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B dannoi pabome uccaedoBasact cnocodHocmy noubentvix pusodbakmeputl, accoyuupoBaHHblx ¢ Kyab-
TYPHBIMU CeABCKOX03ATLCMBEHHbIMU pacmeHusMuY, 00pa3oBuibams buonienky in vitro.

Leas pabomut — uccaedoBams axmubrocms ghopmupobanus buonienku kopHebot cucmemsl Lycopersicon
esculentum Mill. pusobaxmepuarshvimu wmammamu Pseudomonas pseudoalcaligenes 8 3a6ucumocmu
om ¢basvl Beeemayuu pacmeHus.

Mamepuarvr u memodst. B xaxoyio ¢pasy Becemayuu uccaedyemoeo pacmenus 0viau omobpans: 1o
50 xopHeBvix cmbib08, 8 komopbix usyuasu Budoboi u KosuvecmBertsiil cocmabvl, onpedesasu OOMUHU-
pytoujue wimammst pusobaxmepui. Haree npousboousu modesupobarue obpasobanus buonienku puso-
baxmepuatsHbiMy wmammamu Ha uawkax Ilempu ¢ nociedyioujell ux okpackoil Kpucmaiiuueckum
puosemoboim u uMmepcuoHHol muxpockonuetl. MccaedoBanue axmubBrocmu gpopmupobarus buonienku
npousBoduy cmamuieckum Menooom ¢ ucnosvsobanuem 96-AyHOUHBIX NAAHUEMOB, 6 KOMOPbIX UHKY-
bupobasu pusobaxmepuu, nocie 4eeo nosyueHHole duonieHku okpawubaiu eeHyuanbuosenmom. Pesyiv-
mamvl UHMepnpemupobasy 1o UHMeHCUGHOCU OKPAMUBAHUA CeKmpodonmoMenputeckuy.
Pesyavmamui. B xode pabomul 0b10 ommeuero, umo uimammst P. Pseudoalcaligenes, omobparnnvie 6 ha-
361 Bcx0006, Oymonusayuu, ybemenus u nA000HOUIeHUSA pacmenus, 004a0aiu crnocobHoCmbI0 k DUoNAeH-
Koeenesy. Tawoke HabawOar0cy usMererue akmubnocmu gpopmupobanus buonienxu pusodakmepuasv-
HulMU wimammamu 6 npoyecce Becemayuu pacmenus. IImammer pusobaxmepuil, omobdpanvie 6 gaszy
Bcx0006, omauuasucs cpedrei akmubHocmbio opMupobanus buonieHky no cpabHenuio co WmamMmamu
nouBeHHbX MuKpoopeanusmo, omodparnvix 6 hasvl Gymonusayuu, nA000HOUEHUA U YBermeHus.
3axatouenue. Ioayuentvie pesyivmamst ucciedobanus moeym cmams ocHoBoil 045 paspabomxiu HOBbLX
Memodob pocmocmuMyAupobanus pacmenuil, a maioke 6opwdbL ¢ humonamoeeHaMu ¢ NOMOULbI0 bu0-
naenko0bpasyouux pusobaxmepuii poda Pseudomonas.

KaroueBore croBa: pusobaxmepuu, buonsenxa.

BBenenue. B HacTofiee Bpemsi yCTaHOB-
JIeHa 3HAYUTENNBbHAS POJIb PU300AKTEPUN B JKU3-
HEJeATENHPHOCTH pacTeHuil. M3ydeHsl pa3Hoo0-
pasHble MEXaHU3MBI JEUCTBHS TIOYBEHHBIX MHK-
POOPTaHU3MOB, CIOCOOCTBYIOIINX CTUMYJISITIH
pocTa pacTeHHs, YCTOMYUBOCTH K CTPECCOBBIM
(hakTopaM, MOBBIIICHUIO €0 MPOIYKTUBHOCTH, a
TaK)KE CONPOTHBIICHUIO PUTONATOICHHBIM I'PHO-
KOBBIM U OaKTepHaJIbHBIM IITaMmaM [1].

B mocnexnne roapl mpousonuia cMeHa KOH-
MEMIUN TIAHKTOHHBIX ()OPM MHKPOOPTAaHHU3MOB
u copMupoBana oOImmas Teopusi 0 mpeodiaaa-
HUM AacCCOIHMAllMd MHKPOOHBIX COOOIIECTB —
omoruteHok [2, 3]. Ycranosneno, uto 90 % Oaxk-

TEpUi )KMBET HE B BUAE CBOOOJHO CYIIECTBYIO-
IIMX KJIETOK — OHM NPHUKpEIUICHB! K cyOcTpaTy.
CornacHo 2310l Teopuu, Oakrepuu, 00Opazys
OMOTICHKY, TPHUKPEIUICHHYI0 K OHOTHYECKOMY
ni abuoTHYeCKOMYy CyOCTpaTy, XapakTepusy-
I0TCS OMOJIOTHYECKUMHU CBOWCTBAMH, OTIMYHBI-
MH OT CBOICTB KJIETOK TOTO € IITaMMa, HaXxo-
JIAIIEToCs B INIAHKTOHHOM COCTOSIHUH [4, 5].
CymecTBoBanue OakTepuii BHYTpH OHOILIE-
HOK OOECTeYMBaeT WM DA HPEUMYIIECTB I10
CPaBHEHHIO C U30JIMPOBAaHHBIMU opmami [6, 7].
Mukpoopraau3mMsl B OMOIUIEHKE YCTONYMBBI K
CTpecCOBBIM (haKTOpaM OKpYXaroLel cpensl,
U3BECTHA CIOCOOHOCTh KOHKYPEHTHOI'O BBDKH-
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BaHUsI TpU B3aUMOJCHCTBUU C YYKEPOJHOH
¢dnopoii [8]. CBOOOTHO KHUBYIIHE MHKPOOPTa-
HU3MBl 4epe3 CBOM MNPOAYKTH MeTabomu3ma
BCTYNAIOT B KOHKYPEHTHBIE B3aMMOJICHCTBUS
Jpyr ¢ Apyrom. bakTepuu OMoIuieHKH 001aaaloT
WHBIMH XapaKTePUCTUKAMH KJIETOYHOH MOBEpX-
HOCTH, YTO SIBISAETCSI CIEACTBUEM BBITECHEHUS
TPAH3UTOPHOU (JIOPEI AaHTATOHUCTUIECKOW HH-
IUTeHHOW MHUKpOodIopoit Onorutenku [9, 10].

[IpeumymiecTBa OMOMICHKN MO3BOJIAIOT UC-
N0JIb30BaTh MX B PA3JIMUHBIX cepax HesTesb-
HOCTH 4€JIOBEKA — IIPOMBIIIIIEHHOCTH, SKOJIOTHH,
MeauiuHe. M3BecTHB eMUHUYHbIE PadOThI, CBU-
JETEIbCTBYIOLINE O CHOCOOHOCTH ITOYBEHHBIX
MHUKPOOPTraHU3MOB KOJIOHW3UPOBaTh KOPHEBYIO
CHUCTEMY pacTeHWI U 00pa30BHIBATH OMOILUICHKY
[11], 9To mmeeT OonbIIOE IPAKTHYECKOE 3HAUE-
HHE, TaK KaK IPU 3TOM MIPOUCXOTUT POCT COMPO-
TUBJISIEMOCTH PAcTEHUH K OMOTHYECKUM U aOmo-
THUYECKUM HEraTUBHBIM (DaKTOpaM.

B omyOnukoBaHHBIX paHee paboTax MBI
M3y4Yail MHKPOOHOIEHO3 pU30oCc(hepbl U pPHU30-
IUIaHBl TIPUKOPHEBOI 30HBI Lycopersicon escu-
lentum Mill. [12]. B kaxnayio ¢a3sy Bereraiu
MCCIIElyeMOr0 pacTeHHs ObUIO MPOU3BEICHO IO
50 KOpHEBBIX CMBIBOB, B KOTOPBIX ONpPEACISLIH
Ka4eCTBEHHBIH COCTaB MHUKPOOPTaHM3MOB M HX
KOJINYEeCTBEHHbIE MOKa3aTenn. Bo Bcex dazax
Bereraru Lycopersicon esculentum Mill. mo-
MHUHHUPYIOIIUM BuaoM siBisuics P.  Pseudo-
alcaligenes.

Heas uccnenoBanus. M3yueHre akTHBHO-
cti (hopMHUpOBaHUS OMOIUICHKH KOPHEBOW CHC-
tembl Lycopersicon esculentum Mill. puzo6ak-
TepuaJbHBIMU ITaMMamu Pseudomonas pseudo-
alcaligenes B 3aBucumMocTr 0oT (pa3el Bereranuu
pacTeHus.

Marepuansl U Meroabl. IlItamMMbl puso-
6akrepuii P. pseudoalcaligenes 6putn 0ToOpaHsI
U3 PUKOPHEBOH 30HKI Lycopersicon esculentum
Mill. B pasmuunsle (a3bl BereTamuu: BCXOJOB,
OyTOHM3AIINH, IBETCHHUS 1 TUIOIOHOIICHHS.

st ompeneneHusT CIOCOOHOCTH pu300aK-
TEpUANBHBIX MTaAMMOB 00pa30BLIBATH OHUOILICH-
Ky TIPOM3BOJMIIN €€ MOJICITUPOBAHUE B JKUJIKON
NUTaTENbHOU cpene B yamkax Ilerpu auamer-
pom 35 mm [13]. TlomyyeHHyr0 OHOTMJICHKY BBI-
cymuBany u okpammusanu 0,4 % reHuuanBHole-

TOM, MHUKPOCKOIIUPOBAJIM HMMEPCHOHHBIM Me-
TonoM mpu yBenuueHun 100x16. J{ns momyde-
HUSI CHUIMKOB OMOIIJICHKH MCIIOJI30BaJI MUKPO-
ckon MUKME/I-5.

OueHKy akTHBHOCTH (OpMHpOBaHHS OHO-
TUICHKH TPOBOJIWIN TP MOMOIINM CTaTUYECKON
METOIUKH C TpHUMEHEHHeM 96-TyHOUHBIX IIIa-
cTHKOBBIX ImIaHmeToB [14, 15]. Cycnensuto Oak-
TepHii BHOCWJIM B JYHKHU IUIQHIIETA, 3aT€M HHKY-
OUpOBAIM B ONTUMAJIBHBIX YCIOBHSIX — ipu 37 °C
B TeueHue 24 4. 3aTeM yHaJsuid COAEPKUMOE ITy-
HOK, TIPOMBIBAJIN TpeXKpaTHO (ocdarabiM Oyde-
POM, BBICYIIMBAIA HA BO3/IYyXE, MOCIE YEro OK-
paIIMBaIA PAaCTBOPOM KPHUCTAIUIBUOJICTA. JKCIIO-
3unus cocrapuia 10 muH. Kpacurens npombiBanu
¢docharaeiM Oydepom, 3aTem mobasmsm 96 %
STHIOBBIA crupT. OO MHTEHCWBHOCTH OWOILICH-
KO0OOpa30BaHMs CYIMIH IO CTENEHH OKPACKH AT-
JF0aTa, KOTOPYIO M3MEPSUIN CHEKTPO(OTOMETPH-
yecku (CD-46 (JIOMO)) ODgz. Hnist uHTEpIIpE-
TalUu Pe3yIbTaTOB AKTHBHOCTH OWOILIEHKOOO-
pa3oBaHUS WCIOIB30BAIM KPUTEPUH, pa3pado-
tanuele S. Stepanovic et al.: npu 3HaYeHUsIX
ODg39 Hmxe 0,090 mojaranau, 4ro INTAMMBI HE
obnamany CroCOOHOCTHIO K 00pa30BaHUIO OHMO-
wienky; npu 0,090<0ODg3<0,180 mTammsl 00-
nanany cinaboi CoCcOOHOCTBIO K OHMOTUIEHKOTe-
Hesy; npu 0,180<0D430<0,360 — cpenneii; npu
ODg30<0,360 — BBICOKO# CIIOCOOHOCTBIO K 00pa-
30BaHMIO OHMOIIeHKHY [16].

IlonydyenHsle B XOJ€ HCCIEIOBAHUN YMHC-
JIEHHbIE MaTepualibl ObUTM 00paboTaHBl CTATH-
CTHYECKH, JOCTOBEPHOCTh Pa3UuUil CpaBHH-
BaeMbIX IIOKa3arenell oOlleHWBajach Mo t-
kputeputo CreroneHTa. CraTucruyeckas obpa-
00TKa JaHHBIX TPOBOJIMIACH C MOMOIIBIO aBTO-
MaTH3UPOBAaHHBIX MporpamMMm «buocraTucTrkay
u Microsoft Office Excel 2007.

Pe3yabTathl M 00cyxkaeHue. Pe3ynbpTaTh
MOJICIIUPOBaHMsT OMOIUIEHKH B dYamkax [letpu
nokazanu, 4To 80 % pu300aKTepHaTbHBIX IITaM-
moB P. pseudoalcaligenes, orobpannsix B (hasy
BCXO/JIOB, CITOCOOHBI K OMOTIIEHKOOOPa30BaHMUIO,
B (pa3y OyTOHHU3AIIMU TaKyIO CIIOCOOHOCTH OTMeE-
yamiu y 82 % mTamMMoB, B (a3sl IBETEHUS WU
TUTOJIOHOIIICHNS JIAaHHBIM IT0Ka3aTellb COCTAaBHII
84 u 86 % cootBercTBeHHO (pHC. 1).
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Puc. 1. buorienka, obpasosannas P. pseudoalcaligenes

CpaBHHUTEIFHOE UCCIIEA0BAHNE AKTUBHOCTH
¢dbopmupoBanus Ouorienku P.  pseudoalcali-
genes moKaszano, 4YTO pH300aKTEpHAIBHBIC
ITaMMBbl, OTOOpaHHbIE B (pa3y BCXOHOB pacTe-
Husl, o0najgany cpegHeld CIoCOOHOCTBIO K OMO-
IUIeHKOTeHe3y, uxX mokaszatenb ODsgsp cocTaBmi
0,21+0,04. Hdns puzobaxTepuii, OTOOpaHHBIX B
(hazy OyTOHHM3AIHH, 3TOT TIOKA3aTeNh YBEIHIMII-

cst 1o 0,39+0,06 (p<0,05), 94TO TOBOPUT O BHICO-
KOW aKTUBHOCTH OWOIUIEHKOTeHe3a. B  ¢dazy
IJIOZOHOMICHUSI M IBETCHUS PH300aKTEPHATb-
HbIC IMTAMMBI TaKXKE OTIMYAINCH BBICOKUM I1O-
KazareneM aKTHBHOCTH (OPMHPOBaHUS OWO-
TUIGHKH TI0 CPaBHEHHIO ¢ (ha3oi BCXOMOB, UX
ODg3p cocraBun 0,37+0,05 u 0,40+0,03 coor-
BETCTBEHHO (puC. 2).
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6uonneHkn pnsobakrepmamm

Puc. 2. AkTUBHOCTH OHOIIIEHKOT€He3a pu3obakTepraibHbIX TtamMMoB P. pseudoalcaligenes,
oToOpaHHBIX B pasnudHbie (assl Beretamuu Lycopersicon esculentum Mill.
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3axmovyenue. Takum 06pa3om, pe3yabTaThl o0Opa3oBaHH0. AKTHBHOCTE  (HOpMHpOBAHUS

CPaBHUTEJIBHOIO HCCIIENOBAHUS IIOKA3bIBAIOT, OHMOTVICHKH YBEIMYMBACTCS B XOJE PAa3BHUTHUS
YTO MUKPOOPIaHU3Mbl IIPUKOPHEBOU 30HBI pac- pacTeHus], JOCTUTass MaKCUMAJIbHBIX 3HAYEHUN B
TeHHH 00JIafaloT crocoOHOCThIO K OMoruleHKo-  (asy miuogonomenus (0,40+0,03).
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INTENSITY OF BIOFILM FORMATION

BY RHIZOBACTERIAL STRAINS PSEUDOMONAS PSEUDOALCALIGENES
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This paper examines the ability of soil rhizobacteria associated with cultivated agricultural plants to form
biofilms in vitro.

The objective of this study is to examine the activity of biofilm formation of Lycopersicon esculentum
Mill. root system by Pseudomonas pseudoalcaligenes rhizobacterial strains depending on the phase
of plant vegetation.

Materials and Methods. During each phase of the examined plant vegetation 50 root washout samples
were selected. They were analyzed for species and quantitative composition; dominant strains
of rhizobacteria were determined. Further modeling of biofilm formation by rhizobacterial strains on Petri
dishes was carried out. The strains were stained with crystal violet and immersion oils. The biofilm for-
mation activity was examined by a static method using 96-well plates in which the rhizobacteria were in-
cubated. Then, the biofilms obtained were stained with gentian violet. The results were interpreted spec-
trofluorimetrically according to the staining intensity.

Results. It was found out that strains of P. Pseudoalcaligenes, chosen during germination, budding, flo-
wering and fruiting periods, had the ability to form biofilm. There was also a change in the activity of the
biofilm formation due to rhizobacterial strain administration during vegetative period. Rhizobacteria
strains chosen during the germination period were characterized by an average biofilm formation activity,
in comparison with strains of soil microorganisms chosen in budding, fruiting and flowering periods.
Conclusion. The obtained results can become a basis for the development of new methods of plant growth
stimulation. They can also help to control phytopathogens with the help of biofilm forming rhizobacteria
of the genus Pseudomonas.

Keywords: rhizobacteria, biofilm.
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