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PT'TI «MuCcTHTYT MUKpOOHOOTHH U Bupycosorun»y KH MOH PK, r. AnmaTtsr

N3YYEHUEA3OTO®UKCHUPYIOIIEN AKTUBHOCTHA U KOHKYPEHTHOM
CIIOCOBHOCTH KJIYBEHBKOBBIX BAKTEPUH POJOB BRADYRHIZOBIUM K
SINORHIZOBIUM

AHHOTAIINSA

Nzyuena aszordukcupyromias akTUBHOCTh M KOHKYPEHTHas CIOCOOHOCTH 5 ITaMMOB
KITyOeHBKOBBIX OakTepuii cou poxa Bradyrhizobium u 4 mramMmoB KiTyOSHBKOBBIX OAKTEpHid JTHOLICPHBI
poma Sinorhizobium. Tlo u3y4YeHHBIM MPOM3BOACTBEHHO-IICHHBIM MOKA3aTEIsIM IPOBEICHA CEJICKIIHS
IITAMMOB M OTOOpaHbl BapHaHTBHl KIIYOCHHKOBBIX OAaKTEpHil C BBICOKHMM YPOBHEM HHUTPOTCHA3HOU
aKTUBHOCTH M KOHKYPEeHTHOM crocoonoctr: Bradyrhizobium japonicum AKC-17 u Bradyrhizobium sp.
M-1, Sinorhizobium meliloti JI5-1. YpoBeHb HUTPOreHa3HOW AKTHMBHOCTH y OTOOPaHHBIX MITAMMOB
Bapsupyer ot 11,7 mo 12,8 amons C,Hy/9ac, koHKypeHTHast CHOCOOHOCTH cocTaBisieT 64-85%.

KuiroueBblie ciioBa: A3oThuKcHpyrolasi akTHBHOCTb, KiTyOeHbKOBBIE OakTepuu, Bradyrhizobium,
Sinorhizobium

MUKpOOpPTraHU3Mbl UTPAIOT OOJIBIIYIO POJIb B MOBBIIEHUH IUIOAOPOJAUS TOYBHI, T. K. B
MPOLIECCE POCTA U PA3BUTHUSA YIYUIIAIOT €€ CTPYKTYPY, 000TalaloT MTUTAaTeNIbHBIMH BEIIECTBAMH,
CIOCOOCTBYIOT 0o0Jiee TMOJHOMY HCIOJIb30BaHUI0 ynoOpenuit [1]. Bombimoe 3Hauenue mis
NUTAHUS PAcTeHUH a30TOM MMEIOT IOYBEHHBIE MHUKPOOPIaHU3MBbI, KOTOpPbIE MUHEPAIU3YIOT
COZIepXKAIMICA B I0YBE OPraHMYECKUM a30T, MpeBpamas €ro B aMMMAaK, HCIOJIb3YEMbIN
pacrenussMu. OnHaKo 3amachkl a3oTa B MouBe HeBenuku (1o 150 kr/ra), B To BpeMs Kak B
aTMocdepe KOJIMYECTBO a30Ta IMPAKTHUECKH HeucueprnaemMo. B OOJBIIMHCTBE arpocucTeM
Oonpiras dacte azora (okono 80 %) duxcupyercs mpu cumOHo3e OOOOBBIX pacTeHUU ¢
KIyOeHBKOBBIMH  OakTepusMmu  pomoB  Rhizobium,  Bradyrhizobium,  Sinorhizobium,
Mezorhizobium. BboGoBsie pactenus (cos, ropox, ¢dacomb u 1p.) obecneunBaror 25-35 %
MHPOBOTO TIpou3BoACTBa Oenka. KonmndectBo gukcupyemoro azora y 0000BBIX B 3aBUCHUMOCTHU
OT BHUJA pacTeHus konedsercs oT 72 po 200 kr/ra 3a ce30H, NpUYEM MHOTOJIETHHE KOPMOBBIE
KyJIbTYpbl oOecrednBaroT 0ojieeé MHTEHCUBHYIO (UKcaluio a3zoTa. A30T, (UKCUpyeMblil B
KIIyOeHbKax 0000BBIX, FOPa3/I0 JCIIeBiIe, YeM a30THbIE yI00pEHusI.

A3zotdukcupyromas akTUBHOCTh KIYOCHBKOBBIX OakTepuil OOOOBBIX MEHSETCS W B
3aBHCUMOCTH OT (PU3NOJIOTHUECKOTO COCTOSIHUS pacTeHUs-XO035MHA U OT (a3 pa3BUTHSA, U, KpOME
TOTO, UHTEHCUBHOCTH a30T(UKCAIIH HEOJUHAKOBA B TCUCHHE BET€TAI[MH. DTO OOBSCHICTCS TEM,
YTO HE BO BCE MEPUOJIBI POCTA PACTEHHE MOXKET BBIJACNATh TAKOE KOJIMYECTBO SHEPreTUYECKOTO
MaTepuaia, KOTOpoe HeoO0XoauMo Ha a3oTdukcaruio. JKu3HEAesITeIbHOCTh KITyOeHBKOBBIX
OakTepHil HauUMHAeTCs BMECTe ¢ HayaJoM (DOTOCHHTE3a U OTPAaHUYMBAETCS MIEPHOIOM OT MEPBBIX
HACTOSIINX JIMCTHEB 10 IBeTeHUs. Dukcarus a3ora arMmocdepsl JOCTUTaeT CBOETO MaKCUMyMa B
¢a3y monHoOI OyTOHM3allMKM pacTeHUH M B Hayalle IBETEHHUS, T.€. B MEPHOJ MAKCHUMAaIbHOTO
MOCTYIUICHHUSI TIPOJYKTOB (DOTOCHHTE3a B KOPHEBBIC KIIYOEHBKH, KOTJAa PACTCHHE TPEIBSBISIET
6osbie Beero TpeboBaHuit k azoTy. [Iporecc HakorieHus a30Ta B KIIyO€HbKaxX MPOUCXOIUT 10
MOJIHOTO IIBETEHHS, a IOCJIE LBETEHUs pPE3KO YObIBaeT. DUKCUPOBAHHBIM KI1yOEHbBKOBBIMU
OakTepusiMH aTMOC(EPHBINA a30T MOCTYMACT B MOYBY C PACTHUTEIBHBIMH OCTaTKaMU OOOOBBIX.
[Tocnme wuX pa3igokeHUs HSTOT a30T 3aKpeIvisieTcss B MoYBe. B pasnuyHbIX  YCIOBUAX
cuMmOunoTnyeckas (pukcaius IO3BOJISIET MOBBICUTD CoJiepKaHue a30Ta B nouse Ha 50—300 kr/ra B
ron. Pacuer wu mnporHo3upoBaHuME BIUSHUS CUMOMOTHMYECKOW (ukcanmum aszora Ha
NPOAYKIIMOHHBIA Tporiecc O000OBBIX KYJIbTYp SIBISETCS aKTyalbHON NPaKTUYECKOW 3a/avei.
HeoOxomumocTh pemieHusi 3TOM 3ajaud CBs3aHA, BO-TIEPBBIX, C pELIEHHMEM BOIpoca O
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[EIeCO00Pa3HOCTH TMPUMEHEHUS MUHEPAIbHBIX (a30THBIX) ymoOpeHuil moj ©6000BBIE, BO-
BTOPBIX, C BBISIBJICHHEM ITyTei TOBBIIEHNUS () (HEKTUBHOCTH (PUKCAIIUU a30Ta.

OCHOBHBIMU KPUTEPUSIMHU ITEPBOHAYATHHOTO OTOOPA MTAMMOB KITYOCHHKOBBIX OaKTEPHUI,
KaK M3BECTHO, SIBJSIFOTCS KA4YeCTBEHHBIC MPOSBIICHUS CIIOCOOHOCTEH pH300Mil K CHMOHMO3Y C
pacTeHHEM - XO35SMHOM, BBIPAKAIOIINECS B HOAYIMPYIOLIEH CIIOCOOHOCTH U a30T(PHUKCHPYIOLICH
akTUBHOCTH [2]. B Hacrosmiee Bpems YCTaHOBJICHO, YTO ONPEACISIONIMMU TpPU3HAKAMU
3 PEKTUBHOTO CUMOHMO3a SBIAIOTCA KOJUYECTBEHHBIC MPHU3HAKM KaK Hamboyiee 3HAYUMBbIC:
KOHKYPEHMHAs. CNOCOOHOCMb — CIOCOOHOCTh HM3y4aeMoro ImiTaMMa pu3ooui (opMHUpOBaTh
KITyOCHBKH HA KOPHSX PACTCHUS — XO35SMHA B MPHUCYTCTBUU JIPYTHX IITAMMOB KIYOCHHKOBBIX
OakTepuil, cumbuomuueckas >¢gexmusnocms - CIOCOOHOCTh co31aBaTh A(h(HEKTUBHBIN
CUMOMO3 W TOBBINIATH TPOAYKTUBHOCTH O00OBBIX KynbTyp [3,4,5,6]. Hamuume Bcex »THX
NPU3HAKOB Y BBIICJICHHBIX INTAMMOB KIYOCHBKOBBIX OaKTEpHil SIBISETCS OCHOBAaHUEM ISt
0oTOOpa C 11eJbI0 pa3paboTKU OMOIPEnapaToB HAa UX OCHOBE.

B Poccun u YkpaunHe BBITYCKAalOT HECKOJIBKO IpENapaToB KIyOCHBKOBBIX OaKTECpHIi:
HUTPAaruH W PU30TOPGUH, PU300MH. DTH TpemapaThl MPOU3BOIATCS HAa OCHOBE AKTHBHBIX
KHM3HECTIOCOOHBIX KITyOCHbKOBBIX OakTepuit u3 poma Rhizobium.

Llenpto naHHBIX WCCIENOBAaHMN OBLIO HM3y4YCHHE a30TPHUKCHPYIOMEH aKTHBHOCTH |
KOHKYPEHTOCIIOCOOHOCTH ~KIIyOCHBKOBBIX OaKTepUil COM M JIFOIEPHBI, BBIICICHHBIX U3
arpoOnoreHo30B 0000BBIX pacTeHuit Pecrydnmku Kazaxcras.

Martepuajbl 1 MeTOAbI HCCJIeI0BAHUS

OObeKTaMK UCCIIC0OBAaHHUN SIBIISUTMCH KIIyOSHBKOBBIC OaKTepHH JIFOIepHbI: Sinorhizobium
meliloti mramm JI5-1, Sinorhizobium sp. mrammer JIb-1, JIM-1, JIE-1 u cou Bradyrhizobium
japonicum mramm AKC-17, Bradyrhizobium sp. mrammeiM-1, JI-1, K-1, X-1: IlItammsr
KITyOGHBKOBBIX OaKTepuii MHKYOMpOBAIM Ha arapoBoil cpeie Masz»s B TeueHue 24 4acoB MpH
temmeparype 28°C.

A30T(hHUKCHPYIOIIYIO (HUTPOT€HA3HYI0) aKTUBHOCTh IITAMMOB KITYOCHBKOBBIX OakTepuil
COM ¥ IJIIOICPHBI M3y4ajdd  aleTHJICHOBBIM MetojoM [7]. KiyOeHnbkoBble OakTepuu
WHKYOMpOBaJIM HAa arapoBoi cpene cienyromiero cocrasa, (r/m): KHyPO4-1,0; MgS04-0,3;
caxapo3a -2,0; 6000Bb1ii oTBap-50; pH 7,0. Muxpoopranu3mMbl BHIPAIIMBAIA B 3aKPBITHIX
BaTHBIMH TIpoOKamu (prakoHax. J[1s MHUIMAIIMK pocTa JOOABISUIM MUHUMAIBHOE KOJTHYECTBO
ucrounnka cBszanHoro aszora (0,0001—0,005% npoxxeBoro »skcTpakra). B koHIe
MHKYOAIIMOHHOI'O MepHoJia BaTHYI MNPOOKY 3aMEHSIM CTEPUIbHOM pPE3MHOBON IMPOOKOM.
["a3000pa3ublil anleTusIeH coOupaiy B BRITSKHOM IIKady cienyromum odopazom. B npoOupky,
HaIoJIOBUHY 3allOJIHEHHYIO 15 M1 BOABI, 100aBisiu HEOOJbIIOE KOMIUYecTBO (0K0jiOo 1 T)
kapOuna kanpuus. [IpoOupky 3akpbiBanu NpoOKOH C OTBEepCTHEM, Yepe3 KOTOpPOe OHa C
MTOMOIIIBIO PE3WHOBOM TPYOKH COEIUHSIACH C XUMHUYECKHMM CTaKaHOM C BOJIOW. AIETHIICH
BBOJIMJIM B COCY/I C KYJIBTYpPOil uepe3 pe3suHOBYIO MPOoOKy 10 KoHIeHTpauuu 10% (1o oobemy).
Uepes paznuuHble MPOMEXYTKH BPEMEHH WHKyOanuu OoTOMpanu TpoOsl raza mo 1 miu u3
cocyla ¢ KyJbTypoH W MpPOBEpSIM HalMuuMe STHUJICHa METOJIOM Tra30BOH XpomaTtorpadui.
A30T(UKCUPYIOIIYI0 aKTUBHOCTH OIPENESUIM [0 BOCCTAHOBJIEHUIO AaleTHJIEHA B JTUJIEH
METOZOM Tra30Boi Xxpomarorpaguu Ha Xpomartorpade Mapku «Xpom-3» Ha KOJIOHKE C
cunukarenem ACK npu temneparype 50°C. BennunHy HUTpareHa3HOM aKTUBHOCTH BbIpaXKaiu
B HMOIIb CoHy/9/ 1 MiTH. ITaMMOB KITyOE€HBKOBBIX OaKTEPHUH.

KoHKypeHTOCTIOCOOHOCTh KITYOCHBKOBBIX OAaKTEPHl COM M JIIOIEPHBI ONPEIEeIsUIN
METOJIOM  TeHeTudeckoro  MapkupoBanust [8]. Hccmemyemble  mTamMmbl — pU300HiA
KyJIbTHBUPOBAIM Ha MHHEpajdbHO-pacTuTenbhoi cpeae (MPC) ¢ Bospacratonmmu (ot 20 10
1000 en/mi) nozamu anTuOMoTHKA (cTpentoMuiuHa). [lonydeHHbIe pe3UCTEHTHBIE BapHAHTEI
WCIOJIb30BAJIM Il TPOBEACHMSI BETeTAllMOHHBIX HccienoBaHuil. Ha kaxaeplid BapuaHT
BereTaloHHoro ombita cesi no 100 mTyk cemsiH. Jlanee wu3ydain KOHKYPEHTHYIO
CIOCOOHOCTH (Str') — MyTaHTOB KIyOEHBKOBBIX OAKTEpHil COM M JIIOLEPHBL. B cTepuibHBIE
yamku [lerpu pasnuBanu cpeny MPC 6e3 anTHOMOTHKA U OTAEIBHO Takylo ke cpeay ¢ 1000
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en. crpentomunuHa Ha Mi cpeasl. CoctaB cpeast MPC, (r/m): KoHPO4-0,5; KH,PO4-0,5;
MgS0QO,-0,1; CaS04-0,1; NaCl-0,2; (NH4)sM07024x4H,0-cnenpr; manuut win rioko3a-20,0;
coeBas Myka-10,0; pH 6,8-7,0. KiiybeHbkn, B34TbIe ¢ KOpHEH COM, B BO3pacTe HE MEHee 5
HeZelb, CTEPUIM30BAJIM, U MOMEIIAIu B cTepuibHylo vamky [lerpu ¢ Bogoi. Ha 2 gamku
[Terpu co crpenTomumHOoM (1000 en/mi) u 1 yamky 6e3 aHTUOMOTHKA (KOHTPOJIb) CTEPUIILHO
MUHIETOM pa3Mellaid  KIYyOCHbKHM W pa3/IaBIUBalM, Jelias IMOBEPXHOCTHBIA Ma3oK.
[IpenBaputenbHo noa yamky [leTpu nmoaxiansiBaiyu pacuepueHHbIe Ia0I0HBI HA 25 THE3., Ha
OJHOW 4YallKe aHAIM3UPOBaIM 25 KIyOeHbKOB. IHKyOMpOBaHME HCCIIEIyEeMBIX 4YallleK
npoBoauin B TeueHue /-10 gueit. C ogHOro BapwaHTa aHAIM3UPOBAIH MO 50 KIIYOCHBKOB.
[Tocne 3TOro MOACYUTHIBAIM KOJIMYECTBO KIIYOCHBKOB, JIaBIIUX POCT KIyOSHBKOBBIX OaKTepUit
Ha OOBIYHOM Cpelie U Cpelie CO CTPENTOMUIIMHOM. Pe3ynbTaThl pacCUMTHIBAIM IO CIEAYIOIICH
dopmyne: KC%=Nstr'x100/ No,

Pe3yabTaThl HCC/IeT0BAHMI

CeNeKIMI0 aKTUBHBIX IITAMMOB KIyOE€HBKOBBIX OAKTEPHil COM W JIFOLEPHBI MTPOBOIMIH
Ha OCHOBE OIpEJIEICHHUS X a30T(HUKCUPYIOIIEH aKTHBHOCTH U KOHKYPEHTHOM CITIOCOOHOCTH.

JlaHHble, MOIYYEHHbBIC MPU U3YyYCHUH a30T(OUKCUPYIOIIeH aKTHBHOCTH M KOHKYPEHTHOM
CIIOCOOHOCTH 5 IITaMMOB KITyOCHBKOBBIX OakTepuid cou poxaa Bradyrhizobium u 4 mrammon
KJIyOEHBKOBBIX OaKTEepHii JItoLepHBI poa Sinorhizobium npusenews! B Tabmuie 1.

Tabmuua 1 - HurporeHnaszHas akTUBHOCTb U KOHKYPEHTOCTIOCOOHOCTD KIYOCHBKOBBIX OaKTEpU pOJIOB
Bradyrhizobium u Sinorhizobium

[ITamMmMBI KITyOSHBKOBBIX OaKTEpHiA Hutporenasnas akTHBHOCTH, | KOHKypeHTOCITIOCOOHOCT®D,
omons  CoHyu/ 1 wmmm. | %
mTaMMOB KJ'Iy6eHBKOBLIX
OakTepuit

[Itammel pona Bradyrhizobium

Bradyrhizobium japonicum AKC-17 | 12,8 70%

Bradyrhizobium sp. M-1 11,7 85%

Bradyrhizobium sp.JI-1 11,0 65%

Bradyrhizobium sp.K-1 7,2 38%

Bradyrhizobium sp.X-1 8,0 45%

[Itammel posa Sinorhizobium

Sinorhizobium meliloti JI5-1 12,0 64%

Sinorhizobium sp. JIb-1 7,0 37%

Sinorhizobium sp. JIM-1 55 30%

Sinorhizobium sp. JIE-1 5,3 25%

A3oTduKCcHpyIOIas aKTUBHOCTh INTAMMOB KJIYOCHBKOBBIX Oaktepuii cou (8,0-12,8
HMois CyHy/4) Obuta BBIIIE IO CPABHEHHIO C AKTUBHOCTHIO KITyOSHBKOBBIX OaKTEpUi JTIOIIEPHBI
(5,3-12,0 amonb C,Hy4/9).YcTaHOBIICHO, YTO HarOOJIee BHICOKOW HUTPOTCHA3HOW aKTHBHOCTBHIO
obnasany mrTaMMbl KIyOeHbKOBBIX Oaktepuii cou Bradyrhizobium japonicum AKC-17 wu
Bradyrhizobium sp. M-1; cpeau kiyOeHbKOBBIX OakTepmii morepHsl -Sinorhizobium meliloti
mramMm  JIS-1. YpoBeHb HHUTpOTEHa3HOW aKTMBHOCTH COCTaBsu1 uiss  Bradyrhizobium
japonicum AKC-17 — 12,8 amonb CoHa/uac, Bradyrhizobium sp. M-1 - 11,7 amons C,Ha/uac,
Sinorhizobium meliloti JI5-1 — 12,0 amons CoHy/gac.

KoHkypeHTHast crocOOHOCTh IMTAMMOB KIyOSHBKOBBIX Oaktepuii coum (45-85%) Obuia
TaK)KE BBIIIE 10 CPABHEHHIO C aKTHMBHOCTBIO KIYOCHBKOBBIX OakTepwii JronepHbl (25-64%).
[Ipy u3y4YeHWH KOHKYPEHTHOH CIIOCOOHOCTH KIyOGHBKOBBIX OaKTEpHil COM M JIIOLIEPHBI
BBISIBIICHBI BAPMAHTHI, 001a1af0IIHE BEICOKOM KOHKYPEHTHOH criocoOHOCTRIO: Bradyrhizobium
japonicum AKC-17 - 70%, Bradyrhizobium sp.M-1 - 85%, Sinorhizobium meliloti JI5-1 — 64%.

Takum o00pa3oM, Ha OCHOBE W3YYEHHUS MPOM3BOJICTBCHHO-IICHHBIX IIOKa3aTesei
KIIyOCHBKOBBIX Oaktepuii coum poxa Bradyrhizobium wu nroumepusr poma Sinorhizobium
MpoBeACH OTOOp IITaMMOB, OOJIafalOMUX HauOoJiee BBICOKOH  a30T(OHKCHUPYIOIICH
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aKTHBHOCTBIO M KOHKYPEHTHO# crmocoonoctrio. IlItammer Bradyrhizobium japonicum AKC-17,
Bradyrhizobium sp.M-1 u Sinorhizobium meliloti JI5-1 obnamaror Hanboiee BBICOKMMHU
[POU3BOJICTBCHHO-IIEHHBIMH [TOKA3ATEIISIMH U SIBJISIFOTCS TIEPCIICKTUBHBIMH IS pa3pabOTKU Ha
UX OCHOBE OHOMPENapaToB ISl PACTCHHEBO/ICTRA.
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KP FK BxF'M PMK «Mukpo61osiorus >xoHe BUPYCOJIOTHsI HHCTUTYTBI», AJIMaTHI K.

BRADYRHIZOBIUM M SINORHIZOBIUM TETTHE )KATATBIH TYHHEKTI
BAKTEPUSIJIAPIBIH ASOTOUKCAINUAJIAYUIBI BEJICEHAUIIT'T MEH
BOCEKEJIECTIK KABUIETTIJIITTH 3EPTTEY

OHOIPICTIK-KYHIBI ~ KOPCETKIIITepre HWe  INTaMMAAPAbIH  CEJCKIHUACHI  OTKI3LIAI  JKOHE
HUTpOTeHa3bl OEJNCEHAUTIKTIH >KoHE O9ceKenecTiK KaOlIeTTUr >KOFapbITyHHEKTi OakTepusapIblH
HycKayapsl ipikrenin ansiaabl: Bradyrhizobium japonicum AKC- 17 Bradyrhizobium sp.M-1(cosHbiH
TYlHeKTi Oaktepusitapel), Sinorhizobium meliloti JIS-1(koHBIIKAHBIH TYHHEKTI OakTepUsIIapsbl).
IpikTeniHin anplHFaH IITaMIApJbIH HUTPOTreHa3mbIOCICeH UK aeHreiill,7-nen 12,8 medin HMOJb
C,Hy/carar,0acekenectik kabinertiniri 64-85% kepcerTi.
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A.K. SADANOV, ZH.A. BAYGONUSOVA, G.D. ULTANBEKOVA, M. USIKBAEVA, G.M.
MAHANBETOVA

RSOE “Institute of Microbiology and Virology”, Committee of Science, Ministry of Education
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STUDY ON THE NITROGEN-FIXING ACTIVITY AND COMPETITIVE ABILITY OF
THE ROOT NODULE BACTERIA BELONGING TO THE GENERA
BRADYRHIZOBIUM AND SINORHIZOBIUMA

Summary
The nitrogen-fixing activity and competitive ability of five strains of soybean root nodule bacteria
belonging to the genus Bradyrhizobium, and 4 strains of alfalfa nodule bacteria of the genus
Sinorhizobium, were studied. By the examined productive-valuable characteristics, a selection of strains
was carried out, and the variants of nodule bacteria with high levels of nitrogenase activity and
competitive ability were chosen: Bradyrhizobium japonicum AKS-17 and Bradyrhizobium sp. M-1,
Sinorhizobium meliloti L5-1. The level of nitrogenase activity in the selected strains ranged from 11.7 to
12.8 nmol C,H,/h, the competitive ability was of 64-85%.
Key words: Nitrogen-fixing, competitive ability, bradyrhizobium, sinorhizobiuma

Microorganisms play a significant role in increasing the soil fertility because in the
process of growth and development improve its structure, enrich with nutrients, contribute to
more efficient use of fertilizers [1]. Soil microorganisms which mineralize the soil organic
nitrogen converting it into ammonia used by plants are of great importance for the plant nitrogen
nutrition. However, resources of nitrogen in the soil are small (up to 150 kg/ha) while in
atmosphere the amount of nitrogen is virtually inexhaustible. In most agricultural systems, the
greater part of the nitrogen (nearly 80%) is fixed in the symbiosis of legumes with root nodule
bacteria  belonging to the genera Rhizobium, Bradyrhizobium, Sinorhizobium,
Mezorhizobium.Legumes (soybeans, peas, beans, etc.) provide 25-35 % of the worldwide protein
production. Amount of nitrogen fixed in legumes depending on the plant species ranges from 72
to 200 kg/ha per season, at that the perennial fodder crops provide more intensive nitrogen
fixation. The nitrogen fixed in the legume nodules is much cheaper than nitrogen fertilizers.

The nitrogen-fixing activity of legume root nodule bacteria changes depending on both
the physiological state of host-plant and stages of development, and moreover, the intensity of
nitrogen fixation varies during the growing season. This is due to the fact that in not all periods
of growth a plant is able to release as much energy material as necessary for nitrogen fixation.
Vital activity of root nodule bacteria begins with the photosynthesis start and is limited to the
period from the first true leaves up to blossoming. Fixation of atmospheric nitrogen reaches its
maximum in the phase of full plant budding and early blossoming, i.e. during the period of
maximum inflow of photosynthesis products in the root nodules, when the plant makes most of
the requirements for nitrogen. The accumulation of nitrogen in the nodules occurs before full
blossoming, and after the blossoming falls off sharply. Fixed by root nodule bacteria atmospheric
nitrogen enters the soil with the legume plant residues. After their decomposition, this nitrogen is
fixed in the soil. In various circumstances, the symbiotic fixation increases nitrogen content in
the soil by 50-300 kg/ha. The calculation and prediction of the influence of symbiotic nitrogen
fixation on the production process of legumes is an urgent practical problem. The need to solve
this problem is related, first, to the issue of whether the use of mineral (nitrogen) fertilizers for
legumes is reasonable, and secondly, to the identifying ways to raise the nitrogen fixation
efficiency.

The main criteria for the initial selection of nodule bacteria strains are known to be the
qualitative manifestations of rhizobial abilityto symbiosis with the host-plant, expressed in the
nodulating capacity and nitrogen-fixing activity [2]. To date, it is established that the
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determining features of an effective symbiosis are quantitative characters as the most significant:
competitive ability - the ability of the rhizobial strain under study to form nodules on the roots of
the host-plant in the presence of other strains of nodule bacteria; symbiotic effectiveness - the
ability to create an effective symbiosis and enhance the productivity of legumes [3, 4, 5, 6].
Availability of all these characters in the isolated strains of root nodule bacteria is the basis for
selection with intent to develop the biological preparations on their basis.

In Russia and Ukraine, several preparations of root nodule bacteria are produced:
nitragin, and rizotorfin, rizobin. These preparations are made on the basis of active viable root
nodule bacteria belonging to the genus Rhizobium.

The purpose of this research was to study the nitrogen-fixing activity and competitive
ability of soybean and alfalfa root nodule bacteria, isolated from agrobiocenoses of leguminous
plants of the Republic of Kazakhstan.

Materials and research methods

The objects of study were the root nodule bacteria of alfalfa: Sinorhizobium meliloti strain
L5-1, Sinorhizobium sp. strains LB-1, LM-1, LE-1, and soybean: Bradyrhizobium japonicum
strain AKS-17, Bradyrhizobium sp. strain M-1, D-1, K-1, X-1. The strains of nodule bacteria
were incubated in the Maze agar medium for 24 hours at 28°C.

Nitrogen-fixing (nitrogenase) activity of strains of soybean and alfalfa nodule bacteria was
studied using acetylene method [7]. Root nodule bacteria were incubated on agar medium
having the following composition (g/l): KH,PO,4- 1.0; MgSO,4- 0.3; saccharose -2.0; bean broth
-50; pH 7.0. Microorganisms were cultivated in vials closed with cotton stoppers. To initiate the
growth, the minimum amount of fixed nitrogen source was added (0.0001-0.005 % of yeast
extract). At the end of the incubation period a cotton stopper was replaced with a sterile rubber
plug. Gaseous acetylene was collected in the exhaust hood as follows. In a tube half-filled with
15 ml of water a small amount (about 1 g) of calcium carbide was added. The tube was closed
using a stopper with a hole, through which by means of the rubber tube it was connected to a
beaker with water. Acetylene was introduced into a vessel with culture through a rubber stopper
up to a concentration of 10% (by volume). Following various incubation periods, the gas
samples were taken by 1 ml from the vessel with culture, and the presence of ethylene was
examined by gas chromatography. Nitrogen-fixing activity was determined by acetylene
reduction to ethylene using gas chromatography technique in the “Chromium-3” chromatograph
on a column with ASK silica gel at 50°C. The nitrogenase activity value was expressed in nmol
C,H4/h/1 min of strains of root nodule bacteria.

The competitive ability of soybean and alfalfa root nodule bacteria was determined by
genetic marking procedure [8]. The investigated rhizobial strains were cultivated in mineral-
plant nutrient medium (MPM) with increasing (from 20 to 1000 u/ml) doses of antibiotics
(streptomycin). The resulting resistant variants were used in the vegetation studies. For each
option of the vegetation experiment, the seeds by 100 pieces were sowed. Further, the
competitive ability of (str") -mutants of soybean and alfalfa nodule bacteria was studied. MPM
without antibiotic and separately the same medium with 1000 units of streptomycin per ml of
medium was poured into sterile Petri dishes. Composition of MPM (g/L): K;HPO4 0.5;
KH,POs,~ 0.5; MgSO,s- 0.1; CaSO4- 0.1; NaCl - 0.2; (NH4)eMo0;024x4H,O — trace
concentration; mannitol or glucose -20.0; soya flour — 10.0; pH 6.8-7.0. Nodules taken from the
soybean roots, aged for at least 5 weeks, were sterilized and placed in a sterile Petri dish with
water. On 2 Petri dishes with streptomycin (1000 u/ml) and 1 without antibiotic (control), the
nodules by means of sterile forceps were placed and crushed, making the surface smear. The
lined templates for 25 sockets were previously put under the Petri dish; 25 nodules were tested
on one dish. Incubation of the test plates lasted for 7-10 days. From one option 50 nodules were
tested. After this, the number of nodules, which provided the growth of nodule bacteria in the
standard medium and medium with streptomycin was counted. The results were calculated as
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follows: NC%=N str'x100/ N

Research results
Selection of active strains of soybeans and alfalfa root nodule bacteria was carried out on the
basis of determining their nitrogen-fixing activity and competitive ability.
The data obtained in the studying nitrogen-fixing activity and competitive ability of 5 strains of
soybean root nodule bacteria of the Bradyrhizobium genusand 4 strains of alfalfa nodule
bacteria of the Sinorhizobium genus are given in Table 1.

Table 1 - Nitrogenase activity and competitive ability of nodule bacteria belonging to the genera
Bradyrhizobium and Sinorhizobium

Strains of nodule bacteria Nitrogenase activity, nmol C,H4/h/1 | Competitive
min of strains of nodule bacteria ability, %
1 2 3
Strains of the genus Bradyrhizobium
Bradyrhizobium japonicum AKS-17 12,8 70%
Bradyrhizobium sp. M-1 11,7 85%
Bradyrhizobium sp.D-1 11,0 65%
Bradyrhizobium sp. K-1 7,2 38%
Bradyrhizobium sp. X-1 8,0 45%
Strains of the genus Sinorhizobium
Sinorhizobium meliloti L5-1 12,0 64%
Sinorhizobium sp.LB-1 7,0 37%
Sinorhizobium sp.LM-1 55 30%
Sinorhizobium sp.LE-1 53 25%

The nitrogen-fixing activity of trains of soybean root nodule bacteria (8.0-12.8 nmolC,Ha4/h)
was higher as compared to the activity of alfalfa root nodule bacteria (5.3-12.0 nmol C,H4/h). It
was found that the strains of soybean root nodule bacteria Bradyrhizobium japonicum AKS-17
and Bradyrhizobium sp. M-1 possessed the highest nitrogenase activity; among alfalfa nodule
bacteria —Sinorhizobium meliloti L5-1 strain. The level of nitrogenase activity was for
Bradyrhizobium japonicum AKS-17 - 12.8 nmol C,H4/h, Bradyrhizobium sp. M-1 - 11.7 nmol
C,oHu/h, Sinorhizobium meliloti L5-1 - 12.0 nmol C,H4/h.

The competitive ability of strains of soybean root nodule bacteria (45-85 %) was also higher
as compared to the activity of alfalfa root nodule bacteria (25-64 %). When studying the
competitive ability of soybean and alfalfa root nodule bacteria, variants with high competitive
ability were identified: Bradyrhizobium japonicum AKS-17 - 70%, Bradyrhizobium sp. M-1 -
85 %, Sinorhizobium meliloti L5-1 - 64%.

Thus, by studying the productive-valuable characteristics root nodule bacteria of soybean
belonging to the genus Bradyrhizobium and alfalfa of the genus Sinorhizobium the selection of
strains with the highest nitrogen-fixing activity and competitive ability was realized. The strains
Bradyrhizobium japonicum AKS-17, Bradyrhizobium sp. M-1 and Sinorhizobium meliloti L5-1
possess the highest productive-valuable characteristics and are promising for the development
on their base of biological preparations for plant growing.
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