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IMUTATEJBHLIX BEIIIECTB IIPU BLIPAIIIMBAHUU SPOBOM
MIIEHUIBLI HA JTEPHOBO-ITIOA30JMUCTON ITOYBE
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IMToxazana a3¢ppeKTUBHOCTH HOBBIX (hopM rpaHyaupoBaHHBIX N PK-yno0peHuit ¢ TOKpHITHEM TPaHyJI TOH-
KOl MJIEHKOM U3 cMeceil MOHO- U AuKaibluiidocdaTa Ha JEPHOBO-ITOA30JUCTOM TTOYBE MPU BhIpallliBa-
HUU SIpOBO MIIeHUIIBI. B KayecTBe 3alMIIAIOIIMX OT IIOTEPh IMMUTATEILHEIX 3JICMEHTOB IUIEHOK UCIIOIb-
30BaJIi MOHO- U IMKaJIbLIMGocdaT B pa3HbIX COOTHOILIEHUSIX. XUMUYECKUI aHaJIN3 ypoxKasl, pacueT Bbl-
Hoca 1 K03 PUIMEHTOB UCIOJIb30BaHUS PACTCHUSIMU ITUTATEIbHBIX BEIIECTB CBUACTEIHLCTBOBAIN O TOM,
yTO HanboJblIei 3¢ deKTuBHOCTHIO 061ana10 NPK-ynobpeHue ¢ TOKphITUEM IpaHyJl MOHOKaIbIUHA(pOC-

daTom.
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BBEAJEHUWE

B Hacrosmee BpeMs BaxkHeWIIeH 3amayueii 3eMie-
nenust sBiasgeTcsa 3heKTUBHOE IIPUMEHEeHNEe MUHE-
paJbHBIX YOOOpeHMiT, 0COOEHHO a30THBIX. 1o MHO-
TOYMCIIEHHBIM TaHHBIM, ~20% TeXHUYECKOTO Hele-
IIEBOIO a30Ta yIOOpPEeHMI MO pa3HbIM NPUIMHAM
HeTpomn3BoauTeNbHO Tepsercd [1, 2]. Cpeny mpmunH
MOAOOHBIX IIOTEPh — BBIMBIBAHME M3 KOpHEOOUTae-
MOTIO CJIOSI, UMMOOWIN3al1s B MIOYBE B OpraHUYe-
CKolIi (hopMe n ra3oobpa3Hble morepu azora. [locnen-
HUI yTh TpaHC¢hOpMallMM a30Ta BHOCUT HAauOOIb-
M1 BKJIaO B CHIDKEeHUE 3(P(PEeKTUBHOCTA a30THBIX
ynoOpenuii. CyIliecTByeT HECKOJIBKO METOHOB CHU-
KeHUS IToTeph a3oTa ymoopernii [ 1—10]: 1 — ucmmonb-
30BaHME aMMOHMMHBIX 1 aMUIHBIX (pOpPM JIeTKOpac-
TBOPUMBIX a30THBIX yIoOpeHuil. B oTimune ot HUT-

paToB KaTUOH NHZ B MOYBE (PUKCUPYETCSI B COCTAaBE
IIITK, TepsieT TOABM>KHOCTh 1 HE BRIMBIBACTCSI, TIPU
BTOM JOCTYIIEH pacTeHUussM. OIHAKO 3TOT a30T MOI-
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BepraeTcs OMOJIOTMYeCKOMY OKHUCIIEHHIO ¢ 00pa3oBa-
HUEM HUTPATOB U HUTPUTOB (HUTpU(UKAIIMSI) 1 CTa-
HOBUTCS IIPEIMETOM U BBIMBIBAHUS, U TEHUTPUDU-
Kanuu. Kpome TOro, a3or B BUIE aMMHaKa MOXKET
VJIETy4MBATbCS IIPU MCIOJb30BAaHUM aMMMUAYHbIX,
aMMOHUIHBIX M aMUIHBIX YIOOPEHUIA, YTO IIPOUCXO-
IUT, KaK IIPaBWIO, IIPU ITIOBEPXHOCTHOM UX BHECE-
HUM HAa KapOOHATHBIX M CBEXEIMPOM3BECTKOBAHHBIX
JIETKUX IMTOYBaX C HEUTPAJIbHOM U LLIEJIOYHOM peaklm-
eit [8—10]; 2 — OmokmpoBaHME OMOJOTMICCKOTO
OKMCJIEHHUS a30Ta CHeluaJIbHbIMMU BEIIECTBAMM-H-
ruouTOopamMy HUTpUGUKAIIMU, KOTOPbIE BHOCST BME-
CT€ C a30THBIMU yOIOOPEHUSIMU, HAIIpUMED, IIIUPOKO
NpUMEHSIEMBIM BO 2-11 MoJIoBMHE XX BeKa Iperapa-
ToM “N-serve” [3]; 3 — npuMeHeHNE MEIJIEHHO pac-
TBOPUMBIX a30THBIX YIOOpEHMI, HAIlpUMep, MOoYe-
BUHO-(GOPMaNbICTUIHBIX yIoOpeHmit [2, 4]. OnHako
MIPOM3BOMICTBO TaKMX YIOOpEHUI 0Ka3aa0Ch 9KOHO-
MUYECKN HEBBITOOHBIM; 4 — BHECEHHE TPaHYIUpPO-
BaHHBIX yIOOpEHWI C MOKPBITMEM TpaHynl [2, 5].
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B xauecTBe TTOKPBITUS MCIIOIL30BAIN CEPY, OPraHU-
yecKre MoJIMMEpPHI 1 TIp. B HacTostee BpeMst paspa-
6aThIBAIOT M WCITBITHIBAIOT HOBBIE, SKOHOMMYECKU
OIpaBIaHHBIC BUOBI 1 MOOU(MUKALINU KaK IIPOJIOH-
TUPOBaHHBIX ()OPM a30THBIX YIOOPEHUI, B TOM YMC-
JIe C BKJIIOYEHMEM MUKPO3JIEMEHTOB [6], Tak 1 yno6-
pEHMI ¢ MOKPBITHEM TpaHy [7].

B cBs31 ¢ 3TUM 11€JIb pabOTHI — UCIIBITAHUE 3(P-
(EKTUBHOCTM HOBBIX TrpaHyaupoBaHHbIX NPK-
YIOOPEHUI C MOKPBITUEM TpaHyJ TOHKON TUIEHKOM
U3 cMeceit MOHO- M AuKaibluiidocdaTa Ha AEPHO-
BO-TIOA30JIMCTOM TOYBE INPU BBIPpAILIMBAHUM SIPOBOM
TTIIEHUIIBI.

METOINKA NCCIIEAOBAHUMA

ITokpbITUS HaHOCUJU C TIPUMEHEHUEM Jiabopa-
TOPHOTO TapejibuaToro TpaHyJIsiTopa Ha TPaHyJIupo-
BaHHbIe NPK-yno6penus mapku 15 : 15 : 15, mpous-
BelleHHbIE B TTPOMBILILJIEHHBIX YCI0BUsAX. BIOODP Op-
TodochaToB KajabliUsl B Ka4eCTBE MaTepUaoB s
MOKPBITHS ObUT OOYCIOBJIEH TEM, UTO 3T BellleCTBa
JNOCTYITHbI, OTHOCUTEJIbHO [EeIIEBbI, JIETKO MOTYT
OBITh MOJIyYeHbI HA TIPEANPUSITUSIIX IO TTPOU3BOJCTBY
MUHEpaIbHBIX y1oOpeHuii. Tak:ke o4eHb BaXKHO, UTO
u MoHoKanbumiipochar (MK®DP), n nukansouiipoc-
dat (JJK®D) aBIISIIOTCS XOPOIIO U3YYeHHBIMU U M-
POKO MPUMEHSIEMBIMU YIOOPEHUSIMU, TTOBTOMY HU-
KaKuX BOIIPOCOB IO OMOPA3IOXEHUIO MOKPHITUI
(KaK B ciyyae ¢ MpUMEHEHMEM TOJIMMEPOB) B 3TOM
ciydyae He Bo3HUKaeT. CKOpOCTh BBICBOOOXACHUS
MUTATEIbHBIX BEILIECTB MOXHO pPeryJnupoBaTh Kak 3a
CcUeT U3MEHEHUS TOMIIMHBI MOKPBITUS, TaK 1 3a CYET
U3MEHEeHUsI ero cocTaBa. Obe COJIU SIBJISIIOTCS] YCBOSI-
€MbIMM, HO UMEIOT pa3HylO0 PaCTBOPUMOCTb, TO3TO-
MYy, U3MEHSISI COOTHOIIIEHUE MEXIY MOHOKAaJIbILIMIi-
docharom u gukanbuuiiochaToM, MOKHO TakkKe
BJIMSITh Ha TIOCTYIJIEHWE MUTATEJIbHBIX BEIIECTB B
MOYBEHHBI pacTBOP.

st IpoBeAeHUST BEreTallMOHHBIX OITBITOB OBLIN
npUrotoBieHbl 00pa3ibl NPK-ynodpenuit ¢ 3-Ms1 Bu-
IaMU TIOKPBITUI: 1 — ¢ TIOKPBITMEM TOJIIIWHOMN
0.1 MM, cocTosguMm u3 cMmecu MK® ¢ HeGOIbIINM
(mo 5% wmacc.) kommuectBoM JK®. Hebombias mo-
6aBka JJK® cnenaHa ¢ TOM 1ie/1bl0, YTOOBI HE JOMY-
CTUTb YTHETEHHUSI KOPHEBOI CUCTEMbl pacTeHUI 3a
CUeT M30BITOYHOI KMCJIIOTHOCTH. B manbHeiiiem
STOT THUI ITOKPHLITUS 0003HaYeH Kak MK®; 2 — ¢ nmo-
KpBITHEM TOJIIIMHON 0.1 MM, COCTOSIIINM M3 CMECH
MK® u JK®D, B34THIX B paBHBIX JOJSIX, B JaJbHEM-
meM o6o3HayeHo Kak MK® + JJK®D; 3 — ¢ nokpsbI-
THUEM, UACHTUYHBIM II0 COCTaBYy IIPEIbIAYIIEMY, HO
TomumHoi 0.05 MM, B mTaapHeNIIeM 0003HAaUYeHO KaK
1/2 (MK® + JJK®). DpdeKTUBHOCTh HOBBIX YI00-
PEHUI UCITBITHIBAJIM B BET€TAlIMOHHOM OIIbITE.

Jlasr perieHus ImocTtaBlieHHOM 3amaun B PTAY—
MCXA um. K. A. TummpsizeBa OBIIT 3aJI0KEH BeTeTaly -
OHHBIN onbIT (Ta01. 1). Bce BapraHTHI ObLIM BEIPOBHE-
HbI TT0 KOJTMYECTBY BHECEHHBIX 2JIEMEHTOB IMTUTaHMS (32
WCKJIIOYEHNEM KOHTPOJIBHOIO U (pOHOBBIX). OmBIT
MMPOBOIWIN B cocymax MuUTUYeparxa, eMKOCTBIO 5 KT
CyXoii MOYBBI. ArpoxuMmHYecKass XapaKTepHCTHUKa
JIepPHOBO-TIOA30JIMCTOM, TSKETOCYTIIMHUCTOM MOYBBI
npencrapieHa B Ta0J1. 2. [IoBTOpHOCTD OnbITa YEThI-
pexkpatHas. OnbITHAsI KyJIbTypa — SIpoBast IIIeHUIIA
copta JIrobaBa. OmbIT 3aiioxkeH 17 Masg. B ocHOBHBIX
daszax pa3BUTHS pacTeHUI OBLIN OTOOPAHBI 00pa3IIbl
C LeJbI0 OLIEHKW TEMIIOB HAKOIUICHUS OGUOMACCHI
pacTeHUSIMUA B 3aBUCUMOCTHU OT (DOPMbI BHECEHHOTO
yooOpeHusl.

CopepxaHue »BJIEMEHTOB TIMTaHUS B ypoxae
OIpeAeIsLIN TOCIe MOKPOTO 030JieHUsI o Kbeapaa-
JIIO: BaJIOBOE CONEepXKaHME a30Ta — MUKPOMETOIOM
Koenmpmans (FOCT 13496.4-93), ¢ocpopa — kojo-
pumerpudeckuM metonoM (TOCT 26657-97), kamust —
ninaMmeHHo-poTtoMeTpudeckuM  Metonom (I'OCT
30504-97).

IIpu nosiBIeHUM NMPU3HAKOB ITOPaKEHUs pacTe-
HU MYYHUCTOI pocoii 22 MIoHs OblIJIa IMpoBeAcHAa
00paboTKa IMponukKoHa3oyioM. [Tpu mosiBieHUM Mpu-
3HAKOB TMOPaXXEHMUSI PACTEHMUM >KEATON ISATHUCTO-
c1hi0 30 UIOHS MpoBeaeHa 00padboTKa IMTEHKOHA30JI0M.

OnBIT MO U3Y4EeHUI0 UHTEHCUBHOCTU HUTPUDU-
Kaluy MPOBOIMIN B 1abOpaTOpHbBIX ycIoBUsIX. B Ha-
BecKy MouBHI 450 I (eCTeCTBEHHOM BJIa’KHOCTH) BHO-
CWJIY a30THBIC ynoopeHus B 1o3e 200 mr N/KT cyxoit
MOYBBI, THIATCJBHO TI€pEeMEIIBAM, YBIAXKHSIIN
(40 cM?® IUCTMIUIMPOBAHHON BOABI HA COCYI), IIOME-
IIaJIA B TUIACTUKOBBIE KOHTEMHEPHI 0€3 YIUIOTHEHUSI
1 0e3 KpbIIKKU (adpoOHBIe yciaoBus). KoHTeliHEphI
MIOMEIIaId B TEPMOCTAaT M KOMIIOCTHUPOBAIM IIPU
temmeparype 25—30°C. Yepes 5 cyT (manee uepes 10,
15, 20, 25 cyT) mo4yBy M3 KOHTEITHEPOB BBHICHIITIAIN,
TIIATEJIbHO MEePEMEIIMBAIM 1 OTOMPaIX IIPOOHI IT0Y-
BbI Maccoii 30 T oyt aHanu3a. OCTaTOK IMOYBHI YBIAXK-
Hauu (10 cM? AMCTUIIMPOBAHHONM BOIbI), TEpEMeE-
IIUBaJId U MOMelllaau oOpaTHO B KOHTEWHEp U Tep-
MOCTaT IJjs1 JaJibHEeHIero KOMITOCTUpOBaHMsI. B
OTOOpaHHBIX 00pa3iiax MOYBbI MOCJIe BHICYILIMBAHUS
OIpeAessuiu coAepKaHWe HUTPATHOTO a30Ta CHeK-
TpooToMeTpudeckuM ™Metonom [11] mpu mpiauHe
BoJTHBI 220 HM Ha npu6ope CD-26.

PE3VJIbTATbBI 1 UX OBCYXIEHHUE

VYpoxait OCHOBHOM M TOOOYHON IIPOXYKIINN
SIpOBOI MIIEHUIIBI OB yOpaH 21 aBrycTa, BEICYIICH
IO BO3IYIIHO-CYXOTr0 BellleCTBa, OIlpeaesieHa Macca
3epHa 1 COJIOMbI, COOTHOIIIEHIE OCHOBHOI 1 IT000Y-
HOI TIpOOYKLIMM, Macca OIHOro Kojoca, Macca
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Ta6mmma 1. CxeMa BereTalliuOHHOTO OIThITa
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Bapuant

YcnoBHoe
o0o3HaYeHNe BapuaHTa

Jlo3a 371eMEeHTOB
MUTAHUS, MT/KT

0 — abCOMIOTHBIN KOHTPOJIb

NP — don my1s onpeneneHns Ko3ddUIIMeHTa NCIIOIb30BaHUS

KaJus U3 ynoOpeHUuit

NK — doH n1s onpeneneHus KoadduirmeHTa uCoIb30BaHUS

docdopa us3 ynoopeHuit

PK — ¢doH o151 onpeneneHuss Ko3pduireHTa MCIOIb30BaHUs

a30Ta 13 ynoopeHuit

NPK (12: 23: 12)
nokpeitie MK® tonmmHoi 100 Mkm

NPK (12: 21: 12) nokpsite MK® + JJK® oo 100 MKm
NPK (14: 18: 14) nmokpeitie MK® + JJK® ronmuHoit 50 MKM

NPK (15: 15: 15) 6e3 moKpbeITHS

0 0

NisoPag0 NP
Nis50Kis0 NK
P190Kis0 PK

N150P290K150 NPK (MKq) 100 MKM)

NisoP290Kis0
NisoP290Kis0
NisoP290Kis0

NPK (MK® + JIK® 100 Mxm)
NPK (MK® + JK® 50 Mxm)
NPK (6e3 mokpbITHs)

Tab6muna 2. ArpoxMHYecKasi XapaKTepUCTUKa TTOYBBI OMbITa

I'ymyc pH H, S T Vv % Ilenouno runponu3yeMsiit N P05 K0
KCl , %0
nio TiopuHy, % MMOJIB/100 T 1o Kopreuny, mr/kr no KupcaHoBy, Mr/Kr
1.3 5.9 1| o166 | 177 | 938 <100 134 146
Ta6mma 3. CTpykTypa ypoxkas spoBOM MIIIEHUIIbI
Macca
Macca no6ounoii | Cotromenue | Macca | Macca 1-ro | Konpvecrso
Bapuant 3CPHA | L onyKin |36PHO : ofLast 1000 seper | konoca 3epeH
ouomacca B KoJIOCe, IIIT.
r/cocyn r
0 5.2 9.2 1.8 28.9 0.4 10.6
NP 15.4 19.5 1.3 37.7 1.1 23.6
NK 15.0 21.0 1.4 34.5 1.0 23.3
PK 5.5 10.8 2.0 29.5 0.42 11.4
NPK (MK® 100 Mxm) 17.3 25.0 1.5 35.9 1.11 25.5
NPK (MK® + JK® 100 Mxm) 15.1 23.1 1.5 36.6 1.0 21.5
NPK (MK® + JK® 50 mxm) 14.9 23.3 1.6 359 1.0 23.4
NPK (6e3 mokpbITHs) 15.4 22.7 1.5 36.3 1.0 23.9
HCPy; 0.8 1.8 — 5.2 0.2 4.1

1000 3epeH M O3epHEHHOCTH KoOjoca. Pe3ynbTarsl
OITbITa 06PabOTaHbI METOAOM AVCITIEPCUOHHOTO aHA-
JIN3a U IIpUBEIEeHEBI B TA0OII. 3.

PesynbpTaThl mokazajiu, 4TO BCE HCCIEIOBAHHbBIE
yooOpeHusl OKa3ajiu CYyLIeCTBEHHOE AEHCTBUE Ha
ypoOXKail SIpoBOil MILEHULBI 110 CPaBHEHUIO C KOH-
TPOJBHBIM BapMaHTOM U (POCHOPHO-KATTUINHBIM (PO-
HowMm. IIpm 3TOM ypoxkaii 3epHa B BapuaHTE C BHECE-
HueM NPK-ynobpeHunst ¢ moKpheITHEM TpaHyJI MOHO-
KanpuuiipocdaToM OBUT JTOCTOBEPHO OOJBIIE II0

ATPOXMUI

Ne 2 2023

CPaBHEHMIO C IPYTUMHM UCCIeI0BAHHBIMM YIOOPEHM -
samu — 17.3 r npotus 14.9—15.4 t/cocyn.

AHAaJIOTUYHBIE pe3yJIbTaThl MOJIYYSHBI U IJIST YPO-
Kast ToOOYHOM NpoAyKI UK. Bo Bcex BapuaHTax OIbI-
Ta, ¢ BHECEHUEM HCCIEIOBAaHHBIX (h)OPM MUHEPAIIb-
HBIX YIOOpEeHUIT YpoxXKaii COJTOMBI ObLI CYIIIECTBEHHO
OoJThIIIe TTO CPAaBHEHMWIO C KOHTPOJBLHBIM 1 (POHOBBI-
MU BapuaHTamMu. Hanbosee BEICOKMIA ypoKaii TTOJTy-
yeH Takke npu BHeceHuu NPK-ymob6penms ¢ mo-
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Ta6mma 4. ConepkaHre OCHOBHBIX 3JIEMEHTOB IMTUTAHUS B ypoXKae SpOBOM MIIIeHUIIb, %

3epHO Coiioma
Bapuant

N P,054 K,0 N P,05 K,0
0 1.97 1.00 0.46 0.23 0.21 1.72
NP 2.95 1.26 0.55 0.82 0.28 1.44
NK 3.17 1.01 0.49 0.71 0.16 2.52
PK 1.93 1.08 0.48 0.33 0.38 2.51
NPK (MK® 100 Mxm) 2.73 1.20 0.47 0.69 0.27 2.41
NPK (MK® + JK® 100 Mkm) 2.92 1.15 0.53 0.67 0.27 2.47
NPK (MK® + JK® 50 Mkm) 2.92 1.12 0.56 0.72 0.29 2.50
NPK (6e3 mokpbITHs) 2.80 1.02 0.56 0.64 0.26 2.39

Ta6mmna 5. BEBIHOC OCHOBHBIX 3JIEMEHTOB ITUTAHUS YPOKaeM SIpOBOM MILIEHULIBI, MT/COCY/I

BriHoc 3epHOM BriHoc conomoit OO611Mit BBIHOC
BapmnanTt

N P,O5 K,0 N P,054 K,0 N P,0;4 K,0
0 102 52 24 22 19 158 124 71 182
NP 454 194 84 160 55 281 614 249 365
NK 475 152 74 148 33 529 623 185 603
PK 107 59 27 36 41 271 143 101 297
NPK (MK® 100 Mxm) 471 206 81 172 68 602 643 274 684
NPK (MK® + JK® 100 MxMm) 442 174 79 155 62 570 597 236 650
NPK (MK® + JK® 50 mxm) 436 167 84 168 67 582 604 235 666
NPK (6e3 mokpbITHsI) 432 157 87 146 60 542 578 217 629

KpBITHUEM TpaHyJl MoOHoOKaiblmiipochaTom: 24.0 T
npotuB 22.7—23.3 r/cocyxn.

O1eHKa CTPYKTYPHI ypOxKasi IO3BOJIMIIA 3aKTIIOUNTh,
yto npuMeHeHne NPK-yno0peHus ¢ MOKpBITUEM T'pa-
HYJI MOHOKaJTbIIiihochaToM CIOCOOCTBOBAJIO YBEIM -
YEHWIO MacChl KOJIOCA 1 €r0 O3€pPHEHHOCTU, a TaKxXKe
MOBBIIICHUIO XO3SIMCTBEHHOIO Ko3(puimeHra, T.e.
JIOJIM 3epHa B 0oOIIeil bmomacce pacreHuii. Hampmu-
Mep, B BapHMaHTe C BHECEHUEM 3TOro yooOpeHUs Ha
eIVMHUILY ypoxKas 3epHa ObUt1o cchopmupoBaHo 1.45 en.
MOOOYHOM MPOAYKIIMH, B TO BpeMsI KaK B BaprMaHTaX
¢ BHeceHneM npyrux ¢opm NPK-ynobpenuii aTo co-
OTHolLIIeHHe BapbupoBajio ot 1.47 mo 1.56. Konuye-
CTBO 3€peH B KOJIOCE YBEJIMYMBAJIOCH IO 25.5 mMT. 110
cpaBHeHUIO ¢ 21.5—23.9 mT. B BapuaHTax C OCTajlb-
HBIMM yIOoOpeHMsIMHU. Macca ogHOTO KoJjioca cocTa-
Buia 1.11 r mpu 0.96—1.07 r B BapraHTax ¢ BHECEHUEM
npyrux dpopm NPK-ynoopeHmii.

Ilocne yyeTa CTpyKTYypHI ypoxkass ObLT TTpOBeIeH
XUMMIECKUM aHajJu3 pPaCTUTEIBbHBIX 00pa3IloB.
Ilo pe3yabTaTaM XWMWYECKOTO aHajM3a ypoxKas
(Tab1. 4) OBLI pacCUMTAH BHIHOC 3JIEMEHTOB ITMTAHUSI
OCHOBHOII M TI000YHOM TmpoxykKouewn (tadi. 5) m

orpeneeHb KO3 (hGUIMEeHTH NCTIOb30BaHWS ITUTA-
TeJILHBIX BEIIeCTB U3 ynoopeHuii (puc. 1).

M3 pe3ynbTaTOB XMMHUYECKOTO aHallu3a CIeayerT,
YTO BBIHOC 3JIEMEHTOB MMUTAHUSI TECHO KOPPETUPO-
BaJl C BEJINYMHOM MOJIYYEHHOTO YpOoKasi, 1 HanbOoIb-
1IIee MoTpebIeHNEe MMUTATENIbHBIX BEIIECTB OTMEUEHO
B BapuaHTe ¢ BHeceHrueM NPK-ymoopeHns ¢ moKpbI-
THEM TpaHyJl MOHOKalbLMiidochaToM, 4TO CBUIE-
TEJIbCTBOBAJIO O OOJBIIEH JOCTYITHOCTU 3TOTO YI00-
peHus. DTO MOATBEePKICHO 00Iee BEICOKMMH KO3 (] -
dULIMEeHTaMU UCHONIb30BAaHUS 3JIEMEHTOB MUTAHUS
yooOpeH’ii B 3ToM BapraHTe orbITa. KoadduimmeHThI
WCITOJIL30BaHMS a30Ta U3 YIOOPEHUIA C pasTUudHBIM
MOKPBITHEM TPpaHy/ ObUTH OOJIbIIIEe TI0 CPABHEHUIO CO
crangmaptHeiIM NPK-ynoopenueM m BapbupoBaiud B
nuana3oHe 61—67% npotuB 58%. B BapuaHTe ¢ BHe-
ceaneM NPK-ynmoOopeHnsT ¢ MOKpBITHEM TpaHyTT MO-
HoKanmpuiipocharoM Kod(hPUIIMEHT MCIOIH30Ba-
HUS a30Ta ObIT Hanbojee BHICOKUM U TOCTUT 67%,
yTo OBUTO Ha 16% (aOCOFOTHBIX) OOJBIIE, OTHOCH-
tenbHO NPK-yno0peHus 0e3 mMoKpeITHS.

B niestoM B ombiTe KO3(MUINEHTHI MCITOIb30Ba-
HHS pocdopa ObUTU JOBOJIBEHO HU3KUMU, YTO OOBSIC-
HSIETCS, C OAHOI CTOPOHBI, MTOBBIIIIEHHBIM COACPKA-
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MK®

S = N W A U N
T

MK® + JK® 1/2 MK® + KD
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MK®
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MK® + IK®  1/2 MK® + KD

NPK

(8)

MK®

Il Il
MK® + JK® 1/2 MK® + KD

NPK
BapuaHThbl

Puc. 1. KoadduiimeHTs NCTOTB30BaHNS MUHEPATLHBIX 3JIEMEHTOB U3 ynoopeHuii: (a) — a3oTa, (0) — dhocdopa, (B) — Ka-

s, %.

HHEM NOABIKHBIX (pocdaToB B IoYBe, a C APYToOii,
BBICOKOI1 103011 BHECEHHOT0 (pochopa, 00yCIOBIACH-
HOI COOTHOIIIEHWEM 3JI€MEHTOB IIMTAaHUS B COCTaBE
KOMILJIEKCHBIX ynoOpeHuil. Tem He MeHee, MHTepecC
MIpEeICcTaBIsIET CpaBHEHNE KO3(MDUIIMEHTOB UCIIOJIb-
3oBaHus pocdopa u3 pasHeix popm NPK-ynobpe-
HHIi, KOTOPOE MOKa3ajo, YTO HauOOJbIIE TOCTYII-
HOCTBIO JUISI pacTeHuit obnaganu docdatsl yaoope-
HUSI, TPaHYJBl KOTOPOTO ObLIM MHOKPHITEHE MK®.
ITpu 3TOM BCe BUABI TOKPBITUI CITOCOOCTBOBAIM 3a-
METHOMY YBEJIMUYEHUIO KO3 PUIIMEeHTa UCITOTb30Ba-
Hus pocdopa oTHocUTeNIbHO 00bIYHOTO NPK-yno6-
peaus. KosddnumeHTs MCIOIb30BaHUS KA W3
yInoOpeH1it BapbUpoOBajil B MEHbIIIEM TMana3oHe T10
CpaBHEHUIO C a30TOM 1 (pocHOpPOM, ¥ COCTAaBUIN 38—

ATPOXUMHUA  Ne2 2023

42% 1ipy BHECEHUHN YIOOPEHUM C TIOKPBHITUEM TPaHYyJT
u 35% npu Buecenun NPK-ynoOpenust 6e3 mokpbI-
Tusi. HanGosplnass TOCTYNMHOCTh Kalaus pacTeHUSIM
TakXXe OTMeueHa U3 cocTaBa yIOoOpEHUS ¢ MOKPHITH-
€M TrpaHyJl MOHOKaJIbLIudochaToM.

PesynbraThl 1a00paTOPHOTO ONBITA TTO M3YUSHUIO
Hutpudukauun (tabjia. 6) mokKasaau, 4TO MOKPBHITUE
rpaHy/ pa3JIudHbIMUA KOMIIOHEHTaMH, OCOOEHHO MO-
HoKanbuuiipochaToM M1 MTHTUOUTOPOM HUTpUGUKA-
UM CYIIECTBEHHO CHUXKaJIW MHTEHCUBHOCTh OKHC-
JIEH!SI aMMOHUITHOTO a30Ta 0COOEHHO K KOHILY OIIBI-
ta. K 25-M cyT HauGonbmas koHueHTpauus N-NO;
(170 mMr/KT) Mr/Kr ObUIa OOHApyXXeHa B BapMaHTaX C
NPK, muanmaneHas (114 Mr/kr) — B aOCOTIOTHOM
KOHTpoJIe (B OTCYTCTBHE a30Ta YIOOPESHMIA).
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Tab6muna 6. ConepxaHue HUTPATHOTO a30Ta B KOMITIOCTUPOBAHHOM MOYBE, MT/KT

OKCIO3ULIus, CyT
Bapuant
5 15 20 25

0 73+4.3 90 £ 2.7 94 + 3.7 99 £ 3.9 114 £ 4
NPK (6e3 moKpbITHS) 74 £ 4.1 90 +£3.2 100 £ 2 122+ 1 170 £ 7
NPK (MK® 100 Mmxm) 74+ 4.0 90 + 1.2 98 + 3.8 123+ 2 151 £ 10
NPK (MK® + JK® 100 MxMm) 81t14 85+ 4.6 101 £2 126 £8 165+ 9
NPK (MK® + JK® 50 Mxm) 79 £3.0 89+ 3.8 101 £2 126 = 3 179 £5
NPK (6e3 nmokpsbiTus) + 84+ 1.7 77 £2.8 86+ 1.2 104 + 1 129+ 3
+ MHrUOUTOP HUTPUDUKALTUN*

*B kauecTBe MHIMOUTOPA HUTPU(UKALIMY UCTTOIb30BaM 17.4%-Hblit pacTBop 3,4-muMetuimnupa3son dochara (DMPP).

SAKJIIOYEHHME

Hccnenosanue neiictBust NPK-yno6peHnuii ¢ pas-
JIMYHBIM HOKPBITUEM TpaHyd IOKa3ajlo, 4TO K MO-
MEHTY HACTyIUIeHUs ¢a3bl KylleHHsT Haubosee 3a-
METHOE IeiicTBre Ha (hOpMUPOBaHUE OMOMACCHI IPO-
BOM IIIIEHMIOBl W3 WCCIEAOBAaHHBIX YyIOOpeHUM
oKa3zajau (opMbI yIOOPEHMI ¢ ITOKPHITUEM I'PaHyII U3
MoHoKanbLuiiocdara. PacteHus:, BeIpallicHHEIE B
BapHaHTaXx C BHECEHHEM 3TOro yaoOpeHMs, IIPeBOC-
XOOWIN APYrde pacTeHUs O TeMIaM pPOCTa U HAKOII-
JIEHUS ChIPOM U CyXOM MacCCHhI.

Bo BpeMs BeIXoaa B TPyOKY HAWTYUINHI pe3yTbTaT
TaKKe ITOKazai (POPMBI YOOOPEHMI ¢ TIOKPBITUEM
rpaHylT U3 MoHOKanbliidochaTa. B dase komomre-
HUS—IBETCHHUST CUTYalIMsI HECKOJIbKO M3MEHWIIACh 1
Ha MePBBIi TIaH 10 MOP(O-OMOMETPUIECKIM ITOKa-
3aTeJIIM BBIIIIA paCcTeHUSsI, BEIpallleHHbIC B BApUaH-
Tax ¢ BHECEHUEM YIOOPEeHWI ¢ pa3IMYHBIMU 10 TOJI-
IIWHE TTOKPHITUSIMH U3 CMECH MOHO- Y THKATBIIMIA-

docpara.

VY4eT cTpyKTyphl ypoxkasl TTOATBEPAWII TpeIBapu-
TeJIbHBIC BBIBOABI O OoJiblIei 3(p(HEKTUBHOCTU yI00-
pEHMSI C MTOKPBITUEM I'PaHy/I MOHOKaIbLIMK(pochaTom
(M®K). Ypoxaii 3epHa sSIpOBOI MIIICHUIIbI B BapraH-
T€ C BHECEHUEM BTOT0 yIoOpeHUsT ObLI CYILIeCTBEHHO
0oJIblile IO CPAaBHEHUIO CO BCEMU OCTAIbHBIMU (hOP-
MaMu ynobpeHuii. Buecenue NPK-ynoo6penus ¢ mo-
kpbiTueM MK® crioco6CcTBOBAJIO YBETMUYSHUIO MACCHI
11 03€pHEHHOCTHU KOJIOCa, a TAKXKE Cy»XKajlo COOTHOIIIEe-
HIE€ MEXIy OCHOBHOM M TTOOOYHOM MPOIYKIIUCH.

PesynbTaThl XMUMMYECKOTO aHAIU3a ypoxas, pac-
YeT BEIHOCA 1 KO3 PUIIMEHTOB UCITOIb30BAHUS TN -
TaTeJIbHbIX BEIICCTB PACTCHUSIMU MONTBEPIVIIN BbI-
BOI, O TOM, 4TO Hambonbmeil 3¢pHeKTUBHOCTHIO 00-
nmagano NPK-ymobGpeHne ¢ TIOKpBITHEM TpaHYII
MoHoKabluiiocharom. KoahbunueHT ncnoiab-
30BaHMS a30Ta M3 COCTaBa 3TOTO YHOOpEHMUST OBIIT
0OJIBIIIE CTAaHIAPTHOIO yaroopenus Ha 16%, n Ha 10%
oosreie 110 cpaBHeHMIO ¢ NPK-ymo6penussmMu ¢ 11o-

10.

11.

KPBITHEM TPaHyJl CMEChI0O MOHO- U JUKaIbLUdOC-
dara.
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Efficiency of New Forms of NPK-Fertilizers
with Delayed and Controlled Release
of Nutrients when Growing Spring Wheat on Sod-Podzolic Soil

V. M. Lapushkin4, F. G. Igliev¢, A. A. Lapushkina®, S. P. Torshin**,
A. M. Norov®*, D. A. Pagaleshkin®, P. S. Fedotov’, V. V. Sokolov®,
I. M. Kochetova’, and E. A. Rybin®
“Russian State Agrarian University— Moscow Agricultural Academy named after K.A. Timiryazev
ul. Timiryazevskaya 49, Moscow 127550, Russia

bScientific Research Institute for Fertilizers and Insectofungicides named after Professor Ya.V. Samoilov
Severnoye shosse 75, Cherepovets 162625, Russia

*E-mail: sptorshin@rambler.ru
#* E-mail: ANorov@phosagro.ru

The effectiveness of new forms of granular NPK fertilizers with a coating of granules with a thin film of mix-
tures of mono- and dicalcium phosphate on sod-podzolic soil in the cultivation of spring wheat is shown.
Mono- and dicalcium phosphate in different ratios were used as films protecting against loss of nutrients. The
chemical analysis of the crop, the calculation of the removal and the coefficients of the use of nutrients by
plants indicated that the NPK fertilizer with a coating of granules with monocalcium phosphate had the
greatest efficiency.

Key words: fertilizers with coating, monocalcium phosphate, dicalcium phosphate, sod-podzolic soil, nitro-
gen losses, nitrification inhibitors.
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