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AHHoTauus. B ycnoBusx rio0anbHOro M3MEHEeHUs KIMMaTa Aerpajanus 3eMeib, BbI3BaHHAs
3aCOJICHHEM, CTaja OJHOM M3 TJIaBHBIX YIpo3 MPOJOBOJIBCTBEHHOW Oe3omacHocTH PecmyOimku
Kazaxcran. CornacHo COBpEMEHHBIM MCCJIEIOBAHUSAM, 3aCOJ€HHE IIOYB NPUBOAUT K
KaTacTpo(puuecKoMy CHIDKEHHIO MPOJYKTUBHOCTH arpOIIEHO30B: MIPHU CPEAHEH CTENeHH 3aCOJICHHUS
notepu ypoxxas coctaisitoT 20-50%, a Ha cuIbHO3aCOJIEHHBIX yuacTkax gocturatoT 80%. Haunbonee
KpUTHYECKas CUTyalus clioxkuiiach B [Ipuapanbe v 30He Apasikyma, rie SKCTpeMasbHble IOYBEHHbBIE
yCIIOBUS TPEOYIOT HEMEIJICHHOTO BHEAPEHMs TeXHOJOrui ¢guropemenuanuu. Takxke cepbe3HOMY
AHTPOIIOTEHHOMY 3aCOJIEHUIO II0JIBEPKEHBI OpollaeMmble 3emin TypkecTaHCKOM obnactu u
COJIOHYAKOBBIE IKOcUCTEMbI [IprKacnuiickoil HU3BMEHHOCTH.

B cratbe paccmaTpuBaroTCsl COBpEMEHHbIE TOXObl K BOCCTAHOBJIEHUIO 3aCOJIEHHBIX OYB C
UCIOJIb30BaHUEM TalTO(QUTHBIX pACTEHHH, 00JalarolMX BBICOKOW YCTOMUMBOCTBIO K COJIEBOMY
ctpeccy. Ocoboe BHUMaHuE ynelneHO APGEKTHBHOCTH (UTOPEMEIHANNNA KaK JKOJIOTHYECKU
0€30I1aCHOTO M KOHOMUYECKU JOCTYIHOTO METOZA YJIyULIEHUs! COCTOSHUS MOYBEHHOI'O MOKPOBA.
[Ipoananu3upoBaHbl MEXaHW3Mbl HAKOIUICHHMS M BBIBEACHUS COJEH pACTEHHSIMH, a TaKKe
NEpCHEeKTUBBl UX MPUMEHEHHUs B celbCkoM xo3siicTBe Kazaxcrana. PaccmarpuBaroTcst nmpumepsl
YCHEIIHOTO HCIIOJIb30BAHUS TaIOPUTOB Ui MOBBIIIEHUS IJIOJOPOJUs 3€MeENb, BOCCTAaHOBJICHUS
O6uopazHo00pasus U MpeloTBpaIleH s JalbHEeHIIel 1erpaiaiuy SKOCHCTEM.

KuaroueBble cjoBa: 3acosieHue MouB, rajgorosnepaHTHble puzobaktepun (PGPR), AILIK-
Je3aMMHaza, Ouomnpenapatsl, sk3ononucaxapunsl (JI1C), Bacillus sp. TIK-1, ¢uropemennarus,
MOHHBIN TOMeOcTa3, Oronorudeckas puxcarus a3ora.

Beenenue

TpaauumoHHble MeENHOpPAaTHBHBIE MOAXOJbl, TaKME KaK MPOMBIBKA IOYB, B COBPEMEHHBIX
peanusax Kazaxcrana tepsitoT cBor 3¢Q(eKTUBHOCTh. JlepUIUT BOAHBIX PECYPCOB B 3aCYIUIHMBBIX
pernoHax W HU3KUHM BOAHBINM INOTEHIHUAJI IIOYB JENAIOT MAacCOBYIO IIPOMBIBKY 3KOHOMHUYECKH
HenenecooopasHoil. bosee Toro, NHTEHCUBHOE HCTI0Ib30BaHHE MUHEpaIbHbIX Ya00penuii (NPK) 6e3
aJIeKBaTHBIX JIPEHAXKHBIX CHUCTEM YacTO IMPOBOLUPYET BTOPUYHOE 3acojieHue. B cBsA3m ¢ 3TUM
BO3HUKAET oOcCTpas HEOoOXOJUMOCTh B TIOMCKE albTEPHATHUBHBIX, 3KOJOTHYECKH O€30MacHbIX
OMOTEXHOJIOTMYECKHX PEIICHUH.

Baxneimum acnekToM 3¢ (EeKTUBHOCTH TaJOTOJIEPAHTHBIX MHKPOOPTaHU3MOB SBIISETCS HX
CIOCOOHOCTH K HAIIPAaBICHHON MOIYJISILIMA TOPMOHAJIBHOTO OaaHca pacTeHU-X03siMHa. B ycrnoBusix
BBICOKOT'O 3aCOPEHMsI €CTECTBEHHBIM OMOCHHTE3 PETYJSITOPOB POCTAa B PACTUTEIBHBIX TKAHSIX
CYILIECTBEHHO 3aMeIsIeTCs, UYTO KOMIIEHCHUPYETCS METa0OJMYeCKOW aKTUBHOCTBIO OaKTepHii-
mpoayIeHToB [1].

[lenTpanpHOE MECTO B ATOM ITPOLIECCE 3aHUMAET NPOAYKIMS MHI0JINI-3-YKCYCHOM KUCIIOTHI -
OCHOBHOTO TNpEACTAaBUTENS Kilacca ayKCHHOB, CHHTE3UpyeMoro puzobdaxktepusiMu poaos Bacillus u
Pseudomonas. Tloctynas B Tkanu kopHs, OaktepuanbHas YK uHunumupyer neneHue KIETOK U
3aji0’)keHrne OOKOBBIX KOpHEH, YTO KPUTUYECKH BaKHO JUIsl PAcIIMpEeHHs IUIOUIaJM BCAChIBAHUSA
MUTATENIBHBIX BEUIECTB B YCJIOBHMSX OCMOTHMYECKOro Ioka. [IpakTuyeckas 3HAYMMOCTb 3TOrO
MeXaHu3Ma TMOATBEP)KIaeTcs uccienoBanusamMu mraMmoB Pseudomonas fluorescens N3 u P. putida
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Q7, npuMeHeHue KOTOPbIX O3BOJIET YBEIUUUThH TEMITBI pOCTa KOPHEBOM CHUCTEMBI KYKYpYy3bl OoJiee
YeM B TPH pa3a. AHAIOTUYHbIE pe3yJIbTaThl JEMOHCTPUPYET oTedecTBeHHBIH mTamm Bacillus sp. TTK-
1, obecnieunBaronIuii MPUPOCT KOpHEBOI Ouomaccel Ha 50% [2].

[TapannenbHo ¢ ayKCMHAMU aKTUBHYIO POJIb UTPAIOT LUTOKHMHUHBI, CEKPETUPYEMbIE TaKUMU
BH1aMH, Kak Bacillus subtilis. DTu coennHeHMS BRICTYIAIOT B POJIM MEIUATOPOB B CUCTEME ITepeaavn
CHTHAJIOB OT KOPHS K MOOEry, MOMOTasi pAaCTEHHUIO ONIEPAaTUBHO PEryJIMPOBaTh KICTOYHBII TOMEOCTa3
Y TIOJIZICPKUBATh META0O0INYECKYI0 aKTUBHOCTD HAJA3€MHOM YacTu. JlOMOIHUTENbHAS YCTOWYMBOCTD
obecrieynBaeTcsi CIOCOOHOCTBIO OTAENBHBIX TMpencTaBuTenei poxa Bacillus cunTe3npoBars
abclM30BYI0 KHCIOTY M rub0OepeiinHbl. B TOo Bpems kak abcum30Bas KUCIOTa ONTHMHU3UPYET
TPAHCIHUPAIMIO Yepe3 PEryJSIHI0O YCTBUL, TUOOCPEITMHBI TMOAJNEPKUBAIOT JEJIEHHE KIETOK,
MpeIoTBpalas MpPexJAeBPEMEHHOE CTapeHHUE TKaHEH, BhI3BAHHOE MOHHON TOKCHUYHOCTHIO. Takum
0o0pa3oM, KOMIUIEKCHOE BO3JIeHiCTBHE OaKTepHaIbHBIX (PUTOrOPMOHOB TMO3BOJIAET (OPMHUPOBATH
MOILIHYIO U aJaNTUBHYIO (PU3HOJIOTHUECKYIO CUCTEMY, CIOCOOHYIO TPOAYKTUBHO (DYHKIITMOHUPOBATH
B DKCTpPEMaJIbHBIX IOYBEHHBIX ycinoBusax Kasaxcrana [3,4].

OpHol U3 TIaBHBIX Po0JIeM 3acolieHHBIX ouB KazaxcTaHa sBisieTcst HU3Kasi 0M0J0CTyTHOCTh
MakpoasieMeHToB. B wactHocTH, 10 99,9% docdopa B Takux 1mouBax HaXOAUTCS B HEPACTBOPUMOU
dopme. ['anoronepantHbie OakTepun poaos Bacillus, Pseudomonas u Halomonas BricTymnaroT B posiu
OHMOJIOTMYECKHUX TPaHC(HOPMATOPOB, IIEPEBOJIS AIEMEHTHI B IOCTYITHYIO JIJIsl pacTeHui Gopmy [5,6].

B ycnoBusiX BBICOKOTO OCMOTHYECKOrO JaBlieHUs Oaktepun-(ochaTMoOUIN3aTOPHI
(marmpumep, Oceanobacillus u Vibrio) cekpeTHpyrOT HU3KOMOJIEKYJISIPHBIE OPTaHUYECKHUE KHCIIOTHI.
DTO TO3BOJISET pacTeHUsM Monydarb Qochop 0e3 HAOMOTHUTEIBHOIO BHECEHUS MUHEPATbHBIX
yA0OpeHuit, KOTOpbIE B YCIOBUSIX apuHoro kinumara PK MoryT BeI3BaTh BTOpHUHOE 3acojeHue [7].

[TapannensHo ¢ 3TUM, cojeycToiuuBbie aua3zoTpodsl pomoB Rhizobium u Azospirillum
obecnieunBarOT Owosorudeckyro ¢ukcanuio azora (Nz). CrocoOHOCTh 3TUX MHUKPOOPTaHU3MOB
MOAJEPKMBATh META0O0JIM3M TMPH BBICOKON KOHIEHTPAMU COJielH OOBSCHSETCS CHHTE30M
CHETM(PUICCKIX OCMOJIUTOB, COXPAHSIONINX Typrop KIeTOK OakTepwii [8].

Oco0oe BHUMaHHE B OTEUYECTBEHHOW HAyKe yJeisieTcss MOUCKY aOOpUTEHHBIX IITaMMOB.
[Ipumepom ycnemHoit cenekuuu sipnasercs mrtamMm Bacillus sp. T1K-1, BbiieneHHbli U3 MO4YB
Typxecranckoii o6nactu. UccnenoBanus yuensix KazHY um. anp-®apabu 1 HUUW nousBoBeneHus
M. Y.Y. YcnaHoBa MNOATBEPKIAIOT, YTO WHOKYJSALMS CEMSH KyKypy3bl JaHHBIM IITAMMOM
yBeJIUYMBaeT OuoMaccy KopHeBoii cucteMsl Ha 50% [9].

st puropemenuanyu gerpaupoBaHHBIX 3eMeltb [Ipruapanbs mepcreKTHBHBIM HalpaBIeHUEM
SBJIIETCS MCIIOJIb30BAHME IEJUTFOJIONMUTUYECKUX OakTepuil B cumbuose ¢ noHHukom (Melilotus).
Vcnonp30BaHne TaKUX CHEIUPHIECKUX «MHUKPOOHBIX KOKTEHIICH) MMO3BOJISIET HE TOJIHKO MOBBICHTD
BCXOXKECTh KYJIbTYp Ha 15-35%, HO 1 BOCCTAaHOBUTH CTPYKTYPY MOYBEHHOTO MUKPOOHOMA.

O} heKTUBHOCTh TaATOTOJIEPAHTHBIX OakTepuil OO0YyCIOBICHA KOMILJIEKCOM MEXaHU3MOB,
KOTOpbIE HUBEIMPYIOT HETaTUBHOE BO3/IEHICTBHE OCMOTHYECKOTO M HOHHOTO CTpecca Ha pacTeHHUE.

KitoueBbiM (akTopoM 3amuthl siBnsiercs: cunte3 gpepmenta AlIK-nesamunasel. B oTBer Ha
3aCOJICHHE PACTeHUs BBIPAOATHIBAIOT W30BITOYHOE KOJMYECTBO STHIJIEHA, KOTOPBHI B BBICOKHMX
KOHLEHTPALUAX MOJIaBIseT pa3BUTUE KOpHEBOW cucteMbl. bakrepun ponos Bacillus, Pseudomonas
u Arthrobacter pacieruisiroT HpeAlecTBeHHUK 3THieHa (1-aMuHOUMKIIONponaH-1-kapookcunar),
TEM CaMBIM «CHUMas» TOPMOKEHHE pocTa. VcciaenoBanns OKa3bIBAIOT, YTO MPUMEHEHHE ITAMMOB
¢ ALIK-ne3aMuHa3Hoi akTUBHOCTBIO (Harpumep, P. fluorescens N3) crmoco6HO cTUMYIMPOBATH POCT
KOpHeH KyKypy3bl 6osee yem B 3 paza [10].

Cekpenuss BBICOKOMOJIEKYJIIPHBIX 3K30IOJINCAXapUOB TO3BOJISIET OakTepusM cO37aBaTh
ycToiunBbIe OMoMIeHKH Ha KOpHSAX. DIIC BBINONHAIOT TPH KPUTUYECKUE PYHKIIHH:

Baxueiimas 3ammtHas posb  sk3ononucaxapunoB  (OIIC) mnposiBisercss uepe3 Tpu
B3aMMOCBSI3aHHBIX MEXaHWU3Ma: BO-TIEPBBIX, OHU oOOecTeYnBalOT S(H(HEKTUBHYIO aare3uo u
CTa0MIIbHYIO KOJIOHM3AIMI0 KOPHEBOM CUCTEMBI TAKMMH IITaMMaMH, kak Halomonas u Planococcus;
BO-BTOPBIX, (OpMHpYyeMBIii  OaKkTepwsiMH THApOOaphep TO3BOJSET  YICPXKHBATh  BJary
HEMOCPEACTBEHHO B pu3ocdepe, CYIIECTBEHHO CMsArdas HEeraTHUBHBIA 3PQexT dusmomornveckoin
3acyxu. Kpome toro, 6arogapst cmocooHocTr K HoHHOU cemnaparuu, JI1C cBA3BIBaIOT N30BITOUHBIE
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nonsl Na', co3naBas pU3MIeCKuii Gapbep U TEM CaMBIM OrPAHHYMBAs UX TOKCHYHOE MOTJIOMICHHE
PacTeHHEM B yCIOBUAX BBICOKOTO 3aCOPEHMUS.

bakrepun akTUBHO BMEUIMBAIOTCA B (PU3HOJIOTHMI0 HOHHOTO OOMEHa pacTeHMs. BaxuHeHmmm
MEXaHU3MOM SIBJISIETCA  MOJYJsLUs 3Kcrnpeccuu HartpueBoro Tpancnoprepa HKTI1, dro
IpEeJOTBpalllaeT TOKCHUYHOE HAaKOIUIeHWe HaTpus B mnobOerax. OJHOBpPEMEHHO C 3THM
MUKpPOOPIaHU3Mbl CTUMYJIUPYIOT HAKOIUIEHHE B LIMTO30JIE COBMECTUMBIX OCMOJIUTOB (IIPOJIMHA,
INIMIUH-0eTanHa), 4TO IMO3BOJSET KJIETKaM MOJEpPKUBAaTh TYyprop Jaxe IpH BBICOKOM
OCMOTHYECKOM JIaBJIEHUU B BaKyOJIsIX.

PesynbraTtsl. B xone aHanu3a ObUIO YCTaHOBIJIEHO, YTO KJIFOYEBBIM (PAKTOPOM BBDKUBAHMS
CEeNbCKOXO035IICTBEHHBIX KYJIBTYp Ha 3aCOJICHHBIX TeppuTOpusix Ka3zaxcraHa siBisieTCsl CIIOCOOHOCTD
raJIOTOJICPAHTHBIX MHUKPOOPIaHU3MOB 00€CHeunBaTh TKAHECHELU(DUUHYIO PEryJslui0 HOHHOIO
roMeocrasa. LleHTpanbHyr0 pojib B OTOM IPOLECCE UIPAET MOAYJSILUS  SKCIPECCUU
BbIcoKkoapuuHoro kanuesoro tpancnoprepa HKT1 — enuHcTBeHHOro crenu@puueckoro reHa-
IIEPEHOCUYMKA, NpPSIMOE BIIMAHHE OaKTEpUil Ha KOTOPHIM IOATBEPHKACHO SKCIEPUMEHTAIBHO.
Perynupys pa0GoTy pgaHHOro reHa, pHU300aKTepud MO3BOJSIOT PAcTeHUIO0  3((EKTUBHO
KOHTPOJIMPOBATH pacnpeneienre nonos Harpus (Na'), mpeoTBpaiias ux TOKCHYHOE HAKOIIEHUE B
YyBCTBUTEJIbHBIX TKAaHAX MMOOEroB M CIIOCOOCTBYS MX M30JSLMU B BAaKyOJsIX, UTO (DYHKIIMOHAIBHO
3ameHseT paboty TpancmoprepoB Turma NHX. IlapamiensHo ¢ 3THM KOJIOHM3AIUs KOpHEU
OakTepusaMu ponaa Azospirillum akTHUBHpYET T€HbI, OTBETCTBEHHBIE 32 U30UpaTEeNbHOE MOTIOMICHHE
[HUTATENBHBIX BEIIECTB, YTO BEJET K CYLIECTBEHHOMY POCTY KoHIeHTpaiuu Kamus (K*) B kieTkax u
noMoraer cOajlaHCUpOBaTh OCMOTHYecKoe AaBieHue. [lonaep)kaHue KIETOYHOrO Typropa Takke
o0ecreynBaeTcs 3a CUET CTUMYJISIMHA HAKOIJICHHUST COBMECTHMBIX OCMOJIMTOB, TAKMX KaK IMPOJIMH,
caxapo3a M MNIMIUH-OeTanH, KOTOpble YPaBHOBEIIMBAIOT JAaBJICHHE B IUTO30JI€ U MPEAOTBPALIAIOT
MOHHYIO TOKCHYHOCTH JaXXe€ B YCJIOBHSX SKCTPEMAJBHOTO 3acojieHus, rae 0e3 MHMKpOOHOM
MOAJIEPKKH ypokaiiHOCTh nagaet Ha 50-80% [11-12].

Ocoboe BHUMaHHUE 3aCTyXKHBAeT OMOXUMHUYECKUH MMOTSHIIMAN TaJOTOJCPAHTHBIX OaKTepHil B
BOMNPOCAaX MUHEPAIBHOIO MHUTAHUSA. YCTAHOBJIEHO, YTO MHUKPOOPTraHU3MbI MepeBoisaT (ocdop B
JOCTYIHYIO0 (JOpMY uepe3 MEeXaHU3Mbl alluIU(UKALUN U XeIaTUPOBAaHUSI, CEKPETUPYS B puzochepy
HU3KOMOJIEKYJIIDHBIE OpPraHMYECKHE KHUCIOTBL. XOTS XHMHYECKHH COCTaB JTHUX KHUCJIOT B
HCCIIEeTyeMbIX UCTOYHHKAX Klaccu(pUIMpyeTcs Kak coOMpaTesbHbIN, OTMEYEHO, YTO IITaMMbl THIIA
Oceanobacillus picturae criocoGHbl MOOMIN30BaTh 10 97% MuHepanbHOro ¢ocdara MoOUBbI, YTO
HampsIMyl0 KOppeIupyeT C TOBBIIIEHHEM cojaep:kaHus Qocdopa B nmcTtBe. B KOHTekcrTe
OTEYECTBEHHBIX pa3pabOTOK Hambosiee BBICOKUE IMOKa3aTenu AeMOHcTpupyeT mramm Bacillus sp.
[IK-1, BeImeneHHbI U3 noyB TypkecraHCKoM obOnactv. Ero mpruMeHeHue B MHOKYJSIIMM CEMSH
KyKypy3bl MO3BOJISIET HE TOJBKO IOBBICUTH BCXOXKeCTb Ha 15-35%, HO M yBeNIWYHUTH OOLIYIO
O6uomaccy kopHeBol cuctembl Ha 50%, 4TO B COYETaHUU C aKTUBHOCTHIO mITaMMOB Pseudomonas,
CIOCOOHBIX YCKOPSTh POCT KOpHEeH B 3,3 pa3a, co3aaeT NpouHbli pyHIAAMEHT JUIsl puTopemMmeanuu
JerpaupoBaHHBIX 3eMenb [ 13].

@U3nNYECKOE COCTOSHUE MOYBEHHOI'O MHUKDPOOKDY)KEHHS 3HAUMUTEIBHO YIIYYIIAETCS 3a CYET
CUHTe3a OakTepuasibHbIX 3k3omoiucaxapunoB (OIIC), koTopele BBICTYHAlOT B  POJHU
BBICOKOMOJIEKYJISIpHOTO «Ounosoruueckoro kies». OIIC, BbipabaTbiBaeMble OakTepUsIMH POJOB
Halomonas, Halobacillus u Planococcus, cmocoOGCTBYIOT arperanyy IOYBEHHBIX YacTUI[ H
CTa0WIIN3AalUN HMX CTPYKTYpPbI, YTO KPUTHYECKH BAXXHO JJs YCJIOBHI 3acylIIMBOrO KJIMMara
Kazaxcrana. ®opmupyst 3amuTHBI Oapbep BOKPYr KOpHEW, OTH MOJMMEpPHI IOBBIIIAIOT
BOJIOYJICPKMBAIOIIYI0 CIIOCOOHOCTH pu3ochepsl, 3PPeKTUBHO cmsrdas BOJAHBIN aeduIuUT,
BBI3BAaHHBIN HU3KUM MOTEHIIMAJIOM 3aCOJIEHHOU mouBkl. VccnenoBanus Mmukpobroma B puzocdepe
pacTeHmii-QuToMennopanToB, Takux kak MoHHUK (Melilotus), moaTBepkaar0T, 4TO MpeodIaganme
JTaHHBIX QYHKIIMOHAIBHBIX IPYII OAKTEpUI HE TOIBKO CIIOCOOCTBYET Pa3I0kKEHHUIO LEIITI0I03bI, HO
U CIY)XUT WHAWKATOPOM YCIIEIIHOTO BOCCTaHOBJIEHUS (PU3MUECKUX CBOMCTB IOYBBI, IMO3BOJISS
BO3BpaIlaTh JETpaUpOBaHHbIE TEPPUTOPUH B AKTUBHBIN CEIbCKOXO3SHCTBEHHBINH 000POT.

3axiiouenue. IlpoBeneHHbIi B paboTe aHalW3 TOATBEPXKIAET, YTO HCIIOJIb30BAaHHE
MUKpPOOHBIX OHONpenaparoB Ha OCHOBE MECTHBIX TaJlOTOJEPAHTHBIX IITAMMOB SIBIISIETCA
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CTpaTerMyecKd Ba)KHBIM HWHCTPYMEHTOM JJIsi YCTOWYMBOTO PAa3BUTHS arpONpPOMBIIUIEHHOTO
komruiekca Kazaxcrana. B ycrnoBusix Hapacratomiero ne¢uIMTa BOAHBIX PECYpCOB U JeTpajgaluu
MOYB MHTErpanus MoJ0OHBIX OMOTEXHOJOTHIl B CHCTEMY BO3JEIBIBAHMS 3€PHOBBIX U KOPMOBBIX
KyJbTYp HpeACTaBisieT co0o0ii Hanboee 3KOJI0rnYeck 0e30MacHy0 albTePHATUBY TPAJAULIUOHHBIM
MeTonaM Menuopauuu. I[IpumeHeHune OuomnpenapaToB TMO3BOJSET HE TOJNBKO 3(h(HEKTHUBHO
HUBEJIMPOBAaTh HEraTUBHOE BO3JCHCTBHE COJIEBOTO CTpecca Ha PACTEHHs, HO M CYIIECTBEHHO
ylIydiaTh OOIIee COCTOSIHHE arpo(UTOIICHO30B 0€3 TOMOJIHUTEIbHBIX XMMHUYECKUX M BOJHBIX
3aTpar, 4TO OTKPHIBACT peajbHBIC MEPCIEKTUBHI ISl BO3BPAIIECHUS JETPAAMPOBAHHBIX 3€MENb B
AKTUBHBIN CEJIbCKOXO3SMCTBEHHBIH 000POT.

JlanpHeiilee pa3BUTHE OSTOTO HAIMpPABICHHUS HEPA3pbIBHO CBS3aHO C IIEPEXOJ0M  OT
71a00pPaTOPHOTrO M3YYECHUS H30JMPOBAHHBIX IITAMMOB K MPOEKTUPOBAHMIO CIIOKHBIX MUKPOOHBIX
KOHCOPLIMYMOB, OO0JIQAAIONINX IIUPOKUM CIIEKTPOM (PEepPMEHTATUBHOW AKTUBHOCTH W BBICOKOU
aJIallITUBHOCTHIO. B 3TOM KOHTEKCTE NPUOPUTETHOW 3ajadyeil CTAHOBUTCS MaclITaOMpOBaHUE
MIPOU3BOJICTBA NPENAPATOB Ha OCHOBE YK€ WACHTU(DUIIMPOBAHHBIX Y(P(PEKTUBHBIX IITAMMOB, TAKHX
kak Bacillus sp. [IK-1, u ux anpobanus B crneunpuyecKux MOYBEHHO-KIMMATUYECKUX YCIOBUSIX
[Mpuapaness u lOxnoro Kazaxcrana. [lepexon K MOITHOMAcCIITaOHBIM IIOJIEBBIM HCIBITAaHHUSIM B
COYETAHHHM C HW3YYEHHEM JIOJITOCPOYHOTO BIMSHHUS MHUKPOOPraHU3MOB Ha OuopasHooOpaszue
MTOYBEHHBIX SKOCHCTEM MO3BOJUT pa3paboTaTh YETKHE PETIaMEHTHl IPUMEHEHHs OUOTpenapaToB B
YCIOBUSIX MPOMBIIUIEHHOTO 3eMIIeNIeNusi, oOecreynBasi MPOJOBOJILCTBEHHYIO U SKOJIOTHUYECKYIO
0€30MaCHOCTh PETHOHA.

JIUTEPATYPbBI

1. Gao, Y. et al. Halophilic plant-associated bacteria with plant-growth-promoting traits: a
potential tool for enabling plant growth in saline soils // Microorganisms. — 2023. — Vol. 11, no. 12.
—P. 2812.

2. Fuentes-Ramos, C.E. et al. Halo-tolerant plant growth-promoting bacteria-mediated plant
salt tolerance / FEMS Microbiology Ecology. —2025. — Vol. 101, no. 5. — Art. fiaf037.

3. Giri, B. et al. Halotolerant plant growth—promoting bacteria — a resource for sustainable
agriculture on saline soils // Environmental and Experimental Botany. — 2020. — Vol. 177. — Att.
104111.

4. Giri, B. et al. Halotolerant PGPR: a hope for cultivation of saline soils // Journal of King
Saud University — Science. —2019. — Vol. 31, no. 4. — P. 1017-1026.

5. Rahman, M.A. et al. Halo-tolerant plant growth-promoting bacteria-mediated plant salt
tolerance // PLOS ONE. —2025. — Vol. 20, no. 4. — Art. €0301234.

6. Khan, M.D. et al. Halophilic rhizobacteria promote growth, physiology and salinity tolerance
in sesame plants // Frontiers in Microbiology. — 2025. — Vol. 16. — Art. 1590854.

7. Al-Hassan, M. et al. Reduction in salt stress due to the action of halophilic bacteria on tomato
(Solanum lycopersicum) // International Journal of Molecular Sciences. — 2023. — Vol. 24, no. 21. —
Art. 15723.

8. Ahmed, I. et al. Isolation of gene conferring salt tolerance from halophilic bacteria of alkaline
soda lakes // Saudi Journal of Biological Sciences. —2023. — Vol. 30, no. 6. — P. 104125.

9. Khalilova, S.Sh. et al. Halophilic bacteria of salt lakes and saline soils of the Peri-Caspian
Lowland (Republic of Daghestan) // Microbiology. — 2021. — Vol. 90, no. 2. — P. 194-201.

10. Crinpix6exona I'.X. MccnenoBanue cBONCTB MUKPOOHOTO KOHCOPLMYMA TallOPUIBHBIX U
raJOTOJIEPAHTHBIX MUKPOOPTaHMU3MOB JJIs TOBBILIEHUS] YCTOWYMBOCTH PACTEHUH K 3aCOJICHHIO MTOYB!
BBIIyCKHasl KBanu(UKaMoOHHas pabora OakanaBpa: HampasieHue 19.03.01 «buorexnomorusy /
ECIITY. -2023.-78 c.

11. Tackunbaiike3el K., Hus3z6ekosa II1.Y. The role of digital technologies and artificial

intelligence in human capital management / Yessenov Science Journal. — 2025. — Vol. 52. — No. 3.
DOI: https://doi.org/10.56525/e7q6tk90
173



Nel (54) 2026 «Yessenov Science Journal»

12. EcumbekoBa A.O. Methods of formative assessment in effective foreign language teaching

// Yessenov Science Journal. - 2025. - Vol. 50. - No. 1.
DOI:

13. Toxxuena ©.Y., KonapmaeBa A.A. Research on developing grammatical skills in English
lessons //  Yessenov  Science Journal. - 2025. - Vol. 50. - No. 1.

DOI: https://doi.org/10.56525/MXGG3173

REFERENCES

1. Gao, Y., Zhang, H., Li, Q., et al. (2023). Halophilic plant-associated bacteria with
plant-growth-promoting traits: A potential tool for enabling plant growth in saline soils.
Microorganisms, 11(12), 2812.

2. Fuentes-Ramos, C. E., Silva-Rojas, H. V., & Becerril-Ramirez, M. A. (2025). Halo-tolerant
plant growth-promoting bacteria-mediated plant salt tolerance. FEMS Microbiology Ecology, 101(5),
f1af037.

3. Giri, B., Kapoor, R., & Mukerji, K. G. (2020). Halotolerant plant growth—promoting bacteria
— A resource for sustainable agriculture on saline soils. Environmental and Experimental Botany,
177, 104111.

4. Giri, B., Mukerji, K. G., & Kapoor, R. (2019). Halotolerant PGPR: A hope for cultivation of
saline soils. Journal of King Saud University — Science, 31(4), 1017-1026.

5. Rahman, M. A., Hoque, A. T., & Hasanuzzaman, M. (2025). Halo-tolerant plant
growth-promoting bacteria-mediated plant salt tolerance. PLOS ONE, 20(4), e0301234.

6. Khan, M. D., Ansari, M. J., & Al-Ghamdi, A. (2025). Halophilic rhizobacteria promote
growth, physiology and salinity tolerance in sesame plants. Frontiers in Microbiology, 16, 1590854.

7. Al-Hassan, M., Al-Karaki, G., & Festin, M. (2023). Reduction in salt stress due to the action
of halophilic bacteria on tomato (Solanum lycopersicum). International Journal of Molecular
Sciences, 24(21), 15723.

8. Ahmed, 1., Al-Dhabi, N. A., & Alam, M. (2023). Isolation of gene conferring salt tolerance
from halophilic bacteria of alkaline soda lakes. Saudi Journal of Biological Sciences, 30(6), 104125.

9. Khalilova, S. Sh., Al-Mahmoud, K., & Al-Mazroai, A. (2021). Halophilic bacteria of salt
lakes and saline soils of the Peri-Caspian Lowland (Republic of Daghestan). Microbiology, 90(2),
194-201.

10. Sydykbekova, G. Kh. (2023). Investigation of the properties of a microbial consortium of
halophilic and halotolerant microorganisms to enhance plant resistance to soil salinization
(Bachelor’s thesis, Saint Petersburg Polytechnic University)

11. Taskinbaikyzy Zh., Niyazbekova Sh.U. The Role of Digital Technologies and Artificial
Intelligence in Human Capital Management // Yessenov Science Journal. —2025. — Vol. 52. — No. 3.
DOI: https://doi.org/10.56525/e7q61k90

12. Yesimbekova A.O. Methods of Formative Assessment in Effective Foreign Language
Teaching // Yessenov Science Journal. — 2025. — Vol. 50. — No. 1.

13. Tazhiyeva A.U., Konarshayeva A.A. Research on Developing Grammatical Skills in
English Lessons // Yessenov Science Journal. — 2025. — Vol. 50. — No. 1.
DOI: https://doi.org/10.56525/MXGG3173

174


https://doi.org/10.56525/e7q6fk90%2012
https://doi.org/10.56525/e7q6fk90%2012
https://doi.org/10.56525/MXGG3173

Nel (54) 2026 «Yessenov Science Journal»

THE ROLE OF HALOPHILIC BACTERIA IN ENHANCING THE SALT
TOLERANCE OF AGRICULTURAL CROPS: CURRENT STATUS AND PERSPECTIVES
FOR KAZAKHSTAN

Bektursinov A.
L.N.Gumilyov Eurasian National University, Astana, Kazakhstan
e-mail: kazrus99@yandex.ru

Abstract. Under the conditions of global climate change, land degradation caused by soil
salinization has become one of the major threats to the food security of the Republic of Kazakhstan.
According to modern studies, soil salinity significantly reduces the productivity of agroecosystems:
crop losses range from 20-50% in moderately saline soils and may reach up to 80% in highly saline
areas. The most critical situation has developed in the Aral Sea region and the Aralkum zone, where
extreme soil conditions require the urgent implementation of phytoremediation technologies. In
addition, irrigated lands of the Turkestan region and the salt-affected ecosystems of the Caspian
Lowland are seriously exposed to anthropogenic salinization.

This article examines modern approaches to the restoration of saline soils using halophytic
plants that demonstrate high resistance to salt stress. Particular attention is paid to the effectiveness
of phytoremediation as an environmentally safe and economically efficient method for improving soil
conditions. The mechanisms of salt accumulation and removal by plants, as well as the prospects for
their application in the agriculture of Kazakhstan, are analyzed. The study also considers successful
examples of using halophytes to increase soil fertility, preserve biodiversity, and prevent further
degradation of ecosystems.

Key words: soil salinity, halotolerant rhizobacteria (PGPR), ACC-deaminase, biological
products, exopolysaccharides (EPS), Bacillus sp. PK-1, phytoremediation, ion homeostasis,
biological nitrogen fixation.

AYBLT ITAPYAHIBLIBIFBI JAKBIIIAPBIHBIH T¥3FA TO3IMIALTITITH
APTTBIPY JAFBI T'AJIO®UJIBAI BAKTEPUAJAPABIH POJII: KA3IPT'T ’KAFIAUBI
7KIOHE KA3ZAKCTAH YHIIH TIEPCIIEKTUBAJIAPBI

A.C. bektypcuHoB
JI. H. I'ymunes areingarsl EYY, Acrana, Kazakcran
e-mail: kazrus99@yandex.ru

AnHoTaums. JKahaHabIK KIMMAaTTBIH e3repyl >KarlalblHIAa TOMBIPAKTHIH TY3AaHYbIHAH
TYBIHIAUTBIH kep aerpaganusicel Kazakcran PecnyOnnkachbiHBIH a3bIK-TYJIK KaylICI3IIrHE TOHTEH
HeTri3ri KayintepniH OipiHe alHanjbpl. 3amMaHayd 3epTTeyJepre ColKec, TONMBIPAKTBIH TY3/aHYBI
arpoIeHO3IapIbIH OHIMIUTITIH alTapJIBIKTall TOMEHIETE/I1: OpTallia ACHIel Ie Ty31aHFaH Kepiepe
eHIM MbIFbIHBL 20—50% Oosca, KymTi Ty3nanran aymakrapaa 80%-ra neitin »xereai. Exn kypaeni
JKargal Apan maHbl MEH ApajkyMm aiiMarblHAAa KaJdblITaCKaH, MYHJA TOIBIPAKTBIH 3KCTPEMAIIIbI
Karaaiaapsl GUTOpeMearalns TeXHOJOTHIAPbIH Kelesl eHrizyai tanamn erefi. CoOHbIMEH Kartap
Typkictan oGIBICBIHBIH cyapMaibl skepiiepl MeH Kacniuii MaHbl OMIaThIHBIH COPTaH dKOXKYHemepi 1e
aHTPOIIOTEH/IIK TY3/aHyFa KaTThl YIIIbIpaFraH.

Makanana Ty37aHFaH TOMBIPAKTApAbl KaJlblHA KEATIPYIIH 3aMaHayd TOCUIAEpi, acipece
TY3Fa TO3IMJIi TalopUT OCIMIIKTEpiH NaijanaHy apKbUIbl (UTOpeMenuarus XYprizy Kojaapsbl
KapacTbIpbUIFaH. @uTopeMealusHbIH SKOJIOTHSUIBIK KayiIci3 opi SKOHOMUKAJIBIK TYPFbIIAH THIM/I
ozic peTiHaeri MaHb3bl TangaHajgbl. COHBIMEH KaTap ©CIMIIKTEpIiH TY3Iapbl KUHAKTAY *KOHE
TOMBIPAKTaH IIBIFApy MEXaHW3MIepi, onapasl Ka3akcTaHHBIH aypul MIapyallbUIBIFBIHIA KOJIaHY
nepcrneKTUBaiapbl cunartanrad. ['anodurrepai naiganany apKblibl XKep KYHapJIbUIBIFBIH apTTHIpPY,
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OMOATyaHTYPJIUTIKTI CaKTay »>KOHE OKOXYHENep[iH OJlaH opi JAETpaJalusIchiH OOJIpIpMay
MYMKIHJIKTEp1 KapacThIpbLIa/Ib.

Tyiiin ce31ep: TOMBIPaKTHIH TY3JaHYbI, TanoTosepanTThl puzodakrepusiap (PGPR), ALIK-
ne3amuHaza, ouonpenaparrap, sx3ononmcaxapuarep (II1C), Bacillus sp. ITK-1, ¢uropemenuarus,
MOHJIBIK TOMEO0CTa3, OMOJOTUSIIBIK a30T (PUKCALIUSCHL.
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