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B nyutennbHOM (56 JIET) MOJIEBOM OITBITE BBISIBIIEHA OOJbIIAS OTAAYa OT COBMECTHOTO MTPUMEHEHUS U3BECT-
KOBBIX, GOCHOPHEBIX M MAaTHUEBBIX YIOOPEHUIA IT0 CpaBHEHUIO ¢ (POHOM a30THO-KAJIMMHBIX yIOOpeHUIT Ha
CUJIBHOKMCJION NePpHOBO-MOA30JMCTOM CIa000KYIbTYPEHHOM ITOUBE, C BBLICOKMM COIEepKaHUeM B Hell (10
130 Mr/KT) TIOOBUKHOTO aJIIOMUHUSI, 00YCIOBJIEHHOTO JJIMTEIbHBIM TPUMEHEHNEM (hU3NOTOTUIECKU KHC-
JIBIX ynoOpeHuit B hopMe aMMUAYHOU CeIUTPBI U XJIOpUCcTOro Kauus. Ha CuJIbHOKUCI0M HeM3BECTKOBaH -
HOM moYBe IIpuMeHeHne pocOpHBIX yIOOPEHMI CITOCOOCTBOBAJIO YBEIMUCHUIO YPOXKAMHOCTU SIPOBOTO
s;luMeHsI Ha 67%, Ha CpemHEeKUCIIOoN Mpou3BecTKoBaHHOi B no3e 11.5 T CaCOs/ra nouse — B 2.3 paza, Ha
ci1abokuciol mpomnsBecTkoBaHHoOM B 1o3e 19.0 T CaCO;/ra — B 2.6 pasa, Ipu cOYeTaHUM C MarHUEBBIMU
yI0OPEHUSIMU — COOTBETCTBEHHO B 2.5 11 2.9 pasa no cpaBHEHUIO ¢ ypoxaiiHocTblo (1.78 T/ra) Ha CUIIBHO-
KMCJIOi TT0YBE IIPY IIPUMEHEHNHU a30THO-KaIUIHBIX ynoopeHuii. C BHeCEHMEM MarHMeBBIX yIOOpeHMIA Ha
CJ1a00KUCIIO MOYBE OKYIAaeMOCTh MPUOABKOM 3epHa MUHepalbHbIX ynoopenuii (N9OP60K90) yBennun-
Bajach B 3 pasa, Bo3pacras A0 13.9 Kr/Kr, ¢ MOBBIILIEHUEM TP 3TOM COAEPKaHUS OeKa 1Mo CpaBHEHUIO C
(OHOM a30THO-KaJUIHBIX yn1oOpeHuii Ha 1.2%. Mcnionb3oBaHKe a3ota U (pochopa pacTeHUSIMUA IPOBOTO
sTIMeHsI BeIpocio B 3.4, kanus — B 3.0 pa3a.
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BEHHas KUCJIOTHOCTb, IEPHOBO-ITOA30JIMCTas [TOYBA.
DOI: 10.31857/50002188123060054, EDN: QOHSPY

BBEIAEHME

MuTteHcudukanms ceIbCKOX035IHCTBEHHOIO IIPO-
MU3BOJACTBA CIIOCOOCTBYET POCTY YPOXKAWHOCTU 3ep-
HOBBIX KYJIBTYP W KaK CJIEACTBUE, YBESIUUCHUIO BbI-
HOCa U3 TIOYBHI OCHOBHBIX 3JIEMECHTOB NMUTAHUS, B
TOM YHCJIe U HEOOXOAUMOTO IUIST Pa3BUTHUS paCTCHUIA
MarHus. Takoke HaOMOmaeTCsl 3HAYUTEILHOE YBEIM-
YeHMeE MJIOMIAAeH ITaXOTHBIX II0YB C HU3KUM (00 7 MT
MgO/100r) comepkaHrueM MOABMXKHOIO MarHusl, CO-
crasistioux ~70% mamxu [1]. Ho He TobKO yBeIu-
YeHUe BbIHOCA MATHUS YPOXKaeM, HO U TIPOIIECCHI BbI-
LIeJIAYMBAHUSI €T0 M3 TUIOJOPOIHOIO CJIOSI TIOYBHI,
YCUJIMBAIOIINECS TIPU PETYISIPHOM JIJTUTEJIbHOM BHE-
CEHUM (DU3UOJIOTUUECKU KUCIBIX YIOOPEHUI B OTCYT-
CTBUU U3BECTKOBAHMUSI, CITOCOOCTBYIOT POCTY AeUIIN-
Ta IIOABVIKHOIO MarHusl B ImouBax [2—6]. JlaHHbIle
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YCJIOBMSI OTIPENEIISTIOT HEOOXOMMMOCTh BHECEHUSI Mar-
HUEBOro yaIOOpeHUS [IJIsl MOBBILIEHUS YPOXKAWHOCTHU
U Ka4yecTBa He TOJIbLKO UYBCTBUTEILHBIX K €TI0 COJep-
JKaHUIO KYJIbTYp, TaKUX KakK KapTodeab U OBOIIHbIE
KyJbTYPbI, HO U 3€pHOBBIX, PeNOTBpalliasi Ipyu 3TOM
nx nojieranue [7—10]. UccnemoBanns 3pPeKTUBHO-
CTU MarHueBbIX yIOOpEeHU I MPOBOAUIN B OOJBIITAH-
CTBE CJIyyaeB Ha J€PHOBO-TIOA30JIMCThIX IOYBAX JIET-
KOTO TpaHYyJOMETPUUYECKOro cocTraBa (MecyaHbIX U
cyriecuanbix). Ha cpegHe- M TSDKEIOCYTIIMHUCTBIX
JIEPHOBO-TIO30JIMCTBIX MOYBaX BIIMSIHUE COBMECT-
HOTO TpuMeHeHUsT (POCHOPHBIX U MAarHUEBBIX yI00-
pEHUIT HAa ypOXAWHOCTb U BBIHOC 3JIEMEHTOB IMUTA-
HUS 3€pHOBBIMU KYJIbTypaMU MHTEHCUBHBIX COPTOB
MPU Pa3IMYHON KUCIOTHOCTHU MOYBbI U3YYEHO HEJ0-
CTaTOYHO, 0COOEHHO B YCIOBUSIX INTUTEIBLHOTO TTOJIe-
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Boro ombita. [loaToMy 11emb pabOTBl — M3yYeHHE B
IINTEJIBHOM II0JIEBOM OIThITE 3(h(EKTUBHOCTU COB-
MECTHOTO IpuMeHeHMsI (ochOPHBIX M MarHUEBBIX
yooOpeHmii B moceBax sspoBoro staMeHs copta HYP B
3aBUCUMOCTH OT KHCJIOTHOCTU IEPHOBO-IIOI30JIM-
CTOM TTOYBHI.

METOJINKA NCCIIEJOBAHUA

HccnepoBaHue npoBOIWIN B JJIUTEIBHOM I1OJIC-
BoM ombiTe CII-27, 3a0keHHOM B 1966 T. Ha IepHO-
BO-MOA30JIUCTON TSDKEIOCYINIMHUCTOI mouBe lleH-
TpasibHO onbiTHON cTaHuuu BHUWUHMA (MockoB-
ckast o6is., HomomenoBckuili p-H, IllebaHueBCKMit
Y4acToK).

HMcxonHas mouBa 1oJieBOro orbiTa — c1abooKyIb-
typeHHas: rymyc — 1.50%, pHgc 3.9—4.2, runponu-
TUYECKasi KMCJIOTHOCTh — 4.9—5.2, oOMeHHasT KucC-
notHOCTh — 0.55—0.57 m cymma ocHoBaHuit — 7.5—
8.2 Mmonb-3kB/100 I, cTerieHb HACHIILIEHHOCTU OCHO-
BaHusIMU — 57—63%. ConepXaHue B MOYBE MOIBIXK-
HbIX hopM pochopa — 30—70, kammss — 112—115 Mr/Kr.

M3yyeHre mpoBOaIUIM B CEBOOOOPOTE CO ClIeIyIO-
UM YepedoBaHMEM KYJIbTyp: O3uMasl IIIeHuIIa
(Triticum aestivum L.) copra MockoBckast 56 — sapo-
Boit tuMmeHb (Hordeum vulgare 1..) copra HYP ¢ non-
ceBoM KieBepa (Trifolium pratense 1..) — kineBep 2-X JIeT
noab3oBaHus (B 11-if m 12-if poTanusix — OOUH TOZ,
noJb30BaHUA). DPPeKTUBHOCTE (POCPOPHBIX yI00-
pEHUI B 3aBUCUMOCTU OT U3BECTKOBaHUS U TIpUMe-
HEHUs1 MarHusl u3ydaiu Ha ¢doHax usBectu 1.5 H,
(mo 0.5 H, B mepBbIX 3-X poTauMsIX — B CyMMe
11.5 1/ra) u 2.5 H. (no 1.0 H. B 1-i1 u 3-it poTauusix u
0.5 H. B 8-i1 porauuu — B cymme 19 1/ra), a Takxke Ha
¢one 6e3 uzpectu (NK).

MuHepanbHbIe yI0OpEeHUs IIPUMEHSLIN €KEeTOIHO
B BuIe N,, (N =34%), P, B 12-i1 porauuu — B dop-
Me AD (N = 12%, P,O5 = 52%), XJIOPUCTOTO KaIUs
(K,0 = 60%). MaraueBble yooOpeHMsT IIPUMEHSUTN C
2019 1. B hopme cepHokucaoro Maruus B noze 30.0 kr
MgO/ra nepes MoceBoM 03UMOIA MIIIEHULIBI U SIPOBO-
ro STYMEHS TI01 KYJIbTUBALUIO. J1JIs1 3TOTO MCIOJIb30-
BaJIY 3aIlacHble NeJISTHKY Tuiowansio 100 M2, KoTopble
Ienunu TonojaM. IToBTOpHOCTh OIbITAa TpeXKpar-
Hasi. AHaJU3bl MOYBBI U PACTEHUI TIPOBOIWIN CO-
mracHo 'OCTaM: cyMMy NOTIIOIIEHHBIX OCHOBAaHMM
(rro Kammmeny) — 'OCT P 50682-94, 06MeHHYIO KUC-
sotHocTh — 'OCT P 58594-2019, pHyg — TOCT
26423-85, ruipoAUTUYECKYIO KUCIOTHOCTD — 110 Me-
tony Kammena B momudukanuu IHMHAO (I'OCT
26213-91), mogBukHbIi dhocdop u kanuit (1o Kup-
canoBy) — 'OCT 54650-2011, mogBVKHBIIA aTIOMU-
Huii (mo CokosioBy) — I'OCT 26485-86. B kauecTBe
o0O1ero hooHa BHOCWJIM TepOMIIUABI, (PyHTULIMABI 1

peTapgaHTbl HOBOTO TTOKOJCHUS. ATpOTeXHUKA —
npuHATass B MOCKOBCKOM 00/1. YOOpKY ypoxXast IIpo-
BOAWIN KOoMOaitHOM “CaMIo” MoAeIsSTHOYHO ¢ 28 M2.
I1pu cratucTuyeckoit 00paboTKe pe3yJIbTaTOB UCCIIE-
JIOBaHMIA UCITOJIb30BAJIM TUCIIEPCUOHHBII aHAJIH3.

INon BIMSIHUEM peETYISIPHOTO BHECEHUS MUHE-
paJIbHBIX YOIOOPEHUI U MEPUOINIECKOIO M3BECTKO-
BaHUs ¢ 1966 mo 2015 r. arpoxuMuyecKrie CBOMCTBA
JEPHOBO-MOA30JUCTON TIXKETOCYINIMHUCTOM T1OY-
Bbl 3aMETHO OTJIMYAJIMCh OT UCXOMHBIX. Peakmus
MOYBEHHOI cpelbl B pe3ybTaTe IJIUTEILHOTO T10-
CTOSIHHOTO ITpMMeHEHUS ((PU3MOIOrMYecKu Kuc-
JILIX) aMMUWAYHOM CEJIUTPhl M XJOPUCTOTO Kalus
(don NK) cHuxanace ¢ 4.0 no 3.8 en., cymma 1mo-
[JIOIIEHHBIX OCHOBaHUil — ¢ 8.0 mo 6.7 MMOJIb-
9kB/100 r, TUApoIUTHYECKAST KHCJIOTHOCTb BO3-
pactaina ¢ 5.0 1o 6.7 MMonb-3kB/100 T, comepkaHue
MOABIIKHOTO aMioMuMHUSI B TouBe — ¢ 45.0 mo
130 mr/KT.

ITpu nepronuyeckom U3BECTKOBAaHUMU B 03¢ 11.5 T
U3BeCTH/Ta (CyMMapHO) peakiusl MOYBEHHOM cpeabl
(pHg ) Bo3pactana no 4.7—4.8 en., cyMmma OCHOBaHUIA —
1o 7.7—7.8 Mmonb-3kB/ 100 T, ruapoIuTUYECKast KUCIOT-
HOCTb cHIKanach 10 5.0—4.1 mmomnb-3kB/100 T, comep-
KaHUE TIOJABUXKHOIO AJIIOMUHUSI YMEHBIIATOCH 1O
34.6—32.0 Mr/Kr, KOJIWYECTBO MOABUXKHEBIX (HOPM
dochopa yBenuuuBanoch g0 31.4—105 mr/xr, Ka-
qus — 1o 125—128 mr/kr.

COOTBETCTBEHHO U3MEHSIIUCH 3TU MOKAa3aTesiu 1
Mpu u3BecTKoBaHuM n030i 19.0 T usBectu/ra (B cym-
Mme): pHyq yBenmuuBaiics no 5.3—5.5 en., cyMMa OCHO-
BaHMit — 10 9.4—9.6 MmoIb/100 T, CHIKAJIOCh COaep-
XKaHue TIOABIKHOTO amoMuHus no 14.2—10.0 Mr/kT,
TUAPOJUTUYECKAsT KUCIOTHOCTh YMEHBIIAIach 10
3.6—3.5 Mmmoab/100 T.

M3BecTtkoBaHue 6osblioii 1o30ii (19.0 T/ra) npu-
BOIMJIO K 3HAYUTEILHOMY YJIyUIIEHUIO (PU3UKO-XU-
MUYECKUX CBONCTB IEPHOBO-TMOA30JUCTON TIKETO-
CYIJIMHUCTOM TOYBBI U TIEPEBOIUIO €€ U3 CUJIbHO-
KUCJIBIX B TPYIIy CJabOKUCIBIX, CHUXEHUE
TUAPOJUTUYECKON KUCIOTHOCTU CHOCOOCTBOBAJIO
YeThIPEXKPATHOMY CHIXKEHUIO CoJlep>KaHUsI TOKCUY-
HOTO JUISI KYJBTYPHBIX PaCTeHUI MOIBUXHOTO aTio-
MUWHUS 32 CUeT JJIMTEIbHOTO BHeceHUs (ochOpHBIX
ynoopenuit. CongepxxaHue moaBuxkHoro ¢ocdopa B
MMOYBE MOBBICUJIOCH B 3 pasa.

Bereranmmmonnsie mepuonsr 2020, 2021 u 2022 rT.
M0 METEOPOJOrNYeCKOil OOCTAaHOBKE OTIMYAIUCH
Ipyr oT apyra. HeGiaaronpusATHBIMU 111 BEreTalluu
pacTeHUii SPOBOTO SIYMEHS BBIHAJIUCH IIOTONHBIC
yeaoBudg 2020 n 2021 1. 3acylmuTnBLIN WIOHB U UIOJTH
2020 1. ¢ BBICOKOII TemmepaTrypoi Bo3myxa mo 30—
33°C yrderaollle IEeMCTBOBAJ Ha POCT U pPa3BUTUE
pacteHuii. HaOmiomanu wu30BITOYHOE KOJMYECTBO
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Ta6muna 1. YpoxxaiiHOCTb SpOBOTO STYMEHSI M OKYIIaeMOCTh YIOOpPEeHUIA B 3aBUCUMOCTY OT YPOBHSI KMCIIOTHOCTU J€PHO-
BO-IIOA30JIMCTOM IMMOYBBI U TpUMEHEHUST (OCHOPHBIX K MAaTrHUEBBIX yIOOpeHU

YpoxaitHoCTb, T/Ta CpenHsist Ilpubaska, T/Ta OKy1aeMocCTh
BapuanTt YPOXaMHOCTh NPK npubaBkoit
2020r. | 2021 | 20221 | 543 rona, T/ra ot P,O;5 ot P,O5 + Mg 3epHa, KT/KT
bes uzBectu (pHy 4.1)
be3 ynobpeHmit 1.45 1.51 2.46 1.81 — - -
N90K90 1.60 1.49 2.25 1.78 - — —
N90P60K90 2.72 2.42 3.78 2.97 1.19 — 4.8
N90P60K90 + Mg 2.89 2.54 3.98 3.14 - 1.36 5.5
Mssects 11.5 T/ra (pHk 4.7)
N90K90 2.65 2.52 3.89 3.02 - — —
N90P60K90 3.47 3.35 5.30 4.04 1.02 — 9.3
N90P60K90 + Mg 3.81 3.78 5.79 4.46 - 1.44 11.0
UzBects 19.0 T/ra (pHy () 54)
N90K90 3.5 3.3 4.9 3.9 - - -
N9OP60K90 3.83 4.05 5.96 4.61 0.72 - 11.7
N90OP60K90 + Mg 4.30 4.56 6.59 5.15 - 1.26 13.9
HCPy; 0.26 0.32 0.28 0.29 - — -

ocankoB B ampene 2021 r., mpeBblIaoIIce CpeaHe-
MHOTOJIETHIOIO HOpMY B 4 1 12 pa3 B 1-ii u 3-i1 neka-
Jlax ampesisi, TakXe MPeBbIIeHUE HOPMbI OCAIKOB
ObLT10 B Mae 1 noHe. OTMedeHa BbIcoKas TeMnepary-
pa Bosnyxa oT 30 mo 33°C Bo 2-ii mekane UIOHS U
HIONSI B OTCYTCTBHEe ocankoB. B 2022 r., HampoTus,
CJIOKWJIMCh BEChbMa OJIarONpUsITHbIE YCIOBUS LISl BE-
reTalu pacTeHui sipoBOToO STYMEHS C 1OCTATOYHBIM
KOJIMYECTBOM OCAJKOB M 0€3 pe3KUX KoJieOaHU i TeM-
neparypbl BO3lyXa, 4To MOJOKUTETHLHO CKa3aJloch Ha
YPOXKaHOCTH.

PE3VJIbTATBI 1 UX OBCYXIEHHUE

HeB3upasti Ha CJIOXHBIE METEOPOJIOTUIYECCKUE
yeaoBud B 2020 u 2021 1T., 3HAUYUTENbHOE YIydIlIeHUE
GUBUKO-XUMUYECKUX CBOICTB W3BECTKOBAHHOM
IMOYBHI XOPOIIIO OTPA3UJIOCh HAa YPOBHE YPOXAMHOCTHU
pacTeHUl SpOBOTO TYMEHSI, KOTOpasi BapbUpoBaa B
3aBUCHUMOCTH OT BHECEHHBIX YIOOPEHUIT U O roJam
(tabn. 1). Ha cuibHOKMCIION HEM3BECTKOBAHHOM
MOYBE BHECEHUE OMHUX a30THO-KAJMHBIX yIo0pe-
Huii (pox NK) He yBeamunBaao ypoKaifHOCTh SIpO-
BOTO STYMEHSI, KOTOpasi OCTaBaJlaCh Ha YPOBHE KOH-
Tpos (6e3 ynoopenmii). OObSICHSIETCS 3TO HapacTa-
HUEM COIEpKaHUs B OYBE MOABUKHOTO aJITIOMUHUS
¢ 44.0 no 130 Mr/KT, OKa3aBIIEro CUJIbHOE TOKCUYEe-
CKO€ JIeCTBUE Ha PACTEHUS IPOBOTO STIMEHSI.

I[lpn mIMTETBHOM CUCTEMATUYECKOM BHECEHUU
¢dochopHbIX ynoopeHuii (B popme ammodoca B 103¢
60 xr P,Os/ra) ypoxXaifHOCTb SIpOBOTO STYMEHSI yBe-
JIMYmBajgach Ha Bcex ¢poHax usBectu. Ha cuiabpHO-

ATPOXMUI

Ne 6 2023

KUACJIOHN TTOYBE MPUPOCT YPOKANHOCTU COCTABIISAI:
B2020r. —70,82021 1. —62,82022T1. — 68%), B Cpen-
HeM 3a 3 rofa oH gocturai 67%.

Ha nouse, nmponsBecTKOBaHHOI 103011 19.0 T u3-
BECTH/Ta, CO CIA0OKUCION peaklmeil ITOYBEeHHOM
cpenbl 3¢ @dEeKTUBHOCTh (OCHOPHBIX yIoOpeHUM
YMEHBIIAJIACH, TPUPOCT YPOXKAWHOCTHU OBIJT CIEAYIO-
muM: 8% B 2020 1., 24 — 82021 1. 1 22% — B 2022 1.,
B cpeaHeM 3a 3 roga — 19%. CHuxeHue B 3.5 pasa 1o
CPaBHEHUIO C CUIIbHOKMCIION MOYBOM 3 (HEKTUBHO-
CTHU IIpuMeHeHUs PocOPHBIX yIoOpeHuii Ha cnabo-
KMCJION IToYBe OOYCJIOBJICHO yiy4dineHueM gocdop-
HOTO MUTAHUS pacTeHUI 3a cY4eT UMEHHO U3BECTH,
KOTOpash CHOCOOCTBOBAjla YBEJIMYEHUIO CpemaHeit
YPOXKANHOCTHU IPOBOTO STYMEHS B 2.5 pa3a 1o cpaBHe -
Huto ¢ ¢onoM NK cunbpHOKUCTOM 1TouBBI. Hapsimy ¢
He61aroNoJyYHBIMU METEOPOJIOTUYECKUMHU YCITOBU-
sIMU BereTalMoHHbBIX TtepronoB B 2020 u 2021 rr., Ta-
Kas 0oJIbIIasg OTJava OT U3BECTU OIPeNeIsiiach BbI-
paXXeHHBIM TOKCHYECKMM ACUCTBUEM ITOABUKHOIO
amomuHus (130 Mr/Kr) Ha CIUIbHOKMCIIOHM ITouBe (ho-
Ha NK, 4To moaTBe p>XIaiu U HEKOTOPhIe UCCIIeI0Ba-
Hus [8, 9].

Ha cunbHOKUMCIO0I ouBe 6e3 MPUMEHEHUS U3Be-
CTU TIpubaBKa ypoxkas OT MarHUEBBIX YIOOpeHWUit
ObLJ1a HE CYIIECTBEHHOM, IIPUPOCT YPOXKANHOCTU CO-
CTaBJIsl1 Mo OoTHOIIeHUIO K (poHy NIOP60K9I0 ~6%.
CoIpsoKeHOo 3TO, 10 Beeil BUTIMMOCTHY, ¢ AHTATOHU3-
MOM MOHOB MAarHus M ajJlOMUHUS B CHJIbHOKUCIION
MOYBE, 3aTPYAHSIOIIUM MOCTYIJIEHE MarHus B pac-
TEHMUSI TIPU BLICOKOM HAMOJIHEHUU ITOYBEHHOTO pac-
TBOpa MOHAMHU aJTIOMUHNSA [4].
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Tabomuuna 2. DieMeHTbl CTPYKTYPBI ypoxkast ipoBoro sstuMeHst copta HYP B 3aBUCUMOCTH OT KMCJIOTHOCTU TIOYBHI U MPU-

MeHeHUs1 ynoopeHuii (cpenHee 3a 3 roga, 2020—2022 rr.)

Kommiecrso KonunuecTBo 3epeH
Bapuant IPOIYKTUBHBIX Macca 1000 3epeH, T Ko
crebJieit, 1T. B KoJioce, IMT.
bes uzBectu (pHg 4.1)
bes ynobpenmii 360 12.6 38.1 0.48
N90K90 380 12.4 37.6 0.47
N9OP60K90 414 17.6 41.6 0.50
N90P60K90 + Mg 419 17.8 41.6 0.50
Wssects 11.5 T/ra (pHy( 4.7)
N90K90 395 17.0 40.0 0.50
N90OP60K90 445 19.0 44.0 0.52
N90P60K90 + Mg 460 19.6 44.8 0.54
Mszects 19.0 T/Ta (pHk () 5.4)
N90K90 410 18.5 44.4 0.52
N90OP60K90 476 22.0 46.0 0.54
N90P60K90 + Mg 487 22.9 47.4 0.55

B pesynbraTe pe3Koro MOHWXEHUs COmepXKaHUS
MMOABMXKHOIO aJIIOMUHUSI B CJIA0OKMCJION TITOYBeE,
npousBecTkoBaHHOW 19.0 T u3BecTH/ra, OoTMEuYeH
MIPUPOCT yposkaiHOCTH Ha 12% OT IpUMeHEeHUsT Mar-
HUEBBIX yIOOpEHUI IpU MaKCUMaJIbHOI ypOXaitHO-
ctu 5.15 T/ra, To ecThb B 2.9 paza Gonblre ¢poHa NK
CWJIbHOKHUCIOM TouBbl. Hapsimy ¢ 3TuM Bo3pacTaia
TaK>K€ OKYITaeMOCTb 36pPHOM MUHEpaJbHBIX YI100pe-
auit (N90P60K90) 110 cpaBHEHUIO ¢ UX MPUMEHEHH -
€M Ha CWJIbHOKMCJION TouBe B 2.4 pasza, COCTaBUB
11.7 Xr/Kr, ¢ BHeceHuMeM MarHus — B 2.9 pa3a,
coctaBuB 13.9 Kr/KT.

3epHOBAas IPOIYKTUBHOCTD SPOBOTO STYMEHS TeC-
HO CBsI3aHa CO CTPYKTypoii ypoxas (Maccoii 1000 3e-
pEH, KOJMYECTBOM 3€peH B KOJOCE, KOJMYECTBOM
MPOLYKTUBHBIX cTebaeil Ha M2). PocT nokasaTeineit
CTPYKTYPBI YpoxKasl TIPEUMYIIECTBEHHO HaOII0maImn
MPY BO3JEIBIBAHUU SIPOBOTO SUYMEHSI Ha CPEIHEKUC-
JION 1 cTaGOKUCIOM TTOUBE, OT MIPUMEHEHUSI U3BECTU
B OOJIBIIIEH cTeneH!, YeM OT (ocHOPHBIX 1 MarHue-
BBIX yIoOpeHwuii (Tadir. 2).

Ha nouBe ¢ peakuueii cpeabl c1adOKMCIOM, ITpo-
n3BecTKoBaHHOI 19.0 T m3BecTH/Ta, OTMEYaIN IIPU-
POCT mokKasaTeJieil CTpYKTYphl ypoxasi IO CpaBHe-
HHUIO C HEM3BECTKOBAHHOW CHMJIBHOKMCIIOM ITOYBOM
¢dona NK — maccer 1000 3epeH — Ha 11%, konuue-
CTBa 3epeH B KOJIOCe — Ha 25, KOJIMYeCTBa IIPOILYK-
TUBHBIX cTebieit — Ha 15%. IlpuMeHeHune MarHue-
BBIX YIOOPEHUI TaKXKe CIIOCOOCTBOBAJIO HEKOTOPOMY
POCTY IoKa3aTtejaeit CTpyKTYpbl — IPEUMYILIECTBEHHO
KOJIMYECTBA 3€PEH B KOJIOCE.

X03IUCTBEHHBIN KO3(PDUIIMEHT TakXKe 3aBUCET
OT BHeceHUsT (HOCHOPHBIX I MAaTHUEBBIX YIOOPEHUIA.
Ha cpenHexucioit n c1aboKuCI0il MOYBe OH YBEJIM-
yuBajics 1o 0.55 npu BenuuuHe Ha poHe NK (cuiib-
HOKMCJION IT0oYBbI), paBHOM 0.47. DTO yKa3pIBaJIO HA
OJIaTOIIPUSITHOE NEeWCTBHE YOOOpEHMIT Ha IperMy-
IIeCTBEHHOE TeHepUPOBaHKE PEPOTYKTUBHOM TOIN
ypoxast.

BBIHOC BJ1EMEHTOB MUTAHUS PACTEHUSIMU SIPOBO-
TO SSYMEHST B 3HAYUTEITBbHOI Mepe OIpenesics Krc-
JIOTHOCTBIO TIOYBBI W BHECEHHBIMU YIOOPEHUSIMU
(Ta6i. 3). HamouBe cpenHEeKMCI0i BEIHOC a30Ta IIpe-
BeIIAJ B 1.6 pasa, Ha cinabokucioil — B 1.9 pasa BbI-
Hoc oTHocuTeabHO poHa NK. MakcnMaibHBINA €ro
BbIHOC (141 kr/ra) HaGmomanu Ha U3BECTKOBAHHOM
nouse B 1o3e 19.0 T/ra.

HMcnionb3oBaHue a3ota U3 ymoopeHuii Ha cimabo-
KUCJIOl TTOUBe MpeBbIlaio B 3.4 pa3a TOT Xe MoKasa-
TeJb Ha CUJIbHOKUCIION MmoyBe. BhICOKME BEJIMYUHBI
HCTIOIb30BaHus azota (0T 77.8 mo 103%) Ha citabo- u
CPEMHEKUCIION MOYBE OOBSICHSIOTCS BIUSTHUEM TOK-
CUYHOTO [JIST pacTeHWId YpPOBHSI COIEpXKaHWUS ITO-
JBUKHOTO aJIIOMUHUS B CWJIBHOKMCIION TTOUBE, 00Yy-
CJIOBUBIIIETO HU3KUI BbIHOC a3oTa [11, 12].

Ha cpemHexuciioil mouBe ot TpuMeHeHUs hoc-
hopHBIX yToOpeHMIT YBETMIUBAJICS CPETHUI 3a 3 TO-
ITa BBIHOC (pocopa pacTeHUSIMU STIMEHS B 2 pa3a, Ha
cIaboKuMCIIol moyBe — B 3.6 pa3a 1o cpaBHEHHIO C
(OHOM a30THO-KAJIMIHBIX ynoopeHuii. CoBMeCTHOE
BHeceHMre (hochOpHBIX 1 MarHMEBBIX YIOOPEeHMI HA
CI1a0OKMCIION TTOYBE ITPUBOIIIIO K HAMOOJIBIIIEMY €TO
BeIHOCY (63.9 KT/Ta), TIpeBBICKMB TOT Xe poH NK B
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Taomuua 3. BeiHoc azora 1 Ko3(hGUILIMEHT ero UCIT0Ib30BaHUsl PACTEHUSIMU SIPOBOIO STUYMEHS B 3aBUCUMOCTU OT IIpUMeE-
HEHHBIX yIOOPEeHUI Y KUCJIOTHOCTH I€PHOBO-MOA30JUCTOM TTOYBBI

BeiHOC a3oTa (3epHO + coioma), Kr/ra HCIonb3oBanme
Bapuant
2020 . 2021 T. 2022 r. cpenHee 3a 3 rona asora, %*
bes uzsectu (pHg 4.1)

Be3s ynobpenmit 40.9 36.5 69.0 48.8 —
N90K90 40.6 38.2 57.2 45.3 —
N90P60K90 67.4 58.0 92.2 72.5 26.3
N90P60K90 + Mg 71.2 60.2 96.1 75.8 30.0

Wssects 11.5 T/ra (pHy( 4.7)
N90K90 69.2 57.4 95.1 73.9 —
N90P60K90 104 96.2 156 119 77.8
N90P60K90 + Mg 113 103 164 127 86.4

Nssects 23.0 T/ra (pHk) 5.4)
N90K90 97.2 84.2 131 104 —
N90OP60K90 118 105 169 130 90.7
N90P60K90 + Mg 131 112 181 141 103

anMe‘{aHVIe. Hcnonbp3oBaHue azoTa — PacyeT K KOHTPOJIIO.

Taomuua 4. BeiHoc dpocdopa v KoadOULIMEHT ero MCroIb30BaHUsI PACTEHUSIMU IPOBOTO SYMEHSI B 3aBUCMMOCTHU OT P -
MEHEHHBIX YIOOPEeHWIT U KUCJIOTHOCTU JePHOBO-IOA30MCTOM ITOYBbI

Brinoc ¢pocdopa (3epHO + costoma), Kr/Ta M CIIONb30BAHLE
Bapuanrt
2020 . 2021 1. 2022 . cpennee 3a 3roma | Pocdopa, %
bes uzBectu (pHg 4.1)

bes ynobpenuii 15.2 13.6 23.9 17.6 —
N90K90 15.0 13.2 20.9 16.4 —
N90OP60K90 27.8 25.0 38.8 30.5 23.5
N90P60K90 + Mg 29.2 26.6 40.8 32.2 26.3

Ussects 11.5 1/ra (pHy () 4.7)
N90K90 30.0 27.0 43.6 33.5 —
N90OP60K90 41.4 39.2 62.6 47.7 52.2
N90P60K90 + Mg 45.9 42.7 67.5 52.0 59.3

Hssects 23.0 T/Ta (pHk 5.4)
N90K90 443 40.2 61.1 48.5 -
N90P60K90 51.7 48.8 75.6 58.7 70.5
N9OP60K90 + Mg 56.0 53.9 81.7 63.9 79.2

TIpumeuanue: pacuet K o6memy pory N90OK90.

3.9 paza (ta6xa. 4). Tak K03(PPULIMEHT UCIIOJIL30Ba-
HUs1 ¢pocdopa B cpeaHeM 3a 3 roga Ha CpeaIHEKUCION
Mo4yBe Bo3pacTaja B 2.2 pa3a, Ha CJIabOKHUCIIOil — B
3.0 paza, ¢ IpUMEeHEeHNEM MarHUEBBIX YIOOpPEHUI —
B 2.5 1 3.4 pa3a COOTBETCTBEHHO.

CaMBbIit BEICOKH B OITBITE CPETHUIA BRIHOC KAJIUS
(63.9 xr/Ta), TaK Xe Kak U KO3DOUIIMEHT UCITOTB30-
BaHUs K — 79.2% orMedeH Ha Ci1abOKUCION
MOYBE C BHECEHMEM ITOJTHOTO MHHEPAIBLHOTO yI00-
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penust (NPK) u marHusi, 4to ObIJ10 O0bIIIE, YEM Ha
cunbHOKUCTOM mouBe B 2.0 1 3.0 paza COOTBETCTBEH-
Ho (Ta6:. 5). [ToHwKeHHBII YPOBEHb BEIHOCA KIS
Ha CUJIbHOKUCJION TOYBE OMpPEAeIsiicsS TeM Xe MOo-
JIBVKHBIM aJIOMUHUEM, TOKCUYHBIM JUISI PACTEHUIA
STYIMEHSI TIPU OOJIBIIIOI KOHIIEHTPAIUHU €T0 B TIOYBEH-
HOM PacTBOpE.

Briroc azora, ¢pocdopa n Kannsg u3 ynoopeHuit
1 T ypoxast SpoBOTO STUMEHS Ha CUJIBHOKUCIION MOYBe
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Tab6muna 5. Bernoc kanus u KOS(b(I)I/IL[I/IeHT €ro UCIoJb30BaHUA paCTCHUAMU APpOBOTO AYMEHA B 3aBUCUMOCTHU OT IIpU-
MCHCEHHBIX yZLOGpCHI/lﬁ 1 KUCJIOTHOCTHU ﬂepHOBO—HOﬂ.BOJ’IMCTOﬁ ITOYBBI

BoeiHoc kanus (3epHo + cojioMa), Kr/ra VCIOIB30BAHME
Bapuant
2020 1. 2021 r. 2022 . cpenHee 3a 3 rona Kanust, %
bes uzsectu (pHg 4.1)

bes ynobpenmii 342 30.1 53.5 39.3 -
N90K90 36.8 32.4 50.2 39.8 —
N90P60K90 47.0 45.0 67.7 53.2 15.4
N90P60K90 + Mg 47.9 46.4 69.1 54.5 16.9

Wssects 11.5 T/ra (pHy( 4.7)
N90K90 60.4 42.4 77.2 60.0 —
N90P60K90 84.0 70.5 120 91.5 58.0
N90P60K90 + Mg 90.3 72.0 124 95.3 62.2

MszBects 19.0 T/Ta (pHk () 5.4)
N90K90 87.9 65.4 111 88.1 —
N90OP60K90 98.6 80.0 135 105 72.6
N90P60K90 + Mg 107 84.6 142 111 79.9

IMpumeuanue. Pacuer K KOHTpOJTIO.

COOTBETCTBOBaJl HOPMATUBHBIM 06Aa30BBIM ITOKa3aTe-
JISIM, XapaKTEepHBIM ISl TSDKEJIOCYTTIMHUCTOM NepHO-
BO-TION30JICTOM TTOYBHI, TEM He MeHee, Ha CITabOKMC-
JIOI MoYBe OH ObLI OOJbIIEe YeM Ha CUJIbHOKHWCIIONM:
azota — Ha 16.9, docdopa — Ha 23.3, xanusg — Ha
26.8% (Tabm. 6). DT HOBBIE HaHHBIC BBIHOCA BJIe-
MEHTOB NUTaHusl 1 T ypoxasi, MoJiydeHHbIe B IJIU-
TEJILHOM OIBITE, MOXHO HMCIOJIB30BaTh IJIs pa3pa-

Tab6mua 6. BblHOC 371€eMEHTOB NMUTAHUS U3 yOOOpeHUit
pacTeHMSIMM SIPOBOTO sTYMeHsI (3epHO + cosoma) 1 T ypo-
Kasi B 3aBUCUMOCTHU OT MPUMEHEHHBIX yI0OPEHMI 1 KUC-
JIOTHOCTH [I€PHOBO-IIOA30JIMCTON TOYBHI (CpemHee 3a
2020—2022 1T.)

Asor Ddochop Kanwii
Bapuant
KT
bes uzBectu (pHy; 4.1)
bes ymoopenuii — — —
N90K90 — - —
N90P60K90 24.2 10.3 17.9
N90P60K90 + Mg 24.1 10.3 17.4
Ussects 11.5 T/ra (pHy () 4.7)
N90K90 — — —
N90P60K90 29.4 11.8 22.6
N90P60K90 + Mg 28.4 11.7 21.4
Hssects 19.0 T/ra (pHk ) 5.4)
N90K90 — — —
N90OP60K90 28.3 12.7 22.7
N90P60K90 + Mg 27.5 12.4 21.6

GOTKM HOBBIX HOPMATHBHBIX MOKa3aTeleil ¢ yIeTOM
YPOBHSI TIOJIYYeHHON TMPOIYKTUBHOCTU pPaCTCHUA
SIpOBOTO sTYMeHsT B HeuepHO3eMHOM 30He Ha CpemHe-
U CJT1aGOKVCIION JepHOBO-MOI30JIMCTOM TTOYBE.

Ha xaudecTBeHHBIX ITOKa3aTeJIsIX 3€pHa SIPOBOTO
STYMEHSI CKa3aJIMCh YCIOBUS BereTaliiu, B 3HaUYNTE b-
HOM CTereHU 3aBUCSIIME OT roga MCCIACOOBaHMS, a
TakKxKe OT MPUMEHEHMs yaoOpeHuil. B 3acylinBbIX
ycaoBusax 2020 1. oTMedasu TOBbIIIEHUE CONePKAHMS
Oenka no cpaBHeHMIo ¢ 2021 1., xapaKTepu3yonmnuMcs
U30BITOYHBIM YBJIaXXHEHUEM, B OJ1arorpusiTHOM JIJISI
Beretaluu 2022 r. 3TOT MoKa3aTesb IMOYTHU HE OTJIM-
yajcs ot gaHHbix 2021 r. (tadi. 7).

Bo Bcex m3yyeHHBIX BapMaHTaX ASPHOBO-IOA30-
JIUCTOM TTOYBBI, OT CUJIbHOKMCJION 10 CJIabOKUCIION
MpY BHeceHU U pochopHbIX ynoOpeHuit B hopMe am-
Modoca U a30THO-KaJUMNHBIX B (popMe aMMHAYHOMI
CEJIMTPHI U XJIOPUCTOIO KaJiusl 3aMETHOIO yBeJIMYe-
HUS colepXKaHus O0eKa B 3epHe OTMEUEHO He OBLIO.
OIIHaKO COBMECTHOE X MPUMEHEHNE C MarHeBbIMU
yIOOpPEHUSIMU Ha CJIA0OKMCJION MOYBE MPUBOIMUIIO K
HanOOJBIIIEMY B ONBITE POCTY COACpKaHUS OeJiKa, B
cpenHeM 3a 3 roma cocTtaBuBlieMy 11.9%, nmpeBuicuB
MIpU 3TOM ero yposeHb B BapuaHTe NK Ha cuiabHO-
Kucioi mouse Ha 1.2%.

CHIXeHHMe MoKa3aTeNls SKCTPaKTUBHOCTH 3€pHa
Ha 2.9% no cpaBHeHMIO ¢ hoHOM NK crnbHOKUCTOIM
IMOYBEl OTMEUAJIM MPU BO3pACTaHUU YPOXKAMNHOCTHU
SIPOBOTO SUYMEHSI M CoOAepXKaHUS Oelka B 3epHe
BCJIEICTBUE ACUCTBUS MUHEPATBHBIX U MAarHUEBBIX
YIOOpEHUT B YCIOBUSX YOBIBAIOIIEH KUCIOTHOCTU
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Ta6auna 7. HCKOTOprC IIoKasaTeJn Ka4ye€CTBa ApOBOTO AYMEHA B 3aBUCUMOCTH OT KMCJIOTHOCTH ITOYBLI U TIPUMECHCHHBIX

yIOoOpeHUIA
ConepxaHue 6enka, % BKCTPaKTUBHOCTD, %
Bapuant 2020r. | 2021 | 2022 | PEMEC ) o0p0r | 2021 | 2022r | SPAMCC
3a 3 ronga 3a 3 roma
bes ussectu (pHg 4.1)
bes ynobpenuii 11.0 10.2 10.4 10.5 68.5 69.1 67.2 68.3
N90K90 11.1 10.4 10.6 10.7 68.1 69.0 67.0 68.0
N90P60K90 11.2 10.6 10.8 10.9 67.4 68.2 66.3 67.3
N90P60K90 + Mg 11.5 10.7 10.8 11.0 67.0 68.0 66.2 67.1
Wssects 11.5 T/ra (pHy( 4.7)
N90K90 11.6 10.8 10.9 11.1 67.1 67.0 66.5 66.9
N90P60K90 11.7 11.0 11.1 11.3 66.3 66.8 65.3 66.1
N90P60K90 + Mg 12.0 11.2 11.3 11.5 65.8 66.7 64.7 65.7
Hssects 19.0 T/Ta (pHk () 5.4)
N90K90 11.8 11.4 11.7 11.6 66.6 66.9 65.2 66.2
NI90P60K90 11.8 11.5 11.9 11.7 66.1 66.5 64.5 65.7
N90P60K90 + Mg 12.1 11.7 11.9 11.9 65.0 66.2 64.2 65.1
HCPy;s 0.7 1.1 1.2

No4YBEL. 10 JOCTUTHYTBIM IMOKA3aTeJISIM YPOBHS DKC-
TpakTUBHOCTH (65%) m G6enkoBoctn (11.9%) moimy-
yeHHoe B o1bITe 3epHO coracHo TOCT 5060-86 Obi-
JIO 3epHO(DYPaKHBIM.

SAKJIIOYEHHME

HccnenoBaHUsIMU B IJIUTEILHOM TTOJIEBOM OIIBITE
BBISIBJICHA OOJIbIIAs OTAA4Ya OT COBMECTHOTO IIpUMeE-
HEHUSI M3BECTKOBBIX, (POCHOPHBIX W MarHMEeBBIX
yIOOpEeHMI 110 CpaBHEHWIO ¢ (DOHOM a30THO-KaInii-
HBIX YIOOpPEHMI Ha CUIIBHOKWCIION JEepPHOBO-IION30-
JINCTOM CIIA00OKYIBTYPEHHOI TTOUBE, C BEICOKIM CO-
nepxxanueM B Hell (mo 130 MI/Kr) IMOOBIKHOTO alio-
MUWHUS, 00YCIIOBIIEHHOTO JJINTEJIbHBIM ITPUMEHEHUEM
(GU3UOIOTUIECKN KMCIBIX yIoOpeHuii B popMe aM-
MUWAYHOM CEJTUTPHI U XJIOpUCTOTo Kanus. Ha cuiabHO-
KHUCJIO HEM3BECTKOBAHHOM ITOYBE IIpUMEHEHME
dochopHBIX yIOOpeHN CITOCOOCTBOBAJIO YBEJIMUE-
HUIO YPOXAWHOCTU SIpOBOro siUMeHs Ha 67%, Ha
CPEIHEKMCIION, IIPOM3BECTKOBAaHHOM 10301 11.5 T/Ta,
nouyBe — B 2.3 pa3a, Ha c1aDOKMCIION, TIPON3BECTKO-
BaHHOI1 710301 19.0 T/Ta, — B 2.6 pa3a, npu coueTaHUU
C MarHUEBBIMU YIOOPEHUSIMU — COOTBETCTBEHHO B
2.51 2.9 paza no cpaBHEHMIO C ypOXKAWMHOCTHIO Ha (ho-
HE a30THO-KaJIMIHBIX yIoOpeHuii B pa3mepe 1.78 T/ra
(cunpHOKHUCHAsE moyBa). C BHECEHMEM MarHHUEBBIX
yIOOpeHUit Ha CcJIabOKUCIION IIOYBE OKYIAaeMOCTh
MUHepanbHbIX ymoopenuit (N9OP60K90) mpubas-
KOM 3epHa yBelIM4YMBalach B 3 pasa, Bo3pacTas IO
13.9 xr/kT. I1oBBIIIIEHNE TP 3TOM COAEpPKaHUS OelI-
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Ka B 3epHE I10 CpaBHEHUIO ¢ (P)OHOM a30THO-KaJIUii-
HBIX ymoopeHwmit nmocturano 1.2%. Ucronb3oBaHme
azoTa u (poccopa pacTeHUSIMU SIPOBOTO STIMEHS BO3-
pactano B 3.4 pa3a, Kanus — B 3.0 pa3a. BeipammenHoe
B OMNBITE 3epHO OTHECEHO K 3epHODYypaKHOMY
(IFOCT 5060-86).
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Influence of the Joint Use of Phosphorus and Magnesium Fertilizers
on the Background of Nitrogen and Potassium Fertilizers
on the Productivity, Quality and Removal
of Nutrition Elements in Spring Barley Depending
on the Acidity of Sod-Podzolic Soil

S. P. Bizhan

D.N. Pryanishnikov All- Russian Research Institute of Agrochemistry
ul. Pryanishnikova 31a, Moskow 127550, Russia

E-mail: kzuek@yandex.ru

In the long term (56 years) field experience revealed a great return from the combined use of lime, phospho-
rus and magnesium fertilizers compared with the background of nitrogen-potassium fertilizers on strongly
acidic sod-podzolic poorly cultivated soil, with a high content of mobile aluminum in it (up to 130 mg/kg),
due to the prolonged use of physiologically acidic fertilizers in the form of ammonium nitrate and potassium
chloride. The use of phosphorous fertilizers on highly acidic untreated soil contributed to an increase in the
yield of spring barley by 67%, on medium-acidic soil produced at a dose of 11.5t CaCO3/ha — by 2.3 times,
on slightly acidic soil produced at a dose of 19.0 t CaCO3/ha — by 2.6 times, when combined with magnesium
fertilizers — by 2.5 and 2.9 times, respectively, according to compared with the yield on the background of ni-
trogen-potash fertilizers 1.78 t/ha (highly acidic soil). With the introduction of magnesium fertilizers on
slightly acidic soil, the payback by adding grain of mineral fertilizers (N90P60K90) increased by 3 times, in-
creasing to 13.9 kg/kg, with an increase in protein content compared to the background of nitrogen-potassi-
um fertilizers by 1.2%. The use of nitrogen and phosphorus by spring barley plants increased 3.4 times, po-
tassium — 3.0 times.

Key words: spring barley, quality, magnesium fertilizer, liming, yield, soil acidity, sod-podzolic soil.
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