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DKOTOKCHKOJIOTUSA

OIIEHKA ®PUTOTOKCUYHOCTU YEPHO3EMA OBBIKHOBEHHOTI' O
IPU IIPUMEHEHWUMN Bacillus sp. 1 BUOYAPA JJII CTUMYJIAIIUNA
PA3JIOKEHUA ITOXKHUBHBIX OCTATKOB
O3UMOW HIIEHWUIIBI (Triticum aestivurm L.)!
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CrabuibHoe (PYHKIIMOHMPOBAHUE CEIbCKOXO3SMCTBEHHBIX 3eMeIb HEBO3MOXHO 0€3 Ioaaep>KaHus TLIO-
nopoaust moyBbl. OMHAKO Ha MOJISIX 3a4aCTYI0 OCTAETCsl MHOTO MTOKHUBHBIX OCTaTKOB, KOTOPBIE TOCTATOU-
HO JTOJITO pa3JiaraloTcs ¥ MpeBpalIaloTcs B JOCTYITHYIO OpraHUKY. 17151 OBBIIIEHUsI CKOPOCTH Pa3JIOKEHMS
MOXXHUBHBIX OCTATKOB 3¢PHOBBIX KYJIBTYD (TIILIEHULIBI, SYMEHS U IPYTHX) HEOOXOIMMO BHECEHHUE TTpeTiapa-
TOB-OMOCTUMYJIITOPOB. BUOCTUMYISATOPHI IIPENCTaBISIOT CO0O0M pa3HOOOpa3HbIE BEIIECTBAa, KOTOPHIC
CTUMYJIMPYIOT Pa3JIOKeHUE OPTaHUUECKUX BEIIECTB U OJIAarONPUSITHO BO3AECHCTBYIOT HA TOUBEHHYIO MUK-
pobuoty. B craTthe paccmarpuBaeTcs BaustHue Bacillus sp. Ha TIpoliecchl pa3aoXeHUs MTOXXHUBHBIX OCTaT-
KOB MIIIEHUIIBI KaK CaMOCTOSITEJIbHO, TaK M COBMECTHO ¢ 6royapowm. Llenb nccienoBaHusi — OLIEHUTD (hu-
TOTOKCUYHOCTh YepHO3eMa OOBIKHOBEHHOTO TTPY Pa3JI0KEHUU TTOXHUBHBIX OCTATKOB O3MMOM TIIIIEHUIIBI
nof BiausitHueM Bacillus sp. v 6uouapa. Ijist OLleHKU 9KOJ0TUYECKOTr0 COCTOSIHUSI TTOUYBbI TPUMEHSUIH Clle-
IyIOIIe METOIbI MCCIENOBAaHMS: OLICHKY CKOPOCTH Pa3JIOKEHUS LEJUTION03bI (OnpenesieHue 1eUTI0I030-
JINTUYECKON aKTUBHOCTH), OLEHKY 3KOJIOTMYECKOTO COCTOSIHUS MOUBBI (MHTEHCUBHOCTU aMuccuu CO,,
U3MEHEHUS] UHTEHCUBHOCTHU HaYyaJIbHOTO pOCTa U pa3BUTUs 03uMoro stumeHsi (Hordeum Vulgare L.)). BHe-
cenue Bacillus sp. X 100 u coBMecTHOe MpuMeHeHue 6uouyapa u Bacillus sp. CTUMYIMPOBAJIO pa3jioKeHUE
LeJUTI0J103bI 10 14—15% ot hoHoBoro conepxxanust. UHokynsuust Bacillus sp. Ha 6uodape 6bl1a 3¢hGeKTUB-
Ha yXe IpU peKOMEHAYEMOI 103€ KakK JIsl pa3ioXeHUs UeJUTI0JIO3HOTO MOJI0THA, TaK U IJ1s1 BOCCTaHOBJIe-
HUS 9KOJOTUYECKOTO COCTOSIHMSI TOYBBI, JEMOHCTPUPYS CUHepreTnyeckuil adekTt. IMomyueHHbIE pe-
3yJIbTaThl HEOOXOIMMO MCIIOIB30BaTh MPU MPOBEACHUM MEPONIPUSITUIA TIO MOBBILIEHUIO IUIOJOPOANS TTOYB
CETBCKOXO3IMUCTBEHHBIX YTOIMI 1 9KOJIOTMYECKOM MOHUTOPUHTE COCTOSTHUS TIOYB.

Karouesvie croga: mouBa, OUOCTUMYJISIIIMS, OIPYKHOCTh NTPOpPACTaHMsI, SHEPTUs MPOpacTaHusl, CKOPOCTh
MpOpacTaHusI, BCXOXeCTh, JUIMHA KOPHEM 1 T0GeroB, Macca moderoB ¥ KOpHe, MOIEeTbHBI 9KCTIEPUMEHT,

3KOJIOTMYECKOEC COCTOAHMUE.
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BBEIAEHME

YepHO3eMbl — 3TO caMble MJI0AOPOAHbIE MTOUBHI B
mupe [1]. B Poccnu yepHo3eMsl 3aHuMalot >50% ot
Bcell 1uiomagu B mupe [2]. YpoBeHb ILIog0opOaus
YEpHO3E€MOB B HEITOCPEICTBEHHOM CTEIeHU BIUSIET

"Uccnenosanue BbimonHeHo npu (uHAHCOBOW TNONIEPXKKE
MuHKCTepCTBA HAYKKM U BhICIIEro obpasoBanus P® mo mox-
NepKKe MOJIONIEKHOM JabopaTopuu “ArpoOHMOTEXHOJIOTUM ISt
MOBBIIICHUsI TJIONOPOAUSI MOYB M KayecTBa CEJIbCKOXO3SIiH-
CTBEHHOI MPOAYKLIMU” B paMKaX NMPOrpaMMbl pa3BUTHS MEX-
PEerMoHaJIbHOTO HaydyHO-00pa3oBartebHoro 1eHtpa FOra Poc-
cun (JJabHOL-21-01AB) u IIporpaMmbl CTpaTernyeckoro
akageMuueckoro jguaepctsa KOxHoro ¢enepaaibHOro yHUBEp-
cureta (“IIpuopuret 2030”) (Ne CIT-12-22-10).
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Ha ypOXKaifHOCTh BO3JEJIbIBA€MBIX KyIbTyp. IloTeps
BJIAaTM U OPTaHUYECKOIO BEIleCTBA, a TaKXKe MCKYC-
CTBEHHas 3aMeHa HAaTUBHOI PaCTUTEIBHOCTU CEJlb-
CKOXO3SMCTBEHHBIMU KYJIbTYypaMU B YCJIOBUSIX CO-
BPEMEHHOIO 3eMJIeAe/IMs MOTYT IIPUBECTU K yCHUJIE-
HUIO BSPOAUPOBAHHOCTU IIOYB M 3HAYUTEIHLHOMY
CHIXXEHMUIO UX mogopoaus [3—9].

IMoxXHUBHBIE paCTUTEIBLHBIC OCTATKU CEJIbCKOXO-
3IMCTBEHHBIX KYJIbTYP MOIBEPXKEHBI OMOJIOTUYECKO-
MY Pa3joXeHHUIO B TIOYBE B 3aBUCUMOCTH OT COIEP-
XKaHUS B TOYBE MUKPOOPTAHM3MOB, TeMITepaTyphbl
MOYBBI M KOJMYECTBA aTMOC(EpHBIX ocagkoB [10—
12]. IomHoe pa3noxkeHNEe ITOXKHUBHBIX PAaCTUTEIIb-
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HBIX OCTATKOB CEJIbCKOXO3SIMCTBEHHBIX KYJILTYD B
oYyBax — 3TO JIMTEJbHBIN IIPOLIECC, OXBaThIBAIO-
IO OT HECKONIBKUX JIET IO mecatmiieTnii [10].

OnHO 13 OCHOBHBIX COCTaBISIOMINX 3P PEeKTUB-
HOTO BEAEHUS 3eMJIefieSius SBsIeTCs co3gaHue 0e3-
neUIINTHOTO OajlaHCca OpPraHWYECKOTO BEIlleCTBa B
MOYBE, KOTOPbIil MOXET ObITh OOECIIeYeH KaK BHECe-
HHEM OpraHWYeCcKUX ynoOpeHUi, TaK U 3a CUET UC-
MOJIb30BaHUS MOXHUBHBIX PACTUTENbHBIX OCTATKOB
CEJIbCKOXO3SIMCTBEHHBIX KYJbTYp-TIPeNIlIeCTBEHHM -
KOB [ 13—16]. Mcrionb3oBaHue npoliecca pa3ioXKeH s
MOXHUBHBIX PACTUTENbHBIX OCTAaTKOB CEJIbCKOXO-
39MACTBEHHBIX KYJBTYp SIBJsieTCSd Haubosiee NOCTYII-
HBbIM U 9KOHOMMWYECKU BBITOIHBIM, MTOCKOJIbKY T03-
BOJISIET ¢ O1MOMAacCCOii paCTeHU YaCTUYHO BEPHYTH B
MOYBY BbIHECEHHbBIE 2JIEMEHTHl MUHEPAILHOTO NUTA-
Hus [17—19]. IloxKHUBHBIE OCTAaTKM CEJIbCKOXO3STi-
CTBEHHBIX KYJIbTYD SIBJISIIOTCS OMHUM U3 UICTOUHUKOB
nouBeHHOTO yriepona [15, 20]. B psnoe mnccnenosa-
HUI YyCTAHOBJIEHO, YTO TMOBBIIIEHUE CKOPOCTU pa3-
JIOXKEHUSI TMOXKHUBHBIX OCTaTKOB MPUBOIUT K YIyd-
HIeHUIO (PUBNYECKUX XapaKTEPUCTUK MOYBbI, CTUMY-
JISIIIMU  aKTUBHOCTU (DEPMEHTOB U TTOBBILIEHUIO
YPOKallHOCTU CEJIbCKOXO3SIMCTBEHHBIX KYIbTYp [21—
24]. TToXHUBHbIE OCTaTKWU CEIbCKOXO3SIMCTBEHHbBIX
KYJIBTYD SBJISIIOTCS 3(P(PEKTUBHBIMU COpPOCHTAMM U
YMEHbBIIAIOT BbIMbIBAHWE TMECTULIMIOB M3 TTOYBbI
[25—29]. OnHako HakoruieHHe OOJIbIIOrO KOoJIuue-
CTBa OCTaTKOB COJIOMbI B MOYBE MOXKET MPUBECTU K
pSily HEraTMBHBIX TIOCJIEICTBUI, CBSI3aHHBIX C He-
MPEPBIBHBIM MOCTYTIJIEHUEM U MEIJIEHHBIM pa3ioxe-
HueM cosioMbl [30]. BuoakTuBHBIE OpraHUYECKUE
KUCJIOTHI (KaK MypaBbUHasI U YKCYCHas) 00pa3yroTcst
B TIOYBE MPU Pa3OKEHUU COJIOMbl U TIOJABJISIIOT
POCT KOpHeit U MPOPOCTKOB CEJILCKOXO3SIHCTBEHHBIX
KyJAbTYp. bojiee Toro, uccienoBaHus Mo BbIpalliuBa-
HUIO KYJbTYP CBUIETENbCTBYIOT O SIBJIEHUSX MaTO-
TEHHOCTH M TsDKecTu Oose3Heil pacteHuit [23, 31,
32]. JInd ycKopeHus Mpoliecca pas3ioXeHUsl Mo-
JKHUBHBIX OCTaTKOB UCMOJB3YIOT Pa3uyHbIe METO-
nbl. K TakumM mMeTrogaM OTHOCSAT OUOCTUMYJISILIMIO C
KCIIOJIb30BaHUEM OAKTEPUIi-1IEJTIONIO30IUTUKOB WU
OpraHUYeCKUX BelleCTB-OMOCTUMYJATOPOB. CTUMY-
Jisitusl abOpUTeHHON MUKPOOUOThI (OMOCTUMYJISILIS)
MPOUCXOAUT NPU 100aBJIEHUN OUOJIOTUUECKU aKTUB-
HbIX BELIECTB. BUOCTUMYNSITOPBI HE SIBJISIIOTCS] TUTA-
TEJIbHBIMU BeIlIECTBAMU, a CIIOCOOCTBYIOT YCBOEHUIO
MUTaTEIbHbBIX BEIIECTB, OJIaTOTBOPHO BIUSIIOT Ha POCT
CEJIbCKOXO3SIMCTBEHHBIX KYJbTYP U UX YCTONYMBOCTD
K (pu3myeckoil 1 XuMmu4ecKoi Harpy3ke [33].

Buouyap — 3To yroib, MOTYYEeHHBIM B pe3yabTare
MIPOJIN3a Pa3INYHBIX MaTepHaoOB (PacTUTEIHHO-
CTH, KOCTEM XUBOTHBIX U 11p.) [34—36]. buouap xa-
paKTepm3yeTcsl BBICOKHMM COAepXKaHMEeM yTiepona,
OOJIBITIAsA YaCTh KOTOPOTO HAXOAUTCS B BUIE apoMa-
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TUYECKUX CTPYKTyp. JdobdaBieHue Ouodapa B IMOYBY
MOJIOKUTEIBHO BJIUSIET Ha (QU3NKO-XUMUUYECKUE
CBOIICTBa TOYBBI, Takhe Kak pH, CTpyKTYpHOCTb,
yaepxXxaHue MUTaTebHbIX BEIIECTB, YTO MPUBOAUT K
U3MEHEHUIO0 CTPYKTYPhl MUKPOOHOIO COOOIlecTBa
[37—39]. Kpome Toro, mopucTtasi CTpyKTypa 6rodapa
SIBJISIETCS XOPOIIUM yOeXuIlleM IS TOYBEHHBIX
MuKpoopraHusmMoB [40]. C noBbIllIeHWEeM TeMIiepa-
TYpbl NMUPOJIM3a apoMaTUYeCcKue KOJiblla BCE yallle
CTPYKTYpUDPYIOTCS B TpacdeHOBBIX JMCTaX BMECTO
clydyaitHO yIopsiIOYeHHBIX aMOp(MHBIX apoMaTuye-
CKUX CTPYKTYp [41—43], moka3biBast MEHbIIIEe KO-
YeCTBO BKITIOYEHHOTO BOIOpOIa W Kuciopona [44].
ApomaTuyeckue MOJIEKYJIbl OUeHb CTAOUIbHBI U SIB-
JISIIOTCSI TIPUYMHOM TOTO, YTO OMoYap He pasjiaraeTcs
MOJIHOCTBIO B T€UEHUE CTOJETUI WU JTaXKe ThicsSue-
JeTuii [45, 46]. YuuTeiBast pe3Koe COKpallleH1e 3ara-
COB yIjiepoa B OPraHU4YeCKOM BelleCTBE TTOYBHI 13-
3a 3eMJIENOJIb30BaHUS W M3MEHEHMUs KJMMara,
YCTOMUMBOCTb OuoYapa JaejiaeT ero MmpuBjeKaTeb-
HBbIM C LeJbl0 CBSI3bIBAaHUS yrjiepola B KauyecTBe
CTpaTeruv CMSTYEHUs] TIOCJIENCTBUIM HW3MEHEHUS
kiamMmarta [47—51].

HokazaH cuHepruyeckuii 3HeKT MHOKYJISILIUNA
apOyCKyISIpHOII MUKOPHU30M B OMOYape Ha COCTOSI-
HUE MOYBBI U ITOBBIIIEHNE MPOIYKTUBHOCTH pacTe-
HUM npu 3arpsisHeHuu [22]. MHoKysinust apoycKy-
JISPHOM MUKOPU30i M BHECEHHE OMoYapa yaydIIamT
pPOCT pacTeHMIA, CTUMYJIUPYIOT aKTUBHOCTh ITIOYBEH-
HBIX MUKPOOOB, cHIXKas purtopoctymHocTs Cd [31].
Nuokynsauusa docdarcomoOnIM3upyommx oakre-
pUil TaKKe SIBJISIETCS. YCTOMUMBBIM MOAXOAOM K yBe-
JIMYEHUIO JOCTYITHOTO comepxkaHus pocdopa B IToUu-
BaXx JJIs1 TIPOM3BOICTBA CEIbCKOXO3SIMCTBEHHBIX
KyJIbsTyp [52]. UMMoOunm3anmsa 0akTepuii Ha Ormoda-
p€ — 3TO IePCHEKTUBHEIN METO MOBHIIICHUS aKTUB-
HOCTU a0OPUTeHHBIX OPraHM3MOB BMECTE C IPUBHE-
CEHHBIMM IIITAMMaMH, B YaCTHOCTH, B OTHOIIECHUU
pa3iaoKeHUsI MOXHUBHBIX OCTATKOB CEIbCKOXO3SIii-
CTBEHHBIX KYJIBTYD.

ems paboThl — OIIEHKA 9KOJIOTTYECKOTO COCTOSI -
HUS YepHO3eMa OOBIKHOBEHHOTO IO/ BIUSTHUEM Ba-
cillus sp. 1 Oumoyapa Ha pas3jIOXCHUE ITOXKHUBHBIX
OCTaTKOB O3MUMOJ MIIEHUIIBL. 3a1a4i UCCIENOBAHMS:
1 — olleHKa CaMOCTOSTEILHOIO 1 COBMECTHOTO BJIM-
stHUS Bacillus sp. u 6Movyapa Ha OHMOJIOTUYECKYIO aK-
TUBHOCTb UYepHO3eMa C IIOXKHMBHBIMU OCTaTKaMU
03MMOI MIIEHULIbI; 2 — BBISIBIICHUE HATWYNSI/OTCYT-
CTBMSI aHTarOHUCTUYECKOTO JIMOO CUHEePTeTUUECKO-
ro addekra; 3 — onpenencHue Bkiaana Bacillus sp. u
6uouapa Ha M3MEHEHNE COCTOSTHUSI OMOJIOTUYECKUX
roxasareJieil TIOYBHI.



62 MWHHWKOBA u 1p.

[ KoHTponb I — a0COJIOTHO YKMCTas TIoYBa

[ Don | — NOXHUMBHBIE OCTATKXA O3MMO MILIEHULIBI C NPK, CMEIIIaHHbIE ¢ TOYBOIA

buouap (B) |- —

Bacillus sp.

i)

Bac. sp. X100

>_

[BI/IH. (Bacillus sp.):]

/|> ESI/IH. (Bac. sp. X 1003

Puc. 1. CxeMma s3kciepyMeHTa.

METOINKA NCCIIEJOBAHUA

O0OBEKTOM HCCIeIOBaHMS BEIOpAH YepPHO3EM OOBIK-
HOBEHHBII KapOoHaTHBIN (Amax, cioit 0—25 cm). Me-
cro otoopa — boranmueckuit can FOzxkHOTO dhenepanb-
HOro yHuBepcurera, I. PocroB-Ha-/doHy. YepHO3eM
OOBIKHOBEHHBIII XapaKTepU30BaJiCs CoaepsKaHUEeM
opraHuyeckoro yriaepoaa 4.5—6.5%, kapOoHAaTOB —
0.3—0.5%, EKO — 40—45 mr-3k8/100 T mouss! [53].

MuKpOoOHOJIOrMYECKUI TIperapaT ObUI CO30aH Ha
OCHOBE KOHCOpIIMYMa IITaMMOB a3pOOHBIX CIIOPO-
obGpasyrolux 6akTepuii p. Bacillus sp. BKIIM B-1895,
MPOSIBJISIIONINX AHTAarOHUCTUYECKYI0 aKTUBHOCTbH B
OTHOILIEHUU (PUTOIATOTeHHBIX IpruOOB. KynbTypHO-
Mopdosornyeckue Npru3HaKku TaMmma: KOJJOHUU Oe-
JIOro 11BeTa pa3MepoM 3—5 MM, C BOJIHUCTBIM KpaeM.
bakrepun kynsruBupytorcs Ha MIIA, npu 370°C.
Iramm Bacillus subtilis BKITM B-1895 He siBasieTcs
reHeTUYEeCKU MOAU(ULIMPOBAHHBIM IIITAMMOM U OT-
HOCHUTCSI K HEMATOTeHHBIM IIJISI YeJI0BEKa MUKPOOP-
raHM3MaM, COIVIACHO KJIacCU(pUKAIIMM MUKpOOpra-
HU3MOB, MPUBEICHHOI B caHUTapHbIX mpaBuiiax CIT
1.3.2322-09. O61as pekomeHayeMasi 1o3a mperapara
cocrasusier 20 1 Ha 1 ra moussl (2.5 X 107 Mi1/300 1
MOYBHI). AHATU3MPOBAI HOPMBI IIPUMEHEHUS: pe-
KoMeHayeMyto Bacillus sp. n B 100 pa3 6osblie ot pe-
koMmeHayeMoii (Bacillus sp. % 100).

buogap — 3T0 aKTMBUPOBAHHEBII YyTONIb, KOTOPHIA
obOpasyeTcs B pe3yJibTaTe 0€3KUCIOPOTHOTO ITMPOJIH -
3a OPraHUYECKUX BEelIeCTB (IepeBa, TUCTheB, KOCTeit
U Apyrux BeiecTs) [54—57]. Ucnionbp3oBaHue Onova-
pa I03BOoJIsIeT COPOMPOBATh TsLKeable MeTaiutbl (TM)
1 HEKOTOPbIE TTOJIMLIMKIINYECKIE apOMATUICCKUE YT-

neBomoponsl (ITAY) kak 6enzanupeH [58, 59]. Ho-
GapjieHUe 6MoYapa B TIOYBY, 3arPSI3HEHHYIO HE(PTHIO
n HedrenpoaykraMu, B ToM unciie [TAY, crumynn-
pyeT abopureHHyo 6uory [60]. YcuiaeHne aKTUBHO-
CTU OMOTHI MPOMCXOOUT 34 CYET JOMOJTHUTCIBbHBIX
WCTOYHUKOB a30Ta, CIOCOOHBIX BHIPABHUBATH paB-
HOBeCcUe MUHEPAIbHBIX JIEMEHTOB B TTOUBE U ONTUMMU-
3UPOBATh JIEeITeILHOCTh MUKPOOMOTBI Ha Pa3JIoXKeHUe
HedTH J0 MPOCTBIX U HETOKCUYHBIX IJISI TIOUYBBI MIPO-
IyKToB. McciaegoBany KOHIIEHTpallMio Ouodyapa —
1% oT Macchl TTIOYBHI.

Jnsa ouenkn BausgHUSA Bacillus sp. m 6noyapa Ha
MPOLIECC CTUMYJISILIAM PA3IOXKEHUS TOXHUBHBIX
OCTaTKOB 03uMOI nmeHullsl ( Triticum aestivum L.) B
JTaGOPaTOPHBIX YCIOBUSIX OBLI IIPOBEIeH MOIETBHBIM
skcnepuMeHT (puc. 1). o 3TOro IOXHUBHEIC
ocTaTkKu o3uMoit meHunsl (7riticum aestivum L.)
GBIV cCOOPaHEI C TTOJIST 03UMOI TTIIEHULIBI ITOCIIe cOopa
ypoxKasl, TIIATeJIbHO TMPOCYIICHBI HA BO3IOYyXe, YTOOBI
n36eKaTh MOpUYr. BBICYIIIEHHYIO COJTOMY Hape3aiu aK-
KypaTHO HOXHHUIIaMH 10 pazMepa dactuir 0.5—1.0 cm.

B pamkax skcrmeprMeHTa TTPOU3BOIVIIN CpaBHE-
HHE cCaMOCTOSITEIIbHOTO BIUSTHUS Bacillus sp. m 61o-
yapa Ha MPOIECChl pa3TOXKEHMST TTOKHUBHBIX OCTaT-
KOB O3UMOM MIIIEHUIIHI, a TAKXKe COBMECTHOTO BITHSI-
Hus Bacillus sp. ¢ oumouapom. OLeHUBAIN BIUSHNIE
Oouoyapa, MHOKYIupoBaHHOTO Bacillus sp., Ha 0M0J10-
TMYeCKUe CBOMCTBA dYepHO3eMa OOBIKHOBEHHOTO.
INpennonaranu, yro npu nodasiaeHuu Bacillus sp. n
61ovyapa OXHUIAeTCS TTOBBIIIIEHUE CKOPOCTH pPasiio-
JKEHUS TTOKHUBHBIX OCTAaTKOB COJIOMBI U CTUMYJISI-
st OMOJIOTHIECKUX MoKa3aTeneil uepHo3eMa OOBIK-
HOBEHHOTO.
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Bac. sp. x 100 b + Bac. sp.

b + Bac. sp. bun. bun.
% 100 (Bacillus sp.) (Bac. sp. x 100)

Puc. 2. Usmenenne amuccun CO, yepHO3eMa 0OBIKHOBEHHOTO MpY NobasieHun 6uodapa u Bacillus sp.

®doHoM B BapraHTax Oblja IMouBa ¢ 100aBIeHUEM
MOXHUBHBIX OCTATKOB O3UMOI MIIEHUIBI U KOM-
IJIEKCHOTO a30THO-(0oCcHOpPHO-KATUNHOIO yaoope-
Hus (NPK).

J1st olleHKHU GMOJIOTMYeCKO aKTUBHOCTU TTOYBBI
ONpeAessuIn: LE/UTIONIO30JUTUUECKYI0 aKTUBHOCTD
mouBkbl Mo MeTony MuinyctuHa—BoctpoBa—IleTpo-
Boii (1993 1.). B kaxnplit oOpazell B mpeaBapuTesIbHO
U3rOTOBJIEHHBIN pa3pe3 B eMKOCTU C MOYBOil rome-
1IaJIM NojioTHa TKaHU. [1o ucrteyeHUn nepuoaa Kc-
TMOHUPOBAHUSI COXPAHUBIIMECS OCTAaTKU TIOJOTEH
aKKypaTHO BbIHUMaJIM M3 pa3pesa, MpOCYILIUBau,
OYMIIAJIX OT TTOYBBI U B3BELLIMBAJIH.

HMuTteHcuBHOCTL aMuccuu CO, olieHUBaJU C MO-
Mobio razoananuzaropa “EGM PP Systems” mytem
U3MEpEHUs KaxXOIoi eMKOCTU ¢ 00pa3loM MOYBEHL.
OueHky amuccun CO, 13 TOYBBI paCCUUTHIBAIU MO
npupocty KoHrneHrparuu CO, B KaMepe TIpH paBHO-
MEpPHOM €€ YBETUYCHUM.

DUTOTOKCUYHOCTD M3MEPSIIN TI0 TToKa3aTelIsIM
npopacTtanusa ceMssH stumeHst (Hordeum Vulgare L.)
copta JIeoH (BCXOXeCTh, SHEPTUSI, IPYKHOCTh, CKO-
pOCTh TIpopacTaHUsI) W MoKa3aTeJIsIM WHTEHCUBHO-
CTH HaYaJIbHOTO POCTAa CeMSH (ITMHA IT00EeTOB M KOp-
Hell, (uTomMacca mMo6GeroB M KopHeit). M3ameHeHUs
TAaHHBIX XapaKTePUCTUK (DUKCHPOBAIIA €KeTHEBHO B
TeueHUe 7 CYT MOCIe TToceBa CEMSTH.

,HJ'IH onpeacacHusa 1OCTOBEPHOCTHN NAaHHBIX ITPO-
BOOAMJIN NX MATEMATUYCCKYIO o6pa60TKy METOdaMU
MHOFO(I)aKTOpHOI‘O 1 KOPPECIAIIMOHHOIO aHaJIn3a.
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PE3VIIBTATHI 1 X OBCYXIEHUWNE

Hszmenenue smuccuu CO,. OueHKa SMUCCUM YTIIe-
kucioro raza (CO,) yepHo3eMa OTpaxaeT IMMoOOYHbIE
MPOIYKTHI Pa3ioKeHUsT YriIepoacoaepKalliX MaTe-
pMajIoB, B TOM YHKCje HEDTH U LE/UTION03bI [61—65].
Ha puc. 2 noka3aHo, 4To 61104Yap He OKa3bIBaJl BIUSI-
Hue Ha smuccuio CO, 1Mo cpaBHEHUIO C (HOHOM.
Ilpu no6asnenun Bacillus sp. n Bacillus sp. X< 100,
ououap + Bacillus sp. THTrMOMpPoOBaHNE BBEIICICHUS
CO, coctapuio 11, 10 u 7% 110 cpaBHEHUIO ¢ (HDOHOM.

Ilpu nmo6asnenuu Bacillus sp. X 100 m 6mouapa
smuccust CO, 1O0CTOBEPHO HE OTIMYayiach OT oHa.
I1pu mo6asmeHnu 6ModYapa, MHOKYJINPOBaHHOTO Ba-
cillus sp., m 6oyapa, MTHOKYJIMPOBAaHHOTO Bacillus sp. X
%X 100 smuccust 6bL1a TToBBIIIeHA Ha 8 1 7% cOOTBeT-
CTBEHHO IO CpaBHEHUIO C (POHOM.

Takum o6pa3oM, yCTaHOBJIEHO, YTO OModap, NHO-
KyJnupoBaHHBINA Bacillus sp., IBISLICS MHALIMATOPOM
moBbIIeHUs KoHIIeHTpauu CO, B TOYBEHHOM BO3-
JIyXe Y KaK CJIeACTBUE — Pa3IoXKeHUs LEeJITI0JI03HOTO
TTOJIOTHA C OOJIBIIIEN CKOPOCTHIO.

Hzmenenue ueantono304umu4eckoli. aKmueHoOCmu.
Lenmono3onurnyeckast akTUBHOCTh TIOYB OTpaxkaeT
CKOpPOCTh PAa3JIOKEHUS 1IeJUTIOJIO3HOTO TIOJIOTHA B
MOYBE M aKTUBHOCTb MOYBEHHOM OMOTHI. YeM MeHb-
IIe Macca MOJIOTHA Iociae MHKyOamuu, TeM 3Pdek-
THUBHEE MEATEJIbHOCTb LEJUTIOI03apa3pyllarolInx
MuKpooprann3dMoB. Ha puc. 3 npencraBieHa 3ako-
HOMEPHOCTb Pa3JIOKEHUS TIOJIOTHA TP 100aBIeHUN
ououapa u Bacillus sp. B mouBe ¢oHa (ITOXKHUBHBIE
OCTaTKM O3MMOM IIIIEHUIIBI C TTOYBOIT) 6e3 JobaBie-
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@ Paznuna no CPaBHCHMUIO C HUCXONHOM Maccoii MojioTHa

m Pasyiioxenue o CPaBHEHUIO C UCXOAHOI MACCOI MOJIOTHA

Puc. 3. U3MeHeHMe LIE/UTI0I030IMTUYECKOM aKTUBHOCTH YepHO3eMa 0OBIKHOBEHHOTO Ipu A00aBeHuY 6rodyapa u Bacillus sp.

Hug O0mogapa u Bacillus sp. CKOpOCTb pa3iIoXKeHUS
MOJ0THA ObLTa TOMBLKO Ha 22% MeHbIIe NUCXOTHOI
Macchl TOJIOTHA. YCTaHOBJIEHO, YTO IO CPAaBHEHUIO C
¢GOHOBBIM colepXaHUEM, [Ie npu godasieHun 1%
Ouodapa B ITOYBY (pOHA HAOIIOOAIN CHUKEHHE 11T~
JIIOJIO30JIUTUYECKOM aKTUBHOCTH Ha 35% 110 cpaBHe-
HUIO C UICXOHOM MaccCoit MOJ0THa.

I1pu nod6asnenun Bacillus sp. u Bacillus sp. X 100
LIeJITIOJIO30JIMTUYECKAs aKTUBHOCTh ObLIa CHMXKEHA
Ha 20 1 8% 1O CpaBHEHUIO C MCXOMHOM Maccoif mo-
JnoTtHa. [Ipu nobaBieHNN 6aKTepUaAJILHOTO Mpernapa-
Ta Bacillus sp. BMecTte ¢ bumouapoM u Bacillus sp. < 100
1 OMoyapa, 1eJITI0JI030JIMTUYEeCKasl aKTUBHOCTD ObI-
Ja cHykeHa Ha 7 v 18% 110 cpaBHEHUIO C MCXOTHOI
Maccoii moiaoTHa. I1pu nob6asieHun 6moyapa MHOKY-
JupoBaHHOro Bacillus sp., 1 6o4apa MHOKYJIUPO-
BaHHOTO Bacillus sp. X 100 meUTI0I030JIMTUYECKAS
aKTUBHOCTH ObUIa cHU:KeHa Ha 9 u 14% 110 cpaBHe-
HUIO C UCXOMHOM MAaCCOM MOJIOTHA.

HMcxonst U3 monaydeHHbBIX pe3ybTaToB OYEBUIHO,
yto npumeHeHue Bacillus sp. X 100, Bacillus sp. ¢
OuoyapoM U OGuouapa, UHOKYJIUpoBaHHOTO Bacillus
Sp. TIO3BOJIWJIO CTUMYJIMPOBATh Pa3jioKeHUe MOJOTHA
6omee yeM Ha 90% 110 cpaBHEHUIO C VICXOTHOI MacCOMA.

Hzmenenue unmencusHOCMU HAYAAbHO2O pOCMA U
pazeumus sumens. VIaMeHeHNe WHTEHCUBHOCTU Ha-
YaJIbHOTO POCTa PACTEHUI STUMEHS TIpHU T00aBIIEHUU
omouapa n Bacillus sp. mpeacraBiaeHo Ha puc. 4. Jo-
GaBjeHUe OMoOYapa HE OKa3bIBAJIO JOCTOBEPHOTO
BO3IEHCTBUSA HA BCXOXECTb, APY>KHOCTb, SHEPTUIO U

CKOPOCTb TPOpacTaHMs CeMsTH saMmeHsI. JloGaBneHne
Bacillus sp. mpuBeI0 K MTHTUOMPOBAHUIO BCXOXECTH,
YMEHBIICHUIO NPYXKHOCTH, SHEPTMM U CKOPOCTH
npopactanus staMmeHs Ha 20—25% OTHOCUTEIBHO
¢ona. Ilpu noBbeleHUM KOHUEHTpauuun Bacillus
sp. X 100 BcxokecTh U IPYKHOCTb IIPOpACTaHUSI ObI-
JI MeHee UHTUONpOBaHbI — 16 1 15% cooTBETCTBEH-
HO, a DHEPTUS U CKOPOCTh MpopacTaHUs OBLUTM Ha
YPOBHE PEeKOMEHIOBAaHHOM METOOWKH ITPUMEHEHMUS
Bacillus sp.: 21 n 25% oTHOCUTENHHO (hOHA COOTBET-
CTBEHHO.

I1pu nobaBnenuu 6movapa ¢ Bacillus sp. yctTaHOB-
JIEHO CHIDKEHHUE IToKa3aTesleil MHTEHCUBHOCTU Ha-
yaJIbHOro pocTa Ha 19—25% oTHocuTenbHO (DOHA,
npu 6ompiueit mose Bacillus sp. X 100 BcxoxkecTh M
IPYXKHOCTb ITOCTUTJIM YpOBHS (DOHA, a DHEPTUs U
CKOPOCTb IIpopacTaHus ObLIM CHUXKEHBI Ha 14 1 16%
oTHocuTenbHO (oHa. INpu mpumMeHeHUM OModYapa,
MHOKYIUPOBaHHOTO Bacillus sp., HaOIIonaIn CHILKE -
HHUE BCXOXKECTH, IPYKHOCTU, SJHEPTUU MPOPACTAHUS
sraMeHsT Ha 16—19% oTtHocuTeabHO (hOHA, a CKOPOCTh
npopacTaHus Obuta cHxeHa Ha 24%. I1pu nobasiie-
HUU OMoYapa, MHOKYIUpOBaHHOTO Bacillus sp. X 100,
HAOTIOMaNN CTUMYJISIIUAIO BCXOXKECTU U NPYKHOCTU
Ha 20 1 21% 1o cpaBHeHMIO ¢ ()OHOM, a DHEPTUS U
CKOPOCTb IPOpacTaHUs CHU3MIUCH Ha 34 u 32% co-
OTBETCTBEHHO.

INokazaTenm pa3BUTHSA STIMEHsS IIOCIIE BCXOIOB
OLICHUBAJIX IO U3MEHEHUIO ITMHBI TTOOETOB M KOp-
Hel, a TakKe Macce CyxMX IT00eroB U KopHeii (puc. 5).
Buoyap He OKa3bIBaJI MTOCTOBEPHOTO BIWSHUSA Ha

ATPOXUMUA
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Puc. 4. VIaMeHeHUe MHTEHCUBHOCTU HAYaJIbHOTO pocTa ceMsiH stuMmeHst (Hordeum Vulgare L.) Ha yepHO3eMe OOBIKHOBEHHOM

npu gobasieHnr buodapa u Bacillus sp.

Maccy MmoOeroB, MHIMOMpPYSI Maccy KOpHeM, IJIUHY
11o0eroB 1 KopHeit Ha 11, 26 1 15% coOOTBETCTBEHHO
OTHOCUTENbHO (POHA.

I1pu no6aBnenuu Bacillus sp. HAOIOOAIN CHIXKE -
HUE Macchl MoberoB u KopHeil Ha 53 1 80% oTHOCH-
TeJIbHO (pOHa COOTBETCTBEHHO. [Ipn 3TOM AJIMHA TTO-
0eroB 1 KOpHEH ITociae npuMeHeHust Bacillus sp. ObI-
Jla WHTUOWpOBaHA TOJNBKO JUINb Ha 43 u 48%
oTHocuTenbHO (oHa. [1Tpu moBbIlIeHUU 1036l Bacil-
lus sp. X 100 Mmacca KOpHEl 1 IJIMHA II00EroB HE OT-
JINYaJIUCh OT KOHTPOJIS, a Macca MoOeroB ObLIa Mpo-
cTUMYIpoBaHa Ha 17% oTHocuTenbHO hoHa. JImnHa
no0eroB staMeHs Ipu nobasiaeHuu Bacillus sp. X 100
ObLTa MHTMOUpOBaHa Ha 22% OTHOCHTENIBHO (hOHA.

buouap ¢ Bacillus sp. n"HTmMOMpoBaj Maccy mooe-
TOB 1 KOpHE, IJTMHY T00eToB 1 KopHei Ha 49, 31, 30,
42% oTHOCUTENBHO (POHA COOTBETCTBEHHO. [1pu 110~
BBIIIEHUM 103l 0modap ¢ Bacillus sp. X 100 mmuHa
MO0ETOB ¥ KOPHEI He OTIMYaIach OT KOHTPOJISI, Mac-
ca1100eroB ObLIa MPOCTUMYJIMPOBaHa HAa 46 %, a Mmac-
ca KOpHeil MHrubupoBaHa Ha 32% OTHOCHUTEIBHO
¢dona. Mnokynsuus Bacillus sp. Ha Omodyape nmpuBesia
K MHTMOMPOBAHUIO IJIMHBI TTOOETOB U MACCHI KOPHEIA
Ha 32 1 35% cooTBeTcTBeHHO. [1p1 5TOM IUTMHA KOpHEiA
M1 Macca MoGeroB ObTM MHTMOMPOBAHBI TOJBLKO Ha 8

ATPOXUMHUA  Ne5 2023

1 11%. C moBbIIIIEHWEM 036l OMoYapa, WHOKY/IMPO-
BaHHOTO Bacillus sp. X 100, ycTaHOBJIEHA CTUMYJISILINS
Macchl 1mo6eroB Ha 32%, MHTMOMpPOBAaHME IJIUHBI U
Macchl KopHeit Ha 29 1 31% oT (hoHa COOTBETCTBEHHO.

BneceHue 6uouapa u Bacillus sp. BO Bcex KOHLIEH-
TpaUMsAX CIIOCOOCTBOBAIO CTUMYJ/SIIMUA 3MUCCHUU
CO, ¥ pazfoxXeHUIo LeJUIoI03Horo nojotHa. Hau-
OOJIBIINMI BKJIaJ KaXIOro BEIIECTBa B MIPOLECC pa3-
JIOXEHUSI MOJOTHA M BOCCTAaHOBJICHUE 3KOJIOTHYE-
CKOTO COCTOSIHMSI MTOYBBI YCTAHOBJIEH TOCJIE BHECEe-
Hus Bacillus sp. X 100 m 6nouap + Bacillus sp. X 100.
I[IpumeHeHue Ouovyapa M3 IIIEHUYHOM COJIOMEI
(0.2% ot Macchl MOYBBI), MHOKYJIMPOBAaHHOTO C Ba-
cillus sp. ZM20 oka3anoch Haubonee 3(pheKTUBHOMI
0o0paboOTKOM IJIT  YAy4IIeHUST OHUOJIOTMYECKUX
CBOMCTB IOYBBI, pOCTa PaCTE€HMUI, YpOXKANHOCTU U
KauyecTBa ypoxKasi KyKypy3bl 10 CpaBHEHUIO CO BCEMU
IpyrumMu obpadorkamu [66]. IIpu nobasieHun 61o-
yapa, MHOKyJupoBaHHOTO Bacillus sp. < 100, HaG110-
Jaid MaKCUMaJIbHYIO CTUMYJISIIUIO BCXOXECTU U
JIPY>KHOCTY IIpopacTaHus ceMsIH. Takue pe3yIbTaThl
YaCTUYHO MOATBEPKIAIU TMITOTE3y O TOM, UTO BHE-
CeHHe B MOYBY Omouapa yIydIlaeT COCTOSHUE U3Y-
YEeHHBIX YePHO3E€MOB, UTO OTMEUEHO B IPYTUX UCCIIE-
IoBaHUX [67].



66

18% - Macca noGeroB
160 E
140
120
100
80
60
40
20

¢don Ououap Bacillus Bac.sp. b+ b+ bun.  bun.
(b) sp. % 100 Bac. sp. Bac. sp. (Bac. (Bac. sp.
x 100  sp.)  x 100)

%
180
160 -
140 -
120 -

100 F g
80
60
40

20

JlnnHa mo6eron

bun.  bun.
(Bac. (Bac. sp.
sp.) % 100)

dbon

ououap Bacillus Bac.sp. b+ b+
(b) sp. % 100 Bac. sp. Bac. sp.
% 100

%
180

160
140
120
100
80
60
40
20
0

%
18

160
140
120
100
80
60
40
20

MUWHHUKOBA u np.

- Macca kopHeit
- ¥ v}
2
- ¥
T 5
L 5
& |
2
don Ouovap Bacillus Bac.sp. b+ b+ bun.  bBun.
(b) sp. X 100 Bac. sp. Bac. sp. (Bac. (Bac. sp.
x 100 sp.) % 100)
JlnvHa KopHei
B T
ououap Bacillus Bac.sp. b+ b+ bun.  bun.
(b) sp. X 100 Bac. sp. Bac. sp. (Bac. (Bac. sp.
x 100  sp.) X% 100)

Puc. 5. UsmeneHnune nokazateneit pocra ssumenst (Hordeum vulgare L.) Ha yepHO3eMe OOBIKHOBEHHOM MPU NOOABIEHNUM O1oYa-

pa u Bacillus sp., % K KOHTPOJTIO.

3AKJIIOYEHHME

B pesynbrare ucciaenoBaHusi 6umodapa u Bacillus
Sp. Ha IPOLIECC PA3JIOKEHMUS LIEJUTIONIO3bI B TIOUBE ObI-
JI0O YCTaHOBJICHO, YTO CaMOCTOSITEJIbHOE IPUMEHE-
Hue 6uouapa u Bacillus sp. oKa3bIBaJlo CTUMYJIMPYIO-
1ee BO3IeHCTBUE Ha OOJBIIMHCTBO OMOJIOTMYECKUX
rokaszareJjieil, HO Ha CKOPOCThb Pa3JIOXKEHUST LEJUTIO-
JIO3HOTO TOJIOTHA B MOYBe He Bausio. BHecenue Ba-
cillus sp. X 100 u coBMecTHOE ITpUMeHeHue drnodapa
" Bacillus sp. CTUMYJIMPOBAJIN pa3JoKeHUE LEJIIIO-
JIO3BI U YIyYlIajd ITOKa3aTeau, XapaKTepU3yIolne
SKOJIOTUYECKOE COCTOSHUE TNOYBbI. Haubombiimii
BKJIaJI KaXXKIOTO BellleCTBa B MPOLIECC Pa3IOXKEHUS
IMOJIOTHA ¥ BOCCTAHOBJIEHUE 3KOJIOTMYECKOTO COCTO-
STHUSI TIOYBBI YCTAHOBJICH IOCJie BHeceHUs1 Bacillus
sp. X 100 u 6mouap + Bacillus sp. X 100. MHOKyISILMS
Bacillus sp. Ha buodape OblIa 3dheKTUBHA yKe TTpU
peKoMeHIOoBaHHOM o3¢ Bacillus sp. KaK 1j1s pa3no-
JKEHMUS 1LIEJITI0IO3HOTO TTOJIOTHA, TaK U IS BOCCTa-
HOBJICHUSI DKOJIOTMYECKOIO COCTOSIHUSI ITOYBHI, JIE-
MOHCTpPUpPYSI cuHepretTuueckuii addext. ITonyueH-
HBIe pe3yabTaThbl MOXHO MCIIOJb30BaTh MpU
MpPOBEACHUU MEPOIIPUSITUIA TI0 MOBBIIIEHUIO IIOI0-
pOOMS TIOYB CEJIbCKOXO3SIMCTBEHHBIX YTOIUM U 3KO-
JIOTMYECKOM MOHUTOPUHTIE COCTOSTHUS TTOYB.

CITMCOK JIMTEPATYPbBI

. Hokyuaes B.B. Pycckuii yepHozem: OtueT BoapHOMY

3KOHOMUYeckoMy obiiectBy. CIT6., 1883. 376 c.

. Kosti¢ M.M., Raki¢ D.Z., Savin L.D., Dedovi¢ N.M., Si-

miki¢ M.D. Application of an original soil tillage resis-
tance sensor in spatial prediction of selected soil prop-
erties // Comput. Electron. Agric. 2016. V. 127. P. 615—
624.

https://doi.org/10.1016/j.compag.2016.07.027

. Cemenos B.M., Jlebedesa T.H. Ilpobnema yriaepomna B

YCTOMYMBOM 3eMJICACIUN: aTrPOXUMUYECKHUE acTeK-
ToI // Arpoxumms. 2015. Ne 11. C. 3—12.

. Munnurkosea T.B., Mokpukos I'B., Kazeee K.II., Axu-

menko FO.B., Koarecnukos C.H. OLieHKa 3aBUCUMOCTE
MEXIY TUAPOTEPMUYECKUMM ITOKA3aTENIMM U (dep-
MEHTAaTUBHOM aKTUBHOCTBIO YepHO3eMOB POCTOBCKOI
00JIACTH TIPU UCITOJIB30BaHNH PA3JIMIHBIX aTPOTEXHO-
soruit // Arpodmsuka. 2018. Ne 1. C. 9—17.
https://doi.org/10.25695/AGRPH.2018.01.02

. Axmem3zsanoe M.P., Taranoe U.II. Biusane mpueMoB

OCHOBHOM 00pabOTKM MOYBHI U PACTUTEIBbHOU OMO-
MaccChl Ha MMPOAYKTUBHOCTD KYJIBTYP B 3B€HE CEBO00OO-
pora // Inonopoaue. 2019. Ne 5 (110). C. 41—45.
https://doi.org/10.25680/S19948603.2019.110.12

. Konuwes A.A., llepgpunves H.B., lapughyrnun U.HU. Vic-

cJieqoBaHME B3aMMOCBSI3U “OINTUMAaJIbHOM MJIOTHOCTU
CIIOKEHUsI” C BJIAXXHOCTBIO IOYBBI U YPOXKANHOCTHIO
stumeHst // Arpodusuka. 2019. Ne 2. C. 25-31.
https://doi.org/10.25695/AGRPH.2019.02.04
ATPOXUMUA

Nes 2023



10.

11.

12.

13.

14.

15.

16.

17.

18.

OLEHKA ®UTOTOKCHUYHOCTU YEPHO3EMA OBBIKHOBEHHOI'O

. Cabumoe M. M. BmussHrie MHOTOJIETHUX TPaB Ha IIOBHI-

IIeHUe TUIOAOPOINS MOYB U MTPOAYKTUBHOCTHU 3€PHO-
BBIX KyJbTYp // Arpoxum. BecTH. 2019. Ne 5. C. 50—54.
https://doi.org/10.24411/0235-2516-2019-10075

. Mumpogpanos /I. B. BiusiHue BIIaXXHOCTH, LIEJUTIOJIO30-

JINTUYECKON aKTUBHOCTU MOYBBI M1 MaKpO3JIEMEHTOB
MUTAHUS Ha YPOKAKHOCTD TBEPAOM IIIIEHHIIBI B CTEIT-
Hoii 3oHe OpeHOyprckoii ob6iactu // BectH. Bopo-
Hex. TAY. 2022. T. 15. Ne 1 (72). C. 90—100.
https://doi.org/10.53914/issn2071-2243 2022 1_90

. Hoeukoe A.A., Komaposea O.Il. BnusHue cocraBa

KYyJIbTYp CEBOOOOPOTa Ha CTPYKTYPHOE COCTOSIHUE
noussl // [Tnogoponue. 2022. Ne 5 (128). C. 20-23.
https://doi.org/10.25680/S19948603.2022.128.05

Gregorich E.G., Janzen H., Ellert B.H., Helgason B.L.,
Qian B., Zebarth B.J., Angers D.A., Beyaert R.P,, Drury C.E,
Duguid S.D., May W.E., McConkey B.G., Dyck M.F. Lit-
ter decay controlled by temperature, not soil properties,
affecting future soil carbon // Glob. Change Biol. 2017.
V. 23. P. 1725—1734.
https://doi.org/10.1111/gcb.13502

Mypomues H.A., Cemenos H.A., Anucumos K.b. Oco-
OGEHHOCTH BJIATOITOTPEOIIEHUS U BIAaroo0eCcIieueHHO-
CTU PACTeHWI pa3IWYHBIX 3KOJOTUYECKMX Tpyrmn //
Bron. ITous. un-ta um. B.B. TokyuaeBa. 2016. No 82.
C.71-87.
https://doi.org/10.19047/0136-1694-2016-82-71-87

Hecmesnosa M.A., /ledoe A.B. TlpueMbl TTOBBIIIICHUS
TJIOAOPOIMS MOYBHI U X 3¢h(HEKTUBHOCTh MIPU BO3JIE-
JpiBaHUM TiofconHeuHuka // BectH. Kypck. 'CXA.
2022. Ne 4. C. 16—22.

Cembikun B.A., Kapmamviwes H.U., Maavyes B.D.,
Iledos A.B. Bunonorusauus 3emiieeansi B OCHOBHBIX
3emiienesibueckux perunoHax Poccum / IMox pen. Kap-
TambieBa H.M. M.: Komnocc, 2012. 471 c.

Cemenoe B.M., Ilaymosa H.b., Jlebedesa T H., Xpo-
moiukuna J.11., Cemenosa H.A., Jlonec de Iepenio B.O.
PaznoxxeHue pacTUTEIbHBIX OCTAaTKOB U (pOpMUPOBA-
HUe aKTUBHOTO OPTraHMYECKOTO BEIIeCTBA B TOYBE UH-
KyOallMOHHBIX 3KcriepuMeHTOB // TlouBoBeacHuUe.
2019. Ne 10. C. 1172—1184.
https://doi.org/10.1134/S0032180X19100113

Cemenos B.M., Jlebeoesa T H., [laymosa H.b., Xpo-
moiukuna /.11., Kosanses U.B., Kosanresa H.O. B3aimo-
CBSI3b pa3Mepa arperaTtoB, COAEPKAHUS TUCIIEPCHOTO
OPraHUYECKOIO BEIIECTBA U PA3JIOKEHUS PACTUTEIb-
HbIX ocTaTKOB B 1ouBe // [TouBoBeaeHue. 2020. Ne 4.
C. 430—443.
https://doi.org/10.31857/S0032180X20040139

Koeym B.M., Cemenos B.M., Apmemvesa 3.C., Januen-
xo H.H. lerymycupoBaHu€e U TTOYBEHHasI CeKBeCTpa-
g yriepona // Arpoxumusi. 2021. Ne 5. C. 3—13.
https://doi.org/10.31857/S0002188121050070

Kysneyosa T.B., Cemenos A.B., Xooxucaeéa A.K., Hean-
nuxoea JI.A., Cemenose B.M. HakorieHune a30Ta B MUK~
poOHOIT buoMacce cepoii JIECHOM IMOYBHI IIPU pa3Jio-
JKeHUW pACTUTENbHBIX OcTaTKOB // Arpoxumusi. 2003.
Ne 10. C. 3—11.

Jledoe A.B., Hecmesinoea M.A., Xproxun H.H. T1pueMsbr
O1OJIOTM3allu1 U BOCITPOU3BOACTBO IIJIOA0POIUS Yep-
Ho3eMoB // 3emnenenue. 2012. Ne 6. C. 4—6.

ATPOXUMHUA  Ne5 2023

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

67

Manvuyesa A.H., 3oaomapeea b.H., I[lunckuii /1.J1.
Tpanchopmaliusi pacCTUTEIBHBIX OCTAaTKOB KYKYpPY3bl
B CYDNNIMHUCTOM M TlecuaHoM cyocTtpartax // [TouBoBe-
nenue. 2013. Ne 10. C. 1239.

Minnikova T., Mokrikov G., Kazeev K., Medvedeva A.,
Biryukova O., Keswani C., Minkina T., Sushkova S., El-
gendy H., Kolesnikov S. Soil organic carbon dynamics in
response to tillage practices in the steppe zone of
Southern Russia // Processes. 2022. Ne 10.
https://doi.org/10.3390/pr10020244

Tunckui /.J1., Manrvyesa A.H., 3osomapesa b.H.,
Jmumpuesa E.J[. Kunetnka tpaHcdopMaium pacTu-
TeJbHBIX OCTATKOB KYKypy3bl 1 KJieBepa B MUHEpaTb-
HBIX cyOcTpaTax pasnuyHoro coctapa // [louBoBene-
Hue. 2017. Ne 6. C. 690—697.
https://doi.org/10.7868,/80032180X 17060090

Li H., Dai M., Dai S., Dong X. Current status and envi-
ronment impact of direct straw return in China’s crop-
land — A review // Ecotoxicol. Environ. Saf. 2018.
V. 159. P. 293-300.
https://doi.org/10.1016/j.ecoenv.2018.05.014

Yang H., Ma J., Rong Z., Zeng D., Wang Y., Hu S., Ye
W., Zheng X. Wheat straw return influences nitrogen-
cycling and pathogen associated soil microbiota in a
wheat-soybean rotation system // Front. Microbiol.
2019. Ne 10. P. 1811.
https://doi.org/10.3389/fmicb.2019.01811

Akhtar K., Wang W., Ren G., Khan A., Feng Y., Yang,
Wang H. Integrated use of straw mulch with nitrogen
fertilizer improves soil functionality and soybean pro-
duction // Environ. Int. 2019. V. 132. Iss. 105092.
https://doi.org/10.1016/j.envint.2019.105092

Marin-Benito J.M., Brown C.D., Herrero- Hernandez E.,
Arienzo M., Sdnchez-Martin M.J., Rodriguez-Cruz M.S.
Use of raw or incubated organic wastes as amendments
in reducing pesticide leaching through soil columns //
Sci. Total Environ. 2013. V. 463—464. P. 589—599.
https://doi.org/10.1016/j.scitotenv.2013.06.051

Marin-Benito J.M., Sdnchez-Martin M.J., Ordax J.M.,
Draoui K., Azejjel H., Rodriguez-Cruz M.S. Organic sor-
bents as barriers to decrease the mobility of herbicides
in soils. Modelling of the leaching process // Geoder-
ma. 2018. V. 313. P. 205-216.
https://doi.org/10.1016/J.GEODERMA.2017.10.033

Peérez-Lucas G., Aatik A.El., Vela N., Fenoll J., Navarro S.
Exogenous organic matter as strategy to reduce pesti-
cide leaching through the soil. Arch // Agron. Soil Sci.
2020. V. 67. P. 934—945.

https://doi.org/10.1007 /5002449900232

Carpio M.J., Sdnchez-Martin M.J., Rodriguez-Cruz M.S.,
Marin-Benito J.M. Effect of organic residues on pesti-
cide behavior in soils: A review of laboratory research //
Environments, 2021. V. 8. P. 28—32.
https://doi.org/10.3390/environments8§040032

Marin-Benito J.M., Herrero- Herndndez E., Ordax J. M.,
Sdnchez-Martin M.J., Rodriguez-Cruz M.S. The role of
two organic amendments to modify the environmental
fate of S-metolachlor in agricultural soils // Environ.
Res. 2021. V. 195. Iss. 11087.
https://doi.org/10.1016/j.envres.2021.110871

Wang L., Qin T, Liu T, Guo L., Li C., Zhai Z. Inclusion
of microbial inoculants with straw mulch enhances
grain yields from rice fields in central China // Food



68

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

MUWHHUKOBA u np.

Energy Secur. 2020. V. 9. P. 1-13.
https://doi.org/10.1002/fes3.230

Liu X., Tian E, Tian Y., Wu Y., Dong F,, Xu J., Zheng Y.
Isolation and identification of potential allelochemicals
from aerial parts of Avena fatua L. and their allelopathic
effect on wheat // J. Agric. Food Chem. 2016. V. 64.
P. 3492—-3500.
https://doi.org/10.1021/acs.jafc.5b05498

Zhu H., Wang Z.X., Luo X.M., Song J.X., Huang B. Ef-
fects of straw incorporation on Rhizoctonia solaniinocu-
lum in paddy soil and rice sheath blight severity //J. Ag-
ric. Sci. 2014. V. 152. P. 741-748.
https://doi.org/10.1017/S002185961300035X

Naeem K.N., Asghari M., Bano D., Babar A. Impacts of
plant growth promoters and plant growth regulators on
rain fed agriculture // PLoS ONE. 2020. V. 15 (4).
P. 1-32.

https://doi.org/10.1371 /journal.pone.0231426

Lehmann J., Kleber M., Pan G., Bhupinder P.S., Sohi S.P.,
Zimmerman A.R. Persistence of biochar in soil // Bio-
char for environmental management: Science, technol-
ogy, and Implementation. 2" ed. Earthscan Rutledge,
2015. P. 235—-282.

Bashir S., Zhu J., Fu Q., Hu H. Cadmium mobility, up-
take and anti-oxidative response of water spinach (Ipo-
moea aquatic) under rice straw biochar, zeolite and rock
phosphate as amendments // Chemosphere. 2018.
V. 194. P. 579-587.
https://doi.org/10.1016/j.chemosphere.2017.11.162

He M., Xiong X., Wang L., Hou D., Bolan N.S., Ok Y.§.,
Rinklebe J., Tsang D.C.W. A critical review on perfor-
mance indicators for evaluating soil biota and soil
health of biochar-amended soils // J. Hazard. Mater.
2021. V. 414. Iss. 125378.
https://doi.org/10.1016/j.jhazmat.2021.125378

Shaaban M., Van Zwieten L., Bashir S., Younas A.,
Nu~nez-Delgado A., Chhajro M.A., Kubar K.A., Ali U.,
Rana M.S., Mehmood M.A., Hu R. A concise review of
biochar application to agricultural soils to improve soil
conditions and fight pollution // J. Environ. Manag.
2018. V. 228. P. 429—440.
https://doi.org/10.1016/j.jenvman.2018.09.006

Cooper J., Greenberg 1., Ludwig B., Hippich L., Fischer D.,
Glaser B., Kaiser M. Effect of biochar and compost on
soil properties and organic matter in aggregate size frac-
tions under field conditions // Agric. Ecosyst. Environ.
2020. V. 295. Iss. 106882.
https://doi.org/10.1016/j.agee.2020.106882

Lee M.-H., Chang E.-H., Lee C.-H., Chen J.-Y., Jien S.-H.
Effects of biochar on soil aggregation and distribution
of organic carbon fractions in aggregates // Processes.
2021. V.9 (8). P. 1431.
https://doi.org/10.3390/pr9081431

Gul S., Whalen J.K., Thomas B.W., Sachdeva V.,
Deng H. Physico-chemical properties and microbial
responses in biochar-amended soils: Mechanisms and
future directions // Agric. Ecosyst. Environ. 2015.
V. 206. P. 46—59.
https://doi.org/10.1016/J.AGEE.2015.03.015

Paris O., Zollfrank C., Zickler G.A. Decomposition and
carbonisation of wood biopolymers — a microstructural
study of softwood pyrolysis // Carbon. 2005. V. 43 (1).
P. 53—66.

42.

43.

44,

45.

46.

47.

48.

49.

50.

1.

52.

53.

54.

55.

56.

Keiluweit M., Nico P.S., Johnson M.G., Kleber M. Dy-
namic molecular structure of plant biomass-derived
black carbon (biochar) // Environ. Sci. Technol. 2010.
V. 44 (4). P. 1247—1253.

Verheijen F., Jeffery S., Bastos A.C. Biochar application
to soils: a critical scientific review of effects on soil
properties, processes and functions // Publ. Off. 2010.
P. 149.

Baldock J.A., Smernik R.J. Chemical composition and
bioavailability of thermally altered Pinus resinosa (red
pine) wood // Org. Geochem. 2002. V. 33 (9). P. 1093—
1109.

Lehmann J., Joseph S. Biochar for environmental man-
agement: an introduction // Biochar for environmental
management: science, technology and implementa-
tion, Routledge, 2015. P. 1—13.

Glaser B., Haumaier L., Guggenberger G., Zech W. The
“Terra Preta” phenomenon: a model for sustainable
agriculture in the humid tropics // Naturwissen-
schaften. 2000. V. 88. Ne 1. P. 37—41.

Guo L.B., Gifford R.M. Soil carbon stocks and land use
change: a meta analysis // Glob. Change Biol. 2002.
V. 8 (4). P. 345-360.

Lehmann J. Bio-energy in the black // Front. Ecol. En-
viron. 2007. V. 5 (7). P. 381-387.

Schmidt M.W., Torn M.S., Abiven S., Dittmar T.,
Guggenberger G., Janssens 1.A., Kleber M., Kégel-
Knabner 1., Lehmann J., Manning D.A. Persistence of

soil organic matter as an ecosystem property // Nature.
2011. V. 478 (7367). P. 49—56.

Lehmann J., Rillig M.C., Thies J.E., Masiello C.A.,
Hockaday W.C., Crowley D.E. Biochar effects on soil bi-
ota — A review // Soil Biol. Biochem. 2011. V. 43.
P. 1812—1836.
https://doi.org/10.1016/J.SOILBIO.2011.04.022

Bamdad H., Papari S., Lazarovits G., Berruti F. Soil
amendments for sustainable agriculture: Microbial or-
ganic fertilizers // Soil Use Manag. 2021. V. 38. P. 120—
194.

https://doi.org/10.1111/sum.12762

Wang Z., Chen H., Zhu Z., Fang Xing S., Guang Wang S.,
Chen B. Low-temperature straw biochar: Sustainable
approach for sustaining higher survival of B. megaterium
and managing phosphorus deficiency in the soil // Sci.
Total Environ. 2022. V. 830.
https://doi.org/10.1016/j.scitotenv.2022.154790

Banvkoe B.D., Kazeee K.1II., Kosecnuxos C.HU. T1ouBbl
IOra Poccuu. Poctos-H//1., 2008. 275 c.

Ogbonnaya U., Semple K. Impact of biochar on organic
contaminants in soil: a tool for mitigating risk? //
Agronomy. 2013. V. 3 (2). P. 349-375.
https://doi.org/10.3390/agronomy3020349

Simansky V., Hordk J., Igaz D., Balashov E., Jonczak J.
Biochar and biochar with n fertilizer as a potential tool
for improving soil sorption of nutrients // J. Soil. Sedi-
ment. 2018. V. 18. Ne 4. P. 1432—1440.
https://doi.org/10.1007/s11368-017-1886-y

Chi N.T.L., Pugazhendhi A., Anto S., Mathimani T,
Ahamed T'S., Kumar S.S., Shanmugam S., Samuel M.S.,
Brindhadevi K. A review on biochar production tech-
niques and biochar based catalyst for biofuel produc-

AI'POXUMMUA

Nes 2023



57.

58.

59.

60.

61.

62.

OLEHKA ®UTOTOKCHUYHOCTU YEPHO3EMA OBBIKHOBEHHOI'O 69

tion from algae // Fuel. 2021. V. 287. Iss. 119411.
https://doi.org/10.1016/j.fuel.2020.119411
Taraqqi-A-kamal A., Khan A., Zhang K., Sun P,
Akther S., Atkinson C.J., Zhang Y. Biochar remedia-
tion of soil: linking biochar production with func-
tion in heavy metal contaminated soils // Plant Soil
Environ. 2021. V. 67. Ne 4. P. 183—201.
https://doi.org/10.17221/544/2020-PSE

Cywkoea C.H., Hdkxosnresa E.B., Munxkuna T.M., Ia-
606 JI.H., Aumonenxo E.M., /lyonuxoea T.C., bapba-
wee A.U., Munnuxosa T.B., Kosecnuxoe C.HU., Paoxc-
nym B.Jl. Hakonnenne G6eH3(a)IupeHa B pacTEHUSIX
pa3HBIX BUIOB W OPTaHOT€HHOM TOPU3OHTE IIOYB
CTEITHBIX (DUTOIIEHO30B MPU TEXHOTEeHHOM 3arpsizHe-
Huu // U3B. Tomck. nonutex. yH-ta. MHXUHUPUHT
reopecypcos. 2020. T. 331. Ne 12. C. 200—-214.

Skoeneéa E.B., besnocukoe B.A., Kondpamenox B.M.,
laboe /I.H., Bacunresuu M.H. BnoakkymyJIsiiyst moJIu-
LMKJINYECKUX apOMaTUYECKUX YIIE€BOJOPOIOB B CU-
cteMe nouyBa—pacteHue // Arpoxumwmsi. 2008. Ne 9.
C. 66—74.

Skoenesa E.B., Xabubyiiuna ©.M., Bunoepadosa FO.A.,
besnocurkoe B.A., Konopamenox 5. M. Muxkpobuooru-
yecKasl akTUBHOCTb TTOUB, 3arpsi3HEHHBIX OeH3(a)rpe-
HoM // Arpoxumust. 2010. Ne 11. C. 63—69.

Kyodesipoe B. H. CoBpeMeHHOE COCTOSTHUE YTJIEPOIHOTO
GanaHca UM TpenenbHask ClOCOOHOCTD MOYB K MOTIIO-
IIEHUIO yriiepoaa Ha Tepputopun Poccum // TTouBo-
BemeHue. 2015. Ne 9. C. 1049.
https://doi.org/10.7868/S0032180X15090087

Ilempoe A.M., Bepuwunun A.A., Axaiikun /1.B., Opa-
ney-Jlysucaesa P.Y. VI3MeHeHUE TOKCUKOJOTHMYECKUX

63.

64.

65.

66.

67.

CBOWCTB M peCIUPaTOPHOl aKTUBHOCTU IEPHOBO-
MOA30JMCTBIX TIOYB B YCIOBUSX IJIUTEIILHOTO HedTsI-
HOTO 3arpsi3HeHus // Dkon. u mpoM-Tb Poccun. 2015.
T. 19. Ne 1. C. 50-53.
https://doi.org/10.18412/1816-0395-2015-1-50-53

Kyoespoe B.H. JIpixaHue MOYB U GMOTEHHBIIA CTOK yIJIe-
KHCJIOTO ra3a Ha Teppuropur Poccun (aHamMTHIeCKUiA
0630p) // IlousoseneHue. 2018. Ne 6. C. 643—658.
https://doi.org/10.7868,/S0032180X18060011

Kyodespos B.H. ArporeoxuMuueckKue IMKIbI yriiepoaa
1 a30Ta B coBpeMeHHOoM 3emenenuu Poccuu // Arpo-
xumust. 2019. Ne 12. C. 3—15.
https://doi.org/10.1134/S000218811912007X

Cywro C.B., Ananvesa H.J/l., Heawenko K.B., Kyde-
apos B.H. Omuccus CO,, MUKpoOHast 6uomacca 1 6a-
3aJIbHOE JbIXaHKE YepHO3eMa IIPU Pa3IMIHOM 3eMJie-
nonb3oBaHuu // [ousoBenenue. 2019. Ne 9. C. 1081—
1091.

https://doi.org/10.1134/S0032180X19090090

Ahmad M., Wang X., Hilger T H., Lugman M., Nazli F,,
Hussain A., Zahir Z.A., Latif M., Saeed Q., Malik HA.,
Mustafa A. Evaluating biochar-microbe synergies for
improved growth, yield of maize, and post-harvest soil
characteristics in a semi-arid climate // Agronomy.
2020. Ne 10 (7). Iss. 1055.
https://doi.org/10.3390/agronomy 10071055

Romero C., Hao X., Li C., Owens J., Schwinghamer T.,
McAllister T. A., Okine E. Nutrient retention, availability
and greenhouse gas emissions from biochar-fertilized
chernozems // CATENA. 2021. V. 198. Iss. 105046.
https://doi.org/10.1016/j.catena.2020.105046
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Stable functioning of agricultural lands is impossible without maintaining soil fertility. However, there are of-
ten a lot of crop residues in the fields, which decompose for a long time and turn into available organic matter.
To increase the rate of decomposition of crop residues of grain crops (wheat, barley and others), it is neces-
sary to introduce biostimulants. Biostimulants are a variety of substances that stimulate the decomposition of
organic substances and have a beneficial effect on the soil microbiota. The article examines the influence of
Bacillus sp. on the processes of decomposition of crop residues of wheat both independently and together with
biochar. The aim of the study was to evaluate the phytotoxicity of ordinary chernozem during the decompo-
sition of crop residues of winter wheat under the influence of Bacillus sp. and biochar. To assess the ecological
state of the soil, the following research methods were used: assessment of the rate of decomposition of cellu-
lose (determination of cellulolytic activity), assessment of the ecological state of the soil (intensity of CO,
emissions, changes in the intensity of initial growth and development of winter barley (Hordeum vulgare 1.)).
Introduction of Bacillus sp. < 100 and the joint use of biochar and Bacillus sp. it stimulated the decomposition
of cellulose up to 14—15% of the background content. Inoculation of Bacillus sp. on the biochar, it was effec-
tive already at the recommended dose both for the decomposition of the cellulose web and for restoring the
ecological state of the soil, demonstrating a synergistic effect. The results obtained should be used in carrying
out measures to increase soil fertility of agricultural lands and environmental monitoring of soil conditions.

Key words: soil, biostimulation, germination friendliness, germination energy, germination rate, germination,
length of roots and shoots, mass of shoots and roots, model experiment, ecological condition.
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