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Baxnoii mpoOnem arpapHoro cextopa, TpeOylomel peuieHus, siBugercs: AepuiuT Oenka B MUTaHUU
JoAel M HEeAOCTaTOYHOCTH KOPMOBOM 0a3bl AJISl )KUBOTHOBOJCTBA. JIJIsl pelIeHus STHX 3a/1a4 HE0OXOIUMO
YBEJIUYEHHE MPOM3BOACTBA BBHICOKOOEIKOBBIX OOOOBBIX KYJIbTYp U, NPEkKAE BCEro, cOM. (s MOBBIICHUS
YPOXKaWHOCTH COW TPUMEHSIOT KIyOCHBKOBbIC OaKTepuH. OTH OaKTepUH SBJISIOTCS CUMOHOHTaMH,
MOCTABJIAIOIINMU PACTCHUAM 6I/IOJ'[OFI/I‘-IGCKI/IX a30T, 1 TCM CaMbIM, yjiy4dllasd MX a30THOC NHUTAHUC. L[eHBIO
JAHHOTO HCCIICI0BaHMs ObUIO BBIAEICHUE KITyOSHBKOBBIX OaKTEpPHUH, OIyUYCHHE YUCTHIX KYIbTYpP, H3yUECHHUE
UX OCHOBHBIX OHOJIOTMUECKMX CBOMCTB, OTOOp HamOoyiee aKTHBHBIX LITAMMOB, MNEPCHEKTHBHBIX IS
BBEIpaIlMBaHMS KYJIBTYpHl COH. M3 KIIyOEHBKOB pAaCTEHUI COM, COOpaHHBIX Ha MOIAX AJIMATHHCKOW 00IacTu
Kazaxcrana, Obuto BeizmeneHO 24 4ucthle KynbTyphl Oaktepuil. lIpoBemeHo u3ydeHHME WX OCHOBHBIX
KYJIBTYpaJbHO-MOP(QOJIOTrMYECKMX M  OMOXMMHMYECKHX CBOWCTB, HCCIEIOBaHA HOLyJIHpyOWas |
a30TQUKCUpYIOIIas CrocoOHocTH. B pesynbrare OTOOpaHO 4YEThIPE BHICOKOA(P(PEKTUBHBIX IIITAMMA
KITyOCHBKOBBIX OaKTEpHid, TePCIIEKTUBHBIX /IS BRIPAIIMBAHHS KYJIbTYPhI COH.

KuaroueBsble ciioBa: KIryOeHBKOBBIE OaKTEPHH, COSl, HOAYIISIHS, a30THUKCAIS, BEICOKOI(PPEKTHBHBIE
mITaMMbI

Baxxnoit mpoOiemMoli arpapHOro cexropa sBisieTcs aeumut Oellka B NMHUTAHUU JIIOJCH U
HE/I0CTaTOYHOCTh KOPMOBOMW 0a3bl JUIsl )KMBOTHOBOJICTBA. {15l peleHus 3TuX 3aJad HeoOX0IuMO
yYBEJIMUEHUE MPOU3BOJICTBA BBICOKOOETKOBBIX 3€pHOO00O0BBIX KYIBTYpP M, Ipexkae Bcero, cou [1].
Bricokoe comepkanue B 3epHe cou Oenka (mo 45-48%) u macma (mo 25 %) ompenenstoor eé
mpokoe npumeHenue [2-4]. OnHako ypoxaitHocTh cou B Kazaxcrane 1o cpaBHEHHIO C JAPYTUMU
CTpaHaMu Hu3Kas. Tak, ecnu cpenHss ypoxaitHocTs cou B bpasunuu u CILIA cocraBnser 3,3 1/ra,
B Kanane - 2,6 1/ra, To B Poccun - 1,4-1,6 1/r, a B Ka3zaxcrane - He npessimaer 1,1-1,2 1/ra [5].
Hcxonst m3 3TOro, MOMUCK MyTEHl MOBBIMICHUS YpPOXKAMHOCTH 3TOM KYJIbTYPhI SIBISIETCS BEChMa
AKTyaJIbHBIM.

Jlis TOBBINICHUS YPOXXAHHOCTH COM TPHUMEHSIOTCS MHHEpaidbHble W OHOIOTUYECKUE
yaoOpeHusi, HO ymop JAeiaercs Ha OuoynoOpeHus. B cocrtaB Ounonmornueckux ymaoOpeHH#, Kak
MPaBWIIO, BXOAAT CHUMOHMOTHYECKHE a30T(UKCHpyromme OakTepuu. DTH OakTepuu OOWUTAIOT B
KJIyOeHbKaxX Ha KOPHSX COM, CIOCOOHBI M3BJIEKAaTh a30T U3 BO3/yXa U MpeolOpa3yloT ero B (opmy,
KOTOPYI0 MOTYT HCHOJb30BaTh pacTeHus. OQHONM U3 HpoOjeM HU3KOH YypOoKalHOCTH COU B
Kazaxcrane sBnsercs TO, 4TO JUIsl MOBBILICHHS] YpPOKaWHOCTH COU TNPUMEHSIOT, B OCHOBHOM,
OuonpenapaTsl UMIOPTHOTO MPOUCXOXKIEHHUS, KOTOPhIE YacTO OKa3bIBAIOTCS Malod()PEeKTUBHBIMH.
D10 00YCIOBIEHO WX HU3KOW NMPUKUBAEMOCTHIO HA KOPHSX COM M HE MPUCHOCOOIIEHHOCTHIO K
MOYBEHHO-KIMMAaTHUYECKUM  yClIoBUSAM. Llenpio JaHHOrO HCCleoBaHUS ObUIO  BBIACTICHHE
KJTyOEHBKOBBIX OakTepui, MOITYYEHHE YHUCTHIX KYJIbTYp, U3yUYE€HHUE MX OCHOBHBIX OMOJIOTHYECKUX
CBOWMCTB, 0TOOp HanbOJee aAKTUBHBIX IITAMMOB, IEPCIIEKTUBHBIX JIJIs1 BEIPAIIIMBAHUS KYJIbTYPBI COH.

Martepuajbl ¥ MeTOABI HCCJIEAOBAHUS

OObeKkTaMH HCCIEIOBaHUS CIYXWIA OaKTepHH, BBIJCICHHBIE M3 KIYOCHBKOB Ha KOPHSX
pacrenuii com (Glycine max (L.) Merr.), cobpannbix B AnmaruHcKoi obOmactu Kasaxcrana -
OCHOBHOM PpEruoHe BbIpalMBaHus cou. Jlns BbigeneHus pu3oOuil ObUIM OTOOpaHbI 370pOBBIE U
MOIIHBIE PACTEHHS] COM C XOpOIIO Pa3BUTHA KOHEBOM CHUCTEMOM W MHOTOYHMCIEHHBIMU
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KIIyOeHbKaMM Ha KOpHAX. OT KOpHS NMHLETOM OTAEISUIM KPYIHBIE, PO30BbIE KIYOEHBKH U
nepeHocwn B yamky llerpu, roe ux paspesain ckainpneneM Ha dacTu. Jlisg BblAeneHUs
KJIyOGHBKOBBIX OakTepuii MCHOJB30BaIM IMUTATENIbHYIO cpely Mase cienayomero cocrasa, I/
K;HPO4 - 1,0; MgSOQOq - 0,3; caxaposa - 10,0; orBap u3 100 r ropoxa, pH 6,8-7,0. HeGoubmoe
KOJMYECTBO COACpKUMOro kiyOeHbka mnepeHocunad B 100 MKJI CTepuUIbHOW BOABI, 3aTEM - Ha
IIOBEPXHOCTh arapu3oBaHHOM cpenpl Masze B wyamke Ilerpu, pa3maselBaid MnaTeneM H
uHKyOupoBau npu 25°C.

JIns wu3ydeHus: crocoOHOCTH O0Opa3oBBIBATh KIYOCHBKM Ha KOPHSAX COM (HOMYJISIIIHS)
OaKTepyM BHIPAIMBAIN Ha XMIKOM muTatensHol cpene Mase npu 180 06/muH, 28°C B Teuenue 5
cyTok. B ombITax Mcnoip3oBaiu colo copTa «IBpHKay. llepen moceBom cemeHa oOpabarbiBain
cyclieH3uel OakTepuil ¢ THUTPOM KIIETOK 1x10% x/mn B Teuenue JIByX 4acoB NpPH KOMHATHOU
temneparype [6]. 3aTemM ceMeHa BBICEBAIM B BEreTallMOHHBIC cocyabl oObemMoM 500 mi (Tpu
pacteHust Ha cocya). [ig muTaHUS NPOPOCTKOB NPUMEHSUIM CTepUibHBIM pacTBop KHomma
cienytomiero cocrara, 1/1: Ca(NOs)2x4H,0 - 1,0, MgSO4x7H20 - 0.25, KH,PO,4 - 0.25, KCI -
0.12, FeCl3x6 H,O - 0.004, Boma - 1000 mi. Bce skcrnepuMeHThI OBUTH BBIMOJHEHBI B TISITH
noBTopHOCTAX. [lo/cuer KomuyecTBa U cpeHel Macchl KIyOeHbKOB mpoBoawin nocie 30-u qHei
BbIpAIllMBaHUS.

HutporeHasHyio akTHBHOCTh OakTepuil ONpEAEsUId aleTHJICHOBHIM METOJIOM Ha Ta30BOM
xpomarorpade “Agilent Technology 7890 B” (CIIIA) ¢ miaMeHHO-HOHU3AIMOHHBIM JETEKTOPOM
[7,8].

KynbrypanesHo-Mopdonoruueckue U (PU3HOJIOro-OMOXMMHUYECKHE CBOMCTBA  PHU300Mi
U3y4aliy [0 CTaHAAPTHBIM MeToAuKaM [9].

Cratuctudeckas 00paboTKa pe3yabTaToOB MPOBOJMIACH C UCIIOJIb30BAHUEM ITaKeTa MPOrpaMm
«STATISTICA 10.0» [10].

Pe3yabTaThl M 00Cy:KI€HUE

Brinenenne Oaktepuii MpoBOAMIM W3 KIYOCHBKOB Ha KOPHSX COM, COOpDaHHOW Ha MOJISX
Anmatunckoit obmactu Kazaxcrana. Jlns BbiaeneHuss pu3oOuil ObutM OTOOpaHBl pacTeHUS C
XOpOIIO Pa3BUTHUH KOPHEBOW CHUCTEMOW M OOJBIIUM UYHCIOM KIyOEHBKOB Ha KOpHiIX. B oOmiei
CJIO’KHOCTH ObLII0 coOpaHo 67 pacTeHUi cou.

B nmaGopaTopHBIX YCIOBUSX M3 KIYOCHBKOB Ha KOPHSX COM OBUIO MPOBENEHO BBIACIICHHE
pu300uil Ha MUTaTeNBbHON arapu3oBaHHON cpene Mase. 3acesHHble yaniku [lerpu nHKyOHpoBanu B
tepmocrtate npu 25°C. TlosiBieHHe KOJIOHWIA Ha 1-2-€ CYTKH CBHIETEIHCTBOBAIO O 3arpsA3HEHHU
KyJIbTyphl. beicTpopacTyiye pu3o0uHu MOSBISUTUCH Ha 3-4, MeAsIeHHOpacTyuue - Ha 7-9 cyTku

(pucyHok 1).

Pucynok 1 - Beinesenue kiyOeHbKOBBIX OaKTEpHii Ha arapu30BaHHOM cpeie Mase
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YucToTy KylIbTyp KIyOGHBKOBBIX OakTepHil MPOBEPSIM BU3YAJIbHO U IO MHKPOCKOIIOM.
MHUKPOCKONIUYECKM KOHTPOJb IPOBOAWICA C IpernapaTaMd JKUBBIX M (DMKCHPOBAHHBIX
OKpAIIEHHBIX KJIETOK C MOMOIIBIO CBETOBOTO MHKpPOCKOIA. B pe3ynbraTe mpoBeNeHHOH paboThI
OBbUIO BBIAETIEHO 24 YKCThIE KYJIBTYphl KIyOCHBKOBBIX OaKTEpPHH.

HccnenoBanne KymbTypatbHO-MOP(HOIOTHUECKUNA CBOMCTB OakTepuil MOKa3ano, 4YTo Mpu
pocTe Ha nuTarenbHON cpene Masze Oakrepun 0Opa3oBbIBaIM OECLBETHBIE MM MOJIOYHO-Oelble
CIIM3UCTBIE KoNoHMHU. VccnemoBanue MOpQOIOTHHM PH300MH IMOKa3ano, YTO BCE BBIJCICHHBIC
KYJIBTYpbl OBUIM I'paMOTpHULIATENIbHbIE, HE 00pa30BbIBAIM CIOP U MMEIH MAJOYKOBUIHYIO (OpMy
KJIeToK. [Ipy mpocMoTpe 1moj MHKPOCKOIIOM IPEnapaToB JKUBBIX KIIETOK OAKTEPHl OTMEYaId MX
BBICOKYIO IOJIBUXKHOCTb. Y CTAQHOBJIEHO, YTO KIJIETKHM OakTepuil MeJnkue, HOJUMOp(HBIE U ¢
TEUYEHHEM BPEMEHH NPUHUMAIOT OKpyriyio (opmy. Ha pukcupoBaHHBIX OKpalIeHHBIX IpenapaTax
YETKO MPOCMaTPUBAIACh 3€PHUCTOCTh BHYTPEHHETO COJEPKAHUSA KIETOK KITyOEHbKOBBIX OaKTepui.

HccnenoBanne OCHOBHBIX (DHU3MOJIOT0-OMOXMMHUYECKHX CBOMCTB OakTepuil mokaszasio, 4To
BbIJICJIEHHbIE OAKTEPUM OTHOCATCA K a’po0aMm, HE PacTyT Ha MACOINENTOHHBIX Cpelax U APYrux
OEIKOBBIX CcyOcTparax »XHBOTHOTO IMPOUCXOXKJICHHUS, POCT HA 0€3a30THCTOH cpene Dmou crnaldbIit.
YcTaHOBIIEHO, YTO WITaMMBl OakTepuil c1abo yTHIM3MPYIOT caxapa, jKEJIaTUHY HE pa3kKIKarT U
KpaxMan He pasziaraioT. [1o OCHOBHBIM KyJIbTYpaJbHO-MOP(OJIOTHUECKUM H OHOXHMUYECKUM
CBOMCTBaM OaKTepHU OTHECEHBI K IBYM poaam Bradyrhizobium u Rhizobium.

W3BecTHO, 4TO HE BCE KIYOCHBKOBBIE OAKTEPHH CIOCOOHBI OOpa3OBBHIBATh KIyOCHBKH Ha
KOpHSAX pacTeHuil cou. B 3Toi cBs3u, OBLJIO MPOBENCHO H3yY€HHE CHOCOOHOCTH BBIJEIEHHBIX
OakTepuii K HOLYJISUH U (PUKCAIlMK a30Ta Bo3ayxa. Hamuune STX cBONCTB y OakTepuil sBIsSETCS
OCHOBAHHUEM JUI UX JajbHEHUIIEero UCIOIb30BaHUs MPH pa3paboTke OMoyno0peHus A KyIbTyphbl
cou. B Tabmmue mpencTaBiIeHbl pe3yNbTaThl CEMH IITAMMOB, MOKA3aBIIMX HaWOOJee BBICOKHE
pe3yJbTaThl.

Tabnuia - Hogynupyromas ciocoOHOCTh U HUTPOT'€Ha3Hasi aKTUBHOCTH IITAMMOB PU300MI

KommuectBo kinybenpkoB | Cyxoii Bec KiTyOSHBKOB, Hutporenasnas
[IITamMbI
Ha pacTeHHe, IIT. MI/pacTeHue AKTUBHOCTb,
umoib CoHy/™min/a

Kontponb 0 0 -

MA-1 12,8+0,1 128,3+1,3 3,87+0,02
H-2 14,6+0,2 130,2+1,2 2,32+0,01
H-3 12,1+0,1 142,2+1,0 5,25+0,02
H-4 17,8+0,2 147,5+1,2 6,65+0,01
H-6 18,2+0,2 153,222 6,71+0,01
H-7 18,4+0,1 158,5+2,1 6,74+0,01
H-8 17,3+0,1 148,4+2.0 6,34+0,02

[Mpumedanue: p<0,05

W3 naHHbIX TaOdMIBI CIEAYET, UTO MITAMMbI PU300UH aKTUBHO 0OPa30BBIBAIM KIyOEHBKH Ha
KOPHSX COM U (PUKCUPOBAIU a30T Bo3ayxa. OTMEUEHO, YTO BO BCEX BapHaHTaX OMbITa KIyOEHbKU
ObUTM PO30BBIMH, YTO CBHUIETEIHCTBYET OO0 aKTUBHOM (ukcanuu azota arMocdepbl, Tak Kak
PO30BBIi LIBET KJIYOCHBKOB CBUAETENBCTBYET O HAJIMYUHU JIETTEMOTIIO0MHA, KOTOPbIM KOHTPOJIUPYET
MOTOK KHCIopojaa K OakrepusiM. Takke moka3zaHo, 4To mo ucredeHuu 30 CyTOK pocTa cou B
BapuaHTax co mrammamu MA-1, H-2, H-3 konnuecTBo Ki1yOEHBKOB Ha OJTHO pACTEHUE COCTABIISIO
12-14 mTyk, a B BapuanTax co mrammamu H-4, H-6, H-7, H-8 ono Obuto GonbmmM U B cpegHeM
coctaBisiio 17-18 mryk Ha pacteHue. OTMeUeHO, YTO B 3TUX BapHaHTaX KIyOeHbKH ObLTH Ooiee
KPYIHBIMH M TEMHO-pO30BbIMH. [losiBIeHHE KIIyOSHBRKOB B JTHUX BapuaHTax Owbuto Ha 12,5%
paHbllle, 4eM B BapuaHTax co mrammamu MA-1, H-2, H-3. Taxxke ycTaHOBIEHO, YTO
a30T(UKCHPYIONIasi aKTHBHOCTh MEHSUIACh B 3aBUCHMOCTH OT mTamMMma Oaktepuii. [lokazaHo, 4To
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a30T(UKCUPYIOIast akTUBHOCTh mtamMmoB H-4, H-6, H-7, H-8 Gbia Beime, yem y mrammos MA-1,
H-2, H-3 (Tabnuma 1).

3akioueHune

Taxum oOpa3om, PoBeIeHO BbIJIETICHUE OaKTepHU 13 KITyOEHbKOB PACTEHUN COM, COOpaHHBIX
Ha momsix AsmMatuHckod obOnactu Kaszaxcrana. s Beimenenust Oaktepuit Oblio coOpano 67
pacTeHuii CoM C XOpOILO Pa3BUTHI KOPHEBOM cHCTeMOW M OOJBLIMM YHCIOM KIyOEHBKOB Ha
KopHsAX. B nmaGopaTOpHBIX yCIOBHAX M3 KIYOGHBKOB COM Ha NHTaTeNbHOW cperne Mase Obuin
BbIJIETICHBI OaKTEepHH, MPOBEACHA MX OYMCTKA M MOJy4deHbl 24 4YuCThIe KyJAbTYphl. M3yudeHbl HX
OCHOBHBIE KYJIbTYypalbHO-MOP(OJIOTHUECKUE U OHMOXMMHYECKHE CBOWCTBA M IMOKa3aHO, YTO
OaKkTepuH OTHOCATCS K JIBYM poaam Bradyrhizobium u Rhizobium. IlpoBeneno wucciemoBanme
CIOCOOHOCTH IITAaMMOB OaKTepHii 00pa3oBBIBaTh KIyOEHBKM Ha KOPHSIX COM W HU3y4eHA HX
azoTukcupyromas akTuBHOCTb. [lo pesynbTaram uccienoBaHHil O0TOOpaHO ueThIpe Haubolee
aKTUBHBIX ImTamma Oaktepuii (H-4, H-6, H-7 u H-8). YcranoBneHo, 4YTO B BapHaHTaX OIBITOB C
STUMH IITaMMaMH, KIyO€HbKH Ha KOPHSAX COM ObLIM Oojiee KPYMHBIMH U TEMHO-PO30BBIMH, UTO
CBHUJICTEIILCTBYET O BBICOKOM COJIEPKAHWU JIETTEMOTJIOOWHA, KOTOPBIH KOHTPOJIMPYET MPHUTOK
KHcioposaa kK OaktepusM. Takxke OTMEUEHO, YTO MOSBICHUE KIYOCHHKOB HAa KOPHSIX COM B ATHX
BapuaHTax Obu1o Ha 12,5% panpie, ueM B Apyrux BapuaHTax. Takum oOpa3oMm, 0TOOpaHO YeThIpe
BBICOKOA()(DEKTUBHBIX IITaMMa KIyOEHBKOBBIX OaKTepHii, MEpPCHEeKTHUBHBIX s CO3JAAHUS
OMOoyn0OpeHUs TSl BRIPAIIMBAHUS KYJIbTYPHI COH.

Boigenennsie mrTamMmbl OakTepuil aganTHpPOBaHbl K MOYBEHHO-KIMMATUYECKUM YCIOBUSIM
IOr0-BOCTOYHOTO perrmoHa Kaszaxcrana u 00JIagal0T BBICOKOW MNPHIKHMBAEMOCTBIO HAa KOPHSIX
MECTHBIX COPTOB COH, YTO MO3BOJIUT MPHU UCIIOJIb30BaHUU OMOyn00peHus n30exaTb KOHKYPEHINH C
MMOYBEHHON MHKPO(DIOPOH.

HccnenoBanue BBIMOMHEHO NpU (UHAHCOBOHM mojaep:xkke MuHuCTepcTBa 00pazoBaHUsl U
Hayku PecniyOiinku Kazaxcran B pamkax rpantoBoro npoekta AP09259080.
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COsI JAKBLIJIAPBIH IEPCIIEKTUBTI OCIPY YIIIH TYHHEK
BAKTEPUSAJIAPAbBI BOJIIII AJTY

Tyiiin

ATpapibIK CEKTOPIBIH LICHIYAl KaKET eTeTiH MaHbBI3Abl Maceneci — aaM TaMaKTaHATbIH aKybI3IIbIH
KeTicIeyl jkoHe MallFa KEeM-ILIeMTiH TalbUIbFbl. byl Mocenenepai menry yiiH aKybI3bl KOFapbl OypIiak
TAKBUTAAPBIH JKOHE €H ajIbIMEH COS JaKbUIIAPBIH OHIIpYAi apTThipy Kaxer. COSHBI ocipy Ke3iH[e OHBIH
OHIMIH apTTBIpy YIWIiH TYHHEK OakTepusuiap KoJmaHbuiaabl. byn Oaktepusiiap CUMOMOHTTAap OOJNBINI
TaOBUIA/IBI, OJIAD OCIMIIKTEpAl OMONOTHSIIBIK a30TIEH KAaMTamachi3 €Teli JKOHE COJl apKbUIbl OJapIblH
a30TIIEH KOPEKTEHYiH »akcapTaipl. by 3epTTeydiH MakcaThl TYHWiHII OakTepusuiapiael Oemim amy, Tasa
JMaKbUTAAPABI ally, OJapblH HETI3r1 OMOJOTHSIIBIK KACHETTEPIH 3ePTTEy XKOHE COA OCipyre MepCIeKTHBTI eH
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Summary

An important problem of the agricultural sector that needs to be addressed is the lack of protein in
human nutrition and fodder for livestock. To solve these problems, it is necessary to increase the production
of high-protein legumes and, above all, soybeans. When growing soybeans, nodule bacteria are used to
increase its yield. These bacteria are symbionts, they fix nitrogen, and thus improve the nitrogen nutrition of
plants. The purpose of this study was to isolate rhizobia, obtain pure cultures, study their basic biological
properties, and select the most active strains that are promising for soybean cultivation. From nodules of
soybean plants collected in the fields of the Almaty region of Kazakhstan, 24 pure cultures of rhizobia were
isolated. Their basic cultural-morphological and biochemical properties were studied, their nodulation and
nitrogen-fixing abilities were studied. As a result, four highly effective strains of rhizobia were selected that
are promising for growing soybeans.

Keywords: rhizobia, soybean, nodulation, nitrogen fixation, highly effective strains

An important problem of the agricultural sector is the lack of protein in human nutrition and
the lack of fodder for livestock. To solve these problems, it is necessary to increase the production
of high-protein leguminous crops and, above all, soybeans [1]. The high content of protein (up to
45-48%) and oil (up to 25%) in soybean grain determines its widespread use [2-4]. However,
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soybean yields in Kazakhstan are low compared to other countries. So, if the average soybean yield
in Brazil and the USA is 3.3 t/ha, in Canada - 2.6 t/ha, in Russia - 1.4-1.6 t/g, and in Kazakhstan -
does not exceed 1 .1-1.2 t/ha [5]. At the same time, soybean grain is characterized by low quality
indicators. Based on this, the search for ways to increase the yield of this crop is very relevant.

To increase the yield of soybeans, mineral and biological fertilizers are used, but the emphasis
is on biofertilizers. The composition of biological fertilizers, as a rule, includes symbiotic nitrogen-
fixing bacteria. These bacteria live in soybean root nodules and are able to extract nitrogen from the
air and convert it into a form that plants can use. One of the problems of low soybean yields in
Kazakhstan is that to increase soybean yields, mainly biological preparations of imported origin are
used, which often turn out to be ineffective. This is due to their low survival rate on soybean roots
and their inability to adapt to soil and climatic conditions. The purpose of this study was to isolate
nodule bacteria, obtain pure cultures, study their basic biological properties, and select the most
active strains that are promising for growing soybeans.

Materials and methods of research

The objects of the study were bacteria isolated from nodules on the roots of soybean plants
(Glycine max (L.) Merr.), collected in the Almaty region of Kazakhstan - the main region of
soybean cultivation. For the isolation of rhizobia, healthy and powerful soybean plants with a well-
developed horse system and numerous nodules on the roots were selected. Large, pink nodules were
separated from the root with tweezers and transferred to a Petri dish, where they were cut into
pieces with a scalpel. To isolate nodule bacteria, a Maze nutrient medium was used, with the
following composition, g/l: K;HPO, - 1,0; MgSO, - 0,3; sucrose - 10,0; decoction of 100 g of peas,
pH 6,8-7,0. A small amount of nodule content was transferred into 100 ul of sterile water, then onto
the surface of Maze agar medium in a Petri dish, smeared with a spatula, and incubated at 25°C.

To study the ability to form nodules on soybean roots (nodulation), bacteria were grown on
liquid Maze medium at 180 rpm, 28°C for 5 days. In the experiments, we used soybeans of the
Evrika variety. Before sowing, the seeds were treated with a suspension of bacteria with a cell titer
of 1 x 108 cells/ml for two hours at room temperature [6]. Then they were sown in 500 ml
vegetation vessels (three plants per vessel). To feed the seedlings, a sterile Knopp solution was
used, with the following composition, g/l: Ca(NO3),x4H,0 - 1,0, MgSO4x7H20 - 0.25, KH,PO, -
0.25, KCI - 0.12, FeCl3x6 H,O - 0.004, water - 1000 mu. All experiments were performed in five
repetitions. The number and average weight of nodules were counted after 30 days of cultivation.

The nitrogenase activity of bacteria was determined by the acetylene method on an Agilent
Technology 7890 B gas chromatograph (USA) with a flame ionization detector [7,8].

The cultural-morphological and physiological-biochemical properties of rhizobia were studied
according to standard methods [9].

Statistical processing of the results was carried out using the STATISTICA 10.0 software
package [10].

Research results and discussion

Bacteria were isolated from nodules on soybean roots collected in the fields of the Almaty
region of Kazakhstan. For the isolation of rhizobia, plants with a well-developed root system and a
large number of nodules on the roots were selected. A total of 67 soybean plants were collected.

Under laboratory conditions, rhizobia were isolated from nodules on soybean roots on a
nutrient agar medium Maze. The seeded Petri dishes were incubated in a thermostat at 25°C. The
appearance of colonies on the 1st-2nd day testified to the contamination of the culture. Fast-
growing rhizobia appeared on days 3-4, slow-growing ones - on days 7-9 (Figure 1).
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Figure 1 - Isolation of nodule bacteria on Maze agar medium

The purity of nodule bacteria cultures was checked visually and under a microscope.
Microscopic control was carried out with preparations of live and fixed stained cells using a light
microscope. As a result of the work carried out, 24 pure cultures of nodule bacteria were isolated.

The study of the cultural and morphological properties of bacteria showed that when growing
on Maze's medium, the bacteria formed colorless or milky-white mucous colonies. A study of the
morphology of rhizobia showed that all isolated cultures were gram-negative, did not form spores,
and had a rod-shaped cell shape. When viewing preparations of living bacterial cells under a
microscope, their high mobility was noted. It was found that bacterial cells were small,
polymorphic, and over time the cells took on a rounded shape. On fixed stained preparations, the
granularity of the internal content of nodule bacteria cells was clearly visible.

The study of the basic physiological and biochemical properties of bacteria showed that the
isolated bacteria belong to aerobes, do not grow on meat-peptone media and other protein substrates
of animal origin, growth on a nitrogen-free Ashby medium is weak. It has been established that
bacterial strains poorly utilize sugars, do not liquefy gelatin, and do not decompose starch.
According to the main cultural, morphological and biochemical properties, the bacteria were
assigned to two genera Bradyrhizobium and Rhizobium.

It is known that not all nodule bacteria are able to form nodules on the roots of soybean
plants. In this regard, the ability of isolated bacteria to nodulation and fix air nitrogen was studied.
The presence of these properties in bacteria is the basis for their further use in the development of
biofertilizers for soybeans. Table presents the results of the seven strains that showed the highest
results.

Table - Nodulation and nitrogenase activity of rhizobia strains

Strains Number of nodules per Nodule dry weight, Nitrogenase activity,
plant, pcs. mg/plant pmol C,H,/ml/h
Control 0 0 -
MA-1 12,8+0,1 128,3+1,3 3,87+0,02
H-2 14,6+0,2 130,2+1,2 2,32+0,01
H-3 12,1+0,1 142,2+1,0 5,25+0,02
H-4 17,8+0,2 147,5+1,2 6,65+0,01
H-6 18,2+0,2 153,2+2,2 6,71+0,01
H-7 18,4+0,1 158,5+2,1 6,74+0,01
H-8 17,3+0,1 148,4+2,0 6,34+0,02
Note: p<0,05
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It follows from the data in Table 1 that rhizobia strains actively formed nodules on soybean
roots and fixed air nitrogen. It was noted that in all variants of the experiment, the nodules were
pink, which indicates the active fixation of atmospheric nitrogen, since the pink color of the nodules
indicates the presence of leghemoglobin, which controls the oxygen flow to the bacteria. It was also
shown that after 30 days of soybean growth, in variants with strains MA-1, H-2, H-3, the number of
nodules per plant was 12-14 pieces, and in variants with strains H-4, H-6, H-7, H-8 it was large and
averaged 17-18 pieces per plant. It was noted that in these variants the nodules were larger and dark
pink, and the appearance of nodules in these variants was 12.5% earlier than in the variants with
strains MA-1, H-2, H-3. Also, it was found that nitrogen-fixing activity varied depending on the
bacterial strain. It was shown that the nitrogen-fixing activity of strains H-4, H-6, H-7, H-8 was
higher than that of strains MA-1, H-2, H-3 (table 1).

Conclusion

Thus, rhizobia were isolated from nodules of soybean plants collected in the fields of the
Almaty region of Kazakhstan. To isolate bacteria, 67 soybean plants with a well-developed root
system and a large number of root nodules were collected. Under laboratory conditions, bacteria
were isolated from soybean nodules on the Maze medium, they were purified, and 24 pure cultures
were obtained. Their main cultural, morphological and biochemical properties have been studied
and it has been shown that the bacteria belong to two genera Bradyrhizobium and Rhizobium. The
ability of bacterial strains to form nodules on soybean roots was studied and their nitrogen-fixing
activity was studied. According to the research results, four most active strains of bacteria (H-4, H-
6, H-7 and H-8) were selected. It was found that in the variants of experiments with these strains,
nodules on soybean roots were larger and dark pink, which indicates a high content of
leghemoglobin, which controls the flow of oxygen to bacteria. It was also noted that the appearance
of nodules on soybean roots in these variants was 12.5% earlier than in other variants. Thus, four
highly effective strains of nodule bacteria were selected that are promising for growing soybeans.

Based on these strains, it is possible to create a biofertilizer. The isolated bacterial strains are
adapted to the soil and climatic conditions of the southeastern region of Kazakhstan, and their use
will allow avoiding competition with soil microflora. Also, the selected strains have a high survival
rate on the roots of local soybean varieties.

The study was carried out with the financial support of the Ministry of Education and Science
of the Republic of Kazakhstan within the framework of the grant project AP09259080.
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