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AHHOTamus. B craThe npuBeneHB! pe3yNbTaTHl SKCHEPHMEHTOB 110 M3YYCHUIO
CTUMYJIUPOBAHUS POCTa PACTEHUH M OMONPOTEKTOPHBIX CBOMCTB H30JATOB U3 CTOY-
HBIX BOJ TOPOJCKHMX OUYHCTHBIX coopyxeHHN Pseudomonas protegens u Gordonia
paraffinivorans. VccinenoBany HHIMOUPYIOLIYIO aKTUBHOCTb IITaMMOB P. protegens
A-CMC-05 u G. paraffinivorans A-CMC-11 1o oTHOLIEHHIO K (DUTONATOTCHHOMY
rpudy Fusarium equiseti. IHTHOMpOBaHHE PaJUATLHOTO POCTa MUIEIHS COCTABHIIO
ot 11% no 13% mns mramma A-CMC-11 u ot 36% 10 67% mis mramma A-CMC-05.
[okazano, yto mramm A-CMC-05 o6namaer BEIpa)KEHHBIMUA CBOMCTBAMH, CIIOCOOCT-
BYIOIIIUMH PHU30TEHE3Y Y SKCIUIAHTOB Oapbapuca (Berberis thunbergii Aurea). B ombi-
Tax ¢ NpopalBaHueM ceMsH nmeHuLs! (7riticum aestivum L.) He 0OHapy>KEHO Kako-
ro-m6o BimusiHUS WTaMMoB G. paraffinivorans A-CMC-11 u P. protegens A-CMC-05,
B TOM YHCII€ B COCTaBE KOHCOPIIMYMa, Ha BCX0XKECTh CeMsH. OIHAKO BBISBICHBI CTa-
TUCTHYECKU 3HauuMble (p <0,05) oTaM4Ms M0 MPHU3HAKY UIMHBI IPOPOCTKOB U KOP-
Hel mmeHnIbl npu o6paboTke cemsH mrammamu G. paraffinivorans A-CMC-11 n
P. protegens A-CMC-05 coorBercTBeHHO. OOpabOTKa IKCIUIAHTOB MaiHHBI (Rubus
ideus L.) xynbTypanbHON *uaKocThio mrTamma A-CMC-05 crocoGcTBOBaNa yBenu-
YEHHIO CpeAHEeH UTMHBI MOOEroB IO CPaBHEHUIO C OTPHIATENBHBIM U TMOJIOXKHUTEIb-
HBIM KOHTponsiMu Ha 40% u Ha 73% cooTBeTcTBeHHO. Mcmonb30BaHUE MITAMMOB
B COCTaBE€ KOHCOPLIMYMa HE MOKa3ajao 3HaYMMbIX pe3yabTaroB. Jns mramma P. Pro-
tegens A-CMC-05 BoLaBiieHBI 0oJiee BBICOKHE MOKa3aTeNd 10 BCEM HCCIEeIOBaHHBIM
XapaKTePUCTUKaM, TakMM Kak 5((EeKTHBHOCTb MHIMOMpOBaHHMSA (uUTONaToreHa u
MIPOLIEHT SKCIUIAaHTOB C MPU3HAKAaMH pPH30TeHe3a.

KnroueBble ci10Ba: MUKPOOPTaHW3MBI — NPOJYIEHTH OMOAKTUBHBIX BEIIECTB,
HHTHOMpOBaHNE POcTa (PUTONATOT€HHBIX MUKPOOPTaHU3MOB, CTUMYJIHPOBAHHE POCTa
pacTeHui, pU30reHes
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Summary. Excessive use of chemical fertilizers has led to various negative conse-
quences such as accumulation of harmful elements in the soil, groundwater pollution,
reduction of soil organic matter content and fertility, and deterioration of soil physical
and chemical properties. In recent years, special attention has been paid to the indus-
trial potential of microorganisms for use as biological fertilizers, their ability to im-
prove nutrient availability, enhance plant growth and productivity, and protect the en-
vironment from negative impacts. A large group of soil bacteria has been shown to
have a positive effect on plant growth, which is associated with such properties as in-
creased availability of mineral nutrition elements for plants, production of metabolites
with hormonal and signaling functions (auxins, cytokinins, gibberellins, abscisic, sali-
cylic and jasmonic acids), induction of mechanisms of systemic resistance to stresses
of abiotic and biotic nature. Bacillus and Pseudomonas are among the most studied and
widely used producers of bacterial enzymes and destructors of organic compounds, as
well as plant growth-promoting bacteria and antagonists of plant pathogens.

In the present study, the growth-stimulating and bioprotective properties of strains
Pseudomonas protegens A-CMC-05 and Gordonia paraffinivorans A-CMC-11,
which we had isolated earlier from municipal wastewater treatment plants in Sura-
baya, Indonesia, were investigated. The representatives of Pseudomonas and Gordo-
nia are widely distributed in nature and are actively studied due to their ability to de-
struct, transform and synthesize organic compounds. P. protegens is known as a plant
growth-promoting rhizobacterium. No published data were found for G. paraffinivo-
rans to investigate their potential as plant growth stimulators or biocontrol properties,
but such works are available for other members of the genus Gordonia.

The inhibitory activity of strains P. protegens A-CMC-05 and G. paraffinivorans
A-CMC-11 against the phytopathogenic fungus of the genus Fusarium, representa-
tives of which are often associated with severe crown and root rot diseases of wheat,
was investigated. When Fusarium equiseti D1 was co-cultured in the presence of each
of the bacterial strains, changes in the morphology of the fungal mycelium and inhibi-
tion of the growth zone were observed (See Fig. 14). When the fungal fragment was
inoculated onto freshly grown bacterial turf, the inhibitory activity of P. protegens
A-CMC-05 was as prominent, whereas strain G. paraffinivorans A-CMC-11 showed
less pronounced antagonism (see Fig. 1B). In the third cultivation variant, which con-
sisted of inoculating the fungal mycelium into the center of the Petri dish at the same
distance (3.5 cm) between two bacterial growth zones (0.7-0.8 mm in diameter), in the
presence of the Pseudomonas sp. strain A-CMC-05, a more noticeable inhibition of
mycelial growth was also observed than in the presence of the Gordonia sp. strain
A-CMC-11 (See Fig. I1C). Inhibition of radial mycelial growth ranged from 11% to
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13% for strain A-CMC-11 and from 36% to 67% for strain A-CMC-05. In addition to
inhibition of the growth zone, strain A-CMC-05 inhibited the development of aerial
hyphae of Fusarium equiseti D1, only weak growth in the depth of the agarized medi-
um was observed (See Table 1).

An experiment was conducted to study the growth-stimulating properties promot-
ing rhizogenesis of unrooted explants of barberry of Thunberg (Berberis thunbergii
Aurea), selected as an object for research (See Fig. 2). As a result, rhizogenesis pro-
cesses were observed in 12.1% of explants planted in sterile soil treated with the cul-
ture liquid solution of strain A-CMC-05. In the experiment with strain A-CMC-11,
root formation was detected in 7.5% of explants. In the control experiment with the
addition of the Kornevin commercial preparation based on 4(indol-3yl)butyric acid
(IBA) the efficiency of rhizogenesis was 15%. Analysis of the obtained results indi-
cates that strain A-CMS-05 has pronounced properties promoting rhizogenesis in bar-
berry plants used as an object of research and its efficiency in stimulating rhizogenesis
is comparable to the efficiency of the preparation based on IBA. In subsequent exper-
iments, in addition to the effect of strains A-CMC-05 and A-CMC-11 individually,
their effect on plant growth and rhizogenesis in the consortium was investigated. In
experiments with germination of wheat (Triticum aestivum L.) seeds in sterile soil,
strains of G. paraffinivorans A-CMC-11 and P. protegens A-CMC-05, including as
part of a consortium, had no effect on seed germinability (See Fig. 34). At the same
time, the formation of a denser earth clod at the roots of wheat seedlings in the exper-
iments with each of the strains and as part of the consortium compared to the control
was noted (See Fig. 3B). Statistically significant differences were also revealed be-
tween the lengths of seedlings when seeds were treated with G. paraffinivorans
A-CMC-11 and the lengths of wheat roots under the influence of P. protegens
A-CMC-05 (See Fig. 4). The use of strains as part of a consortium showed no signifi-
cant results. Additionally, the effect of bacterial strains and consortium on rooting ef-
ficiency and shoot length in raspberry (Rubus ideus L.) explants of “Cassiopeia” vari-
ety was investigated (See Fig. 5). In contrast to the experiment with barberry explants,
no positive effect of individual strains or their consortium on rhizogenesis processes
in raspberry was found. Moreover, the efficiency of root formation by the number of
rooted explants was the most significant in the negative control without any soil or
explants treatment and amounted to 87% (See Fig. 54). We did not analyze root and
shoot masses except for visual assessment. The total root mass in experimental and
control experiments could differ and, among other things, affect the average shoot
mass, which visually increased after treatment with culture liquid of the strains and
consortium due to a wider leaf plate (See Fig. 6). In addition, treatment of explants
with the culture fluid of P. protegens A-CMC-05 increased the average shoot length
by 40% compared with the negative control and by 73% compared with the positive
control (See Fig. 5B). The studies demonstrated the potential of P. protegens A-CMC-05
and G. paraffinivorans A-CMC-11 as biocontrol agents and plant growth stimulators.
P. protegens A-CMC-05 showed more pronounced results and is a more promising
agent for further studies of growth-stimulating and bioprotective properties.

The article contains 6 Figures, 1 Table, 40 References.
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BBenenne

OnHolt M3 BaXKHBIX 33124 arporpoMsbiinuieHHoro komiuiekca (ATIK) siBisercs
HEOOXOMMOCTh TPOU3BOJCTBA BCE OOJNBIIETO KOJINYECTBA MPOIYKTOB MUTAHHS
IUIsl YIOBJIETBOPEHUS! pacTyllero crpoca HaceneHus. Kpome Toro, ceibckoe
XO3HCTBO CTAIKHBAETCS ¢ MPoOIeMaMH MOCIEACTBUH 3arps3HEHHS OKPYKAro-
el cpensl, TAKUMH Kak M3MEHEHHE KIIMMaTa M HeXBaTKa BOJBI, KOTOPhIE CHU-
KAIOT YPOKANHOCTb CENbCKOXO3SHUCTBEHHBIX KYJIbTYp. Upe3aMepHOe HCIIOJIb30-
BaHHE XMMHUYECKHX YJOOPEHUH NpUBEIO K pa3jiMyHbIM HEraTUBHBIM MOCIEN-
CTBHSIM, TaKUM KaK HAaKOIUIEHHE BPEIHBIX DJIEMEHTOB B IIOYBE, 3arps3HEHUC
TPYHTOBBIX BOJ, CHIDKCHUE COJIEPKAHUS OPTaHUIECKOTO BEIIECTBA B MOYBE U €€
IUTOIOPOIHSI BMECTE C YXYAIICHAEM (DPU3NICCKUX M XUMUYCCKUX CBOMCTB ITOYBBI
[1]. Takum oOpa3oM, COBPEMEHHOE CEJIbCKOXO3SHMCTBEHHOE IIPOM3BOJICTBO
B PA3IMYHBIX CTPaHAX MHPA CTAIKHUBACTCS C HEOOXOOMMOCTBIO PEIICHHS Cpasy
JBYX BaXXHEMIINX MpoOJieM, a UMEHHO 3allUThl CEIbCKOXO3SHCTBEHHBIX KYJIb-
Typ OT BpEIUTENeH, 00Jie3HEH M COPHAKOB M 3aIlUThl OKPYKAIOLIEH Cpeibl OT
TEXHOTEHHOTO 3arps3HeHus [2].

B mocnennue ronbl 0co60e BHUMaHUE YACISETCS MPOMBIIUICHHOMY TOTCH-
OUasy MUKPOOPTaHW3MOB [UIS HCIOJNB30BaHHUS B KayeCTBE OMOJIOTHYECKUX
yInoOpeHuii, UX CHOCOOHOCTH YIy4IIaTh JOCTYITHOCTh HMUTATEIBHBIX BEIUICCTB,
YCUJIMBATh POCT U MPOIYKTHUBHOCTh PACTEHUH U 3alUILATh OKPYKAIOILIYIO Cpe-
Iy OT HEeraTUBHBIX Bo3zeicTBuil [3, 4]. Jnst OonbIIoi rpymnibl HOYBEHHBIX Oak-
TepUil MOKa3aHO TOJIOKUTEIBHOE BIFSHHE HA POCT U Pa3BUTHE PACTCHUIL, UTO
CBSI3BIBAIOT C TAKUMH CBOWCTBAMH, KaK MTOBBIIICHHUE JOCTYITHOCTH ISl PACTEHHIH
3JIEMEHTOB MUHEPAIBLHOIO MUTAHUS, TPOAYKIUS METaOOTUTOB C TOPMOHAJIbHbI-
MH ¥ CUTHaJIBHBIMH (DYHKIHMSIMH (ayKCUHBI, INTOKUHUHBI, THOOEpeIunHbI, abc-
[U30Bas, CAIHIIIIOBAS M JKACMOHOBAsI KUCIJIOTHI), HHAYKIMS MEXaHH3MOB CH-
CTEMHOW YCTOHYUBOCTH K CTpeccaM aOHMOTHYECKONH M OMOTHYECKOH MPUPOJIBI
[5, 6]. TloMrMoO 3TOrO, HEKOTOpHIE POCTOCTUMYIUPYIOIINE MHUKPOOPTAaHU3MBI
MOTYT 00JIaJlaTh ¥ CBOWCTBAMH OMOKOHTPOJIS, TIOJABJISS POCT (PUTOMATOTCHOB
C IIOMOIIBI0 TPOM3BOJACTBA AHTUMUKPOOHBIX COCIUHEHUH WM KOHKYPEHIHH
3a 9KOJIOTUYECKHE HMIIM WIM NHUTaTellbHble pecypchl. M3yueHue moTeHIuana
TaKUX MHUKPOOPTAaHU3MOB U MX NPHMEHECHUE B YCTOWYNBOM CEIIBCKOM XO03SHCTBE
B KauecTBe aJbTePHATHB XUMHUYECKUM YAOOPEHUSIM M MecTHuugam OyneT cro-
co0CTBOBAThH YJIYULIEHUIO COCTOSHHUS OKPY)KAIOIIEH Cpelbl U MOBBIILIEHUIO MPO-
HU3BOJIUTEIHLHOCTH CEIBCKOTO X03scTBA [7].

Bo Bcem mupe OHOCTHMYIATOPH pOcTa Ha OCHOBE OAaKTepwil Bce IMpe HC-
MOJIB3YIOT B PACTEHHEBOACTBE ISl YBEJIMYEHHUs YyporkKaHOCTM pacTeHuil [8].
OpHako HECMOTPSI HAa JOCTATOYHO IIMPOKUI aCCOPTUMEHT IPUCYTCTBYIOIINX Ha
PBIHKE IIpenapaToB HA OCHOBE KUBBIX OaKTEPHH LIS 3aIUTHI U PETYISIIUU PO-
CTa pacTeHUH, UX NPUMEHEHHE 3aHUMAET JIULIb HEOOJBILYIO TOJIO B CEIbCKOXO-
3stiicTBeHHOM oTpaciu. OJHONW M3 OCHOBHBIX TMPHYWH, ONPAaHUYUBAIONINX TPH-
MEHECHHE TaKuUX OWONpenapaToB, MOXKET SIBISTHCS HEJOCTATOYHOEC H3YyUCHHE
MEXaHH3MOB, 00ECIICUMBAOIINX OUOMPOTEKTOPHBIE (00eCIIeUnBaIOIIUe (PYHTH-
IUAHBIHA 3Q(EKT B OTHOMICHUU (PUTOMATOr€HHBIX TPHOOB) U POCTOCTUMYIIUPY-
OIIHE CBOMCTBA MUKPOOPTaHI3MOB Pa3HOOOPA3HBIX (PHIOTEHETHIECKUX IPyYII,
a TaKk)Ke M3MEHAIOLIUECS CBOMCTBA MHOKYJIUPOBAHHBIX B MOYBY MUKPOOPTraHU3-
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MOB, KOTOPBIE MOTYT BJIMSTH Ha MPOU3BOJACTBO CEIbCKOXO3AUCTBEHHBIX KYJIb-
Typ. YCIEIIHOE UCIOJIE30BaHUE MUKPOOHBIX OHOCTUMYIISATOPOB 3aBUCHT OT HX
BEDKHMBAEMOCTH B II0YBE, CIIOCOOHOCTH B3aUMOICHCTBHS ¢ MECTHBIMH MHKPOOP-
raHU3MaMH B MoYBe U (hakTopaMu okpyxaromiei cpens [9, 10]. Taxke s dek-
THUBHbIE MUKPOOPTaHU3MbI JOJDKHBI YCHIUBATh BO3MOKHOCTH POCTa PACTEHHIA,
MMETh NIUPOKHUIA CHEKTP NEHCTBUsI, OBITh OC30MACHBIMU I OKpPYIKAIOIIel cpe-
IbI, OBITH YCTOMUYMBBIMH K Pa3sHOOOpAa3HBIM TEMIIEPaTypHBIM BO3IACHCTBHSM,
YO-uznyyennto v uHbIM ¢axtopam [11]. YuuThiBas BCE BbIIECIEPEUUCIECHHOE,
HEOOXOAMMOCTh B pa3paboTKe HOBBIX OMOYHIOOpEHWI Ha OCHOBE POCTOCTHMY-
JTUPYIOIINUX OaKTEpHUd OCTACTCs aKTyalbHOM.

Lenpto HACTOAIIETO MCCIEAOBAHUS SBUJIOCH M3yYEHHE POCTOCTHMYIIUPYIO-
OMX U OMONPOTEKTOPHBIX CBOWCTB IBYX INTAMMOB Oaktepuii, Pseudomonas
protegens A-CMC-05 u Gordonia paraffinivorans A-CMC-11, obnagaromux
JUNOJIUTUYECKIMHU CBOMCTBAMHM M SBJISIIOIIMXCS JECTPYKTOpaMH IIMPOKOTO
Kpyra opraHu4ecKux BElIeCTB.

MarepuaJibl 1 METOABI

tammer 6akrepuii Pseudomonas protegens A-CMC-05 (VKM B-3844D) u
Gordonia paraffinivorans A-CMC-11 (VKM Ac-3071D) KyJabTHUBHpPOBaH Ha
cpene PCA (plate count agar) u arapu30BaHHON HJIH YKHIKOW Cpelic HAa OCHOBE
rugponu3ara peioHord Myku (I'PM). BiusHue mramMmoB GakTepuid Ha POCT IO
OTHOIICHUIO JIPYT K IPYTY ONPEEIISUIN C TOMOIIBIO IOCEBOB HA arapu30BaHHYIO
MUTATENBHYIO CPely METOIOM IIEPEeKPECTHRIX ITPUXoB. Ha cepenuHy 9amku ot
OJIHOTO Kpas JI0 IPyroro HaHOCWJIU MOJIOCKY OaKTepUaIbHOTO MHOKYJISTa OAHO-
ro mramMMma u WHKyOupoBanu nipu 28°C B TeueHue HouW. Jlajiee HAHOCHIIM Ha
YalKy IOJIOCY WHOKYISATa BTOPOTO INTaMMa, IEPIEHANKYISIPHO BBIPOCIIEMY
OakrepuansHOMy mTammy. Eme uepes cytkn makyOupoBanus npu 28°C npose-
PSUTH 30HY pOCTa BTOPOTO IITaMMa M OTPEIEeNIsUIA HAJIMINE W OTCYTCTBUE MH-
THOMPOBAHMSI OJHOTO IITaMMa ApyruM. [loceBrl MpOBOIMIN B IBYX HOBTOPHO-
CTSIX ¢ 00OMMU BapHaHTaMH MEPEKPECTHBIX MTPUXOB.

WNurubupyromuit a3¢dext mrammo A-CMC-05 u A-CMC-11 Ha pocT u pasz-
BUTHE (HUTOMATOTCHHBIX MHKPOOPTaHU3MOB HCCIEIOBATH HA TECT-IITaMMe
Fusarium equiseti D1. DxcriepuMeHT NPOBOJWIN HA CPEE C MAIBTO3HBIM 3KC-
TpaktoM (MD: ManmbTO3HBIA 3KcTpakT — 30 71/7; mentoH — 51/n; arap — 1571)
¢ no6aBneHreM | M1 CTOKOBOTO pacTBopa MukpodnemeHToB (CuSO4x5H,0 —
5r1/m; ZnSO4x7H,0 — 1 1/m) m PCA (plate count agar). Mcnonp3oBanu tpu pas-
HBIX MOAXO0Ja K KYJIbTUBUPOBAHUIO MPHU MPOBEJCHUHU dKCIepUMeHTa. B nepsom
BapHaHTE C COBMECTHBIM KyJIHTHBHUPOBAHHEM BBICEBATH HA YAIlIKU C arapuso-
BaHHOM cpenoit 0,1 MIT cBeXel KUAKOW OaKTepHaIbHOW KYJIBTYPEI M paBHOMED-
HO pacnpenessuid 1o NOBEPXHOCTH arapa. Jlajgee Ha HHOKYJIUpOBaHHbIE OakTe-
PUSIMM YaIlK¥ TTOMEIIAIH JJBa arapoBbIX OJIOKa CBEKEBBIPAIIEHHOTO TPHOHOTO
MUIIETHS HA PACCTOSHUHU JAPYT OT Ipyra He MeHee 3 cM. Bo BTOpoMm Bapmante
JKCIIEpUMEHTa MPOBOJWIN ITOCEB KUAKOH OaKTepUaNbHOM Ky/5TYDB Ha HallIKy
Ietpu (0,1 M1 cycrieH3UH KIETOK C KOHLIEHTpanuei He MeHee 10° ki/min), gepes
1 cyrku wHKyOupoBaHus mpu 28°C Ha TMOBEPXHOCTH arapa IOMEIIATH JBa
(dparMeHTa MUIIETHs, KaK OMHCAHO BBINIC. TpeTHil BapUaHT KyJIbTHBHPOBA-
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HUS 3aKITIOYAICS B CICAYIOMIEM: 3 MKI JKHIKOW OaKTEpUAIbHOH KYyJIbTYPBI
(108 KJI/MJT) HHOKYJUPOBAJM C JBYX MPOTHBOMOJIOKHBIX CTOPOH 4ariku [letpu
¢ KIA (xaprodenbHO-nekcTpo3Hblid arap: kaprodens — 2001/, Tmokoza —
201/n; arap — 151/1) HAa paBHOM pAcCTOSHUHM OT LeHTpa (HE MeHee 3 cM) |
KynbTuBUpOoBaIM npu 28°C B TeueHue 24 u; nocne B UeHTp vamku Iletpu mo-
MEIIaI arapoBblid OJIOK MUIENUs AaMeTpoM 5 MM. KynbTHBHUpOBaHHE BCeX
BapHaHTOB SKCIICPUMEHTA B TPEX HE3aBHUCHUMBIX TOBTOPHOCTSX IPOBOIIIH B Te-
4geHue 5 cyTok. Jlanee u3MepsuIi TuaMeTp TPHOHOTO MUIETUS B KOHTPOJIBHBIX H
9KCIIEPUMEHTAIILHBIX YaIllKaX ¥ PACCYMTHIBAIN MHTHOUpYROIUi 3¢ dekt Oakre-
pHANIBHBIX IITAMMOB TI0 ONMCaHHOH paHee hopmyie [12].

OKCHEPUMEHT IO BIHMSHUIO META0OIHUTOB KyJIbTYPAIFHON JKUAKOCTH IITaM-
MOB P. protegens A-CMC-05 u G. paraffinivorans A-CMC-11 Ha BCXOXECTh
CeMSH TIICHUIBI spoBoit (Triticum aestivum L.) TIpOBONWIM TIO CIEXYyOMIEH
cXeMe: ceMeHa MIICHUIIB BBIMAYMBAIIK | U B CBEXKEH XKHUIKOU KYJIBTYpe KaKIo-
ro mramma (He MeHee 10° Ki1/MiT) [0 OTACIBHOCTH M KYJIbTYPalbHON KHIAKOCTH
KOHCOpIIyMa M3 JBYX IITAMMOB, 3aT€M BBICEBAIM B CTCPHIIbHYIO mouBy. Ila-
paAJUIENBHO MPOBOIMIN KOHTPOJBHBIN MOCEB HEOOPaOOTAHHBIX CEMSH. DKCIIe-
PUMEHT IPOBOAWIA B CTEPWIBHBIX IUIACTHKOBBIX HMAPHHUKAX C IMPO3PAYHBIMHU
KpBILIKaMU C PEXKUMOM MHCOJSLUHN JleHb-HOuYb (16:8) B Teuenue & cyr. s
KaXXJIOTO BapUaHTa JKCIICPUMEHTA, BKIFOYAst KOHTPOJIBHBIN, HCIOIB30BAIN TPH
Onoornyeckux MoBTOpHOCTH 1Mo 100 ceMsiH MIIeHUIIBI B Kax10i. B xoHIIe sKC-
MEPUMEHTA OIPEIEISUI MPOIIEHT BCXOXKECTH CEMSH, a TaKKe aHATU3UPOBAIH
JUTMHY KOPHEH U IPOPOCTKOB.

DKCHEpUMEHT 110 CTUMYJIUPOBAHUIO MPOIECCOB PU30TEHE3a Y PACTCHUN Me-
TabonuTaMu, 00pa3yeMbIMH MITaMMaMU OaKTEpHid, MPOBOIUIN C HCIIOIH30Ba-
HUEM JKcIUtaHToB Oapbapuca TynOepra (Berberis thunbergii Aurea). [Tomxydaen-
HbIE MUKPOKJIOHAIBHBIM Pa3MHOKEHHEM 3KCIIAaHThI Oapbapuca 0e3 MpU3HAKOB
pHU30TreHe3a OBUIH BBHICAXKCHBI B CTEPHIIFHYIO ITOYBY, 00pab0OTaHHYIO PacTBOPOM
(150 M1 pacTBOpa Ha 2 71 TOYBKI) KYJIBTYPaIbHOU KHIKOCTH IITAMMOB P. prote-
gens A-CMC-05 u G. paraffinivorans A-CMC-11 ¢ KoHIEHTpaIen 10% ko1/mun.
[IpoBoaMIHM OTHENBHBIN YKCIIEPUMEHT IS KaXKIIOro ITamMma. B kaxmom skcre-
puMeHTe OBLIO MCTIONB30BaHO 66 AKCIUTAHTOB Oapbapuca. B KOHTPOIBHOM JKC-
MEPUMEHTE HKCIUIAHTHl BBICA)KUBAIUCH B CTEPWIBHYIO HOYBY 0e3 KakoH-IH00
00paboTKu. J[OMOIHUTENBHBIA KOHTPOIBHEIA SKCIIEPUMEHT BKIIIOYAT 00paboTKy
9KCIUTAHTOB (OIyApPUBAHME) PEryJIATOPOM pocTa pacTeHuid (mpemapatr «Kop-
HEeBUH», conepxamuid 4(unpon-3un)macisnyto kucinory (UMK) B kaudectBe
JICHCTBYIOIIETO BEIIECTBA), & TAK)KE BHECEHHUE JKUAKON (hOpPMBI OHompenapaTta
Ha OCHOBE crop (B KOHewHON KoHeHTpauun 10° Ha M) M MuLenus rpuba
Trichoderma virens 6 (npousBoautens OO0 «/lapBun», r. ToMck) isi mogaB-
JICHUS Pa3BUTHUS HEXKENATEIEHBIX MHKPOOPTaHIM3MOB. DKCIEPHUMEHT IIPOBO AU
MpU KOMHATHOW Temmeparype Ha NpoTsbkeHuu S Hezenb. [lepBoie 2 Hemenu
KOHTEHHEpHl C OSKCIUIAHTAaMH OBLUTH 3aKPBITHl TePMETHYHBIMH ITPO3PAYHBIMU
KPBIIIKAMHU JJISI TOACPIKAHHUST BHICOKON BJI&)KHOCTH M aJallTallid 3KCIUIAHTOR.
Janee B TeueHue 3 HeAeNb BIAXHOCTh IMMOCTEIIEHHO CHIDKAIM 33 CYET HapyIle-
HUS TEPMETHIHOCTH Kphimek. [locie ncmapeHns Bcell BIaru pacTeHHUs H3BIICKa-
JIY U3 TIOYBBI ¥ ITPOBOJIMIIM TIOJICYET SKCILIAHTOB C MPU3HAKAMH PU30TeHE3A.
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JJ1sl TTOCNeNYFOMEero UCCIENOBAHUS POCTOCTHMYIHPYIOIIMX CBOMCTB ITaM-
MOB, BKJIOYas 0Opa3oBaHHME KOpHEW W IUTHHY MOOETOB, BBIOPAHBI KCIUIAHTHI
MauHbl (Rubus idaeus L.) copra «Kaccuones». JKCIIanThl 6€3 IPU3HAKOB PH-
30reHe3a ObLIH BBICR)KEHBI B CTEPIUIBHYIO MOYBY, KaK OMKCAHO BbIme. Bo Bcex
TpeX BapUaHTaX SKCIEPUMEHTA, 8 IMCHHO ¢ 00pabOTKON KYIbTYPAIBHOM KHITKO-
cThio mTamma P. protegens A-CMC-05, mrtamma G. paraffinivorans A-CMC-11
U KOHCOpLHMYMa M3 JBYX IITAMMOB, UCIIOJIB30BAIH MO 70 SKCIUIAHTOB MAJIUHEI.
B KOHTPOJBHBIX 3KCIIEPUMEHTAX BHICAXKUBAIU 3KCIUIAHTHI B CTEPHIIBHYIO ITOYBY
0e3 kakoii-mnbo 00paboTkm u ¢ obpaboTkoi mpenapatom «KopueBun». Ipo-
JOJDKUTEIBHOCTh U YCIIOBHS IPOBEICHUS SKCIEPUMEHTA C SKCIUIAHTAMH Malli-
HBI COBMAJAJI C OMUCAHHBIM BHIIIE ¢ ydacTueM OapOapuca. OIHAKO B TaHHOM
Cllydae IO 3aBEpIICHUU JKCIIEPHMEHTa OLICHHBAJIHM HE TOJBKO YHCIIO JKCIUIAH-
TOB C IPU3HAKAMH PU30T€HE3a, HO M JUIMHY ITOOETOB.

CratucTrdeckyro 00pabOTKy MONYYSHHBIX JAHHBIX IMPOBOIUIN C IIPUMCHE-
HUeM Hemapamerpuueckoro U-kputepus ManHa—YutHu. OTiIHYusS CUUTAIH
3HaYUMBIMH 11pH p < 0,05.

Pe3yJI])TaTl)I HCCJICI0OBAHUA U 06cym)1e}me

B uccrenoBanny MCHOIR30BANIN IITAMMBI OaKTEpPHi, BEIICIICHHBIE HAMHU pa-
Hee U3 FOPOJICKUX OYUCTHBIX coopykeHuil r. Cypabas (MHooHe3us1) U UACHTH-
(GUIMPOBaHHBIE HA OCHOBE MOJEKYIISPHO-OMOJIOTMYECKOTO aHamm3a Kak Pseu-
domonas protegens A-CMC-05 (VKM B-3844D) u Gordonia paraffinivorans
A-CMC-11 (VKM Ac-3071D) (manHbie He omybOnukoBaHbl). Mccnemyembie
IITAMMBI OTHOCATCSI K (DMIIOTEHETHYECKH yIAICHHBIM APYT OT APYra TaKCOHaM
(Gammaproteobacteria u Actinomycetia COOTBETCTBEHHO) U TPEACTABIISAIOT WH-
Tepec KaK MOTCHINAIBHBIC areHThI U1 HCIONb30BaHMS B PA3IMYHBIX AKOJIOTHU-
YEeCKUX U CEIbCKOXO35IICTBEHHBIX OnoTexHonorusx. [pencrasurenu Pseudomo-
nas u Gordonia IMPOKO PACIPOCTPAHEHBI B MPUPOJIE M AKTUBHO H3y4arOTCs
Onaromapsi CBoel CIocOOHOCTH paszjiaraTh, MPeoOpPa30BhIBATH M CHHTE3UPOBATH
opranuyeckue coeaunenus [13, 14]. P. protegens U3BeCTeH KaKk CTUMYIUPYIO-
miast poct pactenuit puzodakrepus [15]. s G. paraffinivorans ue oGHapyXeHO
OITyONMKOBaHHBIX JAHHBIX 00 HMCCIIEIOBAHMU WX MOTCHIMANA B KA4eCTBE CTH-
MYJISITOPOB POCTa PACTEHHU MM CBOWCTB OMOKOHTPOJISI, OJHAKO MOJOOHBIE pa-
OOTHI €CTh JJIs IPYTUX TpeacTaButeneit poga Gordonia [16].

UccnenoBanyu MHTHOUPYIOIIYIO aKTUBHOCTh IITaMMOB P. protegens A-CMC-05
u G. paraffinivorans A-CMC-11 mo oTHOIICHHIO K (DUTOMIATOTCHHOMY TPHOY
pona Fusarium, mtamm D1, BBIICIICHHOMY HaMH paHee U3 MOPaKEHHBIX (y3a-
puo3oM pacteHuit knyOHUKH. Fusarium D1 no ananmmsy rena ITS (Homep no-
cryna GenBank NCBI PV390695) otHocutcs k Fusarium equiseti, IpeicTaBu-
TEJI0 KOMIUIEKCA BUIOB Fusarium incarnatum-equiseti, KOTOPBIA SBISETCS Na-
TOTEHOM JJIS Pa3HOOOPa3HbBIX pacTeHuit [17, 18].

Fusarium spp., IIUPOKO PacpOCTPAHCHHBIA MUIEIUANBHBIA TPHO, BCTpe-
YAFOIIUIACS B TIOYBE M PACTCHUSX, MHOTHE BUABI KOTOPOTO SIBISIOTCS BAYKHBIMHU
natoreHaMu pacteHuil [19, 20], BIMAIOT Ha KayecTBO ypoxkas M MPUBOISAT
K IOp4Ye MPOAYKTOB NMuTaHus [21], a Takke OKa3bIBAIOT 3HAYUTENILHOE BIHSHHE
Ha 3JI0pOBbE 4eJIOBEKa U JKUBOTHBIX [22, 23].
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[Ipu coBMecTHOM KyIbTHBHPOBAHUU F. equiseti D1 B IPUCYTCTBUU KaXOT'0
13 OaKTEepUABHBIX ITAMMOB HAOIIOAAIH HHTHONPOBAHUE 30HBI POCTA MUTICITHSI
(puc. 14). Ilpu mHOKyIMpOBaHUM (PparMeHTa rpuda Ha CBEKEBBIPOCHINHA Oak-
TEePUATBHBIA Ta30H HHTHOMPYIOIIAs aKTHBHOCTh IITamma Pseudomonas sp.
A-CMC-05 Obira Tako¥ jxe 3aMETHOH, Torma Kak jus mramma Gordonia sp.
A-CMC-11 nabnromany MeHee BhIpaXXEHHBIA aHTaroHusM (puc. 1B8). [Ipu tpetsb-
€M BapHaHTE KYyJbTHBHPOBAHUS, KOTOPBIM 3aKIIOYANCS B WHOKYJIHPOBAHUH
rpUOHOr0 MUILIENHUs B IIEHTp Jaiku [leTpu Ha oquHAKOBOM paccrosHuH (3,5 cMm)
MEXIy ByMsl OakTepralbHBIMHU 30HaMu pocTa (auameTpom 0,7—0,8 MM), B Tipu-
cyrctBuU mramma Pseudomonas sp. A-CMC-05 taxke Habmonanmu Oosee 3a-
METHOE HHTHOMPOBAHUE POCTA MHILICIHUS, YeM B IPUCYTCTBHUHU ITamMa Gordonia
sp. A-CMC-11 (puc. 1C).

WurnbrupoBanne paguaibHOrO POCTa MULECTHS HA CPEAe T MUKPOMHILICTOB
coctaBwiio 11-13% misa mramma A-CMC-11 u ot 36% 1o 67% nindg mramma A-
CMC-05. Hnsa mramma A-CMC-11 ormedeHo HamOolbllee WHTHOUpYIOIICE
BO3zeiicTBHe Ha Mmunenui (1o 57%) mpu KynbTuBHpoBaHuHM Ha cpene PCA,
MpeIHAa3HAYCHHON Ml KyJIbTUBUPOBAaHWS OaKTepWil W TMOJCYETa KOJOHHUH.

Fusarium equiseti D1 P. protegens A-CMC-05 G. paraffinivorans A-CMC-11

KoHTponb

[Control] A B A B

Fusarium sp. D1 P. protegens G. paraffinivorans

Puc. 1. [logasnenne pocra Fusarium equiseti D1 mpu pa3HBIX BapHaHTaX KyJIbTUBHPOBaHUS
Ha cpelax ¢ MajabTO3HBIM 3KcTpakToM (MO) u PCA (4 — coBMecTHOE KyIbTHBUPOBAHHUE;
B — nHOKYIMpOBaHHE rPUOHOTO MULIEIHS Ha BHIPOCIIHI OaKTepHaIbHBIN a30H;

C — MHOKY/MPOBaHNE MHULIEIUSI MKy ABYyMsI OaKTepHaIbHBIMU 30HAMH POCTa)

B npucyTcTBUU mTaMMoB Gordonia sp. A-CMC-11 u Pseudomonas sp. A-CMC-05
nipu 28°C B TeyeHHe 5 cyTOK
[Fig. 1 Inhibition of Fusarium equiseti D1 growth under different cultivation conditions on media with
maltose extract (ME) and PCA (4 - co-cultivation; B - inoculation of fungal mycelium onto the grown
bacterial lawn; C - inoculation of mycelium between two bacterial growth zones) in the presence
of strains Gordonia sp. A-CMC-11 and Pseudomonas sp. A-CMC-05 strains at 28°C for 5 days]
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[MomMumo mHTHOMpOBaHHS 30HBI pocta, mTtamM A-CMC-05 mpenstcTBoBan pas-
BUTHIO BO3AYIIHBIX TH] (y3apruyma, HAOTIOANHN JIUIIb CIA0BIA POCT B TITyOHHE
arapu3oBaHHOM cpensl (Tadu. 1).

Panee mpomeMOHCTpHPOBAHO HHIHOMPOBAHUE POCTA MUILEHHS Fusarium
equiseti, BBIZIEIEHHOTO W3 OOJIBHBIX cTebJiell U KOpHEW mepla xabaHepo, Mmoy-
BEHHBIMU InTamMamu Paenibacillus sp. u Bacillus spp. Kak Tpd COBMECTHOM
KyJIbTHBHPOBAaHHUU (710 66%), TaK W IPU HCIIOIH30BAHIH OECKIETOYHBIX (I
TparoB (10 69%) [24]. B mpyrom mccieaoBaHuu sl pu3oCc(EpHBIX IITaMMOB
Bacillus amyloliquefaciens, B. velezensis, B. subtilis u B. mojavensis ioka3ana
BBICOKAsl CTETICHb CHIDKEHUS (PY3apHO3HOTO YBsaHus y Vicia faba, BBI3BBAHHOTO

Tabnuma 1 [Table 1]

HMurnduposanue pocra Fusarium equiseti D1 nipu Ky1bTHBHPOBAHMH B IPUCYTCTBHH
wrammoB Gordonia sp. A-CMC-11 u Pseudomonas sp. A-CMC-05
[Inhibition of Fusarium equiseti D1 growth when cultivated in the presence

of Gordonia sp. A-SMS-11 and Pseudomonas sp. A-SMS-05 strains]

Wurubuposanue pocra munenns, %
[Inhibition of mycelium growth, %]

Wnoxynupo-
BaHHE MHIIC-
Haunero- HuokymupoBanue IS MEKILY
BaHme IpHOHOTO MULIENHUS JByMsi GakTe-
" 3 CosmecTHOE Ha GaKTepUAIbHBIH PHATBHEIMH
Muuenuit KYJIbTUBUPOBaHHE ra3oH 30HaMU pocTa
aH[TI?IFOHHCfTa [Mycelium] [Co-cultivation] [Inoculation of fungal [Inoculation
ang:)en ?st mycelium on bacterial of mycelium
strain] lawn] between two
bacterial
growth zones]
M3 M3 KIA
[malt PCA [malt PCA [potato dextrose
extract] extract] agar|
Boznym-
HbIE TU(BI 83,8+ 100 82,7+ 100 39.0+24
[Aerial 4,1 34 ’ ’
Pseudomo- hyphae]
nas prote-
gens FHy6IfH'
A-CMC-05 HBIM 36,1+ 35,0+ 67,66+ 349+ He nabmomanu
MHLEIHN 1,2 7,3 6,7 5,5 [Not observed]
[Deep
mycelium]
Bo3nym-
Hble rudbl 23,8+ 16,8 + 114+ 573+
[Aerig 9,1 1,4 0,0 23 13,074
Gordonia hyphac]
paraffinivo- v6 He He He
rans TYOUH Habmo- | Habo- Halmo-
A-CMC-11 HBIM 10,5+ nam nam namm | He Habmomamu
MHLenit 9.1 [Not [Not [Not | [Notobserved]
[Def:p ob- ob- ob-
mycelium] served] served] served]
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F. equiseti, B TetuinynbIX ycnoBusx [25]. Ilomumo Bacillus v pOJCTBEHHBIX eMY
BHJOB IOKa3aHa (YHTHUIUIHAS aKTHBHOCTH Jis Imtamma Chryseobacterium
rhizoplanae 1M u ero merabonuTOB, aneTonHa u 2,3-0yTaHenuomna, B OTHOIIIE-
HUM Bo3Oymutenei (ys3apuosa mama (Vigna radiata), cpenu KOTOPBIX OBLI
Fusarium equiseti [26].

OyHrInMIHAsS AaKTUBHOCTH IITAMMOB Pseudomonas protegens OTHOCUTEIBHO
npencTaBuTeNneit poaa Fusarium Takxke ObUIa IMOKa3aHa paHee APYTUMH HCCIie-
noBatensmu [27]. Ilpu 3ToM B OmHOW W3 ONMyOJMKOBaHHBEIX paboT Mmpoje-
MOHCTPHPOBAHO OTCYTCTBHE WHTHOWPYIOIIEH aKTHBHOCTH Yy ABYX LITaMMOB
P. protegens B oTHOmEHNU TpubOB poxa Fusarium, Toraa Kak s Ipyrux Qu-
TONATOT€HHBIX TPUOOB (PyHTHMIUAHAS aKTHBHOCTHh NpuUcCyTcTBoBana [28]. MH-
(dopmarun 00 UCCIeOBaHUAX HHIHOUPYIOIIEH aKTUBHOCTH ITaMMOB Gordonia
MIPOTUB (PUTONATOTCHHBIX TPUOOB HAMH HE OOHAPYKEHO.

BakrepuanpHble aHTarOHUCTHI (PUTOMATOTEHHBIX IPUOOB, KaK U CTHMYIHPY-
IOIIHME POCT pacTeHU OAKTEpHid, OOBIYHO BBIICISIOT U3 TIOYB U KOPHEH pacte-
HUH Kak OCHOBHOTO MECTOOOMTaHHWs pu3o0akTepuil. B oTmenbHbIX paborax
OIKCHIBACTCS BBIJICIICHIE CIIOCOOCTBYIOIUX POCTY PACTCHHN OaKTepHid W3 Opo-
IaeMbIX CTOYHBIMH BOJAaMHU CEIbCKOXO03SHCTBEHHBIX mouB [29, 30] u apyrux
TUTIOB TIOYB, MOABEPKEHHBIX aHTponoreHHoMy BiustHUIO [31]. OgHaKko HEKOTO-
pBIE UCCIEIOBAaHMS IPOAEMOHCTPUPOBAIH, YTO MUKPOOPTaHU3MEBI, BEIACICHHBIC
U3 JPYTHX 3KOJIOTHYECKUX HHII, TAKUX KaK BOIHAS cpena (MOpPCKasi BOJIA, MUTh-
eBas BoJa), Takxke 3(Q(HEKTUBHO MOJIABIISUTA POCT MATOTEHOB ¥ CIIOCOOCTBOBAIIN
pocty pacrenwii [32, 33]. Kpome Toro, mpoaeMoHCTpUpOBaH 3PEKT CTUMYIH-
POBaHUsI POCTA PACTCHUI U 3aIUTHI PaCTEHUI OT MTATOTCHOB poja Fusarium spp
OaKkTepHsMU, BHIICICHHBIMH M3 OYHCTHBIX COOPY>KEHHU CTOYHBIX BoX [34]. AB-
TOpaMH TIOKa3aHO WHTHOHpYIOlIee JeiicTBue Oaktepuil ponoB Pseudomonas,
Proteus na poct Fusarium culmorum wu Fusarium graminearum W HaJU4due
CBOMCTB, CTUMYJIUPYIOIIUX POCT pacTeHui. Takike aBTOpHI JaHHOW pabOThI Ipe-
TOJIArar0T, YTO y PH30CHEPHBIX U HEPU30CHEPHBIX OAKTEPUN MOTYT OTIIMYATHCS
MEXaHU3MBI, OTBETCTBEHHBIC 33 MMPOTUBOIPHOKOBBIC CBOWCTBA. DTUMH XK€ aBTO-
paMu MOKa3aHo, YTO OAKTEPUH MOTYT MEPEHOCUTHLCS U3 PU30C(HEPHl OJJHOTO BUAA
pacteHuid B pu3ocdepy Ipyroro BUa pacTeHHH 0e3 MOTepH X CBOKCTB, CIIOCO0-
CTBYIOIIUX POCTy pacTeHuil [35], 4To moATBEep:KIaeT BO3MOXKHBIN IOTEHIINAT
pa3HBIX OaKTepHid B CTUMYIUPOBAHUU POCTA PA3HOOOPA3HBIX PACTCHUM.

ITomumo wccnenoBaHMsl MOTCHIMANA IITAMMOB B KauecTBE arcHTOB OWO-
KOHTPOJIS, TPOBENEH OSKCIEPUMEHT II0 W3YYCHHIO POCTOCTHMYIHPYIOIINX
CBOIICTB, @ UMEHHO CHHTE3a OMOAKTUBHBIX BEILIECTB, CIIOCOOCTBYIOIINX PU30TE-
He3y dKCIUIaHTOB Oapbapuca (puc. 2). Jlist mpencraBuTeneid pa3HbIX BUAOB Oap-
Oapuca coolmIaeTcs 0 CIOKHOCTIX ¢ YKOPEHEHHEM W BBEICHHEM B KYIBTYPY
MIPY MUKPOKJIOHAJIILHOM pa3MHOKeHUH [36, 37], ueM 1 000CHOBaH BBIOOD JAEKO-
patuBHOTO KycrapHuka O6apbapuca Tynbepra (Berberis thunbergii Aurea) B Ka-
YyecTBe 00BeKTa JUIsl ucchenoBanuii. B utore y 12,1% sKCIUIaHTOB, BBICAXKEH-
HBIX B CTEPIWIBHYIO MOYBY, 00Pa0OTaHHYIO PACTBOPOM KyJIbTYPAILHON JKUIKO-
cti mrtamma A-CMC-05, nabironanu mpoueccsl pu3orenesa. B skcrnepumMente
co mrammoM A-CMC-11 obpa3oBaHme KOpHEH BBHISABICHO y 7,5% SKCIUIAaHTOB.
B KOHTPOTBHOM O3KCIIEpUMEHTE C IOOaBICHHEM KOMMEPYECKOTO IperapaTa
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Puc. 2. DKCIiepUMEHT 10 CTUMYJIMPOBAHUIO KOpHEOOpa3oBaHusl y IKCIUIaHTOB Oapbapuca
mrammami P. protegens A-CMC-05 u G. paraffinivorans A-CMC-11: BHemHUIA BUJ
skcIutanToB Oapbapuca Tynbepra (Berberis thunbergii Aurea) B Hauaine KcriepuMenTa (4);
9KCIUIAHTHI C KOPHSAMH B KOHIIE SKCIIEpHMEHTa (B); IKCIUIaHTHI 6e3 IPU3HAKOB PHU30TeHe3a
B KoHIIe okcniepumenTa (C)

[Fig. 2. Experiment on stimulation of root formation in barberry explants by strains P. protegens
A-CMC-05 and G. paraffinivorans A-CMC-11: external appearance of explants of Thunberg
barberry (Berberis thunbergii Aurea) at the beginning of the experiment (4); explants with roots at the
end of the experiment (B); explants without signs of rhizogenesis at the end of the experiment (C)]

«KopueBun» u Ouomnpanapara Ha ocHOBe Trichoderma virens 6 3pdexTHBHOCTH
pusorenesa cocrasmia 15%. AHanu3 noaydeHHBIX Pe3y/IbTaTOB CBUIETENBCTBY-
eT o ToM, 4to mramMmm A-CMC-05 obrnamgaer BbIpaXKEHHBIMUA CBOMCTBaMH, CIIO-
COOCTBYIOIIUMH PHU30TEHE3Y Y HCIOJIb30BAHHBIX B KA4eCTBE 0OBEKTA HCCIICIO-
BaHUs pacTeHuil OapOapuca, u ero 3pPeKTUBHOCTh B CTUMYJIMPOBAHUU PU30TE-
He3a cpaBHUMa ¢ 3G PEKTUBHOCTHIO Tipenapata Ha ocHoBe UMK. JluTtepaTypHbIii
MIOWCK JIJIsl CPABHUTEIBHOTO aHAIHM3a TOIYYSHHBIX PE3yIbTaTOB IPAKTHYCCKH HE
BBISIBIJI ITyOJIMKAIIUH, KACAFOIIUXCSl OMOCTUMYIHPOBAHUS POCTA M YKOPCHEHHUS
9KCIUTAaHTOB Oapbapuca. B ofHO# W3 00HapYKEeHHBIX paboT MPUBOIUTCS TPOTO-
KOJI TI0 MHIYKIUU Pa3BUTHs KOPHEBBIX BOJOCKOB Y JKCIUTAHTOB WHIHICKOTO
bapbapuca (Berberis aristata DC) mtammamu Agrobacterium rhizogenes [38].

B nocnenyromux sxcnepuMenTax, noMuMo Biusiaus mrammoB A-CMC-05 u
A-CMC-11 no oTnensHOCTH, UCCIENOBAIM MX BO3JEHCTBUE HA POCT M pU3OTe-
HE3 pacTeHUil B cocTaBe KoHcopuuyMa. COBMECTHOE KYJIBTUBHPOBAHHE IITAM-
MoB A-CMC-05 n A-CMC-11 Ha nIOTHBIX MUTATENBHBIX Cpefax MOATBEPANIIO,
9YTO OHHM HE TPOSBIIAIOT AHTAOHUCTHYECKOW aKTHBHOCTH B OTHOIICHHU JAPYT
JpyTa ¥ MOTYT IPUMEHSATHCS B BHJIE KOHCOPIIUYMA.

B ombiTax ¢ npoparmBanueM ceMsiH nmeHusl (Triticum aestivum L.) Kylb-
TypaJibHas KUAKOCTh MTamMMoB G. paraffinivorans A-CMC-11 u P. protegens
A-CMC-05, B TOM ymclie B COCTaBe KOHCOpLIMYMa, HE MOKa3aja KaKoro-imoo
BIIMSIHUSI HA BCXOXKECTh CeMsH (puc. 3). 3HAYMMBIX OTIHYUA OT KOHTPOIHHOTO
JKCIIepUMEHTa He oOHapyxkeHo (puc.34). [Ipu 3ToM oTMedeHo popMupoBaHue
0oJiee IIOTHOTO 3EMIITHOTO KOMa Y KOPHEH MPOPOCTKOB MIIICHHIIBI B SKCIICPH-
MEHTaX C KaXIbIM H3 IITAMMOB M B COCTaBE KOHCOPIMYMa II0 CPaBHEHHIO
¢ xoHTponem (puc.3B). BMmecTe ¢ TeM BBISBICHBI CTAaTHCTUYECKH 3HAYMMBIC
OTIIMYHSI ITMH TIPOPOCTKOB M KOPHEH IMIIEHHUIBI TIPH 00paboTKe ceMsH KyIbTy-
pambHOM KUAKOCTBIO mTaMMOB G. paraffinivorans A-CMC-11 u P. protegens
A-CMC-05 cootBetcTBeHHO (pHc. 4). Mcronb30BaHUE MITAMMOB B COCTaBE KOH-
copIMyMa He TI0Ka3aJI0 3HAUNMBIX PE3YJIbTAaTOB.
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Ha BCX0XKECTh CEMSIH MIICHUIIBI (4) U BHEIIHUI BUJI IPOPOCTKOB U KOPHEH MIeHuIs (B)
[Fig. 3. The effect of P. protegens A-CMC-05 and G. paraffinivorans A-CMC-11 strains
on the germination of wheat seeds (4) and the appearance of wheat seedlings and roots (B)]
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Puc. 4. Biusinue wtammoB G. paraffinivorans A-CMC-11 u P. protegens A-CMC-05
Ha JAMHY KopHel (4) u noberos miuexuis! (B). Ha rpadukax oTodpaxeHb
cpenHeapupMeTHIECKHe 3HaUSHHUS [UTHHBI TI0OSTOB ¥ KOPHEH MIISHHIBI CO CTaHIapTHON
oumbKkoii cpenrero. 3HakoM (*) mokazaHbl CTATHCTUYECKH 3HaYUMbIe pasnuyust (p < 0,05)
[Fig. 4. Effect of G. paraffinivorans A-CMC-11 and P. protegens A-CMC-05 strains on the length
of wheat roots (4) and shoots (B). The graphs show the arithmetic mean values of the length of shoots
and roots of wheat with the standard error of the mean. The sign (*) shows statistically significant
differences (p < 0.05)]

B crenyromeM 3KCiepUMEHTE HW3y4ald BIMSHUEC METa0OJIHMTOB IITAMMOB
G. paraffinivorans A-CMC-11 u P. protegens A-CMC-05 nHa 3(dexkTHBHOCT
YKOPEHEHHS ¥ JUTUHY MOOEroB y AKCIUIAHTOB MannHbl (Rubus ideus L.) copra
«Kaccuonest» (puc. 5). Bei6op pacTUTENTFHOTO 0OBEKTA CBA3aH CO CIOKHOCTIMHU
pHU30TeHEe3a IKCIUTAHTOB MANMHEI i1 Vitro. IIpOU3BOIUTENSIM TPUXOTUTCS BBI-
CaKMBATh IKCILIAHTHI O3 MPU3HAKOB PU30T€HE3a Uil YKOPEHEHUsI U aJlalTaluu
pactenuii. OJHaKO, B OTJIMYME OT DKCIEPHMEHTa C 3KCIUIaHTaMu OapOapuca,
MOJIO)KUTEIFHOTO BIHMSHUS IITAMMOB WIIM WX KOHCOPIIMYMa Ha IMPOIECCHl PU-
30T¢He3a y MajJHbl He OOHapyXeHO. DPPEKTUBHOCTh KOPHEOOPA30BaHHUSI 110
KOJIMYECTBY YKOPEHMBIINXCS OKCIUIAHTOB OKa3alach CaMOM 3HAYUTENbHOM
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Puc. 5. Biusinue wtammoB G. paraffinivorans A-CMC-11 u P. protegens A-CMC-05
Ha KopHeoOpa3oBanue (4) u anuHy nmoderos ManuHsl (B). Ha rpaduke otobpaxenst
cpenHeapupMeTHIeCKre 3HaUSHNUs! [UTHHBI TI0OETOB CO CTaHAAPTHON OIIUOKON CpeaHero.
3HakoM (*) moka3aHbl CTAaTUCTUUECKU 3HaUMMBbIe pasnuuus (p < 0,05)

[Fig. 5. Effect of G. paraffinivorans A-CMC-11 and P. protegens A-CMC-05 strains on root formation
(4) and shoot length (B) of raspberry. The graph shows the arithmetic mean values of shoot length with
the standard error of the mean. The sign (*) indicates statistically significant differences (p < 0.05)]

B OTPUIIATEIILHOM KOHTpOJIe 0e3 KakoH-Tnbo 00paOOTKU MOYBHI MIIM JKCIUIAH-
ToB 1 coctaBuna 87% (cm. puc. 54). [1o Bceil BuAMMOCTH, BIHUSHUE UCCICTye-
MBIX INTAMMOB Ha PH30T€HE3 CHENU(PHYHO, 3aBUCHT OT KOHKPETHOTO PaCTH-
TEJNBHOTO 00BEKTa U M30MPATEITHHO MOXKET OKa3bIBATh IOJIOKUTENBHOE BO3ICH-
CTBHE Ha Mpolecc oOpazoBaHus kopHeid. Camas HU3Kast 3((EKTUBHOCTH PU30-
reHe3a oOHapy»XeHa B ITOJOKUTEIILHOM KOHTpOJIEe ¢ 00paboTKOH KOMMEpPUYECKUM
npenapaToMm, cogepxxkamum UMK, urto cnoxkHo nomnaercst oobscHeHusM. OnHa-
KO B HAaCTOAMIEM HCCJICAOBAaHHUU YYUTBIBAJIOCH TOJIBKO YHCIIO YKOPCHUBIINXCHA
SKCIUTAHTOB, U3MEPEHHI MacChl KOpHEH He MpoBoaiiIock. O0Imas Macca KOpHeH
B KOHTPOJIBHBIX U ONBITHBIX 3KCIEPUMCHTAX MOIJIa OTJINYaThCA U B TOM YHUCIIC
BIIMSITH Ha CPEIHIOI0 MAaccy MOOEroB, KOTOPasi BU3yalbHO YBEITHUMBAJIACH ITOCTC
00pabOTKU KyJIBTYPaIbHOM YKHIKOCTHIO MITAMMOB M KOHCOPIIMYMa 32 CYeT 00-
Jiee IMUPOKOH MMCTOBOM minactunbl (puc. 6). Kpome Toro, o06paboTka 3KcIIaH-
TOB KyNbTypaldbHOH KUAKOCTBIO TaMMa P. protegens A-CMC-05 crioco0cTBO-
BaJyia YBEIHYCHHUIO CpemHEH JMIHHEI moderoB Ha 40% 1O CpaBHEHUIO C OTpHIIA-
TEJIbHBIM KOHTPOJIEM U Ha 73% 10 CpaBHEHUIO C IOJIOKUTEIBHBIM KOHTPOJIEM
(cM. puc. 5B). TlonoxuTtenabHbIi 3G GheKT MOKeT ObITh CBSI3aH KaK C CHHTE30M
UMK oGakrepuel, Tak U Ipyrux OMOAKTHBHBIX BEIIECTB, CIIOCOOCTBYIOMIUX PO-
CTy pacTeHHH U OMHMCAHHBIX paHee I mpezacTtaBuTenet P. protegens [39]. Po-
CTOCTUMYJIMPYIOIIYE CBOICTBA y IpeAcTaBUTENEH P. protegens onucaHbl paHee,
BKJIIOYasl yJIyullleHHe pocTa nuieHuts! [40].
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CrepunbHas nodsa (K-) «KopHesuH» (K+) P. protegens G. paraffinivorans KoHcopuuym
[Sterile soil (K-)] [“Kornevin” (K+)] [Consortium]

Puc. 6. Buennuii Buj 9KCIUIaHTOB MaJIMHBI 110 OKOHYAHUU SKCIIEPUMEHTA
110 CTUMYJIHPOBAHHUIO POCTa ¥ KOPHEOOpa30BaHus mTaMMaMu Pseudomonas
protegens A-CMC-05 u Gordonia paraffinivorans A-CMC-11
[Fig. 6. Appearance of raspberry explants at the end of the experiment on stimulating growth and root
formation with strains of Pseudomonas protegens A-CMC-05 and Gordonia paraffinivorans A-CMC-11]

3akioueHue

B nanHOW pabore m3ydanu OWMONPOTEKTOPHBIE W OHMOAKTHBHEIC CBOHCTBA
JIBYX H30JIATOB M3 OYHUCTHBIX COOPY)KCHUH, MONYyYaIOUIMX MYHUIHUIAJIbHbIE
crounble Bonbl (T. Cypabast, UHAOHE3Ms), JUIS KOTOPBIX paHee HaMU TIOKa3aHbI
JUTIOJUTUYECKHE CBOICTBA M CIIOCOOHOCTH K JIECTPYKIMHM MAJIbMOBOTO Macia
(mannbie He omyOmukoBaHbl). LltamMer P. protegens A-CMC-05 u G. paraffi-
nivorans A-CMC-11 npoaeMoHCTpUpPOBaIY i Vitro aHTarOHUCTHYECKUHA MTOTEH-
[UaJ IPOTUB (PUTOMATOTCHHOTO Tpuba Fusarium equiseti D1, a Takxke psin npu-
3HAKOB, CIIOCOOCTBYIOIIUX POCTY PACTCHHHU.

B Hamem wuccremoBaHWM WHTHOMPOBAHHME PAIMAIBHOTO POCTA MUIICITHS
Fusarium sp. D1, sBasttoerocst npencraBureneM Fusarium equiseti, COCTaBUIIO
or 11% mo 13% mna mramma A-CMC-11 u ot 36% mo 67% mist mrramma
A-CMC-05. Cnenyer otmeTuts, uto mramm P. protegens A-CMC-05 momnHo-
CTBIO MOJIABIISUT PA3BUTHE BO3AYIITHOTO MHIIEIHS, OXHAKO Y(PPEKTUBHOCTH NHTHU-
OMpOBaHMS PACCUUTHIBAIH IO MOJABICHHIO POCTA HE TOJBKO BO3IYIIHBIX TH(,
HO ® rinyOuHHOro Muuenus. [lomumo QyHIHIMAHOW AaKTUBHOCTH, IITAMM
A-CMC-05 obnamaeT BIpaXEHHBIMU CBOHCTBaMH, CIIOCOOCTBYIOIIMMHU PU30Te-
He3y Yy JKCIUaHToB Oapbapuca (Berberis thunbergii Aurea), n ero 3¢gdexrus-
HOCTh B CTUMYJIMPOBAHUU PU30TeHE3a CpaBHUMA C A((EKTUBHOCTHIO MperapaTa
Ha ocHoBe UMK.

B ompitTax ¢ npopaiuBanieM ceMsiH niueHulsl (7Triticum aestivum L.) BbIsB-
JIEHBI CTATUCTUYECKH 3HAYUMBbIE YBEJIMUYEHHs IJIMH MPOPOCTKOB M KOPHEH IIiIe-
HUIBI TIpU 00paboTke ceMsH mrTammamu G. paraffinivorans A-CMC-11 nu
P. protegens A-CMC-05 cootBercTBeHHO. OOpaboTKa 3KCIIAHTOB MAJIMHBI
(Rubus idaeus L.) xynbTypanbHOH xunkocTeio mramMmma A-CMC-05 croco6-
CTBOBAJIa YBEIMUEHHUIO CPEAHEH UTMHBI TOOETOB MO CPABHEHHUIO C OTPHUIIATEIb-
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HBIM U MOJIOKUTENbHBIM KOHTpoJisiMU Ha 40% u Ha 73% cooTBeTcTBEHHO. JliIst
mramma P. protegens A-CMC-05 BbIsSBIEHBI Oojiee BBICOKHE ITOKa3aTeNH II0
BCEM HCCJICIOBAHHBIM XapaKTEPUCTUKAM, TaKUM Kak 3((EeKTHBHOCTh MHIHOU-
poBaHusI (PUTONATOTCHA ¥ MIPOLIEHT YKCILIAHTOB C MPH3HAKAMH PH30TCHE3A.

PesynbpraThl TPOBEACHHBIX WUCCICIOBAHMHA IOATBEPKIAIOT JIUTEPATYPHBIC
JaHHBIE O TOM, YTO HEpH30C(epHbIe OAKTEPUH MOTYT 3HAYUTEIHHO YIydIIaTh
CBOMCTBA CEIBCKOXO3SIICTBEHHBIX pacTeHui. [lomydeHHble qaHHBIE MPOJIEMOH-
CTPUPOBATH MOTEHIUA TaMMOB P. protegens A-CMC-05 u G. paraffinivorans
A-CMC-11, BbIIETEHHBIX U3 a’POTEHKA TOPOJCKUX OYUCTHBIX COOPYXEHUH, B
Ka4ecTBE areHTOB OHMOKOHTPOJII M CTUMYJIATOPOB pocra pactenuit. Llltamm
P. protegens A-CMC-05 mokasan 6oJiee 3HAUUMBIC PE3YJIBTATHI H SABIACTCS 00-
Jiee MEePCHEKTUBHBIM JIJIS NATGHEHIIINX UCCICAOBAaHUN POCTOCTUMYIUPYIONIHX U
OMOITPOTEKTOPHBIX CBOMCTB.
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