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O0630p MOCBAILEH aHAINU3Y U CUCTEMAaTU3aLMU COBPEMEHHBIX JaHHBIX 00 y4aCTUM SHIO(GUTHBIX POCTCTU-
mynupyomux (PGP)-6akrepuii B peryiasiium pocra, pa3BUTusl, (GOpMUPOBAHUM YPOKasi U CTPECCOYCTOM -
YMBOCTHU KYJBTYPHBIX PACT€HMIA, IJITaBHBIM O00pa3oM SIpOBOI IILIEHULbI, SIBJSIONIENCcS BeAyllIeil B MUpe
XJIeO0HOM KynabTypoii. OnucaHbl CBeAeHUST O B3auMonelicTBuM pacteHuit ¢ PGP-6akrepusimu B HopMe U
npu BosueiicTBuM 3acyxu. Ocoboe BHUMaHME yAEICHO MOJIEKYISIDHBIM MexaHu3MaM perynsiiuu PGP-
GakTepuUsIMM PACTUTEILHOIO MeTaboIM3Ma B HOpME, a TaKKe MX POJIM B CHUKEHUM HETaTUBHBIX MOCTIE-
CTBUIA 3aCyXU, JOCTUTAEMOM ITyTEM MOAY/ISILIMY B PACTEHUSIX PA3IUUHBIX [IPOLIECCOB, B YACTHOCTU BOIHOIO
oOMeHa, MUHEPAJbHOIO MUTAHUS, aKTUBALUM aHTUOKCUAAHTHOM M OCMOIPOTEKTOpPHOI cucteM. [lpu
3TOM BaxKHYIO POJIb UTpaeT criocooHocTh PGP-6akTepuii mpoaynrpoBaTh pa3IndHbIe METaOOIUThI, 001a-
Jarolire CBOMCTBaMU OMOJIOrMYeCKU aKTUBHBIX BELIECTB, HAIIPUMED, BELLIECTB C aHTUMUKPOOHOI U rop-
MOHAJIbHOM aKTMBHOCTBIO, (DEPMEHTOB U IPYyrUX coeaumHeHuil. [IpuBeneHbl cBeaeHUsI 00 3HAOMDUTHOM
MUKpPOOMOME IMIIEHUIIbI, BbIICHeHUE (YHKIIMOHAIBbHONM aKTMBHOCTU KOTOPOIO0 HEOOXOAMMO IJIsI pa3pa-
60TKM 3D PEKTUBHBIX ¥ O€30MaCHBIX CTPATETUil MPAKTUYECKOIO IPUMEHEHUS SHAO(PUTOB C LIEIbI0 MAKCH -
MaJIbHO# peayM3aly aganTallMOHHOTO Y MPOAYKTUBHOIO MOTEHIIMAA MIIEHULIBI B MEHSIIOLIMXCS YCIIO-

BUAX CPCIObI.
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B cBs131 ¢ T100aIBHBIMY KITMMATUYEeCKUMU U3MEHEe-
HUSIMUM BO3pacTacT YacTOTa BOZHUMKHOBEHMS HeOJIaro-
MPUSITHBIX IIPUPOIHBIX SIBJICHUI, CpeIX KOTOPBIX 3aCy-
Xa TIPUHAIJIEXKUT K YMCy Hanbosiee IIIMPOKO pacipo-
CTpaHEHHBIX U HEeIpencKa3yeMbIX BHEIITHUX (PaKTOPOB
[1, 2]. Ee Bo3neiicTBMEe HETAaTUBHO OTPaXkKaeTcsl Ha BCEX
3BEHBSIX PACTUTEJIBHOIO MeTaboan3Ma, BKiIovyass ¢po-
TOCUHTE3, IbIXaHUE, OMOCUHTE3 OeJiKa, YTO MPUBO-
IUT K TOPMOKEHMIO POCTa, PA3BUTHUS U CHUKEHUIO
MPOXYKTUBHOCTU KYJbTYpHBIX pacteHnii [1—4]. Tlo
ouenkaM ®AO (FAO, Food and Agriculture Organi-
zation United Nations) moTepu ypokasi, BbI3bIBae-
MBbI€ 3aCyXOli, MOTYT COCTaBJISITh CBBIIIEC 50 1 HOCTU-
rath 80%, 4TO MpPENCTaBISIET CEPhE3HYIO MPOGIECMY
JUIST MUPOBOM NPOIOBOJLCTBEHHON O€30MacHOCTH
[1, 2]. g ynoBiieTBOpeHUs ITOTPEeOHOCTEl pacTy-
IIETO HaceJIeHUSs IUIaHEThl, YMCIEHHOCTh KOTOPOIO K
2050 . go/KHaA MPEBBICUTH 9 MIIpA YeJIOBEK, IIPOU3-
BOJICTBO IPONYKTOB IMTAHUS HEOOXOIVMO YBEJIM-
yuth Ha 70%, a B pa3BUBAIOLIMXCS CTpaHaX BIBOE,
MPENUMYIIECTBEHHO 3a CUCT ITOBBIIICHUS 3P (PEeKTUB-
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HOCTU BO3IE/JbIBAHUS 3€PHOBBLIX KYJIBLTYp [5, 6].
I'maBHOII MPOOOBOJILCTBEHHON KYyJIbTYpPOIi, HA JOJIIO
KOTOPOM TPUXOAUTCS OOJiee TPETH BCEX MAXOTHBIX
IUTOIIAACH 1 cocTaBistioneit 6ojee 50% palmoHa ye-
JIOBEKa SBJISIeTCS MILIeHU1IA, MOTpebeHe KOTOPOii B
2019 r. coctasnsio 98.7 Kr B ron Ha yeyjoBeka [7].

IMennia npencrasiasieT coO0Oi pacTeHUE ¢ OTHO-
JIETHUM LIMKJIOM U SIBJISTIOLIEECST O3MMBIM WJIN SIPOBBIM
31akoM [1, 5, 8—10]. Ha mpakTrke npu Bo3neIbIBAHUMA
KYJIBETYp, IIpeAyCMaTpUBacTCs MPUMEHEHHUE pa3idd-
HBIX YIOOpEeHUI U psiga XUMHUYEeCKMX IIpenapaToB, B
YacTHOCTU (PYHTUIIMIOB M TepOUIIMAOB, MCIIOIb30-
BaHME KOTOPHIX IIPEACTABIISIET CEPbE3HYIO YTPO3Y IS
OKpYyXalollleil cpedbl U 3I0POBbs YejloBeKa. B aToii
CBSI3U BO3pacTaeT aKTyaJlbHOCTh Moucka 3(deKTruB-
HBIX Y DKOJIOTMYECKI 0€30IMaCHbBIX ITyTeil MOBBIILICHUS
YPOXKAMHOCTA KYJIbTYPHBIX PACTCeHMI M CHIDKCHMS
YPOBHSI HETAaTUBHOTIO BO3AEUCTBUS HA HUX CTPECCO-
BBIX (paKTOPOB OKpYyXKaIoLIel cpedbl ITyTeM WHIYK-
UM €CTECTBEHHBIX 3allIMTHHIX MEXaHU3MOB pacTe-
Huii [1, 5, 8—10].
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B coBpeMeHHOM pacTeHMEeBOACTBE Bce OoJiee M-
pOKO€ paclpocTpaHeHUEe IpUoOpeTaeT CTpaTerus
MpaiiMUpPOBaHUsI, KOTOpasl 3aKJI0YaeTCsl B TTOBBIIIE-
HUU TIPUPOIHON COMPOTUBISIEMOCTA PACTEHUI MO
BIAUSTHUEM pa3IMYHBIX MHAYLIAPYIOIINX areHToB [ 11—
14]. ITpu npaitMrupoBaHUY aKTUBALIMS 3aILIUTHBIX TTPO-
rpaMM TPOUCXOOUT TIPYU BO3AECUCTBUM Ha PACTEHMSI
MSTKMX BHEIITHUX CTUMYJIOB U CUTHAJIOB, CITOCOOCTBY-
IOIIMX TMPeABapUTEIbHON HACTPOIKe pacTUTEIHLHOIO
MeTaboM3Ma K BO3MOXHBIM B MOCJEAYIOLIEM He-
OmaronpusaTHBIM cuTyauusm [12, 15]. B kadectBe
MpaiMUPYIOLINX areHTOB MOT'YT ObITh MCTTOJIb30BaHbI
cinabble KpaTKOBPEMEHHbIE CTPECCOBbIE OOpPabOTKH,
pa3jinyHble OMOJOTMYECKU aKTUBHbIE COEIUHEHUS,
CUTHaJIbHbIE MOJIEKYJIbl WJIM MUKPOOPTaHU3MBI [12].
OnocpenoBaHHasi NpaiiMUHIOM 3allIUTa MOXKET ObITh
JUTUTEJIbHOM, TONIEPXKUBATHCI HA TPOTSKEHUM BCETO
JKM3HEHHOTO 1IMKJIa pacTeHUI U Jaxe TepeaaBaTbCs
cienyoneMy nokosjeHuto. OnHoi U3 Haubosee nep-
CIEKTUBHbBIX Ha CETOMHSIIHUNA A€Hb MPEACTABISETCS
TEXHOJIOTHSl OuoNpaliMUpOBaHUsI, OCHOBaHHasl Ha
MPUMEHEHUHU TT0JIE3HBIX MUKPOOPTAHU3MOB, B YacT-
HOCTHM CTUMYJIUPYIOIINX POCT pacTeHU OaKTepuii,
oOo3HavaeMmblx B JuTepaType kak PGP-6aktepuu
(PGPB — plant growth-promoting bacteria) [14, 16].
IMpaiiMmupoBaHue (npeamnoceBHast oopadorka) PGP-
OakTepusiMU YIyylllaeT ypoxaii U pocT pacTeHUit, He
OKa3bIBasi HEraTMUBHOTO BJIMSIHUSI HA WX pa3BUTHE U
Mopdosoruo [15]. B pactenusx, npenoopadboTaH-
HbIX PGP-6akTepusimu, Kak paBujio, 3HaYUMBbIX U3-
MEHEHUI B 3KCITPECCUOHHON aKTUBHOCTU 3allIUTHBIX
T€HOB HE BBISIBJISIETCS, OMHAKO B Cllydyae KakKou-I110o
MaTOreHHOM aTakyu WX abMOTUYECKOro cTpecca mpe-
JI00paboTaHHBIE pacTeHMsI OTJIMYAIOTCS OT HeoOpa-
OoTaHHBIX 0oJiee OBICTPHIM 1 CUJILHBIM OTBETOM [ 15,
17—19]. PGP-6akTepuu oKka3bIBaIOT MOJOXKUTEIHLHOE
BJIUSIHUE HA PAaCTUTENbHBINA OpraHU3M 3a CUeT co0-
CTBEHHOTO CHHTE3a Pa3JIMYHBIX OMOJOTMYECKMU aK-
TUBHBIX BEIECTB, COACUCTBYSI MaKCUMaJIbHO pea-
JIM3alMu NMoTeHMana KyJbTYPHbIX pAaCTeHUN, SIBJIsI-
SICh TIPU 3TOM JIPYKECTBEHHBIMU OKpY>KalOIIeii cpee
[6, 16, 20, 21]. B mocnengHue roapl HabIOAAETC Jla-
BMHOOOPAa3HbIN POCT yKcia paboT, CBUIETENbCTBYIO-
IIMX O TMOBBILIeHUU oA BausHueMm PGP-6akrepuii
YCTOMYMBOCTU KYJIbTYPHBIX PACTEHUI1, B TOM YHCJIE U
MIIEHUIIbl, K Pa3jIMYHbIM CTPECCOBBIM (haKTopam
ouotuyeckoro [22—25] M abMOTUYECKOTO MPOUC-
xoxaeHus [26—31], Bkimrouad 3acyxy [16, 21, 32—36].

AccouMMpoBaHHas C pacTeHUsIMU MUKpOOHOTa
BKJIIo4aeT 3 rpynmnsbl: (1) anuduTtHas — MUKpobuora,
obuTarolasl Ha MOBEPXHOCTU Ha3eMHBIX YacTeil pac-
TeHuit; (2) puzocdepHast — moYBeHHass MUKpPOOMOTa,
obuTaronias y KopHeit; (3) aHnohuTHAs — MUKPOOU-
oTa, KOJOHU3UpYIOIllasi BHYTPEHHHWE TKaHU pacTe-
Hudg [37]. B 3aBUCUMOCTH OT THIA BO3IECTBUS Ha
pOCT pacTeHUi pas3anuyaroT IOJIe3HbIE, BpelHble U
HelTpanbHble 6akTepun. Cpeau acColMMpPOBaHHBIX
co 3JlakoBbIMU KyibTypamu PGP-6aktepuii, uaeH-
TUGUUIMPOBAHBI BUAbI, MPUHALIEXKAIIUE K TaKUM
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ponam Kak Bacillus, Azospirillum, Arthrobacter, Acine-
tobacter, Azotobacter, Citricoccus, Lysinibacillus, Burk-
holderia, Paenibacillus, Serratia, Pseudomonas n T.1.
[31, 35, 38, 39]. OcoOBIM TPENMYIIIECTBOM OTJINYA-
oTCcs1 noJiesHble dHIodpuTHBIe PGP-0akrepun ninm
9HJI00aKTEepUU, KUBHENESITEIbHOCTh KOTOPbIX Oec-
CUMIITOMHO ITPOTeKaeT BHYTPU PACTUTEIBHOTO Opra-
HM3Ma, OKa3bIBAIOIIMX TTOJIOKUTEIbHOE BIVSIHUE Ha
pacTUTENIbHBII MeTabOoIM3M U3HYTPU, obecreurBast
3alllUTy PACTEHUSI-XO3sIMHA OT HeOJIaronpusITHHIX
BHelIHUX ycioBuit [20, 37, 40]. Kpome Toro, BHen-
PMBIIMCH OAHAXIBI B PACTUTEIbHBIN OpraHuU3M, SH-
006aKTeprUr COCOOCTBYIOT (DOPMUPOBAHUIO JOJTO-
BPEMEHHOM 3aIlIUThl PACTEHUI, KaK B XOJI¢ BCETO OH-
TOreHe3a, TaK U B TIOCJIeyOOpOUYHBIM Tepuon mpu
XpaHeHUM Tiponykuuu [16, 33, 36, 41—44]|. DHIO-
(UTHBIE MUKPOOPTaHU3MBI PacIipOCTPaHEHbI Cpeaun
pacTUTEBLHBIX OPraHU3MOB ITOBCEMECTHO U OOHApY-
XKUBAIOTCS B pPa3HBIX dacTsax pacrteHuit [20, 40, 45,
46]. PocT 3HIO(MUTOB B PACTUTEIBHBIX TKAHIX HAXO-
JIUTCS IOA KOHTPOJIEM CBoero xo3suHa. ITommepxka-
HUE CTAOMJILHOTO CMMOM03a C paCTCHUSIMU JOCTUTA-
eTcs1 OJlaromapss MUKpPOOHOM ITPOAYKIIMU Pa3IMIHbBIX
COEIUHEHMI, CIIOCOOCTBYIOIINX POCTY PACTEHMU U
X aganTaluy K BHEIIHUM ycinoBusM [15]. Bmecre ¢
TeM MHOTHE acIIeKThl B3aMOeiicTBUS SHAO(MUTHBIX
PGP-6akrepuii ¢ pacTeHUSIMU MNIIEHULBI IIPU BO3-
IEACTBUM 3aCyXM HEIOCTAaTOYHO SICHBI M TpeOyIoT
JIaJIbHENIIIero aeTanbHOro ndydeHus. CienyeT TakKe
o0paTnTh BHMUMaHMWE Ha TO, YTO 3(PPEKTUBHOCTH
onpeneneHHoro mrammMma PGP-06akrepuii B oTHOIIIe-
HUM OJHOTO U TOTO X€ PacTUTEJIbHOIO BHAA MOXKET
BapbUPOBATH B 3aBUCHUMOCTH OT CIIOCO0a 00pabOTKM,
TEHOTMUIIA pacTeHUsi, reorpaduu IIpouU3pacTaHUs,
BMIIa cTpecca 1 Apyrux dakTopos. [46, 48—50].

B manHoM 0630pe mpoBeaeHbI aHAJIM3 U CUCTeMa-
TU3alMsl COBPEMEHHBIX TaHHBIX O BOBJICUEHUU SH/IO-
¢utHbix PGP-0akTepuii B peryyisiimMio poOCTOBBIX
MpoleccoB, (popMUpOBaHUE ypoxKas U pa3BUTHE 3a-
IIUTHBIX peakluil KyJbTypHBIX pacTeHuii. Ocoboe
BHUMaHME yAeJeHO B3aUMOAECHCTBUIO S3HIO0(MUTOB C
pacTeHUSIMU TMIIEHUILBI, OMMCAHbl MHOXECTBEHHbIE
GU3NOJI0rOo-OMOXUMHUYECKUE U MOJICKYISIpHBIE Me-
XaHU3MBI, JieXalllue B OocHOBe MposiBaeHusi PGP-
0aKTepusiMU POCTCTUMYJUPYIOIIETO U 3allIMTHOTO
3(¢eKTOB Ha pacTeHUS MIIEHUIBI B HOPME U IIpU
Bo3zaclictBuM 3acyxu. I[IpencraBieHbl MMEIOLIMECS
cBelleHUsI 00 S9HIO(MPUTHOM MUKPOOMOME IIIIECHUIIBI,
BBISICHEHME POJIM U (PYHKIINI KOTOPBIX MOXET UMETh
MPUHIMIIHAAIBHO BaXKHOE 3HAYCHME 111 pa3paboTKU
23(PEKTUBHBIX TEXHOJIOTHI MX IIPAKTUIECKOIO TP~
MEHEHMS IUISI TTOBBIIIEHUS IIPOAYKTUBHOCTH MIIIEHM-
IIbl B JOJTOCPOYHOI MEPCIIEKTUBE C COXpaHEHUEM
OKPYXaIoIIei CpeIbl.
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Puc. 1. OcHOBHbIE MEXaHU3MbI POCTCTUMYJIMPYIOLIETO U aHTUCTPECCOBOTO NelicTBUSI SHT0DUTHBIX PGP-6akTepuii Ha pacre-
HUS MIIEHULIBI B ycaoBusix 3acyxu. ABK — aGcumzoBast kuciaora; AO — antnokcunantel; AITO — ackopbarnepokcunasa; ADOK
— akTuBHBIC (popMbI Kuciaopona; ALIK gezammHaza — 1-aMUHOIMKIIOIIpOITaH- 1 -KapboKcuiaT-ae3amuHasa; I'b — ruooepen-
suHbl; ['P — miyratnon penykrasa; 2KK — xxacMoHoBast kuciota; MYK — ungonun-3-ykcycHas kuciora; KAT — karanasa;
JIOC — neryune opranndyeckue coenuHeHust; [10 — nepokcunasa; CK — canumunosas kuciiora; COJl — cynepoKcuaaucMmy-
taza; LIK — nurokuuunbr, DI1C — sk3ononucaxapunbl; P — pocdop; K — kammii; N — a3or.

MEXAHW3Mbl PEAJTU3ALINN
OU3NUOJIOTUYECKOI'O JEMCTBUA
PGP-BAKTEPUU HA PACTEHHUA

HMmeronuecs B auteparype AJaHHbIE TTO3BOJSIIOT
yTBEPXIaTh, YTO B OCHOBE (PU3MOTOTMYECKOTO AEii-
CTBUSI MOJIE3HBIX MUKPOOPTAaHM3MOB Ha pacTeHUS
JiexaT MHOXECTBEHHbIE MEXaHU3MBbl, KOTOPbIE MOX-
HO OTHECTM K JIByM TpyIllam: NMpsiMble U KOCBEHHbIE
[43]. IIpu 3TOM 00€ rpyIIIIbl MEXaHU3MOB O00yCIaB-
JmBaloTcs criocooHocThio PGP-6akrepuii mponyim-
poBaTh HIMPOKUIA CIIEKTP OMOJOTUUYECKHU aKTUBHBIX
BEILIECTB, HAIIPUMEDP COSAMHEHUI C aHTUMUKPOOHOI1
aKTUBHOCTBIO, TOPMOHOB (ayKCUHbBI, LIUTOKMHUHBI
(IK), ru66epemnmunbl (I'B), abcum3oBass KucioTa
(ABK), canuuunoBas kuciaota (CK), >kacMOHAaThI,
3TUJIEH), Pa3JIMYHBIX (pEpPMEHTOB, B YaCTHOCTU |-aMu-
HouukiIomnponaH- 1-kapookcwnar (ALIK)nezamuHaszy,
JleTyurx opranudeckux coenuHeHuii (JIOC), sk3oro-
smcaxapuaoB (BIIC), 6uocypdakraHToB, cuaepodo-
poB u ap. IIpssMbie MeXaHU3MBI MOLYJISILIMNA META00-
JIu3Ma pacTeHUI MOTYT OCYILIECTBIISITbCS 3a CUET pe-
TYJISILIMU B HUX 9HIOTEHHOTO YPOBHSI (DUTOTOPMOHOB
U TIOBBILIEHUST JOCTYITHOCTU 3JIEMEHTOB MUHEpPAJIb-
Horo nutaHust npu yyactun PGP-6akrepuii B mpo-
neccax azoTdukcanum, comodmmm3anun Gocdaros,
cekBecTpanuu xenesa [30, 51—53]. Henpsimbie Mexa-
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HU3MBI CBSI3aHBI ¢ MHIYIIUPOBAHUEM B PACTCHUSIX CH-
CTEMHBIX 3allIMTHBIX PEaKIMii MpY BO3NCHCTBUU HE-
OJIaronpusATHBLIX (aKTOPOB OKpY:Karolieil cpennl [43].
TecHoe GyHKIIMOHATbHOE B3aMMOIEHCTBUE pa3HO-
00pa3HBIX NPSIMbIX 1 HENPSIMBbIX MEXaHU3MOB BJIMSI-
Husi PGP-06akTepuit Ha pacTeHUSI B COBOKYITHOCTU
CIIOCOOCTBYET CTUMYJ/ISILIUM POCTa B HOPMAILHBIX
YCJIOBUSIX TIPOM3PACTaHUS U PA3BUTHUIO X YCTONUM-
BOCTU IIpM HEOJArONpUSITHBIX BHEIIHMX BO3IEii-
CTBUSIX, BBI3BIBAIOIIMX AeULMT Biaaru (puc. 1).

ViyunieHne MUHEPAILHOTO MUTAHUA pacTenuii. Ox-
HUM U3 CBOMCTB 3HA0PUTHLIX PGP-06akTepuii, o0y-
CJIOBJIMBAIOIIMM HMX CIIOCOOHOCTH OKa3bIBaTh MOJIO-
XKUTENbHOE BIIMSIHUE HAa POCT U pa3BUTHE PACTCHUI B
HOpMe U IIPU CTpecce, SIBISIETCS X CIIOCOOHOCTbD IT0-
BBILIIATh AOCTYIHOCTb 3JIEMEHTOB MMWHEPAJbHOIO
NUTaHUs, T.€. PYHKIIMOHUPOBATh B KadecTBe OMO-
ynoopenmii [24, 53, 54] (puc. 1). K ynciry OCHOBHBIX
BJIEMEHTOB ITMTAaHUSI PACTCHUI IPUHAIIEXUT a30T
(N), KOTOpBIif IO KOJIUYECTBEHHOMY COJIEpPXKaHUIO B
KJIETKEe 3aHMMaeT YeTBEPTOe MECTO (IOocIe yIiepona,
BOIOPOJa M KHUCJIOPOAa) U SIBISIETCS 00s13aTeIbHBIM
KOMITOHEHTOM a30TUCTBIX OCHOBAaHUIA, HYKJIEMHOBBIX
KUCJIOT 1 6ekoB. eduut N j1erko pacrno3HaeTcs Ha
3JIaKOBBIX KYJIbTypaX XapaKTePHbIM OCBETJICHEM BCETO
pacTeHus U IIo0ypeHeM CHadala HIDKHUX JIMCThEB, a
Ne 1
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3aTeM JIMCThEB B CPEOHEM YacTU pacTeHMs, KOTOPEIS
BIOCJIEACTBUU 3achiXaloT. B TakoM cocTossHuUU 3a-
MEIJISIETCS. MPOTeKaHUE IIPOLIECCOB, (OPMUPYIOIINX
oymymmii ypoxaii. Tak, ecam Hegoctatok N Tpo-
SIBUJICS B (pa3e KyIIeHUsI, IIpeKpaliaeTcss oopa3oBa-
HUE IPOAYKTUBHBIX IT0OETOB, eciv B ha3e TPyOKU —
B pacTeHMSIX HaOJIromaeTcs TOPMOXEHME IIpolecca
3aKJIagKM JOMOJHUTEIbHBIX “3TaxKeil” B Kojoce, TO
ectb necduut N B pase ¢paaroBoro JucTa MpUBOAUT
K TOMY, YTO He 00pa3yloTCs TOIOJHUTEIbHBIC IIBET-
KM, a BO BpeMsl KOJIOIIEHUSI — 3€PHOBKU. A eciiu
a30THOE roJIogaHNe HAcCTyIlaeT BO BpeMsI HaJlluBa 3ep-
Ha, TO 3¢pPHOBKU OyAyT IIYIJIBIMU, HEBBIIIOJTHEHHBI-
MU U IIJIOXOTro KadecTna [55].

Accuvumiisiiiis N B pacTeHUSIX ITIIEHUIBI OCY-
LIECTBJISIETCS IaBHBIM 00pa30M 3a CYET aKTUBHOCTU
kopHeii. [Ipu 3ToM B IUTO30J1€ HUTPAT PEAYLIUPYIOT-
¢ 1o Hutputa nop aeicrsuem HAJIPH -3aBucumMoii
Hutparpeayktassl (HAJPH-HP). Ha ceronnsiiHuia
JIeHb B TeKCAIUIOMIHOM MIIIeHUIIE MACHTU(PUIIUPOBAHEI
nBa reHa, Komupyommx depmeHT HAI®H-HP. I1o-
CKOJIBKY HUTPHUTBI XapaKTepU3ylOTCsl BBICOKOM peak-
LIMOHHOM CITOCOOHOCTBIO M MOTYT OKA3bIBaTh TOKCUYE-
CKOE JEMCTBUE Ha KJIETKY, IIPOUCXOIUT UX OBICTpas
TPAHCIIOPTUPOBKA M3 LIUTO30JIsI B XJOPOIUIACThI U
IUIACTUOBI, TAE ITON OelCTBMEM HUTPUTPEAYKTAa3bl
MIPOMCXOIUT IIPEeBpaIllEeHNE HUTPUTA B MIOHBI aMMOHMST
(NH*"). 3ateM aMMOHUIi aCCUMIIMPYETCS € 00pa30Ba-
HYEM IIyTaMUHOBOI aMUHOKMCJIOTHI U IJTyTamara, Ko-
TOpPBIE CITY>KAT UICTOYHUKOM a30Ta IpY CUHTE3¢e NPYTUX
a30TCOAEpKAIINX COSAMHEHUIA: aMHMHOKUCIIOT, a30-
tucThix ocHoBaHuii, PHK, THK [56]. AKkTuBHO 06-
cyxpnaetcs pojib PGP-06axkTepuii B mpolieccax acCoLu-
aTMBHOM a30T(UKCaIUM, CIIOCOOCTBYIOIICH WHTEH-
cuduKalMu pocTa pacTeHU, BKIIOYAs MILIEHMUILY.
IToMuMo pr300OMaTbHBIX MUKPOOPTraHU3MOB (RAizo-
bium, Sinorhizobium, Bradyrhizobium, Mesorhizobium,
Azorhizobium), njisi KOTOPBIX IIMPOKO M3BECTHO 00-
pa3oBaHue CUMOMO30B C OOOOBBIMU PACTECHUSIMU U
yJacTue B a30T(MKCALM TMOCJIEIHUX, BBISIBICHBI
npencraButean 3HHo¢UTHBIX PGP-0akTepmii, Kak
HanpuMep, Pseudomonas, Bacillus n Azospirillum,
cocoOHbIX K pukcaluu atMmocepHoro azota (N,),
a TaKKe YCBOSHUIO €TI0 OPraHMYeCKNX M MUHEPATbHBIX
COCIMHEHMIT U3 TIOYB, MOBBIIIAIOIINX €T0 JOCTYITHOCTh
JIUIST pacTeHuii mueHuis |10, 56, 57]. bbeiio mokaszaHo,
YTO WHOKYJISIIMS pacTeHWI MIIeHUIbl B. subtilis 2
CocoOCTBOBAJIa YCBOCHMIO a30Ta, BHOCUMOTIO C MU~
HepaJIbHBIMU YOIOOPECHUSIMU U YMEHBIIEHUIO COOT-
BETCTBEHHO 103 BHOCHUMBIX ynoOpenwuii. [Ipm saTom
5TU 0aKTEPUM HE TOJBKO MTPUHUMAJIN YYacTUe B IIPO-
meccax TpaHcgopmanuu azora (IeHUTpUPUKALINY 1
aMMOHU(}UKALINN), HO U CTUMYJIUPOBAIN JIESITCIIhb-
HOCTb IPYTUX pu30chepHbIX a30TduKcaTopoB [58].

Coob0iraercst, 4To 3a c4eT 0opadboTku Azotobacter
brasilense MOXXHO YMEHBIIIUTb 103y BHECEHUST a30T-
HbIX ynoopenuit Ha 30—40 kr/ra [53, 59, 60]. Hanipu-
Mep, A. brasilense obecTieunsio 0obIIee HAKOIIJIEHNE
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asora (+35.5 kr/ra) u mukpoanemenToB (B, Fe, Mn,
Cu) B HaI3eMHOI YaCTH MIIEHULIBI IO CPAaBHEHUIO C
HEWHOKYJIMPOBaHHBIMU pacTeHusiMu [53], BeposT-
HO, 3a CYET YJIy4llleHUs] pa3BUTUSI KOPHEBOI cUCTe-
MbI, KOTOpasi MO3BOJISIET OXBAaTUTh OOJBIIUN 00BEM
MOYBHI U CITOCOOCTBYET OoJiee aKTUBHOMY YCBOEHUIO
nuraTejbHbIX BeulecTs [10, 61, 62]. B 6o1ee paHHUX
pabdoTax Takke cOooOIaJIoCh O CUHEPTUUYECKOM 3(-
dexte Mexny A. brasilense n yBenudyeHuem sddex-
TUBHOCTH a0copOuMy nuTaTeabHbIX BeliecTB (N, P u
K) B pacrenusix muennus! [63]. TaauHmgo ¢ coabT.
[61] Takke Habmomanu, 4yto A. brasilense AbV5 u
AbV6 yBennuyuBanu koHueHTpauuu N, Ca, Mg, Mn u
Zn B 3epHaXx MILEHULIbI.

Dochop (P) sBisieTcs OCHOBHBIM, TIOCJIE a30Ta,
MUTATEJbHBIM 3JIEMEHTOM, JUMUTUPYIOLIUM POCT, U
B OTJIMYME OT HETO, HE MMeeT aTMOC(EPHOTO OMOJIOTH-
YeCKM JIOCTYITHOTO MCTOYHMKA. B cebcKoX03sicTBeH-
HOM MpaKTUKe TPaIULMOHHO [JIs1 YiydlleHusl oc-
¢OopHOTO MUTAHUS KYJIBTYPHBIX PACTCHUM PETYISIPHO
WCIIONB3YIOTCSI MMHEpaJIbHBbIE YIOOpEeHMsI, OOoJbIIast
4acTh KOTOPBIX TTOC/Ie BHECEHUSI B TIOUBY OBICTPO TTpe-
BpalllaeTCs B HEPACTBOPUMYIO (DOPMY M ITOCTYITHOCTh
ero JIJIsI pacTeHMWI pe3Ko cHImKaeTes [55]. DTo Tpebyer
BHECEHUU HOBBIX (hoChHOPHBIX YIOOpEeHUT 1, TAKUM
00pa3oM, MPOUCXOAUT HAKOIUICHHWE B MOYBE OOJIb-
IIMX KOJUYECTB HEPACTBOPUMBIX M HE YCBOSIEMBIX
pacTeHUsIMU coeuHeHU (hocdopa, YTo IPUBOIUT K
“3adocauynBaHMIO” TIOYB. B moBBIIIEHNN OOCTYM-
HOCTH 3TOTO 3JIEeMEHTa [JIsl paCTeHUIA OOJIBIITYIO POJIb
UTPAIOT MUKPOOPTaHU3MbI, CITOCOOHBIE PACTBOPSITH
HEepacTBOPUMBIE B BOJIE M HETOCTYITHBIC PACTEHUSIM
¢dopMBI MOYBEHHBIX coeaMHEHMM (pocdopa 3a cueT
nmpoayuupoBaHus pocdaras, OpraHMIECKUX KUCIIOT,
cunepodopoB, comoomwmM3upyImux ¢ochaTel U
CITOCOOCTBYIOIIIMX X YCBOSHUIO pacTeHUsIMHU. P-co-
JIIOOUIM3UpYIOIIasl aKTUBHOCTb MPOAEMOHCTPUPO-
BaHa IJISI IIpeacTaBUTeNel ponoB Pseudomonas, Ba-
cillus, Rhizobium, Enterobacter, Azospirillum [63—65].

Ciregy1omm 1o 3HaYMMOCTH T1ociie pocdopa nm-
TaTeJbHBIM 37eMeHTOM sBisiercs Kanmii (K), urpato-
Ui HE3aMEHUMYIO POJIb B META0OJIM3ME PACTCHUIA.
OH HeoOXomuM IJISI HOPMAJIBLHOTO (PYHKIIMOHUPOBA-
HUSI OKOJIO COTHHM, OTBETCTBEHHBIX 3a HOPMAaJbHOE
MPOTeKaHNE Pa3IMYHBIX IPOLIECCOB, HAIIPUMED, TAKUX
KaK 9HepreTUYeCKMiA MeTaboIm3M, CUHTE3 KpaxMaJa,
BOCCTAHOBJICHUE HUTPATOB, (DOTOCUHTE3 U Ierpana-
s caxapa. ITousennniii K B ¢popme kanuii-amomo-
CUJIMKATOB, cocTaBiisioliit 98—99% ot ero o6I11Eero
colepxaHusi, TPYOIHOOOCTYIIEH [Jid NHUTaHUs pacTe-
HUIi, OMHAKO €ro JIOCTYITHOCTh MOXET OBLITH CyIle-
CTBEHHO ITOBBIIIIEHA 32 CYET MUKPOOHOM MOOMIIM3a-
nuu. Tak Kak MCIIOIb30BaHUE KaTUWHBIX YIOOpEeHU I
OKa3bIBaeT BpeQHOE BO3ICIICTBUE Ha OKPYKAIOIIYIO
cpeny, HeoOXOIMMO HAWTH aJIbTepHATUBHBIN MCTOY-
HUK JJIs1 TIOAAepXKaHUSI €ro YPOBHSI B IOYBaX IS
YCTOIYMBOTIO IIPOM3BOJICTBA CEILCKOXO3SIMCTBEHHBIX
KyJbTYp [55, 66]. K HacTosieMy BpeMeHHN HAKOITH -
JIMCh JaHHbIE, CBUAETEIBCTBYIOIINE O CIIOCOOHOCTU
Ne 1
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PGP-6akrepuit Hapsioy ¢ a30ToM 1 pochopoM TaKKe
MOBHILIATH U COJlepXKaHUEe Kajusl B paCTCHUSIX ITIle-
HUIEI [63]. YaHapa ¢ coaBT. [67] mOKa3ain, 4TO TaKue
BUIBI OakTepuii, Kak Variovorax paradoxus RAA3, Pseu-
domonas sp. UW4, P. palleroniana DPB16 ciocoOHBI
yBeanuuBath conepxanue N, P, K, Ca?* u Na* kak B
3epHe TIIEHUIIbI, TaK U B COJIOME.

IMonoxuTensHOE BAUSIHUE HA MUHEPAJIbHOE TITa-
HUE Y POCT PaCTEHUI MOTYT OKa3bIBaTh MPOAYLIMpYe-
Mmble PGP-0OakTepusimu OmocypdaKTaHThl — JIMIIO-
MENTUAHbIE BEIIeCTBa, 00JIafaiolIre ITOBEPXHOCTHO-
aKTUBHBIMU CBOMCTBaMM, CIIOCOOHBIMM CHUXATb
KO3 GUIreHT MexX(ha3HOTO HATSDKEHUS Y OMYJIbIY-
poBaTh TPYOAHOPACTBOPUMBIEC TMAPO(GOOHBIE Coenr-
HEHMSsI, TIOBBIIIAsI UX OMOAOCTYITHOCTD JIJISI pACTCHUIA.
O6pa3oBaHue OMOCYpP(PAKTAHTOB BBISIBJICHO JIJIsI
npencrasureieit ponos Pseudomonas v Bacillus [24].
buocypdakrantet PGP-6aktepuii Moryt Boszmeii-
CTBOBATh Ha MATOTE€HbI, U3MEHSISI IIPOHUIIAEMOCTh X
KJIETOYHBIX MEMOpPaH, BbI3bIBasI JIM3UC KJIETOK U ITPO-
IYKUIUI0 cuaepodopoB, KOTOPbIe MOTYT OrpaHUYM-
BaTh pocT natoreHoB [68]. Cugepodopsl, ITepeBoas
xene3o (Fe) B mocTyImHyto It KJIETOK (hopMy, MOTYT
MOBBILIATE €T0 OMOAOCTYMHOCTh IS PACTEHUMN M
CII0COOCTBOBATH €T0 YCBOEHMI0. TakuM 06pa3om, Cu-
nepo¢hopbl MOTYT BHOCUTD CBOI BKJIa[ B IIPOSIBIICHUE
POCTCTUMYJIUPYIOIIETO 1 3aiiuTHOro neiicteuss PGP-
O6akTepuii. Ha ceromHsimHuii AeHb MOJTy4YeHBI CBEIe-
HUS O CTUMYJISILIUM pOCTa MHOTMX BHUIOB pacTeHUM
rnona aeiicTBUeM cuaepodOpoB pa3HOTO TUMA U UX
MPaKTUYECKOM IPUMEHEHUM C LEIbIO MOBHILICHUS
YPOXKAMHOCTHU CETbCKOXO3SIMCTBEHHBIX KYJIBTYp [69—
71]. ByacTHOCTH, pOCTCTUMYIUpPYIOILIEe IeHCTBUE HA
pacTeHus1 ObUIO ITOKA3aHO IS IICEBIO0AKTHA — CUIe-
podopa, ouniieHHoro u3 mramma P, putida [70, 71].

IMpumenenue sumoputHeix PGP-0akrepuii B Ka-
yecTBe OMOyN00peHUt paccMaTpuBaeTcs Kak MeTo/,
aJIbTepHATUBHBINA XMMUUYECKUM YIOOPEHUSIM, HAHOCS -
LM CEPhE3HbIN YIIepO HE TOJIBKO PACTUTENBHBIM Op-
TaHW3MaM, HO Bcelt onocdepe B 11eJIoM. DHIO(PUTHBIE
PGP-6akrepun MOXXHO MCHOIb30BaTh JIST TIpaiiMu-
pOBaHMS CEMSIH U BHECEHMUSI B TTIOUBY JJIs1 OJTYyYEHUSI
0oJiee BBICOKOTO ypoxkas W YAY4IIeHUsS 3I0POBbs
TTOYBBI C TIOMOIIIBIO TOCTATOYHOTO KOJIMYECTBA MUTA-
TeJIbHBIX BEIIECTB U LIEHHOU MUKPOMIOpHI, TTOAIeP-
JKMBasi TEM CaMbIM YCTOMYMBOCTh arPO3KOCUCTEM.

IIpoaykuus ¢pMTOrOpMOHOB M PeryJsiMs UX YPOBHS
B pactenmsix. KimoueBast poiib B peryJisiiiMy pacTUTENTb-
HOTO OHTOTeHe3a U (hOpMUPOBAHNU YCTOMYMBOCTH pac-
TEHUI K CTpeCcCOBbIM (hakTopaM cpelbl TTPUHAIICKUT
ropMoHainbHOI cucteMe [3, 72]. IlostomMy HeyouBH-
TEJIbHO, YTO POCTCTUMYJMPYIOLIEE U 3alIATHOE Neii-
ctBue 3HI0(pUTHBIX PGP-6akTepuil CBSA3BIBAIOT C UX
CMOCOOHOCTBIO OKa3bIBaTh BIAMSHUE Ha COJEpKaHUE
(GUTOrOPMOHOB B PACTEHUSIX U CAMUM CUHTE3UPO-
BaTh BEIIECTBA C TOPMOHAJIBbHOUN aKTUBHOCTHIO. Ta-
KUM 00pa3oM, B 3TOM CiIyyae UMEET MECTO CJIOXKHOE
B3aUMOJICCTBME TOPMOHATIbHBIX CUCTEM JIBYX MapTHE-
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POB, OIIpeIeIIIoNIee XapaKTep U3MEHEHUI B KM3HEH-
HOIT aKTUBHOCTH pacTeHMIA O/, BIMSTHUEM SHI0(UTOB.
IToMuMO AT OCHOBHBIX KJIACCOB (DUTOTOPMOHOB, K
YHCIy KOTOPBIX OTHOCAT ayKcuHEBI, LIK, I'b, stunen
1 ABK, ropMoHaibHast aKTUBHOCTH ObIIa YETKO IMPO-
neMoHcTpupoBaHa 1151 6paccuHoctepounos (BC), CK,
XacMOHaToOB M cTpuronakTtoHoB. Ecimm aykcunsl, 11K,
I'b, BC u cTpurojakToHbl pacCMaTPUBAIOTCS B Kade-
CTBE IIPU3HAHHBIX aKTUBATOPOB META00IMYSCKIX IIPO-
neccos, To ABK, satiiren, sxxkacmonaT n CK ygare otHo-
CAT K MHIYKTOPaM CTPECCOBBIX OTBETOB B PACTEHMSIX.
CremyeT OTMETUTD, YTO pa3JIMIHbBIC IIPOLECCHI PACTU-
TEJILHOTO OHTOreHe3a KOHTPOJIUPYIOTCSI He KaKMM-TO
OTIIEIbHBIM TOPMOHOM, a OMpeIeeHHBIM COOTHOIIIE-
HUEeM (PUTOrOPMOHOB, (PYHKIIMOHUPYIOIIMX B TECHOM
B3aMMOJEUCTBUU B €AUHOM TOPMOHAJILHOM CHUCTEME.
Pazmuunsie nipeacraButenu PGP-6akrepuii, B ToM
yuciie 9HI0(PUTHI, IpUHAIIeKalIue K TaKUM poaaM
Kak Azospirillium, Pseudomonas, Bacillus n np., crio-
COOHBI CUHTE3MPOBATh TOPMOHAJIbHBIE COCAUHEHMUS,
takue Kak aykcuHbl, LIK, I'b, ABK, KK, CK u sTu-
JeH [29, 57, 73-75].

Aykcunvi. Cpenu sHnoputHbeix PGP-6axkrepuii
IIMPOKO pacIpoCTpaHEHA CIOCOOHOCTh K CHHTE3Y
ayKCUHOB, KOHTPOJIMPYIOIINX Pa3BUTHUE COCYIUCTHIX
TKaHell, pacTspkeHUe KJIETOK M aluKalbHOEe JTOMU-
HUpOBaHMUE B pacTeHUsIX. K IpupomHbIM ayKCcHaAM
MpUHAIIEKUT MHAOIWI-3-yKcycHas kuciiota (MYK)
1 K CeTOTHSIIIIHEMY THIO XOPOIIIO U3y4YeH ee OaKTepu-
aJIbHBIN CUHTE3. BEISIBIEHB OMOXMMUYECKIE IIyTU U
TeHBI, KOHTponupytonme cnaTe3 MYK 6akrepnsamun.
PGP-6akTepun BIUSIIOT Ha SKCIIPECCUIO TEHOB, O€eJI-
KOBBIC IIPOAYKTHI KOTOPBIX IIPUHMUMAIOT yd4acTuE B
peaxkumsx OMoCMHTe3a ayKCUHA, IIepeaayr CUTHAJIOB
WJIM ero TpaHCHopTUupoBku. Phyllobacterium brassica-
cearum STM196 w Bacillus sp. LZR216 moBbIIIanim
sHAoreHHBI ypoBeHb MYK 3a cyeT mHAYKIINM 5KC-
npeccun redoB cuHre3za MYK [76]. YcraHosneHo,
yto 1151 oopazoBanust YK nekoropeimu PGP-6ak-
TePUSIMHU HEOOXOIMMO IIPUCYTCTBUE B KOPHEBBIX BHI-
JIeJICHUSIX €€ MeTaboJIMYeCKOTo TIpealleCTBEeHHUKA
L-tpuntodana. O6pabotka Burkholderia phytofir-
mans PsJN Arabodopsis thaliana yBenuumBaia 3Kc-
MPECCUIO TEHOB, BOBJICUEHHBIX B OMOCUHTE3 TPUIITO-
¢daHa, U criocoOCcTBOBaja TEM CaMbIM MOBBILIEHUIO
YpPOBHsI HakoIuleHus1 aykcuHa. PGP-06akrepun Bim-
SIIOT Ha TPAHCIIOPT ayKCUHA, U3MEHSISI aKTUBHOCTDb U
colepKaHUe TEePEeHOCYUKOB, YYaCTBYIOIIUX B MpPO-
Ieccax OTTOKa U IIPUTOKa aykcuHa. Tak, mramMm Ba-
cillus sp. LZR216 cHuXan CHHTE3 TPaHCIIOPTEPOB
aykcuHa AUXI1 u PIN1,2,3 [77], Toroa Kak LITaMM
B. phytofirmans PsJN, HanmpoTuB, ycUInBaJj 3KCIIpeC-
cuto PIN2 u PIN3 [78]. ITonydeHBI JaHHBIE O OJ1aro-
npusiTHoM neiictBuu MYK, cuHTEe3upyeMoil aHI0-
¢utHBEIMU PGP-6akTepusMu, Ha KOPHEBYIO CUCTEMY
CBOMX PACTEHUI-X0351€B CTUMYJIUPYIOLIEM MHUIIMA-
LIMI0, YIJIMHEHUE U BETBJIEHUE KOPHEi, UTO B 1IEJIOM
MOXKET CIIOCOOCTBOBATh YJIYYIICHUIO ITOTPEOJICHUS
MHUKpPO- U MAaKpO3JIEMEHTOB, YCKOPEHMIO POCTa pac-
Ne 1
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TeHUI U GOPMUPOBAHUIO YCTOMYMBOCTU K Hebaro-
NpUATHBIM (pakTopaM cpensbl [38, 79]. MHoKystums
pacTeHuit neHunb cuHtesupyimmumMu MYK PGP-
OakTepusiMU CTUMYJMpOBaJia Mpollecchl 0Opa3oBa-
HUS U pOCTa KOPHEH, C 4YeM MOXET ObIThb CBSI3aHO
YCUJIEHUE WX MOIJIOTUTENIbHOI CIOCOOHOCTU U TO-
BBbIIIIEHWE YPOBHS MOCTYIJIEHUS BOJAbI U MUTATEb-
HbIX BEILIECTB B 3TU PACTEHUS B YCJIOBUSIX BOIHOTO
ctpecca [26, 80]. Streptomyces, mpomylApyIOIINE
MVYK Taxke ynydiliaay rapaMmeTpbl pocTa U pa3BUTHS
MIIEHULIbI B YCJIOBUSIX HApYUIEHUSI BOAHOIO PEXUMa
[69]. LlITtamMm A. brasilense Sp245 crioco6CTBOBAJ TTOBBI-
ILIEHUIO KAYECTBA 3€PHa IMILIEeHHUIIbl, YCBOEHUIO DJIEMEH-
ToB MuHepajbHoro mutaHus (K, Ca, Mg), nogaepxka-
HUIO BOJHOTO MOTeHIIMAaja, aOCOJIIOTHOTO U OTHOCH -
TelbHOrO comepkanus Bombl (OCB) B TKaHsx, a
TaKXe COXPAaHEHUIO BJIACTUYHOCTU KJIETOUHOM CTeH-
KU, YTO B COBOKYITHOCTH OKa3bIBAJIO MOJOXKUTEILHOE
BJIMSIHME Ha Pa3BUTUE 3aCYyXOYCTOMUMBOCTU pacTe-
Huii nmeHuns [81]. Ipoayuupyrommuit UYK mramm
Azospirillum cHYXaJI cTeIIeHb HEraTUBHOTO IEMCTBUS
3aCOJIEeHUsI Ha pacTeHMs TIIEHUIIbI, O YeM MOXHO
OBbLIO CYIUTH IO YIYUYILIEHUIO PA3JIMYHbBIX MPOAYKIIU-
OHHBIX MMapaMeTpoB, BKJIOYasi Guomaccy, coaepxka-
HUE XxJIopopula U KOHUEHTPALUIO MUTATEIbHBIX
MUKpPO3JIeMeHTOB [82]. MeloTcs maHHbIE O CHUKEe-
HUU a30CMUPUITIAaMU BOAHOTO TMOTEHIIMAaIa JIUCThEB
1 OJHOBPEMEHHOM TOBBILIEHUU B HUX CONEPXKaHUS
BOJIBI, YTO SIBJISIETCSI CJIEACTBUEM CITOCOOHOCTU 3THUX
6akrepuii mpoaynupoBatk MYK, nnayuupoBath (op-
MUPOBaHUE U POCT JiIaTepaJbHbIX KOpPHEW pacTeHuii
TMILIEHULIBI Y TTIOBBIILIATH, TAKUM 00pa30M, YPOBEHb MO-
[JIOLLIEHUsI BOJBI U 2JIEMEHTOB MUTAHUSI B YCIOBUSIX
3acyxu [32]. Baxno ormeTuts, yro PGP-06akrepun
MPOIYLMPYIOT ayKCUHBI B ONITUMAJIbHOM TSI CTUMY-
JIILIMU pOCTa KOpPHEH KOHLEHTpalUuu, MOCKOIbKY
BBICOKHE KOHLIEHTpaIlUW ayKCUHOB XapaKTEPHBI LIS
GaKkTepuii, BBI3BIBAIOIINX TOPMOXEHUE POCTa KOp-
Heit [74]. Kpome Toro, PGP-6akrepuu MOTyT BIUSITh
Ha TOMeOocCTa3 ayKCUMHa TOCPEICTBOM pa3IMYHbBIX
ITAMM-3aBUCUMBIX MexaHu3MoB. [loHMMaHue Xxa-
pakTepucTUK Kaxmoro mramma PGP-06akrepuii siB-
JIsIeTCsl KJII0YOM K €ro MpoAyKTUBHOMY MCIOJIb30Ba-
HUIO B CEJILCKOM x03s1iicTBe [83].

Lumokununwvt (IIK). ITpucytctBue LIK paHee Obi-
JIO BBISIBJIEHO B (pusIbTpaTe KyJabTyp psiia OakTepuid,
BKIIouast Azotobacter sp., Arthtrobacter, Rhizobium spp.,
Pantoea agglomerans, Rhodosprillum rubrum, Pseudo-
monas fluorescens, Bacillus subtilis n Paenibacillus
polymyxa [84]. BmecTe ¢ TeM, HECMOTpSI Ha TO, YTO
JUJIS1 IEpEYMCIIEHHBIX OaKTepyii ObLi1a 3aperucTpupoBa-
Ha SHIO0(pUTHAS aKTUBHOCTb, B JUTepaType HeaocTa-
TOYHO CBEJEHU I 00 YCKOPEHNU POCTOBBIX ITPOLIECCOB B
pacTeHUsIX MO BIUSHUEM MPOAYLIMPYEMbIMU OaKTe-
pusimu 1IK. Tem He MeHee, UMEIOTCS TaHHBIE 00 aK-
TUBAlLIMU POCTOBBIX MPOLIECCOB PACTEHWI MILIEHULIbI
U CTUMYJISILIMY HaKOTUJIEHUST 6MOMAcCChI MPU UX UHO-
Kynsiuuu npoaynupyomumu LK 6akrepusimu [74].
B yactHocTH, BBeA€HNUE B MPUKOPHEBYIO CpEly Mpo-
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POCTKOB MeHUnH! B. subtilis IB-22 mpuBomuio K 3Ha-
YUTEJIBHOMY YBEJIMUCHUIO COACPXKAHUSI SHIOT€HHBIX
LK B mobGerax mpopOCTKOB U COIMMPOBOXIAIOCH MTOBbI-
IIIEHUEM CKOPOCTU POCTa JIMCThEB U HAKOIUJIEHUEM
CBIPOI 1 cyxoit Macchl 1o6eroB [85]. Bbl1 CKOHCTPY-
WpOBaH WTaMM Sinorhizobium meliloti ¢ U30BITOYHOI
nponykuueit IIK myrem akcripeccuu reHa ipt Agro-
bacterium, HaxoasIIeToCs 104 KOHTPOJEM IIPOMOTO-
patrp E. coli [86]. ITocie Bo3neiicTBUSI CHITBHOIM 3aCy-
XU, pacTeHUs JIOLUEPHbl MHOKYJIUPOBAHHbIE CKOH-
CTPYUPOBAHHBIM IITaMMOM S. meliloti oTaUYaInuCh
0oJiee KpyITHbIMU pa3MepaMM IO CPaBHEHUIO C 00-
pa3liamy, WHOKYJUPOBAHHBIMU HCXOIHBIM IIITaM-
MoM. HecMOTpsT Ha OTHOCUTEILHO HEBBICOKYIO pac-
OpOCTpaHeHHOCTh npoayuupyomux LK sHaopur-
HbIX OaKTepuii, IpUBEACHHbIEC BbIlIE JAHHbIE MOTYT
yKa3bIBaTh Ha UX y4acTue B ()OPMUPOBAHUM YCTOM-
YUBOCTH PACTEHUU K Ne(ULIUTY BIaru.

Tubbepennunvt (I'b). CTuMynupyloliasi pocT pacte-
HUiT aKTUBHOCTH 3HI0(pUTHEIX PGP-0akrepuii MoxeT
00yCnaBIMBaTBLCI MX CITOCOOHOCTBHIO CHMHTE3MPOBATh
TOPMOHBI, MpuHamIexaiye K kiaccy I'b [74]. Hampu-
Mep, U151 SHIOMDUTHBIX OakTepuii B. subtilis 11BM oka-
3bIBAIOIIUX CTUMYJIUPYIOIIUii pocT a3ddekT Ha pac-
TeHUs MIIEeHUILbI, BhIsBIeHa ['b-mmogoOHasi akKTuUB-
HocTh [87]. Illtamm PGP-6aktepumn Burkholderia
phytofirmans PsJIN He BIMsIT HampsMylo Ha CUHTE3
I'b, HO cTumynupoBan akcnpeccuto reHa AtGA3ox 1,
Koaupytoliero (GepMeHT, KaTaJusupyroluuii du-
HaJIbHBIE peaklumu ob6paszoBanust I'b y A. thaliana
[88]. IToaHbIi yTh OakTepuagibHOro 6rocuHTe3a I'b
OBLI ONMCAH JIUIIb OTHOCUTEIBHO HeaaBHo [89].

Coo0611a/10ch 0 NPOAYKIIMY (PU3MOJIOTUYECKU aK-
tuBHbIX (popMm I'B GAIl u GA3 (GA, Gibberellic Ac-
id), a raxke UYK annobuTHBIMM OakTepusiMu Ace-
tobacter diazotrophicus w Herbaspirillum seropedicae,
KoTOphie (hopMupoBainu 3P(PpeKTUBHOE B3aUMOIEHi-
CTBUE CO 3JIaKOBBIMHU KYJIBTYPaMHU U CITOCOOCTBOBAIN
VIYYILIEHUIO pocTa U obueil ypoxaitHoctu [90]. B
X0JIe KyJIbTUBUpPOBaHUsI OakTepuit Rhizobium phaseoli
JIUKOTO TUIIA WU MYTAHTHBIX 10od- W fix- IITaAMMOB
npoBoawics aHanus npoaykiuu umu I'b u YK co-
yeTaHUEM METOI0B BHICOKOR(MMEKTUBHOMN XKUIKOCT-
HOM xpomarorpaduu 1 uMMmyHoaHanu3a [91]. Hamu-
yue MoJiekys, nmogooHeix GAl, GA4, GA9 u GA20
OBLIO TTOATBEPXKIECHO C TIOMOIBIO XpoMaTorpaduue-
CKOTO MOAX0/1a U MacC-CIIEKTPOMETPUM, OTHAKO MO-
Jiekyaa nogo6Hast GA20 mpucyTcTBoBajia TOJBKO B
HEKOTOPBIX KYJIbTYpaX, HO He BO BceX, Toraa Kak GA9
0oOHapyXuBaJjach JUIIb B HE3HAYUTEJbHBIX KOJINYE-
crBax 110 cpaBHeHMIO ¢ GAl u GA4 [91]. U3yuyeHue
nod- M fix-MyTaHTOB IIOKa3ajo, uTo npoaykuus I'b
HE 3aBHUCHUT OT TeHOB, YYaCTBYIOIIUX B 0O0pa3oBaHUM
KJTyOEHBKOB U B TIpoliecce a3oTdukcaun y Rhizobium
phaseoli. [Ina 0akrepuanbHoro sHgodura Sphingo-
monas sp. LK11, BeIIeJIEHHOTO U3 JUCTHEB O0OOBBIX
pacteHuii Tephrosia apollinea (A3usi, Appuka), Obl1a
MPOJAEMOHCTPUPOBAHA CIOCOOHOCTh K CUHTE3Y (DU~
3nojiornuyecku aktuBHoit GA4 ¢opmbel I'b u Heak-
Ne 1
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tuBHBIX GA9 1 GA20 dopm [92], uTO conpoBOXKIA-
JIOCh CHOCOOHOCTBIO YBEJIWYUBATH IJUHY TOOEroB
pacTeHuii ToMaTa, coepKaHue XJI0poduiuia U CyXoi
MacchI [92].

Abcuuzosas kucaoma (ABK). Ilpu BozneiicTBUU
3acyxu 00€3BOXHMBAHUE KJIETOK SIBJISIETCS CUTHAJIOM
JIIST OBICTpOTo cuHTe3a u HakorieHus1 ABK, urparo-
el KJo4eBylo pojib B Pa3BUTUU CTPECCOYCTONYM-
Bocth pacteHuii. ABK BoBiekaercsa B mogaep:kaHue
BOJHOTO 0OajlaHca, peryjJupys 3akKpbITHe YCTbUII U
CBSI3aHHOE C HUM IIpeIoTBpallieHUue U30bITOYHO MOo-
Tepu Biaru. Kpome Toro, oHa yyacTByeT B rnepenave
CTPECCOBBIX CUTHAJIOB U TEPEKIIOUEHUN TeHEeTHuYe-
CKMX TPOTpaMM C HOPMbI Ha CTpecC, CBSI3aHHBIX C
WHAYKIAEN SKCIIPECCUM 3aIIUTHBIX TeHOB [72]. buI-
JIO TI0Ka3aHo, 4To 0K0J10 2/3 13 2000 MHAYLIMPYEeMBbIX
3acyxoii reHoB perynupyercs ABK [93], uTo nexur B
OCHOBE aJafnTaluyd PacTeHUil K pa3IMYHbIM CTpec-
caM, TIpUBOJISIIIIMM K HapyILIeHUIO BOAHOTO PEeXUMa.
Xots npsimoe yyactue AbBK B KOHTpoMpoBaHUU po-
CTa pacTeHUN HEAOCTAaTOYHO U3YYEHO, CBEIEHUS O
KapaukoBocTu ABK-MyTaHTHBIX pacTeHUM, yKa3bl-
BalOT Ha ee He0OXOAMMOCTh B TOIEPXXaHUU POCTa B
HOPMAaJbHBIX YCIIOBUSX [74].

OO0OHapyXeHO, 4TO HeKOoTophle mTammbl PGP-
OakTepHil MOBBIIIAIOT YPOBHU CEKPETUPYEMOI pac-
teHussMu ABK npu Bo3neilicTBUM BOJHOTO CTpecca.
IIpu sToM moka He sicHO cuHTe3upyercs au ABK
OakTepusIMU WM pacTeHusIMU. boiiee Toro, ObLIO
MOKa3aHO, 4TO MHruoupoaHue OuocuHTe3a ABK
nopaBisieT aKkcrpeccuio TaAQP7 — rena 6enka BoJI-
HOTO TpaHCIOpPTa aKBarlopruHa, akTUBHOCTh KOTOPO-
ro Bo3pacTaeT IpU BO3ACHCTBUU BOIHOIO CTpecca.
OTH cBeIeHU yKa3biBaloT Ha BoBiieueHe ABK B up-
peryisiuio TaAQP7reHa B KauecTBe MOAYJISITOpa 3a-
CYXOYCTOMYMBOCTH pacTteHuil. Coo0Iajoch, YTO
nponyuupytome ABK 6akrepun poma Azospirillum
ONTUMU3UPOBAIM BOIHBIA OOMEH pa3HBIX BUIOB
KyJBTYPHBIX PaCTEHUi1 B YCJIOBUSIX 3aCyXU, YTO CIO-
COOCTBOBAJIO MTOBHIIIEHUIO X YpoxkaitHocTH [94, 95].
ItammMm A. brasilense Sp245 ctTumynupoBa HaKOIJIe-
Hue ABK B pacrenusix A. thaliana, 4To IpUBOINIIO K
CHIXXEHUIO YPOBHSI TPaHCIIMPALIUM B TIUCThIX [96]. B
pacTeHUsIX, MHOKYJIMPOBAHHBIX IPOAYLUPYIOIIUMU
ABK mrammamu A. brasilense Sp245, B. licheniformis
RtM 10, P. fluorescens RtM10 yBeanamuBanoch 3HI0-
reHHoe conepxanue AbBK, n pacteHus1 CTaHOBMINCH
YCTOMYMBBIMUM K 3acyxe. PacTteHusi, o6paboTaHHbIE
B. aryabhattai, xapakTepn30oBaJch 0oJjiee BBICOKOIM
YCTOMYMBOCTBIO K TEIVIOBOMY CTPECCY Y MOBBIIIEH-
HbIM ypoBHeM mpoaykKuuu ABK, wmHmynupyromei
3aKphBITHE YCTHUII B 3TUX pacTeHUaX [97]. IlltamMmbr
B. subtilis LDR2, Arthrobacter protophormiae SA3 u
Dietzia natronolimnaea STR1 cnoco6cTBOBaIM MoIep-
XKaHnio (POTOCHMHTETUYECKON AaKTMBHOCTUA PaCTeHUIA
MIIEHUIIBI B YCIOBUSX 3acyxu. [lpu atom, B. subtilis
LDR2 u Artrobacter protophormiae SA3 cHUXanu
cTpecc-uHaynupyemoe HakorvieHne ABK u mpemie-
crBeHHuKa atriieHa ALIK, Torma kak Dietzia natrono-
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limnaea STR1 cymecTBeHHOTO BIWSTHUS Ha conepsKa-
HUE 3TUX COeqMHEHNI He okKasbiBai [29]. [TpopocTtku
MIIeHUIBI, IIpenodpabotaHHble A. profophormiae
SA3, D. natronolimnaea STR1 n B. subtilis LDR2 xa-
pakTepu3oBaMCh ycujeHueM skcrnpeccun TaCTRI
reHa, KOOUPYIOLIETO KII0YEeBOM HETaTUBHBINA peryisi-
TOP 3TUJIEHOBOM CUTHAJILHOM TPaHCAYKIIMU, a TAKXKE
reHa, kogupytoiiero TaDREB2-daxkTop TpaHcKpuIi-
UM, BOBJIEKAEMOIO B PEryIsanuio (hopMHUpPOBaHUS
YCTOWYMBOCTU PACTEHU K IIUPOKOMY CIHEKTPY
abuotuueckux crpecc-pakTopoB. IloBbilIeHUE
YCTOMYMBOCTH PACTEHUI MIIIEHUIIBI K 3aCyXe 1 3aCO-
JeHuto 1ion BaussHuUeM B. subtilis LDR2, A. protfo-
phormiae SA3 u D. natronolimnaea STR1 MoxeT ObITb
00yCJIOBJICHO OOHOBPEMEHHBIM ITOBBIIIICHUEM CO-
nepxaansg MYK u camkenmnem ABK 1 ALIK, a Takcke
MonynupoBaHueM akTuBHocTu CTRI1-perynasTopHoro
KOMIIOHEHTa 3TWjeHoBoro curHajanmara u DREB2-
TpaHCKpumnuoHHoro ¢akropa [29]. Kpome Toro,
coob1aercs, yTo ABK mHaylupyeT TojiepaHTHOCTh
3a cyeT aHTaroHu3Ma rnepegadu curHanon LK [41], a
nocine uHoKyasauum PGP-0aktepusMm B yCIIOBUSIX
cTpecca yBeanduBaeTcs HakoruieHue ABK [98, 99].
EcTh cBUAETENBCTBA TOTO, YTO B. subtilis oka3pIBacT
BJIMSIHWE Ha POCT Y TOJEPAHTHOCTb PacTeHUI Yepe3
ycTtbuuHylo peryisiuio [100] ¢ yuactuem ABK, ko-
TOpasi, B CBOIO o4yepenb, KoHTpoympyeTcss CK.

Imunen. DTUIIEH BOBJIEKAETCS B PETYJISILIMIO TIPO-
pacTaHus CEMSIH U BbIBEIEHUE UX U3 COCTOSIHUS MO-
KOSI, OTHAKO, €CJIU TOCJIe MTPOPAaCTaHUsI €r0 YPOBEHb
OKa3bIBaeTCs CJAUIIKOM BbICOKWM, 3aMEMJISIETCSI POCT
U yIUIMHEeHUe KopHel. OMHUM U3 MEXaHU3MOB CTUMY-
g PGP-6akTeprsiMu pocTa pacTeHUI SIBIISIETCS
CHIWXEHME B HUX YPOBHS 3TUJIEHA ITyTeM Ae3aMUHUPO-
BaHUSl HETMOCPEACTBEHHOTO €ro IIpeniiecTBeHHUKa
AILIK, gBasioiierocsi iCTOYHUKOM IMUATAHUS IS He-
KoTopbiX BUmoB PGP-0akrepuii. Peakiims rmporekaer
MpU y4yacTUM KJIoueBOro (hepMeHTa CUCTEMbI ITU-
JICH3aBUCUMOM peryiasuuu pocta pacreHuii AIIK-
ne3amuHasbel  [74]. Wcmonbp3oBaHme OaKTepUsIMHU
AIIK B KxayecTBe MCTOYHMKA MUTAHUS MPUBOIUT K
YMEHBILIEHUIO €T0 COACPXKaHUsI B PACTEHUSIX U, COOT-
BETCTBEHHO, COKpAIIIEHWIO CUHTe3a 3TUJIEHa B KOPHSIX
U YCKOPEHUIO pocTa pacteHuid. Ha npumepe paznuy-
HBIX BUJOB PACTeHUI, BKJIIOYasl TIIEHUILy, TTOKa3aHa
a(pekTUBHOCTL, McHojb3oBaHusi PGP-6akrepmii,
nponyunpytommnx ALIK-mezamnHasy, o1 CHIKEHUS
YPOBHSI 3TUJIeHA U YJIy4IlIeHUs] pocTa pacTeHUii B
yCI0BUSIX abMoTUYecKux cTtpeccoB [34, 67, 101]. K
npumepy, PGP-6akrepuu Ochrobactrum pseudogri-
gnonense RJ12, Pseudomonas sp. RJI15 u B. subtilis
RJ46, mponyumpytomue ALLK-me3ammHasy, momas-
JISIIA B pacTeHUsx skcrpeccuio reHa ALK -okcnna-
3bl, Kataqu3upyloileid oopazopanue stwieHa ALK, a
Takke CHIDKeHMe KoHueHTpauuu camoro ALIK. Ilpo-
nyuupyronne ALIK-gesamMmmuHa3y 6akTepu croco0-
CTBOBaJIM MOIJAEPKAHUIO CKOPOCTH POCTa KOPHEH u
MoOeroB U HaKOIJIEHUI0 OMOMAacCChl pacTeHU, TOI-
BEPrHYTHIX BOIHOMY cTpeccy [52].
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Canuyunosgas u scacmonosas kucaromol (CK u 2KK).
Bo MHorux wucciaegoBaHusiXx ObUIO IMOKa3aHO, 4TO
POCTCTUMYJIMpYIOLIasl W aHTUCTpeccoBas aKTUB-
Hoctb PGP-6akrepuii, B TOM 4mcie 3HIO(PUTHBIX,
CBsI3aHA C MX CIIOCOOHOCTbIO CUHTE3UPOBATb CHUT-
HanbHble MoJieKyabl CK n KK, urpatonuyx kiroue-
BYIO POJib B 3aMyCKe CUCTeMHOI WHIyLUPOBAHHOM
YCTOMUYMBOCTU PAacTeHUI K cTpeccam, OO0yCOBJIEH-
How aktuBanueii CK- u 2)KK-3aBUCUMBIX 3alIUTHBIX
curHanbHbIX yTei [27, 57, 102—104]. CK win KK-
3aBUCHUMBIC pPeaKIMU SIBJSIIOTCS JOMMWHUPYIOIIUMU
MEepBUYHBIMU CUTHAJaMU MECTHBIX M CHUCTEMHBIX
WHIYLIUPOBAHHbBIX 3allIMTHBIX OTBETOB pAacTEeHUI B
OTBET Ha cTpeccHl [16, 52], 1 aHTUCTpecCcOBBIN 3G EKT
PGP-6akrepnii Ha pacTeHNST MOXKET OBITh CBSI3aH C WX
CITOCOOHOCTBIO CHMHTE3WPOBATh 3TU COSHMHEHUS [22,
27,103, 105, 106]. CK y4yacTByeT B peryJLiy pas3ind-
HbIX (PU3MOTOTMYECKUX TTPOLIECCOB, BKJIIOUAS 1IBETE-
HUE, TepMOTreHe3, 3aKpbiTUe YCTbULI W WOHHBIA
TPAHCIIOPT, a TaKXXe B MHULIMALIUM 3alIUTHBIX peaK-
LI pacTeHUil Mpu OUOTUYECKUX U aOUMOTUYECKUX
ctpeccoBbix BosaeicTBusax [107]. CK urpaer xus-
HEHHO BaXKHYIO POJIb B MPOLieccax pocTa U pa3BUTHUS
B HOpME 1 aKTUBHO yYacTBYeT B peaKlUsIX paCTeHUI
Ha 3acyXy uepe3 akTUBalMI0 aHTUOKCUIAHTHBIX (hep-
MEHTOB, PETryJISILIUI0 SKCIPECCUU TeHOB, CHHTE3
OCMOJIUTOB U YCUJIEHUE HAKOTIJIeHUS (DOTOCUHTETH -
yeckux nurmeHtoB [3, 107]. Mmerorcss maHHBIE O
TOM, YTO CUTHAJIbHBIE TIyTU pACTeHUI, PEryIupyro-
LIME pa3BUTHE 3aLIUTHBIX PEaKIIMid B OTBET Ha CTpec-
CBhl, SIBJISIIOTCS KTtodeBbIMU MumeHssMu PGP-6akTre-
puii [22, 49, 57]. Hanpumep, odpabotka B. subtilis
UMAF6639 crioco6¢eTBOBajia hOpMUPOBAHUIO CTOM -
KOM pEe3UCTEHTHOCTU AbIHU K MYYHUCTO# poce Oja-
rogapst aktnBannn KK- m CK-3aBUCHMEBIX 3aIlIUT-
HbIX peakuuii [105]. Dumobakrepuu B. cereus AR156
WHIYLIMPOBAIN CUCTEMHYIO YCTOMIMBOCTD A. thaliana,
onocpenoBanHyio NPR-1 u CK-3aBucuMbIMU CUT-
HaJbHBIMU TMYTSIMM, HE OKa3biBasl BJIUSHUS Ha
KK /3tuneH-3aBucuMeie Imyta [22]. @opMupoBaHue
YCTOMUYMBOCTU HyTa ToA BiausHUEM Pseudomonas
TakXe TIPOUCXOAMIO Ojaromapsi NpPOAYKIUU e-
HOJILHBIX COEIWHEHUNl W WHAYKIIUM CHUCTEeMHOI
ycroitunBoctr 4yepe3d CK-3aBUCHUMBIN CUTHAJIbHBIN
yTh [ 108]. DHmoduTHbIEe Achromobacter xylosoxidans
U B. pumilus ycunuBaad pOCT MNOACOJHEYHUKA B
YCJIOBUSIX BOIHOTO CTpecca 3a CUET IHAOTeHHOM MPo-
nykiuu CK [105, 109]. ¥V pacTeHuii Tabaka JUKOIro
tuna B. amyloliquefaciens FZB42 npuBoaui K CBepX-
akcripeccun TeHoB PR-1a, LOX n ERFI, ydacTBylo-
mux B CK, KK 1 atuiieH-3aBUCUMBIX CUTHAJIBHBIX
nytsax [110]. TIpm 3TOoM ocTaeTcd HESICHBIM, KakK
nMeHHO 3HHo¢uTHBIe PGP-0aktepuu peryampyior
CUCTEMY 3alllUThl PACTEHUIA OT 3aCyXU U KaK MHIYLIM -
poBaHHas 0aKTepusIMU CHUCTEMa 3alllUThl paCTeHUI
B3aMMOJIEMCTBYET C KJIACCUUYECKUMU CUTHAJIbHBIMU
nytamu. BepostHo, Bmusinne PGP-6akrepuii anamo-
TUYHO JeiICTBUIO “ClnadbIX” IMaTOr€HOB HA PacTeHMUS,
onHako PGP-6akTepuu Takke MOTYT MPOLYLIMPOBATh
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METabOJIMTEl C TOPMOHAJIBHBIMA W CHUTHAJIBLHBIMU
¢ysxkumsavu (aykewnbl, LUK, stunen, I'b, ABK, CK,
XKK) [16, 52]. HemaBHO 6bL10 TTOKa3aHO, YTO B HOP-
MaJIbHbBIX YCJIOBUSIX IIPOU3PACTaHUSI U ITPU 3aCYXE CO-
nepxanue sHgoreHHoit CK B pacTeHUSX MITEHULBI
CYIIECTBEHHO BapbHMpOBAJI0O B 3aBUCUMOCTU OT MX
copTa M BOCIIPMMMYMBOCTU K 3aCyXe, B TOM YHUCJIIEe
MOJI BIMSIHUEM 3HAOMUTHBIX 6akTepuii B. subtilis 10-4
[49].

Takum o6pazoM, MpoAyLUpYyeMble SHIOMUTHBI-
mu PGP-6akrepussmMu GUTOrOpMOHBI MOTYT y4acT-
BOBAaTh HE TOJBKO B CTUMYJISILIMM POCTa pacTeHUI U
YIyYIIeHU MUHEPAJIbHOTO MUTAHUSI, HO U B MX 3a-
IIUTE OT IIMPOKOTO CIIEKTpPa CTPECCOBBIX BO3MAEHi-
CTBUII OMOTUYECKOIO U aOMOTUUYECKOTO ITPOUCXOXK-
JIeHWsI, BKiIodast obe3BoxuBaHue. OQHAKO TOYHAS
POAb MPOIYIUPYEMBIX 3HTOPUTAMHU (PUTOTOPMOHOB
1 MEXaHM3MbI UX OMOCHUHTE3a B PACTCHUSIX eIle TI0JI-
HOCTBIO He BBISICHEHBI U TPeOYIOTCS AajbHeIe 60-
Jiee yriayOJieHHbIe MCCIEIOBAHUS IJisl JIyJIIero Imo-
HUMAaHUS B3aMMOIEICTBUS OAKTEPUIA C paCTCHUSIMU
B YCIIOBUSIX 3aCYXU.

IIpoaykuusa Apyrux MeTab0JuTOB M (DU3MOJIOTHYE-
CKM AKTMBHBIX coeJluHeHmii. [Tpu Bo3neiicTBUY 3acyxu
sHnoduTHeie PGP-0aktepun B TKaHSIX pacTeHUM
MOTYT ITPOAYyLIMPOBATh MHOXXECTBO BTOPUUHBIX META~
6onutoB B Buiue cmecu JIOC, cnocoOCTBYIOIIMX
YCKOPEHUIO POCTa pacTeHUil U CHUXXEHWIO MOBpe-
KOaroiero AeicTBre CTpeccoBbIX (pakTopos [41, 111,
112]. Beisienen mmpokuit criektp JIOC, mpoayuupy-
emblx PGP-0akrepusimu, BKiIO4ass KOPOTKOILIEIIO-
YyeyHble aTudaTuuecKue aabIerubl U KETOHbI, TPO-
CThI€ U CJIOXHbBIE 3(PUPBI, CIIUPTHI, CEpOCOaAePXKaIINe
coennHeHUs U yriaeBogoponsl [ 113, 114]. CunTe3upy-
embie PGP-6akrepusvmu JIOC mMoryr (pyHKIMOHM-
poBaTh KaK CUTHAJIbHbIC MOJIEKYJIbI, UTPasi BaXKHYIO
pOJib B CTUMYJISILUM POCTA PACTEHUM U MHIAYKUIMUU
CHUCTEeMHOM yCTOMYMBOCTH NpM mnaroreHese. JIOC n
WX CITIOCO0 AeUCTBUS 0O0JamaroT IOIMOJTHUTEIbHBIM
MPEUMYIIECTBOM T10 CPAaBHEHUIO C JIPYTUMU CUCTE-
MaMu OMOKOHTPOJISI U PEryJMpoBaHUs pocTa, Mo-
ckoJibky JIOC He TpeOyIoT (pU3MIeCcKOro B3auMoIeii-
CTBHUS C YaCTSIMM pacTeHMU WiaM maroreHamu [115,
116]. K HacTos1111IeMy BpeEMEHU B €IMHOI 6a3e TaHHbIX
o MukpoOHbIX JJIOC mVOC 3.0 Database, https://bio-
informatics.charite.de/mvoc/ (mVOC, microbial Vol-
atile Organic Compounds) 3aperucTpupoBaHo 6oee
1000 paznuunbix JIOC, npoayurpyeMbiX 0aKTepusiMu
u rpubamu [117]. Mukpoobnsie JIOC urparoT BaxkHYIO
poJib B JMCTAHIIMOHHOW KOMMYHUKAIIM MUKPOOHBIX
COOOIIIECTB 1 YUYaCTBYIOT, KAK B KOMMYHUKALIUU MEXIY
MUKpoOaMU, TaK U MEXIY pPacTEeHUSIMU U MUKpOOa-
mu B pusocdepe [118]. Taxke JIOC BimsIIoT HA BKC-
MPECCHUI0 TCHOB, YYaCTBYIOLIUX B TOPMOHAJILHOM TIe-
pelaye CUTHaJIOB, 3allIMTHBIX MYTSIX U BbI3bIBAEMOI
MUKpPOOaMU CTPECC-YCTOMYMBOCTU, BUPYJIEHTHOCTH
u obpazoBaHuu ouomieHok [118, 119]. JIOC cimyxar
CUTHaJIaMM JJ1s1 Pa3BUTUSL Y paCTeHUI TIpaliMUHra u
cucTeMHOIi peakuuu Ha ctpecchl [103, 120]. B ycio-
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BUSIX 3aCyXd 3aMayMBaHUE ITPOPOCTKOB MIIEHUIIBI
B. thuringiensis AZP2 yBenmuuuBajio 6uoMaccy pacrte-
HUI1 1 YBEIMYNBAJIO BbLKMBAEMOCTh M3-32 U3MECHEHUST
nponyknuu JIOC 1 605ee BEICOKOTO YPOBHS (POTOCHH-
TeTnyeckoit aktuBHocTH [121]. Tlpu KomoHuM3anuun
P. chlororaphis 06 B KOpHSIX pacTeHHIT 06pa30BEIBaI-
ca neryunii Metabosmt 2R,3R-06yranmmon, crroco6-
CTBYIOIIWI 3aKPhIBAHUIO YCTHUIL, CHUKEHUIO OTEPU
BOJIBI U TOBHIIICHUIO 3acyxoycToiumBocTH [122]. Al-
caligenes faecalis ymyaiman poct A. thaliana ipogyuupys
cmech JIOC, KoTophle KOHTPOJUPYIOT MYyTU CHUHTE3a
aykcuHa 1 I'B, yyacTByroIIMX B pOCTe U pa3BUTHUH KOP-
Hel 1 TT00eTOB B CTPECCOBBIX yCoBMX [123], a Takke
peryaupyioT TpaHCIopTepbl HMOHOB [124]. Bruio
MpennojaoxeHo, yto npoayuupyembie PGP-6akTe-
pusmMu JIOC MOTyT WMHIYIIMPOBATh YCTOWYMBOCTH
pacTeHmii K 3acyxe yepe3 CK-3aBUCUMBIIT MEXaHU3M
[122, 125], a Takke yepe3 peryssiuio oopa3oBaHuUs
MUKPOOHOIT OMOIIEHKHU BOKPYT KopHeii [126]. ITpo-
nynupyemble PGP-6akrepusmu JIOC Takke MOTyT
JIEJICTBOBATh KaK CPEACTBO OMOKOHTPOJIS U aKTUBU-
poBaTh UHAYIIUPOBAHHYIO CUCTEMHYIO yCTOMYMBOCTh
pactenwii [127, 128]. Hampumep, y A. thaliana o6padort-
Ka mrammaMu Bacillus sp. GB03 1 IN937a crtocobcTBO-
BaJjia BBICBOOOXIEHUIO OyTaHIMOMA 1 alleTOMHA U TEM
CcaMbIM 3HAUYMUTEIBHO CHUXAJIA TSKECTh MHGEKINH,
BhI3BaHHOU FErwinia carotovorasub sp. carotovora, u
yiydlajaa pocT pacteHmii [127].

AunodpuTtHbie PGP-0akTepnu Takske MpoayupyoT
MHOXECTBO APYTHUX CTUMYJSITOPOB pOCTa PaCTEHWUIA,
HarpuMep sKk3ononucaxapunbl (DIIC), puzodurokcuH
[129], HekOTOpBIE CUTHAJIbHBIE MOJIEKY/IbI, TAK1E KaK
JromuxpoM [130] u nunoxuroonurocaxapuabl [131].
BI1C aBISIIOTCS OMHUM U3 OCHOBHBIX KOMIIOHEHTOB
BHEKJICTOUHOTO MaTpuKca OakTepuil, Ha KOTOpHIE
yacto npuxoautca 40—95% Beca OGakrepuit [132].
BI1C npencTaBisiIoT COO0M CIIOXKHYIO CMeCh OMOMOJIe-
KyJ1, TAaKMX KakK OeJIKM, TyMUHOBbBIE BEIIECTBA, ITOJI1Ca-
Xapubl, HEUTpaJbHbIe caxapa, YPOHOBbIC KUCJIOTHI,
aMMHoOcaxapa, OpraHM4ecKre CIOKHO3(UPHbBIC 3aMe-
CTUTEIM U HYKJIEMHOBbBIE KUCJIOTHI, JTUITUIBI U TJIM-
komnpoTeuHsl. [Tpoaykuus u coctaB DI1C 3aBUCAT OT
¢a3bl pocra GakTepuii, cocTaBa Cpedbl M YCIOBUI
okpyxaromieit cpenpl [132]. Kak OpLIO mokasaHo,
npoaykuuss PGP-6akrepusmu takux DI1C kak aiab-
rMHAT W 1EeJUII0JI03a CIIOCOOCTBYET YIYYIICHUIO
YCTOMYMBOCTH TTIIeHUIIBI K 3acyxe. DI1IC oTBeyaior
3a cO3/aHue 30HBI IPUKPEIICHUS] MEXIY OaKTepHUsi-
MU 1 KOPHEBOM CUCTEMOI, YaCTULIAMU IIOYBHI, a TAK-
Ke MEXIy pasjinuHbiMu OakTepusimu. Kpome Toro,
npoayuupyemble Oaktepusmu BIIC yBenuyuBaioT
IIPOHMUIIAEMOCTh KOPHEBOI CUCTEMBI U MOTYT O0Opa-
30BBIBaTh 3alIUTHYIO OMOIIEHKY (IeiiCTBOBATh KaK
OGapbep BOKPYT KOpHeil) M yaydlliaTb pOCT paCTEHUI B
ycnoBusix gedunuta Biaaru [133]. Ecau SI1C-npomy-
nupylommne PGP-6akrepun HaxonsTcs B pusocdepe
pacTeHuit, OHU MPUBOIAT K JIyullieil arperaluy noy-
BBl BOKPYT KOpHei U 0osee 3(pheKTUBHOMY ITOTOKY
BOIbI Y MUTATEJIbHBIX BEIIECTB K KOPHSIM pacTeHUM
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[134, 135]. Iloka3aHo, uTo B. thuringiensis AZP2 006-
pasyeT OOoJIbIIOE KOJIMYSCTBO OUOTIJICHKN Ha KOPHSIX
MIIeHUNbl. B yclIoBusIX BOOHOIO cCTpecca BOKpPYT
KOpHEe#l MIIeHUIIbl CKaIUIMBAJIOCh B JIBa-TPU pasa
0OJIbllIe TTOYBHI TTO CPABHEHUIO C HEMHOKYJIMPOBAH-
HbIMU PACTEHUSIMU, YTO MO3BOJUIO TOBBICUTH 3(h-
($eXTUBHOCTD MCITOJIb30BaHUSI BOIbI HA 63% y MHO-
KYJUPOBAHHbBIX PACTeHUI W YCUJIUTh MX BBIXKUBae-
MocTb Iipu 3acyxe [121]. Illtamm-npoayuent DIIC
Klebsiella sp. 1G3 ymydirana mpoHUIIAEMOCTh IIPUKOP-
HEBOI1 ITOYBHI 3a CYET YBEJIUUECHUS arperaiiii IMOYBEI
¥ BOITHOTO ITOTEHIIMAala BOKPYT KOpHEIl IPOPOCTKOB
nueHunsl [136]. Cexpenusa DIIC mrammom Pantoea
agglomerans NAS206 yBenmyuBajga COOTHOIIEHUE
MPWIKIIIIEH K KOPHIO ITOYBBI M TKAHW KOPHS, YTO
MO3BOJISUIO YIYUYIIIUTh arperaluio MOYBhI, OKPYKalo-
et kopHu mureHuibl [137]. O1o criocodcTBOBANIO
MOBBIIICHUIO ITPOHUIIAEMOCTH KOpPHEHl B IIOYBY U
MOMIePXKaHUIO JIYYIIIETO BOOHOIO MOTEHIIMAajia BO-
KPYT HUX, ONITUMU3UPYSI TEM CAMBIM YCBOSHUE BOJBI
U TIMTATeTbHBIX BEIEeCTB pacTeHustMU [ 136, 137].

Pr300UTOKCHMH MOXET CITOCOOCTBOBAaTh POCTY U
pa3BUTHUIO PAaCTEHUI B CTPECCOBBIX YCIIOBUSIX, Orpa-
HUYMBasI BEIPAOOTKY B HUX 3TWJIeHA. TOYHO TakK ke
CUTHaJIbHbIE MOJICKYJIbI JIOMUXPOM M JIMTIOXUTOOJI -
rocaxapuabl MOTYT COIEMCTBOBAaTb B BOCIPUSITUU
CTPECCOBBIX CUTHAJIOB pacTeHUsIMU. boiee Toro, atu
MOJIEKYJIbI IeMCTBYIOT KaK PeryasiTOpbl pOcTa B MUK-
po6ax 1 pacTeHUSIX, BIUSIONINE Ha HAKOIUIEHE OO~
MAacCHI, KJI€TOYHBII 1IMKJI, SMOpUOreHe3, pocT moode-
TOB M KOpHEi, a TakK:Ke 00KOBOE BETBJIICHUE KOPHEI.
B yacTtHOCTH, 3TM CO€OIMHEHUS WHULIMUPYIOT CUM-
OMOTHYECKME B3aMOIEIICTBUS PACTEHUI C MUKPO-
opraHusMamu pusochepbl, 3alluilas pacTeHUsl OT
HEraTUBHOI'O BO3ICICTBUS OMOTUYECKUX U aOMOTU-
yeckuii crpeccos [131]. PGP-6akrepnuu criocoOHBI K
CEeKpelUU JTUITOXUTOOJIMTOCAXapua0B, MHIYLIUPYEMbIX
¢1aBoHOMIAMU, IIPUCYTCTBYIOIINMHU B KOPHEBBIX IKC-
cynarax. MI3BecTeH Takoil TUII OaKTeproLIMHA KaK TYy-
putivH 17 (Th17), nmponyuupyeMblii pa3TndHBIMUA BH-
namu Bacillus, KoTopblii Takke (PYHKIIMOHUPYET KaK
MOIIIHOE OaKTepuallbHOEC CUTHAILHOE COSOUHEHUE,
criocoocTByIonee pocty pacrenuit. Th17 aBasercs
HauOoJjiee IIMPOKO M3YYEHHOUM MOJIEKYJIOM OakTe-
pUOLMHA M3-3a €T0 3HAYNTEJIbHOIO YYACTUS B CTUMY -
JIMPOBAaHUM POCTa pacTeHMIi, B YaCTHOCTH, IIpopac-
TaHUS B CTPECCOBBIX ycI0BUsIX [138].

PABBUTHE 3ACYXOYCTOMYMUBOCTU
PACTEHWU INNIIEHULIBI PGP-BAKTEPUAMU

B cBs13u ¢ m100aabHBIM IIOTEIUICHUEM KJIMMAaTa B
MOCJeOIHNE ABa OECSATWIETHUSI BO MHOTMX PErMoHax
mupa u Poccuu HaGIomaeTcst CToMKast TEHACHLINS K
YBEJIMYEHUIO YAaCTOTHI BO3HMKHOBCHMS 3acyxu |2,
139, 140]. Apxum npuMepom Tomy citykut jeto 2010,
2016 u 2021 rr. [139, 140]. 3acyxa oka3bIBaeT Hera-
TUBHOE BIIMSIHYME Ha IPOTeKaH1E BCeX 3BEHbEB MeTa-
OoJm3Ma pacTeHUii, YTO B IEJOM MPOSBISIETCS B
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CHUXEHUU TMPOAYKTUBHOCTM M KauyecTBa ypoxkas
KYJIBTYPHBIX pacTeHUI, BKIIodas nireHuiy [1, 141—
143]. Hist spoBOi1 MIIIEHUIIBI ONTUMAIbHONI ST PO-
CcTa M pa3BUTHUSI CUUTAETCS TeMIlepaTypa BO3ayxa OT
20 mo 25°C [140]. OgHako B 3aCylLUJIMBBIE TOObI, K
npumepy, jJerom 2010 r TeMnepaTypa OOBIYHO CO-
craBisuia 32—35°C u nHorga npudamkanack K 40°C
BO BpeMsl MMKa aHOMAaJIbHOM Xaphbl, YTO MPUBEJIO K
CYIIECTBEHHBIM MOTEpsIM ypoxasi. B MHorouuciieH-
HBIX paboTax ObLIO Moka3zaHo, 4yTo PGP-6akrepun,
BKJIIOYAsl DHA00AKTEPUM, BHOCSIT BaXKHbII BKJIad B
CHUXXEHME HEeraTUBHOIO JEMCTBUS Ae(UIIMTA BJIaru
Ha pacteHus meHulsl [29, 50, 121, 144]. K npumepy,
obpabotka B. safensis W10 u Ochrobactrum pseudo-
gregnonense 1P8 oka3spiBajla pOCTCTUMYJIMpPYIOIEe 1
3alllMTHOE JEMCTBME Ha LIECTh Pa3HbIX COPTOB MIlIE-
HUI1IbI, TIOABEPTHYTHIX 3aCyX€E, UYTO OTPAKAJIOCH B yBE-
JIMYEHMU MaccChl KOpHEH, 1MoberoB U ypoxasi 3epHa
[145]. AHanornuHbie TaHHBIE OBLIN MOJYYEHBI U IIPUA
npuMeHeHuu Apyrux wrammoB PGP-6akrepuit
(Pantoea alhagi, R. leguminosarum, R. phaseoli, Me-
sorhizobium ciceri, A. brasilense, A. lipoferum) Ha 111ie-
HUl1le, KOTopasl MoJiBeprajach 3acyxe B pa3Hbie (a3bl
pa3BUTHA, BKITIOYas iepuo uBeteHus [32, 144, 146—
148]. Taxcke mokaszaHo, 4yto nofd BausiHueM PGP-6ak-
TEPUIl UBMEHSIETCSI apXUTEKTypa KOPHEBOIT CUCTEMBI 1
CTpyKTypa TKaHei kopHs [149, 150], yBenmuuBaeTcs
oOpa3oBaHue O0KOBBIX KopHeii [32, 151], yro ipuBo-
JIUT K TIOBBILIEHUIO 3aCYyXOYCTOMUYNBOCTH MILIEHUIIbI.
Pseudomonas sp. E2 n Azotobacter chrocoocum EI1
CMSATYAJIM HeOJIaronpusiTHOe AEWCTBUE 3acyXyd Ha
pacTeHus TIIeHUIbl 6Jlarogaps MOAIEePXaHUIO 1ie-
JIOCTHOCTM aHaTOMUYECKUX CTPYKTYp (TOJIIMUHBI
snuaepMuca, TKaHeili mMezoduiia u GJo3Mbl, 1Ua-
METpa COCYIOB KCWJIEMbl U pa3Mepa COCYIAUCTBIX
IMYYKOB KOPHEBOI CUCTEMbI), TOTAa KaK HebaKTepu-
30BaHHbIE 00Pa31Ibl XapaKTEPU3OBAIUCH CYILIECTBEH-
HBIMUA aHAaTOMMYECKUMM HapyuieHusimu [152]. Pac-
TeHUs IIIEeHMIBI, IpaiiMupoBaHHble A. brasilense
Sp24 mipu BO3IEHCTBUM 3aCyXU XapaKTepHU30BaJNCh
6onee BbicokuM ypoBHeM OCB u 1BM>XeHUST BOIBI TTO
aroruUIacTy, a TakKe YBeJIMYEHHBIMU pa3MepaMu Co-
CYJIOB KCWJIEMbl Y MOBBIIIIEHHBIM YPOBHEM TUIpaB-
JINYECKOU TIPOBOAMMOCTHU B KOJICOITHUJIE, YTO B Iie-
JIOM YJIy4lllaJio BOAHBIN CTATyC MHOKYJIMPOBAHHBIX
pacTeHUid M CYHIECTBEHHO CHMXAJO aMIUIATYILY
CTpecC-UHAYLIUPOBAHHBIX M3MEHEHWI B coaepxkKa-
Hun dpochonununos [32, 144, 153]. A. brasilense n
Herbaspirillum seropedicae criocoOCTBOBaIN MOIIEP-
xanuio ypoBHsI OCB, coxpaHEeHMIO ILEJIIOCTHOCTH
MeMOpaHHBIX CTPYKTYpP M TMOBBIIIEHUIO YCTOMYUBO-
CTH IBYX pa3HbIX copToB nineHullsl (CD-120 1 Fron-
tana) K 3acyxe [154]. DddextuBHocTs PGP-06akre-
puii B TIOBBILLIEHUN 3aCYXOyCTOHUMBOCTH MILIEHULIbI
MoKa3aHa He TOJIbKO TPU OTIEIbHOM, HO U TIPU KOM-
OMHUPOBAHHOM TIPUMEHEHUN Pa3HBbIX CoYeTaHU
OakTepualibHbIX KyabTyp. K mpumepy, oOGpaboTka
KOoHcopHuyMoM u3 4eTbipex PGP-6akrepuit 3aMeTHO
yiIyqiano (pyHKIIMOHAJbHbIE XapaKTepUCTUKU (hO-
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Tocuctembl II, ckopocTh TpaHCHUpPALIUM U YCTbUY-
HYIO MPOBOAMMOCTb Y PACTeHUI TIIIEHUIIBI B HOpMeE
U TIpeIOTBpaIllaio pPe3Koe U3MEHEHME YKa3aHHBIX
mapaMeTpoB B YCIOBUSIX 00€3BOXMBAHUSI, YTO OTpa-
2KaJIOCh Ha IMOBBIIIEHUMN YpoxaliHOCTU 3epHa [155].
Kononmzanus pacrennit PGP-6akrepussMu MoxkeT
3aITyCKaTh MEXaHW3MBbl, TIOMOTAlOIINe PACTEHUSIM CO-
XpaHATh (POTOCUHTETUYECKYIO aKTUBHOCTb B CTPECCO-
BbIX ycinoBusix. Haripumep, B. thuringiensis AZP2 cyiiie-
CTBEHHO TOBBIIIAJIa YPOBEHb BBIXKMBAEMOCTHU pacTe-
HUH MILIEHULIBI B YCJIOBUSIX 3aCyXU 32 CYET CHUKEHUS
ypoBHs1 BelaesieMoro CO, ¥ MOBBIIEHUSI UHTEHCUB-
HocTu dortocuHresa [121]. O6padotka Burkholderia
phytofirmans PsJIN nonoxurensHo Biusiia Ha OCB,
accumwisiuuio CO,, UHTEHCUBHOCTb (DOTOCUHTE3A,
comepxkaHue xjJopoduia, 3(p¢GeKTUBHOCTh UCIOIb-
30BaHMS BOAbI U YPOKAMHOCTD IILIEHULIBI TIPU 3aCyXe
[156].

3acyXOyCTOMUMBOCTh — KOMIUICKCHBIN IpU3HAK,
00yCIIOBIEHHBIN (PYHKIIMOHUPOBAaHUEM MHOKECTBA
B3aMIMOCBSI3aHHBIX MEXaHU3MOB W OUYE€BMUIHO, UYTO
npaiimupoBanue PGP-6akrepusaMu MOXET BHOCUTh
CBOI1 BKJIaJ, B HACTPOIKY peanu3aluy 3TUX MEXaHU3-
MOB, CIIOCOOCTBYSI Pa3BUTUIO 3aCyXOYCTOWYMBOCTHU
pacteHuii. Bmecte ¢ TeM, 3(ppeKTUBHOCTh OAKTEpU-
aJIbHOI MHOKYJISIIMU MOXET CUJIbHO BapbUpPOBaTh B
3aBUCUMOCTHU OT HUCIIOJIb3yeMOro ITaMma, T€HOTH-
OB pacTeHWii, YCJIOBMI IIpou3pacTaHUsI, BuUIA
crpecca [47—50, 157]. K npumepy, ooH U TOT XKe
OaKTepuaJIbHbII IITAMM MOXET MO-Pa3HOMY BJIUSITH
Ha MOPOAYKTHMBHOCTh M B3HEPTUI0 pPOCTa PaCTEHMIA
[47], Ha pa3BuTue 3acyxoycroiiumBocTtu [49, 158] u
¢dhopMUpOBaHUE 2JIEMEHTOB CTPYKTYPHI ypoXKasi B 3a-
BUCHMOCTH OT TeHOTuIIa mmeHulIsl [50]. PackpbiTue
MexaHu3MoB nevictBust PGP-6akTepunii urpaer Kio-
YeBYyIO POJIb B OIpeaciieHnr HauoOoliee 3PPeKTUB-
HBIX NIyTel MX IIPUMEHEHUS IJISI MaKCHUMAaJIbHOTIO
CHUIKEHMSI TIOBPEXIAIONIETO AEWCTBUS 3acyxu Ha
pacteHusi. HecMoTpss Ha TO, YTO MEXaHU3MBI, T1O-
cpenctBoM KoTopbix PGP-0akTrepum MHOyLUpPYIOT
YCTOMUYMBOCTb PACTEHUI-X0351€B SICHbI HE IIOJHO-
CTbIO, OYEBUHO, YTO B OCHOBE peaiu3aliluv UHIAYLI1-
poBaHHoOi PGP-6akrepussMu 3acyXOyCTOMYMBOCTU
JIeXXaT MHOXXECTBEHHbIE MEXaHU3MbI, BOBJIEKAIOIINE,
HapsiIy ¢ OMMMCAHHOM BhIIIEe TopMOHaJIbHOM 1 ALK -
JIe3aMUHA3HOl aKTUBHOCTSIMM, aHTHUOKCUIAHTHYIO
3aIUTY, aKKYMYJISILIMIO OCMOJIWTOB U MHAYKIINIO CH-
CTEMHOI TOJIEPaHTHOCTH K 3aCyXe.

AHTHOKCHJIAHTHASI AKTHBHOCTb M CHUXKEHHE OKHMC-
JIATEJIbHOTO cTpecca. XOPOIITo M3BECTHO, UTO 3acyxa
Hapsiy ¢ APYTMMU CTpecCcaMy BbI3bIBAET B PACTEHUSIX
OKUCIIMTEIBHBIN CTpecc, BOZHUKAIOIINI BCISICTBUE
M30BITOYHOM TeHEpauM aKTUBHBIX (DOPM KHUCIOpoaa
(ADPK), Takux Kak CYMEpOKCHUIHBIM aHMOH-paauKas

(0'2_), ruapoKcuabHbIi panukan (OH'), mepekuc-

Hele pagukaiasl (RO?"), H,0,, CMHIJIETHBI KUCIIO-
pon (10%) u np., 06Ja7aI0IMX YPE3BBIUANHO BBICO-
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KOI peakIIMOHHOM criocobHocThio. [1pu HapylieHuu
OajaHca MexXIy oOpa3oBaHUEM CBOOOMTHBIX paauKa-
JIOB I MX HEUTpaau3aluei, OHU HaUMHAIOT CAMOIIPO-
U3BOJIbHO U HecTielinruueckKy B3auMo1eliCTBOBATh C
KJIETOYHBIMU KOMIIOHEHTaMU, YTO MPUBOAUT K Ce-
PbE3HBIM HApYILIEHUSIM CTPYKTYPbI U (DYHKLIMU MEM-
OpaH, akTUBHOCTU (hepMEHTOB, MyTareHe3y, OCTAaHOBKE
KJIETOYHOTO 1IMKJIa U, B UTOTE K TUOEIN KJIETOK 1 BCETO
opranmsma [ 159, 160]. O6e3BpexnBanrie APK B pacte-
HUSIX OO€ECIeunBaeTcsl aHTUOKCUIAHTHON CuCTeMO
(AOC), Bce KOMIIOHEHTHI KOTOPOi1 HAXOMSITCS B CIIOXK-
HOM (bYHKIIMOHAJIbBHOM B3aUMOAEUCTBUM, 0OeCrieun-
Bast yCTOMUYMBOCTb PACTEHUI K CTpecC-UHIYLIMPYEMbIM
OKMCIUTEIBHBIM TToBpexxaeHusaM [160]. AOC 3amuThl
pacTeHUi BKIIIOYAaeT aHTUOKCUIAHTHbIC (hePMEHTHI:
nepokcunasa (II0), karamaza (KAT), ackopbarre-
pokcunasa (AIIO), cynepokcunaucmyrtaza (COJ),
mmyratuoHpenykraza (I'P), 1 koMnoHeHTbl Hedep-
MEHTATUBHOM MPUPOJbI: aCKOPOMHOBAs KHUCJIOTA,
IyTaTUOH, [IUCTENH, IPouH [161].

K HacTosiiemy BpeMeHU HaKOIMJIEHbI OOIIMPHbIE
cBengeHus o crrocooHoctn PGP-06akrepuii mHImynm-
poBatb akTUBHOCTh AOC 3allIMThI Y CBOUX pACTeHMIi-
xo3sieB. K mpumepy, mociie MHOKYISILMU KOpHE
nweHuubl Lactobacillus plantarum ObLIN BBISIBICHBI
aktuBalus KAT v moBblllieHHME UHTETpaIbHO aHTU -
OKCUJAHTHOI €eMKOCTHU B MPOPOCTKAxX U OOHAPYKEHO
HUBEJIUPOBaHVE BbI3bIBAEMOTO 00E€3BOXMBaHUEM
OKUCJIUTEJILHOTO CTpecca, 3aperucTpupoOBaHHbBIE 110
HakorieHuto H,O, u ManoHoBoro nuansaeruaa (IM1A)
[162]. Azospirillum brasilense NO40 wu Stenotro-
phomonas maltophilia B11 3aMmeTHO CHUXaJIU BbI3BaH-
Hbl€ 3aCyXOil MOBpPEXJEHUS PACTeHUM TIIEHULIBI,
YMEHbI1as yTeuKy JIEKTPOJIUTOB, HakorieHue MJIA
u H,0,, a takxke nosbeias aktusHocts KAT u ITO
[35]. Tlon Bnusinuem PGP-6akrepuit B pacTeHUsIX
MIIEeHULIbI TIPOUCXOINIO CHUXEHUE YPOBHS CTpecc-
WHIYLIUPYEMOTO MEPEKUCHOTO OKMUCIEHUS JIMITUIOB,
MPOHUIIAeMOCTU MeMOpaH 1 aKTUBHOCTU (pepMeHTa
JIMTIOKCUTeHa3bl, TTOBBIIIIEHUE aKTUBHOCTU aHTUOK-
cunanTHbIX pepmenToB (COJl, KAT, AITO) B ycio-
BUSIX HapyllleHusl BonHoro pexuma [31]. MHokyns-
nus mueHunsl Klebsiella sp. 1G 3 Takke mpuBoaMiia
K ropasno 0ojiee HU3KOMY YPOBHIO 3K300CMOCa
3JIEKTPOJIMTOB U HakoruieHnto MJIA B yClioBuUsIX 3a-
CyXU MO CPaBHEHUIO C HEMHOKYJUPOBAHHBIMU pac-
teHusMU [136]. A. brasilense NO40 u S. maltophilia
B1l 3HauuTeNbHO YMEHBIIATU UHTUOUPYIOIEE e~
crBue 3acyxu Ha OCB B KOpHsIX, ITo0erax v JUCThSIX,
a TakKe Ha TUIOLIAIb JIMCThEB, colep:kaHue (hOTOCUH-
TETUYECKUX TMUTMEHTOB, aCKOPOWHOBOM KUCJIOTHI,
OEJIKOBbIE CTPYKTYPbl KOpPHEU MIIEHMUIIbI U 3aMETHO
YMEHBIIIAJIA 9K300CMOC 3JIEKTPOJIUTOB, HAKOTUICHUE
MIA u H,0, [35]. IIpy MHOKYJISILIUU U KO-UHOKYJISI -
nuu ¢ Bacillus sp. n Arthrobacter pascens B pacTeHUSIX
KyKYypy3bl YBEJIUYMBAJIOCh COAEPXaHUE Caxapos,
MPOJIMHA 1 BO3pacTajla aKTUBHOCTb aHTMOKCUAAHT-
HbeIX (pepmentoB: COJ, IO, KAT u AIIO [163].
AHaJIOTUYHBIC CBEICHUS OBIJIN ITOJyUYeHBI TIPU MHO-
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KYJISILMM PacTeHUIl MINEHULBI apOyCKYISIpHOM MU-
KOPU30Ii, TIpU KOTOPOIi ObLIO BBISIBJICHO YBEIUYSHHUE
conepxxaHusi KomrnoHeHToB AOC 3zamuTbl Hedep-
MEHTAaTUBHOM IIPUPOABI, B YACTHOCTU IIPOJIMHA U
CBOOOIHBIX AMUHOKMCJIOT, a TAKXKE IMOBBIILIEHUE aK-
TUBHOCTH Psila aHTUOKCUJIAHTHBIX (PepMEHTOB, Ta-
kux Kak I1O u KAT [164]. ABTOpHI I10JIaraloT, YTO
KOJIOHM3aIUsI MUKOPHU30ii CIIOCOOCTBYET YJIydllle-
HUIO OCMOTUYECKOM PETYJISILIMU PACTEHU MIIIEHULIbI
npu 3acyxe, ycrwinBaeT ux AOC 3aIInThl U CHIDKAeT
OKMCJIMTEJILHOE TTOBpPEXAECHUE KJIETOK, YTO B COBO-
KYITHOCTU IIPUBOIUT K MOBBILICHUIO 3aCyX0yCTOMY M~
BoCTH mieHunsl [164]. UMerorca naHHbIE O BOBJIE-
yeHuU A. brasilense NO40 u B. amyloliquefaciens 5113,
OKAa3bIBAOIIMX 3allUTHBIA 3¢@dEKT Ha pacTeHUs
MIIIEHUIIBI IIPY 3aCyXe, B PETYJISILIMIO aKTUBHOCTH T€-
Ha AITO APXI n dbepMeHTOB acKkopOaT-IIIyTaTUOHO-
Boro koMmiuiekca [151]. IToka3zaHo, 4TO HAO(PUTHBIE
OakTepnn B. subtilis oka3bIBAIOT 3aIIIMTHOE ACHCTBUE
Ha pOCT U aHTUOKCUJAHTHBIM CTATyC pacTeHUI MIle-
HUILIbI TPU 3aCyXe MOCPEACTBOM CTaOMIM3alU YPOB-
Hs ATTO u I'P [158]. ¥V mmpopocTKOB MIIEeHUIIBI, UC-
MBITHIBAIOIINX HEAOCTAaTOK BOAbI, WHOKYJISLIUS
wramMmMoM B. thuringiensis AZP2 ycunuBana akTUB-
HOCTBb (pepMeHTOB, Tormomiatmx ADK, Takmx Kak
I'P, COI u KAT, yTo mpuBOAMJIO K JIy4Illeil BBIKU-
BaeMOCTHU IIPOPOCTKOB B CTPECCOBBIX YCIOBUSX [121].
B. safensis W10 n Ochrobactrum pseudogregnonense
IP8 ynyuinanu akTUBHOCTh aHTUOKCHUIAHTHBIX bep-
MEHTOB U 3allyCKaJli HaKoIUleHue HeepMeHTaTUB-
HBIX AHTUOKCHAAHTOB B pPACTEHMSX IIIIEHUIBI B
ycioBusIX 3acyxu [ 145]. B yactHoCcTH, ObLIa yBEIUYE-
Ha aktuBHOCTh I10, KAT, AITO, COJl n I'P, Torma
KakK KOHIIEHTpalluM KapOTHMHOMIOB, ackopbaTa u
MPOJIMHA TaKXKe ObLIN TTOBHILLIEHBI BO BpeMsl cTpecca.
M3meHeHne 3TUX ITapaMeTpPOB II03BOJIMJIO CHU3UTH
CTEIIEHb OKMCJIMTEJIbHBIX IMOBPEXICHUM YTO, B KO-
HEYHOM CYeTe, MPUBEIO K YBEJIMYSHUIO OMOMAaCCHI
KOpHeii 1 mo0eroB IueHUIbl. OIHAKO 3TU UCCIEI0-
BaHMS HE JAI0T Y€TKOTO IIOHMMAHMS TOTO BBI3BIBAIOT
JIn GaKTepUH MOBBIILIEHHOE 00pa30oBaHUE AaHTUOKCU -
JIAHTOB B paCTCHUSIX WJIN CHIDKECHUE OKUCIUTEIbHBIX
MOBPEXIEHNI CBSI3aHO C MPOMYKIIUEH aHTHUOKCHU-
JIAHTOB CaMUMMU OakTepusiMU. B HEKOTOPHIX CiTyvasix
COOOIIIAIOCh O CHIDKEHMM aKTMBHOCTH aHTHMOKCH-
JIaHTHBIX (DEPMEHTOB MIIEHUIIBI IT0C/IE MHOKYJISIIINUI
PGP-6akrepussmu. Hanpumep, B mpopocTKax ITIe-
HULIbI, UCITHITHIBAIOIIUX BOOHEIN CTPECC, MHOKYJISI-
mus mramMMaMmu B. amyloliquefaciens 5113 u A. brasi-
lense NO40 npuBoauia K 0oyiee cj1aboit aKTUBHOCTU
ATITO u geruapoackopbaTpenykTasbl M0 CpaBHEHUIO
C HEMHOKYJIMPOBAaHHBIMM PACTeHUSIMU. TeM He Me-
Hee, 6aKkTepraJbHOE MHOKYJIMPOBAHUE MPUBOINIIO K
CHUXXEHUIO YPOBHSI OKHUCIUTEIBHOTO CTpecca B pac-
TEHUSIX, WX JIydllleii BELKMBAeMOCTH 1 00Jiee BBICO-
KHUM TIapaMeTpaM poCTa, TaKUM KakK ChIpas/cyxasi
Macca v cofep:kanue Bogsl [158, 165].

IIpoayKiusi 0CMOJIMTOB U CHHZKEHHE OCMOTHYECKO-
ro crpecca. MoOIIHBIM 3allIMTHBIM MEXaHU3MOM, I103-
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BOJISTIOLLIMM TTOJIeP>KMBATh BOMHBIN CTaTyC pacTeHUIA
B YCJIOBMSIX 3aCyXHU, SIBJISICTCSI aKKYMYJISILIMSI OCMOJIV-
TOB, BOBJIEKA€MbIX B OCMOTHYECKYIO PETYISIINIO KJIe-
TOK, CITOCOOCTBYIOIIVX MOHMKEHUIO OCMOTUYECKOTO
MOTeHIIMAJIa KJIETOYHOTO coKa. Pasanyaior BHyTpU-
KJIETOYHbIE OCMOJIUTHI HEOPTraHUYECKOIo ITpOouC-
XOXIEHUSI, MPEUMYIIECTBEHHO TMOIJIOIaeMble U3
BHEIHEN cpenbl MoHBI, Takue Kak K', Na®, Ca*,
Mg?*, Cl-, 1 opraHu4ecKue BellecTBa, CUHTE3UPYe-
MbI€ Y TPaHCIIOPTUPYEMbIe B pacTeHUsIX. M XoTst He-
OpraHn4YeckKue OCMOJIMTHI He TPEOYIOT JJIs HaKOIlJIe-
HUS OOJIBIINX 3aTpaT SHEPTUU U YIIepOaa, OHU MO-
T'YT BBI3BaTh MHTOKCUKAIIUIO PACTEHUI TIPU BHICOKMX
KOHLIeHTpausx [166]. Iis momaepXaHusi HU3KOTO
BOIHOTIO MOTEHIIMAJIA PACTEHUs] HAKATUIMBAIOT HU3KO-
MOJICKYJISIPHBIEC XOPOIIIO paCTBOPUMEBIE BO BHYTPUKIIC-
TOYHOM cpelie OpraHNYeCcKe COeAUHEHMsI, KOTOPhIE HE
SIBIISIIOTCSI TOKCUYHBIMU [IJIs1 KJIETKU U B OTVIMYUE OT
HEOpraHM4YeCK1UX MOHOB HE BBI3BIBAIOT U3MEHEHUI B
MeTaboIM3Me, II0O3TOMY UM IpUCBaBaeTCs HauMe-
HOBaHME COBMECTUMBIX C OGUOITOJIMMEepaMU BEICCTB.
K HMUM oTHOCSTCSI pa3nuyHble aMUHOKHUCIIOTHI, Ha-
IpUMep TMPOJIMH, aJJaHWH, YETBEPTUYHbBIE MOHBI: Oe-
TauH, DIMLUH-O0ETanH; caxapOCIUPThI, Pa3IUYHbBIE
MOHO- U oJiurocaxapuabl. HakorieHrue ocMOJIUTOB
00YyCJIOBJICHO 3aMeIJIEHMEM OTTOKA aCCUMMJISITOB U3
JIUCThEB, YCUJIEHUEM UX OMOCUHTE3a U MTOBLIIIEHUEM
AKTUBHOCTHU TUIPOJIUTUIECKUX (PepMeHTOB. OCMOIIN-
Thl CHVDKAIOT BOAHBIM IOTEHLIMAJ KJIETOYHOIO COKa,
CIIOCOOCTBYSI TEM CaMbIM ITPEIOTBPAILEHUIO MOTEPU
KJIETKAMU BOIbI M BOCCTAHOBJIEHUIO X BOTOCHAOXKe-
Hus1. KpoMe TOro, oCMOJIMTBI BOBJIEKAIOTCS B 3aLLIUTY
KOH(UTYpaLIM1 MaKpOMOJIEKYIT, TpeIoTBpalliasi erpa-
JTalnio OSTKOB 1 MHAKTUBALMIO pepMeHTOB. [Tommep-
>KaHHE OCMOJIMTaMU LIEJIOCTHOCTU CTPYKTYPHBIX O€J1-
KOB CITOCOOCTBYET COXpaHEHUIO (PYHKIUOHAILHOMI
aKTUBHOCTU KJIETOYHBIX MeMOpaH [167, 168]. Bruio
MMOKa3aHO, YTO B YCJIOBUSIX BomHoro crpecca PGP-
GaKTepUU CIIOCOOHBI K CEKPELIMY OCMOJIUTOB, (PYHK-
LIMOHUPYIOIIUX B CUHEPTU3ME C TPOIYLNPYEMbIMU
pacTeHUSIMM OCMOJIUTAMU U CTUMYIUPYIOLIMMHU UX
pocCT Gyarogaps peryjasiyiy OCMOTUYECKOTO MOTEH-
LIMaJia KJIeTOK KopHeit [26, 169]. UMeloTcst naHHEBIE,
yKa3bIBalONIME Ha ITOBBIIIEHUE CTPECC-YCTOMYMBO-
CTH pacTeHMii mireHunbl noxa BiusHueM PGP-0ak-
Tepuii, ONMOCpeIOBaHHOE HAKOIJICHUEM Pa3JIMYHBIX
ocMounToB [ 144, 150, 170].

BaxHeilmmM ocMONMpOTeKTaHTOM pacTeHU, 00-
JIalatolMM IIarepOHHBIMU CBOMCTBAMU 1 CHUXKalO-
IIIMM CTENEHb BbI3bIBAEMbIX 00E3BOXUBAHWEM IO-
BPEXIICHUI KIIETOUHBIX CTPYKTYP, SIBJISIETCSI TIPOJIUH
[3]. BoBiieueHue npoMHa B CIIEKTP 3allUTHOTO ACii-
ctBust PGP-0akTepuit Ha pas3muuHbIe BUIBI JTUKO-
pacTylIuX W KyJbTYpHBIX paCTeHUI, BKIIIOUYAs MIIIe-
HUILY, ObLJIO TIPOJIEMOHCTPUPOBAHO B MHOTOYMCJIEH-
HBIX ucciaemoBaHusx [16, 26, 50, 57, 169—172].
Hanpumep, sHaoputrHseie PGP-6aktepun cMmsiryanu
cTpecc oT AeUlIMTa BOAbl y PACTEHUI TILIEHUIIbI 3a
CUET YBEJIMYEHUS COAEPKaHUSI MPOJUHA U U3MEHe-
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HUS apxuTeKTypbl KopHen [150]. Mcnonp3oBaHue
PGP-6akrepuii CTUMYIMPOBAIO IIPUPOCT OOMACCHI
u noBaiano OCB B 1uCThIX Oarogapst akKKyMyJIsi-
LIMM MPOJMHA B PACTEHUSIX KYKYypy3bl TIpU BO3neii-
CTBUM BOAHOTO cTpecca [167]. PacTeHus OieHULbI,
uHoKynupoBaHHble PGP-6aktepusimu u Piriformo-
spora indica, HakalUIMBaJM OOJIblIME KOJIUYESCTBA
npoJjinHa, B-Tokodepona U KapOTUHOMIOB 10 CPaB-
HEHUIO C HEWHOKYJMPOBAHHBIMU PACTCHUSIMU, U
COCOOCTBOBAIM CHVKCHUIO MOBPEXKAAIONIETo neii-
CTBUS AeduUuMTA BJlaTh HA PAaCTEHHWS HA YPOBHE KJie-
TOK 1 Bcero pacteHus [31]. MHOKyasIus mraMMOM
A. brasilense Sp245 yny4maia OCMOTUYECKYIO pery-
JISILIMIO, YTO TPUBOAMIIO K YBEIUUEHUIO YPOXKaAHO-
cty meHnubl Ha 17% [81]. PacTeHus mOimeHWLBI,
WHOKYyJIMpoBaHHEIe B. safensis W10 wiu Ochrobac-
trum pseudogregnonense 1P8, neMoHcTpupoBanu yBe-
JInyeHue KoHleHTpaluu npojuHa 1 OCB B TUCTBSIX
B yciaoBusx 3acyxu [145]. CoBMmecTHass MHOKYJISIIUS
B. subtilis v A. brasilense ysenuuusaina (Ha 30%) npo-
JTYKUMIO TIPOJIMHA B JINCThSIX MIIEHULIbI B YCIOBUSIX
neduumTa Boabl M COCOOCTBOBAIU (DOPMUPOBAHUIO
3acyxoycroitunBoctu [170].

B HekoTOpHIX ciydasix cooOIIaJoch O CHUKEHUH
coliepXXaHUsI OCMOJIMTOB B PACTEHUSIX, MOABEPKEH-
HBIX 3acyxe. Hampumep, MHOKYISIIMS HNPOPOCTKOB
nmeHnOb IrammoM Klebsiella sp. 1G 3 mpuBommiia K
3HAYUTEJIPHOMY CHIDKEHUIO OOIIEro Comep-KaHUS
PacTBOPUMBIX CaXapOB 1 IPOJIMHA B YCIIOBUSIX 3aCyXU
10 CpPAaBHEHUIO C HEMHOKYJIMPOBAaHHBIMU pPaCTECHUSI-
mu. OgHako 06paboTaHHbIE SHIO(PUTAMU PACTCHUS
XapaKTepU30BAIMCh YBEINYCHUEM IJIMHBI I BETBIIC-
HUS KOPHEM, a TaKKe MOBBILIEHUEM CBIPOM M CyXO
Macchl KOpHei U moberoB. B TakoM cityyae BITOJIHE
BEpPOSITHO, 4TO BbiOpaHHble PGP-0akTepuu nmeiot
WHOM crtoco0 IeiicTBUSI, KaK HarlpuMep oOpa3oBaHue
OMOIUIEHOK, CHIDKAIOIIMX YPOBEHb BO3IEHCTBUS
BonHoro cTtpecca [173]. Kpome Toro, PGP-6aktepun
MOTYT CITOCOOCTBOBATH 3allIMTE PACTCHUI OT aedu-
LIMTa BJIard, CUHTE3UPYS IPYrue OCMONPOTEKTAHTHI,
HampuMep, Tperajaody. Tperaao3a NpeacTaBiaseT co-
0011 BEBICOKOCTAOMJIBHBIN T1caxapu, 0Opa30oBaHHbBIA
B-1,1-IMKO3UIHOM CBSI3bIO MEXIIY JAByMsI OCTaTKa-
MU -TIIIOKO3bI, CIIOCOOHOM yIepXKUBATh 3HAYUTE b~
HOE KOJIMYECTBO BOJIbl BHYTPH KJIETKU MTyTEM CBSI3bI-
BaHMSsI €€ MOJIEKYJI, 00pa3ys rejieByio a3y U CHUKas
TEM CaMbIM CTEIEHb BbI3bIBAEMOTO 3aCyXOU HapyIiie-
Huii Metabonusma. Kpome Toro, Tperajoza MOXET
y4aCcTBOBATh B MPEAOTBPAIEHUH IeTpagallii 1 arpe-
ralyM 4acTUYHO JEHATYPUPOBAHHBIX OEJIKOB IIpU
00e3BoX1BaHUM KJIeTKU. IMeIoTcsl JaHHbIE O Cylle-
CTBEHHOM MOBBIIIEHNM 3aCyXOYCTOMYMBOCTH pa3-
HBIX BUIOB KYJIbTYPHBIX pACTEHU 11O BIUSTHUEM OaK-
TEepUii, XapaKTepU3YIOLINUXCSI CIIOCOOHOCTBIO K TTOBbI-
IIEHHOM MPOAYKLMM TPEraao3dbl WIW COESAUHEHUM,
WHIYLIMPYIOIINX € CMHTE3 B pacTeHusx [ 174, 175].

Ne 1

TOM 59 2023



MEXAHHW3Mbl POCTCTUMVYJIMPYIOIIETO U 3AILIMTHOTO JEMCTBUA... 29

BHHJAOPUTHBIN MUKPOBMOM MILIEHUILIBI
M TTEPCITEKTUBDBI ET'O ITPUMEHEHHWA

PacteHus1 3BOIIOLIMOHUPOBAIN B TECHOM B3aIMO-
JIEACTBUM CO MHOXXECTBOM MUKPOOPTraHU3MOB, UTPa-
IOIIMX BaXKHYIO POJIb B pOCTe, MUTAHUM U 3[I0POBhE
pacteHuii. B HacTosiIIee BpeMsi UMeeTCsl 3HaUYUTE)b-
HBI 00beM MH(POPMALIUM O CTPYKTYpPE M TUHAMUKE
pacTUTEIbHOW MMKPOOHOTHI, a TakKxKe O (DYHKIIHO-
HaJIbHBIX BO3MOXHOCTSIX OTAEIbHBIX WIEHOB COO0-
mecTtBa [37]. MuKkpoopraHu3Mbl, TECHO CBSI3aHHBIE C
omnpeneaeHHBIM pacTeHUeM (BUIOM WJIM T€HOTHUIIOM),
HE3aBMCHUMO OT IOYBbI U YCJIOBUM OKPYXKaIOILEH cpe-
IIBbI, OIPENESIOTC KaK KOPOBbIii MUKpoOroMm (“core
microbiome”) pactenuii [176], BKiIroUaomii Kiode-
Bble MMKPOOHBIC TaKCOHBI, KOTOpbIE BaxKHbI ISl
amanrauuu pacreHuii. Harmporus, HeKOTOpbIe MUK~
poOOHBIE TAaKCOHBI, BCTpeYalolInecss B HEOOJbIIIOM
KOJIMYECTBE Ha OrpaHUYEHHOM YJYacTKe, Ha3bIBalOT-
Csl CaTeJUIMTHBIMM TakKCoHamMu. B 3aBucumocTu ot
reorpadmnyecKoro MojJoXeHU U CIIeIu(PUKA CPeIbl
00WTaHUsI MOTYT OIpPEACIISITCSI Pa3Hble CaTeJITUTHbBIC
TaKCOHBI. 3a ITOCJeAHNE TOObl C Pa3BUTHEM HOBBIX
METOJIOB MWCCJIENOBAaHUIA TOHMMaHUE CTPYKTYPHI
MUKpOOMOMa pacTeHU 3HAYUTEbHO PACIIMPUIOCH
[176—183]. XoTg TepMUH KOPOBbIIf MUKPOOHOM ILIK-
POKO MCIIOJNIb3yeTCsl, CYILIECTBYIOT pa3Horjaacus IO
MOBOJly METOIOB, KOTOpbIE CIeAyeT MCMOJb30BaTh
IS OTIpeAeIeHUSI OCHOBHBIX MUKPOOPTaHM3MOB, ac-
COLIMUPOBAHHBIX C OMpPEACIEHHBIM PacTeHUEM-XO-
3ssuHOM [184]. K mpumepy, CumoHUH ¢ coasT. [181] ¢
HMCIOJIb30BaHMEM TPEX TEHOTUIIOB MIIIEHUIIBI, BhIPa-
IIIEHHBIX HA BOCbMU KOHTPACTHBIX ITouBax EBponbl 1
Adpuku, IeHTUGULUMPOBAIUN B KOPOBOM MUKPO-
onome mmmeHNTH! 30 OaKTepuaNbHBIX, 24 TPUOHBIX 1
10 TaKCOHOB, OTHECEHHBIX K MpOCTeUIMM. B npyrom
ucciaegoBaHum PoccmaH c coaBT. [182] BbISIBUIM B
KOPOBOM MHMKPOOMOME COBPEMEHHBIX COPTOB ITIIIE-
HULBI 22 6akTepuaJbHBIX U 13 TpMOHBIX TAaKCOHA, a
Takke 3 TaKCOHa, OTHECEHHBIX K mpocTeiinM. OnHa-
KO CyMMMpPOBaHMe JAHHBIX 3THX IBYX MCCIIEIOBAaHUIA
[181, 182] moka3ajo, 4To TOJIBKO 4 pona 6akTepuii (Ar-
throbacter, Massilia, Bradyrhizobium w Nitrospira),
4 TakcoHa rpu6oB (Bionectria, Exophiala, Chaetomi-
um, n Fusarium) n 2 npotucta (Rhogostoma u Eocer-
comonas) okKazajauch OOLIMMU. DTU JaHHbIE YKa3bl-
BalOT Ha BBICOKYIO CTEIICHb CJIOXKHOCTUA TOYHOM
NASHTU(PUKAIINM KOMIIOHEHTOB KOPOBOTO MUKPO-
OroMa pacTeHU U HEOOXOIMMOCTb Pa3pabOTKHU OIl-
TUMAaJIbHBIX METOIOB B peIlICHUH 3TOi 3agaun. B Ha-
cTosIIee BpeMsl HauOoJjiee TOUHBIMU SIBJISIIOTCS MC-
clieqoBaHusT KOPOBOTO MUKpOOMOMa, OCHOBaHHbBIE
Ha METareHOMHOM aHaJI13€, KOTOphIe, OMHAKO, IIPO-
BOASATCI HOBOJILHO penko [46, 185, 186]. Bmecte ¢
TE€M, COIJTACHO HAaKOIUICHHBIM K HACTOSIIIEMY BpeMe-
HU JaHHBIM O MUKpOOMOME MIIEeHHUIIBI, OaKTepuu
pona Sphingomonas 6bUM 0OHaApPYKeHBI B ~80% uccie-
nmoBaHwmit; Bradyrhizobium B ~70%;, Pseudomonas v Mas-
silia B ~60%; Arthrobacter, Flavobacterium, Chitinophaga,
Pantoea, Pedobacter, Mucilaginibacter n Variovorax B
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~50% nccnepoBanuii. CIMCOK MpeACTaBICHHbBIX PO-
JIOB HE SIBJISIETCST ucuyepIibiBaoIuM [39], a TUIb CBU-
JIETENIbCTBYET O TOM, UTO C MCITOJIb30BAHUEM VMEIO-
IIMXCS METOJIOB Y MTHCTPYMEHTOB 3TU POl OKA3aIUCh
MHOTOYMCJIEHHBIMU WJIA KJTIOUEBBIMM TaKCOHaMU [39,

186].

AHamm3 >HIO(PUTHOTO MHUKpOOMOMA ITIIEHUIIHI
ObLT MpOBeAeH pa3HBIMU aBTOpaMy B OTHOIIEHUU
9HA0(GUTOB pa3HbIX YacTeil pacTeHuil (KOpHU, JIU-
cTbs, ceMeHa) [187—190], pa3ubix coprtoB [ 181, 188],
B pa3Hble ctraauu pa3puTus [181, 183, 188]. Pesynbra-
ThI TTOKA3HBIBAIOT, YTO SHAOMUTHBIE MUKPOOHEIE CO-
001IIeCcTBa CMJILHO 3aBUCST OT OpraHa pacTeHMs, BO3-
pacTa pacTeHusi, copta (TeHOTuIIa), a TaKXKe TeppU-
TOPUM BBIpAIIUBAHUS U TEXHOJIOTMHM BO3IEIbLIBAHUS
[191, 192]. AHanm3 reHeTUYECKOro pasHooOpas3ms
pe3usieHToB pu3ocdepbl mineHulbl [187] mokasan
Hanuuue 30 TaKCOHOMUYECKUX EIWHUIL, BKIIHOYas
Kkiacchel Alfaproteobacteria, Betaproteobacteria, Del-
taproteobacteria, Gammaproteobateria, Actinobacte-
ria, Bacilli, Clostridia, a Tak:xe Haju4nue HEKYJIbTH-
BUPYEMBIX 0aKkTepmii, (DYHKIINNA KOTOPBIX OCTAIOTCS
HesICHBIMMU. JIpyTroe ncciaenoBaHne SHIO(PUTOB pU30-
chepbl MpPOBEACHHOE Ha JBYX COpTax IIIIEHULIbI
(Freed-06 n Chakwal-50) Ha ctaguu uiBeTeHus [ 188]
MO3BOJIMJIO BBIBUTH, YTO MUKPOOHOE COOOIIECTBO
npeacraBiieHO 8 Tunamu, 14 kiraccamu, 14 nopsiagka-
MU, 23 cemeiictBaMu 1 33 pogamu s3HI0(puTOB. Kyp3s-
HUSIP C coaBT. [ 189] BIepBhIe IPOAEMOHCTPUPOBAJIH,
4yTo 7 ponoB dakTepuii (Pantoea, Streptomyces, Paeni-
bacillus, Massilla, Methanobacterium, Lactobacillus,
Serratia) IBAIIOTCS 00s13aTEIPHBIMA MUKPOOPTaHN3-
MaMU, KOJIOHU3UPYIOLIUMU CeMeHa UCCIeTOBaHHBIX
VMU COPTOB IIeHWubl Triticum aestivum L. (copt
Hondia) u 7. spelta L. (copta Rokosz 1 Schwabencorn).
IIpuuem, Pantoea n Paenibacillus 6111 maeHTUDUINA-
POBaHBI KaK JOMMHAHTHI B U3yY€HHOM CEMEHHOM Ma-
Tepuane mieHu. KpoMe Toro, B ceMeHax MIIeHUIIbI
SHAO(MUTHBIMU OaKTEepUSIMU ObLIU KOJOHU3UPOBA-
HBI KaK 3HIOOCIIEPM, TaK 1 3apOAbIII. ABTOPHI IIpU-
IIJIM K BBIBOJY, YTO CEMEHA MIIEHUIIbl HEIb3sl pac-
CMaTpUBaTh KaK CTEPUIbHBIE HUIIU, TIOCKOJIbKY OHU
comepXar SHIO(PUTHYI0O MHUKPOOMOTY, KOTOpas, B
CBOIO ouepeb, 110 COCTaBY M CTPYKTYPE SIBJISIETCS MH-
JIVBUIYaJTbHOM 1J1s1 Kaxkaoro copra [189]. BeisiBieHo,
4TO 3HIO(MUTHBIC OAKTEPUU, 3aCEJISIONIe 3apOabIIII
CEMSTH JIa’ke B HEOOJIBIIIOM KOJIMYECTBE, B TAJIbHEUIIIEM
BO BpeMsI pOCTa MIIEHUIIBI CTIOCOOHBI 3aCENISITh UX KOP-
HU u/vim aucTh [189]. B ycnoBusix in vitro oOHapyxe-
HO, 4TO 3HA0(MUTHI IPUCYTCTBOBAJIM U B KOPHSIX, U B
JIUCThsIX MieHulbl copToB Hondia n Rokosz. OgHako
KOPHM IIIIEHULIBI SIBJISUTUCH 00Jiee MPEaIIOYTUTEIbHbI-
MU OpraHaMM ISl KOJIOHM3AallMU SHAODUTAMU, YeM
JIUCThS, TIe UX OMopa3HOOOpa3ue ObLIIO OrpaHUYECHO.
In vitro a3KcIIeprMEHTHI TAKXKe TT0Ka3aJIv, YTO IBa PO-
na oakrepuit — Paenibacillus v Propionibacterium —
UMEIOT CTaTyCc 00si3aTeJIbHBIX MWKPOOPTaHU3MOB,
HacCeJISIOIINX pacTeHMs MIIeHUIbI copToB Rokosz u
Hondia [189].
Ne 1
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OnmHuM 13 HanboJiee MHTEPECHBIX aCIIEKTOB U3Yy-
YyeHUsI SHAO(UTHBIX OAKTEPUA SIBISIETCS OlLIEHKa PO-
JI1 (paKTOPOB BHEIIHEHM Cpelibl M TEHOTUIIA PACTCHUIM
B (hOpMHMPOBaHNY WX MOITYJISILINY, a TAKXKE AKTUBHOCTU
B OTHOILIEHUHM CTpecc-(paKTOPOB CPeibl, BKJIIOYAsi 3aCy-
xy. HemaBHo, 3napoBcka ¢ coaBT. [46] MeTOIOM MeTa-
T€HOMHOIO BBICOKOIIPOM3BOAUTEILHOIO CEKBEHHUPO-
BaHMA 1 aHam3a BapuabensHoctu 16S pPHK oxapak-
TEpU30BaAIA pazHOOOpa3ne SHAOMPUTHBIX OaKTepuii B
JIMCTBSIX 3aCYyXOYCTOMYMBOM 1 BOCHPUUMYMBOM K 3aCy-
Xe IMIeHUIbI. Pe3ynbTarhl MokKa3aiu, 4TO U3MEHe-
HUSI B BapuabETbHOCTU OaKTEepUAbHBIX YHIOMDUTOB
CBSI3aHbI IPEUMYIIIECTBEHHO C COPTOBBIMU (B OTHO-
LIEHUU 3aCyXH1) XapaKTepUCTUKaMU aHAIU3UPYEMBbIX
MIIIEHUI], a HE C XapaKTepOM CTPECCOBOTO BO3JEii-
ctBUs [46]. PacTeHus mieHUBI, 06paboTaHHbBIE PU-
3o0cepHBIMU KynbTypamu Paenibacillus n Bacillus,
BBIACJICHHBIMM M3 0O0Opa3loB TIPyHTAa 3aCyIIJIMBBLIX
cpell, XapaKTepU30BaIUCh yBeIndeHreM Ha 78 % noka-
3areJieii pocta 1 OMOMacchl M 5-KpaTHBIM TTOBBIIIICH -
€M YPOBHSI BEDKMBA€MOCTH PACTEHMIA B YCIIOBUSIX CUJTb-
Holt 3acyxm [121]. Torma xak mpencTaBUTENI TUX XKe
BUnoB Paenibacillus v Bacillus, BbiieIeHHBIC U3 TTOYB
YMEPEHHO-3aCyIJINBOM 30HBI, HE CIIOCOOCTBOBAJIU
MOBBIIIEHNIO 3aCYXOYCTOMYMBOCTH ITIIeHUIHI [ 191].

B 1O BpeMs1 Kak MUKPOOHMOMBI KOPHEBBIX CHCTEM
pacTeHuii ObUIM B LIEHTPE BHUMAHUS MCCICAOBATE-
Jieit, MUKpOOUOM CeMsSIH B 3HAUUTENIbHOI CTEeNeHU
urHopuposnaics [191]. B HacTosiiiee BpemMsi MHOTHE
KCCJIENOBATENIM CXOASITCS BO MHEHMHU, YTO YCJIOBUS
3aCyXHd OKa3bIBalOT 3HAYUTENIbHOE BIUSIHUE Ha CO-
cTaB M pa3zHooOpasme mukpodoumoma cemsH. ITocrty-
JIMPYETCS, YTO MUKPOOMOM CEMSTH pa3BUBAETCS B pe-
3y/IbTaTe 0TOOpa X03sieBaMU MO MpU3HAKaM, JOITOJ-
Hs10IIMM TeHoM pacteHus [191]. Ilpeamnonaraercs,
YTO MUKPOOMOMBI CEMSIH PACTeHMI1, MOABEPTIINXCS
abMOTUUYECKOMY CTpeccy, oboramaiTcs GakTepus-
MU, OoJiee YCTOMUYMBBIMU K 3TOMY CTPECCY, U YTO CO-
CTaB MUKPOOMOMOB CEMSIH pa3IndacTCs y YCTOMIM-
BBIX U YYyBCTBUTEJIBHBIX K 3aCyXe JUHMIA TIIICHUIIBI
[190]. C moMolipl0o KOMOMHAIIMM METareHOMHBIX U
KYJIbTYpaJIbHBIX METOIOB XOHEe ¢ coaBT. [ 190] aHanmn3u-
pOBall COCTaB MUKPOOHMOMA CEMSTH YEThIPEX 3aCyXO-
YCTOMYMBBIX M JBYX YyBCTBUTEIBHBIX K 3aCyXe JTMHUIA
MIISHUIIBI, TPOU3PACTAIONINX B HEOPOIIaeMbIX 1 3a-
CYILJTUBBIX YCIIOBUSIX C 1IEIbIO BRISIBIIEHUS] MUKPOOpTa-
HU3MOB, CITOCOOHBIX TMOBBIIIATH 3aCyXOYCTOMYMBOCTD
pacTteHusI-xo3stmHa. KoieKiyss MUKpOOPraHU3MOB,
BBIPAIIEHHBIX U3 CEeMSH IIEeCTU JIMHUI MIIeHULbI,
MoKa3ajia 3HaYUTeJbHbIC Pa3/IN4YUs B POJOBOM pas-
HOOOpa3uu 1 YMCJIEHHOCTH B YCJIOBUSIX 3acyxu. Pomsl,
MpuHagjexaiye Kk Gammaproteobacteria, a AIMEHHO
Pantoea n Pseudomonas, TOMUHUPOBAJIN B MUKPO-
OMOMeE CeMSTH YYBCTBUTEIBHBIX K 3aCyXe JIMHUA TTIIIe-
HUILBI, TOTHA KaK B 3aCyXOYCTOMYMBBIX JIUHUSX KX
ObLIO MaJIo. AHaJIOTUYHAas TeHACHIIMS HaOJroaaaach
B MUKpPOOMOME CEeMSH B YCJIIOBUSIX HEOPOIIAEMOTIO
3eMJIeieNIisd U B YCIOBUSIX 3acyxu, rae Pantoea n
Pseudomonas vucromanuch B ycjloBUsaX 3acyxu. Ha-
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MPOTUB, POIbI, MPUHAIEXAIINE K Actinobacteria, non-
BEPIJIUCH JIMHEWHO-3aBUCUMOM CEJIEKIIMM 3aCyXO-
YCTOMUMBBIMU JIMHUSIMU TIHEHULBI. DTO MCClIeaoBa-
HUE MOKa3aj10, YTO MUKPOOMOMBI CEMSIH T€HETUUYECKH
Pa3TUYHBIX TMHUIA MIIIEHUIBI 000TalllaoTCs TTOJIE3HbI-
MU OaKTepUSIMU CIOCOOAMM, KOTOPBIE SIBJISIIOTCS 3aBU-
CSAIIIMMM, KaK OT T€HOTHUIIa pACTeHUS-X0351MHa, TaK 1
€ro peakliMi Ha CTPECCOBbIE BO3ACHCTBUSI OKpYKaro-
el cpenpl. Takum o0pa3oM, ceMeHa cTpecc-(QeHOTH-
MUPOBAHHBIX JIMHWI ITIPEICTABIISIOT cO0O0iT OeclieH-
HBII pecypc (pe3epByap) JIs1 BBISIBJICHUS U TIOJIydYe-
HUS KYJbTYP MOJIE3HBIX 3HAOMUTOB, KOTOPHIE MOTYT
ObITh MEPCNEKTUBHBIMU TIPU TIOBBILIEHUU 3aCyXO-
YCTOMYMBOCTU CEIbCKOXO3SIMCTBEHHBIX KYIbTYP, B
YaCTHOCTH, ImmeHuIs! [190].

B ncciaenoBanusax, mpoBeneHHBIX CaTHOM C cO-
aBT. [192] OBLJIO yCTAaHOBJIEHO CYILIECTBEHHOE pa3jiu-
yrie B KOJIMYECTBEHHBIX ITOKAa3aTeJISIX MUKpOOMoOMa 1
OakTepuaJIbHBIX HIO(UTOB CEMSIH pa3HBIX COPTOB
(r€eHOTUITOB) IPOBOM MILIEHUIIBI, TPOU3PACTAIOIINX B
pa3HbIx reorpaduueckux 3oHax EBpazum. CeMeHa,
BeIpanieHHble B CpenHeil A3zumu (pecnyonukax Ka-
3axcTaH 1 TamKUKNCTaH), XapaKTepU30BaJINCh OOJIb-
IIMM KOJIMYECTBOM OOIIEro MUKpoOMOMa U BHIO-
¢UTHBIX 0aKTepHUii, aKTUBHBIX B OTHOIIECHUU (PUTO-
MMaTOr€HOB, B OTJIMYME OT CEMSH, BbIpAIlIEHHBIX B
IMoBomxwe (Tarapctan, Poccus). BoisiBieHHBIE pas-
JIMYMSI MOTYT OBITh CBSI3aHBI HE TOJBKO C Pa3HBIMH
KJIMMaTUYeCKUMMU YCIOBUSIMU, HO U C pa3HBIMU I10Y-
BEHHBIMU MUKPOOMOMAaMM, a TaKXKe C Pa3HBIMU CU-
creMaMu arpoTexHuku [192]. B ¢Bs13m ¢ 3TM 0COOBII
WHTEpeC MpeaCcTaBIsIeT U3yuyeHue BKJIana (akTopoB
BHEIIHE Cpelbl, CUCTeMbl arpOTEXHUKU U IeHOMa
pacteHus1. Pelrenue 3Toit mpo0O1eMbl TO3BOJIUT MC-
MOJIb30BaTh METO/Ibl TPAHCIUIAHTAIIMU 1IEHHBIX O1O-
JIOTMYECKHX areHTOB WJIM LEJbIX MUKPOOMOMOB M3
OOHUX PETMOHOB B APYTHe IS IIOBBIIIEHUS CTPECC-
YCTOMYMBOCTU U YPOXKAWHOCTU pPaCTeHUI. YUUTHI-
Bas, uTo B [ToBokxbe Poccuu ypoBeHb MCITOIB30BA-
HUSI XUMUYECKNX (DPYHTHILIMIOB 3HAYUTEIBHO BHIIIIE,
yeMm B Kazaxcrane u TamkukucraHe, a aKkTUBHOCTb
CEMEHHbBIX SHIO(MUTOB 110 OTHOIICHUIO K (PUTOITATO-
reHaM KpaiiHe HU3Kasi, BO3BMOXHOCTb TaKOIO IIepe-
HOCa 1 MCIIOJIb30BaHUE OMOJOTMYECKMX areHTOB U3
ctpaH LleHTpanbHON A3UKN MOXKET OBITh MEPCIIEKTUB-
HBIM JJIs1 KOMIUIEKCHOI1 3a1IuThI pacTeHuii [192]. Ta-
KOM Xe IoaX01 MOXET ObITh MCIIOJIb30BaH U C LIEJIbIO
MOBBIIIEHUS 3aCyX0yCTOMYMBOCTH ITIIeHULIBL. OnHa-
KO TaKye CBEACHUS B IMTEPAType MOKa OTCYTCTBYIOT.
B To e Bpems 11pu pa3paboTKe TEXHOJIOTUU IMePEHO-
ca OMOJIOTMYECKMX areHTOB M3 OOHOIO peruoHa B
JIPYroii HEOOXOIMMO YYUTBHIBaTh MX CIOCOOHOCTH
aJanTUpOBaThCA K IPYTUM YCIIOBUAM CPEIbI, a TAKXKE
WX BO3MOXHBIE B3aUMOOTHOILIEHUSI ¢ a0OpUTeHHbI-
MU OOOYJISIIUSIMU SHIO(MUTHBIX OakTepuii. st co-
XpaHEHUS IIeHHBIX aDOPUTESHHBIX 9HIOMPUTHBIX OaK-
Tepuii ceMsiH HEOOXOIMMO MPOBECTU COOTBETCTBYIO-
Y0 paboTy 110 cOOpPY OMOIOTMYECKOro MaTepuaja B
MeCTax C ApeBHEMN UCTOPUEN BO3IEIbIBAHUS MILIEHU -
Ne 1
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bl I ¢ MUHUMAJIbHBIM TTPUMEHEHUEM XUMHWYECKHUX
CPEICTB 3allIMThl U PETYJSITOPOB POCTa PaCTEHMUIA.
BosHuKaeT HEOOXOOUMOCTh Pa3BUTUSL COTPYIHUYE-
CTBa MEXIY Pas3IMYHBIMUA peTMOHAMMU, Kak EBpasuu,
TaK U OCTaJIbHBIX PETMOHOB MMpPAa B M3YYEHUM JIO-
KaJIbHOro Habopa MHMKpoOOMOMa CeMsH IJIsI pa3pa-
00TKM 3(PPEKTUBHBIX CUCTEM 3aIIUTHI I YCTONYM -
BOIO pa3BUTUS IIPOU3BOJCTBA 3epHa ITIIeHUILBI [ 192]
B YCJIOBUSIX MEHSIIOIIETOCS KJIMMaTa.

Takum o0Opa3oM, BbIACICHHE IIpeACTaBUTEIICH
KOPOBOTO MUKPOOMOMA IMIIEHHUIIBI, B OCOOEHHOCTU
CeMsIH, U TIoC/eayollee oIpeaeeHue ux pyHKIno-
HaJIbHBIX BO3MOXHOCTEM Kak in vitro, Tak W in planta
MOXET CTaThb OCHOBOI CTpaTeruu IS pa3paboTKU
HOBBIX MTHOKYJISTHTOB [39, 189] u 6e301macHOro moBbI-
IIEHUS aJaNTallMOHHOTO Y IIPOAYKIIMOHHOI'O MOTEeH-
1yaja pacTeHUM, B YaCTHOCTH, MIIIEHUIIBI, B YCIIOBHU-
SIX CTPECCOBBIX (DAKTOPOB, IMPUBOISIINX K TeDULIUTY
Biaru. B To ke BpeMms, ucciemoBaHusI 0COOCHHOCTEM
MUKpOOMOMa PaCTeHMWM IISHUIILI, IIPOM3pacTaio-
11X B pa3HbIX reorpanIeCKuX peruoHax U ¢ pa3Hbl-
MU TEXHOJIOTMSIMU BO3IEJILIBAHUSI, a TaKXKE UX aK-
TUBHOCTH I10 OTHOIICHUIO K a0MOTUYECKUM CTpeC-
caM Haxo[sITCs B HayaJlbHOI CTaauu, U 3TO TpedyeT
JaJIbHEMNIIIEro U3y4YeHMsl.

sk

COBOKYITHOCTb HAKOIJIEHHBIX K HACTOSIIIIEMY MO~
MEHTY CBEICHUI yOeOUTEIbHO IEMOHCTPUPYET, UTO
sHaodutHeie PGP-6akTepuu urpaiot yHIaMmeHTa b-
HYIO poJIb B MpoLeccax pocTa U Pa3BUTHUS, a TaKXkKe
ajanTaluvy PacTEHU IMIIEHULIBI K YCJIOBUSIM 3aCyXU.
INpaiimupoBanue cemstH PGP-6akrepussmu crmoco6-
CTBYET CTUMYJ/ISIIUM POCTA M Pa3BUTUIO 3aCyXOYCTOM-
YMBOCTHU PACTEHMIA TIOCPEICTBOM MHOXECTBA IIPSIMBIX
U OTIOCPEIOBAHHBIX MEXaHM3MOB, BKJIIOYasl yIydllie-
HMe abcopOLY BOJAbI, MOOMIM3ALINIO MUTATEIbHBIX
BEIIIECTB MOYBBI, MOIYJISIIMIO TOPMOHAJIbHOro 0Oa-
JIJaHCa, YCWJIEHHWE aHTUOKCUJIAHTHOM M OCMOTUYE-
CKOIi 3allIMThl PACTEHUI, IIPOAYKIINIO OMOAKTUBHBIX
COEMVMHEHUI M CUTHAIBHBIX MOJICKYI.

TakuMm o6pa3oM, B paCTEHUSX IO BIUSTHUEM SH-
ITopUTOB TIPOUCXOIUT ITIepeHacTpoiika (yHIaMeH-
TaJIbHBIX METa0OJIMYSCKUX IIPOLIECCOB U MOAYJIUPO-
BaHUE OMOXUMHUYECKUX U MOJIEKYJISIPHBIX MyTeil, 4TO
B 1IEJIOM O0yCJIaBJIUBAEeT Pa3BUTUE CUCTEMHO TOJIe-
PaHTHOCTH KYJIbTYPHI K 3acyxe. OqHAKO CBEIECHUS O
COOCTBEHHOM B3HIO(PUTHOM MHUKPOOMOME MIIEHUIIBI,
ero (pyHKIIMOHAJIbHBIX CBOMCTBAX, a TakKXKe MeXaHU3-
MaX B3aUMOAEHCTBUSI COOCTBEHHBIX U ITPUBHECEHHBIX
GakTepHallbHBIX SHIOMUTOB C PaCTeHUSIMU-XO3S9eBa-
MU, OCOOEHHO B YCJIOBUSIX a0OMOTUYIECKMX CTPECCOBBIX
¢daKTOpPOB, OCTAIOTCS MaJI0O U3YyYEeHHBIMU. JlanbHeli-
II1e MCCIeNoBaHUs 3HIOMPUTHOIO MHUKpoOMOMa U
BBISIBJICHHE €ro poiaud B (OPMHUPOBAHUM 3aCyXO-
YCTOMYMBOCTU PACTEHMI MILEHUIIbI, HECOMHEHHO,
SIBJISTIOTCS] BaXKHBIMU M MOTYT OBITh ITOJIE3HBI, KAK IJ1ST
XapaKTePUCTUKU CEMSIH B CEJIESKIIUM SIpPOBOM MIIIeHU -

ITPUKIIAAHAA BUOXUMUA U MUKPOBHUOJIOT'UA

1LIbI, TAK ¥ IIPY pa3paboTKe 61onpenapaToB Ha UX OC-
HOBE, HOBBIX IOAXOA0B K 6€30IacHOMY YIpaBJIeHUIO
MPOAYKTUBHOCTBIO M KAYECTBOM YPOKasl MIIIEHULIbI B
YCIOBUSIX TNIO0ATBbHBIX U3MEHEHUN KJIIMMAaTa.

Pabora BbimosiHeHa B paMmkax npoekra PH®
(Ne 22-26-00076).
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The review is devoted to the analysis and systematization of modern data on the participation of endophytic
plant growth-promoting (PGP) bacteria in the regulation of growth, development, yield formation, and stress
resistance of cultivated plants, mainly spring wheat as the main bread crop. Presently known data on the in-
teraction of plants with PGP-bacteria under normal and drought conditions are described. Particular atten-
tion is paid to the molecular mechanisms of regulation of plant metabolism by PGP-bacteria, as well as their
role in reducing the negative effects of drought, achieved by modulating various processes in plants, for ex-
ample, improving the supply of moisture and mineral nutrients, and activating the antioxidant and osmopro-
tective plant systems. A key role in the adaptation and resistance/tolerance of plants caused by PGP-bacteria
are played by their ability to produce various metabolites with the properties of biologically active substances,
including substances with antimicrobial and hormonal activity, enzymes and other compounds. Information
about the endophytic microbiome of wheat is given, the elucidation of the role and functions of which in plant
stress response and adaptation is necessary for the development of effective, safe strategies for their practical
application in order to maximize the adaptation and productive potential of wheat under changing environ-
mental conditions.

Keywords: endophytic PGP-bacteria, seed biopriming, plant-microbe interactions, wheat, drought tolerance
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