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BJIUSIHUE MUKPOOPTAHU3MOB C PA3HBIM HABOPOM CBOMCTB HA COAEP)KAHUE
HE®TENPOAYKTOB B IIOYBE U MOP®OMETPUYECKHUE IIOKA3ATEJIU PACTEHUU

© M.J. bakaesa, T.1O. Kopmynosa, E.A. CtoasipoBa

OmHuUM H3 TPHEMOB YCKOPEHHS pa3IoKEHHs He(BTH B II0YBE SIBISETCS IPHMCHEHHE MHKPOOHO-
PaCTUTENBHEIX KOMIDUIEKCOB, 00JIaafoliuX THOKMM METa0OJIM3MOM U YHUKAIGHBIMU ()EPMEHTHBIMU CHCTEMAaMH.
OHH UMEIOT OOJIBIIIE IPEUMYIIECTBA IPH BHDKMBAHUH B HEONArOMPHUATHBIX YCIOBUSIX OKpY)KaroLIeil cperpl, CBs-
3aHHBIC C TIOBBIIICHHOI TOJNEPAHTHOCTHIO K KCCHOOMOTHKAM M CIHOCOOHOCTBIO K MX AKTHBHOMY YHAICHHIO U3
ctepsl odutanus. Llenbio MoaebHOTO 1a00paTOPHOTO IKCIIEPUMEHTA OBLIO CpaBHEHHE BIUSHHSA, KOTOPOE OKa-
3bIBAIOT MHUKPOOPTaHU3MBI, CTUMYJIHPYIOIINE POCT U pa3BuTie pactenuii (Paenibacillus sp. Ib-1 u Pseudomonas
chlororaphis b 51), 1 KOHCOPIIMYM MHKPOOPraHU3MOB-AECTPYKTOpOB yrieBogoponos (Rhodococcus sp. b HJ
1.2 u Pseudomonas nitroreducens Ub HJT 1.1) ua comepkanne HepTEMPOILYKTOB B IMMOYBE U MOPHOMETPHUECCKIE
HIOKa3aTeNn PacTCHUI OBCa, BRIPAILICHHEIX B Heil. [IoceB oBca 63 DOMOJIHUTEIBHOTO BBEACHHS B [IOYBY MUKPOOP-
raHM3MOB HE OKa3bIBaJl 3HAYMMOTO BIMSIHHS HAa COICP)KaHHE B HEl YIIIEBOJOPOAOB MO CPABHEHHIO C BAPHAHTOM
OIIBITA C 3arpsA3HEHHON Mo4Bol Oe3 pacTeHmil. THTpooyKuus KOHCOpIMyMa Ha (OHE IT0ceBa OBCA CHH3MIIA CO-
Jiep>KaHnue yriaeBoAopo1oB B 3.1-3.5 pa3a mo cpaBHEHHIO C 3arpsiI3HEHHBIM KOHTpoJIeM. COIMOCTaBUMBIE PE3YIIbTa-
ThI OBLIM MONYYEHbI MPU MPHUMEHEHHH HE OKUCIISIOINIEro yriaeBoaopoas! mramma Paenibacillus sp. b-1. Bepo-
STHO, 9TO CBSI3aHO C HAIMYHEM y HErO BBIPQ)KCHHOH HUTPOTCHA3HON aKTHBHOCTH, IPUBOLICH K yBETMYCHHIO HA
OJIMH MOPSAOK YHCICHHOCTH a30TQUKCUPYIONIMX MUKPOOPTaHU3MOB B 00pa0OTaHHOH UM IOYBE 110 CPABHEHHIO C
JIPYTUMH BapHaHTaMH OmbiTa. [Ipy 3TOM KOJTHYECTBO OKUCISIONIMX YIIIEBOAOPOIBI MUKPOOPTAaHU3MOB BO3POCIIO
BO BCeX BapuaHTax ¢ HedTbio Ha 1-2 mopsiaka. VHTPOAYKUHUS POCTCTUMYIHPYIOUINX MHKPOOPTaHH3MOB
(Paenibacillus sp. Ub-1 u P. chlororaphis b 51) mpuBoauia K yBEIUYEHHIO JIHHBI TIOOETOB 0 TEX )K€ 3HAYe-
HHH, YTO U Yy KOHTPOJNBHBIX PACTCHHI B HE3arpsi3HEHHO# mouse. UTO KacaeTcs MacChl HAJ3EMHON M MOA3EMHOI
YJaCTH PACTEHH, BBRIPAIICHHBIX B He(Tecomepikalei mouse, To Tonpko mramm Paenibacillus sp. UB-1 ciocobet-
BOBaJI IOCTOBEPHOMY YBEJIMUYEHHIO ITUX Mokazareieil. Takum o0pa3oM, BHECEHHE POCTCTHMYIHPYIOLINX GakTe-
puil B He(hTE3arpsI3HEHHYIO TIOYBY MOXKET OBITH PEKOMEHJOBAHO KaK MPHEM Al YCKOPEHHUS (PUTOMETHOPAIHH.
Pe3ynmbTar uX IPUMEHEHHSI COMMOCTABUM C UCTONB30BAHHEM MHKPOOPTaHH3MOB-IECTPYKTOPOB YTIEBOIOPOIOB.

KiroueBeble cioBa: huroMennopanus, HereqecTpyKIHs, POCTCTUMYIIUPYIOIIHE CBOMCTBA.

B cBs3u ¢ (hOpMHpPOBAHHEM DKOJIOTHUECKH
OPUCHTUPOBAHHOTO MHPOBO33PEHUSI PACTET TMO-
TPeOHOCTh B TEXHOJOTHSX, KOTOPBIC MO3BOJISLTH ObI
BOCCTaHABJIMBATh 3arPs3HEHHBIE TEPPUTOPHU PEH-
TaOeIbpHBIMH M Oe30macHbBIMU criocobamu. duro-
MeJTHopalys MojyvaeT Bce Oomblliee MPU3HAHUE B
KaueCTBE TAKOTO CI0C00a, MO3BOJISIOIIECIO peadu-
JUTHPOBATh 3eMJIM TIOCJIE TOMagaHus B HUX Opra-
HAYECKUX ITOJUIFOTAHTOB, MeTaluioB u comu. Oc-
HOBHBIM CJCPKUBAIOIIUM (DAKTOPOM IS €€ IMPH-
MEHEHUS SBJISETCS CHUKEHME OMOMACCHI PacTEHH
B PE3yJIbTAaTe CTPECCa, BBI3BAHHOIO COBOKYITHO-
CThIO HEONArOMPHATHBIX TOYBCHHBIX YCJIOBHUH:

TOKCHYHOCTBIO 3arps3HUTEINSI, HAPYIICHUEM BOJIHO-
BO3AYIIHOTO PEXHMa. JTO, B CBOIO OYepellb, MO-
KET MPHUBECTH K HEMPHEMIIEMO MEAJICHHBIM TEM-
1aM BOCCTaHOBJICHUSI.

N3BecTHO, 4TO OakTepuu CIIOCOOHBI BHOCUTH
BKJIQJ B THPEOJOJIEHHE aOMOTHYECKHX CTPECCOB
pacrenuii [1, 2]. B cBsa3u ¢ »TuM mpesaraercs
UCIIOJIb30BaTh WX B Iporecce (QuToMennopamnun
[I0YB, KOHTAMUHUPOBAHHBIX OPTaHUYECKUMH IOJI-
moTanTaMu [3—5]. B xadecTBe MHOKymATa mpuMe-
HSIFOTCSI MEKPOOPTaHU3MBI, 00JIa/Ial0IHe POCTCTH-
MYJHUPYIOUIMMHA  CBOHCTBaMU  (CIIOCOOHOCTH K
azordukcanyy, GocharMoOMIN3ALNH, TPOIYKINU
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¢utoropmonos, ALIK-neamMuHassl U T.I1.), a TaK¥Ke
MHUKPOOPTaHU3MBI-JECTPYKTOPBl  KCEHOOMOTHKOB.
CpaBaenne 3(h(PEKTHBHOCTH Pa3IUIHBIX IOIXO0I0B
3aTpyAHSET TO, YTO MCCIENOBaTeNd pPabOTar0T ¢
Pa3NUYHBIMU THIIAMH [TOYB U 3aTPs3HUTENCH.

Lenpto paboTel OBLIIO W3ydYEHHE BIUSHUS
POCTCTUMYJIMPYIOIIUX MUKPOOPIaHU3MOB U MUKPO-
OpPTaHU3MOB-JIECTPYKTOPOB YIJIEBOJOPOAOB Ha CO-
JepkaHue HeTENPOAYyKTOB B TIOUYBE U MOPPOMET-
pHUUECKHE TOKa3aTead PACTeHUil OBca, BBIPAILCH-
HBIX B HEU.

O0bexkTHl U MeTOABI MccenoBaHus. B mo-
JIeJIbHOM JIA0OPAaTOPHOM 3KCIIEPUMEHTE HCIIOJIb30-
BaJIM YEPHO3EM TJTUHUCTO-WIUTIOBHANBHBIN (00IIMi
rymyc — 4.2%; obmmii azor — 0.5%; HOIBWKHBIHI
thocdop — 5.6 mr/100 T mouBsl, pH BoIHOIM BBHITSIK-
K# — 6.3), KOTOPBII MOMEIIaIH Mo 3 KT B BereTaru-
OHHBIE COCYbl 00BEMOM 5 J1 U yBIaKHSUU 10 60%
OT IOJIHOM BIIATOEMKOCTH. B IOYBYy BHOCHIM TO-
BapHyto He(dTh TyHMa3WHCKOTO MeCTOPOKICHHS
(nmerkast — miotHocTh 0.83 r/cM®, ManocepHuCTas —
cogepxxanue cepol — 2.0%), B KoiuyecTse 3 win
6% (Macc.).

Ha TpeTbu cyTKH caxkalu NpenBapUTEIbHO
3aMOYECHHBIC B BOAOIPOBOIHON BOJE CEMEHa OB-
ca moceBHoro (Avena sativa L.) B koamuecTse
30 mTyk Ha COCyH, MOCJIe Yero MOYBY IMOJIHBATIU
CyCNeH3Uel Kakoro-nubo ImTamMmMa MHKpPOOpra-
HI3MOB (kaxcaas ¢ TutpoM 1-10% kxomonmeobpa-
sypommx eauHun B 1 mn (KOE/mim)) B oObeme
10 Ma/kr ¥ TIIATENBHO TmepeMemuBain. KoH-
TPOJIbHBIE BAPHAHTHI OIBITa TOTOBWIIM C YHCTOH
W 3arpsi3HEHHON MOYBOM 0€3 WHOKYJALMH MHK-
poopranu3mMamiu (c moceBoM U 0e3 moceBa pacre-
Huit). Kaxaplii BapuaHT 3aKkiIaibIBalid B TpeX I0-

BTOPHOCTSIX.
B pabote wucnonp3oBasii IITaMMBI MHKpPO-
OpPraHM3MOB €O  CIEIYIOIIMMH  CBOMCTBAMHU.

[Itamm Paenibacillus sp. b-1 o6maman Hutpore-
Ha3HOW aKTHUBHOCTHIO, CHOCOOHOCTBIO K CHUHTE3Y
WHJIOJIVUTYKCYCHOH KHCJIOTBI, IIUTOKHHUHOMOA00-
HBIX BEIIECTB M 3K30MOJIHCAaXapuioB, AHTaroHU-
CTMYECKOH aKTUBHOCTHIO B OTHOILEHHH (PUTOIMATO-
reddbpix rpubos [6]. Ilrtamm Pseudomonas
chlororaphis b 51 mpomyiupoBai HWHIOIHIYK-
CYCHYIO KHCJIOTY M LUTOKHHHHONOAOOHBIE Belle-
CTBa, MOJABJISUT POCT (PUTONMATOTCHHBIX TPUOOB [7].
Irammer  Rhodococcus sp. Ub HO 1.2 w
Pseudomonas nitroreducens b HJT 1.1 npencras-
75Ul co00# cTaOMIIBHBIA KOHCOPLMYM C MHKOCTa-
TUYECKOW aKTUBHOCTBIO U CIIOCOOHOCTBIO K JECT-
PYKITUU YTIIEBOJIOPOIOB (Jlajiee KOHCOPITUyM) [8].
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Cocynbl BBIAECP)KUBAIN MPU KOMHATHOW TEM-
nepatype (22-26°C) B ycCIOBHSAX €CTECTBEHHOU
OCBEIIIEHHOCTH Ha MPOTSHKEHUH 42 CyTOK, ocyle-
CTBJISIS PETYJISIPHBIN NOJUB NTouBkL. 1lepen Havanom
UCTIBITAHUS M Yepe3 Kaxkable 3 Heequ Onpeaesiin
YHCJICHHOCTh MUKPOOPTaHU3MOB HEKOTOPBIX KO-
J0ro-Tpo(UUECcKuX IPyIN IIyTeM BbICEBA pa3Beie-
HUI TIOYBEHHOHN CYCIICH3MH Ha arapu30BaHHbBIC MTH-
TaTeNbHBIC cpeAbl Omou  (a30TdUKCHpYIOIUE
MUKpoopraHu3mel) u PaiimoHma (yrieBomopomo-
Kucastomue Mukpoopranusmel) [9, 10]. Conepxa-
HUe He(DTEMPOAYKTOB B TIOUBE yCTaHABIUBAIH T'pa-
BUMeETpHUecKH, cornacHo ITHJ] @ 16.1.41-04 [11].
Ha 21 cytku m3mepsiin BBICOTY TIOOETOB, B KOHIIE
ombiTa Ha 42 CyTKH PAacTeHUS U3BJIEKAIM BMECTE C
MMOYBCHHBIM MOHOJIUTOM, OTMBIBAJIM KOPHCBYIO
CHUCTEMY U OLEHHBAJIM BO3IYIIHO-CYXYI0 Maccy
HaJI3¢MHOMW YacCTU U KOPHEH.

Pesynbrarel u ux obcyxaenue. Croco0-
HOCTb MUKPOOPTaHM3MOB BBDKHBATh B 3arps3HEH-
HOW TIOYBE MOATBEpXKIATach HAIMYKMEM K KOHILY
SKCIIEPUMEHTa B MHKPOOHOJIOTHYECKUX TIOCEBaX
KOJOHUH C  KyJIbTYPaJbHO-MOP(OIOTHIECKUMHU
MPU3HAKAMH, XapaKTepHBIMH Ui BHECCHHBIX OaK-
TEpUHl.

AHanm3 copep)kaHusi HEPTENPOIAYKTOB B pe-
KyJbTHBUPYEMOM MMOYBE MOKA3aJl, YTO BCE UCIIOJB30-
BaHHbIC OaKTepHAIbHBIC IITAMMBI OKa3bIBAJIH CYIIIE-
CTBEHHOE BJIMSIHUC Ha 3TOT IOKa3aTeib (Tadir. 1).

Ecnu moceB oBca 0e3 JIOMOIHUTENEHOTO BBE-
JIeHUs] B TOYBY MHMKpPOOPTaHHM3MOB 3a 42 CyTOK
SKCIIEPUMEHTa HE OKa3bIBANI CTAaTHUCTUYECKH 3Ha-
YIMOTO BJIMSHUS Ha COJIEpP’KaHUE B HEH YIIIeBOJIO-
POJIOB 10 CPaBHEHUIO C BAPHAHTOM OIBITA C 3a-
TPA3HEHHOM MOYBOM 0€3 pacTeHHid, TO HCIOJB30-
BaHWE KOHCOpIHUyMa Ha ()OHE IMOCeBa OBCAa CHH3U-
JI0 coAiepKaHue yrieBoAopooB B 3.1-3.5 paza mo
CpPaBHEHHIO C 3arps3HCHHBIM KOHTposieM. MeHee
BEIp@XCHHBIN pe3ynbTaT HabOmromancs mpu oOpa-
6otke mrammom P. chlororaphis b 51, Torma xax
NPUMEHEHHE HE OKHUCIISIONIETO  YTIIEBOIOPOIbI
mrramma Paenibacillus sp. IB-1 o cBoeit addek-
TUBHOCTH NPHUOIMKAIOCH K BBEACHUIO HE(PTEOKHUC-
JISIIOIIETO KOHCOPIMYMa. YCIIENIHOE HCIIOJIb30Ba-
e mramma Paenibacillus sp. Mb-1 moxHO cBs-
3aTh C HaJIMYMEM Yy HEro 3HAYUTEIbHON HUTpOre-
Ha3HOW aKTUBHOCTH, YTO KOCBEHHO IOATBEPKIACT-
csl yBEIMUEHHEM K KOHIYy SKCIIEpPUMEHTa Ha OJINH
MOPSIIOK YUCIEHHOCTH a30T(HUKCHUPYIOUINX MHK-
poopraHu3MoB B 00paOOTaHHON MM IOYBE IO
CpPaBHEHHIO C JIPYyTMMH BapuaHTaMH  OIIbITA
(tabm. 2).



BUOJIOI' A, BUOXUMMU A, TEHETUKA

Tabnuma 1

Cooepocanue negpmenpodykmos (%) 6 pekyromusupyemotl noiee

BapI/IaHT OIIbITa, I[OGaBKa K ITOYBC

Cpoxku oTOopa mpo0, cymxu

21 42
oBec 0.0031 +0.0007 0.0030 =+ 0.0008
HedTh 3% 2.81+0.12 222+0.11
HedTh 6% 5.44 +£0.24 5.12+0.31
oBec + HehTh 3% 2.86 +0.18 2.02+0.14
oBec + HeTh 6% 5.33+0.35 4.94+0.29
osec + HehTh 3% + Paenibacillus sp. b-1 1.15+0.07 0.73+0.07
ogec + HedTh 6% + Paenibacillus sp. b-1 2.62+0.17 1.55+0.10
osec + HedhTh 3% + P. chlororaphis b 51 1.20+0.11 0.81 +£0.07
oBec + HehTh 6% + P. chlororaphis Ub 51 2.95+0.18 1.78 £0.12
oBec + HeTh 3% + KOHCOPIYM 1.07 £ 0.09 0.72 £ 0.05
oBec + HePTH 6% + KOHCOPIIYM 2.42+0.14 1.46+0.13

Tabnuma 2

Yucrennocms urcupyrowux ammocgepuwvlti azom muxpoopeanuzmos, KOE/2

BapI/IaHT OIlbITa, I[O6aBKa K ITOYBEC

Cpoku 0100

pa 1npo0, cymxu

21

42

oBeC (22+0.1)10° (1.0+0.1)10°
HedTh 3% (5.8 +0.3)10° (5.6 +0.3)-10°
HeTh 6% (3.2+0.1)-10° (5.1+0.1)-10°

oBec + HeTh 3%

(1.2+0.1)10°

(5.4+0.4)10°

oBec + HeTh 6%

(1.5+0.1)10°

(1.4+0.1)10°

osec + HehTh 3% + Paenibacillus sp. Ub-1

(3.1+0.4)10°

(5.5 +0.4)10"

oBec + Heth 6% + Paenibacillus sp. 1b-1

(2.6 +0.3)-10°

(3.8+0.2)-10

osec + HedTh 3% + P. chlororaphis b 51

(1.5+0.1)10"

(1.4+0.1)10°

osec + HePTH 6% + P. chlororaphis b 51

(1.5+0.1)10°

(1.4+0.1)10°

osec + He(pTh 3% + KOHCOpPIUYM

(1.5+0.1)10’

(1.4£0.1)10

osec + HePTH 6% + KOHCOPIYM

(1.5+0.1)10’

(1.4+0.1)10°

Yucnennocms OKUCTAIOWUX Y2ie8000p00bl Mukpoopeanusmos, KOE/2

Taonwuma 3

Bapwuanrt omnbiTa, 100aBKa K IOYBE

Cpoxku otdopa mpob, cymxu

21

42

oBeC (9.0 £ 0.4)10° (2.9+0.1)10°
HedTh 3% (9.0 +0.5)-10° (6.2 +0.3)-10°
He(Th 6% (1.1+0.1)10° (1.1£0.1)10°

oBec + HehTh 3%

(7.5 + 0.4)-10°

(7.4 +0.2)-10°

oBec + HehTh 6%

(1.5+0.1)10°

(4.0+0.3)10°

osec + Hedh 3% + Paenibacillus sp. b-1

(4.6 +0.5)10°

(3.3 0.5)10’

oBec + Heh 6% + Paenibacillus sp. Mb-1

(8.7 +0.4)10°

(4.8+0.6)10

osec + HedTh 3% + P. chlororaphis Wb 51

(2.9+0.1)10°

(2.0+0.3)10°

osec + HebhTh 6% + P. chlororaphis b 51

(1.2+0.1)10°

(4.8+0.1)10°

osec + He(Th 3% + KOHCOPIIYM

(3.6 +0.4)10"

(1.8+0.3)-10"

oBec + He(Th 6% + KOHCOPIUYM

(3.7+0.3)10°

(4.3£0.4)10
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Tabauna 4

Cpe()Hue Mdaccoevle U pasmMepHble noKkasameiu pacmeHuL? oeca

JlmHa ipopo- Macca, 2 (42 cyTKn)
BapuanT omnbita, 100aBKa K o4Be CTKOB, CM HaJ[3eMHOH
(21 cytkm) KOpHA YacTH
oBeC 20.1+£1.2 0.34 +£0.03 0.81 +0.03
oBec + HedTh 3% 14.4+0.7 0.76 £ 0.02 0.73 £0.02
oBec + HeTh 6% 16.1 £0.8 0.66 = 0.04 0.86 +0.04
ogec + Hed b 3% + Paenibacillus sp. Mb-1 20.8+0.5 0.87 £ 0.07 1.46 + 0.05
ogec + HedTh 6% + Paenibacillus sp. b-1 19.5+£0.8 0.85+0.06 1.35+0.07
osec + HedhTh 3% + P. chlororaphis b 51 19.3+£0.6 0.71 £0.07 0.81 +0.03
oBec + HedTh 6% + P. chlororaphis Wb 51 19.7+£0.6 0.60 + 0.05 0.75£0.05
osec + He(PTH 3% + KOHCOPIUYM 192+0.9 0.72 £ 0.04 0.77 £0.04
oBec + HePTH 6% + KOHCOPIUYM 189+04 0.67 +0.03 0.80 £0.04
MOHUTOPUHT YUCIEHHOCTH OKUCISIOLIUX YT- JIuteparypa

JIEBOJIOPO/IBI MUKPOOPTaHU3MOB TOKa3aJl yBEIUde-
HUE CO BpPEMEHEM JaHHOTO IOKa3aTelsi BO BCEX
BapHaHTax ombiTa ¢ He(hThIO (Tadm. 3).

B cepenune skcniepumenTa Ha 21-e CyTKH OBI-
J1a u3MepeHa AJMHa 1noderos osca. OTMEUEHO, YTO
He(Th yrHETaolIe BIMsJIa Ha POCT HAA3EMHOI Jac-
TH pacteHuil. Job6aBieHne MHKpPOOPTaHU3MOB, 00-
NAAONINX  POCTCTUMYJIMPYIOIIEH —aKTHBHOCTBIO
(Paenibacillus sp. b-1 u P. chlororaphis Ub 51),
CIOCOOCTBOBAJIO AOCTHXKEHHMIO MOKa3aTese, Comoc-
TaBUMBIX C HE3arpsI3HEHHBIM KOHTpoJieM (Tabi. 4).

OnHako ompesereHHe Macchl HAI3eMHON U
MOJ3EMHOM YacTH pacTEHHH I10cjie OKOHYaHMS
ombiTa Ha 42 CyTKHM IIOKas3ajgo, 4TO JIMIIb LITaMM
Paenibacillus sp. Mb-1 cnocobcTBOBan yBesude-
HUIO JaHHBIX Nokasartesieil. IlepBoHavanbHas CTH-
MyJIsist pocta oBca Oaktepusimu P. chlororaphis
Ub 51 cmeHunach ero yrHETEHHEM, BBICHIXaHHEM
OTJCTBHBIX JINCTHEB M3-32 HEOJIArONPUSATHBIX I10Y-
BEHHBIX ycsioBHHA. KoHCOpLIMYM MUKPOOPTraHM3MOB
c1abo CTUMYJIMPOBAJ POCT OBca, 3G(PEeKT OT ero
MPUMEHEHUS 3aKJF0Yalcsi, B OCHOBHOM, B YCKOpe-
HUH JECTPYKLHIH YIJIEBOJIOPOIOB B ITOYBE.

Takum 00pa3oM, BHECEHHE POCTCTHUMYJIHPYIO-
mmx OakTepuil B He(hTe3arps3HEHHYIO TI0YBY B MIPO-
Hecce ee (PUTOMENHOPAIMU MOXKET ObITh PEKOMEH-
JIOBaHO KaK MpPHEM Ul YCKOPEHUs AeCTPYKLHUH YT-
JIEBOJIOPOJIOB, YBEIWYEHHS MHUKPOOHOIIOTHYECKOM
AKTHBHOCTHU TIOYBBI, CTHMYJISIIIUM POCTa PACTEHHIA-
MEIMOPAaHTOB. Pe3ynbrar WX NpUMEHEHHS MOXKET
OBbITH CONOCTaBUM C HMCIIOJIb30BAaHUEM MHKpPOOpra-
HHU3MOB-JIECTPYKTOPOB  yIJIeBOoponoB.  boree
CTOMKHH TOJOXKHUTENbHBIN 3QQeKT, mo-BUuANMOMY,
OKa3bIBaIOT OaKTEepHH, CIOCOOHBIE HE TOJIBKO K CHH-
Te3y (PUTOTOPMOHOB, HO M YJIy4IIAIONIUE IIIOJ0PO-
Jiiie TIOYB (HarmpuMep, 3a c4eT (GUKCAIn a30Ta).

77

1. Sarma R.K., Saikia R. Alleviation of drought
stress in mung bean by strain Pseudomonas aeruginosa
GGRIJ21 // Plant Soil. 2014. V. 377, Ne 1-2. P. 111-126.

2. Wang Q., Jiang F., Dodd I.C., Belimov A.A.
Rhizosphere bacteria containing 1-aminocyclopropane-
1-carboxylate deaminase increase growth and photosyn-
thesis of pea plants under salt stress by limiting Na+
accumulation // Functional Plant Biology. 2016. V. 43,
Ne2.P.161-172.

3. CrenanoBa A.lIO., ComoBreBa A.M., I'man-
koB E.A. Biusiane Heptn Kak HeOmarompusTHOTO (hak-
TOpa Ha pacTeHHs U QuTopeMenualus HedTezarps3HeH-
HBIX TeppuTopuii / BecTHUK OHOTEXHOIOTHH U (HUNKO-
xumuueckoi ouomorun. 2017. T. 13, Ne 3. C. 51-57.

4. Kuppusamy S., Thavamani P., Venkateswarlu K.,
Lee Y.B., Naidu R., Megharaj M. Remediation approaches
for polycyclic aromatic hydrocarbons (PAHS) contaminated
soils: Technological constraints, emerging trends and future
directions // Chemosphere. 2017. V. 168. P. 944-968.

5. Fatima K., Imran A.,, Amin |, Khan Q.M.,
Afzal M. Successful phytoremediation of crude-oil con-
taminated soil at an oil exploration and production com-
pany by plants-bacterial synergism // International Jour-
nal of Phytoremediation. 2018. V. 20, Ne 7. P. 675-681.

6. bakaeBa M.J[., YerBepukos C.II., KopuryHo-
Ba T.IO., JlorunoB O.H. HoBwiii mramm Oakrepuit
Paenibacillus sp. b-1 — mpomyrieHT 3K30MoIHcaxapuia
u 61/IOJ'IOFI/I‘I€CKI/I AKTUBHBIX BCIICCTB C (1)I/ITOF0pMOHaJ'II)-
HOW M aHTHIpUOHOM axTHBHOCTHIO // [lpuknamnHas 6wo-
xumust U Mukpo6uosiorus. 2017. T. 53, Ne 2. C. 204-212.

7. CsemmnnkoBa E.B. Hosble Oaktepum poma
Pseudomonas — aHTaroHUCTHI (PUTONATOTEHOB M MEPCIIEK-
THBBI UX UCIIOJIE30BAHHS B CEJILCKOXO03SHCTBEHHOM TpaKTu-
Ke: aBToped. Jwmcc. ... KaHg. oot Hayk. Ya, 2003. 24 c.

8. bakaera M.J., JlorunoB O.H., Cmonosa O.C.
BrnusitHue MUKpPOOPraHU3MOB — AECTPYKTOPOB YTIIEBOI0-
POJIOB Ha TOKCHYHOCTH 3arpsi3HEHHOTO HE(PTHIO YEpHO-
3ema // N3Bectns Camapckoro HayyHoro neHtpa PAH.
2013. T. 15, Ne 3 (5). C. 1563-1566.



BUOJIOI' A, BUOXUMMU A, TEHETUKA

9. Hzepxunckas WN.C. IlutatenbHble cpeabl Ais
BBIJICIICHUS. M KYJbTHBHPOBAHUS MHUKPOOPTaHU3MOB.
Actpaxans: U3g-Bo AI'TY, 2008. 348 c.

10. Raymond R. L. Microbial oxidation of n-
paraffinic hydrocarbons // Development Industrial Mi-
crobiology. 1961. V. 2. P. 23-32.

11. ITHA @ 16.1.41-04. MeToauKa BBITIOJTHCHHS
U3MEPEeHH MacCOBOW KOHIICHTpAIMH HEPTEIPOITyK-
TOB B mpo0ax MOYB TPABUMETPUUYCCKHUM METOJOM.
2004. Ilopran HOpMaTMBHEIX JokyMmeHToB. URL:
http://www.OpenGost.ru

References

1. Sarma R.K., Saikia R. Alleviation of drought stress
in mung bean by strain Pseudomonas aeruginosa GGRJ21.
Plant Soil, 2014, vol. 377, no. 1-2, pp. 111-126.

2. Wang Q., Jiang F., Dodd I.C., Belimov A.A.
Rhizosphere bacteria containing 1-aminocyclopropane-
1-carboxylate deaminase increase growth and photosyn-
thesis of pea plants under salt stress by limiting Na+
accumulation. Functional Plant Biology, 2016, vol. 43,
no. 2, pp. 161-172.

3. Stepanova A.Yu., Solovyeva A.l., Gladkov E.A.
Influence of oil as an unfavorable factor on plants and
phytoremediation of oil contaminated territories. Yu.A.
Ovchinnikov Bulletin of Biotechnology and Physical
and Chemical Biology, 2017, vol. 13, no. 3, pp. 51-57.

4. Kuppusamy S., Thavamani P., Venkateswarlu K.,
Lee Y.B., Naidu R., Megharaj M. Remediation ap-
proaches for polycyclic aromatic hydrocarbons (PAHS)
contaminated soils: Technological constraints, emerging

trends and future directions. Chemosphere, 2017, vol.
168, pp. 944-968.

5. Fatima K., Imran A., Amin I, Khan Q.M.,
Afzal M. Successful phytoremediation of crude-oil con-
taminated soil at an oil exploration and production com-
pany by plants-bacterial synergism. International Journal
of Phytoremediation, 2018, vol. 20, no. 7, pp. 675-681.

6. Bakaeva M.D., Chetverikov S.P., Korshuno-
va T.Yu., Loginov O.N. The new bacterial strain
Paenibacillus sp. IB-1: A producer of exopolysaccharide
and biologically active substances with phytohormonal
and antifungal activities. Applied Biochemistry and Mi-
crobiology, 2017, vol. 5, no. 2, pp. 201-208.

7. Sveshnikova E.V. New bacteria of the genus
Pseudomonas as phytopatogene antagonists and pro-
spects for their use in agricultural practice. PhD Thesis
in Biology. Ufa, 2003. 24 p.

8. Bakaeva M.D., Loginov O.N., Smolova O.S. In-
fluence of microorganisms — destructors of hydrocar-
bons on toxicity of the oil polluted chernozem. Vestnik
Samarskogo nauchnogo tsentra Rossiyskoy akademii
nayk, 2013, vol. 15, no. 3 (5), pp. 1563-1566.

9. Dzerzhinskaya 1.S. Growth media for isolation
and cultivation of microorganisms. Astrakhan, AGTU,
2008. 348 p.

10. Raymond R.L. Microbial oxidation of n-
paraffinic hydrocarbons. Development Industrial Micro-
biology, 1961, vol. 2, pp. 23-32.

11. PND F 16.1.41-04. Methods for measuring
mass concentration of oil products in soil samples using
gravimetric analysis. 2004. Portal normativnykh
dokumentov. Available at: http://www.OpenGost.ru

-
INFLUENCE OF MICROORGANISMS WITH DIFFERENT SETS OF PROPERTIES
ON THE CONTENT OF OIL PRODUCTS IN SOIL
AND MORPHOMETRIC INDICATORS OF PLANTS

© ML.D. Bakaeva, T.Yu. Korshunova, E.A. Stolyarova

Ufa Institute of Biology, Ufa Federal Research Centre, Russian Academy of Sciences,
69, prospect Oktyabrya, 450054, Ufa, Russian Federation

One of the methods to accelerate oil degradation in soil is the use of microbial-plant complexes with metabolic
flexibility and unique enzyme systems. They have great advantages in surviving under adverse environmental condi-
tions associated with increased tolerance to xenobiotics and the ability to actively remove them from the habitat. The
aim of the model laboratory experiment was to compare the effect of microorganisms that stimulate plant growth and
development (Paenibacillus sp. IB-1 and Pseudomonas chlororaphis IB 51) and a consortium of microorganisms
that destroy hydrocarbons (Rhodococcus sp. IB ND 1.2 and Pseudomonas nitroreducens IB ND 1.1) on the content
of oil products in soil and morphometric parameters of oat plants grown in it. Sowing oats without additional intro-
duction of microorganisms into soil did not have any significant effect on the content of hydrocarbons compared to
the experimental variant with plantless contaminated soil. The introduction of the consortium against the background
of sowing oats reduced the content of hydrocarbons by 3.1-3.5 times compared to the contaminated control. Compa-
rable results were obtained with the use of a non-oxidizing hydrocarbon strain Paenibacillus sp. IB-1. This is proba-
bly due to the presence of a pronounced nitrogenase activity leading to an increase by one order of magnitude in the
number of nitrogen-fixing microorganisms in the treated soil compared to other experimental variants. At the same
time, the number of microorganisms oxidizing hydrocarbons increased by 1-2 orders of magnitude in all variants
with oil. The introduction of growth-stimulating microorganisms (Paenibacillussp. IB-1 and P. chlororaphis IB 51)
resulted in an increase in the shoot length by the same values as in control plants in uncontaminated soil. As for the
mass of the aboveground and underground parts of plants grown in oily soil, only Paenibacillus sp. IB-1 contributed
to a significant increase in these indicators. Thus, the introduction of growth-stimulating bacteria into oil-
contaminated soil can be recommended as a method to accelerate phytomelioration. The result of their application is
comparable to the use of microorganisms that destroy hydrocarbons.

Key words: phytomelioration, oil destruction, growth-stimulating properties.
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