .1 |20 1.1 | 20
N60P40K60 09| 18 | 1.6 |35 | 0.7 | 15
N60P40K60 + PO — — | 1.8 |32 1.1 | 20
N90P60K90 08| 17 | 2.4 |53 1.1 |24
N90P60K90 + PO — — 22140 | 1.5 |27
HCPy; 02102]011|0.2]0.1 1

ITpumeuanue. B rpade 1 — conepxxanue kanus, Mr/100 T, B rpacde
2 — 3amachl 3JIeMeHTa, KI/Ta.

OOMEHHOTO KaJlvsl B IIOYBE HE3aBUCUMO OT yCJIOBUIA
roga. HaubGonbmiee ero comepxkaHume OTMedald B
MOYBE B CEpeHEe POTAllMU 3€pPHOBOTO CEBOOOOPOTA
U CYIIECTBEHHO MEHbIIIee — B KOHIIE BEreTallIMOHHOTO
nepromaa B 2018 1. U3smMeHeHUs B comep>kKaHUH JIETKOOO-
MEHHOTO Kalusl B TIOYBe, BEPOSITHO, ObUIM CBSI3aHBI C
pPa3IMYHON MHTEHCUBHOCTBIO MUWHEpaIn3allii opra-
HUYECKOTO BEIECTBA, YTO BJIMSIIO HA TEMIIbl BHICBO-
GOXIEHHUS KaTUOHA B MaXOTHOM ropusoHTte. [Tpume-
HEHUe MUHepaJbHBIX ymoOpeHuii B no3ax K60—90
3aMETHO YBEJIMYUBAIO COIepKaHWE Kajausl B BTO
dopme. 3amenka B TIOYBY paCTUTEIbLHBIX OCTATKOB Ha
¢doHe MUHEpAaJIbHBIX YIOOPEHUI CTUMYJINPOBAJIO TI0-
BBILIIEHUE COAEPXKAHMS IETKOOOMEHHOTO Kalusl. Y4u-
TBIBasI BLICOKYIO YCBOSIEMOCTh 3TOI (DOPMbI KOPHEBOIA
CHCTEMOM pacTeHMIii, OHAa UMeeT BaXKHOEe 3HAUCHUE B
KaJIMITHOM peXUuMe TIOYBBI B TEUEHUE BCETO Mepruoaa
Beretanuu. [1on BImssHueM MUHEPaITbHBIX yIOOpEeHUIA
BO3pAaCTaIM 3aIlachl IETKOOOMEHHOTO Kajvs B TIOYBE,
KOTOpPbIE BO MHOTOM OTpaKaJll OINpeAeIEeHHYIO 3aK0-
HOMEPHOCTb e¢ comepxkaHus. B ycnoBusix 2012 r. mak-
CUMAaJIbHEBIE 3aIachl HAOJTIOIaIv IIPU BHECEHUY MUHE-
pambHBIX yonobpenuit B moze N9OP60K90, B 2018 1. —
MPU UX COUETAHUU C PACTUTETLHBIMUA OCTATKAMMU.

Conep:xaHrie OOMEHHOTO KaJusl Majio M3MEHSI-
JIOCh TIOM BIMSTHUEM MUWHEPaTbHBIX YIOOPEHMIA, UC-
MMOIb30BaHHBIX B MUHUMAIBLHOM mo3e (Tadi. 2). I[Tpu
WX BHECEHHWU B ITOBBIIICHHOM 103€, 0COOEHHO MaK-
CHMAJIBHOM, OTMEeYaId 3aMEeTHOE YBEJTMUEHHE COIep-
JKaHWsI OOMEHHOTO KaJIisl B TTOYBE. XOTSI B HEKOTOPBIX
CIIyJasiX BBISIBWJIM JIMIIB TCHACHIIMIO K BO3PaCcTaHUIO
conepXaHMs 3TOM (hOPMEBI, YTO, TTO-BUANMOMY, OBLITO
CBSI3aHO C TPaHYJIOMETPUIECKIUM COCTABOM HCCIIENO-
BaHHOM MoYBEI. OHa 00JIamana 3HAYNTEIBHOM eMKO-
cTblo KaTuoHHoro oomeHa (EKO) [22], yto B onipene-
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Ta6muna 2. Posib MUHEpaJIBHBIX yIOOpEeHU 1 pacTUTENbHBIX OcTaTKOB (PO) B (hopMUpPOBaHUM 3a11aCOB OOMEHHOTO Ka-

JIvs B ITIOYBE

Bapuant 1998 r. 2012 1. 2018 1. B cpennem Lim usmeHeHuit

3a 18 ner
KonTponb 10.6 8.9 9.0 9.5 7.9—10.4
PO - 10.1 10.9 10.5 9.2—11.6
N30P20K30 10.2 9.7 11.1 10.3 8.1-12.6
N30P20K30 + PO - 13.4 14.6 14.0 9.8—17.9
N60P40K60 10.9 12.8 12.5 12.1 10.4—15.2
N60P40K60 + PO - 13.9 17.9 15.9 10.8—20.0
N90P60K90 10.0 14.1 12.9 12.9 9.8—16.0
N9OP60K90 + PO - 15.9 19.3 17.6 10.0—19.2
HCPys 0.6 0.8 0.9

JICHHO# CTeNeHW HUBEJIMPOBAIO HE3HAUYUTEIBbHBIC
n3MeHEHNS B (PMB3NUKO-XNMHUIECKHX TIPOIeccax B ce-
poii JlecHOI MoYBe U €€ MOIJIOTUTENbHOM CHUCTEME.
3amenka B ITOYBY PaCTUTEILHBIX OCTAaTKOB BIIMSIJIA Cy-
IIeCTBEHHO Ha coiepkaHue OOMEHHOTO Kajlud B
TTOYBE, UTO HAOJIOIaIN KaK TP MUHUMAaITBHOH 03¢
yooOpeHuii, TaKk 1 MakKcuManbHOIi. 3a 18 jeT BeIpa-
IIBaHUS 3¢pHOBBIX KYJIBTYp Ha (pOHE JOCTaTOYHOTO
MWHEPAITBLHOTO MMATAHMWS, YTO 00eCIIeuBaIOCh BHE-
cenneM 1036l N9OP60K90, B ciydae 3amaxuBaHUS
pacTUTEIILHBIX OCTATKOB CoOIep>kaHhe OOMEHHOTO
KaJins B TTIOYBE BO3pOCJIIO B 2 pa3a. IIpenensl n3aMeHe-
HHUI 0Ka3aJIMCh 3HAYUTEIbHBIMM, BO BCeX YIOOpEeH-
HBIX BapMaHTaX OMNbITa HaOJIOAalM CyIIeCTBEHHEBIS
OTKJIOHEHUSI B COIEPKaHMY OOMEHHOIO KaJIusl.

B cucreme npuMeHeHUsT yooOpeHW BasKHO OILie-
HUTb BO3MOXHOCTU OOecrneyeHUs] pacTeHUi ToY-
BEHHBIM KaIUIHBIM TTMTaHueM [23]. DKcrnepuMeH-
TaJIbHO HAWMIIEHO, 4TO I OOJBIIMHCTBA KYJILTYD
MpY X BO3/AEIbIBAHUU Ha CEPOii IECHOM MOUBE Cpe-
HECYIJIMHHUCTOIO IPaHyJIOMETPUYECKOTO COCTaBa CO-
JIepXaHrue 0OMEHHOTO KaJIus IOJLKHO OBITh Ha YPOB-
He 16—18 mr/100 . OKa3anock, 4TO B MPOBEACHHBIX
HaMU OIIbITax ColiepXKaHue OOMEHHOTO Kajus B II04-
B€ IPU CUCTEMAaTUYECKOM BHECEHMUM ITOBBIIIICHHBIX
103 yooOpeHUIl M3MEHSJIOCh B JOBOJBHO OJIM3KUX
npenenax — 15—20 mr/100 1, B Ipyrux CUTyalusix OHO
OBLIO 3aMETHO MEHBIIIE PEKOMEHIYEeMOIO YPOBHS.
CrnemoBaTeIbHO, 3€pHOBEIC KYJIBTYPHI, BO3IE/IbIBAC-
MbI€ HAa CEpOM JIECHOM MOYBE, HY>KIAIOTCS B YCUICH-
HOM KaJIWMHOM IMTAHUM IJISI TIOJIyYeHMsI BBICOKOM
MPOAYKTUBHOCTU U TPeOYIOT HapsiAy C BHECEHUEM
aszoTa u pocdopa 3aaeaKy B MaXOTHBIN CION pacTh-
TEJIbHBIX OCTaTKOB, COAEPXKaIllMX B CBOEM COCTaBE
3HAYUTEJbHOE KOJUYECTBO KaTusl.

HeoOMeHHBIIT TOMIOIIEHHBIN KaJUl UTpaeT BaxK-
HYIO POJIb B CHAOXKE€HUU PACTEHUMN 3TUM 3JIEMEHTOM
B TeUeHMeE Bcero nepuona sererainu. [lokazano [24],
4yTO Takas (popma KajMs CBSI3aHa C TPEXCIOWHBIMU

DIMHUCTBIMU MUHEpaJIaMU C PACIIMPSIONIAMCS TH-
MOM KPUCTALIMYECKON peIIeTKU, OT XUMUUYECKOTO
CcoCTaBa KOTOPBIX 3aBHUCSIT MPOIECChl (pUKcalu—
Mobunu3auuu. B cepoii iecHoit mouBe cpeaHeCcy -
HHCTOTO I'PaHyJIOMETPUYECKOIO COCTaBa OOBIYHO CO-
IepXXUTcd B mipedenax 55—65 mr/100 r. B nmpoBeneH-
HBIX HAMHU OMBITaX CoAepKaHNe HEOOMEHHOTO KIS
B KOHTPOJIbHOM BapHUaHTe MCXOMHOM MOYBHI COCTAa-
BWJIO 47 MT 1 B KOHIIE OIIBITa CHU3WJIOCH IIPUMEPHO
1o 40 mr/100 r (ta6n. 3). Haubomnee Bricokoe coaep-
XKaHKEe HEeOOMEHHOTO Kalus OTMedYald B YCIOBUSIX
2012 r. Bo Bcex BapraHTax OIbITA, 3aTeM OHO Havyajio
CHMZKATBCSI, YTO, BEPOSITHO, OBLIO CBSI3aHO C pa3/idd-
HOJ KaJIMITHOI HArpy3Koii Ha arpolieHO3 U HeoauHa-
KOBOI MOTPEOHOCThIO KYJIBTYpP B 3TOM 3JIeMEHTE B
pa3HbIX (pha3ax UX pa3BUTHSI.

BHeceHMe KaaWMHBIX yOOOPEHMWIA 3a4acTyio IT0-
BBIIIIAJIO COAEepXKaHWEe HEOOMEHHOTO Kajrs B ITOYBE
IO CPaBHEHMIO C KOHTPOJIEM, MHOLIA OCTaBaJIOCh

Taomuua 3. BiusiHue pactTuTenbHbIX 0CTaTKOB (PO) 1 MU-
HepaJIbHBIX yIOOPEeHMIT Ha cofepKaHe HeOOMEHHOTO Ka-
mus B nouBe (Mr/100 1, rpacda 1) U COOTHOILIEHUE MEXIY
atoit dopmoit K,O n obmeHHoii (rpada 2)

1998 1. 2012r. 2018 r.
BapuaHTt

1 2 1 2 1 2
KonTponb 47.5] 4.5 (523 | 59 (399 | 44
PO — 67.2 | 6.6 |44.5 | 4.1
N30P20K30 43.7 | 4.3 [65.3 | 6.7 |47.7 | 4.3
N30P20K30 + PO | — 66.5 | 5.0 |49.8 | 34
N60P40K60 43.1| 3.9 [59.0 | 4.6 |48.6 | 3.9
N60P40K60 + PO | — 70.4 | 5.1 [52.8 | 2.9
N90P60K90 46.0 | 4.6 [61.6 | 4.4 |53.0 | 4.1
N90P60K90 + PO | — 65.1 | 4.1 |544 | 2.8
HCPys 2.6 3.9 2.8

ATPOXUMUAI Ne 11 2023
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Puc. 2. Jonst yaacTust KaluiiHbIX opM B hOPMUPOBAHUE KAJTUIHOTO ITyJia TToUBbI, %. Uncio BHYTpU 3JUTMIICA — CYMMapHOe

conepxaHue opm Kayiust B mouBe, Mr/100 r TOuBEL.

MpakKTU4YeCKn 6e3 U3MEHEHUS BMECTO OXUIAEMOIO
YBEJIMUEHUST B pe3yJIbTaTe KAJTUIAHOTO BO3IEHCTBHSI.
Hcnonb3oBanue no3el K90 Ha done NP mano mo-
BIVISIJIO Ha coAepXaHWe HEOOMEHHOTrO Kallusl, 4TO
MOIJIO CKa3aThCs Ha IIOIVIOLIEHNH 3y1eMeHTa. BHece-
HUE PACTUTENbHBIX OCTATKOB MPU MCIIOJb30BaHUU
MUHHUMAIbHBIX 103 Kanugd K30 mpakTuyecku He BbI-
3bIBAJIO YBEJIMYEHUS COOEpPKAHUS ero HeoOMEHHOI
¢dopmel. B yecrmoBusix 2012 1. B pe3ysibTaTe UCIIOIb30-
BaHusa 103 K60—90 MOXHO OTMETUTH MOBBIILIEHUE
comepxkaHuss HeooMeHHoro Kanus. B 2018 r. cymie-
CTBEHHbLIX pa3IMUYUii B U3MEHEHUHU 3TOM (DOPMBI Ha-
MU He OOHApyXeHO, XOTsI COOTHOILIEHUE MEXIY He-
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00MeHHOI1 (popMOit 1 OOMEHHOI YeTKO (PMKCUPOBa-
JIM B TIOJIb3y BApPUAHTOB BHECEHUS MUHEPAJIBbHBIX
ynobpeHuii. B npyrue roabl Takoil sICHON 3aKOHO-
MEPHOCTH BBISIBUTb HE YIAI0Ch.

IMox BnustTHUEM MUHEPAJIBHOTO ITUTAHUST U3MEHU -
JIOCh JIOJIEBOE yJacTHUe U paclipelelieHue OCHOBHBIX
dopm Kammsgd B GOPMHUPOBAHMM KaJIMitHOTO (DOHIA
cepoii 1ecHOl MoYBkI (puc. 2). o1 1erKooOMeHHO-
ro KaJinsl B KOHTPOJIbHOM BapMaHTE CHU3MJIIACH C 7 IO
4% , TEeHASHIINIO K CHUKEHUIO OTMEYaJIi U B BapUaH-
T€ C BHECEHUEM PACTUTENIbHBIX OCTAaTKOB. [oJis jer-
KOOOMEHHOTO KaJiisl TP BHECEHUM MUHEPaTbHBIX
yIOOpEHUI, HAMPOTUB, 3aMETHO BO3POCIa, YTO OBLIO
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Puc. 3. BiusiHue ypoBHSI MUHEPAJIbLHOTO MTUTAHWSI Ha MONIOLIEHUE Kavsl KyJbTypaMUu CeBOOOOPOTa U OpraHaMu pacTeHuid,
%. BapuaHTbl: A — KOHTPOJIb 0€3 ynoopeHuii, B — pacturenbHble octatku, C — N40P40K40.

CBSI3aHO C YJIy4IlIeHUEeM KaJuiHOTro MUTaHUS pacTe-
HUI B TedeHMe psina JieT. [TogoOHyo 3aKoHOMEp-
HOCThb B pacIpeleIcHUH JISTKOOOMEHHOIO Kalus B
moyBe OTMETMIIN U B Bapuante N60P40K60.

Honst oomeHHOro Kanus B yciaousax 2012 r. mano
U3MeHsIach B BapuaHTax omnbita (0T 13 mo 16%).
B xonIIe porammu ceBoobopoTa HOJS 3TOit (OPMBI
KaJIis CYIIeCTBEHHO CHU3MIACh mpuMepHo 10 10%, B
TO BpeMs KaK B BapuaHTe, TI¢ BHOCWIN MHHEPaTb-
HbIE YIOOpEHUS U 3aIeIbIBaJI B TTOYBY PACTUTEITb-
HBIE OCTaTKU, oHa Bo3pociia 10 25%. ITocKombKy
pacTUTEIbHBIC OCTATKN B COUETAHUY C MUHEPATbHbBI-
MU YIOOPEHUSIMM OKAa3bIBAIM 3HAYMTEIHLHOE BITHS-
HHUE Ha colepKaHre 0OMEHHOTO KaJIus B TIOYBE TP
BO3ICIBIBAHUM 3E€PHOBBIX KYJIBTYP, OYeHBb BaskKHOE
3HaYeHWE MMeeT MPUeM YTUJIU3allui BereTaTUBHOM
MacCHI TTPY 3KCIUTyaTaIllMX TaXOTHBIX YTOIWIA.

Camy1o 60JbIIIYyI0 10J1I0 B KaTuitHOM (hoHIE cpe-
I YCBOsSIEMBIX (hOpM 3aHUMal HEOOMEHHbBIN KaJIuii.
Ero nosnst B ycnoBusix 2012 r. B BapraHTe ¢ BHECEHUEM
PACTUTENILHBIX OCTATKOB U YIOOPEHHOM KaJlUMHBIM
yaoOpeHreM cocTasisuia 75%, B KOHTPOJIE ero ObUIO
HECKOJIbKO OoJiblile. B KoHIle TociemHell poTauuu
CeBOOOOPOTA 10JI51 HECOOMEHHOTO KaIusl B KOHTPOJIb-
HOM BapHUaHTe U C BHECEHUEM PACTUTEIbHBIX OCTaT-
KOB BO3pPOCJia, a B BApUaHTE C BHECEHUEM YIOOpEeHU I
1 paCTUTEIbHBIX OCTATKOB — HAIIPOTUB, CHU3UJIACH.
Honst HeOOMEHHOro Kaivsl B KOHTPOJIbHOM BapuaHTe
B onbITe 2018 I. ObIIIa MAKCUMAaIBbHOI; B OCTaJIbHBIX
BapMaHTaX OHa Obljla 3HAYUTEIbHO MEHBbIIIE, OCOOEH-
HO TIPU BHECEHUY MUHEPAJIbHBIX yIOOpEeHUIi 1 3ama-
XWBAHUM PACTUTEIBHBIX OCTAaTKOB.

3epHOBBIE KYJIBTYPHI, BO3IEIBIBAEMbIC B CICTEME
ceBoobopoTa, Ha (hoHEe MPUMEeHEHUSI MIHEPaTbHBIX
yIOOpPEHU M pACTUTEIBLHBIX OCTATKOB IMO-pa3sHOMY
OTHOCWJIMCH K TOTJIOIIEHUIO KaJIusl 36pPHOM U BereTa-

TUBHOI Maccoii (puc. 3). B nepuon ocBoeHMs 3¢pHO-
BOTO CeBOOOOpPOTAa TeHEpPAaTUBHBIE OpraHbl JIydlle
yCBauBaJIU KaJuil U3 TIOUBEHHBIX 3aI1aCOB M BHECEH-
HOTO MCTOYHUWKA KaJius, 3aTeM HauMHAJICSI HEKOTO-
pBIiT cTiag, KOTOPBIA CTAOMIU3MPOBAJICSI Ha YPOBHE
50—70%. B koHIle MoOCieIHe pOTaLMU 36PHOBOTO
CceBOOOOpOTA HAYAJIOCH YCUJICHUE TIOTJIOIIECHUST Ka-
JIST 36pHOM, KOTOpOE JOCTUTIIO MakcnMyma B 2018 1.
YeTKOi1 3aKOHOMEPHOCTH B OTHOLIEHUU MOIJIOIIE-
HUS 5TOTO BJIEMEHTA U3 MUHEPaIbHBIX yIOOpEeHU 1
pPACTUTEIBLHBIX OCTATKOB HaMM HE OOHApYXeHO.
YcBoeHMe Kaliusl BereTaTUBHOM MAaccoii B Havalie
OCBOCHHUSI CeBOOOOPOTAa OBUIO HAa MUHHMAIBHOM
ypoBHe (15—30%), 3aTeM Haydaylo ITOCTEIIEHHO BO3-
pacTarh U JOCTUTIIO MaKCUMyMa IPU BhIpAIBAHUU
nmeHnOsl B 2013 1. Ctabmims3anms mporeccoB I10-
JIOIIEHMSI KaIWSI BET€TaTUBHOM MacCOil OTMEUYeHa B
TeUeHHEe psaa JIET U TOJBKO B KOHIIE MOCEIHEN po-
TallMd JOCTUTJI0 MUHHUMYyMa B pPE3ylbTaTe TaKOIo
B3aumozdeicTeus. Llmkiandeckuii xapaktep B IO-
CTYIUIEHUH KaJIUs B pACTEHUS, BEPOSITHO, OBLI CBSA3aH
C 0COOEHHOCTSIMU KAJIMITHOTO PeXKUMAa MOYBKI U aHa-
JIOTUMYHBIMU TIporieccaMu (PU3UOJIOTMIECKOTO pa3BU-
THSI 3¢PHOBBIX KYJIBTYP B TIEPUOJ MX BETETALIVH.

PasHoo6pasne B MHHEpaIbHOM KaJIWIAHOM TTHTa-
HUU OTPa3Ioch Ha (hOPMUPOBAHUT OMIOMACCHI pacTe-
HUI ¥ TIODIOIIEHUM KaJusl 3€PHOBBIMHU KYJIbTYpaMu
(tabn. 4). B cpemHeM 3a 1iociienHue 7 JIeT pacTeHUS B
KOHTPOJIFBHOM BapHaHTe M C BHECEHEM PACTUTEIIBHBIX
OCTaTKOB MaJIO OTJIMYAJIMCh MEXIY COOOM M TOJIHEKO
BHECEHUE MUHEPATBbHBIX yIOOPEHUI CYIIIECTBEHHO
MTOBBICHJIO BBIXOH 3€pHOBOI TIPOAYKIIMA W BereTa-
THUBHO# Macchl. PoCcT ypoxkaifHOCTU 36 pHOBBIX KYJTb-
TYp TIPOIOJIKAJICS Y IIPY BHECEHUHU YIOOpEHMIT B 60-
Jilee BBICOKMX Mo3ax. HakoruieHne HeToBapHOit Ipo-
OYKIIMM 3aMETHO BO3pacTaJio MPU MCIIOJb30BaHUU
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Ta6mmma 4. [TpoayKTUBHOCTh pacTeHUI M OalaHC KaJivsl B TTIOYBE IMPY BHECEHUY MUHEPATbHBIX YIOOPEHUIA U paCTUTEIb-

HbIX ocTaTkoB (PO), Kr/Ta

Bromacca [Toctynuno B mouyBy B BUze Boinoc
Bapuant . bananc
pacTeHuit yIo6peHuii PO BCEro pacTeHUsIMU
KoHtpoib 18.4 - — - 22.0 —22.0
28.7
PO 19.6 - 5.8 5.8 28.3 =225
28.2
N30P20K30 28.7 30.0 — 30.0 30.3 —0.3
44.6
N30P20K30 + PO 29.7 30.0 5.4 354 36.7 —1.3
45.3
N60P40K60 34.8 60.0 — 60.0 35.9 +24.1
50.1
N60P40K60 + PO 3590 60.0 5.5 65.5 45.6 +19.9
52.6
N90P60K90 413 90.0 — 90.0 52.0 +38.0
69.0
N90P60K90 + PO 45.4 90.0 6.2 96.2 58.4 +37.8
65.4

ITpumeuanue. Han yepToii — 3epHO, MO Y€pTOil — BereTaTMBHas Macca.

azoTa, (pocdopa, 1 Kaaus B COYETAHUM C 3aeTKOMN B
TMOYBY PACTUTEIBLHBIX OCTaTKOB BO BCEX BapHaHTaX
OITBITA.

Pacuer 6amaHca Kanus 1mokasaj, 9To CyMMapHOe
MOCTYIICHHE 3JIEMEHTA B TIOYBY IIPOUCXOINIIO B OC-
HOBHOM 3a CYeT MUHEPAJIbHBIX YIOOpEeHMIA, 1O Ka-
JIVSI paCTUTENIbHBIX OCTATKOB CYILLIECTBEHHO YCTyIIajia
MepBOMY HCTOYHUMKY. BBIHOC Kaius pacTeHUSIMU
OBl MUHUMAJIBHBIM B KOHTPOJBHOM BapuaHTe, a
TakKe MpU MaJIO KaJUuMHOM Harpy3ke W yTWUIu3a-
LIMM BereTaTUBHOI Macchl. OTHAKO BHECECHUE Kalus
B BO3pacCTalOIINX /103ax (IIpY OMTHOBPEMEHHOM BHECE-
HIM a30Ta 1 pocdopa) ITOBHIIIAIO0 €T0 BHIHOC PACTEHM-
SIMHU. DTO HECOMHEHHO CKa3aJIoCch Ha ero OajlaHce, OH
ObUT OTPULIATEILHBI B KOHTPOJILHOM BaprUaHTe U TIPU
YTUIM3alM PACTUTENbHBIX OCTATKOB. [IpakTmyecku
Oe3neUIIMTHBIM OajlaHC Kajiusl CKIIAIbIBAJICT TIpH
BHECEHMHM MWHEpaIbHBLIX ynoopeHuit B mo3e K30 B
codyeTaHWU ¢ a30ToM U docdopom. IIpn BHeceHNN
OoJiee BBICOKMX JI03 YIOOpEHMWI OH OBII TOJIOXMU-
TeJIbHBIM, OCOOEHHO B BapHaHTaX ¢ MaKCUMaIbHbBIM
WX HACBIILIEHUEM.

3AKJIIOYEHHME

Takum o6pasom, usydyeHUe KaJTUHHOTO COCTOSI-
HUS cepoii JIECHOI MOYBBI MOKA3aJI0, YTO O, B -
HUEM MUHEPAJIbHBIX YIOOpPEHUIl U pacTUTEIbHBIX
OCTaTKOB U3MEHEHUE COIMepKaHUs KaJausl IIPOUCXO-
IIJIO BO Bcex ero (popmax. Hanbompiiee BappupoBa-
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HUE €ro COACPKAHUS OTMEUEHO B BOIOPACTBOPUMOIA
M JISTKOOOMEHHO (popMax 1 3HAUMTEILHO MEHbIIIE — B
HEOOMEHHOM 1 0coOeHHO oOMeHHOM. ITpn 3TOM Cco-
Jiep>KaHue 0OMEHHOTO Kalusl Mpy BHECEHUU Kaluii-
HBIX YIOOPEHU M PaCTUTEIBLHBIX OCTATKOB OOBIYHO
BO3pacTayio, B TO BpeM:I KaK JISTKOOOMEHHOTO KAl —
CHMUKaJIOCh. B 11e151X IMarHOCTMPOBaHUSI MCTOYHM-
KOB KaJIMitHOTO MUTaHus (Mo4Ba, yioOpeHue, pacTu-
TEJIbHBIE OCTATKN) COCTOSTHUE MX BITIOJIHE YIOBJIETBO-
PUTEJIFHO OTpakKalla BeJIMIMHA CoAepKaHus OOMEHHO-
ro Kaymsi. K Tomy ke 3Ty (popMy LIMPOKO MCTIONb3YET
COBpeMEeHHas arpoXvMUYecKasi C1y»k0a, YTo Mo3BOJISIET
MOJIy4aTh HEOOXOOUMYIO MH(MOPMALIMIO ¢ MUHUMAaJIb-
HBIMU 3KOHOMMYECKMMHN M JKOJOTMYECKH OIIpaB-
JaHHBIMU 3aTpaTaMM.

JnuTtenbHas 3aielika pacTUTEIBHBIX OCTaTKOB (B
TeyeHue 18 J1eT) Majio oTpaxajaach KaK Ha BeJIMYMHAX
3€pHOBOI MPOAYKIIMU, TaK U BEreTaTUBHON MacChI.
DbddpekTUBHOCTh Kalusl Bo3pacTajla Ipy BHECCHUU
MMOJIHOTO MUHEPAJIbHOTO yI00peHus TU00 B codyeTa-
HUU C pPaCTUTEJbHBIMU ocTaTKamu. baiaHc kanus B
MOYBE MPU MCMHOJb30BAaHUMU KaK MUHUMAJIbHBIX J103
yIoOpeHMit TaK I B KOHTPOJIbHBIX BApUAHTAX CKJIAIbI-
BaJICS OTpULIATENIEHBIM. B ciiydae BHeceHUsSI MUHEpaTb-
HBIX YIOOPEHUI1 B 9KOJIOTMUECKU 0€30MacHbIX J03aX U
3araxvuBaHUs pACTUTEIbHBIX OCTATKOB OajaHC Kaiusl B
MOYBE BO BCEX M3YYEHHBIX BAPMAHTAX OIIbITA ObUT O€3-
Ie(UIINTHLIM, YTO CITOCOOCTBOBAJIO TIOBBIIIICHUIO
YPOBHSI TOYBEHHOTO TLJIOA0POIHSI.
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Potash State of the Soil and Crop Productivity
when Applying Mineral Fertilizers and Plant Residues
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In micro-field experiments conducted on gray forest soil, changes in the forms of potassium under the influ-
ence of mineral fertilizers and plant residues were studied. It is shown that the soil potassium contained in a
water-soluble and easily exchangeable form varied widely. In the conditions of 2012, when applying K60 on
the background of nitrogen and phosphorus, the content of water—soluble potassium increased by about
2 times compared with the control, and the content of light-exchange potassium increased by 4 times. In the
case of embedding plant residues in the soil, the potassium content in the water—soluble form increased by
2 times, light-exchange — by 2.5 times, respectively. The content of exchangeable potassium changed little in
the variants, the changes affected the non-exchangeable form to a greater extent. In particular, the content of
non-exchangeable potassium in 2018 decreased by 1.5—2.0 times compared to 2012, which required the cre-
ation of a more reliable basis for obtaining objective information about the state of the potash fund of the soils
of the forest-steppe zone. Under the influence of K-fertilizers in combination with plant residues, plant pro-
ductivity stabilized, and at the same time a positive balance of potassium in the soil was formed.

Keywords: soil, potassium forms, crop rotation, cereals, yield, plant residues, balance.
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