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BenenctBue  ANMMTENBHOTO HUCIONB30BAHHMSA TIOUBBI KaK pecypca, HapyIIaeTcs €CTECTBEHHbIH OamaHc
MMKPOOPraHU3MOB, HEOOXOIMMBIH /Ul HOPMaJIbHOM XKU3HEEATENbHOCTH pacTeHus. B mouse popmupyercs u
OTpHUIATEIbHBIN OalaHC 3JIEMEHTOB UTAHUS, YTO IPHUBOJUT K CHIKEHHIO INIOAOPOHS MOYB, CIEPIKUBACTCS
pPOCT W pa3BUTHE pACTEHUH, KOJIMYECTBO M KadecTBO MNpoAyKuuH. Llenmpro pa®oThl SBHUIIOCH H3ydeHHE
3¢ (QEKTHBHOCTH HCHONB30BAaHUS MOAU(DUIMPOBAHHOTO MHHEpaNbHOrO ymoOpeHust Oaxrepusimu Bacillus
subtilis Y-13 B oNTHMH3AIMN yCIOBHH IHUTAaHUS pacTeHWH (Ha mpuMepe o3uMMoH mmeHunsl). [Ipumenenue
OMOMHHEpaNbHBIX yNOOpPEHHH CTHMYJIHPYeT BCXOXKECTb CEMSIH, KOpHEOOpa3oBaHME U  MO3BOJIOT
perynupoBaTb MHKPOOOIIEHO3 KOPHEBOM CHCTEMBI, YBEIWYMBAas MOTECHIMAIbHYIO TMPOAYKTUBHOCTb.
[pencraBnens! pe3ynbrarsl no BiausHuio Kapbamun BUO Ha nuHamuky HakoIuieHus a3ota, ¢pocdopa u Kanus
B MOYBE M PACTCHHSAMM MIICHHIBL. JleiicTBHe OMOMMHEPAIbHOrO YAOOpEHMS IOKa3alo BBICOKHIT 3 deKkT u
MOXET pacCMaTpHBAThCS, KaKk IIPHEM KOMIUICKCHOH OHOJNOTH3alliM  TEXHOJOTHHM  BO3JETBIBAHMS
CEIIbCKOXO3MCTBEHHBIX KYyIbTYp B 3emuenenuu Poccuiickoit denepanuu.

Kniouegvie cnoga: onTHMH3AIMs; YCIOBHS POCTa Pa3BUTHS; O3UMas IIIEHUIA; pu3ochepHble OakTepuy;
Ouompenapat; kapoamuy; a3oT; hocdop; Kauii.

BBEJIEHHE

Bnarogapsi coBpeMeHHBIM Hay9YHO-TEXHUYECKUM H3BICKaHUSIM BO3MOXKHO YIIPaBJICHHE
MPOAYKIIMOHHBIM IPOLECCOM C ONTUMANBHBIM HCIOJIh30BAHHEM AarpoXUMHUYECKUX U
OMOJIOTMYECKUX CPEACTB U C OTUX MO3UIMHA ONTHMH3ANUS TUIOAOPOIUS, SBISETCS
JKoJorndeckoit ¢pynHkimed mous [1-3]. «OCHOBHOUM BEKTOP pa3BUTHS arpOTEXHOJOTHI —
COKpAIICHUE TIECTUIUIOB U PACIIUPEHHE OMOIIOTMYECKUX METOMOB (YCTOWYUBBIC COPTA,
ouomnpemnaparsl, sHTOMO(Aru u ap.). Takum 0Opa3oM, 3TO JOBOJBHO CIOXKHBIA KOMITICKC
Mep TIO YOpPaBIEHUIO IUIOAOPOJMEM TIOYB, MPOAYKTHBHOCTBIO arpoleHO30B U
MOIICPYKAHUI0 YCTOWIMBOCTH arpojiaHamaroB» [1, ¢. 1132] u B 3HAYUTEIIBHON CTETIEHU
3aBUCHUT OT ONTUMHU3ALKUN MUHEPAIBHOI'O MMUTAaHUs pacTenuii [1, 2, 4].

B HacTosmee Bpems, BCIIEACTBHE HEIOCTATOYHOTO HCIIOJIb30BAHUS MHHEPAITBHBIX
yaoOpeHui, HapyIieHus Oamanca aOOPUTCHHBIX MHUKPOOPTAaHW3MOB, IPHUBOMSIIETO K
CHIDKCHUIO YHUCIICHHOCTH M BHUJIOB, HEOOXOJMMBIX IS YKU3HEACSITEIHHOCTH, B TIOYBE
(hopmupyeTcs neUIUT FITEMESHTOB MMUTAHYSI, YTO ¥ CHUKACT TUIOOPOAKE MOYBKI [3—6].

OmauM W3 pemeHud TPoOJIEMBI MOXET CTaTh NPUMCHCHHE OWOMHHEPATBbHBIX
yAOOpEeHMH, BEIITyCKAaeMBIX ¢ UCITONIb3oBaHueM Bacillus subtilis, mramm Y-13 (3). Kpome
TOT0, aKTyaJIbHOCTh WX TNPUMCHCHHS B arpoleH03aX CTHMYJHUPYET BCXOXKECTh CEMSH,
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KOpHEOOpa30BaHUE U I03BOJIIOT HANpPaBICHHO PEryJIMpOBaTh MUKPOOOLEHO3 KOPHEBOH
CHCTEMBI, YBEJIMUNBAs IOTEHINATIbHYIO IPOIYKTUBHOCTb.

OpHako xapakTep AEHCTBUS MHUKPOOPTaHM3MOB OMNPENENAETCS IITaMMOM M BUIOM
UCIIOJIb3YEMOTO OMOMpenapara, a Takke OMOJIOrHYeCKMMU 0COOCHHOCTIME KYJIBTYDp [7].

Hmerorcst  cBenieHWs, YTO B pe3yibTaTe HpUMEHEHUS OHOMOIU(ULIMPOBAHHON
aMMHa4YHOH cenmuTpbl B 1,2—1,5 pasa noBblmancs Ko3QQUIUEHT UCIOIB30BaHUs PACTCHUIMU
a30Ta U3 yI0OpeHus, U HakorieHue (ocopa u Kaust B ypoxkae spOBOM MILEHHULIBI [§].

ITocne BHeceHHst OHMOMOAM(HUIMPOBAHHBIX  YHOOPEHMH, TIIpH  HACTYIUICHUH
OJIarONPUSTHBIX YCJOBUI, NPOUCXOAUT AaKTHUBALMSA U IPOpacTaHWe HaHECEHHbBIX
OaKkTepHalIbHBIX CIIOP M MUKPOOPTaHU3MBI HCIIONB3YIOT MUTAHHE W3 TIOYBHI M TPaHyI J0
HadaJia Bereranuu [9].

[Ipenmonaraercss, uro mramMMm Bacillus subtilis Y-13, HaHeceHHBIH Ha TpPaHYIbI
MHUHEpPAIBHBIX yA00peHuil, OyaeT crocoOCTBOBAThH MOBBIICHHIO () (EKTUBHOCTH YCBOCHHS
9JIEMEHTOB NMUTAHUA U3 YIOOPEHUH U TOYBBI, PETYIUPOBaTh POCTOBBIE mporeccsl [10].

Ilenp  paboTbl 3akmioyanack B OLEHKE 3()(PEKTHBHOCTH  HMCHOJIB30BAHHA
onomoaudupoBanHoro aszoTHoro ymoopenus (Kapbammpg buo) B ontumuzanuu
YCIIOBHI MUTaHUs pacTeHUN (Ha MpUMepe 03UMOM MIIIEHHUIIBI).

MATEPHAJIbBI 1 METO/bI

Buconbudur — MukpodbHuoIOrnYecKkoe YA00peHUe ¢ JSHCTBYIONIUM BEIIECTBOM CIIOP
Bacillus  subtilis, wmamm Y-13 + wmerabomutel (mo [SO), HaHECEHHBIC Ha
TOHKOU3MEJIbUEHHBIM OpPraHWYeCKUN KPEMHHUM, C KOHIIEHTpalued (TUTp) — HE MEHee
10 M. KOE/Mn. Haznauenwne: monudukarys rpanyn Kapbamuma, ¢ menbio MOBBIIICHUS
YCBOGHHUS 31eMeHTOB mnuTaHus. OH XOpomio (pUKCHpyeTcs Ha IMOBEPXHOCTSAX TpaHysl
KapbaMuJa W HE OCBINAETCS MPH TPAHCIOPTHPOBKE, TAKKE MOXET MCIOIB30BATHCS IS
HAaHECEHUs Ha TPaHyJbl JIIOOBIX MUHEPANBbHBIX ymoopenuit [11]. Mexanuszm Oeticmeus:
IMIMPOKUH  CHEKTP MPOAYIMPYEMBIX METaOOJIMTOB  OKa3blBa€T MHOTOCTOPOHHEE
BO3JICUCTBHUE.

Bricokoe comepikaHue JOCTYITHOTO KPEMHHS, JONOJHHUTEIHHO YIydIIaeT OOMeH
azota u ¢ocdopa B TKAHAX paCTCHHU, (POPMHUPYSI YCTOHYMBOCTH K OHOTHUYECKUM
cTpeccaM, aKTUBHUPYET €CTECTBEHHYIO TIOUBEHHYIO MUKpodiopy [12].

Ouenky 3G(EeKTHUBHOCTH HCIBITYEMOIo OHOMOAM(HUIIMPOBAHHOTO KapOammua
MIPOBOIMIM Ha TIOCEBE O3MMOM MIICHHIIBI CpEeTHEPAHHETO copTa Adens. IloeBoii OmbIT
NpoBelleH Ha 3KcrepuMeHTanbHoM nonurone Kyol'AY (2016-2017r.) nmon pyKoBoACTBOM
akagemuka [leymxena A. X.

ITouBa — myroBo-uepHO3eMHas cllaborymycHas Tsokenocyrauuauctas (Tabmuma 1) .

[ToromHble yClOBUS BETETAIIMOHHOTO MEpPHOAa B TMEPBOH IMOJOBHHE — OBLIM HIDKE
CpPeIHUX MHOTOJICTHHX 3HAUCHHWM, OCAJKOB BBINAJO B 2 pa3a MEHbINE, 4eM OObIYHO. B
CpPEeIHEM 32 TEepHOJ BEreTallMi O3MMOW MIICHIIBI OCaIKOB BBIMago Ha 35,1 MM Ooble,
gyeM B cpeaHeM 3a MHOTO JieT — 592 MM u 557 MM COOTBETCTBEHHO (110 JTaHHBIM
meteoctanimu CrnaBsHck-Ha Ky6ann, 2016-2017r.).

Cxema ompiTa cocrosia w3 Tpex BapwantoB: 1) Kourpoms; 2) Kapbamun
tpagunmonserit; 3) Kapbamun BUO. IloBTOpHOCTH dYeTBIpeX KpaTHas, pa3MelleHHe
BapUaHTOB PEHIOMHU3UPOBAHHOE.
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Taoauna 1
ATpoXuMHYECKasi XapaKTePUCTHKA MOYBBI ONBITHOI0 YYacTKa

Copepxanue
HT S TJIMHUCTOMN
pHH,O N-NO; | N-NH, | P,Os | K,O |rymyc| V (dhpaxiuu
(<0,01 mm)
mr-3ks/100 T MTI/KT IIOYBBI Y%
6,5 204357 150 | 12,7 | 68,0 | 198,1 | 2,8 [94.6] 67

OTOop TOYBEHHBIX OOpPA3IOB, IS OMNPEACICHUS COJACPIKAHUS IMUTATSIBHBIX
3JIEMEHTOB B ITOYBE MTPOBOIMIIH 110 (pa3aM BeTETaIlHH.

AHaIUTHYECKUE WCCIICOBAHNS BBITONHINCh 10 TpedoBanusm ['OCT 29269-91
(mpoBeJieHHE aHAJIM30B): MHUHEpaibHBIM a3or (N-NO; + N-NH,); aMMOHUWMHBIA a30T —
T'OCT 26489-85 (xomopUMeETpHUYECKUM METOAOM, peakTuBoM Heccnepa), HUTpaTHBIN a30T
— T'OCT 26951-86 (o merony I'panmBanb—JIspKy); mOmBMXHBIA (Gochop M OOMEHHBIHM
kauii — OCT 26205-91 (o meroxy B. @. Mauuruna B Mogudukarmu [ITHAO).

Craructuueckas OleHKa Pe3yJIbTaTOB — METOJOM TUCIIEPCUOHHOTO aHanu3a [13].

PE3YJIBTATBI U OBCY X XJIEHUE

I'maBHBIM ycnoBreM OWOJIOTHM3AalMK arpoiaHAmadTOB BCErna SBISIOTCA YCIOBHUS
MUTaHUS PACTEHUH, /I Yero HEOOXOJWMO TOBBINIATH IUIONOPOAME TOYBBL [lpu
BO3JICNIBIBAHUH KYJIbTYP Ba)XHO 3HATh HE TOJBKO COJCPKAHHE OCHOBHBIX 3JICMECHTOB
MUTaHUA B TIOYBaX, HO M B KaKUX COEAMHEHUSX OHH MPHUCYTCTBYIOT, COIEP)KATCS JIN B
JOCTYIHOHM amnsi pacteHus (opme [14], MOCKOIBKY K arpOXMMHUYECKAM CBOWCTBAM IIOYB
OTHOCSITCSI HE TOJIBKO MOKA3aTeNId KaK KUCIOTHOCTb, MOTJIOTUTENBHAS CIIOCOOHOCTh, HO U
XUMHYECKHAN COCTaB, M 3allachl MUTATEIHHBIX BEUIECTB.

B Hamem sKcnepuMeHTe HCCIeNOoBajach AWHAMHKA OCHOBHBIX MaKpOXJIEMEHTOB
TIOYBHKI 110JT BIUSHUEM U3Y4aeMbIX YI0OPEHUH 10 (ha3aM BeTreTaIlHH.

Ilocne mpoBemeHWs a30THOM TOMKOPMKHM pacTeHWH o03uMoil mmmeHunbl ((dasza
KyllleHus1), cogepxanne N-NO; (HUTpaTHOTO) U aMMOHUIHOTO a3oTa (N-NH,) B mouBe 10
CpaBHEHHUIO C KOHTpoileM yBeiaumuuBanock Ha 42,0-53,6% wu 41,6-46,1 %
COOTBETCTBEHHO. B 1eIoM HCMONB30BaHWE OHMOMOIU(MUIIUPOBAHHOTO KapOamma
obecreunsio HanOoJbIIee CoAeP)KaHne MUHEPATBHOTO a30Ta B mouse (Puc. 1).

ConepikaHre MUHEPAJILHOTO a30Ta MOYBEI B BAPHAHTaX C MOJKOPMKOHN KapOamMuioM
U KOHTPOJIEM YMEHBIIIATCS K (pa3e BbIxona B TPyOKYy, OCOOCHHO 3aMETHO MO0 HUTPATHOMN
(dbopMe, BeposSTHEE BCEro, HM3-3a OOJBIIErO IOTPEOJICHHUS PACTCHHSIMU. AMMOHHHHOM
($hopMbI coziepkaioch B mouBe Oojibiine npu noakopmke Kapoamuaom BUO — Ha 48,7 %
Oombie, yem B KOHTpoJie U oObiuHOM KapOamwunme. [lo 3aBeprieHuI0 BereTanuu 03MMOMN
TMIIICHUIBl B TOYBE B BApHUAHTaX C MOAKOPMKAMHU COEpKaHHE MUHEPATHHOTO a30Ta OBLIO
OompIie, YeM B KOHTpoJie: HuTpaTHoro Ha 14,6-22,3 %, amvonuiinoro — 13,8-21,7 %,
HAWOOJIBIIIEE KOJMYECTBO OTMEUEHO B BAapUAHTE C MPUMEHEHHEM MOIUPHUIIMPOBAHHOMN
¢dhopmbI Kapbamuza.
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N-NO3

25

u KonTpoms
= KapGamun

= KapGamun Buo

Kymenne Brxog B pyOky  [lonHas crenoctsh

N-NH4

B KoHTpOIh
= KapGamup
= KapGamun Buo

Kymenue Bexon B Tpyoky  [TomHAf crenocTh

Puc. 1. Coneprkanrie MUHEPAIBHOTO a30Ta B [TOYBE, MI/KT.

AHann3 JMHAMUKH COJAEpKaHHWA MOABMKHOTO (ocdopa B TOUYBE HE MOKazal
CYILLIECTBEHHBIX Pa3IMYMi MEXAy BapuaHTaMM C IOJKOPMKaMHU U KoHTpoieM (Puc. 2).

OpHako OTMEYeHa TEHJICHIMS CHIDKCHHS TNOABIKHOTO (ocdopa B mouse mpu
MOJKOPMKaxX KapOaMHuIOM B CpaBHEHHHM ¢ KOHTposeM Ha 16-1,9 % (¢a3za kymenus), Ha
1,6-1,8 % (Beixox B TpYyOKY), Ha 2,7-3,5 % (mosHOU cnenocTH 3epHa). [Ipu moakopmke
MOIU(UIMPOBAHHBIM KapOaMHAOM B TOYBE COJAEPKAJIOCh MEHBIIE IOABMKHOTO
tbochopa. OT™MedeHHas! TCHACHIUS CBUIIETEIHCTBYET, 0 HEOOXOMMOCTH COATaHCUPOBAThH
cootHomieHne N:P:K B MuHepanbHoM mnuTanuu. Crnenyer ydecTtb, 4To Ha (oHE
MpUMEHEeHUs1 OMOMOAN(UIMPOBAHHOTO KapOaMuaa OTMedaeTcsi OoJbllee IMOTJIOIICHHE
tdochopa u3 moussl (Ha 13-17 %).

Kanuio ynensietcs MeHblee BHUMaHUE IO CPaBHEHUIO C¢ a30ToM M ¢ochopoM B
MUTAaHUS PacTeHUH (B HAYYHBIX MCCIEIOBAHUIX, IPAKTHUECKOM 3eMIIeeNUH). XOTSI POJib
CYLIECTBEHHa,  JOCTaTO4YHas  OOECIEYEeHHOCTh  PAaCTeHUH UM CIIOCOOCTBYET
CYLIECTBEHHOMY IIOBBIIICHHUIO YCTOMUMBOCTH (OOJNE3HAM, IIOJETaHHWIO) U Ba)KHBIM
SIBIISIIOTCSI yITy4IlIeHHEe KadecTBa MPOAYKLUH, CHIDKCHHE TIOTeph MPH XpaHeHUHU. B qaHHBIX
HCCIICIOBAHUAX CYIIECTBEHHOTO OTJIMYHMS MO COAEpPKaHIIO OOMEHHOTO KaJlus B TIOUBE HE
BBISIBIICHO, TIPUCYTCTBYET HEBBIPAXXEHHOE CHIDKEHHE TTpH moakopMkax (Puc. 3).
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® KoHTpomh
B KapGamng
mKapGamnn Bruo

Kymenue BsIxon B TPyOKY TlomHasA crnenocTb

Puc. 2. Conepxanune noasmwxaoro gocdopa (P,Os) B mouse, Mr/kr.
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Puc. 3. Conepxxanue oomennoro kanus (K,O) B mouBe, MI/kr.

TakuM 00pa3oM, ompeieNieHre coiepKaHus MaKpodieMeHToB B mouse (N, P, K) nox
pnustaueM KapOamupg buo, 1mocroBepHO yKasplBaeT Ha  TOJOXKUTEIBHYIO  POJb
OuonpenaparoB B 00eCICUeHIH MUTAHUS PACTEHUH, KaK B CDAaBHEHUH C KOHTPOJIEM, TaK U
C €ro TPAJUIHOHHOH HopMOH.

3AKIIOYEHHUE

B pesynprare ONHMTENBHOrO HCHOJB30BAaHUS MOYBBI, KaK pecypca, MPOUCXOIUT
3HAYUTEJIBHOE OTYYKACHHE IMTATEJIbHBIX 3JIEMEHTOB C YPOXKaeM, HapyllaeTcs IMKII
KpPYroBopoTta OHMOTeHHBIX dJ1eMeHTOB. [lomydeHHBIE pe3ynbTaThl — HCCIEIOBAHUS
00OCHOBBIBAIOT POJIb OHONpENapaToB, MNPUMEHSIEMBIX COBMECTHO C MHHEPaJIbHBIMU
yIOOPEeHUsIMH, YTO TaKKe SBISIETCA BaXKHBIM YCIOBHEM 3KOJOTMYECKOM ONTHMHU3AIMU
IIPUPOONOIb30BAHUS.
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Ha mnoceBax pacTeHuii 03MMOH mIIeHHUIIBI, HanOojee 3(P(HEKTHBHON OKa3aiach

omomomubunrpoBanHas ¢opMa ymoOpeHWs. IKCIEPUMEHTAIbLHO YCTaHOBJIEHA €ro
06mbIIast 3hEeKTUBHOCTh B PErYIMPOBAHUY U ONTHUMU3AINH YCIOBUA POCTa M Pa3BUTHUS
03UMOM TMIICHUIIBI HA JYTrOBO-UYEPHO3EMHOW IOYBE, B CPaBHCHHU C TPAJAUIIMOHHON
(dhopmoii. JlelicTBe OMOMHUHEPAIBLHOIO YIOOPEHUS MOXET PacCMaTPUBATHCSA KakK IPUEM
KOMIUIEKCHOI Onomoru3aiuu arpotextoiioruii B Poccuiickoii denepanuu.
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As a result of long-term use of soil as a resource, the natural balance of
microorganisms necessary for normal plant life is disrupted, and a negative balance of
nutrients is formed in the soil. That leads to a decrease in soil fertility, inhibits the growth
of plant development, quantity and quality of products.

Management of soil fertility, maintaining their stability largely depends on the
optimization of conditions for growth and development of plants.

Violation of the balance of native microorganisms leading to a decrease in the
number, a deficit of nutrients is formed in the soil, which reduces soil fertility. The
solution of the problem could be the use of biomineral fertilizers, produced with Bacillus
subtilis, strain Ch-13, which stimulates seed germination, root formation and allows you
to regulate the root system microbiocenosis, increasing the potential productivity.
However, the nature of microbial action is determined by the strain and type of the
biopreparation used, as well as by the biological characteristics of crops.

The aim of the work was to study the effectiveness of the use of modified mineral
fertilizer bacteria Bacillus subtilis Ch-13 in the optimization of plant nutrition.

The relevance of the use of biomodified fertilizers in the agrocenosis with winter
wheat is due to the expanding use of organic agriculture technologies in Russia, and as a
method of complex biologization.

The main condition is always the conditions of plant nutrition, for which it is
necessary to increase soil fertility. It is important to know not only the content of basic
nutrients in soils, but also in what compounds they are present, whether they are contained
in a form accessible to plants.

In our experiment the dynamics of the main soil macronutrients under the influence
of the studied fertilizers by phases of vegetation was studied. It is assumed that the
microbial fertilizer applied to the finely ground organic silicon is fixed on the surfaces of
mineral fertilizer granules. The high content of available silicon, further improves nitrogen
and phosphorus metabolism in plant tissues, forming resistance to biotic stresses, activates
the natural soil microflora. All this will increase the efficiency of assimilation of nutrients
from fertilizers and soil, regulate growth processes.

The results of the effectiveness of the biomodified fertilizer in the technology of
cultivation of winter wheat plants on meadow-chernozem light humus heavy loamy soil
are presented.

The influence of Urea BIO on the dynamics of accumulation of nitrogen, phosphorus
and potassium in the soil has been established, which reliably points to the positive role of
the biopreparation in providing plant nutrition both in comparison with the control and
with its traditional form.
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POJ1Ib BUOMOANDPULINPOBAHHOIO ASOTHOIO YAOBPEHUA ...

The action of biomodified fertilizer showed a high effect and can be considered as a

method of complex biotechnology agro-technology.

Keywords: optimization; conditions of growth development; winter wheat;

rhizospheric bacteria; biological product; urea; nitrogen; phosphorus; potassium.
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