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NPOAYKTUBHOCTH CEBOOBOPOTA B 3ABUCUMOCTH
OT CUCTEM [TPUMEHEHUSA YAOBPEHUUN B JJIMTEJIBHOM OIIBITE

A.T. I3IOUH

(DenepanbHOE TOCYIAPCTBEHHOE OIOIKETHOE YUPEXKICHNUE HAyKH YIMYPTCKUi (enepaibHbIi
HCCIIEIOBATENILCKUH LIEHTP YpaibCcKoro oTaeieHus Poccuiickoii akageMun HayK)

Pewenue npobnemvt 60cnpousso0cmea nio0opoous NOY8 — 00HA U3 2AGHLIX 3A0aY 8 3eMie-
Ooenuu Yomypmcxou pecnyoruxu u Heueprnozemvs. Haubonee npuemnemsiii cnocob peutenus — Ouo-
Jo2u3ayust, NPeoyCcmMampusarwas CHUdICeHUe 00beMo8 XUMUYECKUX U Y8enuyeHue OU0I0SUYecKUx
cpeocms. Ilpu deuyume nago3a npumerenue Mmoabko CUOEPAmos Uil COLOMbL He peulaem npo-
onemy. Ha xucivix nousax nHeobxooumo KOMNIEKCHOe 8030elicmaue Ha Nougy, npexicoe 6ce20 — Us-
8ecmKoganue U NPUMeHeHue ONMUMALLHBIX 003 MUHEPATbHBIX YO0OPpeHUll, CnocoOCmeyuux no-
BbIUUEHUIO NPOOYKMUBHOCMU 3eMeNb U ceB0000POMa 8 KOPOMKUe CPOKU.

Ha Yomypmcxom HUHUCX ¢ 1971 2. 8 8-nonvnom cegoobopome (1 — nap; 2 — o3umas podics,;
3 — kapmodpens, KyKypy3a;, 4 — aposas nweHuya; 5 — knegep, 6 — Knegep, 7 — o3umas podce, 8 —
SUMEHb) UZYUAIOMCSL pasiudHble cucmembl yYooopenuil. Paxmop A — ¢onel: 0 — nynesou [10]; WP —
uzeecmv no 1H; (4,9 m/za CaCO,) 6 nepsoii +2H, (7,5 m/ea) 6o emopoii pomayuu; H’'C — nagos
40 (I pomayus) + 60 m/za (2-5 pomayuu) + cudepam (6 pomayus);, HPHC — uzeéecmv + Ha-
603 + cudepam ananocuuro. @axmop B — eapuanmel. Paccmampusaromes eapuanmsl 6e3 y0obpe-
Huti u NPK. H3eecmb cHusuna Kuciomuocns noubl 00 HEUmpaibHo2o YposHsl, 8 4emeepmoti poma-
yuu HezHauyumenvHo nogvicunacey. Cooepoicanue P,0,, K,0O, cymyca docmueno naubonvuiezo yposHs
6 NAMOU POMayuy Ha YHABOICEHHLIX honax. B pezynomame 3a 6 pomayuii nonyuenuro 3,23 u 3,31 m
s.e/ea (Ha 18,3 u 22,0% 6onvute, wem 6e3 yoobpenuit). B cucmemax ¢ uzeecmoio u HA030M MuHe-
PabHbIE YOOOPEHUs: NOBbICUIU NPOOYKMUBHOCMb ceeoobopoma Ha 32,4—35,7% 6 cpednem 3a eecob
nepuood. Onmumanvuvie 003vl 0 3,0—4,0 m 3.e/2a cocmasunu 40-50 xe 0.6/2a NPK. Cruoicenue 003
¢ 40-60 0o 10-30 ke/2a NPK 3a nociednue 2 pomayuu npugeno K CHUNICEHUIO NPooyKmMueHOCMu ce-
soobopoma (2,74-2,84) na 0,41-0,49 m 3.e/2a. M36ecmkogo-opeanomurepanvhas cucmema yooope-
HUS 8 mpembell, Yemeepmot, NAMol pomayusx ¢ 0obasnenuem MUKpoyoooperuii (YUHK — 03umas
POd#CD, K0OALM — KApmogens, Medb — APo8ds NueHUYd, AumeHb, Obop, Moauboex — Kkiesep) [9] obe-
cneuusana HauborbLULYIo NPOOYKmMusHocms cegoobopoma: 4,67, 4,25; 3,32 m 3.e/2a, ¢ Hausvlcuumu
npubaskamu — 2,05; 1,12; 1,05 m 3.e/ea, unu 78,2; 35,8, 46,2% coomseemcmeenno pomayusm. Ha-
603 Ha cUOepam — 20pOX00BCIHYIO CMECh — MONCHO 3AMEHSIMb MOIbKO NEPUOOUYECKU.

Knrouesvie cnosa: ceeoobopom, uzeecmov, HAB03, MUHEPATbHBLE YOOOPEHUSL, CUOEPATbHBLE
Y00bpeHust, nPOOYKMUBHOCMb, NIIOO0POOUE NOYGbL

BBenenue

Hawubosee neficTBEHHBIM CPEJICTBOM TOBBIINICHUST YPOXKAWHOCTH TOJIEBBIX KYJIBTYP
Ha JIEPHOBO-TIO30IMCTHIX MOYBAX SIBISIETCS] KOMIUIEKCHOE IPUMEHEHHE U3BECTKOBBIX, OP-
TaHMYECKUX U MUHEPAIbHBIX yaoopenuii [13, 18]. bes ynoOpennii Hukakue apyrue (hakro-
PHBI (COPT, CPEeICTBA 3alTUTHI PACTEHUH U T.1I.) HE MOTYT 00€CIIEUNTh MOBBIIICHHE TLIO0PO-
nust TouB [21] v yBenmM4eHne YpOXKaHOCTH.

B mayuyHOU nuTeparype omyOMMKOBaHBI paOOTHI MO A(PGEKTUBHOCTH Pa3IHIHBIX
cUcTeM ymoOpeHHi, U OONBIIMHCTBO WCCIENOBaTeICH OTIAIOT MPEANOYTCHUE H3BECTKO-
BO-OpraHOMHUHepalbHON cucreMe ymoOpenuit [3, 14]. pyrue mcciemoBarenu oOparia-
10T OOJIBIIIE BHUMAaHHWS OpraHOMHHepanbHOM cucteme [15, 18, 23]. MmeroTcs naHHBIE,
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yKasbiBaromye Ha 3(h(eKTHBHOCTh MUHEpaNbHOU cucteMbl [13, 24]. OmbITE Ha AepHO-
BO-CPEAHEIOA30JIUCTHIX CPEOHECYIIIMHUCTBIX MOYBAaX MOKAa3ajH, YTO «...CaMbIM 3{dek-
TUBHBIM CPEACTBOM IOBBIICHUS YPOXKAWHOCTH KyJBTYp SIBJISIIOCH IPUMEHEHUE [TOJTHOTO
MUHEpaJbHOTO yaoOpeHus. Hanbombimas mpomyKTHBHOCTE ceBoobopora (4,76 T 3.e/ra)
Obula MOJy4YeHa BO BTOPOH pOTAlMM NMPH BHECEHWH MHUHEPAJIbHBIX YIOOpEeHHH B J03aX
N147-461P200K160. IIpu 3TOM Ha BETUYUHY ypOXKasi OKa3bIBaJIU BIUSIHUE BCE BUBI BHE-
CEHHBIX MUHEPAIBHBIX YIO0OpeHuH...» [14].

Cuctema ynoOpeHHH B KaXKIOM pOTalMU AOJDKHA yTOYHATHCS. Takas [MOCTaHOBKa
BOIIPOCA ONPEAEISIETCS [UTUTENBHOCTBIO ICHCTBUS YIOOPUTEIbHBIX CPENICTB: U3BECTH, Ha-
Bo3a, NPK. CoBMecTHOE puMeHEeHHE YIOOpEHNH MOBBILIAET YPOXKAHHOCTD KYJIBTYp Ce-
BooOopora. Hampumep, BHecenne NPK (116 kr/ra), HaBo3a (8,8 T/ra mamrHu) U U3BECTH
B ceBOO0OPOTE MO3BOJIMIIO MTOMYYUTh: 3€PHOBEIX — 110 3,74 T/ra; cena kieBepa — 6,9 1/ra;
kaprodens — 29,2 1/ra; Kykypy3sl (3eneHas macca) — 49,6 t/ra» [2].

[o nanueiM C.U. TTonogoit u nip. [20], Ha AEpHOBO-MOA30IUCTHIX MOYBAX 3a 4 poTalyu
€eB0000POTa 3BECTKOBO-OpraHOMUHEpaJIbHAsK CHCTEMa YI0OpEeHHs 00ecTIe rIIa poCT MPOILYyK-
THUBHOCTH ceBoobopoTa ¢ 1,74 mo 3,15 T k.e/ra, u3BecTkoBO-MuHEpaibHast — 3,30, opraHoMu-
HepanbHas — 2,94 1/ra. D(HEeKTUBHOCTE yIOOPEHUH B 3HAYUTEILHON CTEIIEHH 3aBHCHT OT T10-
TOIHBIX YCIIOBHH, PUYEM OMPEEISFONINM (haKTOPOM SIBISETCS 0OSCIIeYeHHOCTh BIIaroi [22].

Lenp uccienoBanuii: pa3padoTars CUCTEMbI YIOOPEHUI Ha JEPHOBO-CPEAHETION30-
JIMCTO CpeHECYNIMHUCTO! TIOYBE C BHECEHHEM MUHEPAIBHBIX YIOOPEHHI, H3BECTH, HABO3A,
COJIOMBI U CHJICPAaTOB B JUIMTEIBFHOM OIBITE, IS MOBBIIICHHS MPOLYKTHBHOCTH CEBOOOO-
pora [6]. 3agauamu MCCIIEIOBaHMI SBISUIMCH: BIMSIHUE MUHEPAJIbHBIX YAOOpEHHH HA Mpo-
JIYKTUBHOCTB ceB00OopoTa [14] B 3aBUCHMOCTH OT codeTaHHl ¢ ()OHOBBIMHU YIOOPECHUSMU;
BIIMSIHUE TOHIKEHHBIX 103 MUHEPAIbHBIX yIOOPEHHI Ha MPOLYKTUBHOCTE ceBoobopoTa [14];
BO3MOXKHOCTB 3aMEHBI HaB03a KaK (JOHOBOTO YIOOPEHHS Ha CUAICPAT — TOPOXOOBCSHYIO CMECh.

MarepuaJji M METOAbI HCCJIEI0BAHUI

JImiTensHBIA CTalMOHAPHBIN ONBIT ObUT 3amoxeHd B 1971-1972 rr. B 2-KpaTHO# 110-
BTOPHOCTH C HHTEPBAJIOM B O1IiH rojl. CeBooOOPOT — 8-TIOIBHBIN C YepeIOBaHUEM KYJIBTYP:
1 — map 4epHsIii; 2 — 03UMasi poXb; 3 — KapToderb B IEPBOH-TPEThEH POTALIUSIX; KYKypy3a
B UETBEPTON-MIATON poTalusx; 4 — sspoBas MIIeHuna + kiesep; 5 — knesep 1 r.o.; 6 — kiIesep
2 ri.; 7 — o3uMast poxb; 8 — sd4MEHb [5]. BriceBanch paliloHUpOBaHHBIC B PECITYOIMKE CO-
pra KyaeTyp. C MOMEHTa 3aKJIaIKi POIIo 6 poranuii. Cxema OIbITa COCTOUT U3 CIEAYIO-
X ABYX (pakTopoB.

daktop A — ¢oubl: 0 — HyneBoi; 1> — u3Becth (B (hopMe M3BECTHIKOBOW MYKH)
no 1H; B Hayane mepBoii poranuu ceBoodopora (4,9 1/ra CaCO,)+ no 2H,. B Havyane BTO-
poii porarmu (7,5 T/ra CaCO,); H*C — HaBo3 KpynHOro poratoro ckota 40 T/ra 1o nepsyo
poTanmio ceBoobopora + mo 60 T/ra mon BTOPYIO-IATYIO POTAlMK + CHAEPAT B IIECTOH
poranun; N?H’C — u3Bects mo 1 Hr mox nepByto u no 2Hr nox Bropyro poranuu + HaBo3
40 1/ra mox nepByto u 1o 60 T/ra Mo BTOPYIO-MATYI0 poTanuH [§] + cuaepar B meCToil po-
tanuu (Tabi. 1). B xadecTBe cuaepara B mouBy 3ajeJ1alii FOPOXOOBCSHYIO cMech — 18 T/Ta.

®dakrop B — BapuaHThl ¢ BHECEHHEM MHHEpANbHBIX yaoOpeHuid. PaccmarpuBaiot-
csl IBa BapuaHTa: MEePBBIH — 0e3 ynoOpeHuil; MATHIH — ¢ BHECEHUEM TOJIHOTO YAOOpEHHUS
NPK. CpeaneronoBbie 1036l yIOOpEeHH COCTaBWIM: B mepBoil poramuu — N64P46K46;
Bo BTOopoii — N92P86K77; B Tperbeit — N56P46K46; B uerBeproit — N30P28K17. [lo-
CTUTHYTHII ypOBEHb IUIOJOPOAMS MOYBHI IOCJIE HYETBEPTOW POTALMU IO3BOJIWI CHH-
3UTh 1036l IPUMEHEHUS] MHUHEPAIBHBIX YI0OpeHHid. B 3Toil cBs3uM B mATOH M miecton
poTanmax W3y4ald TOHIKCHHbIE YPOBHH MHUHEpANbHBIX YIOOpPEeHWl B ceBOOOOpOTE:
ot N10P10K 10 no N60P60K60 ¢ mrarom B 10 kr/ra.
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Tabnuna 1
Cxema BHeceHHsI (OHOBBIX YI00peHMii IO POTALMAM

PoTtauusa
Cuctema
1 2 3 4 5 6 Cwumeon

MuHepanbHas (0] (0] (0] (0] 0o O 0}
M3BecTkoBO- 7 n _ _ _ _ 02
MUHepanbHasi no 1Hr no 2Hr
OpraHo- H4o Heo Heo Heo Heo ce H5C
MuHepanbHasi [10]
M3BecTkoBO- M no M no
opraHo- 1Hr + 2Hr+ Heo Heo Heo c N2HC
MuHepanbHasi [10] H4o Hs0

O — 6e3 ynobpeHuit; U — ussectb; H. — rugponutnyeckast KUCNOTHOCTb;
YcnoBHble Y r
0603HaYEHS H — HaBo3 (B uncnuTene — KOnM4ecTBo, T/ra);

C — cupgepanbHoe ygobpeHue (B Yucnmtene — KONMYecTBo, T/ra)

B Tpetheii-iecTol poTalusx ABaXKIbI 32 POTAIMI0 CEBOOOOPOTA 3aIaXMBAIA COIIOMY
o3uMoi pxu. I1ouBa — 1epHOBO-CPEHENO30IUCTAs CPETHECYTIMHUCTASA C arpPOXUMHUECKUMHU
JaHHBIMU 110 3aKianku onsita: pHy, — 5,0; Hr no Kanmeny — 2,7 mr-3k8/100 r; S (cymma 1o-
DJIOIIEHHBIX OcHOBaHMit) o Karmeny-I unbkoBuiry — 14,8 mr-sxs/100 1, P,O, n K,0O mo Kupca-
HOBY — 52,0 1 92 MI/KT TIOYBBI COOTBETCTBEHHO; TyMyc 1o Tropuny — 2,5% [8]. [ToBTOpHOCTB
OIbITa — YeThlpexkpaTHast. CTaTHCTUYECKYI0 00padOTKy YpOXKalHHOCTH MPOU3BEIH METOIOM
JIMCTIEPCHOHHOTO aHAJIM3a ITAHHBIX MHOTO(AKTOPHOTO ITOJIEBOTO OIIbITa (METOJ PEHIOMU3HPO-
BaHHBIX TIOBTOpeHMIA-0110k0B) 110 b.A. Jloctiexoy [12]. Habmonenue MeTeoycnoBuii mpoBo-
JIJIOCH arpOMETEOPOIOTHYECKOH cTaHIuel «VKeBCK» Ha CMEKHBIX TOJISIX CTallMoOHapa.

ATrpoKIUMaTHYecKUi paiioH HMeeT HEYCTOMUMBBINA XapakTep yBnaxHeHus. Hepeako
UCTapeHHe MPEBBIIIAeT KOJMUECTBO BBHIABIIMX OCAAKOB, OBIBAaIOT 3acyxu [4]. Meteopo-
JIOTUYECKHE YCIOBUS B TOBI MIPOBEICHUS UCCIICAOBAHNN OBLUTH TUIMUYHBIMU IS 30HBI [4],
XapaKTepU3ysCh CYIIECTBEHHBIMH Pa3IUUUAMHU KaK 10 TEMIIEPaTypHOMY PEKUMY BO3AyXa,
TaK W 1o ocagkaM. He coBceM OnaronpusiTHIME OBITH ITOTOIHBIE YCIOBHS B IIEPUOJ IIPO-
XOXKJIeHHs TiepBOd porarmu ceBoobopora (1971-1979 rr). [lo npuunHe cUITBHON 3acyxu
B 1973 1. mocTpanana spoBas mieHnna, B 1975 r. — knesep 1 r.o. B otnensHbIe roas! Benen-
CTBHE HEJOCTaTKa 0CaJKOB B Mae, HIOHE, Miojie HaOf0NaaoCch CHIDKEHHE YPO)KaeB OT BHE-
CEHHsI MUHEPaIIbHBIX yIoOpeHuil. Maiickre 1 HIOHbCKHE 3aCyXH YaCTO BOZHUKAIIH U B TOJIBI
BTOpOH poTanuu ceBoobopora (1980-1987). Bo Bpems Tpetheit poraiuu (1988—1995)
otnenbHble Toabl (1988, 1989, 1991, 1995) xapakTepru30BaaiCch BHICOKOW TemImepaTypoin
BO3/lyXa B IEPBO TOJIOBUHE BEreTAllMU PACTEHUH W CYIECTBEHHBIM HEJOCTATKOM BJIaru
B Mae-aBrycrte (40—72% ot cpenqHeMHorosieTHero konudectsa) [1, 9]. 3a meproa mpoxox-
JICHHSI YeTBEPTOM poTanuu ceBoobopora (19962003 rr.) 3acyxa co3aaBajiach BO BCE TOJIBI:
B utoHe 1999 ., B mrone 1996-1998 rr., B 20002003 rr. B roas! msroii porarmu (2004-2011)
3acynutuBbie yeinoBus Osutd B utone 2006, 2008 1 2010 rT. YuacTuBIIHECS 3aCyXH B UIOHE
u urone 2009 1., 1 ocobeHHo B 3kcTpeManbHoM 2010 T, 3a7epKUBAIH POCT U PA3BUTHE Pac-
TeHHH. 3HAYUTETHLHOE BIMSIHUE BECEHHE-JIETHUE 3aCyXHU Ha MPOJYKTHBHOCTh CEBOOOOPOTA
OKa3bIBaJIM B mmecTo potauu (20122019 rr.), MOBTOPSISICH €KETOIHO U Yepe3 rofl.
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Pe3ynbrarhl u ux o0cyKaeHne

B crannoHapHOM OIbITE MHOTOJIETHHE MCCIIEIOBAHUS MOKA3ald, YTO KHcias Jep-
HOBO-TTO/I30JIMCTAs ITOYBA MPOIIECCY OKYIBTYPHBAaHUS MTOJIBEPTaETCsI MEIUICHHO, B TCUCHHE
JIOBOJIBHO JUIMTEJILHOTO BpeMeHU. Tak, B IEpBOM pOTallMU HA CPEJHEKHUCIION ITOYBE OT BHE-
cenns uzBectd o 1 H,. u HaBo3a 5,0 1/ra ceBooOopoTHOI mnomanu [3], HecMoTps Ha ToO,
YTO OTMEUYEHO IMOBBIIICHHE MPOAYKTHBHOCTH Kak 0e3 NMPUMEHEHHsT MUHEPalbHBIX YIIO-
Openwii, Tak U ¢ IpUMEHEHHEM uX B g03ax N64P46K46 (mpomyKTHBHOCTE CEBOOOOpOTA
OT MUHEPAIIbHBIX yIOOpPEeHUH B cpeHeM 1Mo GoHaM yBenudmiach ¢ 2,19 no 2,64 T 3.e/ra),
3aMETHO CJICPXKHBAIOLICE BIMSIHAE U3BECTH HA POCT MPOAYKTUBHOCTH CEBOOOOPOTA JIaxke
B COUETaHUM C HaBo30M (Tabm. 2). Haubosee HamIAAHO 3TO MPOSBUIOCH BO BTOPOM poTa-
uu ceBoobopora. [loarBepxnenuem 3toro sapistorcs nanusie JL.I1. Oropogankosa [19]
0 TOM, YTO «...J€pHOBO-TIO30JIMCTAs CYIIIMHKUCTAs MOYBa, W3BecTKoBaHHas o 1Hr, moa-
KHCIISJIACH JTO UCXOMIHBIX 3HAUCHUN Ha 7-# TO nekicTBus MearopanToBy. Ciaboe neicTere
W3BECTH CIIElyeT OOBSCHUTh TAKXKe HaJIMYMeM B M3BECTHSKOBOW MYyKE YACTHI] KpyIHee
1 MM (18%) mipu conepxannu 80% CaCO;

Bo BTOpOIi poTannu ceBooOOpOTa aHAJOTHYHO MEPBOI HAWITydlllee CBOE JIEHCTBUE
MIPOsIBIJIa OpTaHOMHUHEpaIbHas cucTema ynoopenus (BHeceHo N92P86K 77 mon KyneTypy,
HaBo3a 7,5 T/ra ceBOOOOPOTHOM IIIOIIa1), o0eceunBIas nonyuenue 3,32 T 3.e/ ra [6].
B onbite [IOC BUVYA opranomuHepaiibHas cuctema ynoopenus (HaBo3 12,5 1/ra ceBoo6o-
potHoii twioriaau u N127P75K176) obecneunna nonydenue 5,0 T 3.e/ra [16].

CymiecTBeHHOE TOBBIIIEHUE MTPOITYKTUBHOCTH CEBOOOOPOTA MPOM3OIILIO MPH IOJI-
HOM COYETaHWU KOMITOHEHTOB CHCTEMBI YIOOpEHHH B TpeThel poranuu. Tak, H3BECTKO-
BO-OpTaHOMHUHEpallbHasl crcTeMa ylnoOpeHUsl ¢ BHECEHHEM HM3BECTH IMoJl TepByto mo 1H.
W o] BTOpYy0 portauuu no 2H,, HaBo3a mox kaxayro porauuto o 40, 60, 60 T/ra u Mu-
HepaJbHBIX ynoopeHuit B 1o3ax N64P46K46, N92P56K77, N56P46K46 cooTBEeTCTBEHHO
oOecreunIia MoNy4eHUEe HanOoIbIeH MPOAYKTUBHOCTH ceBooOopoTa — 4,00 T 3.¢/ Ta B rofI.
B BapuanTe ¢ no6aBieHreM MUKpOYI0OpeHuH (IIMHK IO 03UMYIO POXKb, KOOAIBT MOA Kap-
Toenb, Meb IO APOBYIO MIICHUITY U SYMEHB, 00P U MOJHO/IEH IO KIIEBEp) MPOYKTHB-
HOCTh C€BOOOOpOTA YBearumiIach 1o 4,67 T 3./ ra [6].

B derBeproif poranyM TMPOAYKTHBHOCTH CEBOOOOPOTAa TakkKe Oblia BBIIIC
M0 M3BECTKOBO-OpraHOMHHEpaNbHOI cucteMe ynoOpenuil. [Ipun BHECEHHHN MOHMKEHHBIX
103 (N30P28K17) ona cocrasuia 3,81 T3.¢e/ra. [Tositenue 103 ynoopenuii (N8 1P80K 102)
NPUBEJIO K POCTY MPOJYKTUBHOCTH CEBOOOOPOTA, cocTaBuB 4,12 T/ra, ¢ UCIOIb30BaHHEM
KOMILIIEKCa MHKpOynoOpeHuit — 4,25 1/ra. DTo# cucTeMe He3HAaUMTEIbHO yCTyIlana opra-
HomuHepanbHast (4,01 1/ra) cucreMa, U CyIIecTBEHHO — M3BECTKOBO-MHHEpaiibHas (3,54)
1 MuHepanbsHast (3,55 1 3.e/ra) cuctemsl [6]. C yBenu4eHHEM HACBIIIEHHOCTH CEBOOOOpOTa
yAOOPEHUSIMU TIOBBILIAIUCH arpOHOMUYecKast SPPEKTUBHOCTh U SKOHOMHUYECKUE TTOKa3a-
Tenu (peHTabensHOCTh cocTaBmiia 6oiee 100%). B ceBoobopoTe ¢ nByMs MOJISIMH KJIeBepa
2-KpaTHOE HCIONB30BaHKE COJIOMBI O3UMOM DK 33 POTAIMI0 B Ka4eCTBE yIOOPEHUS I0-
BIIMSUIO HAa YPO)KAaHHOCTh KYJBTYP: Ha HYJIEBOM (pOHE B HETBEPTOIl pOTAIMH IPOTYKTHB-
HOCTBH CEBOOOOPOTA TOCTHUITIA BEIMUUHEI 2,52 T 3.¢/Ta.

JiuTenbHOe pUMEHEHHE YIOOpeHUH B CTallMOHAPHOM OIBITE MOKa3ajo, YTO W3-
MEHEHHE TIapaMeTPOB ILIOOPOIUS TIOYBEI 3aBUCENO OT (POHOBEIX ynoopenuii. Co BpeMeH!
3axnagky ombiTa (1971-1972 r1.) Ha Hy/IEBOM M YHaBOXEHHOM (pOHAX MPOM3OIUIO TOJ-
KuciieHue noussl. Benuuuna pH,, B cpennem nonusunacs ¢ 5,00 no 4,60 u 4,80 x Haya-
my, 10 4,44 1 4,96 — COOTBETCTBEHHO K KOHITY Y€TBEPTOH potaruu ceBoobopora. Cymma
MOMJIONICHHBIX OCHOBaHMM yMeHbInuiaach ¢ 14,8 mo 12,1-13,0 u 12,5-14,6 mr-sxs/ 100 ¢
MOYBBI, CTEIICHb HACKHIIIEHHOCTH OCHOBaHUsAMU — ¢ 85,2 no 76,0-77,0 u 73,0-78,0% coort-
BETCTBCHHO [4].
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Tabmuna 2

Biusinue ¢poHOB Ha NPOAYKTHBHOCTH CeBO0OOPOTA B 3aBHCHUMOCTH
OT BHeCeHHUs] MUHEPAJIbHbIX Y100peHuii no porauusm, T 3.e/ ra (1971-2019 rr.)

Potauus
CpenHee
1 2 3 4 5 6
doH
Cp. Cp. Cp. Cp. Cp. Cp. Cp.
ono-| L || L o | L | ono- | E o C | o £ || £,
Be3 MuHepanbHbIx yaobpeHuii

O 1,98| - 2,85 - (201 - (252 - |1,83| - [1,80] - [213] -
w2 2,19| 0,21 |2,49| 0,06 |{1,93| -0,08|2,57| 0,05 [1,91| 0,08 [2,32| 0,42 | 2,24 | 0,11
HC |2,33|0,35|2,94| 0,39 |2,53| 0,52 |3,05|0,52|2,25| 0,42 (2,33| 0,49 |2,57| 0,44
M2HC |2,28| 0,30 [2,75| 0,20 |2,62| 0,61 |3,13| 0,61 |2,27| 0,44 |2,24| 0,34 |2,55| 0,42
CpegHee |2,19| - |2,68| - |2,27| - |2,82| - |2,06] - |220| - |237| -

C BHeceHneM MyHepanbHbIX yA00peHui

o 240 - (321 - [312| - |317| - [2,55]| - (2,59 - [2,84| -
w2 2,68| 0,28 |3,04| 0,17 |3,24| 0,12 |3,35| 0,18 |2,50| -0,05|2,77| 0,18 | 2,93 0,09
HC |2,75|0,35|3,32| 0,11 |3,79| 0,67 |3,71| 0,54 |2,79| 0,24 |3,02| 0,43 |3,23| 0,39
W2HC |2,72|0,32 |3,22| 0,01 |4,00| 0,88 |3,81|0,64 [2,91| 0,36 |3,18| 0,59 |3,31| 0,47
CpegHee |2,64| - |3,20| - (3,54 - |351| - |269| - (289 - 3,08 -
HCP; - /019 - |03%| - |018| - |008| - | 013 | - |007| — |07

MpnbaBkn OT MUHeparbHbIX YOo6peHui

O 0,42 0,66 1,11 0,65 0,72 0,69 0,71

n2 0,49 0,55 1,31 0,78 0,59 0,45 0,69

HC 0,42 0,28 1,26 0,66 0,54 0,45 0,69

W2HC 0,44 0,47 1,38 0,58 0,64 0,94 0,76

CpegHee 0,45 0,52 1,27 0,69 0,63 0,69 0,71

HCP, 0,32 0,27 0,20 0,03 0,11 0,05 0,14

UzBectkoBanue (¢ponsl M? u W?H*), mpoBeneHHOE MOBTOPHO B Hayaje BTOPOM
poTauuu ceBooOOpOTa MO IBOWHOW THIPOTUTHYECKOH KHCIOTHOCTH, YBEIHYWIIO Be-
mnunHy pHy, K Hauady deTBepToil poramuu ceBoobOopota 1o 6,60 ex. B cpenHeM (Mak-
cHUMaJbHO Bo3pocia 1o 6,80 en.). Ho k koHIy porauuu ceBooOOpOoTa OHAa CHHM3HJIACH
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10 6,44 Ha u3BectkoBanHOM (11?) u Ha 6,32 — yHaBoxkenHoM (M1?H*) ponax. ['maponutiue-
CKasi KUCJIOTHOCTh cHU3mnach ¢ 2,70 1o 0,83 u 0,97 na dpone U2 u 0,98 u 1,31 mr-sxs/100 T
nouBsl Ha (one M*H* coorBeTcTBeHHO. CyMMa MOIVIOIIEHHBIX OCHOBAHUI M CTEIIEHb Ha-
CBIIICHHOCTH OCHOBAHUSMU CTAJIM 3HAUYMTENBHO BhIlIe. Ha hone 1? k Havay poranmu oHa
nocruria 21,6. K koHiy poraruu oHa cocrtanisiia 23,7, Ha done U?H* — cooTBeTCTBEHHO
24,6 u 23,2 mr-5xB/100 r mouBHI [5].

MuHepanbHbele yAOOpeHHs! MOBBIIAIM NPOAYKTUBHOCTH CEBOOOOpOTa. BHecenue
N10P10K10 B msaTo# porammu yBenwmurio ee Ha 0,54—0,72 T 3.e/ra B 3aBUCUMOCTH OT ()OHA
npu HCP—0,11 t/ra (Tabn. 2). IlociaenoBarensHoe yBennuenue 103 Ha N10P10K 10 npuso-
JIWIIO K BO3PACTaHUIO MPOAYKTUBHOCTH MPAKTHUUYECKU HA paBHYyIO BenumuuHy: Ha 0,03; 0,08;
0,03; 0,08; 0,07 T 3.e/ra). Buecenne MukpoanemenToB B couetann ¢ N6OP60K 60 Taroke yBe-
o ypoxaiiHocth Ha 0,03 T 3.e/ra mo otHomeHnto k N5SOP5S0KS50. [TpubaBka k KOHTpO-
o 6e3 ynoOpenuit B Bapuante N6OP60K60 + mukposnemenTs coctaBuna 0,92 T 3.e/ra, nim
45,1%. Hanbospluee BIMsHUE Ha MPOAYKTUBHOCTH CEBOOOOPOTA OKa3al a30T. Tak, 10115 a30Ta
Ha ypoBHe 40 kr 1.B/ra cocraBuna 23,5%, docdopa — 17,2%, xamust — 16,2%. Jlyumue ycno-
BYISL [Tl IMTAHUS pAacTEHUH CO3/IaBajINCh Ha YHaBO)KeHHBIX ponax H® n M?H’, obecnieunBime
noiydenue 2,79 n 2,91 T 3.e/ra B rox (¢ npudaskamu — o 0,24 u 0,36 1/ra, HCP,—0,13).

Hcnone3oBanue cuaepara (ropoXoOBCIHONW CMECH) BMECTO HaBO3a OKA3aJI0Ch BIIOJI-
HE MPUEMJIEMBIM CPEICTBOM Ul NOAJEPKAaHUS MJIOAOPOAMS MOYBHI M MOBBIICHUS HPO-
OYKTUBHOCTH ceBo0O0OpoTa. IIpoayKTHBHOCTH €ro B IIECTON poTaluu He cHu3uIach. OHa
YBEJIUYWIACH IO CPABHEHUIO C IIATOM poTauuel U cocTaBmia 0e3 MUHEpaJIbHBIX yaoOpe-
Huit 2,20, ¢ ynobpenusmu — 2,89 npotus 2,06 1 2,69 1 3.e/ra B cpenHeM. D HEeKTUBHOCTD
cuzepaTa yCHJIMBaIach BO B3aMMOJCHCTBUH C COJIOMOW O3UMOH PKH, KOTOpasi UCIIOIb30-
BaJIach Ha JIBYX IOJISIX CEBOOOOPOTA 3a MOcaegHHUE 4 POTALUH.

VydImmiuck yCIoBuUs MMTaHus A7 pacTeHui. OpraHoMuHepanbHask M H3BECTKOBO-0p-
raHOMHHEpaJIbHAsi CHCTEMBI YIOOpEHUH 00eCerIn TOCTIKEHIE HauOoIbIIeil TpOayKTHB-
HOCTH ceBooOopoTa—2,33 12,24 T3.e/ra 6e3 BHECEHHI MUHEPATLHBIX y100perniin 3,02-3,18 T
3.e/Ta — COOTBETCTBEHHO B COUETAHWH C HUMH. MUHEpanbHasl U U3BECTKOBO-MHHEPAJIbHASI CH-
CTEMBI [0 MPOAYKTUBHOCTH YCTYITHIN Ha3BaHHBIM cUCTeMaM (Tabl. 2), OMHaKo BBICOKOE Jeii-
CTBHUE Ha MPOAYKTUBHOCTH CEBOOOOPOTa MHUHEPATIBHBIX YIOOPEHUH COXpaHWIOCh. MeHbIHe
no3e1 ux BHecenus (N10P10K10) yBenuunnu npoxykrusHocTs Ha 0,45-0,84 1 3.e/ra. C yBe-
JMYEHUEM 1103 yIoOpeHHH MPOAYKTUBHOCTE CeBOOOOpoTa Bozpactana Ha 30-44%. iurens-
HOE HCIOJIb30BaHHE OPraHOMHHEPAJIbHON M W3BECTKOBO-OPTaHOMHHEPAJIbHON CHUCTEM YHO-
Openunti [ 14] c BHecennem 40-50 kr a.B/ra N, P 1 K o6ecneunBaio moBbIieHNe I00POIUS
MIOYBBI U NONTy4deHue nopsiaka 3,0 T 3.e/ra ceBooOopoTHOH 1utomiaan. CylecTBeHHOE BIHSAHIE
Ha 3T INPOLIECCHI OKa3bIBAIN CHUIIEPATHI U COJIOMa 03UMOH PIKH.

TakuM 00pa3oM, KOMIUIEKCHOE HCIOJNb30BaHWE OPraHOMHHEPAJIbHBIX YIOOpEHHUH
YCTOWYHMBO TMOBBIIATO IJIOAOPOANE MOYBBI U HPOAYKTHBHOCTH CEBOOOOPOTA HECMOTPS
Ha MOCTOSHHO MEHSIOUINECS NTOTOJHBIE YCIOBUS.

BriBoabI

1. I3BecTKOBaHUE B MEPBOM poTalliU ceBoobopota o 1H, u Bo BTOpo#l poranuu
o 2H; CHU3UJIO KUCIOTHOCTH IOYBHI 10 HEUTPAIBbHOTO YPOBHS, MOAKUCIEHHE KOTOPOI
HAMETHJIOCh B KOHIIC YETBEPTON poTaluu ceBoobopora [8]. Haubombiero ypoBHs coep-
xanue P,O, u K,O nocrurio Ha yHaBoxkeHHBIX (hoHax B msaToit poranuu (453 u 190 Mr/kr).
B miecToit poramun ux conaepkanue yMeHbIIMIOCHh: 290 u 135 MI/KT COOTBETCTBEHHO.
ITo rymycy Takke OTMEUEHO MOBBIIIEHHE 10 YPOBHS UCXOAHOTO ero coaepxanud (2,50%)
U ¢ HeOOJIBIINM TIpeBbIeHHeM (2,64%) B MATOH poTalny, a K KOHILy IIECTON pOTalluy —
cHIkeHue (2,28-2,33%).
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2. OpraHoMuHepalibHasi ¥ M3BECTKOBO-OPraHOMUHEPAJIbHAsT CHCTEMbI YIOOpEeHUH
B CpPEIHEM 32 6 poTalMid MOBBICUIIM IPOAYKTUBHOCTE ceBoobopoTa Ha 18,3 u 22,0% B cpas-
HEHHH C CUCTeMOH 0e3 ynoOpenuii, ooecnieuns momydenue 3,23 u 3,31 1 3.e/ra ¢ Konebanu-
SMH TI0 poTarusm 2,75-3,79 n 2,79—-4,00 T 3.e/ra.

3. MuHepanbHble ynoOpeHHs] B yKa3aHHBIX CHCT€Max CHOCOOCTBOBAJIM IOBBILIE-
HUIO IPOIyKTHBHOCTH ceBoobopoTta Ha (0,69—0,76 T 3.e/ra, winu Ha 32,4-35,7% B cpenHemM
3a Bech nepuo. s npogykruBHocTH nopsiaka 3,0—4,0 T 3.e/ra onTUMaNbHBIE 1036 CO-
crasmwi 1o 40-50 xr a.B/ra N, P u K.

4. IIponyKTUBHOCTE CEBOOOOPOTa OT MOHIKEHHBIX 1103 MHHEpANbHBIX ynoOpe-
Huit (mo 10-30 xr a.B/ra N, P u K) 3a nocnennue 2 poranuu W3MeHsNIAch B IIpeenax
2,74-2,84 ¢ npudaBkamu 0,63—0,73 T 3.e/ra, wnm 29,8-34,6%, 4T0o HMUXKE, YEM Ha TOBBI-
meHsbIx no3ax NPK mo 40—60 kr a.B/ra.

5. Ha pone N?H’ (u3BeCcTKOBO-OpraHOMHUHEpAIbHAS CHCTEMA) B 3 TPEX POTAIHSX (TPEThS,
YeTBepTas U 14Tasl) BHECEHNE MUHEPAIBHBIX YI00peHuit B mo3ax N56P46K46, N81PS0K 102,
N60P60K60 ¢ mobapnenmneM MUKpoynoOpeHHi (ITHK Ol 03UMYTO POXKb, KOOAIBT — MO Kap-
To(heInb, MeIlb — TOJ IPOBYIO TIIEHUITY, TIMEHb, 00p 1 MOIHUOIEH — MO KJIeBep) 00eCIIeurio
TIOTyYeHre HanOOJbIIIeH MPOIYKTHBHOCTH ceBooOopoTay [6]: 4,67; 4,25; 3,32 1 3.e/ra ¢ npu-
0aBkamu 2,05; 1,12; 1,05 T 3.e/ra, wiu 78,2; 35,8; 46,2% COOTBETCTBEHHO POTAIIHSIM.

6. 3aMeHa HaBO3a Ha CUAEPATIbHBIE YIOOPEHUs (TOPOXOOBCAHYIO CMECh) BOSMOXKHA
1oCJie ATUTENBHOTO CUCTEMAaTHIECKOTo €ro MpUMeHeHHs B ceBooOopoTe. B nocnenyromeit
poTanuu ceBoodopoTa sl MOAAEPKAHUS IUIOOPOANS TOYBBI HA JOCTUTHYTOM YPOBHE He-
00X0IMMO TIOBTOPHOE BHECEHUE HABO3A.
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CROP ROTATION PRODUCTIVITY DEPENDING ON FERTILISER SYSTEMS
IN A LONG-TERM EXPERIMENT
A.G.DZYUIN
(Udmurt Federal Research Center of the Ural Branch of the Russian Academy of Sciences)
The problem of increasing soil fertility is one of the main tasks of agriculture in the Udmurt

Republic and the Non-Chernozem region. The most acceptable way of solving this problem is biol-
ogisation, which provides for a decrease in the amount of chemicals and an increase in the amount
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of biologicalagents. If there is a lack of fertiliser, the use of green manure or straw alone will not
solve the problem. On acidic soils, a complex action on the soil is needed, starting with liming
and the use of optimal doses of mineral fertiliser, which help to increase land productivity and crop
rotation in a short period of time.

Since 1971, the Udmurt Research Institute of Agriculture has been studying different fer-
tilizer systems in 8-field crop rotations (I — fallow; 2 — winter rye; 3 — potato, corn; 4 — spring
wheat; 5 — clover; 6 — clover, 7 — winter rye; 8 — barley). Factor A are backgrounds: 0 — “zero”
[10]; P — lime per one hydrolytic acidity (4.9 t/ha CaCQO,) in the first rotation + two hydrolytic
acidities (7.5 t/ha) in the second rotation;, H°C — manure 40 (first rotation) + 60 t/ha (2d-5th rota-
tions) + green manure (6th rotation);, L’M°GM — lime + manure + green manure similarly. Factor B
are options. Options without fertiliser and NPK are considered. Lime reduced soil acidity to a neu-
tral level, slightly increased in the 4th rotation. The content of P,0;, K,O, and humus reached
the highest level in the 5th rotation on manured backgrounds, resulting in 3.23 and 3.31 tce/ha
in six rotations (18.3 and 22.0% more than without fertiliser). In lime and manure systems, min-
eral fertiliser increased crop rotation productivity by 32.4-35.7% on average over the entire pe-
riod. Optimal doses for 3.0-4.0 t grain units/ha were 40-50 kg NPK/ha. Reducing the doses from
40-60 to 10-30 kg/ha of NPK in the last two rotations led to a decrease in crop rotation productiv-
ity (2.74-2.84) by 0.41-0.49 t grain units /ha. The lime-organomineral fertiliser system in the 3d,
4th and 5th rotations with “the addition of micronutrient fertiliser (zinc for winter rye, cobalt
for potatoes, copper for spring wheat and barley, boron and molybdenum for clover)” [9] provided
the highest crop rotation productivity — 4.67; 4.25; 3.32 t grain units/ha, with the highest increas-
es —2.05; 1.12; 1.05 t grain units/ha or 78.2; 35.8; 46.2%, respectively, in rotations. Manure can
only be replaced periodically with a pea-oat mixture.

Key words: crop rotation, lime, manure, mineral fertiliser, green manure fertiliser, produc-
tivity, “soil fertility” [17].
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