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AHHOTAIUA

C nonmeii com  AnmatmHCKOM  obOmactm  Kasaxcrana — BbleleHBl — a0OpHUICHHBIE
docharmobum3yromue OakTepur. YCTaHOBJICHO, YTO WX COACPKAaHHE B TIOYBE OBLJIO HU3KHUM U
coctapmsuio 3-12% ot oOmelt uwmcneHHOCTH OakrepmanbHOW Mukpodmopsl. [lomyueno 32 uucTbie
KyJIbTyphl (ochaTrMoOMTM3yIOIMUX OaKkTepuil, HA OCHOBE KOTOPBIX CO3/aHa KOJUIEKIWs. M3ydeHsl
OCHOBHBIC KYJbTYPaJIbHO-MOP(OIOTHYECKUE W OHOXMMHYCSCKHE MpHU3HaKU (PochaTMOOMIN3YIOMIMX
OakTepuii W TIPOBEJCHA WX IEPBHYHAS WACHTH(HKALWSA. Y CTAHOBJICHO, YTO BBLICICHHBIC OaKTEPUU
otHocsTes K ponam Bacillus, Pseudomonas, Bacterium u Agrobacterium.

KaroueBble cioBa: GocharMoOmmsyome 0akTepuu, MouBa, BhIIEICHUE, YUCTHIE KYJIbTYPhI

OHUM U3 OCHOBHBIX JIEMEHTOB TUTAHUS PACTCHHU, B TOM YHCIIE CEIbCKOXO035ICTBEHHBIX
KyJIbTyp, sdABiserca (ochop. DTOT 3IEMEHT YCKOpSeT IpoLecC CO3PEBaHUS KYJIbTYD,
YBEIMYMBAET WX XOJOAOCTOMKOCTh M TOBBIIMIAET YCTOMYMBOCTH PACTEHUH K CTPECCOBBIM
dakTopaM, TaKUM Kak 3acyxa, 3aCOJeHHOCTb U Ap. [Ipu HU3KOM conep:kanuu (ocdopa B nouse
3aJIEPKUBAETCS POCT U Pa3BUTHE PACTEHUH, CHIDKACTCS MMMYHHUTET U YCTOWYMBOCTH KYJIBTYp K
BpequtensiM u  OosiesHaMm  [1]. TlosTtomy nns  mosydeHHMs BBICOKOM — ypokailHOCTH
CENIbCKOXO3SUCTBEHHBIX KYJIBTYP B TIOYBY €XKETOJHO BHOCHTCS OOJBIIOE KOJIUYECTBO
docdopubix ymnobpenuit. Tak, B cpemHem mo AnMatuHckoil o6mactu BHOcAT 100-120 kr/ra
MOYBBI, U3 HHUX JIOCTYIHO g pacteHuil Tonbko 8-10%. B To ke BpeMms, upe3MepHOE U
cucreMaTnyeckoe BHeceHne (pochopHbIX yIOoOpeHUi MPUBOAMUT K 3arpsi3HEHUIO BOJIbI, MOYBBI U
JPYrUM HETAaTUBHBIM MOCIIECTBUSAM [T OKpYXKatomien cpensi [2].

B Kazaxcrane Oonee 70% maxoTHBIX 3eMeldb HMEIOT KpaifHE HU3KOE COJIepKaHHe
JOCTYITHBIX IS pacTeHuid coequrennii pocdopa [3]. Tak, B maxotHoM cioe moys FOro-socroka
peciyOIMKH BaJloBOE cojJiepxaHue coequHeHnit ¢pocdopa B cpennem cocrasiuser 3,0-5,0 1/ra, u3
HUX KOJIMYECTBO JOCTYMHBIX pacTeHUusIM popm pochopa He npespimaet 0,1-0,2 1/ra, TO €cTh, U3
IATH TOHH (pocdopa 3a BereTallMOHHBIA CE30H pacTeHHs ycBauBaroT Bcero b 150-200 kr/ra
[4, 5].

MoOXHO cKa3aTb, umo, HecMOmMps, HA 6bICOKOE obujee codepicanue gocghopa 6 nousax,
noznoujenue e2o 3ampyoHeHo, MaK KaKk OCHOBHAS MACCa NOY6eHH020 Qocdopa Haxooumcs 6
mpyoHodocmynHou 011 pacmenuii ¢opme. Habmogaercss GONbIION pa3pblB MEXAY OOIIUM
coaepxanueM GocdaToB B TIOUBE U JOCTYIHBIX ISl pacTeHui coeaumHeHuid. COOTBETCTBEHHO,
cmeneHb UCNONb308aHUSL ochopa pacmeHusmMU U3 noysvl U yoobpeHnuil Kpatne mana. Jlaxe
docatsl, BHOCUMBIE B MOYBY B BUJE MHHEPaAIbHBIX (HOCPOPHBIX yHOOpEeHUH, YCBaWBaIOTCS
pacTeHHsMH ¢ HHU3KOH 3(dekTtuBHOCTHIO. Tak, koddduuueHt ycBoeHus cynepdocdara 3a
BEreTallMoHHbI ce30H cocTaBigeT Bcero 8-10%, octambHble 90-92% octaioTcsi MepTBBIM
3amacoM B 1ouBe [6].

OpnHako, BHeceHHE OONBLIMX KONUYECTB (POCHOPHBIX YHAOOpeHMH Ha MO MPHUBOAMUT K
HaApYIICHUIO arpoOHOIIeH03a, 00CTHEHHIO TTOJIE3HOW MOYBEHHOW MUKPO(IIOPHI M, KaK pe3ybTar,
K CHIDKEHHMIO WM Jaxe rubenu ypoxas. B aToil cBsizu Tpedyercs pazpaborka 3¢ (eKTUBHBIX
CIOCO0O0B M ITyTEH peIIeHUs CYIIEeCTBYIOMIEH MPOOIEMBI.
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ATNbTepHaTUBHBIM TMyTEeM TpeoOpa3oBaHUs TPYAHOIAOCTYMHBIX (opm docdaToB B
JMOCTYMHBIE JUISi pPACTEHUN COCIUWHEHUS SBISETCS MpuUMEeHEeHHe (HochaTMOOMIN3YIONTIX
MHUKPOOPTaHU3MOB. B Tpupoje TONBKO 3TH MHKPOOPTaHU3MBI 00JIaJal0T CIOCOOHOCTHIO
NEPEeBOUTh TaKWe coeauHeHus ¢docdopa B PaCTBOPUMOE COCTOSHUE, CIOCOOCTBYIOT
MOOHIM3AIMU HePacTBOPUMBIX (hoc(haTOB U MOBBIMICHUIO UX JTOCTYIHOCTH Ui pactenuil [7]. B
pe3ynbTaTe MpuMeHeHuss MUKpoopranusMoB 6osee 20-30% TpyaHomocTymHbIX hopM docdaTos
3a BEreTAIMOHHBIA MEPUOJ] MOXKHO MEPEBECTH B JOCTYIHYIO pacteHusM ¢opmy [8]. B cBszu ¢
9THM, TMOUCK U HAXOXKICHHE aKTHBHBIX IITaMMOB (hochaTMOOMIH3YIOIMUX MUKPOOPTaHU3MOB
SIBIISICTCSI BEChMa aKTyaJbHBIM.

WuTepec K BBIICICHUIO M HCIOJNB30BaHHIO (PocharMOOUIU3yIOMMX OaKTepuid auis
pa3paboTKu OMoNpenapaToB BO MHOTHX CTpaHaX MUpPa OYeHb BBHICOK. Pa3paboTaHbl W yCHENIHO
NPUMEHSIOTCSI MHOTOYHUCIICHHBIE OMOIIpenaparsl Ha OCHOBe 3TUX Oakrepueit («Bio-Phosphoy,
«P.S.P.», «Putal P», «Putal NP» u np.) [9-11]. Bosbmoe BHMMaHWE K HCIOJIb30BAHUIO
docharmobunuzyromux 6akrepuil yaenserca B Poccun («@ochobakrepuny», «DochartoBur» u
np.), bemapycu («®uroctumodocy, «Puzobaktepun» u nap.), Ykpaune («DocgoIrHTepun»,
«Anpbo0akTepuny) [12-16].

[ensro JTAHHOT O HCCIEeN0BaHUs SIBJISUIOCH BBIJICJIICHHE abOpUTreHHBIX
dochaTMoOHIU3yOIMUX OaKTEpUil, TPUCTIOCOOICHHBIX K MOYBEHHO-KIIMMATHUYECKUM YCIOBUSIM
Kazaxcrana, moilyueHHWE YHCTBIX KYJIBTYp, HM3y4Ye€HHE OCHOBHBIX CBOWCTB OaKTepuil M HX
UICHTU(UKAITHS.

MartepuaJjbl 1 METOBI

OObekTamMu UCCIIeIOBaHUS CIYXWIU (pochaTmMoOunu3yromue 0akTepuu, BhIICICHHBIE U3
MouB, COOpPaHHBIX Ha MONAX ANMaTUHCKON oOmactu Kaszaxcrana, rie BbIpaliuBajiach KyJabTypa
cos. Beinenenne aGopureHHbx (ocharMoOmIm3yomux OakTepuil TPOBOIMIN U3 Pa3IMYHBIX
tunoB noyB. [lonesoii coop mous npoBoauiu B coorBercTBre ¢ ['OCT [17]. Toyeunsie npoOsl (B
KOJIMYECTBE IMATU LITYK) OTOMpPAIu Ha NMpPOOHON IUIOMIAJKE M3 OAHOIO IMOYBEHHOI'O TOPU30HTA
(8-10 cm) mertomom koHBepTa. OOBEIMHEHHYIO MPOOY COCTABISIM IYTEM CMELIMBAHHS IISTH
To4YeuHbIX Mpod mMaccor oT 200 mo 250 r kaxkaasi, OTOOpaHHBIX HA OJHOW MPOOHON IIOIIAJIKE.
OO0pa311pl TOYB [T BBIIETICHUS MUKPOOPTaHU3MOB OTOMPAJIH € COOJIIOJICHUEM MPABUII ACETITUKH.

Boigenenue ¢docparmoOmnusyomux OakTepuil MPOBOJWIM M3 00Opa3loB IIOYB IO
obmenpunaroit meroauke [18,19]. [lns BeaeneHs NCTIOIB30BANIH KUAKYIO MUTATEIBHYIO CPENY
MypowmrueBa. Kynbruupoanue pocharmoOunuzyromux 6akrepuii ocymectisuin npu 28°C Ha
meiikepe mpu 180 06/MuH B TeueHnue 3-5 nHe.

Craructuueckass o0paboTka pe3yJabTaTOB MPOBOJWIACH C HCIOJIB30BAHMEM IIaKeTa
nporpamm «STATISTICA 10.0» [21].

Pe3yabTaTsl U 00Cy:KICHUE

B naGopaTopHBIX yCIIOBUSAX IMpOBENU BblAeleHUEe (ochaTMOOMIM3YIOMNX OakTepuil u3
MOYBEHHbIX 00pa3loB, COOpaHHBIX Ha NoJAX AsnMatuHckod oOmactn Kazaxcrana, rae
BEIpAlMBAIA COI0. B o0mell cinoxkHOocTH coOpaHo 56 o0pas3moB mouB. Brinenenue
docharmobunuzyomux  OakTepuil mpoBoaMIM  Ha cpeae  MypomieBa,  coneprkaiei
HEPaCTBOPHUMBIN TpHKAIbIM(OCchaT B BUIE MEIKOJUCIIEPCHOTO OCalKa, MPUAABABIIETO Cpee
PaBHOMEPHYIO MYTHOCTb (PUCYHOK 1).
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Pucynoxk 1 - Bergenenne dpochaTMoOMIM3yOmMuX 0akTepuid, 30HbI TAIO (IPOCBETICHUS)
BOKPYT KOJIOHWH OaKTepHii Ha MUTATEIbHON cpene MypomiieBa

VYCTaHOBIIEHO, YTO YHCIEHHOCTh  (QochaTMOOMIM3YIONMX OakTepuid B TOYBAX
AnmaTuHCKOW 007acTH Ha MOJSAX MOJ KyIbTypoil com Obula HU3KOW U cocTtaBisiia 3-12% ot
o0mield 4YHMCICHHOCTH OakTepuaibHOW MUKpoduiopbl. Briienennsie (ocarmMoOunm3yronime
OakTepuM ObUIM OTCESHBI, TPOBEIEHA MPOBEPKA X YMCTOTHI M MOJIYYE€Hbl YUCThIE KYIbTYpHI, Ha
UX OCHOBE CO3/1aHa KOJUIEKIHUs pochaTMoOmIu3yomux oakrepuii. B pesynbraTe npoBeaeHHOM
paboThI ObLIO BhIIENEHO 32 KyIbTYphl (ochaTMOOMIN3YIOMUX OaKTepuil.

Jns unenTrdukanuy OaKTepHid TPOBENCHO H3YUYEHHE HMX OCHOBHBIX KYIBTYpallbHO-
MOP(OJIOTHUECKUX U OMOXMMHYECKHX MPU3HAKOB. YCTAHOBIIEHO, YTO BBIJIEIEHHBIE KYJIbTYpPbI
OaKkTepuii WMENM CYIIECTBEHHBIE Pa3IW4Hs B KYJIbTYypalbHO-MOP(OJIOTHYECKUX CBOMCTBaX.
Kononuu Gaktepuii, B OCHOBHOM, ObUIH KPYTJIbIE € TTIAJKUM MPO(pUIEM U pOBHBIM KpaeMm, ot 0,9
70 2,5 MM B JUaMETPE C MEIKO3EpHUCTOMN CTPYKTYpoi. L[BeT KooHui ObUI, MPENMYIIIECTBEHHO,
MOJIOYHBIH, KPEMOBBIH U OJ1eTHO-KENTHIN, KOHCUCTEHIIHS pa3inyanach.

HccnenoBanue Mopdoioruu KIETOK TMoKazano, 4To (ocharmoOunmsyromme OakTepuu
ObUIM KaK CIOpOOOpa3yloIMMHU OaKTepUsIMHU, TaKk HECIOpOOOpa3yOIIMMHU, B OCHOBHOM, C
MaJOYKOBUAHONW QopMmoi KieTok. Hekortopble OakTepuwm C BO3pacTOM TMPUOOpETATH
KOKKOBU/IHYIO (hopMy. bakTepuu OBUIM TpaMIIONIOXUTEIBHBIMA W TPaMOTPHUIATEIbHBIMH,
XapaKTEePU30BATUCH TTOABHKHOCTHIO KIIETOK (PUCYHOK 2).
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Pucynok 2 - ®opMbl KIETOK ABYXCYTOUHBIX KyIbTYp QochaTrmodmmmsyronix 6akrepuit (X 1800)

HccnenoBanre OMOXMMHYECKUX TMPH3HAKOB OAaKTEpUil MMOKa3aja0, YTO BCE BbIICICHHBIC
KynbTypsl ~ Oaktepmii  Obuim  a’pobamu  wiaM  (DaKkyJIbTaTHBHBIMH  aHa’poOamu,
KaTaaa30M0JI0KUTSIbHBIMUA. Y CTAHOBJICHO, YTO IMITAMMbI OaKTepHii HMEIH Pa3InYHYIO
CIIOCOOHOCTBIO HCIIOJB30BaTh COCAWHCHUS yIriepojaa, 00pa3oBBIBATh WHIOJ, CEPOBOJOPOMI H
Pa3KMKATh KETATHHY.

ITo OCHOBHBIM KYJIBTYPATbHO-MOP(POIOTHISCKUM M OHOXUMUYECKHM MPU3HAKAM BBIICICHHBIC
KyJIbTyphl (ocharMoOmIu3yonmx dakrepuii Obuin OTHECeHBI K poaam Bacillus, Pseudomonas,
Bacterium u Agrobacterium.

3akiaro4eHue

Takum 00pa3zoMm, MpoBeAeH cOOp OOpas3lloB MOYB Ha MOJAX AJIMATHHCKOH 00JIacTH
Kazaxcrana, rae BblpammBaiach cosi. B oOmei cioxHocT cobpano 56 oOpasuos. B
7a00paTOPHBIX YCIOBHSX M3 COOpaHHBIX OOpa3llOB MOYBBI HA cpeie MypomiieBa MPOBEIH
BbienicHHe  (pochaTrmMoOmmm3yromux — Oakrepuil.  YCTaHOBIGHO, 4YTO  YHCJICHHOCTH
dbocharMoOmIM3yONIMX OaKTEpHid B TOYBaX AJIMATHHCKOHN 00J1acTH Obll1a HU3KOH M COCTAaBIIsLIA
3-12% ot obmiero yucna 6akTepruaTbHOR MUKPOMIOPEL. Brinenennbie OakTepun ObLIH OTCESHBI,
IpoBe/ieHa NMPOBEPKa UX YUCTOTHI M MOJYYEHbl YUCThIE KyJIbTYphl. B pe3ynbraTe mpoBeaeHHON
pabotsl mosiydeHo 32 4YHCTBIe KyIbTYphl (pocdaTrMoOUIu3yromux OakTEepuil W CO3/[1aHa WX
KoJieKkust. Mi3yueHbl OCHOBHBIE KYJIbTYPaIbHO-MOP(OIOrHUECKre U OMOXUMUYECKUE TIPU3HAKU
bocharmMoObMIN3yIOIMX OaKTEPHii, YTO MO3BOJIUIIO TPOBECTU UX NMEPBUUHYIO UICHTUPUKALUIO U
OTIPENIeIUTh POJOBYIO IMPUHAMICKHOCTh OakTepuil. YCTaHOBIEHO, UYTO BBIJEICHHbBIE KYJIbTYPbI
docharmobmusyomux OakTepuit otHocsTcs k pomam Bacillus, Pseudomonas, Bacterium u
Agrobacterium.

JanpHeliee ucciegoBaHWe MITaMMOB (ocHaTMOOMIN3YIOIUX OaKTepUl IO3BOJIUT
0TOOpaTh aKTHBHBIE LITAMMBbI, KOTOpbIE OyAyT HCIOJIb30BaHbl Ui CO3AaHUs OMOIpPENnapaToB
O] KYJBTYPY COH.

Jluteparypa

1 Singh B.,_Satyanarayana T. Microbial phytases in phosphorus acquisition and plant growth
promotion // Physiology and Molecular Biology of Plants. - 2011. - Vol. 17(2). - P. 93-103. doi:
10.1007/512298-011-0062-x.

2 Ali W., Nadeem M., Ashiq W. et al. The effects of organic and inorganic phosphorus
amendments on the biochemical attributes and active microbial population of agriculture podzols
following silage corn cultivation in boreal climate // Scientific Reports. - 2019. - Vol. 9. - ID 17297.
https://doi.org/10.1038/s41598-019-53906-8.

3 Eneme P.E., ManumbaeBa A., IlluGukeeB A. Opoimaemble TOYBBI: cOAepKaHHe H (HOPMBI
tdocdopa, ero KoTUUECTBEHHBIN 1 KaueCTBEHHBIN cocTa // Agrodlem. - 2016. - Ne8. -C. 68-69.

4 baiibekoB P.®., KupnmunukoB H.A., bwxan C.II., AOpamoB A.A. ArposkoHOMHYECKas
¢ pexkTuBHOCTh (HOCHOPHBIX yAOOpEHUH NpPHU BO3JCIBIBAHUM KYyJIbTYp IOJIEBOTO CEBOOOOpOTa B
3aBUCUMOCTH OT (ocdatHoro ypoHs moussl // 3emiuenenue. - 2019. - Ne6. - C. 9-11. doi:10.24411/0044-
3913-2019-10602.

30


https://ru.wikipedia.org/wiki/Agrobacterium
https://ru.wikipedia.org/wiki/Agrobacterium
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23572999
https://www.ncbi.nlm.nih.gov/pubmed/?term=Satyanarayana%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23572999
https://doi.org/10.1038/s41598-019-53906-8

MHUKPOBHOJIOI'US )KOHE BUPYCOJIOI'Us1 ISSN 2304-585X www. imv-journal.kz

5 Enemer P.E. PexomeHmaimm mnpou3BoacTBY: 3()()EKTHBHOCTh NPUMEHEHHUS YIOOpEHUH W
OuonpenapaTroB HoJ KyJbTypbl KOPMOBOTO CEBOOOOPOTa B OpoILIaeMOi 30He roro-soctoka Kasaxcrana
(MCX PK). - Anmatsl: ArpoynuBepcuret, 2017. - 17 c.

6 Bindraban P.S., Dimkpa C.O., Pandey R. Exploring phosphorus fertilizers and fertilization
strategies for improved human and environmental health // Biology and Fertility of Soils. - 2020. - Vol.
56. - P. 299-317. https://doi.org/10.1007/s00374-019-01430-2.

7 Sharma S.B et al. Phosphate solubilizing microbes: sustainable approach for managing
phosphorus deficiency in agricultural soils // Springer Plus. - 2013. - Vol. 2. - P. 587-591.

8 Alori E.T., Glick B.R., Babalola O.0. Microbial phosphorus solubilization and its potential for
use in sustainable agriculture // Frontiers Microbiology. - 2017. - Vol. 2(8). - P. 971-978.
https://doi.org/10.3389/fmich.2017.00971.

9 Chaudhury S.S., Sen T., Moitra A., Chaudhuri S. et al. Induction of productivity in cicer
arientinum by phosphate solubilizing pseudomonas.// World Journal of Pharmacy and Pharmaceutical
Sciences. - 2014. - Vol. 3(4). - P. 1481-1493.

10 Bio-Phospho. https://russian.alibaba.com/product-detail/phospho-power- phosphate-
solubilising-bacteria-50034301202.html.

11 Barman M., Paul S., Choudhury A.G., Roy P. Biofertilizer as prospective input for sustainable
agriculture in India // International Journal of Current Microbiology and Applied Sciences. - 2017. - Vol.
6(11). - P. 1177-1186. DOI: 10.20546/ijcmas.2017.611.141

12 CoxkomoBa M.I'., Axumora I[LI., Baiimuis O.b., Bepxorypor B.B. buobGe3onacnas
6aKTepI/IaIH)Ha$I TCXHOJIOTHUA JId YJIYUIICHHA KadeCTBa PACTUTCIBHOI'O CbhbIPbA // N3BecTus BY30B.
[Mpuxmagaas xumus u 6norexunonorus // - 2012. - Ne2(3). - C. 100-104.

13 Co6onera O.M. Ponb pusochepHbIX OaKTepHUil B MOBBIIMICHUN SKOJIOTU3AIUN arpoIeHO30B //
Hoctmwkenns Hayku u texauku AIIK. - 2018. - T.35. - Ne5. — C. 19-22. d0i:10.24411/0235-2451-2018-
10504.

14 CadponoBa I'. Komommenr 3., AnemenkoBa 3., Bmagummp II. [IpumeHnenne MHUKpOOHBIX
TIpENapaToB JUIs BHIPAIIMBAHHA MHUKPOKIOHATIBHBIX Ca)KEHIEB Gepessl / Zmogaus ir gamtos sauga. -
2013. - C. 56-60.

15 YaiikoBckast JI.A. DQeKTHBHOCTE COBMECTHOTO WCIOIB30BaHM OHOMpenapaToB Ha OCHOBE
dochaTMOONTM3UPYIOMIUX OAKTEpUH U MUHEPATBHBIX yI0OPEHUH TPU BHIpAIlMBAHUU 36PHOBBIX Ha IOTe
Yxpauns // Cenbckoxo3siicTBeHHas Mukpoouoorus. - 2011. - Nel13. - C. 52-58.

16 bapanckas M.U. @opmupoBanre MUKPOOHOTHI pU30C(EPHI IPOBOTO TPUTHKAJIE MOJ BIMSHUEM
Ouosornueckux npenaparos // MaHoBauuu B Hayke. - 2016. - Ne8(57). - C. 43-48.

17 TOCT 17.4.4.02-84 - Oxpana npupojsl. [Toussl. MeToasl 0TOOpa ¥ MOATOTOBKH MPOO st
XHUMHYECKOro, 6akrepuosiornyeckoro ananusa. M.: Crangapungopm, 2008. - 142 c.

18 Jynatines M.A. Boigenenne ¢ochaTcoTrOOMIU3UPYIONMX MHUKPOOPTAaHU3MOB UM HW3YYEHHE
BO3MOXHOCTH HMX UCIIOJIb30BAHMUS B IPOMBINUIEHHOCTH M CEITLCKOM XO3SICTBE: aBTOped. ... TUCC. KaH/I.
ouo:. Hayk: 03.02.03; 03.01.06. - O6onenck: Hayka, 2010. - 29 c.

19 Eroposa H.C. PykoBoacTBO K HpaKTHUECKHM 3aHATHIM 110 MUKpoOuojoruu. - M.: MI'Y, 1995,
-224 c.

20 Coru 1. Metozs! mouBeHHoit MukpoGuonoruu. - M.: Konoc, 1983. - 162 c.

21 boposukoB B.II. IlomymspHoe BBeneHHE B COBPEMEHHBIH aHAM3 NAHHBIX B CHUCTEME
STATISTICA. M.: I'opsiuast tunust-Tenexom, 2016. - 288 c.

31


https://doi.org/10.1007/s00374-019-01430-2
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=25674415
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4320215/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alori%20ET%5BAuthor%5D&cauthor=true&cauthor_uid=28626450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glick%20BR%5BAuthor%5D&cauthor=true&cauthor_uid=28626450
https://www.ncbi.nlm.nih.gov/pubmed/?term=Babalola%20OO%5BAuthor%5D&cauthor=true&cauthor_uid=28626450
https://www.ncbi.nlm.nih.gov/pubmed/28626450
https://doi.org/10.3389/fmicb.2017.00971
https://russian.alibaba.com/product-detail/phospho-power-%20phosphate-solubilising-bacteria-50034301202.html
https://russian.alibaba.com/product-detail/phospho-power-%20phosphate-solubilising-bacteria-50034301202.html
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.20546%2Fijcmas.2017.611.141
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9672957

Ne 1-2 (32-33) 2021

n.5. CMHUPHOBA¥*, O.P. CIDAI7I3VHI/IHA, JL.I. TATAPKHMHA,

I'.b. BAI7IMAXAHOBA, I''A. CITAHKVJIOBA, A. E. EJIYBAEBA
«MHUKpOOHOIOTHS KOHE BUPYCOJIOTHS FHUIBIMU-OHIPICTIK opTaibiFbly JKILIC,
Anmartel, Kazakcran
*iesmirnova@mail.ru

KA3AKCTAHHBIH AJIMATbBI OBJIBICBIHBIH TOIIBIPATBIHAH AJIBIHFAH
OPOCPATMOBUJIM3AEYIITI BAKTEPUAJIAP

Tyiiin

KazakcranublH AnMatbl OOJIBICHIHBIH COsl ajkantapbliHaH (ocdaTmobmnuzaeym OaxkTepusiap
OemiHinm ameIHIBL. OIapAbIH TOMBIPAKTAFRl MOIIIEP] a3 SKEHIIT jKoHe OaKTePHUSIIBIK MUKPO(IOpaHBIH
JKanmbl caHBIHBIH 3-12% KypaWTBIHABIFBE aHBIKTAIIRL DocdarmMobmuzaeymr OakTepusiiapAblH 32 Taza
JaKpUIIApbl  aJbIHBIN, ONAPABIH  HETi3iHAe Ochbl  OakTepusulapAblH  KOJUICKLHUSICHl  KYPBUIIBL.
®docharmobnm3aeyin  OakTepusIapAblH HETI3ri  JaKbUIBIK-MOP(OJIOTHSIIBIK  KOHE OHOXUMUSIIBIK
cUTnaTTaManapbl 3€pTTENil, OJapAbl COWKECTEHMAIPY >KYMBICTaphl XKyprizinmi. beminren OaxTepusimap
Bacillus, Pseudomonas, Bacterium >xore Agrobacterium TykbIMIacTapbIHa >KaTaThIH/IBIFBI AHBIKTAJIIBL.

KinrTi ce3nep: dpocharmodanzaeyn dakrepusiap, TONbIpak, 0eimn any, Ta3a Jakbuiiap.

IRSTI 34.27.17

I.E. SMIRNOVA*, E.R. FAYZULINA, L.G. TATARKINA,
G.B. BAIMAKHANOVA, G.A. SPANKULOVA, A. E. ELUBAYEVA
LP «Scientific Production Center of Microbiology and Virology», Almaty, Kazakhstan
*jesmirnova@mail.ru

PHOSPHATE-MOBILIZING BACTERIA
FROM SOILS OF ALMATY REGION OF KAZAKHSTAN
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Summary

Phosphate-mobilizing bacteria were isolated from the soybean fields of the Almaty region of
Kazakhstan. It was found that their content in the soil was low and amounted to 3-12% of the total
number of bacterial microflora. 32 pure cultures of phosphate-mobilizing bacteria were obtained, on the
basis of which a collection of these bacteria was created. The main cultural-morphological and
biochemical characteristics of phosphate-mobilizing bacteria have been studied and their primary
identification has been carried out. The isolated bacteria were found to belong to the genera Bacillus,
Pseudomonas, Bacterium, and Agrobacterium.

Key words: phosphate-mobilizing bacteria, soil, isolation, pure cultures.

One of the main elements of plant nutrition, including agricultural crops, is phosphorus.
This element accelerates the ripening process of crops, increases their cold resistance and
increases plant resistance to stress factors such as drought, salinity, etc. With low phosphorus
content in the soil, the growth and development of plants is delayed, the immunity and resistance
of crops to pests and diseases decreases [1]. Therefore, in order to obtain a high yield of
agricultural crops, a large amount of phosphorus fertilizers are annually introduced into the soil.
So, on average, in the Almaty region, 100-120 kg / ha of soil is applied, of which only 8-10% is
available for plants. At the same time, excessive and systematic application of phosphorus
fertilizers leads to pollution of water, soil and other negative consequences for the environment

[2].
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In Kazakhstan, more than 70% of arable land has an extremely low content of phosphorus
compounds available for plants [3]. So, in the arable layer of soils in the southeast of the
republic, the gross content of phosphorus compounds averages 3.0-5.0 t / ha, of which the
number of forms of phosphorus available to plants does not exceed 0.1-0.2 t / ha, that is , out of
five tons of phosphorus during the growing season, plants absorb only 150-200 kg / ha [4,5]. We
can say that phosphorus in the soil is mainly found in forms inaccessible to plants.

It turns out that, despite the high total phosphorus content in soils, phosphorus in the soil is
in a form that is difficult to access. In this regard, there is a large gap between the total phosphate
content in the soil and the compounds available to plants. Also, the utilization of phosphorus by
plants from soil and fertilizers is extremely low. Even phosphates applied to the soil in the form
of mineral phosphorus fertilizers are assimilated by plants with low efficiency. So, the
coefficient of assimilation of superphosphate for the growing season is only 8-10%, the
remaining 90-92% remain dead stock in the soil [6].

At the same time, the application of large amounts of phosphorus fertilizers to the fields
leads to disturbance of agrobiocenosis, depletion of useful soil microflora and, as a result, to a
decrease or even death of the crop, and without their introduction it is impossible to obtain a high
yield of agricultural crops. In this regard, the development of effective ways and means of
solving the existing problem is required.

An alternative way of converting hard-to-reach forms of phosphates into compounds
available for plants is the use of phosphate-mobilizing microorganisms. In nature, only
microorganisms have the ability to convert such phosphorus compounds into a soluble state. It is
microorganisms that promote the mobilization of insoluble phosphates and increase their
availability for plants [7]. As a result of the use of microorganisms, more than 20-30% of hard-
to-reach forms of phosphates during the growing season can be converted into a form accessible
to plants [8]. In this regard, the search and finding of active strains of phosphate-mobilizing
microorganisms is highly relevant.

Interest in the isolation and use of phosphate-mobilizing bacteria for the development of
biological products is very high in many countries of the world. Numerous biological
preparations based on these bacteria have been developed and successfully used (Bio-Phospho,
P.S.P., Rutal P, Rutal NP, etc.) [9-11]. Much attention is paid to the use of phosphate-mobilizing
bacteria in Russia (Phosphobacterin, Phosphatovit, etc.), Belarus (Fitostimofos, Rizobacterin,
etc.), Ukraine (Phosphoenterin, Albobacterin) [12-16].

The purpose of this study was to isolate native phosphate-mobilizing bacteria adapted to
the soil and climatic conditions of Kazakhstan, to obtain pure cultures, to study the basic
properties of bacteria and their identification.

Materials and methods

The objects of the study were phosphate-mobilizing bacteria isolated from soils collected
in the fields of the Almaty region of Kazakhstan, where soybeans were grown. Isolation of native
phosphate-mobilizing bacteria was carried out from various types of soils. Field collection of
soils was carried out in accordance with State Standard (GOST) [17]. Point samples (in the
amount of five pieces) were taken on a test plot from one soil horizon (8-10 c¢cm) using the
envelope method. A pooled sample was made by mixing five spot samples weighing from 200 to
250 g each, taken from one sample site. Soil samples for isolation of microorganisms were taken
in compliance with the rules of asepsis.

Isolation of phosphate-mobilizing bacteria was carried out from soil samples according to
the generally accepted method [18, 19]. Liquid Muromtsev's medium was used for isolation.
Cultivation of phosphate-mobilizing bacteria was carried out at 28 ° C on a shaker at 180 rpm for
3-5 days.

Statistical processing of the results was carried out using the STATISTICA 10.0 software
package [21].
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Results and discussion

In laboratory conditions, phosphate-mobilizing bacteria were isolated from soil samples
collected in the Almaty region of Kazakhstan in the fields where soybeans were grown. A total
of 56 soil samples were collected. Isolation of phosphate-mobilizing bacteria was carried out on
Muromtsev's medium containing insoluble tricalcium phosphate in the form of a fine precipitate,
which imparted uniform turbidity to the medium (Figure 1).

Figure 1 - Isolation of phosphate-mobilizing bacteria, halo zones (clearing)
around bacterial colonies on Muromtsev's medium

It was found that the number of phosphate-mobilizing bacteria in the soils of the Almaty
region in the fields with soybeans was low and amounted to 3-12% of the total number of
bacterial microflora. As a result of this work, 32 cultures of phosphate-mobilizing bacteria were
isolated. These bacteria were screened out, their purity was checked and pure cultures were
obtained, on their basis a collection of phosphate-mobilizing bacteria was created.

To identify bacteria, a study of their main cultural-morphological and biochemical
characteristics was carried out. It was found that the isolated cultures of bacteria had significant
differences in cultural and morphological properties. Colonies of bacteria were generally round
with a smooth profile and a smooth edge, from 0.9 to 2.5 mm in diameter with a fine-grained
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structure. The color of the colonies was mainly milky, cream, less often pale yellow, the
consistency was different.

The study of cell morphology showed that phosphate-mobilizing bacteria were both spore-
forming bacteria and non-spore-forming, mainly with rod-shaped cells. Some bacteria acquired a
coccoid shape with age. The bacteria were gram-positive and gram-negative, and were
characterized by motility (Figure 2).

Figure 2. - Forms of cells of two-day cultures of phosphate-mobilizing bacteria (x 1800)

The study of the biochemical characteristics of bacteria showed that all isolated cultures of
bacteria were aerobes or facultative anaerobes, catalase-positive. It was found that bacterial
strains had a different ability to use carbon compounds, form indole, hydrogen sulfide and
liquefy gelatin.

According to the main cultural, morphological and biochemical characteristics, the isolated
cultures of phosphate-mobilizing bacteria were assigned to the genera Bacillus, Pseudomonas,
Bacterium, and Agrobacterium.

Conclusion

Thus, the collection of soil samples was carried out in the fields of the Almaty region of
Kazakhstan, where soybeans were grown. A total of 56 samples were collected. In laboratory
conditions, phosphate-mobilizing bacteria were isolated from the collected soil samples on
Muromtsev's medium. It was found that the number of phosphate-mobilizing bacteria in the soils
of the Almaty region was low and amounted to 3-12% of the total number of bacterial
microflora. As a result of this work, 32 cultures of phosphate-mobilizing bacteria were isolated.
These bacteria were screened out, checked for purity, pure cultures were obtained, and a
collection was created. The main cultural, morphological and biochemical characteristics of
phosphate-mobilizing bacteria were studied, which made it possible to identify them and
determine the generic affiliation of bacteria. It was found that the isolated cultures of phosphate-
mobilizing bacteria belong to the genera Bacillus, Pseudomonas, Bacterium and Agrobacterium.

Further study of the strains of phosphate-mobilizing bacteria will make it possible to select
active strains that will be used to create biological products for soybean culture.
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