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B pesynbraTe mpoBeneHHOro B 2020—2022 IT. MCCcaeaoBaHUs yCTaHOBJICHA BBICOKAs 3((OEKTUBHOCTh U
9KOJIOTUYECKasl 11e1eCO00Pa3HOCTh MPUMEHEHUST KOMIUJIEKCHBIX YIOOpPEeHUiT ¢ MUKpo3JieMeHTaMu MUK-
po®un Kommiekc, Mukpo®ua Luuk, Mukpo®una bop, Peakom-Xenar I{unka u Peakom-Xenatr bopa
MPY BO3/ICJIBIBAHUY SIPOBOTO STUMEHSI Ha YepHO3eMHbIX MouBax Kypckoii 0611. Micnoib3oBaHUe KOMILIEKC-
HbIX ynoopenuit Mukpo®un Komiieke, Mukpo®un bop 1 Mukpo®ua Lluuk B Bume o0paboOTKU ceMsIH
U MOCEeBOB B (pa3ax KyIIeHUsI U BbIXoJa B TPYOKY oOecIieunio MprubdaBKy YPOXKaliHOCTU SIPOBOTO sSTUMEHSI
0.29—0.45 t/ra (Ha 7.6—11.7%), pocr 6enka B 3epHe Ha 0.7—0.9%, kpynmHocTH 3epHa — Ha 0.9—1.2% oTHO-
CUTEJIbHO KOHTPOJIbHOTO BapuaHTa. [IpuMeHeHre MoHO-ynoOpeHuit Peakom-Xenart Llunka u Peakom-Xe-
naT bopa B cpaBHEHIM ¢ KOMITJIEKCHBIMHU MUKPOYIOOpEeHUSIMM ObLIO MeHee 3 (PeKTUBHBIM. YpOXalHOCTh
3epHa SIPOBOTO STYMEHS OT MX UCTOb30BaHusl yBenumiaach Ha 0.29—0.34 1/ra (Ha 7.6—8.9%), KOTM4IECTBO
6enka B 3epHe — Ha 0.1—0.2%, kpynHocTh 3epHa — Ha 0.2—0.4%. OTMeuyeHa TeHIEHLIMS K 00Jiee BEICOKOI
3(hHEKTUBHOCTY MUKPOIJIEMEHTHBIX YIOOpEeHUId, colepXKalluXx 0op: YPOXKalHOCTb SIPOBOro s’YMEHST OT
MPUMEHEHUsI MOHOXeJIaTHOTO ynoopeHust Peakom-Xenat bopa 6s11a Ha 0.05 T/ra 60sblire, yeM OT ynoope-
Hus PeakoM-Xenar [luHka, kommuiekcHoro ynoopenuss Mukpo®un bop — Ha 0.03 T/ra Gonbliiie, 4yeM
Muxkpo®un [Tuak. [TpuMeHeHNEe MUKPO3JIEMEHTHBIX YIOOPEHUIA B TTOCEBaX SIPOBOTO STYIMEHST OBLIO KO-
HOMUWYECKHU BBITOTHO U 3KOJIOTMYECKU 1IEJIECO00pa3HO.

Knrouesuie crosa: sspoBoii sTUMEHb, MUKpPO3JIeMEeHTHBIE ynoopeHusi, Mukpo®un Komrieke, Mukpo®un
Hunk, mukpo®un bop, Peakom-Xenar llunka, Peakom-Xenat bopa, sHeprust mpopacTaHusi CeMsIH, I10-
JIeBasi BCXOXECTb CEMsIH, PUHXOCITOPUO3, TeJIbMUHTOCIIOPHUO3, YPOKAMHOCTb, CTPYKTYpa ypoxasl, Colep-

XaHue 06enka, s3KoHoMudecKast 3¢HEKTUBHOCTD.

DOI: 10.31857/S0002188123080082, EDN: ZECNGW

BBEAEHWE

SpoBoit ssumens (Hordeum vulgare L. annua) B
Kypcxkoii 00i1. aBnsIeTCSI OCHOBHOIT SIPOBOiT 3¢ pHOBOM
KYJIbTYpOIi, OT TPOAYKTUBHOCTH KOTOPOit BO MHOTOM
3aBUCST BajioBble cOOphI 3epHa. B cooTBeTCcTBUM C
CUCTEeMOI 3eMJiefIeSIUsI 00aCTH TUIOIIAAY €T0 MoceBa
B cpenHeM 3a mocienaue 10 met coctaBmim 241 THIC.
ra, unn 23.6% ot 1IoIany moceBa 3epHOBBIX KYITb-
Typ. CpenaHsisi ypoxXaiiHOCTb SpOBOTO STYMEHS 3a 3TU
ronbl coctaBmia 3.91 T/ra u m3MeHsIach ot 2.62 T/Ta
B 2013 1. 1o 5.22 1/Ta B 2022 1. (puc. 1).

OnHaKo MoJiydeHUE BHICOKMX U CTAOMJIBHBIX YPO-
XaeB ATOI LIEHHOI 3epHOBOM KyJIbTYpPbl BO3MOXXHO
JIMIITH 32 CYET OCBOEHUSI COBPEMEHHBIX pecypcoche-
peraronmx, 3K0JI0rMYeCKu 6€30IMacHbIX TEXHOJIOTUI
BO3/eIbIBaHMSI, OCHOBAaHHBIX Ha IIMPOKOM MCHOJIb-

29

30BaHMM OMOJIOTMYECKUX CPENCTB 3alllUThl pacTe-
HUIi, peTyIITOPOB pOCTa U MUKPO3JIEMEHTHBIX yI100-
peHuii [1-4].

buonornyeckoit 0cCOGEHHOCTbHIO SIPOBOTO STYMEHS
SIBJISIETCSI TOBOJIBHO KOPOTKMIA Tepuol BereTaluuu
(80—95 cyT), U Kak cjieaACTBUE, KOPOTKUI ITepuo MO-
TpeOJIeHUsI 2JIEMEHTOB MUHEPAJIbLHOTO TTUTaHUS.
Ve K pa3e BbIxoAa B TPYOKY sSTUMEHb OTPEOISIET U3
ITOYBHI 10 67% kanus, 1o 46% — docdopa u 3HaYU-
TeIbHOE KOJIMUYECTBO a30Ta [5].

C 1 T 3epHa M TTOOOYHOIM TPOIYKIINEI STIMEHD BBI-
HOCUT M3 ITOYBLI: a30Ta — 29, ochopa — 12 u kammsa —
27.5 kr [6]. [TosTOMy BaxKHBIM arpOTEXHUYECKUM
IPUEMOM BO3IEIBIBAHUS SIPOBOTO STUMEHS SIBJISIETCS
TPaMOTHO ITOCTPOEHHAsI CUCTeMa YI0OpeHUs, ITI03BO-
JsTIoniasi ooecIiednBaTh pacTeHUS 3JIeMEeHTaMU MMU-
HepaJbHOTO IMMMTAHMUS C CaMOI'0 Hayajla ero nepuoaa
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Puc. 1. [Tioianu nmocesa v ypoxXaitHOCTb SIpOBOTo stuMeHsl B Kypckoii 06.1.

Beretauuu. KoMIleHCMpoOBaTh HEJOCTATOK ITMTAHUS
MO3Xe MPaKTUYECKU HEBO3MOXHO [7, 8].

OCHOBOI1 COBpEMEHHBIX TEXHOJIOTMI BO3E/IbIBa-
HUS IPOBOTO STYMEHS, TIOBBIIIIEHUS €TI0 TPOAYKTUBHO-
CTU M KayecTBa 3€pHa, SIBJIsIeTCS HAyYHO 0OOCHOBaH-
Has cucrtema yaoOpeHusi, B KOTOpPOIi BaxkHOe 3Haye-
HUE MPUHAIJIEXKUT MUKPORJIEMEHTHBIM yIOOPEHUIM
(6OpHBIM, MOJIMOAEHOBBIM, MEIHBIM, IIMHKOBBIM U
ap.) [9—11].

HMcnonab3oBaHre TaKux yI0OpeHUit mpyu BO3AEbI-
BaHUU 3¢PHOBBIX KYJIBTYP CITOCOOCTBYET UBMEHEHUIO
OMOXMMUYECKOI HAIpPaBJIEHHOCTU OOMEHa BelleCTB
B pacCTeHUSIX, aKTUBU3ALIMU paObOThI (hePMEHTOB, TTO-
BBILICHUIO COTMPOTUBISIEMOCTH K Pa3jIMuHOMY POIY
3a00JIeBaHUIA, B pe3yjbTaTe CIIOCOOCTBYET yBeIUUe-
HUIO yPOXXalHOCTU 1 KayecTBa npoaykuuu [12]. ITo-
JIydeHHBbIe paHee pe3ybTaThl UCCeI0BaHUI CBUIC-
TEJIbCTBYIOT O BBICOKOU OT3bIBUMBOCTU SIYMEHSI Ha
MUKPO3JEMEHTHBIC YIOOpPEeHHUsI B XeJaTHOU (opme.
Hanpumep, B pesynbrate 00pabOTKU CEMSTH y1oope-
HueMm Mapku 2KYCC yBenuuuiaach NpoayKTUBHOCTb
KOJIoCca U KPYITHOCTb 3€pHa, BCJIENCTBUE YEro Mpu-
6GaBKa ypoxaifHocTH 3epHa coctaBmia 0.35—0.63 T/ra
[13].

B mouBax, MMerIINX HU3KYI0 00eCHeUYeHHOCTh
MUKpO3JIEeMeHTaMu, Oosee >(P@eKTUBHO BHECEHME
MUKPOYIOOpEeHMi HeMOCPEACTBEHHO B TTOYBY. B ycio-
BUSIX CpeIHE 00eCeYeHHOCTH MOoYB 1ieJiecoobpas-
Hee coBMelaTh 06paboTKY CeMsH ¢ HEKOPHEBBIMU

rnoakopMkKamu nmoceBoB. LIMHKOBBIE 1 GOpHBIE Y100~
PEeHUsT PEKOMEHIYIOT BHOCUTh COBMECTHO C MpOTpa-
BUTEJIEM BO BpeMs o0paboTKu ceMsiH. Menbcoaep-
>Kallue ynoopeHus JIydllle BHOCUTD B BUJIE HEKOPHE-
BBbIX MOJKOPMOK B IE€PUOJ Bererauuu sumeHs |14,
15]. YcTraHOBIEHO, UTO HEOOCTATOK MHKPO3JIEMEH-
TOB B ITOYBE PE3KO CHUXKaeT 3(h(heKTUBHOCThH PUMeE-
HEHUSI MUHEpaJbHBbIX YIOOpeHUlt, coaepxKaliux
MaKpO3JIEMEHTBI, IIPUBOJIUT K HAPYILICHUIO BaXKHEI-
X OMOJIOTMYECKHUX ITPOLIECCOB B pacTeHusX [ 16, 17].

Ha Ttepputropun Kypckoit o06y. mpeobiamaioT
TTOYBBI, HU3KO OOecCneYeHHBIE TMOIBMKHBIMU (POp-
MaMHM IIMHKa, Oopa, Mapranma, Mean. B Ooibimeit
CTETIEHW 3TO OTHOCUTCS K CEpPBIM JIECHBIM MOYBaM
BCeX MOITHUIIOB, 00JIAMaIOMINX JISTKUM TPaHyJIOMET-
PUYECKUM COCTABOM U HU3KUM COAEPKAHUEM TyMY-
ca. ArpoxnMmudeckoe oociiefoBaHme moys 1-ro arpo-
noyBeHHOTO paitoHa Kypckoii 00J1. mokasaio, 4To nu3
o01ei rIomanay o6¢e0BaHHbBIX TOYB 38 % ob61ana-
JOT HU3KUM COJIep:KaHNEeM MOIBIKHBIX (opM Oopa,
58% — menu, 87% — mapranua u 97% — uunka [18].
OTMmeueHa o6lasi 3aKOHOMEPHOCTh pacIipee/IeHUsI
MUKPO3JIEMEHTOB B MOYBEHHOM MOKPOBE. YCTaHOB-
JIEHO, UTO UX COIEeP>KaHWEe MOBBIIIAETCS B HANIpaBJe-
HUM OT CeBepO-3allaJHbIX K IOr0-BOCTOYHBLIM paiio-
HaM 00J1acTH.

B HacTosmee Bpemst pa3andHbIe (HUPMBI BBITTYC-
KaroT LBl psII MUKPO3JIEMEHTHBIX YIOOPEeHU, B
KOTOPBIX MUKPO3JIEMEHTBI HAXOMSTCS B JIETKOYCBOSI-
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Ta6mmma 1. CxeMa I10J1€BOTO OITBbITa

Bapuant O6paboTka ceMsiH

O06paboTKa IMOCEBOB
B (haze KylieHus1

O06paboTKa MOCEBOB
B (baze BbIXOIa B TPYOKY

1. Kontposap 6e3 06padboTku

2. Peakom-Xenat [{lunka 1.0 n/T
3. Peakom-Xenat bopa 1.0 n/T
4. Mukpo®un Komrieke 1.5n/T
5. Mukpo®un LlnHk 1.5 /T
6. Mukpo®ua bop .50/t

1.0 1/ra 1.0 n/ra

1.0 1/ra 1.0 1/ra
1.5 1/ra 1.571/ra
1.5n/ra 1.5 1/ra
1.5 n1/ra 1.5 1/ra

eMoii (xenaTHo) hopMe. DT yIOOPEHMSI IIIMPOKO HC-
TOJIB3YIOT TTPU BO3ICTBIBAHUY CEJTHCKOX03STMCTBEHHBIX
KylIbTyp. BMecTe ¢ TeM 3KCIeprMeHTalbHBIC TaHHbIC
olLleHKN 3 (GEKTUBHOCTH VICTIOIB30BAHUS Pa3IMIHBIX
BUIIOB MUKPOYIOOPEHMIT B KOHKPETHBIX ITOUYBEHHO-
KJIMMATUYECKUX YCIIOBUSIX TIPAKTUYECKN OTCYTCTBYIOT.
IMosTomy omnpenenenme 3(HEKTUBHOCTU PA3IMIHBIX
BUI0OB MUKPOS3JIEMEHTHBIX YIOOPEHMI TIPU BO3IEITBI-
BaHUM SIPOBOTO SYMEHSI, UX BIMSTHUSI Ha ypoxKaii-
HOCTh M KauyecTBO 3epHa B ycioBUsIX Kypckoit 061.
SIBJISIETCSI aKTyallbHOI 3amadeil M ObLIO 1eJbIO JaH-
HOTO UCCJICAOBaHMSI.

METOINKA NCCIIEJOBAHUA

O1ueHKY 3O EeKTUBHOCTA MUKPOYITOOPEHUI ITIPO-
Bomin B 2020—2022 1T. B OIIbITax J1a00PaTOPUM TEX~
HOJIOTU I BO3eIbIBaHMS MOJEBBIX KyAbTYp Kypckoro
DAHII B 3epHONMAapoBOM CEBOOOOPOTE: YMCThIA
rnmap—o3umasl TileHUulIa—CcosI—sIPOBOI STUMEHb.

OOBEKTOM M3YyUCHUS B TTIOCEBAX SIPOBOTO SIYMEHS
ObUIM MOHOXEJaTHble yaoOpeHus1 “Peakom-Xenat
IIuuka”, “Peakom-Xemat bopa” M KOMILIEKCHBIE
MuKpoynoopeHus “Mukpo®un Komrmiaeke”, “Muk-
po®un Lubuk” “Mukpo®Pun bop” npu odbpabotke
CEeMSIH W MOCEBOB B (pa3zax KyIIEHWSI U HaYaJia BbIXOJa
B TpyOKy (Tab6. 1).

ArpoxuMuyeckasli XxapakKTepMCTUKa MOYBHI OIIbIT-
HOTO ydacTKa MMeJjia ClIeaylolire IoKa3aTeIu: COo-
JiepKaHue rymyca B maxoTHoM cioe — 5.4% (1o Tio-
pUHY), LIEJIOYHOTUAPOIN3yeMOoro azota — 70 Mr/Kr,
noaBMKHOTo pocopa 1 oOMeHHOro Kaiaust — 8.9 u
12.6 Mr/100 r mouBs! (10 YupUKOBY), peakuus Mo4-
BeHHoM cpenbl — pH 5.3. I1o cogepkxaHuio moaBmx-
HbIX popm Oopa (0.34 mr/kr) u meau (0.30 mMr/Kr),
IMOYBa OTHOCHUTCS K CpemHeo0eCceyeHHOi, a 1o co-
nepxanuto uuHka (0.32 Mr/kr) u maraus (4.50 mr-
5kB/100 r) — K HU3KOOOECIIeUe HHOM.

MeTeopoJiorndecKre yCIOBHUS B TOOBI IIPOBEIC-
HUS MCCIIENOBAHUS CIOXWIVCH YIOBJICTBOPUTEIHHO
IUIST pOCTa Y Pa3BUTHUS IPOBOTO STUMEHSI, XapaKTepy-
30BAJINCH TEIUION U BJIAXKHON ITOTrOIOM W OBLIU TU-
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MMMIHBIMU 11T yenoBuit Kypcekoii 0611, CpemHecyTod-
Hasl TeMIlepaTypa BereTallMOHHOTO mepuona (Maii—
mioiib) B 2020 1. coctaBuna 14.9°C, 8 2021 r. —15.7°C,
B 2022 1. — 14.8°C, T.e. ObU1a cOOTBEeTCTBEHHO Ha 0.7,
1.51 0.6°C BBIIIIE CPETHEMHOTOJIETHE TEMIIEPATYPhI
storo repuoaa (14.2°C). CyMmma ocagkoB 3a aIlpeib—
mronb 2020 1. cocraBuina 213.6 MM, vt 99.3% ot Hop-
MBI, B 2021 1. — 250.2 MM, i 116.4%, B 2022 1. —
254.6 mm, umm 118.4% OT cpemHEMHOTOJIETHETO MX
KonmdecTBa (215.0 Mmm).

IToBTOPHOCTH B OMBITE TpEeXKpaTHAas, BapUaHTHI
pacroarajimch cucTeMaTUdeckKyu B ofauH sipyc. [e-
JITHKY UMeJIU (DOPMY BBITSTHYTOTO MPSIMOYTOJIBHUKA,
pasMep IOCEBHOM mensaHku — 5.4 x 50 = 270 m?,
yueTHO# — 200 M? (4 X 50 M). B 1a60paTOpHBIX yCIIO-
BUSX OIpEIEeIIsIIA BIUSHUE YIOOpEeHUIT Ha SHEPTUIO
MpopacTaHus U JTaOOPATOPHYK BCXOXECTh CEMSIH
saposoro saumeHs 1o TOCT 12038-84.

IToneBbie paboOTHI HA OMTBITHOM y4yacTKe MPOBOAY-
JIU B ONTUMAJbHbIE arpOTEXHUUYECKHNE CPOKU C HC-
MOJIb30BaHMEM PallOHMPOBAHHOIO B O0JACTU COpTa
sipoBoro stumeHs [Tpomerteii. /1151 moceBa MCMONIB30-
BaJii ceMeHa, oTBevaroinue TpedboBanusM 'OCTa ¢
MOIITYYHOU HOPMOIi TToceBa 4 MJTH IIT. BCXOXUX Ce-
MsiH/Ta. Crioco0 ImoceBa — psSgoBOM (IIMpHUHA MEX-
nypsiouit 15 cm). Imy6uHa 3amenku ceMsaH — 4—5 cM.
®on munepanbHoro nmutanus — N30P30K30.

O06paboTKy ITOCEBOB SIPOBOTO STYMEHSI MUKPO3JIe-
MEHTHBIMUA YIOOPEHUSIMU TIPOBONWIN pPaHIIEBBIM
OIIPBICKMBATEJIEM B COOTBETCTBHH CO CXEMOI OTBITA.

Yb6opka 1 y4yeT ypoxasi IIpOBOIUIN CAMOXOIHBIM
koMbaiiHoM “CamMno”, psiIMbIM KOMOaiiHUPOBaHU-
eM. [lepecuet ypoxkasg Benu Ha 100%-Hy10 4YUCTOTY U
14%-1yo BIaxXHOCTb 3epHa. CTPYyKTypy yposkast
OIpeAesIv 110 METOJANKE rOCy1apCTBEHHOTO COPTO-
WCIIBITAHUS CEIbCKOXO3SIMCTBEHHBIX KYJIbTYp (1985 1.).
B o0Gpa3iiax 3epHa onpeaesisiiiv: coaepxaHue 6e1ka u
Kpaxmalia Ha Ipubope-aHaim3aTope 3epHa “Infra-
tec™1241”, kpyrmHOCTB 3epHA — 110 TOCT-10846-76,
Hatypy 3epHa — 1o I'OCT-10840-76. Cratuctuye-
CKyI0 00pabOTKY ITOJIydeHHBIX 9KCIIEPUMEHTAJIbHBIX
JaHHBIX TIPOBOIWIN METOIOM AUCITIEPCUOHHOTO aHa-
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BapuaHThl

Puc. 2. CemeHa stumeHs1, 00paboTaHHBIE MUKPORJIEMEHTHBIMU YIOOpEeHUSIMU: (a) — Ha 3-1 CyT ITpopaniuBaHus (3HEPTUS TTPO-

pactaHus), (0) — Ha 7-e cyT (JtabopaTopHasi BCX0XecTh). BapuaHThl: 1 — KOHTpOJB, 2 — “Peakom-Xenar Llunka”, 3 —
“Mukpo®@un LInnk”, 6 — “Mukpo®Pun bop”.

koM-Xenat bopa”, 4 — “Mukpo®un Komrmiekc”, 5 —

JIM3a ¢ UCIIOJIb30BaHueM IporpamMmM Microsoft Excel,
Statistica.

PE3VJIBTATBI 1 UX OBCYXIEHHUE

B naGopaTopHBIX YCIOBHSIX TPOBOMMINA ONpene-
JIeHWe BIIUSTHUSI MUKPOBJIEMEHTHBIX YIOOpEHUIT Ha
SHEPTUIO TIPOpaACTaHUS U TaOOPaTOPHYIO BCXOXKECTh
CeMsIH SIpOBOTO STUMEHsI. Pe3yiabTaThl MpopalimBa-
HUSI CEMSTH SIPOBOTO STYMEHS MOKa3aJiv, YTO MUKPO-
BJIEMEHTHbIC YIOOpPEeHUST YBEJIMYUBAIM KOJUYECTBO

“Pea-

MPOPOCIINX 3epeH Ha 3-U CyT IpopallBaHKs Ha 3—
10% (sHeprus npopacranus), u Ha 1—4% Ha 7-€ cyT
(1abopaTtopHasi BCXOXeCTh) B CpaBHEHUU C BapuaH-
TOM, IJie CEMEeHa MUKPO3JIEMEHTHBIMU yI100peHUIMU
He oOpabaTbeiBaiu (puc. 2).

Haun6Gosnee BBLICOKUMU CTUMYJIUPYIOIIUMU CBOM-
CTBaMM 001 KOMIUIEKCHBIE MUKPODJIEMEHTHBIE
ynoopenust “Mukpo®un Kommrekc” (1.5 1/T),
“Mukpo®Pua Luuk” (1.5 1/1) u “Mukpo®ua bop”
(1.5 /1), 06paboTKa CeMSIH KOTOPHIMM ITOBHIIIIANA

ATPOXUMHUA  Ne 8 2023
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Puc. 3. BiusiHne MUKpO3/IeMEHTHBIX YIOOPEHUIA Ha SHEPIUIO ITPOPACTaHMSI U JJab0OPaTOPHYIO BCXoxXeCTh ceMstH (2020—2022 rr.).

SHEPTUIO IIpopacTanus Ha 5.3—6.1%, 1abopaTopHYIO
BCXOXecTh — Ha 3.1—4.0%. (puc. 3).

HWcnonp3oBaHne MOHOXEIATHEIX yIoOpeHuit “Pe-
akoMm-Xenat Lluuka” (1.0 1/1) u “Peakom-Xenat bo-
pa” (1.0 n/T) ot 6pabOTKU CEMSTH SIPOBOTO STYMEHSI
ObUTO MeHee 3((PEKTUBHO — DHEPTUS MPpOopacTaHUs
noBbIagach Ha 2.4—4.2%, a mabopatopHasi BCXO-
xecTb — Ha 1.1-2.0%.

HaubGoiiee BBICOKMMHM CTUMYJIMPYIOIIUMU CBO¥-
CTBaMM 00JamaJy MUKpPO3JEMEHTHBIC YIOOpEHUS,
comepxamiue 6op. B BapmaHTax ¢ MCojb30BaHUEM
MUKPO3JIEMEHTHBIX ynoopenuii “Mukpo®Pun bop”
(1.5 n/1) u “Peakom-Xenar bopa” (1.5 1/T) sHepruus
mpopacTaHus IOBbIIIaNiach Ha 4.2—6.1%, mabopa-
TOpHas BcxoxecTh — Ha 2.0—4.0% B cpaBHEHUU C
KOHTPOJIEM.

ITpoBeneHHBIE ONEBbIE UCCICAOBAHUS MTOKA3AIN
BBICOKYIO 3(pPEKTUBHOCTb Pa3INYHBIX BUIOB MHUK-
pPO3JIEMEHTHBIX YIOOPpEeHUIA TTPpU BO3IEIBIBAHUU SIPO-
BOTO STUMEHSI, X ITOJIOXKUTEIbHOE BIUSTHUE HA POCT U
pa3BUTUE PACTCHUI, (PUTOCAHUTAPHOE COCTOSHUE
IMOCEBOB, YPOXKAMHOCTh U KAY€CTBO 3epHa.

B romml mpoBemeHUsT 3KCIIepMEHTa B ITOCEBax
SIPOBOTO STYMEHSI HaOJIIOMAIN TIOpaXKeHUEe PACTECHU
punHxocropuo3oM (Rhynchosporium secalis) 1 Telb-
MUHTOCIOpHO30M  (Pyrenophorateres  Drechsler).
OnpeneyleHe CTENEHW TOPaXXeHWsT PacTeHWH JIM-

ATPOXUMHUA  Ne 8 2023

CTOCTEOETbHBIMU 3a00JIeBaHUSIMU TTPOBOINIIN B (pa-
3e HavaJia KoJiollieHus. B pe3ynbrarte o0cnenoBaHus
YCTAHOBJIEHO, YTO MUKPOBJIEMEHTHbIE YIOOpeHUs
OKa3bIBaJll CAEpKMBalolllee BIMSHUE Ha pacrpo-
CTpaHEHUE JIMCTOCTEOEIbHBIX 3a00JIeBAHUIA: PUHXO-
criopuo3a Ha — 2.9—4.5, reabMUHTOCIOpMO3a — Ha
2.7—-3.4%, 1ipn pa3BUTUH 3TUX 3a00JICBaHUI B KOH-
TpOJIbHOM BapuaHTte paBHOM 15.1 u 17.4% cootBer-
cTBeHHO. buoyornyeckass 3HeKTUBHOCTL MUKPO-
2JIEMEHTHBIX YIO0OpeHUii Obljia IIPUMEPHO paBHON U
cocTaBuiia: puHXocIiopro3 — 19.2—29.8%, ren1bMuH-
Tocropros — 15.5—19.5% (puc. 4).

MuKkpo3aeMeHTHbIE YIOOpEeHUSs, WCIIOJIb30BaH-
HbIe TIPU BO3EJbIBAHNM COM B KauyeCTBE 00pabOTKU
CeMSIH U JABYKpPaTHOM BHEKOPHEBOM MOJKOPMKH,
YBEJIMIWIN TIPOAYKTUBHOCTL SIPOBOTO SYMEHST Ha
0.29—0.45 1/ra (Ha 7.6—11.7%) 1O OTHOIICHHIO K
KoHTpoto. [Ipn aHanu3e ypoxaiiHbIX JaHHBIX JTy4-
IIMe Pe3yabTaThl OBUIM TTOJIYYEHBI B BApMaHTax ¢ UC-
TMOJIb30BAaHUEM KOMIUIEKCHBIX MUKPO3JIEMEHTHBIX
yno6penuit “Mukpo®ua Kommieke”, “Mukpo®un
bop” u “Muxkpo®un LIuHK”, UICMTOJIb30BAaHUE KOTO-
PBIX CITOCOOCTBOBAJIO MOJTYYEHUIO YPOXKAMHOCTH SI4-
MeHs 4.25—4.28 1/ra (Tabi. 2).

IMpubGaBKU ypOXaiHOCTH IPOBOTO SYMEHSI OT UC-
IMOJTB30BAHUS STUX YIOOPEHUIA IT0 CPABHEHMIO C KOH-
tposieM coctaBuiu 0.42—0.45 1/ra uau 10.9—11.7%.
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Puc. 4. BiisiHre MMKpO3JIEMEHTHBIX YIOOPEHUI Ha pa3BUTHE JIMCTOCTEOEIbHBIX 3a00s1eBaHmii sipoBoro stameHst (2020—2022 1r.).

DbhEeKTUBHOCTL 00pabOTKU CeMsIH U JIBYyKpar-
HOI 00paboOTKM MOCEBOB MOHOXEJIATHBIMU y100pe-
HussMu mapku “Peakom” (Peakom-Xenat bopa u
Peakom-Xenat [luHka) Oblia HECKOJBKO MEHbIIIE,
npubaBKU ypOXKAWHOCTHU SIPOBOTO STUMEHSI OT UX HC-
nonb3oBaHus coctaBuian 0.29—0.34 1/ra wim 7.6—
8.9% B cpaBHeHNU ¢ KOHTpOoJieM (3.83 T/Ta). HabGmro-
JlaJIu TEHJCHIIMIO K 60Jiee BbICOKOM 2(h(heKTUBHOCTU
MUKPO3JEMEHTHBIX YIOOpPEHUW, coaepxKalux Oop:
YPOKaitHOCTh SIPOBOTO STYMEHSI OT MPUMEHEHUSI MO-
HollegaTHoro ynoopeHusi “Peakom-Xemar bopa”
6b11a Ha 0.05 T/ra Ooblile, yeM oT ynoopeHus “Pea-
koMm-Xenat IluHka”, a KOMIUIEKCHOTO YAOOpeHUsI
“Mukpo®Pun bop” — Ha 0.03 T/ra OGosblie, yeM
yanoopeHus “Mukpo®Pua [IuHk”.

BHekopHeBast mogkopMKa ITOCEBOB STUMEHS B (pa-
3aX KYILIEHUS 1 BbIXOAa B TPyOKY B COUYETaHUU C 00-
pabOTKOI CEMSTH Mepel] IOCEBOM CIIOCOOCTBOBAJIA PO-

CTY KOJIMYECTBA MPOAYKTUBHBIX CTEOJICH STUMEHS Ha
3—4 t./M?, yucia 3epeH B Kojioce — Ha 1.0—2.0 .,

macchol 1000 3eper — Ha 0.7—1.0 1, HaTypHI 3epHa — Ha
1.9—7.5 r/n (Tabmn. 3).

Boitee BhicOKMe mokasaTeau CTPYKTYPHI yposKast
obecIrieunBajIo MpUMEHEHNE KOMIUIEKCHBIX MUKPO-
3JIEMEHTHBIX YI00peHuit Mapku Mukpo®@u: Koiau-
YeCTBO TMPOMYKTUBHBIX CTeOJIeil IpOBOro SYMEHS B
STUX BapUaHTaX yBeJIUYMBAIOCh Ha 3—4 1IT./M?, KO-
JIMYECTBO 3€peH B Kojioce — Ha 1—2 mT., macca 1000
3epeH — Ha 0.8—1.0 T, HaTypa 3epHa — Ha 6.9—7.5 1/11.
MoHoxenaTHble yIoOpeHUsI ITOBBIIIAIN KOIUIECTBO
MPOAYKTUBHBIX CTEOJIEH Ha 3 IIT./M2, YMCIIO 3€pEH B
Konoce — Ha 1 mT., maccy 1000 3eper — Ha 0.7—0.8 1,
HaTypy 3epHa — Ha 1.9—2.6 /1.

ITpm 06paboTKe ceMsIH M IBYKpaTHOI 00paboTKe
TTOCEBOB MUKPO3JIEMEHTHLIMU yIOOpeHUSIMU B da-
3ax KYILIEHUs U BBIXOJA B TPYOKY KPYITHOCTb 3€pHa

ATPOXUMHUA  Ne 8 2023
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Tabmuna 2. YpoxxaitHOCTh SPOBOTO STYMEHS B 3aBUCUMOCTH OT BHECEHUSI MUKPOR3JIeMEeHTHBIX ynoopenuit (2020—2022 rr.)

I1puGaska
Bapuant YpoxaitHocTb, T/Ta

T/Ta %
1. KoHTtpossb, 6e3 00paboToK 3.83 — —
2. Peakom-Xenat LlmHka: o6pa6otka cemsiH (1.0 1/T) + 4.12 0.29 7.6
+ nBykpaTHasi oopaboTka roceBos (1.0 ji/ra)
3. Peakom-Xenat bopa: o6pa6otka cemsiH (1.0 1/1) + 4.17 0.34 8.9
+ nByKpaTHast oopaboTka rmocesoB (1.0 j1/ra)
4. Mukpo®un Kommiekc: oo6paborka cemstH (1.5 /1) + 4.26 043 11.2
+ nByKpaTHast oopaboTka rmoceBoB (1.5 j1/ra)
5. Mukpo®wun LluHk: o6pabotka cemsiH (1.5 1/1) + 4.25 0.42 10.9
+ nBykpaTHasi oopaboTka roceBosB (1.5 yi/ra)
6. Mukpo®un Bop: o6paborka cemsH (1.5 /1) + 4.28 0.45 11.7
+ nByKpaTHasi oopaboTka rmoceBoB (1.5 y1/ra)
HCPys 0.11

Taomuna 3. CTpyKTypa ypoKasi SIpOBOIrO SIUMEHSI B 3aBUCUMOCTHU OT BHECEHMSI MUKPO3JIEMEHTHBIX ynoopenuii (2020—

2022 1T.)
IIponykTuBHBIE 3epHa Macca Hatypa
Bapuanrt )
cTebnu, mT./M” | B Kosoce, Wit. | 1000 3epeH, r| 3epHa, I/1
1. KoHtposnsp, 6e3 06paboToK 431 23 39.6 627
2. Peakom-Xenat [lunka: o6padorka cemsiH (1.0 1/T) + 434 24 40.3 629
+ nByKpaTHast 00paboTka nocesos (1.0 ji/ra)
3. Peakom-Xenat bopa: o6pa6otka cemsta (1.0 /1) + 434 24 40.4 629
+ nByKpaTHast 00paboTka nocesos (1.0 j1/ra)
4. Mukpo®un Komrtiekce: oopadorka cemsH (1.5 /1) + 435 24 40.6 634
+ nByKpaTHast 00paboTka nmoceBosB (1.5 ji/ra)
5. Mukpo®up lluuk: oopaboTka cemsiH (1.5 1/1) + 434 25 40.4 634
+ nByKpaTHast 00paboTka noceBosB (1.5 ji/ra)
6. Mukpo®un Bop: o6pabotka cemstH (1.5 /1) + 435 25 40.5 634
+ nByKpaTHast 00paboTka rmoceBoB (1.5 ji/ra)

noBeImanack Ha 0.2—1.2%, conepxkaHue Oenka B 3ep-
He — Ha 0.1-0.4%, kpaxmana — Ha 0.4—0.9%. Ha-
Omonanu TeHAEHLMIO K 6oJiee CUJIbHOMY BJIMSIHUIO
KOMIIJIEKCHBIX MUKPO3JIEMEHTHBIX yIOOpEHU1 Map-
ku Mukpo®un (Mukpo®un Komrmiekc, Mukpo-
®un [Huak 1 Mukpo®un bop) Ha KayecTBO 3epHa
SIPOBOTO SIYMEHSI B CPaBHEHUU C MOHOXEJATHBIMU
MUKPO3JIeMEHTHBIMHU yIoOpeHusiMu “PeakoMm-Xenat
IHuuaka” n “Peakom-Xenatr bopa”. OmHako BIMSHHUE
pa3JIMYHBIX BUJIOB MUKPOINEMEHTHBIX YAOOpEeHU
Py CpaBHEHUH UX MEXY COOOI Ha mokas3aTeu Ka-
YyecTBa 3€pHa SIPOBOTO SIYMEHST ObLIIO MPaKTUYECKU
pPaBHBIM U HAaXOAWJIOCH B TIpeeiaX HauMeHbIIIei Ccy-
IIECTBEHHOI pa3HuULIbI (Ta0. 4).

IMpu pacyete 3KOHOMMYECKO 3P HEKTUBHOCTU
KCIIOJIb30BAHUSI MMKPO3JIEMEHTHBIX yI0OpeHuil B
ITOCeBax sIPOBOTO STUYMEHS 32 OCHOBY OBUTH TTPWHSITHI
ciaemyiomue TMoka3zaTenu. CTOMMOCTb MUKpO3JIe-
MEHTHBIX ynoopeHuii: “Mukpo®Pun Komrieke” —
260 py6./1. “Muxkpo®un bop” — 320 py6./1, “Muk-
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po®un LHuuk” —280 py6./n, “Peakom-Xenat LluH-
ka” — 189 py6./n1, “Peakom-Xenar bopa”
202 py6./11, cpemHsisi 3aKyIoyHasi lieHa 3epHa sSIpoOBO-
ro stumeHs1 —12000 py6./T. I1pu Bo3aeabIBaHUU SIPO-
BOTIO STYMEHS B KOHTPOJBbHOM BapuaHTe (06e3 mpume-
HEHMUS MUKPO3JIEMEHTHBIX yIOOpPEeHMII) CTOUMOCTh
BaJIOBOI mpoaykuuu ¢ 1 ra cocrasuia 45960 pyo6.,
4yuCThIA goxom — 24154 py6./ra 1ipu ypoBHE peHTa-
6epHOCTH paBHOM 111%. B pesynbraTte nByKpaTHOM
00pabOTKU MTOCEBOB SIPOBOTO STYMEHS B COUCTAaHUU C
00pabdOTKOI CeMsIH MUKPOIJIEMEHTHBIMU yI0o0Ope-
HHUSMH CTOMMOCTD BaJIOBOI MpoayKiuu ¢ 1 ra yBe-
Juuuiack Ha 3480—5400 py6., cymMa ycJIOBHO Uu-
cToro Aoxoga — Ha 2664—3976 py6./ra, ypoBeHb
peHTabeabHOCTH Bhipoc Ha 7.8—11.2%, B cpaBHe-
HHMHU C IOKA3aTeJISIMU, IIOJIyYSeHHBIMU B KOHTPOJIb-
HOM BapuaHTe.

Hawnb6oiee skoHoMmnaecku 3PpGEeKTUBHBIMUA B 11O -
CceBax SIPOBOTO STUYMEHsI ObUIU KOMILJIEKCHbIE MUKPO-
aJieMeHTHbIe ynoopeHus “Mukpo®Pua Komruiekc”,
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Tab6muna 4. BmistHre MUKpPORJIEMEHTHBIX YIOOpEeHM Ha KauyeCcTBO 3epHa sIpoBoro suMeHs (2020—2022 rr.)

benok Kpaxman KpymHocTb 3epHa
Bapuant
%
1. KoHTpoJib, 63 00paboToK 11.4 51.5 95.4
2. Peakom-Xenat [{nHka: o6paborka cemsiH (1.0 j1/T) + 11.5 51.9 95.6
+ nByKpaTHast oopaboTka nocesos (1.0 51/ra)
3. Peakom-Xenat bopa: o6pabotka cemstx (1.0 i1/T) + 11.6 52.0 95.8
+ nByKpaTHast oopaboTka rocesos (1.0 ji/ra)
4. Mukpo®un Kommieke: o6paborka cemsiH (1.5 1/T) + 11.8 52.3 96.5
+ nByKpaTHast 00paboTka rmoceBoB (1.5 ji/ra)
5. Mukpo®up Llunk: o6paboTka cemsH (1.5 1/1) + 11.6 52.2 96.6
+ nByKpaTHast oopaboTka noceBos (1.5 ji/ra)
6. Mukpo®un Bop: o6pabotka cemst (1.5 /1) + 11.7 52.4 96.3
+ nByKpaTHast 00paboTka rmoceBos (1.5 ji/ra)
HCPys 0.2 0.5 —0.6

“Muxkpo®Pun bop” n “Mukpo®un Lunk”. IBy-
KpaTHasi HEKOpHeBasi 00paboTKka moceBOB B (hazax
KYIICHUS 1 BBIXOA B TPYOKY B codeTaHUU ¢ obOpa-
OOTKOI CeMSIH 3TUMU yIOOpEeHUSIMU obecrieunBaa
nmonydeHue 27 898—28 130 py6./ra yCI0BHO YHUCTOTO
Joxoga IIpyU ypoBHe peHTabeinbHocTH 121—121%.
DkoHOMUYecKast 3(PEPEKTUBHOCTbH MOHOXETaTHBIX
yonoopennit “Peakom-Xenar llunka” u “Peakom-
Xemat bopa” Obl;1a MeHBIIIE: BEIMYMHA YCIIOBHO UM -
CTOro J0XOAa OT MCIIOJIb30BAHUS 3TUX YIOOpeHWUit
cocraBuia 26818—27394 py6./ra, ypoBeHb peHTa-
GenmpHOCTH — 119—121%.

3AKJIFTOYEHHME

Taxkxum o6pa3om, ycTaHOBIEHA BBICOKas 3¢ dek-
TUBHOCTb MCITOJIb30BAHUS PA3JIMYHBIX BUIOB MUKPO-
BJIEMEHTHBIX YIOOpEeHUIT B OCEBAX SPOBOTO STYMEHS
B MOYBEHHO-KJIMMATHUYECKUX YCoBUSX Kypckoit
o6n. Ob6paboTKa ceMsIH M IBYKpaTHass oOpaOOTKa
KOMILIEKCHBIMHU YIOOPEHUSIMU C MUKPO3JIEeMEHTAMU
“Muxkpo®Pusn Komiuieke”, “Muxkpo®un LHuHK” u
“Muxkpo®Pusn bop” 1moceBoB SpoOBOTO STUYMEHS copTa
ITpomereit B pazax KymieHMS M BBIXOIa B TPYOKY 1O~
BHBILIAJIa ypokaitHOCTh Ha 0.29—0.45 T/ra vin Ha 7.6—
11.7%, xpymHOCTB 3epHa — Ha 0.9—1.2%, comepxa-
Hue 6enka B 3epHe — Ha 0.7—0.9% B cpaBHEeHHU C Ba-
pHAHTOM, TOe MUKPO3JEMEHTHBIE YIOOpEeHUsS He
BHocuin. Vcronb3oBaHue MoHoOymoOpeHwmit “Pea-
kKoM-Xenmat HHnmak” n “Peakom-Xenar bop” B cpas-
HEHMU C KOMIUIEKCHBIMU MHMKPOYIOOPEHUSIMHU OBLIO
MeHee 3¢ GeKTUBHBIM. PocT ypoxXKalfHOCTH SIpOBOTO
STYMEHSI OT UX UcTonb3oBaHus coctaBui 0.29—0.34 T/ra
(Ha 7.6—8.9%), KpyITHOCTh 3epHa yBEIWYMIACh Ha
0.2—0.4%, xonndectBOo Oenka B 3epHe — Ha 0.1—
0.2%. OT™MeueHa TeHOEHLUS K 0oJiee BBICOKOI 3(h-

($EeKTUBHOCTH MUKPOIJIEMEHTHBIX YIOOpEHUIt, CO-
JepxXalux 60p: ypoXaiiHOCTb SIPOBOTO STYMEHSI OT
NpUMEHEHNsT MOHOXeJIaTHOTO ynoopeHus “Peakom-
Xemat bopa” oOpma Ha 0.05 T/ra Oosblie, 4eM OT
ynoopenus “Peakom-Xenar LlmHka”, a KOMIIJIEKC-
Horo yno6penust “Mukpo®un bop” — Ha 0.03 T/ra
OoJiblie, yeM ynoopeHus “Mukpo®@ua LInHk”.

BosnenbiBaHue SIpOBOro SIYMEHSI C MCITOJIb30Ba-
HUEeM MUKpoynoopeHuit Mapku Mukpo®uma MoBbI-
IIaJI0 CTOMMOCTh BajioBOi mpoaykKuuu Ha 5040—
5400 py06./ra, ycIOBHO YMCTBIM goxom — Ha 3744—
3976 py6./ra, ypoBHb peHTabenbHOCTM — Ha 10.0—
11.2%. DddeKTUBHOCT MOHOXEIATHBIX MUKPOBJIe-
MEHTHBIX yIoOpeHuit Mapku PeakoMm nmpu aHajaorny-
HBIX CITOCO0aX BHECEHMsI Obliia MEHbIIIE; CTOUMOCTh
BaJIOBOI MPOAYKILMU OT MX MCIIOJIb30BaHUSI ITOBbI-
mranack Ha 3480—4080 py6./ra, YMCTBI TOXON — Ha
2664—3240 py6./Ta, ypoBEeHb peHTAOEIBHOCTH — Ha
7.8—10.2%.
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Effectiveness of the Use of Fertilizers with Trace Elements on Spring Barley Crops
in the Conditions of the Kursk Region

Zh. N. Minchenko® and V. 1. Lazarev+*
Y Kursk Federal Agrarian Scientific Center, ul. Karla Marxa 70b, Kursk 305021, Russia
#E-mail: vla190353@yandex.ru

As a result of the research conducted in 2020—2022, the high efficiency and environmental feasibility of using
complex fertilizers with microelements MicroFid Complex, MicroFid Zinc, microFid Boron with Zinc Che-
late Reagent and Boron Chelate reagent in the cultivation of spring barley on chernozem soils of the Kursk
region was established. The use of complex fertilizers MicroFid Complex, MicroFid Boron and MicroFid
Zinc in the form of seed treatment and sowing in the phases “tillering” and “exit into the tube” provided an
increase in the yield of spring barley — 0.29—0.45 t/ha (on 7.6—11.7%), protein growth in grain by 0.7—0.9%,
grain size by 0.9—1.2%, relative to the control variant. The use of mono-fertilizers Zinc Chelate Reagent and
Boron Chelate Reagent in comparison with complex micronutrients was less effective. The increase in the
yield of spring barley from their use increased by 0.29—0.34 t/ha (7.6—8.9%), the amount of protein in the
grain — by 0.1—-0.2%, grain size — by 0.2—0.4%. There was a tendency of higher efficiency of microelement
fertilizers containing boron: the yield of spring barley from the use of monoselate fertilizer Reakom-Boron
Chelate was 0.05 t/ha higher than from fertilizer Reakom-Zinc Chelate, and complex fertilizer MicroFid Bo-
ron — 0.03 t/ha higher than MicroFid Zinc. The use of trace element fertilizers on spring barley crops was

economically profitable and environmentally sound.

Key words: spring barley, microelement fertilizers, MicroFid Complex, MicroFid Zinc, microFid Boron Zinc
Chelate Reagent, Boron Chelate reagent, seed germination energy, field germination of seeds, rhinosporio-
sis, helminthosporiosis, yield, crop structure, protein content, economic efficiency.
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