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Mema. /{ocnioumu 6ionoeiuni enacmueocmi diazompoga Azospirillum brasilense 10/1, nepc-
NeKMUBHO20 0Jis1 NOKPAWEHHS A30MHO20 HCUBNEHH MPUMUKANe SP020 MA 00EPHCAHHI YPOHCAIO
sucokoi sikocmi. Memoou. [lImaw azomghixcysanonux dbaxmepiii A. brasilense 10/1 eudineno 3 6io-
MUmux Kopemwie mpumuxanie sapozo copmy Obepie XapKieCbKuil MemoooM HAKONUYYEANbHUX K)Jlb-
myp 3a 6UKOPUCAHHS HANIBPIOK020 Oe3a30mHo20 cepedosuwa J{oopetinep. A3omeikcysanvHi mik-
POOp2aHizMu 301108414 HA KAPMONJAHUU az2ap 3 OYpUMUHOB0I0 KUCIOMOI Memoodom [pueans-
cbko20. Ilomenyitiny Himpo2eHas3Hy aKmMueHiCmos HA GIOMUMUX KOPEHSAX POCIUH MPUMUKALE APO2O
ma azomeikcysanbHy aKmMusHICMb A30CNIPUNL Y YUCIIU KYIbMYPI BUSHAYUAIU 2A30XPOMamozpapiy-
HO. EnekmpoHoMIiKpoCKOniuHi 00CiONCeH s KLimun 6akxmepii nposoounlu Memooom He2amusHo2o
KOHmpacmyeanus ypauinayemamom. loenmugpikayiro azocnipun 30iUCHIO8ANU HA OCHOBI BUBYUEHHS
MOPON02TUHUX, KYIbMYPANbHUX, (Pi3101020-0I0XIMIYHUX O3HAK MA 3a UKOPUCMAHHS MOJEKYIAp-
HO-2eHemuyHuUx memooie (cuxeenc-ananiz eeuie 16S pPHK). Hyxneomuoui nociioogHocmi nopis-
HI0BANU 3 GIONOGIOHUMU NOCAIO0BHOCHAMU, POSMIWEHUMU ) MINCHApOOHiU 6as3i danux GenBank
NCBI 3a oonomoeoro npoepamu BLAST. Yymausicme 6axkmepiti 00 anmubiomukie i npompyuHuKise
HACIHHA 3ePHOBUX Nepesipsiu OUCKO-0U@y3itinum memooom. Pezynemamu. Memooamu ananimuy-
HOI cenekyii 00epiHcanHo aKmuHull wWmam azomeikcysanvHux Oaxmepiu, 10eHmu@ikosanuu K
Azospirillum brasilense 10/1. Ioenmuunicmes nocaioosnocmeii 16S pPHK A. brasilense 10/1 3 pe-
depenm-wmamamu A. brasilense y 6azi oanux GenBank NCBI cmanosumo 99,5-99,6 %. Hdiazom-
pog A. brasilense 10/1 yymausuii 0o anmubiomuxie yeghomaxcumy, HOpPHIOKCAYUHY, 1e8OMiyemu-
HY, 2eHMAMIYUHY, epUmpoOMiyuHy, Kanamiyury, ypaoconiny, pesucmeHmHull 00 NOJIMIKCUHY, AMNi-
YUNNIHY, OKCAYUINIHY, AMOKCUYUNLIHY, yunpoguoxkcayuny, yegmpiaxcony. Ilpompyunuxu Bima-
saxc 200 @@ i dynoazon He enausaroms Ha possumok A. brasilense 10/1, Maxcum Cmap 025 @C
Odewo iHeibye poszeumox oOaxmepit. Bucnoexku. Axmusnuil wmam azomeikcysanvHux Oakmepiti
A. brasilense 10/1, eudinenuii 3 8iOMUMUX KOPEHI8 MpuUmMuKaie apoco Memooamu aHalimuyHol ce-
JIeKYii, € NepCneKMuUBHUM THOKVISIHMOM OJisl NIOBUWEHHSL YPOHCAUHOCMI | NOKPAWEHHS AKOCMI 3ep-
Ha 3a3Ha4eHoi citbcbkococnodacvkoi Kynomypu. A. brasilense 10/1 oenonosano y /lenozumapii In-
cmumymy mikpooionoeii i sipyconoeii HAH Ykpainu 3a nomepom B-7317 i 3axuweno namenmom
Ykpainu Ne 104212.

KirouoBi cnoBa: 6ionoeiuna azomepixcayis, acoyiamusni oiazompoghu, Azospirillum brasilen-
se, mpumuxaie sipe, Himpo2eHAa3Ha AKMUBHICb, AHMUOIOMUKU, YHSIYUOU, IHOK)ISTHN.

Beryn. bionoriuna azordikcartis, mo 3/71i-
CHIOETBbCSL  J1a30TpoHUMHU  OakTepiimMu, —
SBUILE IUIAHETApHOTO MacuTady, 3a paxyHOK
SKOTO OYB CTBOPEHHH 1 HIATPUMYETHCS a30THUN
OaslaHC TPYHTOBHUX, BOJHHUX 1 TOBITPSIHUX €KO-
cuctem [1].

[Ticns BiAKpHUTTS 3MaTHOCTI a30T(dIKCyBa-
JBHUX MIKpOOpraHi3MiB BCTyNaTu B acoljiauii 3
HeO00OBUMH poCIMHAMH Oyl pos3mnodari i
CTPIMKO PpO3BHMBAIOThCS JOCIIKEHHS acollia-
TUBHOI a30Tdikcalii — CcaMOpPEryiIbOBaHOTO
mporecy B3aeMojii a30T(}IKCyBaIbHUX IPOKa-
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piot (bakTepidt 1 apxell) 3 opraHiaMamH-eyKa-
piloTamMu 0€3 YTBOpPEHHS CHelliali30BaHUX MOp-
(hONOTTYHUX CTPYKTYP, aji€ 3 ICTOTHUM TO3UTH-
BHHUM BIUIMBOM Ha PICT 1 pO3BUTOK 3a3HAYEHUX
opranidmiB [2]. AcouiaTuBHi Jia3oTpodu mpen-
CTaBJICHO PI3HUMHU CHUCTEMaTHUYHUMU IpyIaMH
MIKpOOPraHi3MiB, SIKi 3aCeNISIFOTh KOpeHeBi cde-
pu pociiuH. 3 KOPEHEBOI 30HU 3€pHOBUX KYJIb-
Typ BUAUIEHO nAia3oTpodu, 31aTHI HopmyBaTH
TiCH1 acomiamii 3 BIANOBIZHUMHU BHUAAMH POC-
muH. Cepen HUX MPEACTaBHUKU POIIB Azospiril-
lum, Azotobacter, Pseudomonas, Enterobacter,
Bacillus, Clostridium ta 1. [1]. Oxpim dikcarii
aTMoc(epHOro a3oTy, acolliaTUBHI OakTepii mo-
KpaIlYyIOTh >KMBJICHHSI POCJIMH 3a PaxyHOK IIiJI-
BUILEHHS! BUKOPUCTAHHS MIHEPAJIbHOTO a30Ty 3
IPYHTY, CUHTE3YIOTh HU3KY O10JIOTIYHO aKTHUB-
HUX PEYOBHH, 1110 CTUMYIIOIOTh PICT 1 PO3BUTOK
KOPEHEBOi CUCTEMH, MIIBUIYIOTh CTIMKICTh pO-
CJIMHHU JI0 i1 MaTOT€HIB.

Pesynpratn  gocmimkeHHss  G10JIOTTYHHX
BJIACTUBOCTEM aCOIIaTUBHOTO Jia30Tpoda Ko-
PEHEBOT 30HU TPUTHUKAJIE SIPOTO, MEPCIEKTUBHO-
ro IHOKYJISIHTa 3a3HA4€HOi CUIbChKOrocmoaap-
CbKO1 KYJIbTYpH, HaBEACHO Y I1if CTaTTI.

AHaJi3 ocTaHHIX J0CTiIKeHb i myoJaika-
uiif. Tputukane, abo MIIEHUYHO-KUTHIN aMi-
JIATUIO1, — TEpIla IITYYHO CTBOPEHA JIOJIH-
HOIO KyJIbTYpa. [i Ha3Ba MOXOJUTH Bijl JaTHHCH-
KHX Ha3B pojaiB — mmeHuttl (7riticum) Ta xuta
(Secale). 3 kO>)XHUM pPOKOM IHTEpEeC BUPOOHHKIB
JI0 THOTO XJIOHOTO 3JIaKy HEBIMHHO 3POCTAE.
Kynbrypa Mae cknagHuii KOMIUIEKC (I3UKO-
O10JIOTIYHUX 1 XIMIKO-TE€XHOJOTTYHUX BJIACTH-
BOCTEH, 10 XapaKTepHU3yloTh SKICTb 3€pHa Ta
3eJIeHOT MacH, 1 3HaXOIUTh 3aCTOCYBaHHS y XJIi-
OomeKapchKid, KOHAUTEPCHKIN, CIUPTOBIM, MH-
BOBapHIA MPOMHUCIOBOCTI Ta Y BHTOTOBJICHHI
KOpMIB j1s TBapuH [3-7].

3epHO TpPUTHKAJIE MAa€ HaWBUIILY Cepel 3ep-
HOBUX IOXHBHY LIHHICTh 32 HaWHUX4Y01 CcOOI-
BapToCTi [8]. 3a 3aranpHUM BMiCTOM Oinika (B ce-
penasomy 14—16 %) 1 BMiCTOM HE3aMIHHOI ami-
HOKHCJIOTH ni3uny (3,5-3,8 %) BoHO mIepeBaxkae
3epHO OaThKiBCchbkUX (opm [3; 4; 7; 8]. bopou-
HO HOBITHIX COPTIB TPUTHKAJIE MICTUTh KIIEHKO-
BUHY BHMCOKOi SIKOCT1 i1 BUKOPUCTOBYETHCS IS
MPUTOTYBaHHSA COPTOCYMINIOK 3 MIIEHUYHUM
OOPOILIHOM HU3bKOI SIKOCT1 3 METOIO MOKpaIlleH-
HS MOTO XJII00TIEKAPCHKUX BIACTUBOCTEH [3].

3a 0OMIHHOIO €HEpri€l0 TPUTHKAJIE MPHUPIB-
HIOIOTH JI0 MILEHHULI], IS KyJIbTypa (opmye BIBI-
4i OUTbIIMI ypOrKall 3€JIeHOT Macu, HIXK IMIIEHU-
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15, ¥ ICTOTHO NEPEBUIYE 3a LUM OKa3HUKOM
XKUTO. 3ejieHa Maca Ma€ 3HauHy IepeBary 3a
BMICTOM MpPOTEiHY, IYKPIB 1 KApOTHUHOIAIB, 110
3a0e3neyye BULIMM MPHUPICT MACU TBApUH IMiA
yac Bigroaisiui [4]. KpiMm mporo, 3epHO TpUTHKa-
Jie MICTUThH YJBIYl MEHIUIE, HDK >KUTO, aHTHUIIO-
KUBHHUX PEUOBHH — AJIKUIPE3OPIIMHOIMIIB [8].

3aBAsIKM KOPHUCHUM BJIACTUBOCTSM (ILjac-
TUYHOCTI /10 YMOB BHUPOILYBaHH:), LIHHUM 010-
JIOTITYHUM OCOOJIMBOCTSIM (BUCOKIN 37aTHOCTI
3aCBOIOBATH IIOKMBHI €JIEMEHTH, ITIABUIICHIN
CTIMKOCT1 JI0 3aMOpO3KIB, MOCYXH, XBOpOO Ta
UIKIAHUKIB) TPUTHUKAJE sipe CTajlo JOCUThH MO-
LIMPEHOI0 3E€PHOBOIO KYJIBTYPOIO B LIEHTpallb-
HoMy Ta miBHIYHOMY Creny, Jlicocreny Tta [lo-
miccl Ykpainu [3; 9].

I'eneTuko-cenexiiiHi podOTH 3 MOKpaIIEH-
HS BJIACTMBOCTEH CYYaCHHUX COPTIB 3E€pPHOBHX
KyJIbTYp, 30KpeMa TpPUTHKaJE Sporo, Bpaxo-
BYIOTh TaKl O3HaKH, SIK YpPO>KalHICTh Ta OCHO-
BHI €JIEMEHTH CTPYKTypH ypoxkaio, (i3ukKo-
XIMI4H1 BJIACTUBOCTI 3€pHA, CTIMKICTh POCIUH
70 XBOpOO 1 MIKIIHUKIB, TOJIEPAHTHICTh 1O He-
CHPUATIUBUX a0lOTUYHUX YUHHUKIB TOIIO |5,
10-12]. TIpoTe Taka Ba)KIuMBa BJIACTHBICTH, SK
3aTHICTh YTBOpIOBaTH €(EKTHBHI acoliamii 3
IPYHTOBUMH Jia30Tpodamu, 3a3BUYail HE Bpa-
XOBYETbCSL.

OaHuMHU 3 HaMaKTUBHIINX 1 HAWOLIBII HO-
CII/DKEHUX a30TQIKCYBaIbHUX OakTepiil, 110
CTUMYJIOIOTh pICT 1 po3BUTOK pociaud (Plant
Growt Promotion Rhizobacteria), € npencras-
HUKU pony Azospirillum [13; 14], ix B3aemonis 3
HeO000BUMH POCIMHAMH PO3TIISAAETHCS HAYKO-
BIISIMHU SIK 3arajbHa MOJIETb POCIMHHO-MIKPOO-
HUX B3aemoAii [15]. Asocmipuiu Xapakrepu-
3YIOThCSl HU3KOIO MO3UTUBHUX BIUIMBIB Ha PICT 1
PO3BUTOK POCIHWH, Cepel SKUX HAWOUIBII BH-
3HAYaJIbHUMHM € 3aTHICTh O (iKcallli MOJeKy-
JSIPHOTO a30Ty, CUHTE3 (ITOTOPMOHIB, BiTaMi-
HIB, pPEYOBUH aHTHUOIOTUYHOI Ta aHTH(YHTa-
apHOI mpupoau [16]. 3 mireparypHHUX IXKepesn
B1JIOMO, 1110 Habarato ycmimHime BigOyBaeTbCs
IHTPOAYKLIiSI B KOPEHEBY 30HY POCIUH TUX IlITa-
MIB MIKpOOpraHi3MiB, 110 OyJIH 130JIbOBaHI 3 pU-
30m1aHud abo puzocdepu BIANMOBITHOTO OOTaHI-
gHOTO BUy [17].

3 orisiy Ha BUILE€3a3HAYEHE, MeTOI0 HaIIOi
po6oTtu Oyso mocaiauTu 0100TTIHI BJACTUBOCTI
niazorpoda A. brasilense 10/1, moTeHuiiHO
MEPCIEKTUBHOTO JJis MOKPALIEHHS a30THOTO
KUBJICHHS TPUTHUKAJE SpPOTro Ta OJIepKaHHA
YpO’Kar0 BUCOKOT SIKOCTI.
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Marepiann Ta Mmetoau gociigxens. [lltam
azoTdikcyBanbHUX OakTepiit A. brasilense 10/1
BHJIUICHO 3 BIIMUTHX KOPEHIB TPUTHKAJE SPOTO
copty OOGepir XapKiBCbKUM, SIKHWA BII3HAYABCS
HE JMIIE BHUCOKOK AaKTUBHICTIO HITpOreHa3H,
asie ¥ HAWHMKYO0I0 BapiabeNbHICTIO I[bOTO MOKa-
3HMKAa CepeJ] yCIX AOCHKYBAaHMX COPTIB 3a
4 poku nocnimkens [18]. Buainenns mpoBoau-
JU METOJIOM HAKONUYYBAJIbHUX KYIbTYp, IS
4oro BUKOPHUCTOBYBAJIM HaNIBpiAKe 0Oe3a30THE
cepenoBuine [lobepeiinep 3 OpraHiyHUM JIKe-
pesioM eHeprii — OypIITHHOBOO KHCIOTOIO.

PocnuHu TpuTHKane Sporo BUPOILYBalId Ha
yopHo3eMmi BuityryBaHomy (pH — 6,0; BMicT ry-
mycy — 3,5 %; a30Ty, 1110 JIETKO T1APOTI3y€EThCS
(3a Kopudinbnom), — 95 mr; pyxomux ¢dopm
dochopy (P20s) (3a Kupcanosum) — 251 wmr;
oominHoro kamito (K20) (3a KupcanoBum) —
108 mr Ha 1 kT).

[TonpiObHEH1 KOpeH1 pOCIMH 1HKYOyBalu 3a
temmeparypu 28 °C mpotsrom 3 116 y daako-
HaxX MicTKicTio 40 cM® 3 KHUBHIbHUM cepeoBU-
uieM. 3a Tpu A00H, MICs MOSBU 0101 3aHypeHOT
IUTIBKY, (pJIaKOHHU FepMETU3YBaJIM, BBOJIMIM alle-
tusieH (10 % Bim 06’eMy razoBoi ¢asu y daako-
Hi) Ta IHKyOyBajM 1€ ynpoaoBx aoou. Ilicis
3aKIHUYEHHS CTPOKY IHKyOallii 3pa3ku aHamizy-
BaJM Ha razoBoMmy xpomatorpadi «Chrom-4» 3
MOJIyM SIHO-10H13alliiHUM feTekTopoM. Komon-
Ka JOBXKHUHOK 370 cM — 3allOBHEHA XpOMOCOP-
6oM 3 f'-f'-oxcuninponionirpuiiom. Temnepa-
typa Tepmoctary — 50 °C, raz-Hociii — a3or,
BUTpaTa rasiB (B MJI/XBWIMHY): BoaHiO — 30,
azoty — 100, moBitpst — 500 [19].

l'otyBanu cycmnen3ii 6akTepialiIbHUX TUIIBOK
y CTEpHWJIbHIN BOJOTIHHIA BOJI THUX 3pa3KiB, fAKi
MOKa3ajly HaWBHUIl 3HAYEHHS MOTEHIIHHOI HIT-
pOTe€Ha3HO1 aKTMBHOCTI, BU3HAYEHOT 32 BITHOB-
JICHHSIM alleTUJIeHY /10 eTujieHy. [3omsaTu a3ot-
¢GiKcyBaJIbHUX MIKPOOPIraHI3MIB BUAUISIM Ha
KapTOIUIIHUN arap 3 OypIITHHOBOIO KHCJIOTOIO
MeTto oM Jpuranscekoro [20].

[nentudikanito BUAIEHUX KyJIbTYp MPOBO-
JWJIA Ha OCHOBI BHBYEHHS MOPQOJIOTIUHUX
(cBITIIOBA, €JIEKTPOHHA MIKPOCKOIIS), KYJIBTY-
panpHUX, (131070T0-010XIMIYHUX O3HAK 3a BU-
3HauHUKOM bepmxi [21] Ta 3a BUKOpHCTaHHS
MOJIEKYJIIPHO-TEHETUYHUX METO/IB (CHKBEHC-
anainiz reHiB 16S pPHK). Cepen Bcix BUALICHUX
OakTepiit pony Azospirillum meromamu aHai-
TUYHOT CeMeKIlii BiAiOpaHo mTam, SKUN Xapak-
TEPU3yBaBCS HAMBUILOIO a30T(PIKCYBAIbHOIO
aKTUBHICTIO K Y YMCTIH KyJlbTYpl, TaKk 1 B aco-
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miamii 3 pocnuHaMu TpuTukaie [22].

EnexTpoHHOMIKPOCKOIIYHI 10 CIIIKEHHS
KIIITUH OakTepiil MpOBOJMIN METOJAOM HETaTUB-
HOTO KOHTpAcTyBaHHs ypaHuianeratoMm. Buko-
pUCTOBYBaM 3-1000B1 KYJIbTYpH, BUPOILIEHI Ha
CKOcax KapToIuisiHoro arapy. bakrepianbHy ma-
Cy Ha KIHYMKY MIKpOO10JIOTIYHO1 NMETl CyCleH-
IyBaJIM y Kpami crepwibHOI Boau. Ha wmimni
OTOPHI PeIiTKu 3 (OPMBAPOBOIO IIIIBKOO-IILA-
KJIQJIKOK0 HAHOCWJIM CYCIEH3110 KJIITUH 1 BUTPU-
MyBaiu ix npotsarom 3 xBuiuH. KoHTpactyBan-
HS TPOBOJWIM TaKOX YIOPOJIOBXK 3 XBHJIUH.
Hagnmumox pinvHM BUgasuM 3a JOTIOMOTOFO
(GUIBTpYBaJILHOTO MANepy Ta BUCYLIYBaJIH Ha IO-
BiTpl. KiiTuHu azocmipui mporisiiaind B ejek-
TpoHHOMY Mikpockoni EM-125 (Vkpaina) 3a
IHCTpyMeHTaabHOTOo 30ubIIeHHs %15 000.

CuxkBeHc-aHani3 nociigosHocreit 16S pPHK
JOCIIKYBAaHOTO LITaMy MPOBOJIMWIM B YKpaiH-
CbKiil J1abopaTopii SIKOCTI 1 6e3meKu MPOYKIIil
AIIK HarrionanpHOTro yHIBEpCUTETY Oiopecyp-
CIB 1 IPUPOJIOKOPUCTYBAHHS Y KpaiHu.

g Buainenns cymapuoi JIHK Buxopucro-
ByBanu HabOip «JHK-copd B» 3rigno 3 mpoTto-
KOJIOM BUPOOHHUKA.

Jlns moJsiiMepa3Hoi JIaHLIOrOBO1 peakuil
3aCTOCOBYBAJIM  YHIBEepcalbHI  IpaiMepu:
pA 5-AGAGTTTGATCCTGGCTCAG-3 (8-27)
ta pA 5-AAGGAGGTGATCCAGCCGCA-3
(1542-1523). PoGoua KkoHIEHTpaIllis MpaiMepiB
craHoBuia 5 nM/MKJI.

Amrutigikaiilo TpoBOIWIM Ha aMILTidika-
topi GeneAmp PCR System 2720. Peakiiina
cymimm juis ITJIP cknamanmacs 3 5 mkn ILJIP-
oydepy, 2,5 mxa fHT®, 1 mxn cymimni nmpaimMe-
piB, 0,2 mxn Tag JHK-nomimepasu 1 1 Mk 3pa-
3ka JJHK.

[1JIP npoBoanu B Takui cnocid: nepBUHHA
nenatypamig 95 °C — 3 xs., gam 30 1uKIIB
(95°C—30¢c,55°C—30c, 72 °C — 2 xB.),
kiHueBa enownramis — 72 °C — 10 xs. IIJIP-
MPOJIYKTH PO3AUISUIA 32 JIOIIOMOTOI0 TOPU30H-
TanpHOTO enekrpodopesy B 1,5 % araposi 3 TE-
Oydepom 1 momaBaHHAM 75 MKT OpPOMHCTOTO
E€THUIIO.

Jlna excrparyBanHs nponykris ITJIP 3 ara-
PO3HOTO Teflo BUpi3aHi (pparMeHTH, U0 MICTH-
nmu JJHK, momimanu B mpoOipku Ha 1,5 M 1 10-
naBanu 500 MKJI JII3yt04Oro PO3YMHY Ta IHKYOy-
BaJM 5 XB. 3a Temneparypu 65 °C, a noTiM LeH-
TpudyryBanu npotsrom 1 xB. 3a 4000 06./xB.
Cynepnatant Bujnamsuid. Ocall mpoMHUBaIu Moc-
nigoBHO po3unHamu Ne 1 ta Ne 2 1 Bugamsum 3a-
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JUIIKA PO3YUHY HEHTPUPYTYBAaHHIM IPOTIATOM
1 xB. 3a 14 000 06./xB.

HyxieotuHi 1mocmigoBHOCTI OTpUMaHUX
[TJIP-ipoyKTiB BU3HAYAJIM Ha aBTOMATHYHOMY
cukBeHaropi ABI Prism 3130 (“Applied
Biosystems”, CIIIA). OneprxaHi mOCIiIOBHOCTI
MOPIBHIOBAJIM 3 MOCTIIOBHOCTSIMA MIKHApOIHOT
6a3u manux GenBank NCBI (www.ncbi.nlm.nih.
gov/Blast/) 3a nonomororo nporpamu BLAST.

UyTnuBicTh 10 aHTUOIOTUKIB 1 IPOTPYHHHU-
KIB HAaCIHHS 36pHOBUX MEPEBIPsUIN TUCKO-TUPY-
31HUM MeTozioM [23].

ExcriepumeHTanbHi J1aHi CTaTUCTUYHO 00-
pOOIIEHO 3 BUKOPHCTAHHIM MaKeTa MPUKITATHIX
nporpam Microsoft Office ta mpencraBieHo sk
CepeliHi 3HAYCHHS Ta iX MOXUOKH.

Pesynbrarn pocaigxenb. BiniOpanwuit
wraM Azospirillum sp. 10/1 xapakTepu3yerbcs
TaKUMHU MOP(OIIOTO-KYJIbTypAIbHUMHU  BJIACTH-
BOCTSIMH: J0Ope pocte 3a Temmeparypu 28—
30 °C, pH 6,8-7,6 Ha arapu3oBaHOMY >KUBHUJIb-
HOMY CEpeJIOBHILI TaKOTO CKJIay: OypIITHHOBA
KHCJIOTa — 2,5 T/11, Kajiio TiIpokcug — 2 1/,
arap-arap nopomkoBuii — 14,0 r/m, kaprom-
st — 200 r/n, pH 7,0. Crepunizamiss — 1 atm.
30 xB. 3a Tpu 100 Ha KapTOILUIIHOMY arapi yT-
BOPIOIOTHCS OUI1 KpyTJll KOJIOHIT JiaMeTpoM 3—
5 mmM. Ilicns crapinHs KoJoOHII HaOyBalOTh Iep-
JAMYTPOBOTO OJMCKY 1 HAKONIUYYIOTh POKEBHIA
MIrMEHT, SKUH He TUQYHIyE Yy CepeloBHUIIE
(puc. 1a). 3a Takux yMOB KyJIbTHUBYBaHHS
A. brasilense 10/1 ne gucouitoe Ha R- 1 S-pop-

mu. 3a gonaBanss 0,5 % D-rirokosu y cepeno-
BUILE YTBOPIOIOTH BEIMKI Ol KOJIOHII 31 3MOp-
IKyBaTUMH Kpasimu (puc. 1 0).

Ha Ge3a3oTHOMY HamiBpiKOMy cepeioBH-
u1i JlobepeitHep criocTepiraerbes picT y BUTIISAL
IUTIBKU M1 MOBEPXHEIO 1 aKTUBHA (hikcallid Mo-
neKyisipHoro azoty. Hirporenasna (ameTwiieH-
BIIHOBJIIOBaJIbHA) aKTHUBHICTh CTAaHOBHUTH 8,62—
10,92 mxr a3zoty Ha 1 mu cepenoBumia 3a 1 mo-
O0y. Ha arapuzoBanomy cepenosuii JloGepeii-
HEp YTBOPIOIOTH APIOHI, CKIaa4acTi KOJIOHII, Ha
cepenoBuii Kacepaca — apiOH1 KOJIOHII yep-
BOHOro Kojpopy. Kiituau marots popmy pyx-
JUBUX, JEII0 3ITHYTHX MajJu4oK pO3MIpoM
1,0-1,2 x 1,8-2,5 mkm (puc. 2), rpaMHETaTUBHI.

JlocniKyBaHa KyJIbTypa HE YTBOPIOE CIIOD.
[Tig gac pyxy popma kiitun S-nogioHa. Jloci-
JUKYBAaHUM 1ITaM € aepoOoM, ajie Kpalie po3BU-
BA€ThCS 3a MiKpoaepo(uIbHUX yMOB. ONTHMYM
pocty cnocrtepiraerbest 3a pH 6,8-7,6 1 Temrie-
patypu 28-30 °C. He moTpeOye OioTuHY.

Karanazo-okcugazonosutusHuil. He po3spi-
JDKY€ JKelaTUHy. MOJIOKO 3 JJaKMyCOM HE IifI-
ayroBye 1 He miakucise. Ilentonizaiii Mojgoka
HE CIIOCTEPIra€eThCsl.

Sk cBimguaTh JaHi JiTepaTypu, B IpyHTax
30HU TMOMIPHOTO KJIIMaTy 3 ONHCAaHUX ChOIOJI-
HI BUJIB a30CHIpUJ TPAIUIAIOTHCS IEPEBAKHO
A. brasilense ta A. lipoferum [21]. 3rigHo 3 na-
HUMH, HaBEJICHUMH Y BU3HAYHUKY bepmxi, mia-
THOCTHYHUMH O3HAKaMH, SIKi TAIOTh 3MOTY pO3-
MEXyBaTH 3a3HaueHl BUAM, € motpeda A. lipo-

Puc. 1. Konownii Azospirillum sp. 10/1, 72 200. Ky1bmugy8auHs.
a) kapmonnanuil azap 3 2,5 % Oypumunosoi kuciomu,
0) kapmonasnuil azap 3 2,5 % oypuwmunosoi kuciomu ma 0,5 % D-enioxko3u.
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Puc. 2. Azospirillum sp. 10/1. Ilodin knimu-
nu. Kapmonnsanuii acap, 72 200. Kyivmugy-
eanus, ~ x15 000, 3abapeneno ypawninaye-
mamom.

ferum y 610THHI Ta iX 3/1aTHICTh BUKOPUCTOBY-
BaTHU IJIIOKO3Y Ta MAHIT SIK €IMHE JHKEPEJIO BYT-
JIENEBOr0  JKUBJIEHHSA, Ha  BIAMIHY  BIJ
A. brasilense.

3a nomaBaHHS CyCHEH31i KIITHH IOCTIIKY-
BaHorO 1mtamy Azospirillum sp. 10/1 no pinkoro
CEpEeNIOBHINA 3 MIHEPAIBHUMHU COJISIMU, OPOMTH-
MOJIOM 1 IJTFOKO3010 3 HACTYITHUM 1HKYOYBaHHSAM
3a temmeparypu 28 °C ympoaoBx 5 mi6 Oymo
BII3HAYEHO ITBUIICHHS ONTUYHOI TYCTHHHU
po3unHy (Dsss) y 4,2 pa3a Ta 3HMKEHHSI MOTO
pH no 6,7 (Tabmn. 1).

Sk cBimuaTh maHi, HaBeneH1 y Tadm. 1, Oak-
tepil Azospirillum sp. 10/1 3maTHi po3BUBaTUCS
3a BUKOPUCTAHHS TJIIOKO3H SIK €IMHOTO JIKepesa
BYIJIEIIO, II0 MOKE BKa3zyBaTH Ha iX HaJIexk-
HICTh 10 BUny A. lipoferum. Btim, To# ¢axr, 1110
JOCTIKYBaHU 1ITaM He noTpeOyBaB OI0TUHY 1
HE pPO3BMBABCS HAa CEPEJOBHILI 3 JOJaBaHHIM
MaHITy, MO€ CBITYUTU PO HOT0 HAJIEKHICTDH
1o Buny A. brasilense.

3 METOI0 YTOYHEHHSI TaKCOHOMIYHOTO IO-
noxxeHHst Azospirillum sp. 10/1 3nificHOBanm
cukBeHc-aHami3 reniB 16S pPHK 3a3nauenoro
mTaMy. 3a BUKOPHCTAaHHS yHIBepcalbHUX Oakx-
TepiaJlbHUX MpailMepiB OJEpKaHO MPOJYKTH
amrutigikarii po3mipom ~1500 . H. (puc. 3).

1500 . H.—

Puc. 3. Exekmpoghopecpama npodykmis am-
nuigikayii eena 16S pPHK wmamy Azospi-
rillum sp. 10/1:

1 — maprepna JIHK, 2 — wmam 10/1.

[lopiBHsBHUI aHaAMI3 [HOTO (parMeHTa
3 AHAJOTIYHUMHU TNOCHIIIOBHOCTSAMU OakTepii
A. brasilense ta A. lipoferum 13 6a3u gaHux
GenBank, 3acBimuuB, 00 JOCTIIKYBaHUU
MITAMT€HETUYHO OJM3bKUN 10 BUny A. brasi-
lense (Tabm. 2). Tax, iI€HTUYHICTH TOCTIOBHO-
creit 16S pPHK Azospirillum sp. 10/1 3 pede-
peHT-miTamamu A. brasilense nocuth BHUCOKA 1
cTaHoBHTE 99,5-99,6 %, ToAl IK IACHTUYHICTD 3
pedepeHT-ITaMaMu, 10 HaJIekKaTh JIO BUAY
A. lipoferum, ne nepesuirye 96,7 %.

Tabauys 1. Pozeumox Azospirillum sp. 10/1 3a eukopucmanns 2noKko3u ma Manimy aK €ou-

HO20 0.7fcepeﬂa 8)2/1eUe8020 HCUBICHHA

Bapianrtu Dess pH
i(}f)c};}:;c;? K(J(;ieTp;iL)OBHme 3 IIFOK03010 a00 MaHITOM 0€3 0.015 + 0,000 7.1
Kontpons (cycriensist kiituH 6e3 Jpkepesa BYTIIeIo) 0,024 + 0,002 7,1
CepenoBuiiie 3 rIr0K03010 0,100 £ 0,000 6,7
CepenoBuiiie 3 MaHITOM 0,021 +£0,001 6,9
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Tabauys 2. l1oenmuunicms cuxeenosanozo gpazmenmy 168 pPHK Azospirillum sp. 10/1 3
cukeencamu pegepenc-uimamie Azospirillum, wio 36epizaromoca ¢ GenBank

peq)epel;lg-;;?r:g?; IHI-;’(I}E/IIZE))THI[Hif/'I HOBX(HI:EO(%?SS;:{;ZTL?E pPHK, [nenTnynicThs mocmigoBHOCTEH, %
a3i GenBan

Azospirillum brasilense Gr 66 1362 99,5
A. brasilense Gr 22 1362 99,6
A. brasilense Gr 27 1362 99,6
A. brasilense ISSDS-858 1362 99,6
A. brasilense ISSDS-855 1362 99,6
Azospirillum sp. 7C 1362 98,9
A. lipoferum B22 1251 96,7
A. lipoferum B21 1251 96,7
A. lipoferum 64 1229 96,0
A. lipoferum AS 1229 95,9
A. lipoferum 59B 1206 95,8

OTxe, BpaxOBYIOUM pe3yJIbTaTH MOJICKY-
JSPHO-TEHETUYHOTO aHAi3y, MU BiTHECIH JOC-
JIPKYBaHUH 1Tam 10 BUny A. brasilense.

A. brasilense 10/1 nernonoBano y Jlemo3u-
tapii [HCcTHTYTY MiKpoOiosiorii 1 Bipycosorii
HAH VYxkpainu 3a Homepom B-7317 1 3axumieno
nareHToM Ykpainu Ne 104212 sk mram Gakre-
piii, mo Moxe Oyru 0i0areHToM MiIKpOOHOTO
mperapary JUIs IIBHIIECHHS YPOXKAWHOCTI 3ep-
Ha TPUTHKAJIE SPOTO Ta MOJIMIICHHS HOTO SKO-
cri [24].

Ockinbku OakTepii-0loareHTH MIKpOOHUX
mperapariB, sSKi BUKOPUCTOBYIOTh JIJISl 1HOKYJIS-
1ii 3epHOBUX KYJbTYp, 32 BHUCIBY HACIHHS B

IPYHT BCTYIAIOTh Y KOHKYPEHTHI BITHOCHHH 3
IHIIMMA BUIAMH MIKpOOPTaHI3MIB 1 MiIaIal0Th
i BIUIMB aHTUOIOTUYHMX PEYOBHH, M0 HUMHU
BHJIUTSIFOTHCS, BAKJIMBUM OYJI0 TIEPEBIPUTH UYT-
muBicTh A. brasilense 10/1 10 aHTHOIOTHKIB
(puc. 4).

Bcranosneno, mo A. brasilense 10/1 ayr-
JUBUW JIO aHTHUOIOTHKIB medoTakcuMmy, HOP-
¢IiokcanuHy, JEBOMIIETHHY, TCHTAMIIIMHY, epH-
TPOMIIIMHY, KaHaMiluHy, (ypajoHIHY, pe3uc-
TEHTHUH IO TMOJIMIKCHHY, aMIIWIIIHY,
OKCAITWILIIHY, aMOKCHIIHJIIHY, IHATIPOQIIOKCAIIN-
Hy, nedrpiakcony. lledarekcun 3xailicHIOE OaK-
TEpiOCTATUYHUHN BIUIMB HA IITaM.

6)

Puc. 4. Bniue anmubiomuxis na azomeircysanvhi 6axmepii A. brasilense 10/1:
a) wymaugicmo 0o epumpomiyuny (1) ma nesomiyemuny (2);
0) pesucmenmuicms 00 yunpoprokcayuny (3) ma amoxcuyuniny (4).
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3 ornsiny Ha Te, o A. brasilense 10/1 mo-
*Ke OyTH NEepCHNEeKTUBHUM JUIsl MEPEeAroCciBHOT
IHOKYJISIIi HAaCIHHSA, a Cy4acH1 TEXHOJIOT1 BU-
POILIYBaHHSI 3€pPHOBUX KYJIbTYp IependadyaroTh
MOBEpXHEBY 00pOOKY HACIHHS MPOTPYHHUKaMHU,
nepeBipsau BB ¢QyHriquaiBe Makcum Crap
025 ®C, BiraBakc 200 @D Ta dyHma3o0 Ha J10-
CII/DKYBAHUN mTam Oakrtepiit (puc. 5).

SIk BUJHO 3 PHUCYHKY, NpOTpyWHUKH Bira-
Bakc 200 ®D 1 dyHaa30.1 HE BIUIMBAIOTH Ha PoO-
3BUTOK miazoTpoda A. brasilense 10/1, Makcum
Crap 025 ®©C nemio iHT10y€ HOTO PO3BUTOK.

BucHoBKM. 3 BITMUTHX KOPEHIB TPUTHUKAJIE
saporo copty Obepir XapKiBCbKH, SIKUM Xapak-
TEPU3Y€ETHCS BUCOKOIO IOTEHIIMHOIO HITpOTe-
Ha3HOKO aKTHBHICTIO B KOPEHEBIM 30HI, BHLIE-
HO IITaM a30T(IKCyBalbHUX OakTepiid 4. brasi-
lense 10/1, mocaimkeHo iHoro OI10JOriYHI BJjac-
THUBOCTI.

A. brasilense 10/1 nemonoBano y Jlemnosu-
tapii IHcTtuTyry MikpoOiosiorii 1 BipycoJsorii
HAH VYkpainu 3a Homepom B-7317 1 3axuiieno
nateHTOM Ykpainu Ne 104212. Illtam moxe Oy-
TH NEPCIEKTUBHUM JUIsl CTBOPEHHS Ha Horo oc-
HOBI MIKpOOHOro mpemnapary Juisl MiJBULICHHS
ypOKaitHOCTI ¥ MOKpAIlEHHs SKOCTI 3epHa TpHU-
THKaJIe sIporo.
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BIOLOGICAL PROPERTIES OF DIAZOTROPH AZOSPIRILLUM
BRASILENSE ISOLATED FROM SPRING TRITICALE ROOTS
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Objective. Study the biological properties of the diazotroph Azospirillum brasilense 10/1,
promising for improving the nitrogen nutrition of spring triticale and obtaining a high quality crop.
Methods. A strain of nitrogen-fixing bacteria A. brasilense 10/1 isolated from washed roots of

ISSN 1997-3004

Cinbepkorocnozapebka Mikpoo6ionoris. 2020. Bum. 32. 55



spring triticale Oberih Kharkivskyi by accumulation cultures method using Dobreiner semi-liquid
nitrogen-free medium. Nitrogen-fixing microorganisms were isolated on potato agar with succinic
acid by the Dryhalsky method. Potential nitrogenase activity on washed roots of spring triticale
plants and nitrogen-fixing activity of azospirilla in pure culture were measured by gas chromatog-
raphy. Electron microscopic studies of bacterial cells were performed by the method of negative
contrast with uranyl acetate. ldentification of azospirilla was carried out on the basis of the study of
morphological, cultural, physiological and biochemical characteristics and using molecular genetic
methods (16S rRNA sequence analysis). The nucleotide sequences were compared with the corre-
sponding sequences from the international database GenBank NCBI using BLAST software. The
sensitivity of bacteria to antibiotics and cereal seed pesticides was tested by disk diffusion method.
Results. The active strain of nitrogen-fixing bacteria, identified as Azospirillum brasilense 10/1,
was obtained by analytical selection methods. The identity of the sequences of 16S rRNA of A. bra-
silense 10/1 with reference strains of A. brasilense in the GenBank NCBI database is 99.5 % to
99.6 %. Diazotroph A. brasilense 10/1 is sensitive to cefotaxime, norfloxacin, chloramphenicol,
gentamicin, erythromycin, kanamycin, furadonin, resistant to polymyxin, ampicillin, oxacillin,
amoxicillin, ciprofloxacin, ceftriaxone. Vitavax 200FF and Fundazole dressers do not affect the de-
velopment of A. brasilense 10/1, Maxim Star 025 FS somewhat inhibits the development of bacteria.
Conclusion. The active strain of nitrogen-fixing bacteria A. brasilense 10/1 isolated from washed
roots of triticale by methods of analytical selection, is a promising inoculant to increase yields and
improve grain quality of this crop. A. brasilense 10/1 is deposited in the Depository of the Institute
of Microbiology and Virology of the National Academy of Sciences of Ukraine under number B-

7317 and is protected by the patent of Ukraine No. 104212.
Keywords: biological nitrogen fixation, associative diazotrophs, Azospirillum brasilense,
spring triticale, nitrogenase activity, antibiotics, fungicides, inoculant.
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