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AHHoOTaNUS

3aconeHne TO4YB SIBISIETCS cepbe3Hoi mpobnemoit PecmyOnumkm Kazaxcran. OmuH w3 myTei
HOBBIIIEHUSI TOJIEPAHTHOCTH CEJIBCKOXO3UCTBEHHBIX KYJIBTYpP K COJIEBOMY CTPECCY — HCIOJb30BAHUE
COO0IIECTB 3HAOPUTHBIX MHUKPOOPTaHMU3MOB, MOBBIMIAIOIINX YCTOMYMBOCTh PACTEHUH K pa3iInYHBIM
MOBPEKIAIONIMM  BO3JEHCTBUsIM. B naHHONH paboTe MOKa3aHO BIMSHUE OJHIAOPDUTOB pPACTCHUM,
MPOM3PACTAIONINX B 3aCYIUIMBBIX YCIOBHUSX, Ha CIOCOOHOCTh MPOPOCTKOB IIIEHUIIBI MTPOTHBOCTOSATH
coJieBOMY crpeccy. Haummyuine pe3yapTaTbl HA CHHTETUYECKON Cpele OKa3ala aCCOLUALINS U3 PACTECHUS
Erigeron canadensis B coderanuu ¢ 3HAO(DUTHBIM AKTHHOMHIICTOM IIIICHUIIbI, OTHECCHHBIM K BHIY
Streptomyces curacoi. BausiHue npeiBapuTenbHON aanTau 3H10(QUTHBIX MUKPOOPTaHU3MOB K XJIOPHILY
HATpUS HA YCTOMYMBOCTH PACTEHHS-XO35MHA K 3aCOJICHUIO OBLIO TIOKA3aHO HAMH BIIEPBHIE.

KaioueBsble cioBa: 3HA0GUTHI, IIEHUIA, COTIEYCTOWINBOCTD, alalTallls, aKTHHOMHIIETHI.

Ha tepputopun Kazaxcrana 41% nouB oTHOCHUTCS K 3acojieHHbIM. OCOOEHHO IIUPOKO OHU
pacrnpoCTpaHEeHbI B I0KHBIX M IIEHTPaIbHBIX paiioHax [1]. [loBceMecTHO OTMeHaeMble M3MEHEHUS
KIIMMaTHYECKUX YCIOBUM B COYETAaHHWU C HEPALMOHAIBHOM JESTeNbHOCTHIO YeOBEKa HAHOCAT
CEepPhE3HBI YPOH PpACTEHUEBOJCTBY, CHWXAas YypPOKAWHOCTh M KA4ECTBO MPOU3BOAUMOUN
npoaykuuu. [lo npubnusurensHomy pacuery ®AO okoso 96,5% cenbCcKoX03HCTBEHHBIX 3eMellb
B MHUpE MOJBEPKEHBI abnoTHYecKuM cTpeccam [2]. Hauboiiee cepbhe3HbIil aOMOTHYECKUI CTpece
BO BCEM MHpE, BIHUAIOIIMNA Ha POCT M MPOJYKTUBHOCTH PACTEHUN 3a CUET BO3ACUCTBUS Ha
HECKOJIbKO (PU3HOJOTHYECKUX U METAa00IMYECKUX MPOIIECCOB, CBSI3aH C 3aCYXOH M 3aCOJICHUEM.
[ToBbIlIeHHE KOHILIEHTPALUU COJIM B TOM U APYTrOM ciiydae SIBJISETCS MPUYUHOW OCMOTHYECKOTO
cTpecca pacTeHM W pOCTa HOHHOW TOKCUYHOCTH, IPU KOTOPBIX CHIDKAETCS CKOPOCTD
MIpOpacTaHusi CEeMsIH, UHTUOUpyeTcs: (POTOCUHTE3 PACTEHH, TepsSETCs LENOCTHOCTh KIETOUHBIX
MeMOpaH | TIOBBIIIAETCS OOpa3oBaHUE AaKTUBHBIX (opMm kuciopoga [3-5]. M30bITouHOE
MOTJIONIEHNE ¥ HAKOTJIEHUE MOHOB HATPUS U XJIOPA B TKAHSAX PACTCHUM MPUBOAUT K CEPbE3HOMY
MOHHOMY fucbanancy U GyHKIMOHAIbHBIM HAPYILIEHUSM, 8 UMEHHO MPEMATCTBYET MOTJIOMICHUIO
AIIEMEHTOB, HEOOXOAMMBIX JJIsl POCTa U PA3BUTHS, TAKMX KAaK HMOHBI Kajus, YTO MPHUBOJIUT K
CHIDKEHUIO MPOTYKTUBHOCTU U BO3MOXKHOM rHOENH pacTeHwui [6].

Panee mpumeHsieMble CENEKIMOHHBIE M TPAHCTEHHBIE TEXHOJOTUU MOBBIIICHUS
PE3UCTEHTHOCTU KYJIbTYPHBIX PACTEHUH, B OCOOCHHOCTH B OTHOILIEHUHU COJICYCTOMYMUBOCTH, MTOKA
HE YBEHUYAIMCh OKOHYATENbHBIM yCIieXoM [ 7, 8]. MHOTOUYMCIEHHBIMH UCCIIEIOBAHUSIMH NTOKA3aHO,
YTO TOJEPAHTHOCTh PACTEHHUH K COJIEBOMY CTPECCY MOKHO MOBBICUTH C TIOMOIIBIO 3K30T€HHBIX
OMOCTHMYIISITOPOB, TAKHX KaK pH300aKTepHu, criocoOCcTBYIONuX pocty pactenuit (PGPR) [9-12].
OHM TpUMEHUMBI K UIMPOKOMY KpPYTY CEIbCKOXO3SIMCTBEHHBIX KYABTYp MM YIy4IICHUS
MIPOpacTaHus CEMsIH IPU OJHOBPEMEHHOM YBEJIMYEHUU OMOMACCHI M IPOAYKTUBHOCTH PacTeHUN
[13-15]. BompmuactBo PGPR  BrmodaroT pasnuuHble ITaMMbl  BuaoB Agrobacterium,
Azospirillum, Bacillus, Pseudomonas u Rhizobium [16, 17]. Oanako 3amiutHbie cBoiictBa PGPR

HC 663FpaHI/I‘-IHBI H C YBCIIMYCHUECM 3aCOJICHUSA TCPAOT CBOIICTBA CTUMYJIAIIUN POCTa paCTeHHﬁ
[18].
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B xommuekcHoi 00pr0e ¢ MOBPEKAAIOUINM BO3JICHCTBUEM TaKMX aOMOTHYECKHX (PaKTOPOB
KaK 3acyxa, 3acOJIEHHE, a TaKKe HHM3Kas WIM BBICOKAs TEMIlepaTypa, CTPECC, CBSI3aHHBIM ¢
TSOKETIBIMH ~ METalIaMH, Hapsay ¢ TpPaJuIUOHHBIMH crnoco0aMu HCHOJb30BaHUs —Ooiee
YCTOMUYUBBIX COPTOB KYJIBTYPHBIX PAaCTeHUH Bce OoJiblliee 3HAUEHUE MPUOOpPETaeT MPUMEHEHHE
SHIO(PHUTOB — COOOIIECTB MUKPOOPTaHU3MOB, KOJIOHU3UPYIOIIUX PACTEHUS W MOBBIIIAIONINX HX
CIIOCOOHOCTh TIPOTHBOCTOSITh PA3IMYHBIM TOBPEXKIAIONIUM Bo3aelicTBusM [19-25]. TlokazaHo,
9TO SHA0(PHUTHBIE AKTHHOMHIIETHl MOTYT BBITIOJHATH (PYHKIIMH CTUMYIUPYIOIIUX POCT pAaCTEHUH
MUKPOOPraHU3MOB 32 CUET Pa3HOOOPA3HBIX MEXaHM3MOB BO3eHcTBHS [26-28].

HenocpencrBennoe BiMsiHUE SHIO(DUTHBIX MHKPOOPTraHM3MOB Ha COJICYCTOHYHMBOCTD
pacTeHui emie KpaiHe cinabo uccnegoBano. OaHAKO, UMEIOTCS TaHHBIE O OOJIETYeHUH COJIEBOTO
cTpecca y pacTeHHH Tomara C TOMOIIbI0 TaJ0TOJEpaHTHOro akTuHOMHIeTa [29]. Qin wu
coaBTopamu [30] moka3aHO, YTO PHAO(PUTHBIE AKTUHOMMUIIETHI BHOCST BKJIAJ B YCTOMYHMBOCTH
ramoutHOro pacteHus Limonium sinense. BeisiBieHo Takke, YTO KOJOHH3AIMS IIICHHIIBI
SHAO0(UTHBIMU aKTHHOMMIIETAMU IPOUCXOAMT Ha CaMbIX paHHUX CTaausax pasBurtus [31], dro
MOJKET OBITh MOJIE3HBIM MPH MPEAIOCEBHON 00pabOTKe CEMSIH.

B nanHO# paloTe BbIIENEHBI SHAO(DUTHBIE AKTMHOMHULIETHI MIIEHUIBI U HMCCIEI0BAHO
BIMSIHAE DHIO(DUTHBIX MUKPOOPTAHU3MOB, BBIJICIICHHBIX M3 Pa3IMYHBIX PACTCHUH B YCIOBHAX
3acyXH, Ha CIIOCOOHOCTh MPOPOCTKOB MIIEHUIIbI TPOTUBOCTOATH cojieBoMYy cTpeccy. Mcxoas us
MIPEbIAYIIEro OMbITa paboThl B 00JACTH MOBBIIMIEHUSI YCTOMYUBOCTH MHUKPOOPTAaHU3MOB ITyTEM
aJlanTanuyu K coJeBoMy cTpeccy [32], caenaHo Takke MPEeArnoiokKeHHe 0 BO3MOKHOCTH BIIMSIHUS
MIpeIBAPUTENIbHON aJanTaluuu HHA0(QUTHBIX MHKPOOPTaHM3MOB K COJIEBOMY CTpeccy Ha
COJIEyCTOMYMBOCTh PACTEHUN-X035EB.

O0BEeKTHLI 1 METOALI MCCJIe10BaAHUS

B pabote ucnonp3oBanu panee BoiaeneHHble acconuanuu OXK-Pa u OXII sanodutHBIX
MHKPOOPraHU3MOB M3 3aCyXOYCTOWYMBBIX PACTEHUI MEJIKOJCIECTHHK KaHajackuii Erigeron
canadensis u ropern nruumii Polygonum aviculare, oburaromux B mpemenax r. AiMaThl U
MOKAa3aBIIUX PaHEEe MOJIOKUTEIbHOE BIMSHUE HA POCT MIICHUIBI B JaOOPATOPHBIX YCIOBUAX
3acyxu [33].

DHA0(UTHBIE MHUKPOOPraHU3MbI BBIJCIISIIM W3 pacTeHmid mieHuisl (Triticum aestivum)
nocie 30-7HEeBHOrO KyJIbTHBUPOBAaHHSA B JIADOPATOPHBIX YCIOBHSIX aTMOC(EpHON 3acyxu
(maumnas ¢ 10 qHsA OT 3aceBa) Ha MOYBE, OTOOPAHHOM 3a MpeenamMu . AjMaThl BOJIM3H TOJICH ¢
MOCEeBaMHU 3JIaKOBBIX KyJIbTYp. [l BeIAeeHus: S3HA0(PUTOB KOPHU U CTEOIN pACTeHUN TIIATEIBHO
OTMBIBAJIH, OTIOJIACKUBAJIA CTEPUIIBLHON BOJOTIPOBOTHOM BOIOH, pa3pe3alii Ha KYCOUKU Pa3MepoOM
okoJio 1 cm, oOpabaTbiBanu nocienoBaTenbHo 70% 3TaHOIOM, TUIIOXJIOPUTOM HATpHsl U CHOBA
70% »5TaHOJIOM, 3aT€M TpPEXKPAaTHO OTMBIBAJIM B CTEPUIILHOM BOJONPOBOJHOM Boxe. [lanee
KYCOUYKU CTEOJISI M KOPHS OTIEIBHO PAaCTUPATH B CTYIKE, J0O0ABIsUIA | MJ CTepHIIbHOM BOIBI U
BbIceBaM Ha cMech cpe (1:1): msaco-nenTonnslii arap (Nutrient agar, TM-Media, India) u Cabypo
(r/m: rroko3a 40,0; nmernrron 10,0; arap-arap 20,0). [l KOHTpOJIst 9acTh HETBLHBIX 00pab0TaHHBIX
KYCOUYKOB CTeOJISl M KOpHS pacKjiaJblBald Ha MOBEPXHOCTh cpenbl B yamkax lletpu, a Takxke
MIPOU3BOJIMIIM BBICEB BOJIBI U3 MocheAHero npoMbiBanus. [loceBsl kynbruBupoBanu mpu 30°C B
TeueHue 48 4. M3oimpoBaHHbIE aKTUHOMHIIETHI B JAIbHEUIIUM MOJIEP>KUBAIIM HA Cpele s
KyabTUBHpOBaHus akTuHoMuUIeToB (TM Media, Muaus).

Jis  MONeKyNIpHO-TEHEeTHYeCKOW  HMISHTHU(HUKAIMM  aKTUHOMHUIIETOB  MPOBOIIIIN
cekBenupoBanue 16S pPHK mo Courepy. Jlns QumoreHeTudyeckoro apeBa HCIOJIb30BaIU
MOCJIEIOBATEIBHOCTH pe(epeHTHBIX ITaMMOB MexayHapoanoii 0a3el mannbeix Blast NCBI.
[TocTpoenne gpeBa mpousBomwiau B  mporpaMmme Mera 11 ¢ BbIpaBHUBaHUEM
nocienosatenabHocteit mo ClustalW.

Ji1st 0O6pabOTKM CeMsIH MIIEHUIIBI UCTIOJIb30BaJIH accoluanuu MukpoopranuzmoB OXK-Pa u3
P. aviculare, OXII u3 E. canadensis u wu3onupoBaHHbIe akTHHOMHIIECTHL. COCTaBIISFOIINE
MUKpPOOPTraHMU3MBl TaK)Ke€ JOMOJHHUTEIBHO aJalTUPOBAM K XJIOPUAY HATPUS IMyTeM
MOCJIEIOBATEIbHBIX MEPECEBOB HA ONTUMAaNIbHYIO cpeny ¢ jgobOaBinerueM 2% NaCl. Bnusuue
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KaKJI0W accolMaliy MCCIEN0BAIM C UCIIOJIb30BAHUEM HEAJANTHPOBAHHBIX U aJallTUPOBAHHBIX
MHUKpPOOPIraHHU3MOB.

JUia moJsiyyeHus accouualuii MCHOJb30BAIM PABHbIE COOTHOLIEHMS COCTABJISIOIINX
MUKpOOprann3MoB. CeMeHa MIISHUIbI COPTUPOBAIM M OTOMpaIM ceMeHa OJHOro pasmepa. Ha
OJIMH BapUaHT ombITa ucnojb3oBanu 2 yvamku Ilerpu mo 15 cemsan. CemeHa paBHOMEpPHO
cvaumBamu 1 mn cycnensuu ki1etok (107 KOE/m mo crammapry MyTtHoctH Mak-®apiana) B
CTEpUJIbHOW BOJIONPOBOJHOM BOJE M pAcKiaJbIBAIA HAa MMOBEPXHOCTU MOJTOTOBIIEHHOM CpEJIb
Kosposiiesa ¢ goodasiaennem xmopuaa Harpus (r/1: NaCl 10,0; MgSOs 1,0; KoHPO4 1,0; CaHPO4
0,2; arap-arap 6,0; Boma BojompoBojaHAas). B koHTpone wucmonp3oBai 1 M CTEpUIIbHOM
BostonipoBoAHOM Bojbl. KynerusupoBanu npu 30 °C. Yepes 3 cyTok mocie noceBa y4UThIBATH
KOJIMYECTBO MPOPOCIINX CEMSIH M KOJIMYECTBO KOPEHIKOB. Uepes 7 CyTOK 3amMepsiIu JUTUHY CTeOIs
Y MaKCHMAaJIbHYIO JUTHHY KOPHSL.

Craructudeckyro o0pabOTKy JaHHBIX MPOBOIMIN B mporpamme Excel ¢ ucnonb3zoBannem
onHOakTopHOTO JuctiepcronHoro anannza ANOVA u anmoctepropHBIX TecToB. J[is cpaBHEeHUs
CpPEIHUX 3HAYEHUH TI0 OTHOIIEHUIO K KOHTPOJIIO UCTIOBb30Banu kputepuit lannerra [34, 35], ans
MOTIAPHBIX CPaBHEHUH MeXIy o00pabOTKOW aganTUpOBaHHBIMH U HEaJalTHPOBAHHBIMU
BapUaHTaMM pa3IMYHBIX accouuanuii wucnonb3oBaiu TecT CrbrogeHTa. CTaTHUCTUYECKU
JOCTOBEPHBIMHU CUUTAIN pazimmuus npu pP<0,05.

Pe3yabTaTsl M 00Cy:K1eHHE

W3 xopHell nieHuIpl, KyJIbTUBUPOBABIIEHCS B YCIOBUSX aTMOC(EPHOI 3aCyXHu BbIJEIECHO
HECKOJIbKO M30JITOB aKTHHOMMIIETOB, POAYLUPYIOIINX Oypblii mUrMeHT B cpeay. Cpenu HUX
0TOOpaHO JBa M30J1ATa, HanOoJIee pa3IMUarOIIKUXCsA MO CTENEHH MPOAYKIMHY TUTMEHTA B CPeay:
Wh u 1zh2. IlpoBeneHa MoONEKyISIpHO-TeHETHYECKass HMACHTH(UKALUS OTOOPAHHBIX IITAMMOB.
dunoreHeTH4ecKoe IpPeBo 3HA0(PUTHBIX AKTHHOMHIIETOB MIIEHUIBI IPUBEICHO HAa PUCYHKE 1.

NR 112253.1:72-858 Streptomyces alboniger strain MNBRC 12738

MR 115382 1:76-862 Streptomyces alboniger strain C55P432

NR 043228.2:102-888 Streptomyces alboniger strain DSM 40043

NR 115382.1:68-715 Streptomyces alboniger strain C5SP432
—— @ Wh

NR 114825.1:60-846 Streptomyces chartreusis strain ISP 5085
—L NR 112389 1:83-730 Streptomyces galilaeus strain NBRC 13400
NR 044518.1:80-866 Streptomyces plumbiresistens strain CCNWHX 13-160
NR 042097.1:72-858 Streptomyces phaeoluteigriseus strain ISP 5182
NR 112340.1:91-877 Streptomyces alboviridis strain NBRC 13013
NR 125579.1:96-882 Streptomyces graminilatus strain JL-6
MR 041058.1:78-864 Streptomyces cinereus strain NBRC 12247
NR 044146.1:106-892 Streptomyces flavovariabilis strain NRRL B-16367

NR 112525.1:84-870 Streptomyces cyaneus strain NBRC 13346
NR 037094 1:108-894 Streptomyces cyaneus strain H-112
NR 041085.1:82-868 Streptomyces canus strain NBRC 12872
MR 112351.1:62-709 Streptomyces lucensis JCM 4490 strain NBRC 13056
NR 041098.1:83-730 Streptomyces corchorusii strain NBRC 13032
@ 1zh2
NR 041217 .1:83-730 Streptomyces curacoi strain NBRC 12761
NR 115395.1:56-T703 Streptomyces chrestomyceticus strain CSSP548
MR 112394 1:83-730 Streptomyces capoamus strain NBRC 13411
NR 040856.1:90-737 Streptomyces capoamus strain JCM 4734
MR 041133.1:83-730 Streptomyces canarius strain NBRC 13431
NR 115453 1:66-713 Streptomyces canarius strain NRRL 2976

0.01

PI/IC}’HOK 1 — ®unorenernyeckoe APEBO BHI[O(I)I/ITHLIX AKTMHOMMUMIICTOB IIIICHUIIBI, KynLTHBHpOBaBmeﬁCH
B 3aCYIUIMBBIX YCIIOBHUAX
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CreneHb TOMOJIOTHH IOCIEA0BATEILHOCTH HYKIEOTHIOB H3oyATa 1zh2 ¢ OGnmxaimmm
mrammom NR 041217.1:83-730 Streptomyces curacoi strain NBRC 12761 cocraBuia 99,38%, a
uzonsita Wh ¢ 6mkaiimim mrammom NR 043228.2:102-888 Streptomyces alboniger strain DSM
40043-99,37%. Ha ocHOBaHMM TMOJyYEHHBIX pPE3YyIbTATOB, SHIAOMUTHBIE AKTHHOMHIIETHI
uaeHTUGHUIMPOBaHbI Kak S. curacoi 1zh2 u S. alboniger Wh.

Bbienennpie  aKTHHOMHIIETHI  OBLTM  WCIOJIB30BAHBI COBMECTHO C  aCCOUMAIMSIMHU
3HI0GHUTHBIX MHUKpoopranu3moB E. canadensis u P. aviculare mns mpeamoceBHON 00pabOTKH
CeMsIH IIICHUIBI TPU KYIHTHUBUPOBAHWHM HA Cpe/e C IOBBIIICHHBIM COJCPKAHHEM XJIOpHIA
HaTpusi. Tabnumbl | ¥ 2 MOKa3bpIBAlOT JAHHBIE MO BIMAHUIO MPEANOCEBHON 00pabOTKU ceMsH
MIICHUIBl ACCOIMANMAMUA MHUKPOOPTaHMU3MOB, B TOM YHCJIE aIalTHPOBAHHBIMU K MOBBIIIEHHON
KOHIICHTPAIUHU XJIOPU/a HATPHSL.

Tabnuia 1 — I[oka3aTenu mnpopacTaHus CeMsH MIICHUIBI (depe3 3 cyTok) Ha cpene KoBpopiieBa ¢
nobasnenueM 1% xyopuia HaTpus

KonmaectBo cemsia
Accoruanus Bapuant C MPOPOCTKOM Cpennee KOMMACCTBO
KOpHEH, IIT.
crebmst, %
KonTtpoinb be3 00paboTkH 53 0,9+0,2
OX-Pa HeanmantupoBannsie 87 1,5+0,2
AnantupoBannsie kK NaCl 87 1,8+0,2%*
OXII HeanantupoBannsie 97 2,340, 2%**
AnantupoBannsie kK NaCl 93 2,0+0,4*
OXII + S. HeapmantupoBanubie 93 2,140,2%%*
alboniger Wh Anantuposannsie k NaCl 100 2,0£0,2%*
OXII + S. curacoi | HeagantupoBaHHBIE 83 1,6+0,2
1zh2 Anantuposannsie kK NaCl* 94 2,3+40,2%%
IMpumeuanne — OXK-Pa - xoncopuuyM sHIOGUTHBEIX MEKpoopranusmos u3 P. aviculare; OXII -
KOHCOPIIMYM 3HIOGHUTHBIX MHKpOOpraHm3MoB u3 E. canadensis; * OTKIIOHEHHWE OTHOCHTEIbHO
KOHTpOJsL moctoBepHO mpu P<0,05; ** mpu p<0,01; *B rpade «BapmanT» 03Ha4aeT CTATHUCTUUCCKH
JIOCTOBEPHOE OTJINYHE OTHOCHTEIILHO HeaJalTHPOBAHHOT'O BapUAHTA.

Tabnuma 2 — [lokazaTenu pa3BUTHS MPOPOCTKOB MIIEHHIBI (depe3 7 cyTok) Ha cpexe KoBposmesa c
nobasienneM 1% xmopuaa HaTpus

K . Cpennss Cpennsist
OJIMYECTBO PaCTECHUH
Acconmanus Bapmant o JITAHA JITTAHA
B % OTHOCHTEIHHO
KOPHS, MM crediIst, MM
3aceBa

KonTpons be3 obpaboTkn 37 - 3,9+0,4
OX-Pa HeapmanrupoBanHbie 27 2,6+0,2 3,6+0,4

AnanrupoBanubie kK NaCl 27 2,240,2 3,3+0.,6
OXII HeapmanrupoBanHbie 50 4,8%+0,2 5,6%+0,5

AnanrupoBannsie k NaCl 40 3,9+0,3 5,5+0,7
OXII + S. HeapmantupoBaHnHbie 37 3,6+0,3 4,4+0,4
alboniger Wh Anantuposannsie Kk NaCl 23 3,1+£0,3 3,1+£0.,6
OXII + S. HeanantupoBanusie 50 3,6+0,3 3,4+0,5
curacoi 1zh2 AnanrupoBansbie kK NaCl 60 4,4%+0,2 6,2*+0,2

[Mpumeuanue — OXK-Pa - koHcopiyM 3H10UTHBIX MHKpoopranu3mMoB u3 P. aviculare; OXII -

KOHCOPIIUYM 3HIO0MDUTHBIX MHKpOOpraHu3mMoB u3 E. canadensis; “- HEBO3MOXXHO 3aMEpUTh H3-32
pacnpocTpaHeHus TpruOKOBOH HH(EKINH; * OTKIIOHEHWE OTHOCHTEIHHO HEaJalITHPOBAHHOTO BApHaHTa
nocrosepHo mipu P<0,05.

[IpuBenennsie B Tabnuue | naHHBIE MOKA3bIBAIOT, YTO 0OpabOTaHHBIE 3HAO(MUTHBIMU
MUKPOOPraHW3MaMu ceMeHa ObICTpee MpopacTaroT Ha cpejie ¢ fobaBiaeHueM 1% xiaopuaa HaTpus
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B CPaBHEHUHM C HEOOpaOOTaHHBIM KOHTpOJEM. YK€ uepe3 3 CYTOK IOCIe 3aceBa OTMEYaeTcs
pa3nuyre B KOJINYECTBE MPOPOCHIMX CEMSH U JUIMHE KOPEIIKOB MIICHUIIBI.

UYepes 7 cyrok (Tabnuma 2) BBDKMBAEMOCTh B KOHTPOJIE cocTaBmiia 37% MO OTHOMICHUIO K
KOJINYECTBY 3aCESIHHBIX CEMSH, @ B BAPHAHTE C 00pabOTKOI a1lanTHPOBAHHBIMU K XJIOPUTY HATPUS
MHUKpOOpraHu3Mamu acconuanuu u3 E. canadensis, Brmouaromeii S. curacoi 1zh2, - 60%.
3HaYNTEIbHOE BIIMSHHE HA IOJyYCHHBIE PE3yIbTAaThl OKA3aJI0 PaCIpOCTpaHEHHE T'PUOKOBBIX
3a0oneBaHuii MIIEHUIB! (PUCYHOK 2). OTcyrcTBHE TpPHOKOBOTO MOpPAKEHUS B BapuaHTE C
00paboTKO# SHAOPUTHBIME MHUKPOOPTaHU3MaMH MO3BOJISET MPEIINONIOKHUTh TAKKE HAJTHUUE Y
HUX TPOTHBOTPHUOKOBOW aKTHUBHOCTH. OJHAKO il TOATBEPXKICHHS ATOTO IPEINOJIO0KCHUS
HE00X0IMMO OT/IEIBHOE UCCIIC0BAaHHE.

Pucynok 2 — Biiusitaue 3HI0DUTHBIX MEKPOOPTaHU3MOB U HX aJIalTAIMU K XJIOPUTY HATPHUS Ha
COJIEYCTOWYMBOCTH TIPOPOCTKOB MIIEHHUIIBI

Hawnnyuime pe3yapTaTsl 10 CIOCOOHOCTH TPOPOCTKOB MIIEHUIIBI TPOTUBOCTOSATH COJIEBOMY
cTpeccy ObLTH OTMEUeHbI B BapuanTe ¢ accoranueii OXKIT mukpoopranusmos u3 E. canadensis,
1 akTuHOMHMIIETOM S. curacoi 1zh2. Acconmarust OXKII mokasana xopoiire pe3yabTaThl M0 JIHHE
KOpHEH W TPOPOCTKOB TaKXKe MPH OTCYTCTBUU B cocTaBe S. curacoi 1zh2 u ucnosb30BaHUU
HeaTanTHPOBAHHBIX BapuaHTOB. [IpenBapurenbHoe KyabTHBHpoBaHue Ha cpene ¢ 1% NaCl,
HaMpOTUB, HECKOJbKO CHHU3WJIO BBDKMBAEMOCTbh U HE TOKA3aJ0 CTATUCTHYECKU JIOCTOBEPHBIX
OTJIMYMIA B CPABHEHHUH C KOHTPOJIEM. YKa3aHHOE OTIUYHE MOKET OOBSCHATHCS TEM, YTO OCHOBHOM
BKJIAJ] B 3aIIUTY PACTEHUH OT COJIEBOTO CTpecca B JAHHOW acCOLMAIMU BHOCUT UMEHHO KYJIbTypa
aKTUHOMHMIIETa. DTOT BBIBOJ MOJATBEP)KIACTCSI OTCYTCTBHEM IOJIOXKHUTEIBHOTO 3(deKTa mpu
ucnoas3oanuu S. alboniger Wh. Accommanus OXK-Pa u3 P. aviculare takke He oka3piBaia
3alUTHOTO JICHCTBUS IPU COJIEBOM CTPECCE.

3akioueHue

Takum 00pa3oMm, MOJTY4YEHHBIE JAHHBIE CBUAETEILCTBYIOT O CIHOCOOHOCTH accoIuaiuit
SHAO(MUTHBIX MHKPOOPTaHMU3MOB CMSr4aTh BO3JCHCTBHE COJIEBOIO CTpecca Ha pPaCTeHHS
TIIIEHUTIBI.

[IpoBeneHHOE HCCIEIOBAHUE TAKXKE pacIIUpsieT cBeleHUs 00 AHAO0(UTHON MUKpOOUOTE
MIIIEHUIIBI ¥ BIUSHUM SHAO0(DUTHBIX MUKPOOPTaHU3MOB Ha YCTOMUHUBOCTH K COJIEBOMY CTpeccy. B
JTUTEpaType UMEIOTCS CBEIEHUS O JOMHHUPOBAHMM B KOPHSAX puca SHAODUTHBIX
aKTHHOOAKTEepHid, oTHOCAIUXCS K Buay S. alboniger [36], a Takke O BBIICICHUN U3 Pa3IHYHBIX
yacTel pacTeHMI MIIEHUIbI Pa3HOOOPA3HBIX aKTUHOOAKTEPHIA, CIIOCOOHBIX K CTUMYIISIIUU POCTa
U 3ammre oT uronaToreHHslx rpudoB [37-39]. Yandigeri u coaBTopamu ObIJIO MOKa3aHO, YTO
9HAO0(UTHBIE AaKTUHOOAKTEPHH MOTYT 3alIMIIATh PACTCHUS MIIEHUIBI B YCIOBHUSIX BOJJHOTO
crpecca [40]. Yka3aHus O BBIICJICHUH M HCIIOJB30BAHUHU S. CUraCOi Ul 3alllUThI MIIEHUIIBI OT
COJIEBOTO CTpecca He HAalJIEHBI B IOCTYITHOW HAyYHOU JTUTEpaType.
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Brnusinue npenBapuTebHOM aanTauy SHA0(GUTHBIX MUKPOOPTaHU3MOB K XJIOPUY HATPHS
Ha YCTOMYHMBOCTh PACTECHUSA-X03sMHA K 3aCOJICHUIO OBLJIO TTOKA3aHO HAMHU BIICPBBIC.

Pesynbrathl riccnenoBanus OyayT UCIIOJIB30BAHBI IS JallbHEHIIIEH pa3paboTKu mpemnapara,
CIOCOOCTBYIOIIETO BHDKUBAHUIO PACTEHUI B YCIOBHSIX 3aCOJICHUS. JTO MOMOXKET KaK M30exKaTh
OTPHUIATEIILHOTO BO3JICHCTBUSI BTOPUYHOTO 3aCOJICHHS, TaK U PACIIMPUTH B OyIyIIeM TepeUYCHb
HCMOJIb3YEMBIX JIJI1 pACTEHUEBOJICTBA TIOYB.
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SHIO®UTTI MUKPOOPT AHM3MIEPIAIH BUIAVIABIH TY3IAHY
TO3IMILIITTHE DCEPI

Tyiiin

TombipakTeiH TY3naHybl Kazakcran PecmyOnukachHbIH KypAeni mpobieMacsl OONBIT TaObLIaIbI.
JaxkempoapaplH TY37aHy CTpecciHe Te3IMAUNTiH apTTBIpYAbIH Oip JKONBI-eCIMAIKTEPIiH opTYpIi
3aKBIMIANTBIH ocepiiepre TO3IMILTITIH apTTHIPATBIH SHAOPUTTI MHKPOOPTAHU3MIEP KaybIMIACTHIFBIH
maiiganany. by ®yMbIcTa Kyprak KaFaaia eceTiH oeCiMIIKTepaiH dSHA0GUTTEepiHIH Ongail KemerTepinin
TY3[aHy CTpecciHe TeTen Oepy KaOuteriHe acepiH kepcereni. CHHTETHKAIBIK OPTAaNaFbl €H JKAKCHI
Hotmwkenepai  Erigeron canadensis ecimmirinig Streptomyces curacoi TypiHe »aTaTbhiH OWmailIbIH
SHAOGUTTI aKTHHOMHIIETIMEH OIpIKTIPUITeH acCOIMAIMACHl KOPCETTi. AJIBIH aja HaTpUH XIJIOpUIiHE
OeriMIenin anblHFaH 3HIAOQUTTI MUKPOOPTaHU3AEPIiH HETI3r1 ©CIMIIKTIH TY3AaHyFa TO3IMIUTIK oCepiH
aJIFaIl KepceTTiK.

KinrTi ce3nep: sanodutTep, OMmaii, Ty3ra TO3IMIUTIK, OeHiMIeTy, aKTHHOMHIIETTED.
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INFLUENCE OF ENDOPHYTIC MICROORGANISMS ON WHEAT RESISTANCE
TO SALINITY
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Abstract

Soil salinization is a serious problem in the Republic of Kazakhstan. One of the ways to increase the
tolerance of agricultural crops to salt stress is the use of communities of endophytic microorganisms, which
increase the resistance of plants to various damaging effects. This work shows the influence of endophytes
of plants growing in arid conditions on the ability of wheat seedlings to withstand salt stress. The best
results on a synthetic medium were shown by an association from the plant Erigeron canadensis in
combination with an endophytic wheat actinomycete assigned to the species Streptomyces curacoi. The
influence of the preliminary adaptation of endophytic microorganisms to sodium chloride on the resistance
of the host plant to salinity was shown by us for the first time.

Keywords: endophytes, wheat, salt tolerance, adaptation, actinomycetes.

On the territory of Kazakhstan, 41% of the soil is saline. They are especially widespread in
the southern and central regions [1]. The widespread changes in climatic conditions, combined
with irrational human activities, are causing serious damage to crop production, reducing yields
and the quality of products. According to a rough estimate by the FAO, about 96.5% of agricultural
land in the world is subject to abiotic stresses [2]. The most serious abiotic stress worldwide
affecting plant growth and productivity through effects on several physiological and metabolic
processes is associated with drought and salinity. An increase in salt concentration in both cases
is the cause of the osmotic stress of plants and a rise in ionic toxicity, in which the rate of seed
germination decreases, plant photosynthesis is inhibited, the integrity of cell membranes is lost,
and the formation of reactive oxygen species is increased [3-5]. Excessive absorption and
accumulation of sodium and chloride ions in plant tissues leads to a serious ion imbalance and
functional disorders, namely, it prevents the absorption of elements necessary for growth and
development, such as potassium ions, which leads to a decrease in productivity and possible death
of plants [6].

Previously used breeding and transgenic technologies for increasing the resistance of
cultivated plants, especially with regard to salt tolerance, have not yet been crowned with final
success [7, 8]. Numerous studies have shown that plant tolerance to salt stress can be increased
with the help of exogenous biostimulants such as plant growth-promoting rhizobacteria (PGPR)
[9-12]. They are applicable to a wide range of crops to improve seed germination while increasing
plant biomass and productivity [13—15]. Most PGPRs include various strains of Agrobacterium,
Azospirillum, Bacillus, Pseudomonas, and Rhizobium species [16, 17]. However, the protective
properties of PGPR are not unlimited and, with increasing salinity, they lose their properties of
promoting plant growth [18].

In the complex fight against the damaging effects of such abiotic factors as drought, salinity,
low or high temperature, and stress associated with heavy metals, along with the traditional
methods of using more resistant varieties of cultivated plants, the application of endophytic
communities of microorganisms, which colonize plants and increase their ability to withstand
various damaging effects, is becoming increasingly important [19-25].
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The direct influence of endophytic microorganisms on the salt tolerance of plants is still
extremely poorly studied. However, there are data on the alleviation of salt stress in tomato plants
with the help of a halotolerant actinomycete [29]. Qin et al. [30] showed that endophytic
actinomycetes contribute to the resistance of the halophytic plant Limonium sinense. It was also
revealed that colonization of wheat by endophytic actinomycetes occurs at the earliest stages of
development [31], which can be useful in the pretreatment of seeds.

In this work, endophytic actinomycetes of wheat were isolated and the effect of endophytic
microorganisms isolated from various plants under drought conditions on the ability of wheat
seedlings to withstand salt stress was studied. Based on previous experience in the field of
increasing the resistance of microorganisms through adaptation to salt stress [32], it was also
suggested that the pre-adaptation of endophytic microorganisms to salt stress could affect the salt
tolerance of host plants.

Materials and methods

Previously identified associations of OX-Pa and OXII of endophytic microorganisms from
drought-resistant plants Canadian horseweed Erigeron canadensis and knotweed Polygonum
aviculare living within Almaty and showing a positive effect on wheat growth under laboratory
conditions of drought [33], were used in this work.

Endophytic microorganisms were isolated from wheat plants (Triticum aestivum) after 30
days of cultivation under laboratory conditions of atmospheric drought (starting from the 10th day
from sowing) on soil taken outside Almaty near fields with cereal crops. To isolate endophytes,
plant roots and stems were thoroughly washed, rinsed with sterile tap water, cut into pieces about
1 cm in size, treated successively with 70% ethanol, sodium hypochlorite, and again with 70%
ethanol, then washed three times in sterile tap water. Next, pieces of the stem and root were
separately ground in a mortar, and 1 ml of sterile water was added and inoculated on a mixture of
media (1:1): meat-peptone agar (Nutrient agar, TM-Media, India) and Sabouraud (g/l: glucose 40,
0; peptone 10.0; agar-agar 20.0). As a control, part of the completely processed pieces of the stem
and root were laid out on the surface of the medium in Petri dishes, and the water from the last
washing was seeded. The inoculations were cultured at 30°C for 48 hours. The isolated
actinomycetes were subsequently maintained on an actinomycete culture medium (TM Media,
India).

For molecular genetic identification of actinomycetes, 16S rRNA sequencing according to
Sanger was performed. For the phylogenetic tree, the sequences of reference strains of the Blast
NCBI International Database were used. The tree was constructed using the Mega 11 program
with sequence alignment according to ClustalW.

For the treatment of wheat seeds, associations of microorganisms OJ-Pa from P. aviculare,
OBT from E. canadensis, and isolated actinomycetes were used. The constituent microorganisms
were also additionally adapted to sodium chloride by successive transfers to the optimal medium
supplemented with 2% NaCl. The effect of each association was investigated using non-adapted
and adapted microorganisms.

To obtain associations, equal ratios of constituent microorganisms were used. Wheat seeds
were sorted and seeds of the same size were selected. For one variant of the experiment, two Petri
dishes with 15 seeds each were used. Seeds were evenly moistened with 1 ml of cell suspension
(107 CFU/mI according to McFarland turbidity standard) in sterile tap water and spread on the
surface of the prepared Kovrovtsev medium with the addition of sodium chloride (g/I: NaCl 10.0;
MgSQ4 1.0; KoHPO4 1.0; CaHPO4 0.2; agar-agar 6.0; tap water). One ml of sterile tap water was
used as a control. Plates were cultivated at 30°C. 3 days after sowing, the number of germinated
seeds and the number of roots was taken into account. After 7 days, the length of the stem and the
maximum length of the root were measured.

Statistical data processing was carried out in the Excel program using one-way ANOVA
analysis of variance and post hoc tests. Dunnett's test [34, 35] was used to compare mean values
with respect to control; Student's t-test was used for pairwise comparisons between treatment with
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adapted and non-adapted variants of various associations. Differences were considered statistically
significant at p<0.05.

Results and discussion

From the roots of wheat cultivated under conditions of atmospheric drought, several isolates
of actinomycetes producing brown pigment in the medium were isolated. Among them, two
isolates were selected, the most different in the degree of pigment production in the medium: Wh
and 1zh2. Molecular genetic identification of the selected strains was carried out. The phylogenetic
tree of wheat endophytic actinomycetes is shown in Figure 1.

MR 112253.1:72-858 Streptomyces alboniger strain NBRC 12738

MR 115382 1:76-862 Streptomyces alboniger strain CSSP432

MR 043228 2:102-888 Streptomyces alboniger strain DSM 40043

MR 115382 1:68-715 Streptomyces alboniger strain CSSP432
—— & Wh

MR 114825.1:60-846 Streptomyces chartreusis strain ISP 5085
4|7— NR 112389.1:83-730 Streptomyces galilasus strain NBRC 13400
MR 044518.1:80-866 Streptomyces plumbiresistens strain CCNVWHX 13-160
MR 042097 .1:72-858 Streptomyces phaeoluteigriseus strain ISP 5182
MR 112340.1:91-877 Streptomyces alboviridis strain NBRC 13013
MR 125579.1:96-882 Streptomyces graminilatus strain JL-6
MR 041058.1:78-864 Streptomyces cinereus strain NBRC 12247
MR 044146.1:106-892 Streptomyces flavovariabilis strain NRRL B-16367

MR 112525.1:84-870 Streptomyces cyaneus strain NBRC 13346
MR 037094.1:108-894 Streptomyces cyaneus strain H-112
MR 041085.1:82-868 Streptomyces canus strain NBRC 12872
MR 112351.1:62-709 Streptomyces lucensis JCM 4490 strain NBRC 13056
MR 041098.1:83-730 Streptomyces corchorusii strain NERC 13032
@ 1zh2
MR 041217 .1:83-730 Streptomyces curacoi strain NBRC 12761
NR 115395.1:56-703 Streptomyces chrestomyceticus strain C55P548
MR 112394 1:83-730 Streptomyces capoamus strain NBRC 13411
NR 040856.1:90-737 Streptomyces capoamus strain JCM 4734
MR 041133.1:83-730 Streptomyces canarius strain NBRC 13431
MR 115453 1:66-713 Streptomyces canarius strain NRRL 2976

0.01
Figure 1 - Phylogenetic tree of endophytic actinomycetes of wheat cultivated in arid conditions

The degree of homology of the nucleotide sequence of the 1zh2 isolate with the closest strain
NR 041217.1:83-730 Streptomyces curacoi NBRC 12761 was 99.38%, and that of the Wh isolate
with the closest strain NR 043228.2:102-888 Streptomyces alboniger DSM 40043 was 99.37%.
Based on the obtained results, endophytic actinomycetes were identified as S. curacoi 1zh2 and S.
alboniger Wh.

The isolated actinomycetes were used together with associations of endophytic
microorganisms of E. canadensis and P. aviculare for the presowing treatment of wheat seeds
when cultivated on a medium with a high content of sodium chloride. Tables 1 and 2 show data
on the effect of the presowing treatment of wheat seeds with associations of microorganisms,
including those adapted to an increased concentration of sodium chloride.
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Table 1 - Indicators of germination of wheat seeds (after 3 days) on Kovrovtsev's medium with the
addition of 1% sodium chloride

Number of seeds
Association Variant with stem sprouts, Average number of
% roots, pcs.
Control No pretreatment 53 0.9+0,2
OX-Pa Not adapted 87 1.5+0,2
Adapted to NaCl 87 1.8+0,2*
OXII Not adapted 97 2.3+0,2%*
Adapted to NaCl 93 2.0+0,4*
OXII + S. Not adapted 93 2.1+0,2%*
alboniger Wh Adapted to NaCl 100 2.0+0,2%*
OXII + S. curacoi | Not adapted 83 1.6+0,2
1zh2 Adapted to NaCI* 94 2.34+0,2%*

Note - OX-Pa a consortium of endophytic microorganisms from P. aviculare; OXII - a
consortium of endophytic microorganisms from E. canadensis; * deviation relative to control is
significant at p<0.05; ** at p<0.01; * in the column "Variant" means a statistically significant difference
relative to the non-adapted variant.

Table 2 - Indicators of the development of wheat seedlings (after 7 days) on Kovrovtsev's medium with the
addition of 1% sodium chloride

Average root Average stem
- . Number of plants
Association Variant relative to sov?/ing, % length, mm length, mm
Control No pretreatment 37 3.9+0,4
OX-Pa Not adapted 27 2.6+0,2 3.6+0.,4
Adapted to NaCl 27 2.2+0,2 3.3+0,6
OXII Not adapted 50 4.8%+0,2 5.6%+0,5
Adapted to NaCl 40 3.940,3 5.5+0,7
OXII + S. Not adapted 37 3.6+0,3 4.4+0.4
alboniger Wh Adapted to NaCl 23 3.1+0,3 3.1+0,6
OXII + S. curacoi | Not adapted 50 3.6+0,3 3.4+0,5
1zh2 Adapted to NaCl 60 4.4*%+0,2 6.2%+0,2
Note - OXK-Pa a consortium of endophytic microorganisms from P. aviculare; OXII - a
consortium of endophytic microorganisms from E. canadensis; ”-* impossible to measure due to the
spread of fungal infection; * the difference relative to the non-adapted variant is significant at p<0.05.

The data in Table 1 show that the seeds treated with endophytic microorganisms germinate
faster on a medium supplemented with 1% sodium chloride compared to the untreated control. As
early as 3 days after sowing, there is a difference in the number of germinated seeds and the length

of wheat roots.

After 7 days (Table 2), the survival rate in the control was 37% in relation to the number of
sown seeds, and in the variant with the treatment with sodium chloride-adapted microorganisms
of the association from E. canadensis, including S. curacoi 1zh2, - 60%. The spread of fungal
diseases of wheat had a significant impact on the results obtained (Figure 2). The absence of fungal
infection in the variant with treatment with endophytic microorganisms also suggests that they
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Figure 2 - The influence of endophytic microorganisms and their adaptation to sodium chloride on the salt
tolerance of wheat seedlings

have antifungal activity. However, a separate study is needed to confirm this assumption.

The best results in terms of the ability of wheat seedlings to withstand salt stress were noted
in the variant with the association of OXII microorganisms from E. canadensis and actinomycete
S. curacoi 1zh2. The OXII association showed good results in terms of the length of roots and
seedlings, also in the absence of S. curacoi 1zh2 and the use of unadapted variants. Pre-cultivation
on a medium with 1% NaCl, on the contrary, somewhat reduced the survival rate and did not show
statistically significant differences compared to the control. This difference can be explained by
the fact that the main contribution to the protection of plants from salt stress in this association is
made by the actinomycete culture. This conclusion is confirmed by the absence of a positive effect
when using S. alboniger Wh. The association of OX-Pa from P. aviculare also had no protective
effect on salt stress.

Conclusion

Thus, the data obtained indicate the ability of associations of endophytic microorganisms to
mitigate the impact of salt stress on wheat plants.

The study also expands the knowledge about the endophytic microbiota of wheat and the
influence of endophytic microorganisms on resistance to salt stress. The literature contains data
on the dominance of endophytic actinobacteria belonging to the species S. alboniger in rice roots
[36], as well as on the isolation of various actinobacteria from various parts of wheat plants capable
of stimulating growth and protecting against phytopathogenic fungi [37-39]. Yandigeri et al
showed that endophytic actinobacteria could protect wheat plants under water stress conditions
[40]. Information on the isolation and use of S. curacoi to protect wheat from salt stress was not
found in the available scientific literature.

The influence of preliminary adaptation of endophytic microorganisms to sodium chloride
on the resistance of the host plant to salinity was shown by us for the first time.

The results of the study will be used for the further development of a drug that promotes the
survival of plants in saline conditions. This will help both avoid the negative impact of secondary
salinization and expand the list of soils used for crop production in the future.
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