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IHOABOP OIITUMAJIBHBIX CPEJ JJISA KYJbTUBUPOBAHUSA LITAMMA
SHINORHIZOBIUM MELILOTI JI5-1, CTUMYJIUPYIOILHEI'O POCT JIFOIIEPHbBI

AHHOTAMSA

[NopoOpana onTuManbHas cpena ¢ O0OOBBIM OTBapOM Uil POCTa M HAKOIUICHUS OHOMACCHI
mramMMa KIyOCHBKOBBIX Oakrepuit  Jroriepusr — Sinorhizobium  meliloti  JIS-1  (tutp  KieTok
6,1x10°KOE/Mur). YCTaHOBIGHO, YTO MAKCHMAIIBHBIIL TUTpP KIIETOK (3,6x10KOE/min) obecneunBaercs
IPH UCIIOJIb30BAaHUH B KAYECTBE MCTOYHMKA yTrIIepoOia caxapo3bl B KOHICHTpalwu 6 r/11. Heopranuueckue
comu: CaCOz, MnSQ,, ZnSO,, CoCl,, (NH4)sM0;0,4x4H,0 0Ka3sIBalOT CTUMYIHpPYIOIIee ACHCTBHE Ha
HAKOIUIeHHe Oromacchl mramma Sinorhizobium melilotiJI5-1, ysemmumBas tutp kimerok no 1,0x10°-
1,6x10"°KOE/m.

Kuarouesblie ciioBa: Shinorhizobium meliloti J7-5, mronepra, mramm.

CoBpeMEHHOE COCTOSIHUE M IEPCHEKTUBBI Pa3BUTHs arpONpPOMBIIIICHHOTO KOMILJIEKca
Kazaxcrana TecHO cBs3aHbl C PETYJIUPOBAHUEM YPOBHS IUIOJOPOIUS MOYB. [ TaBHBIM KpUTEpUEM
3TOrO SBJISETCS 00ecreueHne MaKCUMaJIbHOM YPOXKalHOCTH CEeNIbCKOXO035HCTBEHHBIX KYJIbTYp B
Pa3IUYHBIX TOYBEHHO-KJIMMATHYECKUX YCIOBUAX. [IpUOpPUTETHBIMM SBISIOTCS TEXHOJIOTHH,
o0ecreynBaroIMe palOHAIBHOE HCIOIb30BaHUE 3€MEJbHBIX PECYpCOB, COXpaHEHHE U
MOBBILICHHE ITOYBEHHOTO IUJIOJOPOAMS, MOJydyeHUE CTAOMIbHON YpOKalHOCTH U BBICOKOE
KaueCTBO MTPOLYKIIUN PACTEHUEBOICTBA.

B Kazaxcrane ocTpo cToMT mpobOiieMa HE TOJIBKO HHU3KOTO IUIOJOPOAMS TOYB, HO M
XKHUBOTHOrO Oenka. B pemeHnn 3Tux npoOiem BaXkHas pojib OTBOAUTCS 3€PHOBBIM OOOOBBIM
pacTeHusIM U KOpMOBBIM TpaBaM. [loaTomy yBennuenue uiomaneid OOOOBBIX KyJIbTyp U
BBEJICHUE HOBBIX BHUJOB 3€pHOBBIX M KOPMOBBIX TpaB SIBISETCS OAHUM M3 HPUOPUTETHBIX
HaIpaBJIEHUH B pa3BUTHH CEIbCKOro Xo03sicTBa Pecnnyonuku Kazaxcras.

Jlns TOBBILIEHUST YpO>KaHOCTH OO0OOBBIX KyJBTYp (COM, TOpoXa, 4e4eBMIIbI, HYTa,
¢acomu, JoLepHbl, JOHHUKA U Jip.) B UHCcTUTYTEe MUuKpoOuonoruu u Bupyconorun KH MOH PK
pa3paboTaH M BHeApeH B NpakTuky OuonpenapaT «PuzoBut-AKCy», momyueHHBIE Ha OCHOBE
a30TUKCHUPYIOIUX KIYyOEHbKOBBIX OakTepuii, KOTOpble, QUKCUPYS a30T arMocdepsl,
000raIaioT MoYBY JIETKOJOCTYIHBIM JJIsi pacTeHUH OuosiorndeckuM azoroMm. OpHa u3 cepuit
Ouompernapata pa3paboTaHa Ha OCHOBE BBICOKOA((EKTUBHOTO IMTaMMa KIyOE€HBKOBBIX
Oakrepuit  momepubl  Sinorhizobium  melilotiJI5S-1.  JlrouepHa  sBisieTCS — LEHHOM
CEIbCKOXO3MCTBEHHOW KOPMOBOW KYJIBTYpOH, MOCEBBI KOTOpOl B KazaxcTrane cOCTaBISIOT
200r/ra u c KaxIbIM TOAOM IUIaHHpYyeTcsl MX yBenuueHue. PazpaboTka Ouompenapara amis
MOBBILICHUS] YPOXKAMHOCTU JIIOLEPHBI SIBISIETCS BaXKHBIM OSTaloM JUIsl pEHIeHUs 3aJayu
KHUBOTHOTO O€JIKa 1, 0OTHOBPEMEHHO, TOBBIIIEHUS IJI0JJOPOIHS MTOYB.

enbto 1aHHOTO MCCIIEIOBaHUS SBIISIICS MOAOOP ONTUMAIBHOW MUTATENBHON Cpeibl JUIs
pocTa W HaKOIUIEHWs] OMoMacchl mMTaMMa KIyOeHBKOBBIX OakTepuii sonepHsl Sinorhizobium
meliloti JI5-1 u u3y4eHue BIMSHUS UCTOYHUKOB YIIIEpOJia U HEOPTaHUUECKHX COJICH.

MatepuaJjbl 1 MeTOIbI MCCJIEI0OBAHUI

OOBEKTOM HCCIEOBAHUN SIBIISJICS INTaMM  KIIyOCHBKOBBIX ~OaKTEpHil JIIOLIEPHBI
Sinorhizobium meliloti JI5-1. [IItamMmm MHKYOHpOBaiu Ha arapoBoi cpexe Mass B Teuenue 24
4acoB MpU TEMIIepaType 28°C.

Jliist motbopa ONTHMATBHBIX YCIOBHH POCTa M HAKOTUICHUSI OMOMAcChl KyJIbTHBHPOBAHUE
mrramm Sinorhizobium meliloti JIS-1 eipamnmBanu Ha 10 XHUIKUX MATATEIBHBIX CPElax: Cpeie ¢
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3% KyKypy3HbIM 3KcTpakToM, McBapana, JlazapeBa, ¢ 6000BbIM oTBapom, ['paxema, @pena,
Hoppuca, MPC, Ma3s, muauManbsHoit cpene. CoctaB cpe MpUBEICH B I/71.

1.Cpena ¢ 3% KyKypy3HBIM 3KCTpakTOM: KyKypy3HbIi 3kcTpakT - 30,0; K;HPO4-0,5;
rimoko3a — 10,0; MgS04x7H,0-0,2; NaCl-0,2;(NH,4),S04-0,5; pH 6,8-6,9.

2. Cpema Wcmapana: caxapo3a-10,0; K;HPO4-0,5; MgSO4x7H,0-0,2; rirokoHat
kanbuus-1,5; FeCl3-0,01; npoxokeBoit sxcrpakt-2,0; pH 6,8-7,0.

3. Cpena Jlazapesa: KH,PO4-0,5; MgSO4x7H,0-0,2; NaCl-0,2; MnSQO4-0,005; caxapo3a-
10,0; npoxckeBoit akctpakt-100 mut; pH 7,2.

4. Cpena c 6060BbM otBapom: KH,PO,-1,0; MgSO,4-0,3; caxapo3sa -2,0; 6000BbIi 0TBap-
50; pH 7,0.

5. Cpena I'paxema: manuut-0,5; makro3a-0,5; NaCl-0,2; CaCl,-0,2; MgSO,4-0,1; FeCls-
0,1; npoxxeBoit s3kcTpakt-0,5; pH 7,0.

6. Cpena ®pena: KH,PO4-0,5; MgSO4-0,2; CaCO3-3,0; NaCl-0,1; npoxokeBoii SKCTpaKT-
1,0; caxaposa, MaHHHT Wiy Tioko3a-10,0; pH 6,8-7,0.

7. Cpena Hoppuca: K,HPO4-0,5; MgSO4-0,8; CaS04-0,1; NaCl-0,2; FeCls-0,01;
JIpoxKeBo# dkcTpakT-2,0; 0,4% p-p OpomTuUMoOIIBOrO cuHero-Smir; Manuut-10,0; pH 7,2

8. MunepanbHO-pactutenbHas cpema: KoHPO4-0,5; KH,PO4-0,5; MgS04-0,1; CaSOq-
0,1; NaCl-0,2; (NH4)sM07024x4H,0-cnenpl; MaHHHUT Wik Tr0K03a-20; coeBas myka-10; pH 6,8-
7,0

9. Cpena Mass: KH,PO,4-0,5; MgS0,;-0,3; NaCl-0,5; caxaposa-10,0; ropox-100,0; pH 7,0

10. MunumansHas cpena: KoHPO4-0,5; MgS0O4-0,2; NaCl-0,1; NH4NO3-0,1; manHuUT-
10,0; coeBas myka-10,0; pH7,0

Iramm Sinorhizobium meliloti JI5-1 unkyOupoBanu Ha XKUAKHX CpeiaXx B TeueHue 48
4yacoB Ha poTanoHHOM mieiikepe mpu 180-200 06/mun u Temneparype 28°C.

Brusaue wWcTOYHHMKOB —yriaepoaa (caxaposbl, TJIIOKO3bI, MaHHWTA, TJIAICPUHA),
Heopranudeckux coneir (CaCOs, NaCl) u mukposnementoB (MnSO,, H3BOs, ZnSO,, CoCly,
(NH4)sM07024x4H,0) Ha pocT W HakKOIUICHHE OHOMAcChl KIyOCHBKOBBIX OaKTephil COH W
JIOIEPHBI M3yJalld HAa ONTUMAJIBHOU cpeze. VMCTOYHMKHM yriepoja BHOCHWIM B NMUTATEIBHYIO
cpeny B KoHIeHTpausix, (r/mn): 2,0; 4,0; 6,0; 8,0; 10,0; muxposnementst - 0,005; 0,01; 0,02;
0,04; CaCO3-2,0; 4,0; 6,0; 8,0 u NaCl- 0,2; 0,4; 0,6; 0,8.

Jlis  onTHUMH3AIMM  CcOCTaBa MOJOOpPAaHHONW ONTHMalIbHOW Cpelabl  pa3paboTaHbl
CJICITYIOIIINE BAPUAHTHI:

Bapuant Nel: (NHg)sM07024x4H,0 - 0,02; ZnSO,4 - 0,005; CoCl,— 0,005; MnSO4— 0,02;
CaC0s3-6,0; caxapoza — 6,0; ropox — 50,0;

Bapuant Ne2: MnSO4— 0,02; CoCl,— 0,005; ZnS0O4-0,005; caxaposza — 6,0; ropox — 50,0;

Bapuant Ne3: MnSOy4— 0,02; (NH4)6M07024x4H,0 - 0,02; caxaposa — 6,0; ropox — 50,0;

Bapuant Ne4: CaCO3-6,0; MnSO4— 0,02; ZnS0O4-0,005; caxaposa — 6,0; ropox — 50,0;

Bapuant Ne5: CaCO3-6,0; MnSO4-0,02; (NH4)sM07024x4H,0 - 0,02; caxaposa — 6,0;
ropox — 50,0;

D PeKTUBHOCTD WCIONB30BAHKS HUTATEIBHBIX Cpell, HWCTOYHUKOB yriepoia |
HEOPraHMYECKUX COJIeH NI HAKOTUIEHUS OMOMacChl KIYOCHBKOBBIX OAKTEpUN COHM W JIOLIEPHBI
OIICHUBAJIM 10 BEJIMYMHE THUTPA KIETOK M KYJIbTYPAIbHO-MOP(HOIOTHUECKAM ITOKA3aTeIIsIM
(pa3mepam u hopme KoJOHUI). 3HaUEHHE TUTPA KIIeTOK Belpakanu B KOE/mur.

Pe3yabTaThl M 00Cy:KI€HUE

[Mpu xynapTuBupoBanuu mramma Sinorhizobium meliloti JIS-1 ycranoBieHO, 4TO THUTP
KJIETOK Ha M3Y4YEHHBIX NHUTATEIBHBIX Cpelax HM3MEHsJICSA B Ipereax 2,6x10%6,1x10°KOE/mx
(trabmuua 1).Cpenst @pena, MPC, JlazapeBa, MuHuManbpHas cpena, cpeaa ¢ 3% KyKypy3HbIM
IKCTPAKTOM B MEHbIICH cTermeHu obecreunBain pocT mramma Sinorhizobium meliloti JIS-1.
TuTp KJIETOK Ha 3TUX Cpelax COCTaBIISI 2,6x10%4,9x10°KOE/mi. HanGosiee OnTHMAIbHBIMU
st pocra Sinorhizobium meliloti JIS-1 sBastmick cpeabl ¢ 6000BbIM oTBapoM, McBapawa,
I'paxema u Hoppuca. [Ipu KYNLTHBEPOBAHHHA HCCIIElyeMOro ITaMMa Ha ITHX CDE/Iax BENMTHHA
TATpa COCTaBJIsLIA 1,8x10°-6,1x10°KOE/Mn. HanGomee OnTHMATBHONR st pocra ImTamma
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Sinorhizobium meliloti JIS-1 sBnsercs cpexa ¢ 6000BBIM OTBapoM, Ha KOTOPOH TUTP KJIETOK
nocruraer 6,1x10°KOE/mi. Ha (dhoHe 3TOH cpeabl M3Yy4YEHO BIUSHHUE WUCTOYHHKOB YIJIEpOJa,
HEOPraHUYECKUX COJIeH M MHKPOIJIeMEHTOB Ha poct mmramma Sinorhizobium meliloti JI5-1 u
HAKOIUIEHHE ero OMOMacChl.

Tabmuma 1 - Tlogbop onTUMATLHOM Cpe/Ibl A1 pOCTa U HAKOIUTEHHs Oromaccs mramma Sinorhizobium
meliloti JI5-1

IIutarensHBIC CPEabI Tutp xierok, KOE/mi Mopdomornaeckue MIPU3HAKHI
Sinorhizobium meliloti JI5-1  [Ko70HuH

HcBapana 1,7x10’ [Ipo3paunble, BBINYKIBIE, OKPYIJIBIE C
Jlasapesa 4,9x10° [POBHBIMU KpasiMH, JAHAMETP KOJOHUH
Bo6oBBIii 0TBap 6,1x10° 0,3-0,6 cm

Kykypy3Hblii 5KCTpakT 1,6x10°

I'paxema 2,9x10’

dpena 1,4x10°

Hoppuca 1,8x10°

MPC 7,2x10°

Ma3> 5,5x10’

MunnmanpHas cpesia 2,6x10*

Bce nccnenyembie HCTOYHUKH YTIEpoAa 3HAUUTEIHHO BIUSIN Ha HAKOILIEHHE OMOMAacChl
mwrramma Sinorhizobium meliloti JIS-1. TTonyuennbie nanHble puBeACHBI B Tadmuie 2. Hanbonee
BBICOKHI TUTP KJIETOK (3,6 1010KOE/MJ'I) HaOII01aTICS Ha cpejie ¢ caXxapo30il B KOHILIEHTpauu 6
r/n. Kak ymeHbllIeHHE KOHLIEHTpAaIMM caxapo3bl A0 2 I/, Tak U €€ NanbHeillee yBelIHuueHue
(Beire 6 1/11) MHrHOMpyeT poct mramma Sinorhizobium meliloti JI5-1. T'mroko3a, rauuepuH u
MaHHHUT HE3HAUUTEJIbHO BIIMSAIOT Ha MpUpocT Onomacchl. [Ipyn BHECEHNHU TIIIOKO3bI 1 MaHHUTA B
cpeay OTMEYEHO YBEJIMYEHUE THUTpA C 7,1-1,5><106(I<0HueHTpauH$[ 2,0 r/m) mo 5,7-
6,1x IOS(KOHHGHTpaHI/Iﬂ 6 r/11). Ilpn yBennyeHNH KOHLEHTPALIMHY TJIMLIEPUHA B CpeJie HAaKOIUIEHHE
OroMacchl KITyOEHBKOBBIX OaKTEepPHIl CHUKAETCS.

Tabnuiia 2 - BinsHre HCTOYHHUKOB yIJIepoa Ha POCT M HAKOIJIEHHEe OnoMacchl mraMma Sinorhizobium
meliloti JI5-1

'Yri1eBoabI Konuentpanmus, Tutp knerox, KOE/mn  [Mopdonoruueckue MPU3HAKU

/1 [Sinorhizobium meliloti JI5-1 KOJIOHHI
1 2 3 4

Caxaposa 2,0 6,1x10° [Ipo3padHble, BBITYKIIBIE, OKPYTJIBIE
4,0 1,0x10° C POBHBIMH KpasMmd, JHaMETp
6.0 3.6 0™ kosionui 0,3-0,6 cm
8,0 5,6x10’
10,0 3,2x10’

[1r0K03a 2,0 5,0x10° [Ipo3padHble, BBITYKIIBIE, OKPYTJIBIE
4,0 7,0x10° C POBHBIMH KpasMd, JHaMETp
6.0 5.7 107 kosonuii 0,1-0,3 cm
8,0 1,2x10’
10,0 1,05x10

[uepun 2,0 4,8x10’ [Ipo3padHble, BHITYKIIBIC, OKPYIIIbIC
4.0 1,1x10° C POBHBIMH KpasMmd, JHaMETP
6.0 5’5><104 Kononui 0,1-0,3 cm
8,0 2,7x10°"
10 1,3x10°
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IMponomxenue Tadnuib 2

1 2 3 4
ManHUT 2,0 1,5x10° [Ipo3pauHsble, BBIMYKIIBIE, OKPYTIIbIE
4,0 5,3x107 C PpOBHBIMH KpasMH, JAAMETP
60 6.1=107 kononwuii 0,1-0,5 cm
8,0 2,8x10’
10,0 1,5%10’
KoHTposb 2,0 6,1x10° [Ipo3pauHble, BBIMYKIIbIC, OKPYTIIbIC
(caxapo3za) C POBHBIMH KpasMH{, JHaMETP
kononwuii 0,3 cm

Heopranuueckue coium 1no-pa3HOMY BIMSIOT Ha HakoIUIEHWE Ouomacchl IITaMMa
Sinorhizobium meliloti JI5-1 (tabmuma 3). CoCl, u ZnSO4 B MUHHUMAIBHBIX KOHIIEHTPAIUSIX
(0,0051/:1) OKa3BIBAOT TOJOKUTEIBHOE BO3JICHCTBHE HAa HAKOIUICHWE OMOMACCHI, yBEIUYHBAs
TUTP KJIIETOK 0 3,0-6,3><109KOE/MJ1, IIpU JaJdbHENIIEM YBEIMYEHUH KOHLEHTPALUU 3TUX COJIEH
HaKOIUIEHHE OMoMacchl YMEHbIIAETCS. Mn?'u Mo’ 8 koHreHTpauuu 0,02 r/n Taxke OKa3bIBaIOT
MOJIOKUTEIBHOE BO3/ICIICTBHE HAa HAKOIUIEHHE OroMacchl mTammallS-1, mpu 3ToM TUTpP KIIETOK
Bospacraer  101,6x10'%-5,4x10°KOE/M1.  Bop (HsPO3) B M3yd4eHHBIX KOHIICHTPALIMAX
UHrHOUpyeT poct kierok mramma Sinorhizobium meliloti JI5-1. Tlpu Baecenuu B cpeay NaCl
TUTP KJIETOK YMEHBIIACTCS C YBEIMYCHUEM KOHICHTpanuu coiu, B KoHmeHTpanuu NaCl - 0,2-
0,4 r/n, TUTP BO3pacTaeT a0 3,5-5,8x10°. CaCO; ¢ YBEIMYEHUEM KOHLEHTPAUU CTUMYJIHPYET
npupoct 6romaccsi 710 4,5%10°KOE/Mit B KOHIEHTpammn 8 /11,

Tabnuna 3 - BiusiHue HEOPraHUYECKUX COJICH Ha POCT M HaKOIUIEHHE Ouomacchl mramma Sinorhizobium
meliloti JI5-1

Heopranuueckue Konnentpamus, |Turp  kierok,|Mopdonornyeckne Mpu3HaKU KOJOHHH

conu /1 KOE/mn
1 2 3 4
MnSQO, 0,005 3,2x10° [Ipo3padHble, BBITYKIIbIC, OKPYTIBIE C POBHBIMU KpPasMH,
0,01 4,1% 108 nuametp kononui 0,1-0,3 cm
0,02 1,6x10"
0,04 5,7x10°
ZnS0O, 0,005 6,3x10° [Ipo3paunsle, BEITYKIIBIE, OKPYTIIBIE C POBHBIMU
0,01 7,9% 107 Kpasimu, 1uametp kojonuit 0,1-0,3 u 0,6 cm

0,02 2,6%10°
0,04 2,2x10°

CoCl, 0,005 3,0x10° [Tpo3pauHble, BBIMYKIIbIE, OKPYTJIbIE C POBHBIMH KPasMH,
0,01 2,0X108 muameTp kononui 0,1-0,3 1 0,6 cm
0,02 1,8x10°
0,04 1,410’
(NHg4)eMoy 0,005 2,2x10° [Ipo3padHble, BRITYKIIBIE, OKPYTIIBIE C POBHBIMU KpasMH,
0,4x4H,0 001 > 7x10° TOYEUHBIE KOJOHUH

0,02 5,4%10°
0,04 3,6%10°

H;BO3 0,02 2,3x10° [Ipo3pauHble, BBIIYKIIBIE, OKPYITIbIE C POBHBIMU KpasMH,
0,04 1.4x10° TOYCUHBIC KOJIOHUU

0,06 1,2x10°
0,08 1,3x10°
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IIponomkenue Tabnumbl 3

1 2 3 4
CaCO, 2,0 4,5x10° [Ipo3padHble, BEITYKIIBIC, OKPYTIBIE C POBHBIMU KpasiMH,
20 5 6x10° TOUYEYHbIE NCPETHUEKOIOHNHN ¢ quamerpoMm 0,4 cm
6,0 1,0x10°
8,0 4,5%10°
NaCl 0,2 3,5x10° [Tpo3pauHble, BBITYKIIbIE, OKPYIJIbIE C POBHBIMH KpPasiMH,
04 5 8x10° TOYEUYHbIE ¥ KpYIHbIE KoJaoHuH 10 0,9 cm
0,6 4,0x10
0,8 5,9x10
KonTpons Caxapo3a (2,0) 6,1x10° [Ipo3paunble, BBIIYKIIbIE, OKPYTJbIE C POBHBIMU KpasMHU,
be3 BHECEHUS nuameTp kononuit 0,3 cm
coJIeH

Takum oOpa3zoMm, Ha (oHe cpeapl ¢ OOOOBBIM OTBApOM TOJOOpPaHBI ONTUMAJIbHBINA
UCTOYHHUK yriepona (caxapos3a, 6 I/J1) U ONTUMalIbHBIE KOHIICHTPAIUW HEOPTaHUYECKUX COJIeH
(CaCOs; MnSQy4; ZnSO4; CoCly;  (NH4)sM07024x4H20), cTUMYTUPYIONMIMX —HAKOIUICHHE
o6uomaccel mramma Sinorhizobium meliloti JI5-1.

Jlns onTUMU3AIMK MUTATEIBHON Cpefbl ¢ 00OOBBIM OTBapOM HW3YY€H pPOCT IITaMMa
KITyOCHBKOBBIX OaKTepWi IIIOLIEPHBI Ha TISATH BapuUaHTaX Cpel C Pa3JIMYHBIM COCTAaBOM
HEOPraHMYECKUX COJIeH U caxapo3oi (6 r/1) B KayecTBe UCTOUYHMKA yrieposa (Tabmuia 4). Turp
KJIETOK Ha M3YYEHHBIX BAPUAHTAX CPEJl U3MEHSUICS B IpeAenax OT 1,1x10%10 2,6x10'°KOE/mu.
YCTaHOBIIEHO, YTO HaWOOJbIIEe KOJMYECTBO OMOMACChl HakaruiMBaeTcs Ha cpene Ne3, Tutp
cocrasisier 2,6x10°KOE/mi1. Onsako ypoBeHs HaxoILieHns Guomaccs! Sinorhizobium meliloti
JI5-1 Ha cpemax B COUETAHUU Caxapo3bl U KOMIUIEKCA HEOPraHWYECKUX COJIeW HUKE WA He
TPEBBIIIACT THTPA KIETOK Ha CPeie TONBKO ¢ caxapo3oit (3,6x10°KOE/mm).

Takum o0pa3oM, caxapo3a, KaKk MCTOYHUK YTIEpOAa, MOKET OBITh ONTUMAaJIbHBIM
dakTopom It 00eCIeYeHHs] MAaKCUMAIBHOTO YPOBHS POCTa IITaMMa KITyOeHBKOBBIX OaKTepwHid
grortepusr Sinorhizobium meliloti JIS-1 6e3 A0MOMHUATEIBHOTO BHECEHHS APYTUX KOMITOHEHTOB.

Tabmua 4 - OntumH3anus coctaBa cpefbl ¢ 0000BBIM OTBAPOM IS HAKOTUICHHsSI OMOMACCHI IITaMMa
Sinorhizobium meliloti JI5-1
BapuaHTb! Turp knerok, KOE/mn  |[Mopdonoruueckue npu3Haky KOJIOHUN

Bapuant Nel 2,2x10° [Ipo3pauHble, BBIMYKIIBIE, OKPYTIIBIE C POBHBIMH KpasMmH,
muametp komonwuit 0,1-0,3 cm

Bapuant Ne2 1,1x10° [Ipo3pauHble, BBINYKIIbIE, OKPYIJIBIE C POBHBIMHU KpasiMH,
muametp komonwuit 0,1-0,3 cm

Bapuant Ne3 2,6x10% [Ipo3pauHble, BBIMTYKIIBIE, OKPYTJIBIE C POBHBIMH KpasMmH,
muametp xosouui 0,3 u 0,6 cMm

Bapuant Ne4 7,1x10° [Ipo3pauHble, BBINYKIIbIE, OKPYTJIbIE C POBHBIMHU KpasiMmu,
TOYEYHBIE KOJIOHUU

Bapuant Ne5 1,6x10° [Ipo3pauHble, BBIMYKIIBIE, OKPYTJIBIE C POBHBIMH KpasMmH,
TOYCUYHBIC U cpeaaue ¢ quamerpoM 0,4 cM KOTOHUH

8

KonTpouns (cpena ¢ 6,1x10 [Ipo3paunble, BBIMTYKIIBIE, OKPYTIIBIE C POBHBIMU KpasMmH,

6000BBIM muametp xosoruii 0,3 cMm
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A K. CAJAHOB, I' . YJITAHBEKOBA, JL.II. TPEHOXHHNKOBA, M.
YCUKBAEBA, M. MAXAHBETOBA, XX.A. BAMTOHYCOBA

KP FK bxFM PMK «Mukpo6uosnorusi ’xoHe BUPYCOJIOTUS HHCTUTYTHI», AJIMAaTHI K.

’KOHBIIIKAHBIH TYAHEKTI BAKTEPHSICBIHBIH SINORHIZOBIUM
MELILOTI JI5-1 IITAMMBIHBIH OCYIHE KOJIAMJIBI KOPEKTIK OPTAJIAP/IBI
TAHJAY

XKoupimkaneie TyHHEKTI 6akTepusceiasiy Sinorhizobium meliloti JI5-1 mramMMeiHsIH ecyi MeH
GHOMACCAHBIH KUHATYBIHA KOJAiIbl KOPEKTIK OpTa OypIIaK TYHGACHIMEH (KacymIaHsIH THTPHI 6,1x10°
KTB/mi). Sinorhizobium meliloti JI5-1 mrammbiHa KeMipTeK Ke3i peTiHIe caxapo3a, ajl eH KOJaisbl
KOHIIETpAIMAChl 6 I/ OOJiFaH[a, JKacyIIaHbIH THTPBI (3,6><10lO KOE/Mi) ekeHuiri aHbIKTaJFaH.
Bettopranukaneik  ty3mapasiy  (CaCOs,  MnSQO4  ZnSO,;  CoCly,,  (NHg) 6Mo0;0,4x4H,0)
KOHIIEHTpAIMsUIaphl aHbIKTaidFaH, JI5-1 mTaMMBIHBIH OMOMAaCcCaChIHBIH KHHAKTAITYBIH 10°-10'° KOE/mn
JIeHiH )KOFapbUIATTHI.

A.K. Sadanov, G.D. Ultanbekova, L.P. Trenozhnikova, M. Usikbaeva, G.M. Mahanbetova,
Zh.A. Baygonusova

RSOE “Institute of Microbiology and Virology”, Committee of Science, Ministry of Education
and Science, Almaty, Republic of Kazakhstan

SELECTION OF OPTIMAL MEDIA FOR CULTURING THE STRAIN
SHINORHIZOBIUM MELILOTI L5-1 STIMULATING ALFALFA GROWTH

Summary

The optimal media with bean broth for growth and biomass accumulation of the strain L5-1 of
alfalfa nodule bacteria Sinorhizobium meliloti was selected (cell titer is 6.1x10° CFE/ml). It was found
that the maximum cell titer (3.6x10" CFE/mI) is provided when using sucrose as a carbon source in a
concentration of 6 g/L. Inorganic salts: CaCO; MnSO, ZnSO,, CoCl,, (NH4)sM0;0,,x4H,0 have
stimulating effect on the biomass accumulation of the Sinorhizobium meliloti strain L5-1 by increasing
cell titer up to 1.0x10%- 1.6x10™ CFE/m.

Key words: Strain, shinorhizobium meliloti 15-1, alfalfa growth

The current state and prospects of agricultural sector development in Kazakhstan are
closely related to the regulation of the soil fertility level. The main criterion for this is to ensure
maximum agricultural crop yield under different soil and climatic conditions. Priority is given to
technologies that guarantee the rational use of land resources, preservation and improvement of
soil fertility, obtaining a stable crop yield and high quality plant products.
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In Kazakhstan, there is an acute problem of both low soil fertility, and animal protein. In
addressing these issues, an important role is assigned to grain legumes and forage grasses.
Therefore, increasing acreage under leguminous crops and introducing new types of grain and
forage grasses is one of the priorities in the development of agriculture of the Republic of
Kazakhstan.

To improve the yield of leguminous crops (soybeans, peas, lentils, chickpeas, beans,
alfalfa, sweet clover, etc.), at the Institute of Microbiology and Virology, CS MES, RK,
biological preparation “Rizovit-AKS” was developed and implemented in practice, obtained on
the basis of nitrogen-fixing root nodule bacteria that by fixing atmospheric nitrogen enrich the
soil with readily accessible to plants biological nitrogen. One of a series of biological preparation
was developed on the basis of high-efficient strain L5-1of alfalfa root nodule bacteria
Sinorhizobium meliloti. Alfalfa is a valuable agricultural field cultures, the crops of which in
Kazakhstan are 200g/hec., and every year it is planned to increase them. Development of a
biological preparation to improve the yield of alfalfa is an important step for the solution of the
problem with animal protein and, at the same time, soil fertility improvement.

The aim of this study was selecting optimal medium for the growth and biomass
accumulation of the strain L5-1 of alfalfa nodule bacteria Sinorhizobium meliloti, and studying
the effect of carbon sources and inorganic salts.

Materials and research methods

The object of research was the strain L5-1of alfalfa nodule bacteria Sinorhizobium
meliloti. The strain was incubated in the Maze’agar medium for 24 hours at 28°C.

To select the optimum conditions for growth and biomass accumulation the strain L5-1 of
Sinorhizobium meliloti was cultivated in liquid media: medium with 3% corn extract, Isvaran’,
Lazarev’, with bean broth, Graham’, Fred’, Norris’, MPM, Maze’, minimal medium. The
composition of media is given in g/L.

1. Medium with 3% corn extract: corn steep liquor - 30 0; K;HPO,4-0. 5; glucose - 10.0;
MgSO4x7H,0 - 0.2; NaCl - 0.2; (NH4),SO, - 0.5; pH 6.8-6.9.

2. Isvaran’ medium: saccharose - 10.0; Ko;HPO, - 0.5; MgSO4x7H,0 — 0.2; calcium gluconate-
1.5; FeCl3 — 0.01; yeast extract - 2.0; pH 6.8-7.0.

3. Lazarev’ medium: KH,PO, - 0.5; MgSO,x7H,O — 0.2; NaCl — 0.2; MnSO, -0.005;
saccharose -10; yeast extract - 100 ml; pH 7.2.

4. Medium with bean broth: KH,PO4-1.0; MgSO, — 0.3; saccharose - 2.0; bean broth — 50; pH
7.0.

5. Graham’ medium: mannitol - 0.5; 0, lactose — 0.5; NaCl — 0.2; CaCl, — 0.2; MgSO, — 0.1,
FeCls -0.1; yeast extract — 0.5; pH 7.0.

6. Fred” medium: KH,PO4— 0.5; MgSO,4 — 0.2; CaCO3 — 3.0; NaCl -0.1; yeast extract — 1.0;
saccharose, mannitol or glucose — 10.0; pH 6.8-7.0.

7. Norris’ medium: K;HPO, - 0.5; MgSO, -0.8; CaS0O4-0.1; NaCl — 0.2; FeCl3-0.01; yeast
extract - 2.0; 0.4% blue bromthymol blue - 5ml; mannitol - 10.0; pH 7.2

8. Mineral-plant medium: K,HPQO, - 0.5; KH,PO, - 0.5; MgSO, — 0.1; CaSO,4 — 0.1; NaCl - 0.2;
(NH4)sMo070,4x4H,0 — trace concentration; mannitol or glucose - 20; soy flour — 10; pH 6.8-7.0
9. Maze’medium: K;HPO, - 0.5; MgSO, — 0.3; NaCl — 0.5; saccharose - 10.0; peas — 100.0; pH
7.0

10. Minimal medium: K;HPO, - 0.5; MgSQ, - 0.2; NaCl — 0.1; NH4NO3 - 0.1; mannitol — 10.0;
soy flour — 10.0; pH 7.0.

The L5-1 strain of Sinorhizobium meliloti was incubated in liquid media for 48 hours in a
rotary shaker at 180-200 rpm and a temperature of 28°C.

Effect of carbon sources (saccharose, glucose, mannitol, glycerol), inorganic salts
(CaCOg3, NaCl) and microelement (MnSO,4, H3BO3, ZnSQO,4, CoCl,, (NH4)sM0;0,4x4H,0) on
growth and biomass accumulation of soybean and alfalfa root nodule bacteria was studied in
optimal medium. The carbon sources were added to the culture medium at concentrations of
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(g/L): 2.0; 4.0; 6.0; 8.0; 10.0; microelements - 0.005; 0.01; 0.02; 0.04; CaCOs - 2,0; 4,0; 6,0; 8,0;
and NaCl - 0,2; 0,4; 0,6; 0,8. /

To optimize the selected optimal medium the following options have been developed:
Variant 1: (NH4)sM07024x4H,0 - 0.02; ZnSO4— 0.005; CoCl; - 0.005; MnSQO, - 0.02; CaCOs3-
6.0; saccharose - 6.0; peas - 50.0;

Variant 2: MnSQO, - 0.02; CoCl,— 0.005; ZnS04-0.005; saccharose - 6.0; peas — 50.0;

Variant 3: MnSO, -0.02; (NH4)sM07024%4H-0 - 0.02; saccharose - 6.0; peas - 50.0;

Variant 4: CaC03-6.0; MnSO,4 — 0.02; ZnSQ,4-0,005; saccharose - 6.0; peas - 50.0;

Variant 5: CaC0O3-6.0; MnSO4 — 0.02; (NH4)6M0;024x4H,0 — 0.02; saccharose - 6.0; peas -
50.0.

The use efficiency of culture media, carbon sources and inorganic salts for the biomass
accumulation of soybean and alfalfa nodule bacteria was evaluated by a cell titer and culture-
morphological characteristics (size and shape of the colonies). The value of cell titer was
expressed in CFU/ml.

Results and discussion

When cultivating the Sinorhizobium meliloti strain L5-1, it was established that the cell
titer on the media under study ranged within 2.6x10% - 6.1x10® CFE/ml (Table 1). Fred’ and
Lazarev’ media, MPM, minimal medium, medium with 3% corn extract to a lesser extent
supported the growth of the Sinorhizobium meliloti strain L5-1. The cell titer in these media
varied within 2.6x10* - 4.9x10CFE/ml. The most optimal for the growth of Sinorhizobium
meliloti L5- 1 was a medium with bean broth, Isvaran’, Graham’, and Norris’ media. During the
test strain cultivation in these media, the value of titer was within 1.8x10°- 6.1x10® CFE/ml. The
most optimal for growth of the Sinorhizobium meliloti strain L5-1 was a medium with bean
broth, in which the cell titer reached 6.1x10® CFE/mI. Against this medium, the effect of carbon
sources, inorganic salts and microelements on the growth of the Sinorhizobium meliloti strain
L5-1 and its accumulation of biomass was studied.

Table 1 - Selection of optimal medium for the growth and biomass accumulation of the Sinorhizobium
meliloti strain L5-1

Culture media Cell titer, CFE/ml Morphological characteristics of
Sinorhizobium melilotiL5-1 colonies

[svaran’ 1,7x10’ Transparent, convex, rounded with
Lazarev’ 4,9 x10° smooth edges, the diameter of
Bean broth 6,1 x10° colonies is 0.3-0.6 cm.

Corn steep liquor 1,6x10°

Graham’ 2,9x10’

Fred’ 1,4 x10°

Norris' 1,8x10°

MPM 7,2 x10°

Maze’ 5,5x10"

Minimal medium 2,6 x10*

All studied carbon sources significantly affected the biomass accumulation of Sinorhizobium
meliloti strain L5-1. The data obtained are shown in Table 2. The highest cell titer (3.6 x 10"
CFE/ml) was observed on the medium containing saccharose at a concentration of 6 g/L. Both
reducing the concentration of saccharose up to 2 g/L and, and its further increasing (higher than
6 g/L) inhibited the growth of the Sinorhizobium meliloti strain L5-1. Glucose, glycerol and
mannitol significantly affected the biomass increase. When adding glucose and mannitol to the
medium, an increase in titer was observed from 7.1-1.5x10° (concentration of 2.0 g/L) to 5.7-
6.1x10° (concentration of 6 g/L). When increasing the concentration of glycerol in the medium,
an accumulation of nodule bacterial biomass decreased.
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Table 2 - Effect of carbon source on growth and biomass accumulation of the Sinorhizobium meliloti
strain L5-1

Carbohydrates Concentration, Cell titer, CFE/ml Morphological characteristics of
o/L Sinorhizobium meliloti JI5-1 [colonies
Saccharose 2,0 6,1x10° Transparent, convex, rounded with
4,0 1,0x10° smooth edges, the diameter of
6,0 3,6x10" colonies is 0.3-0.6 cm
8,0 5,6x10’
10,0 3,2x10’
2,0 5,0x106
Glucose 4,0 7,0x106 Transparent, convex, rqunded with
6,0 5,7x107 smooth edges, the diameter of
38,0 1,2x107 colonies is 0.1-0.3 cm
10,0 1,05x107
2,0 4,8x107
Glycerol 4,0 1,1x106 Transparent, convex, ro_unded with
6,0 5,5%104 smooth edges, the diameter of
3,0 2,7x104 colonies is 0.1-0.3 cm
10 1,3x104
2,0 1,5x106
4.0 5,3x107 Transparent, convex, rounded with
Mannitol 6,0 6,1x107 smooth edges, the diameter of
3,0 2,8x107 colonies is 0.1-0.5 cm
10,0 1,5x107
6,1x108 Transparent, convex, rounded with
Control 2,0 (saccharose) smooth edges, the diameter of
colonies is 0.3 cm

Inorganic salts have different effects on biomass accumulation of the Sinorhizobium
meliloti strain L5-1 (Table 3). CoCl, and ZnSO4 at minimum concentrations (0.005 g/L) had a
positive effect on the biomass accumulation, increasing cell titer to 3.0-6.3x10° CFE/ml; further
increasing the concentration of these salts decreased the biomass accumulation. Mn>"and Mo’ 'in
a concentration of 0.02 g/L also had a positive effect on biomass accumulation of the strain L5-1,
at that the cell titer increased to 1.6x10'°-5.4x10° CFE/ml. Boron (H3POs3) in the studied
concentrations inhibited the growth of the Sinorhizobium meliloti strain L5-1. When adding
NaCl to the medium, a cell titer decreased with increase in the salt concentration; at the NaCl
concentration of 0.2-0.4 g/L, the titer increased to 3.5-5.8x10°. CaCO;3; with increase in the
concentration stimulated the gain in biomass to 4.5x10° CFE/ml at concentration of 8 g/L.

Table 3 - Effect of inorganic salts on the growth and biomass accumulation of the Sinorhizobium
meliloti strain L5-1

Inorganic salts Concentration, g/L |Cell titer, CFE/ml  |Morphological characteristics of colonies
1 2 3 4

MnSO4 0,005 3,2x108 Transparent, convex, rounded with smooth
0.01 4.1x108 edges, the diameter of colonies is 0.1-0.3 cm
0,02 1,6x1010
0,04 5,7x109

ZnS0O4 0,005 6,3x109 Transparent, convex, rounded with smooth
0.01 7.9x107 edges, the diameter of colonies is 0.1-0.3
0.02 3.65106 and 0.6 cm
0,04 2,2x106
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Continued Table 3

1 2 3 4
CoClI2 0,005 3,0x109 Transparent, convex, rounded with smooth
0,01 2.0x108 edges, the diameter of colonies is 0.1-0.3
0.02 [8<108 and 0.6 cm
0,04 1,4x107
(NH4)6Mo7 0,005 2,2x108 Transparent, convex, rounded with smooth
024x4H20 0,01 2,7x108 edges, pinpoint colonies
0,02 5,4x109
0,04 3,6x106
H3BO3 0,02 2,3x106 Transparent, convex, rounded with smooth
0,04 1,4x106 edges, pinpoint colonies
0,06 1,2x105
0,08 1,3x105
CaCos3 2,0 4,5x108 Transparent, convex, rounded with smooth
4,0 5,6x108 edges, pinpoint and medium colonies with
6,0 1,0x109 diameter of 0.4 cm
8,0 4,5%109
NaCl 0,2 3,5x109 Transparent, convex, rounded with smooth
0,4 5,8%109 edges, pinpoint and large colonies up to 0.9
0,6 4,0x107 cm
0,8 5,9x107
Control Saccharose (2.0) 6,1x108 Transparent, convex, rounded with smooth
without addition of edges, the diameter of colonies is 0.4 cm
salts

Thus, against the medium with bean broth the optimal carbon source was chosen
(saccharose, 6 g/L) as well as optimal concentrations of inorganic salts (CaCOs; MnSQy; ZnSOy;
CoCly; (NH4)6M0;024x4H,0), stimulating the biomass accumulation of the Sinorhizobium
meliloti strain L5-1.

To optimize a medium with bean broth, the growth of the strain of alfalfa root nodule
bacteria was studied in five medium variants with different composition of inorganic salts and
saccharose (6 g/L) as a carbon source (Table 4). The cell titer in the investigated medium
variants ranged from 1.1x10% to 2.6x10*® CFE/ml. It was found that the greatest amount of
biomass was accumulated in the medium No 3, the titer is 2.6x10'° CFE/mI. However, the level
of biomass accumulation of Sinorhizobium meliloti L5-1 in media under the combination of
saccharose and inorganic salts is lower or does not exceed the cell titer in a medium with
saccharose only (3.6x10* CFE/mI).

Thus, saccharose as a carbon source may be the optimal factor to provide the maximum
growth level of the L5-1 strain of alfalfa nodule bacteria Sinorhizobium meliloti without adding
other components.

Table 4 - Optimization of the medium composition with bean broth for biomass accumulation of the
Sinorhizobium meliloti strain L5-1

Variants Cell titer, CFE/ml  [Morphological characteristics of colonies

Variant 1 2,2x10° Transparent, convex, rounded with smooth edges, the diameter of colonies
is0.1-0.3cm

Variant 2 1,1x10° Transparent, convex, rounded with smooth edges, the diameter of colonies
is0.1-0.3 cm

Variant 3 2,6x10™ Transparent, convex, rounded with smooth edges, the diameter of colonies
is 0.3-0.6 cm

Variant 4 7,1x10° Transparent, convex, rounded with smooth edges,pinpoint colonies

Variant 5 1,6x10° Transparent, convex, rounded with smooth edges,pinpoint and medium
colonies with diameter of 0.4 cm

Control  (medium[6,1x10° Transparent, convex, rounded with smooth edges, the diameter of colonies

with bean broth) is 0.1-0.3 cm
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