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OBLIAA XAPAKTEPUCTUKA PABOTBI

AKTyaJIbHOCTh TeMbl Mcciel0BaHuA. B mocienHue AecsITHIETUS CYIIECTBEHHO
BO3pOC HMHTEpPEC K MPUMEHEHUID MHUHEPAIBHBIX KOMIUIEKCHBIX KallCYJIMPOBAaHHBIX
yIOOpeHHUid  IPOJOHTMPOBAHHOIO  JEMCTBUS M TyMHHOBBIX  IIpeNapatoB B
CEJIbCKOXO3MCTBEHHOM TIPOU3BOJICTBE. OTH arpoXMMHUYECKHE CpEJCTBAa OKAa3bIBAIOT
KOMIUIEKCHOE BO3/ICHCTBHE HA TIOYBEHHBIE XapaKTePUCTUKH, CIOCOOCTBYS UX YIyULICHUIO,
a  TaKkKe  TMOBBILIEHUIO  MPOAYKTUBHOCTM M KAayeCTBEHHBIX  IOKazaTesei
CeIbCKOXO03IMCTBEHHBIX KyIbTYp (MyxuHa u ap., 2021).

KommiekcHbie MUHEpaabHbIe YI00pEHHS TPOJOHTUPOBAHHOTO IEHCTBHUS MTOCTEIEHHO
BBICBOOOXK/IAIOT ~ NUTATENbHBIE  BEIIECTBA, 4YTO OOECHEeYMBAaEeT JJIMTEIBHOE U
cOaJlaHCUPOBAHHOE TNUTaHUE pACTEHWI, CHM)KAEeT IMOTEPH DJIEMEHTOB MHUTAHUA U
YMEHBIIIAET HKOJIOTMUYECKHE PUCKHU, CBSI3AHHBIE C UX BBIMBIBAHHUEM HIIM Ta3000pa3HBIMU
BeiOpocamu (bopucora, 2022). Yanobpenus cepun Osmocote, WHKANCyJIUpPOBAHHBIC B
NOJIMMEPHYIO 000JIOUKY M poccuiickuil aHamor Ruscote, moKa3ajqu BBICOKYIO
pPE3yNbTaTUBHOCTh TPHU BO3JEIBIBAHUHU CEIHCKOXO3SMCTBEHHBIX KYJIBTYP, OJHAKO HX
BIIUSTHUE HA YEPHYIO CMOPOAMHY /IO HACTOSIIETO BpEMEHU HE u3ydanoch (MHaTcakaHsH U
1p., 2023a; Muarcakanss, 20230).

JIurHorymat COAEpXKHUT COJIM TYMHHOBBIX U (DYyIbBOBBIX KHCIOT, SBISIOLIUXCS
MOIITHBIMU TIPUPOIAHBIMU CTUMYJISITOpaMH pocTta pactenuid (Jlamwu u ap., 2007; Suada et
al., 2017; Rotondo et al., 2018). I[IpenapaT ycunuBaetr yCTOMUYMBOCTh PACTEHHI K CTpecCy
U CIIOCOOCTBYET JIyUIlIEMY YCBOEHUIO NMUTaTeNbHbIX BemecTs (Jindo et al., 2020).

CoBMecTHOE TMPUMEHEHHE MHMHEPAIbHBIX KOMIUIEKCHBIX  KaICyJIUPOBAHHBIX
yIOOpeHU  TPOJOHTUPOBAHHOTO  JCHCTBUS (B JanmpHedmieM —  ynoOpeHus
IPOJOHTUPOBAHHOIO JIeMCTBUA) U JIMUrHOrymara MO3BOJIIET JOCTHYb CHHEPTUYECKOTO
¢ ¢eKTa: ONTUMUZHPOBATH NUTAHUE PACTEHUM, YIYyYIIUTh arpoOXMMUYECKUE CBOICTBa
MOYBBI, @ TAKKE COKPATUTh HOPMbI BHECEHUs TPAJULMOHHBIX MUHEPAJIbHBIX YIA0OpEeHUM
6e3 nmoreps ypoxkaitnoctu (Sxkumenko, Tepexosa, 2011; KoBanb, Oroponnukosa, 2021).

Crenenb paspadoranHocTH npoodJemsl. [IpoGiema noBbimeHus: 3¢pHEeKTUBHOCTH
MHUHEpAIbHOTO MUTAHM C UCIOIB30BaHUEM yIOOpPEHUN MPOJIOHTUPOBAHHOTO JIEHCTBUS U
I'YMHUHOBBIX COE/IMHEHHI B PACTEHUEBOJICTBE B ITOCIIEHHUE I'0JIbl aKTUBHO pa3padaThIBaeTCs
KaK OTE4YEeCTBEHHBIMH, TaK U 3apyOexHbIMH yueHbIMHU. B paborax A.A. bopucoBoii u np.
(2022), A.A. MmuarcakansHa (20230) o6ocHoBaHa A(P(EKTUBHOCTh MPUMEHEHUS
y10OpeHHi MPOJIOHTMPOBAHHOTO JEHUCTBUS MPU BBIPAIIMBAHUHU IUIOJOBBIX M IOJIEBBIX
KynbTyp. MccienoBaHusi, NOCBSIIEHHBIE T'YMHUHOBBIM BELIECTBaM, NOJYEPKUBAIOT HX
CIIOCOOHOCTh CTUMYJHUPOBATh POCT PACTEHUW U MOBBINIATH YCTOMYMBOCTH K CTpeccam
(Axumenko, Tepexoma, 2011; Jindo et al.,, 2020; Komams, Oropomuukopa, 2021).
OKCHEPUMEHTHI 110 NMPUMEHEHUIO JINTHOTYMATOB MOKA3aJM IMOJIOKUTENbHOE BIMSHHUE Ha
YPOXKaHOCTh M KayecTBO MPOAYKIIMH, OCOOCHHO MPU COBMECTHOM HCIOJIb30BAaHUU C
MHUHEpadbHbIME ya00peHusmMu (Suada et al., 2017; Rotondo et al., 2018). B To xe Bpemst
UCCIIE/IOBAaHUs, HAIlpaBJICHHbIE Ha HW3Y4YEHHE BO3JEHCTBUS JAHHBIX ArpOXMMHUUYECKHUX
IpernapaToB MMEHHO Ha YEpPHYI CMOpPOJMHY, IIOKa HEMHOI'OYHUCIEHHBI. lMeroTcs
oT/IelbHbIe PabOThl MO BIMSHHUIO yJOOpEHUH M BHEKOPHEBBIX OOpaOOTOK Ha JaHHYIO
KynbTypy (Peiomaunes u np., 2015; Epmosa, 2019; Mucrtpatosa, TepsieBa, FOxaxosa,
2021), oHaKO M3y4YE€HHE COBMECTHOT'O BO3JICUCTBUSL YIOOPEHHI MPOJIOHTUPOBAHHOTO
JEHCTBUS U JIMTHOTYMaTa Ha (pU3MO0JI0TO-OMOXMMHUYECKUE MTOKA3aTeNu U NPOAYKTUBHOCTD
YEepHOI CMOPOJMHBI 10 HACTOSIIETO BPEMEHH HE MTPOBOIUIIH.

Hear wu 3agaum. llens wuccienoBaHUs - M3YYUTh BIMSHHUE KOMILJIEKCHBIX
MUHEPAJIBHBIX  KallCYJIMPOBAaHHBIX yIOOpPEHUN MPOJIOHTMPOBAHHOIO JEHCTBUS U



dbommapHoii 00paboTku pacteHuid mnpemapatom JlurHorymatr AM Ha moOKazaTenu
MOYBEHHOTO TUIOIOPOIHS ¥ IPOJTYKTHBHOCTD pacTeHU YepHOi cMopoauHbl (Ribes nigrum
L.).

B 3apa4u ucciaenoBaHus BXOAWIIO:

1. CpaBuuth >QGeKTUBHOCTh MPUMEHEHUS TPATUIIMOHHBIX MHUHEPAIBHBIX YIO0OpEHHI
(amMmuauHas cenutpa, cynepdocdar, XJIOPUCTHIN Kaluil) 1 KOMIUIEKCHBIX MUHEPAJIbHBIX
KalCyJIMPOBaHHBIX yn0OpeHui mnposioHrupoBaHHoro nerctBus (Ruscote, Osmocote) B
COYETaHHH C TATUKpaTHOW (onmapHOi 00paboTKoM mpemapatoM JlurHorymar AM Ha
MOKa3aTeNn IJI010POIUS MIOYBOTPYHTA 3a HCCIIEyEeMBbI NEPHUOI.
2. OueHNUTh BIUSHUE TPAAUIMOHHBIX ¥ MHUHEPATBHBIX KOMIUIEKCHBIX KaIlCyJIUPOBAHHBIX
ynoOpenuit mposoHrupoBanHoro naeiictBus (Ruscote, Osmocote) B codeTaHuu cC
dbommapHoii o0paboTkoii mpemaparoM JlurHorymar AM Ha MopdomeTpuueckue
MIOKAa3aTeIN YePHOH CMOPOIUHBI.

3. U3yunth BIusSHUE TPATUIMOHHBIX U MUHEPAIHHBIX KOMILIEKCHBIX KaIlCyTUPOBAHHBIX
ynoOpeHuii mnposoHrupoBaHHoro nevictBus (Ruscote m Osmocote) B coderaHuu c
dbonuapHoii 00paboTkoii npenaparom Jlurnorymatr AM Ha conep:kaHue OHUOJOTHYECKU
AKTHUBHBIX BEILIECTB B JIUCThAX U AT0/IaX PACTEHUU.

4. CpaBHUTh 3(Q(EKTUBHOCTh MPUMEHEHHUS Pa3JIMYHBIX YJOOpPEHUI NpU BHECEHUU B
MOYBOTPYHT MPHU BBIPALTUBAHUH YEPHON CMOPOIUHBI.

5. HccrnenoBaTh CKOPOCTh BBICBOOOXK/ICHUS MUTATENBHBIX BEHIECTB M3 KOMILIEKCHBIX
MUHEPAJIbHBIX KalCYJIUPOBAaHHBIX YAOOpEeHU mposioHrupoBaHHoro neictBus (Ruscote u
Osmocote), ompenenuTh U3MEHEHUS OOO0JIOYEeK 10 M TMOCle MPOBEACHHUS MOJAEIBHOTO
ombITa. BRISICHUTB, copepkaT i 000JI0YKU ITUX y100peHuit (heHOIbHbIE COSTUHEHUSI.

Hayunasi HoBM3Ha. BrepBbrle naHa cpaBHUTENbHas OlEHKAa 3()(PEeKTUBHOCTH
MUHEPAJIbHBIX ~KOMIUIEKCHBIX  KaIlCYJUPOBAHHBIX YJOOPEHU MPOJOHTMPOBAHHOTO
neiictBust (Osmocote Bloom 2-3M u Ruscote I[Berounsrit) u ¢onuapHoii oOpaboTku
Jlurnorymarom AM nipu BeIpalliUBaHUH Y€PHOU CMOPOUHBL. Y CTAHOBJIEHBI 0COOEHHOCTH
BIUSHUS JITAaHHBIX yAOOpeHMii Ha MopdomeTpuueckue MoKa3aTeld pacTEeHUH,
arpOXMMUYECKUE CBOWCTBA MOYBOIPYHTa M HAKOIUIEHWE MAaKpO- M MHUKPORJIEMEHTOB B
JUCTBAX KYJIbTYPBI, @ TAKXKE YPOKAHHOCTh U KaU€CTBO IJIO/IOB.

BrniepBbie ycTaHOBIEHBI OCOOEHHOCTH BBICBOOOXKJIEHUSI MUTATEIbHBIX BEIIECTB U3
o0osoyek yaoOpeHHi M MX MOTEHLMAJbHOE BIUSHUE Ha MOYBEHHYIO cpeny. Bmepsbie
NPOBE/ICHA OIICHKA KOHIEHTPAMH (PEHOJIBHBIX COCTMHEHHH B IJI0J]aX U JIUCTHAX, C yUETOM
BO3MOKHOTO TIOCTYIUICHHSI 3THX BEIIECTB IMPU PA3JIOKEHUU MOJUMEPHOM OO00I0UYKU
yA0OpEHUH.

BrnepBeie 000CHOBaHO ONTHMANbHOE COYETAHME MMHEPATBHBIX KOMIUIEKCHBIX
KalCyJIMPOBAaHHBIX  yAOOpEHUI MPOJIOHTUpPOBaHHOTO JeiicTBuUs u  JIurHorymara,
oOecreynBarolee IMOBBIIIEHHE CTPECCOYCTOMUMBOCTH pACTeHUM W  yIydllleHHEe WX
NPOAYKTUBHOCTU. BbIsiBIeH cuHepruyeckuii 3(Q@PEeKT COBMECTHOTO MPUMEHEHUS
MUHEPAJILHBIX W OPTaHUYECKUX IPENnapaTroB, OTKPHIBAIOIINN TMEPCHEKTUBHI s Oojee
HKOJIOTUYHBIX TEXHOJIOTUHN yI0OpEHUs B SITOOBOJICTBE.

Teopernueckasi M mNpaKTHYecKasi 3HAYUMOCTb. PaclIMpeHbl TeopeTHYecKHe
MPEACTABICHUS O MEXaHU3MAaX JCHCTBUS MUHEPAIbHBIX KOMIUIEKCHBIX KaIllCYJIHUPOBAHHBIX
yIOoOpeHHil TMPOJOHTUPOBAHHOTO JEHCTBHSI M TYMHHOBBIX BEIIECTB (Ha TpUMepe
JUTHOTYMaTa) Ha POCT, Pa3BUTUE U MPOJYKTUBHOCTh YEPHOH cMopoauHbl. [lomydyeHHbie
JTAaHHBIE JTOTIOJTHSIOT HAyYHbIE CBEJCHMSI O BIUSHUU ATHX MPEnapaToB Ha arpOXUMUYECKUE
CBOICTBAa MOYBOIPYHTA, HAKOIIJIEHUE MAKpO- U MUKPOJIEMEHTOB B JIUCThAX M IUIOAAX, A
TaKXe cojiep kanne (PeHOIbHBIX COCTUHEHH B 00pa3ax pacTeHuil.



[IpakTryeckass 3HAYMMOCTH paOOTHI 3aKIIOYAeTCS B pa3paboTKe W HAYIHOM
o0ocHoBaHMM A(PQPEKTUBHBIX CXEM IPUMEHEHUS MHUHEPAIbHBIX yHOOpeHUud u
OMOCTUMYJISTOPOB, MTO3BOJISIONTUX IMOBBICUThH YPOKAWHOCTh, YCTOMYMBOCTH K CTPECCOBBIM
Harpy3kaM ¥ Ka4deCTBO TIUIOJOB UYEPHOW CMOPOJWHBL. Pe3ymbraThl MOTYT OBITH
UCIIOJIb30BaHbl B TMPAKTUKE CaJ0BOJCTBA, B arpOXMMHUYECKOM OOCTY>KWBAHHUH, TPHU
COCTaBIIEHUM PEKOMEHJAIMI 10 palMOHAILHOMY NMPUMEHEHHUI0 YI0OpeHHil, a Takke B
y4eOHOM MpoIlecce MPU NOATOTOBKE CIIELIMATUCTOB B 00JIACTH arPOHOMMUH.

O0bexkT wucciaenoBaHusi. OObEeKTaMU HCCIEAOBAHUS SBISUIUCH OIHOTOJIUYHBIC
CAKEHIII YEPHOM CMOPOJMHBI, PACIOJIOKEHHbIE Ha Tepputopun MI'Y umenu M.B.
JlomonocoBa, mouBorpyHT (I'OCT P 53381-2009), MmwuHepaibHbIC KOMILICKCHBIC
KaICyJIMPOBAaHHBIC YAOOPEHUS MPOJOHTHpoBaHHOTO AeiicTBus Osmocote Bloom 2-3M
(ICL, Hunepnamnsr) u Ruscote L[Betounsiit (OO0 T/ 3MY «DJIOPAJIAN®», Poccus),
Jlurnorymar AM (OOO HIIO «Peanmzarust DKolorndeckux TexHomorui», Poccus).
Ruscote — amamor ymoOpeHuit B 000704YKe €BpPOMEHCKUX TOProBhIX Mapok Osmocote
(Hunepnauner), Basacote (I'epmanusi) m ap. RuscOte — KOMILJIEKCHOE MUHEpalIbHOE
ynoOpeHre, WHKANCYyJIUPOBAaHHOE B MEMOpaHHYIO IMOJHUMEPHYIO  OOOJIOUKY C
KOHTPOJIMPYEMBIM TIE€PHUOJIOM BBICBOOOXKICHHSI THTATEIBHBIX BemecTB. [lommmepHas
000JI0YKa  TIPOU3BOJUTCS W3  KOMIIOHCHTOB  PACTUTEIBHOTO  MPOUCXOXKICHUS,
obecreynBaromux o0pazoBaHWe HEOOXOAMMONW MOPUCTOCTH MEMOpPaHbI HA MOBEPXHOCTH
rpaHyIL

Metogonorusi u  MeToAbl HMccaeAoBaHMA. MeTogomorus — HMcciaeAOBAHUS
OCHOBBIBAETCSl HA PE3YJIbTAaTax, MOJYyUYEHHBIX B TEUEHUE TPEX JIET HA MEIKOJACISTHOYHOM
IIOJIEBOM OIIBITE, 3AJI0)KEHHOM Ha Teppuropuu MI'Y umenn M.B. JlomoHOCOBa B epuon
2022-2024 rr., MOJICTTLHOTO OIBITA, JIAOOPATOPHBIX METOJIOB MCCIIEAOBAHMSI IOYBOTPYHTA
U PACTCHHH 10 OOMETPUHATHIM METOAWKaM. Bce MmoaydeHHBIC pe3yiabTaThl OBLIH
00paboTaHbl CTATUCTHYCCKH.

OcCHOBHbBIE M0JI05KeHUS, BBIHOCHUMbIE HA 3AIIUTY.

1. TlpumeHeHHME MHHEPAIBHBIX KOMIUICKCHBIX  KaIlCyJUPOBAHHBIX  YAOOPCHHIA
MPOJOHTUPOBAHHOTO JACUCTBUS B codyeTaHWH ¢ (onmapHO 00paboTKOI MpemnapaTrom
Jlurnorymar AM cmocoOCTBYeT TOBBIIICHUIO TPOAYKTUBHOCTH U YIYYIICHUIO
OMOXMMHUYECKHX MOKa3aTesel aroja 4épHoi cMopoauHbl. Hanbomnpryo 3¢pheKTHBHOCTD B
YCIIOBUSIX MPOBEAEHHBIX OIBITOB MMOKa3aJl BAPUAHT C UCIOJIb30BaHUEM ya00peHus Ruscote
B coueTaHuu ¢ GonuapHon o06paboTkoit Jlurnorymatom AM.

2. Ckopoctb M 00BEM BBICBOOOXKIICHUS TMUTATENIbHBIX BEHIECTB W3 MHHEPATbHBIX
KOMIUICKCHBIX  KallCyJUPOBAHHBIX  yJIOOpEHWUH  MPOJIOHTHMPOBAHHOTO  JACHCTBUS
OTIPEJICNIAIOTCS OCOOCHHOCTSMU CTPYKTYphl MX 0Oosiodek. bosee pwixjas u mopucras
obououka karcyn Ruscote obecrieunBaeT yCKOpeHHOE BHICBOOOXKIeHHE a30Ta U docdopa,
[0 CpaBHEHHUIO ¢ KanueM. YpaoOpenue Osmocote ¢ OoJjiee IUIOTHOM M OAHOPOJHOM
000JIOUKOHM XapaKTepU3yeTcss YMEpPCHHBIMH TEMIIaMH BBIXOJa a30Ta W KaJus, IPH
MUHUMAaTHLHOM BBICBOOOXKIeHNU hocdopa. DeHONbHBIE COSTMHEHUS U3 KAIICYJIMPOBAHHBIX
yIOOpeHUl B pacCTBOP HE MOCTYMAIOT.

CreneHb /0CTOBEPHOCTM U  anpodamusi pe3yabTaToB. J[OCTOBEpHOCTH
MOJIYYCHHBIX PE3YJIbTATOB MOJATBEPKIAETCS MPOBEICHUEM IIOJIEBOTO MEJKOICITHOUYHOTO
OMbITa B TeUeHUE TPEX JET C COOMI0JeHUEM OOIIENPUHSATHIX arpOXUMUYECKUX U
arpoTEXHUYECKMX METOAMK. Bce mnabopaTopHble ¥ aHAIMTUYECKHE WCCIEIOBaHUS
BBITIOJHSUIUCh B TPEXKPATHOH TOBTOPHOCTH C  HCIIOJNB30BAaHUEM COBPEMEHHOTO
000pyIOBaHMS, YTO 00ECIEUNBAIO TOYHOCTh M BOCIIPOM3BOJIMMOCTD JaHHBIX. OOpaboTKa



AKCIIEPUMEHTAIBHBIX PE3YJIbTATOB OCYIIECTBISIACh C TMPUMEHEHHEM COBPEMEHHBIX
METOJ0B CTATUCTUYECKOIO aHAJIN3A.

OCHOBHbBIEC TMOJOXKEHHUS U PE3yJNbTaThl MCCIEIOBAHMS MPOILLIM anpoOaluio Ha
Bcepoccuiickux 1 MexayHapoaHbIX HAYYHBIX U HAYYHO-TIPAKTUYECKUX KOHPEPEHIUAX, B
ToM umcie: Bcepoccuiickas Hay4yHO-TipakTudeckass KoHdepeHuus «CoBpeMeHHbIE
poOIeMbI OMOJIOTHH, XUMUH, KOJIOTHN (T. SIpocnaBib, 17-21 okTsa6pst 2023 1.) — yCTHBIN
noknan «BiusHue ymnoOpeHuit B moimMepHoi o0oiouke Ha 4yepHyro cMopoauny (Ribes
nigrum L.)», Bcepoccuiickas KoH(pepeHIUs «ATpOXHMHUYECKAas Hayka — CHHTE3
aKaJIeMMYECKUX 3HAHUN M TpakTUdeckoro ombiTa» (r. MockBa, MI'Y umenn M.B.
JlomonocoBa, 12—13 centa0ps 2023 r.) — ycTHbIN Aokia] «[IpumeHenne nTuraorymara npu
BO3JICNbIBaHUN 4YepHO# cMmopoamubl (Ribes nigrum L.)», Mexayrapoassiii dopym
«ATpPOOMOTEXHOJIOTHH: JOCTUKECHHS U MEPCIIEKTUBBI pa3BuTus» (r. Mocksa, MI'Y umenu
M.B. JlomonocoBa, 28-31 aBrycta 2023 1.) — ycrHBIA nokinan «lMcciaenoBanue
COBMECTHOTO JEHCTBUS MPOJOHTMPOBAHHBIX YAOOpPEHHH U JHCTOBOM 00pabOTKH
JUTHOTYMaTOM Ha TOYBOTPYHT, COCTaB MUTATENIBHBIX BEIIECTB U MOPHOMETPUUYECKUE
nokaszaTelid JIUCTheB uepHOW cMmopomuubl (Ribes nigrum L.)», MexnyHnapoaHas
MOJIOJIeKHAsE Hay4dHas Mmikojia «MOHUTOPUHT, OXpaHa U BOCCTAaHOBJICHHE MOYBEHHBIX
HKOCHCTEM B YCIIOBUSAX aHTPONOreHHOW Harpy3ku» (r. Poctos-Ha-Jlony, 27-30 ceHTs0ps
2022 1.) — ycTHBIA Jokjian «BiusHWME JWTHOryMara Ha IIOKa3aTeld IMOYBEHHOIO
TUIOJIOPOJIUS U MPOAYKTUBHOCTh pacTeHuit», VI MexayHaponHas HaydyHass KOHGEPEHIIHS
«IBOMIOLHUS U eTpadalus MOYBEHHOTO MoKkpoBay (r. CtaBponodb, 19-22 centsaops 2022
r.) — yctHbld goknan «llepcrekTuBbl MPUMEHEHUS YAOOPEHUN C MPOJIOHTUPOBAHHBIM
JIEMCTBUEM B YCIOBHSIX OTPAHUYEHHOTO UMIIOPTay.

JIn4HBIA BKJIAJ aBTOpPAa. ABTOPOM OCYIIECTBJISAJIACH OpPraHU3alMsl U TOJIHOE
MIPOBEACHUE BCEro KOMILIEKCA MCCIEIOBAHUM, IPEIYCMOTPEHHBIX MPOrpaMMOil paboTHI.
Bce wMenkonmensHOUHBIE OMBITHI W JA0OPATOPHO-aHATUTHYECKUE  UCCIECIOBaHUS
BBIMIOJIHEHBl TPU  HEMOCPEACTBEHHOM Yy4acTuu aBTtopa. IlpoBeaeHsl aHanmu3 u
WHTEpIpETaIusl YKCICPUMEHTAIBHBIX JAaHHBIX, UX CTATUCTHYECKass oOpaboTka, a TaKxke
MOJIFOTOBKA HAYYHOTO TEKCTa W WIIIOCTPATUBHOTO Marepuana Juis yOJauKanuu
pE3yAbTAaTOB UCCIEAOBAHUS.

[y6aukamun. Ilo pesynpTaTam NpOBEAEHHOTO HCCIENOBaHUSA OMyOIWKOBaHBI 4
nevyatHoele paboThl, B TOM uucie 4 cTaTbU B PELEH3UPYEMBIX HAyYHBIX H3JaHUSIX,
PEKOMEHJOBAHHBIX ISl 3allUThl B JAUCCepTalUOHHOM coBete MIY wumenn M.B.
JlomonocoBa. B mnyOnukanusx, BBIIOJHEHHBIX B COaBTOPCTBE, BEAYIIMH BKIAJ B
pa3pabOTKy TEMBI M IOJIFTOTOBKY MaTEPHAJIOB MPUHAITICKUT COMCKATEIIO.

O6beM u cTpyKTYypa padoThl. [[uccepraiinonHas paboTa COCTOUT U3 BBEJCHUS, TPEX
[J1aB, 3aKJIIOYEHUS, BBIBOJOB, CIIMCKA JUTEPATYpPhl M MPHIOKEHUN U H310KeHa Ha 141
ctpanune. Pabora coxmepxkutr 8 Tabmun, 51 pHCYHOK, CIHCOK JUTeparypbl u3 98
HAaMMEHOBAaHUH, U3 KOTOPHIX 48 Ha aHTJIMIICKOM SI3BIKE.

baarogapHocTu. ABTOp BbIpaXaeT MPU3HATEIBHOCTh HAYYHOMY PYKOBOJUTEIIO,
1.0.H., c.H.c. [TamkeBuy E.b. 3a HayuHyI0 OAAEPKKY U LIEHHbIE KOHCYJIbTALIMH.

OCHOBHOE COIEPXAHUE PABOTbI

I'maBa 1. J¢@dekTUBHOCTL NPHUMEHEHUS] MHUHEPAJBHBIX KOMILJIEKCHBIX
KaICyJTMPOBAHHBIX YI00peHUil NMPOJOHTHPOBAHHOIO JEeCTBMS M JIMTHOI'YMaTa Ha
yepHoii cmopoauHe. O030p JMTepaTypsbl

B mnepBoii rmaBe npuBenéH o0030p JUTEPATYpHl, IOCBSIIEHHBIM MPUMEHEHUIO
MUHEPAJIBHBIX ~ KOMIUIEKCHBIX  KaICyJMPOBAHHBIX YAOOpPEHHH IPOJIOHTMPOBAHHOIO



NEHCTBUS U TYMUHOBBIX IPENApATOB B Ar0JIOBOJCTBE, B YACTHOCTU HAa NpHUMeEpe YEPHOMU
cMOpoaAuHbI. OnUcaHbl OMOJIOTHYECKHE 0COOEHHOCTHU KYJIBTYPHI, €€ TpeOOBaHUS K TUTAHUIO
U YCJIOBHSIM BBIpAIlMBAHMsI, NMUTATENIbHAasg LEHHOCTb M OMOXMMHMYECKHH COCTaB ATO.
[TonuépkuBaercs 3HAYMMOCTH COAJAHCUPOBAHHOIO MHUHEPAIBHOTO MUTAaHUSA s
dbopMupoBaHUS ypoxkasi U Ka4ecTBa IJI0JIOB, a TAKXKE PACCMOTPEHBI MPOOJIEMbI HAKOTIIICHHS
MUKPO3JEMEHTOB U TSKEIBIX METAIIJIOB.

Oco0oe BHUMaHuE YAENEHO  XapaKTEPUCTHKE MHUHEPAIbHBIX  yI0OpeHUil
npojoHrupoBanHoro nedctBus (Osmocote, Ruscote), ux wmexaHusmy JeHCTBUS U
NPEUMYIIECTBaM M0 CPABHEHUIO C TPAAUIIMOHHBIMU (pOpMaMU, BKITIOUYAsi CHIDKEHHE MTOTEPh
NUTATENIbHBIX ~ BELIECTB, arpoO’KOJIOTMYECKYI0 0€30acHOCTh M 3KOHOMHUYECKYIO
ap¢pextuBHOCTh. OTOENBHO pPAcCMOTPEHbl TYMHUHOBBIE Ipenaparbl, B YacTHOCTHU
JlurHorymar, Kak CTHMYJSTOPhl POCTa M aHTHUCTPECCOBBIE AareHThI, CIOCOOCTBYIOIINE
MOBBIIIEHUIO YCBOCHMSI MAaKpO- M MHKPOIJIEMEHTOB, aKTHBHM3alUW (OTOCHHTE3a U
YCTOMYMBOCTH PAaCTEHUH K CTpeccaM. 3aBepllaeT TIJaBy aHalu3 poJd (PEHOJbHBIX
COEIMHEHUM B aHTUOKCUJIAHTHOM CUCTEME PACTEHUI 1 UX HAKOIUICHHUS B JINCThSIX U ATOAaX
YEPHOW CMOPOJUHBI, YTO TMOJYEPKUBAET BAXKHOCTh KOMIUIEKCHOTO MPUMEHEHUS
KaIrCyJIMpOBaHHBIX y100peHui u JInrnorymara /asis MOBBILLIEHUSI YPOXKAIHOCTH U KayecTBa
IPOIYKIUH.

I'maBa 2. O0BbeKTBI U MeTO/IbI HCCJIeTOBAHUS

HccnenoBanue BKIIIOYAJIO B OMBITA: MEIKOAEISIHOUHBIN M0oJ1eBOM onbIT (OnbIT 1) 1
MOJICJIbHBIN J1Ta00paTOpHBIH onbIT (ONbIT 2). MenkonensHoYHbIN nosieBoi onbIT (OmnbIT 1)
ObUT HampaBlieH Ha W3YYCHHE JOJTOBPEMEHHOrO NEUCTBUSA YAOOpPEHHI B MPUPOTHBIX
YCIIOBUSX BBIPAIIMBAHUS KYJIbTYPBI, TOT/Ia KaK MOJEIbHBIN JTa0OPATOPHBIN SKCIIEPUMEHT
(OnbIT 2) MO3BONMII JAETAJbHO HCCIENOBAaTh MPOLECCHl BBICBOOOKIEHUS 3JIEMEHTOB
NUTAaHUS U3  MHUHEpAJbHBIX  KOMIUIEKCHBIX  KAallCYJIMpPOBAaHHBIX  yI0OpeHUi
IPOJIOHTUPOBAHHOTO JICUCTBUS, @ TaKXKE CKOPOCTb BBICBOOOXICHHUS (PEHOJBHBIX
COeIMHEHUH U3 ATUX yaoopenuii u Jlurnorymara AM.

2.1. OneIT 1. MeIKoae I THOYHBIN 110JIEBOI OIBIT

MenkoaenssHOUHbIA MOJeBOM ombIT npoBoAwin B 2022-2024 rr. Ha TeppUTOPUU
[TouBenHoro cranuoHapa ¢akyiabTeta nouBoBeneHuss MI'Y umenun M.B. Jlomonocoga.
OOBEKTOM HCCIICIOBAHUS CTald OJHOJIETHUE CaXCHI[BI YEPHONW CMOPOJAMHBI COpTa
«Hckymienuey, moiydeHHble U3 nmuUTOMHUKAa «EropbeBckuit» (MockoBckas o0iacTh) u
BbICQXEHHBIE B UtoHe 2022 T.

Jnst co3nanus OJHOPOAHBIX YCIOBH JJ1s1 BBIpAllMBAHUS PACTEHUN NEPe] 3aKIaqKOn
ombITa ObUT CHAT 20-CAaHTUMETPOBBIN CIIOH MPEANIECTBYIONIETO MOYBOTPYHTA, MOCIE YETO
Y4acTOK OBbUI 3alloJIHEH HOBBIM ILI0J0poaHbIM mouBorpyHToM (I'OCT P 53381-2009).
CocraB nmouBorpyHrta (1o 06b6émy): BepxoBoit Topd — 20 %, mecok — 10 %, cyrmurok — 10
%, miogopoaubiid TpyHT — 60 % (mpousBoacTBo kKommanuu OO0 «I'pun Tpeiia», Poccus).
ArpoXMMHYECKHE XapaKTEPUCTUKH IOYBOTPYHTAa [0 3akiaaku omnbita: PHker — 7,5;
coJiep>)KaHHe HUTPATHOTO M aMMOHUKHOTO a3ota — 15,7 u 46,0 Mr/Kr, COOTBETCTBEHHO;
nojBwxHOTO docdopa — 542,0 mr/kr; noasuwxkuoro kanus — 300,0 MI/Kr, MOABMKHOTO
LUHKA — 37,3 MI/KT OYBBI, HOABMKHOU Meau — 10,7 MI/KI MOYBBI.

B kauecTBe MUHEpaTbHBIX yIOOPEHUN MPUMEHSIN KaK TPAAUIMOHHBIC (aMMHUAYHAS
cenuTpa, ABOMHON cynepdocdar, XJTOPUCTHINA Kalluii), TAK 1 MUHEPATbHbIE KOMIUICKCHbIE
KarcyJaupoBaHHbIE YI00peHus MpoJoHTHpoBaHHOTO aedcTBus: Osmocote Bloom 2-3M:
NPK 12-7-18%+MD3 (60p 0,02%, mens 0,045%, xeneszo 0,35%, B T.u. EDTA-xenat 0,06,
mapraner 0,05%, monubnen 0,017%, nuunk 0,013 %), u Ruscote [[Berounsrii: NPK 12-10-



18%+MD (okcun cepsl (VI) — 8,0 %, xkanpmst okeug — 9,0 %, 6op — 0,1 %, meanr — 0,07 %,
okcu mMaruus — 3 %, mapraner — 0,1 %, okcua monuoaena (VI) — 0,05 %, uunk — 0,06 %).
Bo Bce BapuaHThI OnbITa BHOCWIIA OJJMHAKOBOE KOJIMYECTBO a30Ta, (ocdopa u kanus. B
JIOTIOJTHEHHE K BHECEHUIO YJOOpPEHHI B MOYBOIPYHT MPOBOAMIN (honHapHyr0 00pabOTKy
pacTeHuil BOJHBIM PacTBOPOM OHOCTUMYINATOpPa, JIurHorymatrom AM, B KOHIEHTpalUH
0,05 % 10 MOMHOTO CMayMBaHUA JHCTOBON MOBEPXHOCTH C MEPHUOJUYHOCTHIO pa3 B 10
CYTOK, BCero ObuI0 5 00paboTOK 3a BEreTallMOHHBIN CE30H.

Cxema ombITa BKJIIOYada § BapHMaHTOB, KaXIbI M3 KOTOPBHIX OBLI 3aJOKEH B
TPEXKPATHOW TOBTOPHOCTH Ha JeisHKaX Iuiomanasio 1 M? (o 5 pacTeHUd B OJHOU
noBTOpHOCTH): 1. KOHTpOIb — mOUBOrpyHT O€3 BHECEHUsI yAoOpeHuid. 2. JII' — mouBorpyHT
6e3 ynoopenuit + donumapnas odpadorka Jlurnorymarom. 3. NPK + JII' — mouBorpyHTt +
ammuauHas cenutpa (17,4 /m?), nBoitHoi cynepdocdat (18 r/m?), xmopucteiii Kanui (15
r/m?) + JIuraorymar. 4. Osmocote + JII' — mouBorpyHT + Osmocote Bloom 2-3M (50 r/m?)
+ nurnorymar. 5. Ruscote + JII' — mouBorpynt + Ruscote LlBetounsrit (50 r/m?) +
murnorymat. 6. NPK — mouBorpynt + ammwmaunas cenutpa (17,4 1/m?), nBoitHOU
cynepdocdar (18 r/m?), xnopucteiii kanmuii (15 r/mM?). 7. Osmocote — MOYBOTPYHT +
Osmocote Bloom 2-3M (50 r/m?). 8. Ruscote — mouBorpyHT + Ruscote L[Betounsrii (50
r/™M?).

B 2022 1. Bce ynoOpeHus BHOCHIIH Tepe] MOCaaKON CaKeHIIeB U3 pacdeTa: 60 Kr 1mo
n.B. N/ra, 35 kr o 1.B. P2Os/ra, 90 xr mo n.8B. K2O/ra, ¢ 3agenkoit Ha riryouny 10-15 cm.
Bo BTOpoil W TpeTHUH TrOABl HCCIECNOBAHUW Yy ATOAHBIX KYCTAPHUKOB IPOUCXOIUT
WHTECHCUBHOE HapallMBaHUE BET€TaTUBHON MAaccChl, YTO OOYyCIIaBIMBAaEeT HEOOXOIUMOCTh
MOBBIIICHUST YPOBHS oOecleueHusl pacTeHUl anemMeHTaMu nutanus (Muxaitnosa, 2012),
MO3TOMY Ha BTOPOM U TPEThEM TOJY POCTa PACTCHHUH, J03bl MUHEPATLHBIX YIOOpEHUMN
ObuTH ckOppekTHpoBaHbl: B 2023 roay — 70 kr mo 1.8 N/ra, 40 xr o 1.8 P2Os/ra, 105 kr mmo
1.8 KoO/ra; B 2024 roxy — 80 kr 1o a.B N/ra, 45,7 kr o 11.B P2Os/ra, 120 kr o 1.8 K20 /ra.
B Bapuantel Kontpons u JII' nononuurensno BHocuiau B 2023 u B 2024 rr. aMMuaydHyo
cenmutpy no 10 xr u mo 20 kr o 11.B N/ra, coorBercTBeHHo. Ha 2-it u 3-i1 rox ucciaegoBanus
y100peHUs BHOCHIIA PABHOMEPHO T10 TOBEPXHOCTH MPUCTBOIBLHOTO KPyTa C MOCIEAYIOIIUM
pBIXJICHMeM Ha TiyOumHy 10 5 cMm. CaXeHIbl YepHON CMOpOJMHBI 3a BECh MEPHOJ
MIPOBEICHUS OTBITA HE MOJBEPraid 00PE3Ke BETBEH.

2.2. OnpIT 2. MoaeJbHBINH ONBIT

MonenbHbIi Tab0paTOPHBIN OIBIT ObLI 3AJI0KEH Ha Kadepe arpoXuMUU U OUOXUMHH
pactenuit 4 nekaOps 2023 rona u Obul npoBeAeH 3a 21 cyTKH, YTOObBI MUHUMH3UPOBATH
pa3BUTHE MUKPOOPTraHU3MOB B NMUTATEIBHOW Cpelle M UCKIIOYUTh BIUSHUE OMOTUYECKHX
(GakTOpOB Ha TOYHOCTH PE3YJIbTATOB. OKCIEPUMEHT NPOBOAWIM MpPHU CTaOMIBHON
KOMHATHOM TeMIepaType B YCIOBHUSIX MOJTHOTO OTCYTCTBUS OCBEIlIeHUs. J{J1s UCKITIOUeHUs
BO3JICHCTBUSI CBETa BCE KPYIVIOJOHHbIE KOJOBI HAKphIBAJIM 3allMTHBIMU KOJIMAaKaMH,
U3TOTOBIIEHHBIMU U3 KpaTOBOM Oymarm.

[lenbt0 TaHHOTO OMBITA CTAJNIO M3YyYEHHE MPOLIECCOB BHICBOOOXKICHHS MUTATEIBHBIX
AIIEMEHTOB U3 yJ0OpEHUM MPOJOHTUPOBAHHOIO JEHCTBUSA, @ TaKXKE OLEHKA BO3MOXKHOTO
BBIJICTICHNS. (PEHOJBHBIX COCOUHEHMH MpHW paspyumieHHMH uX obojouek. Cxema ombiTa
COCTOsUIa U3 TPEX BApUAHTOB B TPEX MOBTOPHOCTAX: Bapuant 1 - Osmocote Bloom 2-3M,
BapuaHT 2 - Ruscote I[[Betounbiii u BapuanT 3 - JlurHorymatr AM. Hcnons3zyemble
arpOXMMHUYECKHUE MpernapaThl MOJHOCTHIO COOTBETCTBOBANM TEM, UTO MPUMEHSUIUCH B
MI0JIEBOM MEJIKOJIETSTHOUYHOM OIIBITE.



Jns  Kaxao moBTOpHOCTM  Obuin  B3BemeHsl 1o 1,34 r  ygoOpenuit
MPOJOHTUPOBAHHOTO JEUCTBHSI U TIOMEIIEHBI B KPYIJOJOHHYIO CTEKISIHHYIO KOJIOy
oobemom 500 wmu. Jlanee B konObl goGaBmsiin 200 Ml AMCTUIUIMPOBAHHOW BOJBI,
KOHIeHTpanus pactBopa Jlurnorymara cootBerctBoBaia 0,05%. [opmbrimkm koibd
3aKpbIBaIM OyMaKHBIMU MTPOOKaMHU, a CBEPXY HaKpbIBAJIM KPa()TOBBIMH KOJITIAKAMH.

[To 3aBepieHUU OMBITA KalCyJIUpPOBAaHHBIC yNOOpEHHUs W3BIEKANW M CYIIWIH B
TepMocTate npu temmeparype 65 °C B teuenue 24 yacoB. B BojmHbix pactBopax 1 u 2
BapHaHTa OMNpEeNsIn COACpKAHUE OCHOBHBIX DJIEMEHTOB IMUTAaHUS — AMMOHUWHOTO U
HUTPATHOTO a30Ta, (ochopa U Kajaus MO TEM KE METOAUKAM, KaK U B MOYBOTPYHTAX
(ITpaktuxym o arpoxumun, 2001).

Oco0oe BHHMaHHE YJEIUIM MOHHUTOPUHTY COJAEpXkKaHUS B MpoOax (HEHONbHBIX
COCJIMHEHUHN, BBIJCIIEMBIX B TIPOIECCE pACTBOPEHUS OOO0JIOUEK YAOOpeHHd U
Jlurnorymarta. OTtOop mpo® I aHalM3a MPOBOJWIM B IIECTH BPEMEHHBIX TOYKAX.
Onpenenenue oOLero coaepxanus (PeHONbHBIX COEIUHEHNN B PACTBOPE COOTBETCTBOBAI
METOAy ero omnpeaeneHus B pactenusx (Hukomaesa u np., 2021).

Mopdonoruueckue u3MEHEHHUS 000J0YeK YIO0OpEeHWIl OLIEHUBAIW MPH TMOMOIIH
CBETOBOr0 MHKpockomna Mapku Micros (ABctpusi) npu yBenumuenun x40 u x100.
JlononHUTENBHO, TIOCTIE 3aBEPILIEHNUS SKCIIEPUMEHTA MPOBOAMIIN B3BEILIMBAaHUE YI0OPEHMUI,
YTO MO3BOJISIIO KOJIMYECTBEHHO OIICHHUTH JOJI0 BEIIECTB, BHICBOOOAUBIIMXCS B PACTBOP B
TE€YEHHE MOJICIIBHOTO OTIBITA.

MeTtoabl ccaeI0BaAHNUS MMOYBOTPYHTOB U PACTEHUH

CMmemannbie 00pasnbl MOYBOTpyHTa OTOMpanu ¢ rayounsl 0-10 cM B KoOHIIE
BETeTAIMOHHOIO0 Nepuojia exerogHo, corinacHo I'OCT P 58595-2019. JIuctes mis ananuza
coOupayii B KOHILIE aBI'yCTa, ATOJIbI — B HIOJIE.

ArpoxyMMHYECKHE TIOKa3aTeld TMOYBOTPYHTA OMNpEAeNsIM 1O  CIEAYIOIIUM
MeToaukaMm: PH  — MOTEHIMOMETPUYECKHM B BOJHON BBITSKKE (C HCIOJIB30BAHUEM
yHuBepcaibHOro uoHoMepa «Okcnept-001», Poccus); amMMoOHUMHBIA — a30T —
doromerpuuecku (potomerp KOK-3-01 «30M3», Poccus); HUTpaTHBIN a30T — 1O METOY
['panaBans—JIsky; nmonBrkHbe GopMbl hochopa U Kanust — U3 BHITSDKKE 110 KupcaHoBy:
dochopa — QoroMeTpuueckr C OKpallMBaHHeM T0 JIeHwke, Kamusg — IIJITaMEHHO-
doromerpuuecku (Ha (otomerpe «LEKI FP640», ®Ounnsunus), noaBuxHbie (OPMBI
[IMHKA U MEJU OTIPEEIISUTH METO0M aTOMHO-a0COPOIIMOHHOM CIIEKTPOCKONH Ha TPHUOOpe
AAS-3  ¢upmer  «Hitachi» (Slmonust) B aneratHo-amMMmoHuKHON (AADB) BBITSKKE
(ITpaktukym no arpoxumun, 2001).

3a 2022-2024 rr. mody4yeHbl JaHHbIC N0 CPEIHUM MPHUPOCTaM MoOera, MIOomaan
JIUCThEB, Macce aroj ¢ 1 m?, Macce 50 siroa U KOJUUYECTBY KUCTEH, a TaKKE COJICPKAHUIO
NUTATENbHBIX AJIEMEHTOB B 00pa3liax JHUCTHEB U ST0J 4epHOH cMOpoauHbl (PykoBoaCTBO
M0 MIPOBEJICHUIO PETUCTPALIMOHHBIX HCTIBITAaHUM. .., 2016). ConepkaHre MaKpOd3JIEMEHTOB
B JIUCTHSIX U STOAAaX PACTEHU W UX BaJOBOE COJEpKaHHE B MOYBOTPYHTE OMPENEIsUIN
1ocjae MOKpPOTO 030JeHHs N0 ['MH30ypr B KOHIICHTPHUPOBAHHON CEpHOM M M00aBICHHUEM
XJIOPHOH (B KauecTBe KaTalu3aTopa) KUCIoTax. A3oT — meronoMm Kwembaams; gocdop —
dbotometpuuecku mo Jenuxe (dhoromerp KDK-3-01 «30M3», Poccus); xanumit — Ha
dbotomerpe «LEKI FP640» (OuHASTHIUA). Onpenenenue coAepKaHus
(OTOCHHTETHYECKHUX MUTMEHTOB (XJI0podmiia a u b, KAPOTUHOUIBI) TPOBOIMIH B CBEKHUX
oOpa3liax pacTUTeIbHOro MaTepuanga (OTOMETPUYECKH TIOCiie AKCTparupoBaHUS
nurmeHToB 100% aneroHom (TpetwsikoB, 1990). Conepxkanue MukpodneMeHToB (Zn, Cu)
OTIPEIETISUIN MOCIIE CYXOTO 030JIEHUSI aTOMHO-a0COpOIIMOHHBIM METOIOM Ha prudope AAS-
3, SAnonus (Ilpaktuxym no arpoxumun, 2001). B obpasuax pacreHuil ObIIM ONpeaeIeHbI



KOHLIEHTpaluss HuTpaToB nmoHoMmeTpuueckuM metojnoM (I'OCT 29270-95), antounansl
KOJIOpUMETpUUeckuM MeTosioM B Moaudukanuu JI.M. Buroposa (EpmakoB u ap., 1987)
(poromerp KDK-3-01 «30M3», Poccus), karamasznas akruBHOCTh (IDLmemkos, 1985),
ackopOuHOBas kuciora iogomerpuueckum metogoMm (TOCT 24556-89).

[Toroansie ycnoBust B 2022-2024 rr. oLeHUBAIM O JaHHBIM MeTeoposoruueckon
O6cepBatopun MI'Y (MOMI'Y). Ha ocHoBaHMM JaHHBIX OBUIM  pPacCUUTAHBI
rugporepmudeckue kodpdunuentsl Censtannosa (I'TK) (1928) B roas! uccnempoBanus: a)
2022 r.: utoHb — ceHTI0pb - 0,75 (HegocTarouHoe yBiIaxHeHue); 0) 2023 r.: Maii — ceHTIOpb
- 1,31 (ontumanbHOe yBnaxHeHue), 2024 r.: mail — ceHTsaA0ps - 1,14 (onmTumadbHOE
YBJIQ)KHEHUE).

Cratuctuueckyro  0oOpaOOTKYy SKCHEPUMEHTAJIbHBIX JaHHBIX MPOBOAWIA  C
HCIIOJIh30BaHMEM MporpaMmHoro odecrieuenust Microsoft Excel (maket Microsoft Office)
u STATISTICA Bepcuu 7.0. Cpennue 3HaYeHHs H3y4aeMbIX IOKazatencii (n = 2-3)
PACCUUTHIBAIM C YIETOM CTaHIapTHOM OITMOKHU OMbITa. /{7151 OIIEHKH 3HAYUMOCTH Pa3Inuui
MEXIY CpeJHUMH BEJIMYMHAMHU TPUMEHSIM METOJ TOMApHOTO CpPaBHEHUS C
UCTOJIb30BaHueM t-kputepusi CTbIO/ICHTA.

Jns ananuza BIUSHUS HE3aBUCUMBIX (AKTOPOB M HMX B3aUMOJCHCTBUA Ha
U3MepsieMble TapaMeTphbl UCIOJIB30BAIU ABYX(DAKTOPHBIN AUCIIEPCUOHHBIA aHAIU3 (two-
way ANOVA), noctoBepHOCTh oOlleHHBanach 1o Kpureputo Oumiepa. IIpoBepky
COOTBETCTBUS PACIPENECICHUS JaHHBIX HOPMAJIbHOMY 3aKOHY OCYIIECTBIISLIA C
ucronb3oBanreM kpurepus Llanupo—Yunka.

Ha rpaduueckux maTepuanax mpeicTaBiIeHbl yCpeAHEHHBIC 3HAUCHUS C YKA3aHUEM
BEJIMYMH OMIMOKH OIbITa, OTpaKaroleld BapuaOelbHOCTh JAAHHBIX B MpeJeiaX OIBITOB,
mn6o HCP, paccuntannoit npu ypoBHe 3Hauumoct 0,05.

I'masa 3. PesyabTarhl 1 00Cy:KIeHUE

3.1. OnebIT 1. MeakoaeasTHOYHBIN I0JIEBOH ONBIT

Ha ocHoBe aHaiM3a IUIOIIAAM JINCTA, NIPOBEAEHHOTO C Y4YETOM HAWMMEHBIIEH
cymectBeHHoil pasuuiel (HCP) mpu ypoBue 3naunmoctu 0,05 ObUIM YCTAaHOBJIEHBI
3HAYMMBIE Pa3Inyusl MEXIy psAIOM BapuaHTOB: BapuaHThl KoHTpons u Ruscote + JII', JIT'
u Ruscote + JII', NPK + JIT' u Ruscote + JII', a Takxxke NPK u Ruscote + JII' noctoBepHO
oTiinyaauck Mexay coooi. Ha Bapuante NPK oTmedenb HanbombIMe 3HaueHus 11011311
JUCTAa W JOCTOBEPHO OTIMYAIOIIMECS OT OOJIBIIMHCTBA OCTaJbHBIX BapHAHTOB.
KonTposnbHblii BapuaHT U JII' TOKa3bIBAIOT JOCTOBEPHO MEHBIIIME 3HAYCHUS 110 CPABHEHHIO
C BapMaHTaMH, I'/ie IPUMEHSIINCh MUHEpaibHble ynoopenus (puc. 1).

m2022r. ©2023r. " 2024r.
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Pucynok 1. Ilnomaas nucra mocie BEreTallMOHHOTO Ce€30Ha 3a 3 rojaa, cM>.

BeprukansupiMu muHUAMEU Ha rpaduke otmeueHo 3Hadernne HCPo,os.

10



Camblil Beicokui ypoxkail srox B 2023-2024 rr. 6p11 oTMeueH Ha BapuaHTax NPK,
NPK + JIT' u Ruscote + JII', OH CTaTUCTUYECKU HE pA3IMYAJICA MEXKIY HUMU Y MPEBBIIIAIT
BCE JIpyruM€ BapuaHThl ONbITa, a MUHUManbHbIA - JII' (Tabm. 1), 4To ykas3piBaeT Ha
Hea((HPEKTUBHOCTH OJHOM (hosinapHOi 00pabOoTKM O€3 BHECEHUSI MUHEPAJIbHBIX YI00pEHU.
Paznuuns Obuin 0coOEHHO BbIpakeHbl Mexay BapuaHTamu Konrtpons, JII' u Bcemu
OCTAJIBHBIMM: 3TH JBa BapHaHTa II0KA3JIM MUHUMAJIbHBIC 3HAYEHHs YPOKAWHOCTH M
JIOCTOBEPHO YCTYyMaJld IPyTruM BapuaHTam, ocooenno Bapuantam NPK u Ruscote + JIT'.

Ta6auna 1. Macca srox ¢ 1m? (3a 2023-2024 11.), T (cpeHee + ommbKa OnbITa)

Macca siron ¢ 1M?, T
Bapuant
2023 r. 2024 1.

KonTposb 80,8+6,73 23,2+11,45

JIT 64,9+34,39 15,0+10,89
NPK + JIT" 542, 5+118,74 328,5+146,96
Osmocote + JII' 312,6+71,88 172,1+£25.81
Ruscote + JII" 402,5+178,60 523,24+120,19
NPK 574,6+111,78 668,7+413,94
Osmocote 298,4+71,09 140,1+63,95
Ruscote 220,6+£117,47 140,6+64,14

B 2023 u B 2024 rr. Macca 50 siron 6p11a camoit 6osbinoit B Bapuante NPK u Ruscote
+ JII'. MunuManbsHble 3Ha4eHust Macchl 50 siron OblM 3adukcupoBansl B Bapuantax JII' u
KoHTtpoub. [10 KOMYecTBY KUCTEH M KOJMYECTBY STOJ B KUCTH JINIUPOBAIHN CICAYIOIINE
BapuaHThl: NPK, Ruscote + JII', NPK + JII'. Bapuantel Kontposns u JII' umenu noctoBepHo
MEHBIINE 3HAUYEHUs KOJIMYECTBA SrOJl MO CPABHEHHUIO C IPYrUMHU BapuaHtamu (puc. 2).
HaubGonee BbIpakeHHbIE pa3ivuus B KOJMWYECTBE KUCTEH OBUIM BBISBICHBI MEXIY
Kontponem, JII' m ocraneHbiMM BapuaHTamu. KOHTpPOJBHBIA BapHaHT JIOCTOBEPHO
OTJIMYAETCA B MEHBIIYK) CTOPOHY 10 KOJMYECTBY KUCTEU U YHUCIY ArOJ B KUCTU OT BCEX
OCTaJIbHBIX BAPUAHTOB € y100peHusaMHu (puc. 2).

m2023 . 2024 r. m2023 . 2024 r.
= 140 5 250
= 120 :
e S 200
= 100 &
280 S 150
S 60 2 100
< 5 &
> 40 :[ o
= 50
0 ) &
&S S S S E SSS S S
& & o \*
‘%& %Q% 000\ e Q%& ¥ ‘&'OQV %&' 000\6 o3 Q%&
& ¢ 5 ¢

Pucynok 2. Macca 50 sroa, r u koimuuecTBO kucted (3a 2023-2024 rr.), mr.
BeprukanbHpiMu TUHUSMU Ha TpadKe OTMEUCHO 3HAYECHUE OIMOKHU OTIBITA.
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Pucynok 3. KonnuecTBo Aroj B KUCTH, IIT. U BEJIMYMHA MPHUPOCTa modera, cMm (3a
2023-2024 rr. u 2022-2023 TT. COOTBETCTBEHHO). BepTHKaIbHBIMU JIMHUAMU Ha rpaduke
otMmeueHo 3HaueHue HCPo os.

MakcumaneHsbIil ipupocT noderos B 2022 r. Habmoganu B Bapuante Osmocote, a B
2023 r. - B Bapuantax NPK + JII' u NPK. Camblie HU3KHE 3HaUeHUS ObLUTH 3a()UKCUPOBAHBI
B Bapuante Osmocote u JII' B 2023 r. O61iee cHIKEHHE TPUPOCTAa BO BTOPOU TOJT MOXKET
OBITH CBSA3aHO C Tepepaclpeie]ICHHeM MUTATeNbHBIX BEIIECTB B CTOPOHY I€HEPATUBHBIX
opratoB (puc. 3).

Koppensuuonnslii aHanu3 Mexay Mop(OMETpUYECKHMMM IOKa3aTelsiMU YepHOU
cMopoauHbl 3a 2023-2024 rT. MO3BOJIAI BBIABUTH DSl BBIPAKCHHBIX B3aUMOCBS3EH.
HaubGonee BbICOKas TMOJOXKUTEIbHAS KOPPENSAIMsS OTMEYEHA MEXJY YpPOKaWHOCTBIO U
maccoit 50 srox (r = 0,95), 4To yka3piBaeT Ha MPSIMYIO 3aBUCHMOCTH BEJIMUYMHBI OOIIETO
ypoXKast OT CpeJiHeil MacChl MIOA0B, MEXAY YPOKaHOCTBIO U YHCIIOM Sr0Jl B KUCTH (I =
0,86) m Mexnmy ypoxalHOCTBIO M mpHpocToM MmoberoB (r = 0,79). Dto mo3BoJIAET
yTBEpKJIaTh, YTO AaKTHUBHBIH pPOCT HAJA3EMHOM YacCTH pPACTEHUS CIIOCOOCTBYET
dbopMupoBaHUIO O0JIee MOIIHBIX F€HEPATUBHBIX OPraHOB U, KAK CJIEJCTBUE, MOBBIIICHUIO
YPOXalWHOCTH.

3a Bpems IpoBeleHus ucciaenoBanus pH nouBorpyHTa M3MEHMIICS HE3HAUYUTEIBHO
(puc. 4), tonmbko B 2022 . Hambomabiiee 3HaueHue pH (7,8) Obuto 3adukcupoBaHO B
BapHaHTe ¢ MpuMeHeHueM yao0penust Ruscote B couetanuu ¢ Jlurnorymarom.

7,8 ]
576 & . @ . : .
I hd JI_ - XL -~
S 7.4 ¢ ¢
1
72

Koutpons  JIT' NPK + Osmocote Ruscote + NPK Osmocote Ruscote
Jr +JIT Jr

©2022r. ©2023r. ©2024T.

Pucynoxk 4. 3navenus pH mouBorpyHra, ea. BepTukajabHbIMH JUHUSMU Ha Tpaduke
OTMEUYEHA OIUOKA OMbITA.

Jns  oueHku  BAusHUS ~ (PAKTOPOB  «TUN  yAOOpeHUs» U «oOpaboTka
JUTHOTYMATOM/OTCYTCTBUE», a TaKKe WX B3aUMOJICHCTBUS HA AarpoXUMUYECKUE
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XapaKTEepPUCTUKUA TOYBBI OBUT TPOBEeNEH JBYX(AKTOPHBIA TUCHEPCHOHHBIA aHaIN3
(ANOVA). CormacHo TOJYYEeHHBIM JaHHBIM, B TE€UE€HHE TPEX JET TOJBKO (aKkTop
«YnoOpeHus» OKa3blBaJ CTATUCTUUECKU 3HAYMMOE BIIMSHHE HA YPOBEHb KHUCIOTHOCTH
MIOYBOTPYHTA.

MaxkcruManbpHasi KOHIIEHTpAIUsl HUTPATHOTO a30Ta Obljia 3aMKCHpOBaHa B BapUaHTE
NPK B 2022 1., B TO BpeMsl KaKk MUHUMaJIbHbIE 3HaYEHUSI OBbLIIM OTMEUYEHBI B BapHaHTE C
npuMmeHenrneM JlurHorymata. B 2023 r. B OOJIBIIMHCTBE ONBITHBIX BapUaHTOB
Ha0JI0/1aJI0Ch CHUYKEHUE COJIep:KaHUs HUTPATHOTO a30Ta, OJHAKO, B BapuaHTe ¢ Ruscote
OTMEYEH pe3KHil ero poct. Takoi pe3ynbTaT, BEpOSITHO, CBUAETEIBCTBYET O IOCTEIEHHOM
BBICBOOOXK/ICHUH HUTPAT-MOHOB M3 TMOJMMEPHOM oOosiouku ynobpenusi. Kpome Toro, B
BapuanTe JII' 6p110 3aMKCHpPOBaHO yBEIMUEHUE coepkanust HUTpaToB ¢ 2022 r. 1o 2023
r., 4TO MOET YyKa3blBaThb Ha OIOCPEIOBAHHOE BIIMSAHUE HEKOPHEBOM 00paboOTKU
JluraorymaTom Ha MUHEPAJIM3ALMI0 OPTAHUYECKOTO a30Ta B mouBorpyHre. B 2024 roay Bo
BCCX BapHaHTaX AKCICPUMEHTA KOHIICHTpAIMsS HUTPATOB BHOBH CHH3HIOCH (pHC. 5).
PesynpTaThl 1BYX(paKTOPHOTO TUCTIEPCUOHHOTO aHAIH3a [TOKa3alld, YTO B TEUEHUE TPEX JIeT
JIOCTOBEPHOE BIMSIHHME Ha COJAEpKaHHE HUTPATHOTO a30Ta OKa3blBAIM  (PaKTOp
«Y noOpeHus», a Takxke B3auMoeicTBue GakTopoB «Ya00penus X Jlurnorymar AM».

ConepxaHre aMMOHUMHOTO a30Ta MpH 3akiagke onbita B 2022 1. ObUIO BHIIIE, YEM B
IpyrHe ToJa WCCIEAOBaHMs, OCOOCHHO Ha BapuWaHTaX C BHECEHHEM YIO0OpeHUi
MPOJOHTUPOBAaHHOTO JeiicTBust (puc. 5). I[lo pesynpTaTam IHUCIIEPCMOHHOTO aHAIM3a
CTaTUCTMYECKH 3HAYMMOIO BIIMSHUS HCCIEAYEMbIX (PAKTOpPOB Ha COJEPKAHHUE 3TOTO
AJIEMEHTA B MTOYBOTPYHTE YCTAHOBJIEHO HE OBLIIO.
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mm NH,* 2022 1. NH,* 2023 r. . P,0; 2022 1. P,05 2023 .
NH,* 2024 r. NO;™ 2022 . mm P,0; 2024 1. K,0 2022 r.
====NQ;~ 2023 1. ==NQO;~ 2024 1. e—K,0 2023 1. =——=K,0 2024 .

PucyHok 5. 3HaueHus HUTPATHOTO U aMMOHUIMHOTO a30Ta, MOJABIKHOTO (hochopa u
KaJusi B MOYBOTPYHTE, MI/KT. BepTUKalbHBIMU JTHHHUSAMHE Ha TpaduKke OTMEUeHa OmunoKa
OTIBITA.

B 2022 r. Haubonbiiee comaepkaHue MoABHKHOTO ¢dochopa B MOUBOTPYHTE OBLIO
OTMEYEHO B BapuaHTe C MpUMEHeHHeM Ruscote, Toria kak MUHUMAaJIbHOE 3HaUYeHUE OBLIO
3aukcupoBano B Kontpone. OgHako, yke Ha BTOPOM TOAY BO BCEX BapHaHTax OIBITA B
MOYBOTPYHTE OBLIO 0OHAPYKEHO PE3KOe CHUKEHUE KOHLEHTPAIMK MOABUKHOTO (hocdopa.
B 2024 r. B psane BapuanToB ¢ ¢ponuapHoit 06padboTkoii, Takux kak NPK + JII' u Osmocote
+ JIT'", HaOro1a)ii YaCTUYHOE BOCCTAHOBJICHHE YPOBHS MOABMKHOTO (ocdopa (puc. 5).

Pe3ynbTaTh JIBYX(aKkTOpHOTO JTUCTIEPCUOHHOTO aHaim3a (ANOVA)
NPOJEMOHCTPUPOBAIA CTATUCTHYECKHA 3HAUYMMOE BIHMSHHE KaK OTACIBHOTO (akTopa
«Jlurnorymar AM» u daxtopa «Y 100peHus», Tak ¥ B3aUMOJCHCTBHE 3TUX ABYX (DaKTOPOB
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Ha cojepkanue nmoaBmwkHOTO Gochopa B 2022 r. B mocnemyronue nsa rona (2023-2024
IT.) BIUSIHUE JIMTHOTYMAaTa HE JJOCTUIJIO YPOBHS CTATUCTUYECKOM 3HAYUMOCTH, TOT/Ia KaK
dakTop yAOOpeHUss MPOAOKAN OKa3blBaTh 3HAYUTEIBHOE BO3JICUCTBUE, KaK U
B3aMMO/JICHCTBUE ITUX (DAKTOPOB.

AHajoru4Hasi TeHJIeHIUs OblJla OTMEYEHA U 10 COJIEP>KAHUIO TOJBUXKHOTO Kalus B
noyBorpyntax (puc. 5). Ilo maHHBIM ABYX(AKTOPHOTO IUCIIEPCHOHHOTO aHajm3a, 00a
ucciaeayeMbix (akrtopa — BHUI TNPUMEHSIEMOTO YAOOpEHHUS U HaJIu4yue/OTCYyTCTBUE
donuapHoii oOpaboTku JlurHorymatom AM — OKa3blBadu JIOCTOBEpHOE BIMSHUE Ha
coJiep>KaHHE MOIBMXKHOTO KaJlusl.

AHanu3 BaJloBOro cojepkaHus a3ora u ¢ocdopa B MOYBOTPYHTE MOKA3A MAJCHUE
€ro COJAEpXaHUs B CpPaBHEHUU C STHUM IIOKazaTejaeM [0 Havaina omnbita. OgHAKoO M0
3aBepUICHUIO BeretannoHHoro mnepuona 2023 1. mokaszarenu BanoBoro docdopa
3HAYUTENBHO CHU3WIMCh BO BCEX BapHaHTaX: MHUHHUMAJIbHOE CojepKaHHe ObLIo
3adukcupoBaHo B BapuanTtax Ruscote + JII' u NPK, ymepenHoe cHukeHre Ha0Ir01ano0ch B
Bapuantax NPK + JII', Osmocote + JII', Ruscote, HauOoinbiee coxpaHeHHE YPOBHS
coneprkanust BajoBoro ocdopa O6buto otmedeHo B Konrpore, JII' 1 Osmocote. CpaBHeHuE
C UCXOAHBIM ypoBHEM (ochopa MOKa3bIBAET, YTO B HEKOTOPHIX BapUAHTAX COJEPKAHHE
dochopa cHuzmiIOCH Oosiee 4eM B S5 pa3. ITO OCOOCHHO BBIPAKEHO B BapHaHTaxX C
MUHEpaJbHBIM THUTaHHEeM Oe3 ¢onuapHol o00paboTku (Hampumep, NPK). JlanHbie
CBUJIETEIILCTBYIOT O BBICOKOM TMoOTpebnennn ¢ocdopa pacTeHUSIMH, YTO TpedyeT
JOTIOJTHUTENFHOM KOoppekiuuu cxeMm nutaHusi. HanbGonee >P¢heKTUBHBIMU B COXpPaHEHUU
coJiep>KaHusI IOJBUKHOTO Gocdopa B MOYBOTPYHTE OKA3AIHUCh BAPUAHTHI C IPUMEHEHUEM
MUHEPAJIbHBIX ~KOMIUIEKCHBIX  KalCyJUPOBAHHBIX  YJOOPEHHI  MPOJOHTHPOBAHHOTO
nevictBus u Jlurnorymara, ocooeano Ruscote + JII' (puc. 6).
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Pucynok 6. Coneprxanue BanoBoro azora u ¢ocdopa B nouBorpyare B 2023 r., %.
BeprukanbHbIMU TUHUSMU Ha TpadUKe OTMEUEHA OIIMOKA OTBITA.

CornacHo ruaporepmudeckomy kodpdunuenty CensuunoBa (I'TK), B 2023 .
YBIIQ)KHEHUE ObLJIO ONTUMAIbHBIM B TedeHHe BereranmonHoro nepuoja (I'TK = 1,31, maii-
CEHTS0pb). DTO KIIMMATUYECKOE YCIOBHE MOIJIO CYIIECTBEHHO MOBIUATH HA COOTHOILIEHUE
BaJIOBOTO U MOJIBMKHOTO (hochopa B MOUBOTPYHTE.

OnTumanbHOE YBIAXKHEHUE CIOCOOCTBYET OMOJIOTMYECKOM aKTUBHOCTH ITOYBBI, B TOM
YyHclie aKTUBHOCTH (Pocdar-MOOMIN3YIOMUX MUKPOOPIaHU3MOB. JTO MOTJIO IMOBBIIIATH
MUHEpAIM3alMI0 OPraHMYecKUX coenuHeHud (ocdopa U, Kak ClIeJCTBUE, YBEITUYHBATH
conepkanue ero nmoaABMXHBIX Gopm (Jindo et al., 2023).

B Teuenuwe Tpéx ner sKkcrepuMeHTa HAOMIOJAMM YCTOMYMBBIA POCT COJEp KAHMS
MOJIBMKHBIX ITUHKA U M€Y B MOYBOTPYHTE (PHUC. 7): KOHUEHTPALMS IUHKA YBEJIUYUIACh BO
BCEX BApUAHTaX B TEUEHUE TPEX JIET. AHAJIOTMYHAs CUTYyallus HaOIr0Jalach B COAEPKaHuN
Meu.
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Pucynok 7. ConepxaHue TMOJABMXKHOIO ILHMHKA U Meau (BeITsDkka - AADB) B
MOYBOTPYHTE, MI/KT. BepTHKaIbHBIMU JTUHUSAMU Ha TpaduKe OTMEUYECHA OIIMOKA OMBITA.

CornacHo NpUBENECHHBIM paHee JHUTEepaTypHbIM HcTOouHUMKaM (MwuctpaToBa u 1p.,
2021), onTMalIbHbIE JUANIa30HBI COJIEPKaHNUS MAaKPOIJIEMEHTOB B JINCTOBOM TKAHU YEPHOU
CMOPOJIMHBI HAXOJATCS B quanasone: azot — 2,1-2,8 %, docdop — 0,4-0,6 %, xanmit — 1,1-
2,0 %. B ycnoBusx mnpoBeneHHOro skcriepumeHTa B 2022 1. ypoBeHb a3zoTa ObLI
ONTUMAJIBHBIM BO BCEX BapuaHTax ombiTa, Kpome Kontpons. OOpaboTka pacTteHuit
JlurnorymaTom yBennuuBaiia 3ToT nokasarenb. B 2023-2024 rr. 3TOT nokasareib ajai Ha
BCEX BapuaHTaX, KpoMme KOHTposisi, 4TO, BEPOSITHO, CBSI3aHO C POCTOBBIM pa3z0aBieHHEM

(puc. 8).
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Pucynoxk 8. Conepxanne MakpolJIEMEHTOB B JIUCTBSX, %o.

[Tpu ouenke B MHUCThSIX Gocopa U Kaausi OTMEUEHbI aHAJOTHYHbIE TeHJeHIuU. B
2023 r. 3TH OKa3aTeNld PacTyT Ha BCEX BapUAHTax OIbITA, a B 2024 r. — najgatoT, pu 3T0M
conepkanue ¢pocdopa ocTaeTcst ONTUMAIBLHBIM, B OTJIMYKE OT Kanusi. [Ipu sTom donuapHas
00paboTka pacteHuit JIMrHOryMaTom MoBBIIIAET ITH MTOKA3aTeNU Ha BCEX BapUaHTax OMbITa
(puc. 8).

Taxum o6paszom, pocdop 1 Kanuii, Kak ¥ a30T, MOABEPKEHbI BIMSHUIO HE TOJIBKO THUIIA
ynoOpeHus, HO M MeX(aKTOPHOTO B3aUMOJICHCTBUA YAOOpEHUH C MapameTpaMu
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MOYBEHHOMN CPEeJibl, YTO MOAYEPKHUBAET HEOOXOIMMOCTh KOMIUIEKCHOTO MOAX0/a K OIEHKE
IUTATEIbHOIO CTaTyCca PaCTEHUI.

[IpoBeneHHBIM aHaIU3 SAroJ YEpPHOW CMOPOAMHBI IOKa3al MAaKCHMAJIBHOE
conepkanue azota B Bapuantax NPK u Ruscote, Tak u ¢ ponuapHoit 00paboTkoii pacTeHuit
JlurHorymaroMm, B KOHTPOJBHOM BapHaHT€ U B BapHaHTe ¢ OOpabOTKOM TOJIBKO
JUTHOTYMAaTOM COJIEp)KaHUE a30Ta B SITOAAX OKAa3aJI0Ch HAMMEHBIINUM (puc. 9).

15
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Pucynok 9. ConepxaHne MaKpo3J€METOB B SIroJax, %o.

dochop TakxkKe IAEMOHCTPUPOBAT BHICOKYI0 BApUATUBHOCTH B 3aBUCHMOCTH OT
NpUMEHEHHON arpotexHosioruu (puc. 9). MakcumaibHoe ero conepkanue (1,1 %) Obuto
3aMKCUPOBaHO Ha BapuaHTe ¢ ynoOpeHuem Ruscote, Torga kak B BapuaHTE C OJHOU
dbonuapHoii 06pabOTKON JUTHOTYMATOM KOHIIEHTpaIus coctaBmia Beero 0,5 %. B npyrux
BapuaHTax (ocdop B sirogax konedancs B npenenax ot 0,6 mo 0,8 %, 4To MOKHO CUUTATH
YAOBJIETBOPUTEIBHBIM YPOBHEM obOecrieueHus: 1anHoro sneMenTta. Coaepxkanue gocdopa
U KaJIMsi UMEJIO OJIMHAKOBBIN TPEH/I, KOTOPBIN COBIAJIal C COJEPKaHUEM ITHX DJIEMEHTOB B
nouBorpyHTax. B 2023 r. comepkaHue 3TUX 3JIEMEHTOB ObLIO BhIIIe, 4yeM B 2024 T.

Takum oOpa3om, Haubosbue ypoBHH HakorieHust N, P u K B sirogax B niesiom Obuin
XapaKkTepHBI IJI1 BAPUAHTOB C MPUMEHEHUEM TPATUIIMOHHBIX YIOOpEHUM U yI0O0peHus C
MIPOJIOHTUPOBAHHBIM JielicTBUEM Ruscote.

KoHlleHTpaluy 1IIMHKA B JUCTHAX YBEIMYMBAJIACh BO BCEX BapUMaHTax ONbITA 3a
UCClIeyeMblid TepuoJ, U jAocturia mMakcumyma B 2024 1., ¢ caMbIMH BBICOKMMH
nokazarensiMu Ha Bapuantax NPK + JII', Ruscote, Osmocote + JII' u JII', uto moxeT
yKa3bIBaTh HAa aKTUBHOE YCBOCHHUE AJIEMEHTA MpH (onuapHoit o0paboTtke JIuraorymarom.

Konnentpanust menu B mucthsix B 2022 1. Ob11a Boiie, yeM B 2023-2024 rr. (puc. 10).
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Pucynok 10. CopepkaHue IIMHKAa MU MEIHU B JIUCTHAX, MI/KT. BepTuUKaIbHBIMU
JUHUSAMU Ha rpaduke OTMEUeHa OIMNOKa OTIbITA.

CopepxaHue UHKA B Arojlax 4epHoil cMopoauHsl B 2023 r. BapsupoBanoch ot 10,2
1m0 12,2 mr/kr, B 2024 1. B OONBIIMHCTBE BapUAHTOB CHU3WINCH, OCOOCHHO B BapHaHTE
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Osmocote + JII" (8,8 mr/kr) (puc. 11), 9T0 MOXKET OBITH CIEICTBHEM TEpepacipeaeICHUs
[IMHKA B BereTaTuBHbIe opranbl. CopepxkaHue 3TUX 3JIEMEHTOB B Sr0Jlax Mallo Kojie0anoch
3a mepuoj uccienoBanud. llpu ananmuze menu ObUT ONpeAesieH €€ CTAOMIBHO HU3KUUI
ypoBeHb - 1,0-1,9 MI/kr, 4TO COOTBETCTBYET (PH3UOIOTHUECKAM HOPMAaM U HE yKa3bIBaeT
Ha M30BITOK MUKpOdIeMenTa (puc. 11).

Jonyctumbie ypoBHU TOKCHYHBIX 37eMeHTOB (CanlluH 2.3.2.560-96 mynkt 8.1.3):
Menp - 5,0 mr/kr, nuHK - 10,0 Mr/kr. CorfiacHO CaHUTAPHBIM TPEOOBAHUAM, OOIBITMHCTBO
HCCJIEIOBAaHHBIX BAPHAHTOB OE30MaCHBI MO COJCPIKAHUIO MEU U IIMHKA, YTO YKa3bIBaeT Ha
OTPAaHUYEHHYIO TPAHCJIOKALMI0 METAJUVIOB U BO3MOXKHYIO 3aIlIUTHYIO POJb T'YMHHOBBIX
BEILIECTB/IUTHOTYMATOB.

OHUM U3 Ba)KHBIX MOKAa3aTeJIed SKOJIOTMYECKOM M MUIIEBON 0€30MaCHOCTH IIOLOB
ABIIAETCA HakoruleHHWe HuTpaToB. B 2023 1. KOHIEHTpaunuss HUTPATOB OOJBIIMHCTBA
BapuanToB (Kontpois, JII', Osmocote + JII', Ruscote + JII') mpeBbIlana ycTaHOBIGHHOE
HopmatuBHoe 3HaueHue S50 mr/kr, (CanlluH 2.3.2.560-96, nynkt 8.1.3) kxak mpenenbHO
JIOTIIyCTHMasi KOHIIEHTPAILMsl HUTPATOB B SIr0/1aX, MPEJHA3HAYEHHBIX JJIS1 IE€TCKOrO MTUTAHUS.
Oco0eHHO BBICOKHE YPOBHM HHUTPATOB HAONIOJANKM B BapuUaHTaXx C OTCYTCTBHEM
MUHepaiabHOTO nutanus. B 2024 r. stot nmoka3arens coorBeTcTBoBaN 111K nmpakTnuecku
Ha BCEX BapHaHTaX C BHECEHUEM yIOOPEHUI MPOJIOHTUPOBAHHOTO JEHCTBUS, B OTIUYHE OT
BapuanTa NPK + JII', riae oTMedeHo caMoe BBICOKOE €To cojiepkanue (puc. 12).
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Pucynok 11. Conep:xanue [MHKA U MEJIU B SITOJIaX, MI/KT. BepTukaabHBIMU JTHHUSMU
Ha rpaduke OTMEUEHa OIIMOKA OMBITA.
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Pucynok 12. CojpepxaHue HUTPATOB B SATOJaX YECPHOW CMOPOJUHBI, MI/KT CBIPOTO
BEIIECTBA. BepTHKaNbHBIMU JTUHUSMU Ha TpaduKe OTMEYECHA OIIMOKA OIbITa, 3eJICHBIM
seroM — [TJIK aHuTparoB = 50 mMr/kr.
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[To nuTepaTypHbIM [aHHBIM, TUIIMYHOE COJEP)KaHWE HUTPATOB B SroJax YEpPHOU
CMOPOJUHBI IIPH CTAaHIaPTHOM MUHEPATbHOM MUTAaHUH BapbupyeT oT 28 10 45 mr/kr (Chen
etal., 2021; Zhao et al., 2020).

Oco0blif HTHTEPEC BBI3BIBAIOT JAaHHBIEC MO COJIEPKAHUIO (PEHOIBHBIX COSTUHEHUM, KaK
BOKHEWIIMX OHMOJIOIMYECKH aKTHUBHBIX BELIECTB, OTPAXKAIOIIUX META0OIMYECKYIO
AKTUBHOCTb PAaCTEHUM M MX aJanTallio K YCIOBUSM BHEIIHEW CPEIbl B JINCTHAX U SAroAax
yepHoil cMmopoauHbl. B 2022 r. Hambosbiiee coaepkaHue (PEHONbHBIX COCAMHEHHH B
JUCThAX ObUIO 3apUKCHpPOBAHO B BapuaHTe C INpUMEHeHHeM ynoopenus Ruscote,
HauMmeHblee — B Bapuante NPK. B 2023 rony MakcuManbHOE collepiKaHUE — B BapUaHTE
Osmocote, muanmanbsaoe — B Osmocote u JII'. B 2024 roxy TenaeHIns pe3Ko H3MEHIIIACH,
OTMEUEHO PE3KOE CHIXKEHHE COJIep KaHMsl (PEHOJIBHBIX COEJUHEHUH 3a TPEXIIETHUHN NTEpUOJT
HAOJIIOICHUIA.

B sromax ormeudeHa oOmas TEHACHIMs MOBBILICHUS COJACpKaHUS (PEHOIBHBIX
coenuneHuil B 2024 r., ocobenHo Ha Bapuante Ruscote (moutu B 3 pasa), HaUMEHbIIIEEe — B
KonTtposne. IIpu atom Bapuant Osmocote + JII" Ha npoTsSKEHUH IBYX JIET JEMOHCTPUPOBAII
YCTOMUYNBO HU3KUN YPOBEHb (PEHOJIBHBIX COSAMHEHUHN KaK B JIUCThSIX, TaK U B SArojax, 4yTo
MOKET YyKa3blBaTh Ha I[I0/IaBJICHUE CHUHTE3a BTOPUYHBIX META0OJUTOB MpPU TaKOM
KOMOMHaIu ynoopenuii (puc. 13).
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Pucynok 13. Conepxanue (peHOJbHBIX COCIMHEHUN B JUCTHAX U AT0OAaX, MI-OKB
TaJIJIOBOW KUCIIOTBI/T CBIPOTO BellecTBa. BepTUKaIbHBIMU JIMHUSIMH HA TpaduKe OTMEUeHa
omrOKa OTbITa.

CornacHo uccnenosanusim ['pomoBoit u coast. (2021), a Takxke UyryHoBoM u 1p.
(2021), makcumanbHas KOHIEHTpanus (EHOIBHBIX COCAMHEHUA B STOJaX MOXKET
nmocturathb 627,9-643,0 Mr-skB rajuioBor kuciioTsl Ha 100 1.

Pesynbratel aByxdaktopHoro naucnepcuoHHoro anammza (ANOVA) (tabn. 2)
MPOJIEMOHCTPUPOBAIIM CTATUCTUYECKU 3HAYMMOE BiHsHUE (akTOpoB «YHaoOpeHwuey,
«Jlurnorymar AM», a Taxke X B3aUMOJICHCTBHSA Ha YPOBEHb (DEHONBHBIX COCIUHEHUH B
JUCTBAX U SAT0/IaX YEPHOU CMOPOAUHBI.
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Taéauua 2. JlocTOBepHOCTh BIUSHUS 2-X HW3YYEHHBIX (DAaKTOpOB H WX
B3aUMOJICHCTBUSL Ha cojAepkaHHe (EHONbHBIX COCIUHEHWH B YEpHOH CMOpOIUHE
(nucniepcronHbIi ananu3 ANOVA)

JIuctes Sronsl

®axrop 2022 T. 2023 . 2024 r. 2023 r. 2024 r.

F P F P F p F p F P

Jluraor
ymar 41,6 <0,001 | 27,6 0,001 2,2 0,172 141,2 | <0,001 | 15,3 | 0,005
AM

Ynob6pe
HUE

169,4 | <0,001 | 1,3 | 0,344 | 40,0 | <0,001 | 190,0 | <0,001 | 10,6 | 0,004

JIuraor
ymar
AM*Y | 25,6 | <0,001 | 20,6 | <0,001 | 9,2 0,006 | 150,3 | <0,001 | 12,4 | 0,002
no0peH
ne

Bnusaue I'TK oruyeTnuBO mNposBWIOCH B JUHAMHUKE CcoOAEpKaHHUS (EHOJbHBIX
coenquHeHui: B 3acynuimBoM 2022 roay uX KOHILIEHTpalUs B JIMCTBAX JIOCTUIaja
MaKCHUMAJIBHBIX 3HAUEHUM, 4YTO COIVIACYETCS C JINTEPaTypHbIMH JAaHHBIMH O CTpecC-
MHAYUMPOBAHHOM YCUJICHHH CUHTE3a BTOPHUUHBIX MeTa00INTOB. B mocneayromue rojasl, Ha
¢oHE ONTHUMAILHOTO YBIAXHEHUS, HaOMIOAAIM YCTOMYMBOE CHHUKEHHE COJACpKAHUS
dbeHonbHBIX coequHeHu B nucThsX. [Ipu stom, B 2024 romy 3aduKCHPOBAH POCT UX
KOHIEHTpALIUU B Arojiax, o0coOEHHO B BapuaHTe Ruscote, 4To MOKeT CBUIETENIbCTBOBATD O
nepepacnpesieieH aHTHOKCUJAHTHBIX COEIMHEHUN U3 BEreTaTUBHBIX OpPraHOB B
TEHEPAaTUBHBIE B YCIIOBUSX CHHJKEHUS CTPECCOBOM HArpy3Ku IIpU IPUMEHEHUU
MUHEpaIbHBIX y100peHUH MPOJIOHTUPOBAHHOTO JICHCTBHS.

CoBMmecTHOe mnpuMeHeHue JlurHorymara AM ¢ ynoOpeHUSMH JIEMOHCTPUPYET
MaKCUMaJbHBIN 3 PexkT Ha HakomieHue (EHOJIbHBIX COEAMHEHMM B 00OMX OpraHax
pacTeHus, YTO YKa3bIBaeT Ha CHHEPreTHYecKoe JeHCTBHE arpOXMMHUYECKHX (aKTOpOB B
HavaJIbHbIE EPUO/IbI PA3BUTHUS KyCTapHHUKA.

VY4uuThIBast, YTO aHTOLMAHBI MPECTABISIIOT COOO0M CTPYKTYPHBINA U (PYHKIIMOHATBLHBIN
MoJIKJIacC (PEHOTBHBIX COSAMHEHHM, 00JIaIAal0NINX BEICOKOW OMOIOTMYeCKON aKTUBHOCTHIO,
OBbLT TPOBENIEH OTIENbHBIA aHAIN3 UX COJAEP/KAaHUA B Ar0Jax YEPHON CMOPOJIMHBI B pa3HbIE
rojpl Bererauu. B cojepkaHuM aHTOLMAHOB B sArofax Y€pHOM CMOPOIMHBI
NpOCJEeKUBACTCS  CIEAyrolas 3aKOHOMEpPHOCTh (puc. 14): MakcuMajbHBIE HX
KOHIEHTPAallUM OTMEYaJld B KOHTPOJIbHBIX BapHaHTax, B TO BPEMs KaK BHECEHUE
yI0OpeHui, OCOOEHHO TPOJOHTMPOBAHHOTO JCHCTBUS, NPUBOJUT K CHIDKEHUIO HX
HakoruieHus. [lomoOHoe cHuXKeHHe MOKeT ObITh CBSA3aHO C T€M, YTO NpPH YIydlIeHUU
YCIOBHM THUTAaHUS M CHIDKEHUH BIUSHHUS CTpecc-(paKkTOpOB CHHTE3 aHTOLIMAHOB, Kak
KOMIIOHEHTOB aHTUOKCUJAHTHOM 3aIUThl, yMEHBILIAETCS.
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Pucynox 14. ConepxaHue CyMMbl aHTOLMAHOB B SIT0/1aX, MI/KI CBIPOH Macchl.,
AKTUBHOCTH KaTaJla3bl B MUCTHsX, MT Hy O, /1 T chipoii maccel. BepTukanbHBIMU THHASIMA
Ha rpaduke OTMEUEHa OIIMOKA OMBITA.

ITo nuTepaTypHbIM JaHHBIM, TUIIMYHBIN JUana30H COAEpKaHUA aHTOLMAHOB B Ar0Jax
yéproit cmopoaunbl coctaisier ot 200,0 mo 700,0 mr/100 r cBexxero Beca (Oszmianski,
Wojdyto, 2009), a no nanusimM biinaaukoBoi (2019) — oxono 492,6 mr/100 .

[TockonbKy aHTOIMAHBI Y4YacTBYIOT B He(EepMEHTHOM 3amMTe pacTeHHi OoT
OKHUCJIMTEIBHOTO CTpecca, JIOTMYHO pPacCMOTPETh AaKTHUBHOCTHh (hepMEeHTa Karajasbl,
NpeICTaBISAoMEro (epMEHTAaTUBHOE 3BEHO AHTUOKCHUIAAHTHOW CHUCTEMBI M HUIPAIOLIETrO
KJIIOUEBYIO POJIb B IETOKCUKALIMU MIEPEKHCH BOJOPO/A.

B Teuenue TpEx JeT ombITa MaKCMMallbHAs aKTUBHOCTh KaTaja3bl (PMKCHPOBAjach B
KOHTpOJbHOM BapuaHTe (puc. 14), rae pacTeHus NOJBEpPrajiuch HaMOOJIbIIEMY
BO3/JIEHCTBUIO aOMOTHYECKUX (PAKTOPOB O€3 MpUMEHEHHs YA0OpEeHU U OMOCTUMYIIATOPA.
OTO NMOATBEPKIAAET JAHHBIE JUTEPATYpPhl O MOBBIIIEHUA aKTUBHOCTU AHTHUOKCHIAHTHBIX
dbepMeHTOB TIpu cTpeccoBbix Bo3aeicTBusaX (Dumanovié et al., 2021; Ma et al., 2021).
HanpoTuB, HHU3KHE 3HAu€HUs AKTUBHOCTM KaTana3bl HaOJIOadud B BapuaHTax, IJie
npucyTcTBoBana (onumapHas oOpaboTka pacrenuir JlurHorymatom AM, 9TO MOXKET
CBUJIETENICTBOBATH O CHHY)KEHUH CTPECCOBOM HArpy3Kku Ha pacTEHUS.

AKTHBHOCTbh aHTHOKCHJIAHTHOTO (pepMeHTa KaTasas3bl Oblia HauBbiciedl B 2022 r.,
YTO TIOATBEPXKIAET HaJIWYUEe OKUCIUTENIBHOIO CTpecca Yy pacTeHUd B  YCIOBHSX
HegoctatouHoro yeinaxkuenus (I'TK = 0,75). B ontumanbHo yBnaxkHéHHbIE TOAbI (2023 u
2024 rr.) aKTUBHOCThH KaTaja3bl CHUXallachb, OCOOEHHO B BapHUaHTax C MPUMEHEHUEM
JIurHorymara, 4To CBUAETENbCTBYET O CTAOMIIM3AIIMHA OKUCIUTEIbHO-BOCCTAHOBUTEIBHOTO
Oananca B TKaHaXx (puc.14).

IIo cBeneHusAM Hay4yHOM JIMTEPATYpPbl, aKTUBHOCTb KaTajasbl B JUCTbAX PACTCHUHN B
¢bu3noNIOrnueck HOpMaJIbHOM COCTOSIHMM BapbupyeT B mpenenax 0,2-0,5 mr Hp O, /r
CBIPOIl Macchl, B 3aBUCUMOCTH OT BHJIa KyJIbTypbl U ycinoBuid cpensl (Havir & McHale,
1987; Gajewska & Sklodowska, 2008). IIpu s3TOoM B yClOBUSIX aOMOTHYECKOTO HIIU
OMOTUUYECKOTO CTpecca (Hampumep, 3acyxa, M30bITOK MUHEPAJIbHOTO MUTAHUS, BBICOKAS
WHCOJISIIUS) aKTUBHOCTh (hepMeHTa MOxkeT Bo3pacTtaTh 10 0,8-1,5 mr/r u Beime (Gill &
Tuteja, 2010).
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@DOTOCHHTETHYECKHE TUTMEHTHl UYBCTBUTEIBHBI K CTPECCOBBIM YCIOBUSM H
oTpakaioT obinee (QYHKIHOHAIBHOE COCTOsHUE pacTeHmit. Cymma xmopodumioB a u b
ObL1a caMo BeIcOKO# B 2023 1., 3aTem B 2024 r. majana 10 3Ha4CHUM, HUXKE, yeM B 2022 T.
C MaKCHMaJIbHBIM 3HAYCHHEM Ha BapuaHte Ruscote (puc. 15).
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Pucynok 15. Conepxxanue cymmbl xjaopoduia a u b (cieBa) 1 KapoOTHUHOUIOB (CIpaBa) B
JUCTBSIX B KOHIIE BEreTallMOHHOTO CE30HA, MI/T CHIPOTO BeIllecTBA. BepTukanbHbIMU
JMHUSAMU Ha rpauke OTMEUEHa OINOKa OMbITA.

CopmepxaHue KapOTHHOWAOB (MTPAIOT 3alIUTHYIO pPOJb B (POTOCHHTETHYECKOM
amnmapare) OpUI0 MakcuMalnbHbIM B 2023 T. Ha BCeX BapUaHTaX OIbBITa, OCOOCHHO B
KonTtposne. B 2024 r. cauxanocs 10 MuHuMyMa Ha Bapuante Ruscote + JII" (Puc. 15).

BaxnbIM nokazareneM OMOXUMHUYECKOTO COCTaBa SITOAHBIX KYIbTYP, OIPEIESIISIFOIINM
UX THIIEBYI0O W AHTUOKCUAAHTHYIO LIEHHOCTb, SIBJISIETCS COJEp)KaHHE aCKOPOMHOBOM
KUCTIOTHI. B sirogax 4€pHO CMOPOIMHBI OHO MOKET 3HAYUTENIbHO KoJiebaThes - oT 96,2 1o
241,0 mr/100 T, B 3aBUCHUMOCTH OT COpTa M ycioBuii BeipamuBanus (biuaaukosa, 2019).

HauBriciiee conepkanne acKOpOMHOBOW KHUCIOTHI ObUTO 3apUKCHPOBAHO B
KOHTPOJBHOM BapHaHTE, UTO MIOYUTH B J[Ba pa3a MPEBbIIIAET OKa3aTeIu APYTUX BAPUAHTOB.
®onmapHas o6padoTka JIurHorymMaroM coBMecTHO ¢ 3TuMu yaoopenusmu (Ruscote + JII'
u Osmocote + JII') He mpuBoAMIIA K CYIIIECTBEHHOMY YBEITMYEHUIO aCKOPOMHOBOW KUCIIOTHI,
a, HaMpOTHB, K yMepeHHOMY cHuxkeHHIo (Puc.16).
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Pucynok 16. Conepxanue acKOpOMHOBOW KHUCIIOTHI B sirogax (ypoxkait 2024 r.),
mr/100 r. BepTukanbHbIMU JIMHUSAMU Ha TpadUKe OTMEUYEHA OINOKA OIBITA.
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3nauenue ['TK oka3piBano 3HaYUTEIBHOE BIMSHUE HA (PU3MOIOr0-OMOXUMUYECKOE
cocTtosiHue 4epHoil cmoponuubl. Hemoctatok Biarm B 2022 r. CTUMYJIUpPOBal CHUHTE3
AHTUOKCUJIAHTOB ((DEHOJBHBIX COCIUHEHUW, AHTOIMAHOB, ACKOPOMHOBON KHCIOTHI) U
aKTUBHOCTh KaTaja3bl KaK MEXaHU3MOB CTpecC-aJlalTalliy, TOrJa Kak ONTHUMaJbHbIE
ycioBus B 2023-2024 rT. criocoOCTBOBAIM IIepepacipeie/IeHHI0 OMOTOTHYECKH aKTHBHBIX
BEIIECTB B CTOPOHY IUIOJOB, CHUXAasi YPOBEHb 3aIIUTHBIX META0OJUTOB B JIMCTHIX U
CcTaOMIN3Upysi OOMEH BEIIECTB.

3.2. OnbIT 2. MoaeJbHBIH ONBIT

O06oi104KkH yIOOPEHHI MPOJIOHTUPOBAHHOTO JIEUCTBUS MOTYT CTaThb BO3MOKHBIM
HUCTOYHUKOM (DEHOJIbHBIX COEAMHEHUN B arposKocucTreMme. AHaIU3 CyXuX Karcynl u
JlurHorymarta mokaszan, 4To B ynoOpeHum Osmocote KoOHIEHTpamus ¢(EHOIbHBIX
coenuHeHUM coctaBmwia B cpeaneM 0,6 0,12 Mr-akB. raqioBoil KUCIOTHI/T, B Ruscote -
0,2+ 0,13 mr-skB./t, B cyxom Jlurnorymare - 92,8+10,73 Mr-akB. rajuioBOi KHUCJIOTBI/T.

B3BemmBanue 00pa3ioB  yaoOpeHHM MPOJOHTHPOBAHHOTO JICHMCTBUSA  TOCIE
MIPOBEACHUS MOJICTILHOTO OTbITa (Yepe3 21 cyTOK) MoKasalio, 4TO Macca Karcys ya0OpeHus
Ruscote ¢ 1,32 r ymeHbIInIach 3a BpeMsi MojieNIbHOTO omnbITa 110 0,75 T, T.e. CHU3WIaCch Ha
44,2%, a macca HaBecku Osmocote - 10 0,97 r, T.e. Ha 27,5 %.

B MonenpHOM ombIiTe ObLIa OIEHEHA CKOPOCTh BBICBOOOXKICHUS OCHOBHBIX
MUATATEIBHBIX 3JICMEHTOB M3 KallCyl yIOOpPEHHI IPOJOHTHPOBAHHOTO JACHCTBUS 3a
UCCIIEAYEMBIN MTEPUOA.

[Tomyueno, 4uro u3 Kancyn ynoopenue Ruscote ObicTpee BoIaEIsAETCS a30T: yxke K 20-
My JHIO DJKCIEpHUMEHTa H3 000JI0YeK BBIACHHIOCh, mpakTtudeckun 100 % obmero
conepxkanus azora (99,9 %). B To xe BpeMs BricBOOOkAeHHE (pochopa 1 Kaaus 0Ka3anoch
CYIIECTBEHHO MEHEE BBIPAXKEHHBIM U cocTaBuio 49,9 % u 15,9 %, coorBercTBeHHO. 1t
ynoopenuss Osmocote xapakrepHa Ooyiee MeICHHAas KHHETHKA BBIXOJA MUTATEIBHBIX
BEIIIECTB: 32 TOT JK€ TIEPHO]T U3 TPaHyJl ObLIO BRICBOOOXKAeHO 0K0JI0 70 % a3oTa, 30 % kanus
u mub 11 % docdopa, uTo ykassiBaeT Ha 60Jjiee KOHTPOIUPYEMOE U MPOJIOHTUPOBAHHOE
neiicTBUe 1Mo cpaBHeHHMIO ¢ Ruscote. DT pa3nuuus B npoduiae BHICBOOOKICHHUS MOTYT
OKa3bIBaTh BIIMSIHUE Ha JIOCTYIMHOCTH JJIEMEHTOB JIJII PACTCHHMH W arpoXMMHUYECKHUE
XapaKTEPUCTUKH MOYBOTPYHTA B MPOIECCE BETECTAIINH.

Psin Hay4dHBIX pabOT yka3bpIBaeT HA 3HAUUTEIBHOE BIUSHHE a30THBIX YIOOpEeHU Ha
cojiep)KaHue (PEHOJIBHBIX COEAUHEHUM, (PIIABOHOMJIOB M YPOBEHb AHTHOKCHIAHTHOM
aKTUBHOCTH y pacteHuid. [Ipu 5TOM yCTaHOBJIEHO, YTO HWHTEHCUBHOE BHECEHHUE
(moctymeHue) a3oTa CoCOOHO CHUKATh YPOBEHb HAKOTUICHUS (DEHOJIBHBIX METa00IUTOB,
3a c4€T mepepacnpenesneHuss MeTaboIMuecKol aKTUBHOCTH B CTOPOHY MIEPBUYHOTO POCTA
(Kosanesa, KoBanes, 2023; Zhao et al., 2021; Chen et al., 2022). 3T0 9acTHYHO OOBICHICT
HaOroaeMoe B HAIleM HCCIIe0OBAaHUU CHUXEHUE YPOBHS (PEHOJIBHBIX COCIUHEHHUH B
JUCTBAX 4YEPHON CMOPOAMHBI MPHU MCIOJIB30BAaHUU ymoOpeHus Ruscote, MOCKOJIBKY Ha
paHHUX STamax BeTeTalliyd PACTCHHsI MOTJIM TOJy4aTh W30BITOYHBIE O3Bl a30Ta, YTO
aKTUBU3UPOBAJIO POCTOBYIO PEAKIMIO, HO OJJHOBPEMEHHO IMOJABIISAIO CUHTE3 BTOPUUHBIX
MeTabOIUTOB, BKIIIOYas PCHOIbHbBIC cOeUHEHUS (Ta0. 3).
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Taoauua 3. Coxepxanue a3ora, Gochopa U Kanus B MUHEPATbHBIX KOMITJIEKCHBIX
KalCYIMPOBAaHHBIX YAOOPEHUAX MPOJOHTMPOBAHHOTO NEHCTBUS 10 M mocie (uepe3 21
JICHb) MOJICIBHOTO OIBITA, MT

N | P,0s | K20
Ruscote
bbu10 B ynobpeHusx 156,4 130,0 2340
Brimuio B pactBop 1 6 3
Osmocote
bo110 B ynoopeHusix 151,3 88,2 226,9
Brimuio B pactBop 1 9 6

B pesynbprare MHKpPOCKONMpOBaHMS IpPHU pa3HOM YBEIMUYEHUHU Karcya RuUsCote,
BBITIOJTHEHHOTO JI0 3aKJIAJKH MOJEIbHOTO OIbITa, Ha IMOBEPXHOCTH OOO0JIOYEK OBLIU
BBISIBIICHBI TIOPHI, PABHOMEPHO paclpeesi€HHbIE 110 BCel Iuiomanu rpanyisl. CTpykrypa
KarcyJbl XapaKTepU30BaJlaCh BU3YaJIbHOW OJHOPOJHOCTBIO MATpPULIbI U PaBHOMEPHOMN
MOPUCTOCThIO, uepe3 21 cyTku obomouku ymoopenust Ruscote mmenu Oosee phIXITyIo,
HEOJHOPOAHYIO CTPYKTYPY

[Ipu MukpoxonupoBaHuu 000J04YeK OOpa3uoB yaoOpeHus Osmocote 10 Hayaia
MOJIETTBHOTO IKCIEPUMEHTAa ObUIO OOHAPYKEHO, YTO OHU XapaKTEPU30BAIUCH TIIAJKOMH,
IUIOTHOW W BU3YaJIbHO OJTHOPOJHON TMOBEPXHOCTHIO, 0€3 BBIPAXKEHHOW MOPUCTOCTH, YTO
oTiinyaeT €€ oT Oosee PBHIXJION M MOPHUCTOW CTPYKTYphI, HaOmogaeMoi y Ruscote. Ilpu
MUKpPOCKONHMPOBaHUU TpaHysl Osmocote mopsl Ha MOBEPXHOCTU HE ObUIM OOHApYKEHBI, a
cama 000JI04Ka UMeJia TOMOTEHHYIO U paBHOMEPHYIO TeKcTypy. [locne 3aBepiienus onbita
Ha0II0/1a71ach aHAJIOTMYHAs 3aKOHOMEPHOCTh, KaK M B ciay4yae ¢ Ruscote: BBICBOOOXKICHHE
NUTATENIbHBIX BEIIECTB U3 IPAHY] MPOUCXOANIIO HEPABHOMEPHO.

MonuTtopuHr (EHOJIBHBIX COEJUMHEHUNM B pacTBOpax IOKa3al, 4YTO PacTBOP
JlurHorymata AM coIepKUT 3HAYUTENBHO OOJiee BBICOKYIO KOHIICHTPAIMIO 3TUX
COCIMHEHUH IO CPAaBHEHHUIO C PaCTBOpPaMHU YAOOPEHUI MPOJIOHTMPOBAHHOTO JCUCTBHS U
€ro IMoKaszaTeau MPaKTUYECKH HE M3MEHSUIMCh 32 BPEMsl AKCIEPUMEHTa, B OTJIMYHE OT
yA0OpeHu MPOJIOHTUPOBAHHOTO JEUCTBUS, I B TCUCHUE 9 CYTOK OINpeessin KpaiHe
HU3KOE cojiep)KaHue (PeHONbHBIX COCUHEHUM, 3aTeM PacTBOPHI OCTABAJIMCH YUCTHIMU OT
ATUX COCITUHECHUH.

[lonyuyeHHble pAaHHBIE NOATBEpAWIM, 4YTO JlurHorymar AM MOXET CIIyXKUTb
JIOTIOJTHUTENbHBIM UCTOUHUKOM (DEHOJIBHBIX COCAMHEHUH, OCTYMAIOLINX B PaCTEeHHUE, YTO
CBUJCTEIBCTBYET O €ro TMOTEHIMajde B KadecTBe A(PPEKTUBHOIO MOCTABLIMKA
OMOJIOTMYECKH AKTUBHBIX BELIECTB MPU arpOXUMHUUECKOM MpuMeHeHuH (puc. 17, 18).
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Pucynox 17. [lunammka coaepxaHus (QEHONBHBIX COCIMHEHHH B pacTBOpe
ynoopenuit Osmocote u Ruscote B Teuenue 21 cyTok, Mr-3KB rajlioBOM KUCJIOTHI/MIT.
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Pucynox 18. Jlunamuka coxaepxaHusi (EHOJIBHBIX COEIUHEHUNH B PpPacTBOpPE
Jlurnorymara AM, B Teuenue 21 cyTOK, MI-3KB T'aJUIOBOM KUCIOTHI/ M.

3AK/IIOYEHHUE

Haubonp1iee nonoxuTeIbHOE BIMSHIE HA MOP(POMETPUUECKHE MTapaMeTpbl YEPHOU
CMOpOJIMHBI OKa3bIBaJlM KaK TPaJUIMOHHbIE, TaK U YAOOPEHHS NPOJIOHTMPOBAHHOTO
neicTBusl B couetaHuu c (onmapHoit obpaborkoi Jlurmorymatom AM. OcobeHHO
s¢ppextuBHbiME  Okazamuch koMmOuHammu NPK, Ruscote + JII' u NPK + JIT,
oOecreunBaBIIne CTAOUIBHBIA MPUPOCT MOOETOB, YBETUUCHHUE IJIOIAN JIUCTHEB, MACChI
arol W yucina kucrei. Bapuantel 6e3 munepanbHoro mnutaHus (Kontpons u JIIN)
XapaKTepU30BaJINCh MUHUMAIbHBIMU TTOKA3aTEISIMHU.

BHeceHne B MOYBOTPYHT TPAAMLMOHHBIX WIA YIOOPEHHI MPOJOHTMPOBAHHOIO
JNEHCTBUSL OKa3bIBAJIO BJIMSHUE HA COJAEpPKAHUE MHUTATEIBHBIX 3JIEMEHTOB B HeM. llpu
BHeceHWU Ruscote OBbLIO OTMEUEHO CaMO€ BBICOKOE COJIEpKaHHE HUTPATHOTO a30Ta U
noJBWHOTO (hochopa, Osmocote - aMMOHMITHOTO a30Ta, a npu npuMeHeHnn Osmocote
coBMecCTHO ¢ JIurnorymatom AM cojziepkaHue BAJIOBOTO a30Ta HE U3MEHUIIOChH, B OTJIMYHE
OT JIPYTUX BapUaHTOB OMbITa. BaioBOIl aHANN3 BBISBIII BHICOKHE MMOTEHITUAIBHBIE 3aMachl
a3ota, pochopa U Kanus B MOYBOTPYHTE, IPH HU3KOW UX JOCTYITHOCTH PACTEHUSIM.

['TK umeno oyeHb 0OJbIIOE BIUSHUE HA (PU3MOIOrO-OMOXMMHUYECKUE MapaMETPhI
YEPHOU CMOPO/IVHBL.

B sronax uepHoii cmopoaussl B 2023 1. Habmronamu cOaJaHCUPOBAHHOE COACPKAHUE
N, P, K, a B 2024 r. - pe3koe cHW>KeHUe coqepxkanus Gocdopa u kanus, yka3plBaroliee Ha
neUIUT 3TUX 3JIEMEHTaMU TUTaHUS.

Conepxanue (HEHOJBHBIX COCIMHEHUN B JIMCTHSIX ObLIO MAaKCHMAIIbHBIM B TIEPBBIN
roJ] OIIbITa U CHUXKAJIOCh K TPEThEMY, B TO BPEMS Kak B sIrofax OHO Bo3pacraino. Ruscote
oOecrieunBan HauOoJbllee cojaepkaHue (EeHoNoB B srogax. JIMrHorymar mnposBIIsI
aHTHCTpecCOBBIN 3 PeKT, cTaOMIN3UPYs YPOBEHb (PEHOJIBHBIX coenHeHnid. Hanbomnbiee
CoJiepKaHHe AaHTOIMAHOB OTMEYEHO B KOHTpPOJE; BHECEHHE YJIOOPEHHH CHUXKAIo HX
KOHIEHTPALMIO B Srofax, YTO YyKa3blBaeT HAa YMEHBIIEHHE CTPECCOBOM Harpy3ku Ha
pacTeHue.

OnpeneneHue akKTMBHOCTH KaTalas3bl IOKAa3aj0 HAJIM4YUE CTpecca y pacTeHHil B
KOHTpOJIE U Psific BAPUAHTOB, Tor/Aa Kak (onmapHas o0padoTka pacteHuit JIurnorymarom
yMEHbIIaJl OMOTUYECKUN WIIH a0MOTHYECKHUI CTPECC Y PACTEHU.

MonenbpHblii ONBIT TOKa3al, 4To U3 Ruscote ObicTpee BBICBOOOXKIAETCS a30T U
docdop, 3 Osmocote - xanmii. [IpusHakoB Ouopasnoxkenus obosouek 3a 21 cyTku B
BOJIHOM pacTBOpE HE BhIsIBICHO. JInrHorymatr AM - eIMHCTBEHHBIH penapar, coiepkaiiee
3HAUYMMOE KOJMYECTBO (PE€HOJBHBIX COCTUHEHUHN, YCTOWYUBBIX B BOJJHOM pacTBOpe, TOTa
kak Osmocote 1 Ruscote ¢eHOIOB MpaKTHUECKH HE COIEePKaT.

Takum 00pa3oM, NpUMEHEHHE MHHEPAIbHBIX YIOOPEHUH MPOJOHTHPOBAHHOTO
JEUCTBHS WU TPAIUIIMOHHBIX YI00peHui B couetanuu ¢ Jlurnorymatom AM mo3BojseT
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MOBBICUTh YPOKaWHOCTh M KAa4YECTBO STOJl, ONTUMHU3UPOBATH MHHEPAIHHOC MHUTAHHE U
NOJIeP>KaTh alal TAIIMOHHBIN TIOTEHIIMAJ PACTEHUH, TPH 3TOM 3()h()EKTUBHOCTH 3aBHCHT OT
cocTaBa y100pEHUs U MOTOIHBIX YCIOBUH.

BbBIBO/IbI

1. Bce npumensiemble yIOOpEHHUs YBEIMUMBAIU COJIEPKAaHHE MAaKpOJJIEMEHTOB B
MOYBOTPYHTE IO CPAaBHEHUIO C KOHTPOJbHBIM BapuaHTOM. OJHAKO, HCIOJIb30BaHUE
KOMIUIEKCHBIX ~MHUHEPAJIbHBIX  KAaINCYJUPOBAHHBIX  YIOOPEHHI  MPOJOHTHPOBAHHOTO
NEHCTBUSL IPUBOJMIO K OoJiee BHICOKMM TMoOKazarensiM Iiogopoaus. Cpeld BHECEHHBIX
ynoOpenuit Ruscote yBennunBan cogep:kanre HUTpaToB (B 1,5-2 pasa BhIliIE€), TOJBUKHOTO
dochopa (ma 20-30 %) u xamus (B 1,5-2 paza) B MOUBOTPYHTE IO CPaBHEHHUIO C
OCTaNIbHBIMH  yI0OpeHusiMH, Torga Kak Osmocote crmocoOCTBOBaT MaKCUMaJIbHOMY
HAKOIUICHHIO aMMOHMIHOTO a3ota (Ha 15-20 %). ®onuapuas obpaboTka JlurHorymarom
AM He BiHsIa HA TOKA3ATENH TIOIOPOANS TOYBOIPYHTA.

2. [lpumeHeHne BCeX BHJIOB MUHEPAIBHBIX YAOOPEHH, OCOOEHHO B COYETAHHH C
donuapHoli 00paboTkoil mpemnapaTtoMm JlurHorymatr AM, oOKa3bIBaloO MOJOKUTEIHHOE
BIIMAHHE Ha MOPPOMETPUUECKHE TMOKa3aTenu 4YEPHOM CMOpPOAWHBI. BapuaHThl C
TPaAUIIMOHHBIMU MUHEPAIbHBIMU yA00peHusiMu u Ruscote ¢ mpumeHnenueM Jlurnorymara
AM ofecneunBalii MaKCUMaJbHYIO YpOXKalHOCTb, MOYTH B 4 pa3a BhINIE, YeM IpU
npuMmeHennn yaoopenusi Osmocote ¢ Jlurnorymarom AM. [Ipu sTom ynoOpenue Ruscote
¢ Jlurnorymatom AM 3¢ pexkTuBHO yBeIWUYMBAIN BEr€TaTUBHYIO MAaccCy: IUIOLIa/b JIMCTA
obuta Ha 10% BBIIIE, YeM HA BapUAHTE C TPATUIIMOHHBIM MUHEPATbHBIMU YAOOPEHUSIMH U
Ha 20-30% BeIIIe, UeM ¢ ynoopenuem Osmocote.

3. B mepBelii TOA ONBITAa B JIMCTHAX (PUKCUPOBAIM MAKCHUMAJbHBIC 3HAUYCHUS
(eHONMBHBIX COCTMHEHHH TTpU TpuMeHeHnn ynoopenus Ruscote - (Ha 50% Oosnbiiie, yem ¢
TPaAUITMOHHBIMH YI00peHus MU, 1 Ha 33% Oombine, yeM ipu Osmocote). K TpetbeMy roay
UX COJIEp’KaHUE CHUKAJIOCH, TOT/Ia KaK B sITOfaX HaOIogaId 0OpaTHYIO TEHACHIIHIO: POCT
(EHONMBHBIX COETWHEHHM. AKTUBHOCTh KaTajla3bl OCTAaBalach BBIIIE B KOHTPOJBHBIX
BapHaHTaX, YTO YKa3bIBACT HA AHTHCTPECCOBBI 3(PPEeKT MUHEPANTbHOTO TMHUTAHUS U
Jlurnorymara. Q@onuapnHas oOpaborka JlurHorymarom AM Binusaina Ha IOKa3aTelu
(eHOJIbHBIX COeTMHEHUH B SAirojax (CHUKEHHUE 10 2 pa3), CyMMbl aHTOLMAHOB (CHUKEHHE
Ha 30-40%), akTHBHOCTH KaTaja3bl (CHIDKEHHUE B 2-3 pa3za).

4. Tlo pesynbraraMm MOPHOMETPUYECKUX, ArPOXUMUYECKUX M OHMOXUMHUYECKUX
nokasaresjieil HaumOoliee TMEpPCHNEKTUBHBIM YIOOPEHUEM [UIsl BO3JETBIBAHUS UYEPHOU
CMOpOJIMHBI Ha MOYBOTpyHTax cTtan Ruscote B codyeranun c QonamapHoit oOpabOTKOI
Jlurnorymatom AM.

5. MonenpHBIN OIBIT MOKa3aj, 9To U3 obonouek Ruscote ObICTpee BEICBOOOKIAIOTCS
azor u dochop (mo 30% OwicTpee, yem u3 Osmocote), Torga kak u3z Osmocote -
NPEUMYIIECTBEHHO KaJlWid, coaepaHhe KOTOpOro B pacTBope ObLIo B 1,5 pasa Bhiie.
MoHHUTOPHHT BBICBOOOXKICHUS (PEHOIBHBIX COCIMHEHUN B PACTBOP MOKAa3ajl, YTO TOJIBHKO
JlurHorymatr AM ABIsUICS €IMHCTBEHHBIM IIpENapaToM, COJAEpXKAlIUM 3HAYUMOE
KOJIMYeCTBO (DEHONBHBIX CcoelMHeHuH, Torga kak Osmocote u Ruscote ¢eHoIbHBIX
COCIMHEHUM MPAKTUUECKU HE COJIepHKAIH.

25



Cratbu, ony0JIMKOBAHHBbIE B H31aHUAX, PEKOMEHA0BAHHBIX JIJISl 3AIIUThI
B AuccepraunonHom coere MI'Y umenun M.B.JlomoHocoBa
10 CNEHAJIbHOCTH M OTPACIH HAYK:

1. Ilourennass A.WU., IlamkeBnu E.b. BrusHue KOMIUIEKCHBIX ynoOpeHUi
NPOJOHTUPOBAHHOTO  JeHCTBUS W ¢onuapHOd  00pabOTKM  JIMTHOTYMAaToM  Ha
arpoXMMUYECKHME CBOWCTBAa IMOYBOTPYHTA IPHU BHIPAIIMBAHUUA YEPHOW CMOPOIUHBI //
Arpoxumuueckuid BecTHUK. — 2025. — No 2. — C. 16-22. — EDN: QKSZRC (MmmakT-hakrop
0,617 (PMHLI)). Bxiax aBropa B meyatHbIx Juctax: (0,875/0,66) (3mech u gaiee B CKOOKax
NpHUBEACH 00beM MyOJUKAIIMK B EYATHBIX JINCTAX M BKJIa/ aBTOPA B MEYATHBIX JINCTAX).

2. Ilourennas A.M., IlamkeBny E.b. Bnmsaue KOMIUIEKCHBIX YyHOOpeHUI
IPOJOHTUPOBAHHOIO ACHCTBUSA M (oMapHOi 00paOOTKH JUTHOIYMAaTOM Ha COZIEpKaHUE
MaKpOdJIEMEHTOB U (PEHOJIbHBIX COCAMHEHUN B JIUCTBAX U AT0JaX YEPHOH CMOPOIUHBI
(Ribes nigrum L.) // Becthuk MockoBckoro yausepcureta. Cepust 17. [TouBoBeneHue. —
2025. — T. 80, Ne 2. — C. 147-155. — EDN: KKBSBX (Mmnakt-¢akrop 0,775 (PUHLY)).
(1,125/0,84) [Pochtennaia A.l., Pashkevich E.B. The influence of slow-release complex
fertilizers and foliar treatment with lignohumate on the content of macroelements and
phenolic compounds in leaves and berries of black currant (Ribes nigrum L.) / Moscow
University Soil Science Bulletin. — 2025. — Vol. 80, Ne 2. — P. 258-265. — EDN: OVQRSI
(MmmakT-daxrop 0,323(PUHLY))].

3. IlamkeBuu E.b., Iloutennas A.W. JleiicTBHE KOMIUIEKCHBIX MHUHEPaTbHBIX
yIOOpeHUl  TMPOJIOHTMPOBAHHOTO  JACMCTBUS W  JIUTHOTyMaTra Ha  COJEp)KaHue
MaKpOAJIEMEHTOB B MOYBOIPYHTAX, JUCThAX M SATOAaX YepHOU cmopoauubl (Ribes nigrum
L.) // IIpo6nemsl arpoxumuu u 3xonoruu. — 2025. — Ne 1. — C. 10-16. — EDN: JZHCNI
(Mmnaxkr-dakrop 0,339 (PMHLY)) (1,08/0,54).

4. Tlourennas A.W., IlamkeBuu E.b. BrnusHue BHeceHHs B TOYBOIPYHT
KarCyJIMPOBAaHHBIX YAOOPEHUI MPOJIOHTHPOBAHHOTO JACHCTBUS U QoauapHON 0O0pabOTKH
JUTHOTYMAaTOM Ha cojepkaHue (PeHOJIbHBIX COCAMHEHHWHM B JIUCTHAX W STOAAaX UYEpHOU
cmopoaunbl (Ribes nigrum L.) // BectHuk MockoBckoro ynmBepcurera. Cepust 17.
[MouBoBenenue. — 2025. — T. 80, Ne 3. — C. 207-216. — EDN: SRPKZI (MmmakT-daktop
0,775 (PUHIY)). (1,25/0,63) [Pochtennaia A.l., Pashkevich E.B. The effect of application of
encapsulated prolonged-action fertilizer to soil mix and foliar treatment with lignohumate
on content of phenolic compounds in leaves and berries of black currant (Ribes nigrum L.)
/Il Moscow University Soil Science Bulletin. — 2025. — Vol. 80, Ne 3. — P. 463-472. — EDN:
TXYCUJ (Mmmakt-dakrop 0,323 (PHUHII))].

26





