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W3YYEHME BJUSHUSA SHIOPUTHBIX BAKTEPAIA POJIA BACILLUS HA POCT 1
CTPECCOYCTOMYOBOCTH TPOPOCTKOB SAPOBOM ITIIIEHUIIBI 1 CON
I'. X. IMaiimysiuna, P. K. Cadun, O. A. Eroposa, A. P. Banues, M. H. Kanqumyjuimn

Pedepar. ccnenoBanus MpOBOMMIH C IENbIO BBISIBICHHUS BO3MOKHOCTH MPUMEHEHHS LITaM-
MOB 3HI0GHUTHBIX GakTepuii poaa Bacillus Ha OTHOMONBHBIX M ABYIONBHBIX PACTEHHSX JUIS TOBBIIICHHS
UX 3aCyX0yCTOWYMBOCTH. ONpeeNnsuii MOoKa3aTeIn BCXOKECTH CEMsH, [UTMHY KOpPHEH, YpOBEHb Iepe-
KHCHOTO OKHCJICHHS JIUMUIOB, COepKaHue (OTOCHHTETHICCKUX MUIMEHTOB U CBOOOTHOTO MPOJIHHA.
Cxema BereTalMOHHBIX OTBITOB MpeaycMaTpuBana Moaenuposanue 30%-Hol 3acyXu Ha MECKE U Ipe-
MOCEBHYIO 00paboTKy ceMsiH sIpoBOil mieHuIpl copta Monapz u con copta CyntaHa SHIOPUTHBIMH
oakrepusmu Bacillus subtilis KS-55 AU, Bacillus cereus KS-56 AU, Bacillus pumilus KS-57 AU,
Bacillus megaterium KS-58 AU, Bacillus cereus KS-59 AU, Bacillus megaterium KS-60 AU u Baczllus
pumilus KS-61 AU. BakTepun nydie cTHMYIHPOBAIIM POCT KOPHEH TIpH MCTONb30BaHHH THTpa 1% 10°
KIeTOK B 1 mu mpenapata (mpubaBka Ha coe ¢ Bacillus subtilis KS-55 AU wu Bacillus megaterium
KS-60 AU cocrasuna 0,6 cM, Ha menuie ¢ Bacillus cereus KS-56 AU, Bacillus cereus KS-59 AU u
Bacillus pumilus KS-61 AU — 0,4 cm). Ha mumenune ocob6o Beiiemnsics wmramm Bacillus subtilis
KS-55 AU, 00paboTka KOTOPhIM CIIOCOOCTBOBAJIA MOBBIMICHHUIO BCX0xkecTH Ha 30%, CHUKCHUIO YPOBHS
MEPEKUCHOTO OKUCIIEHUS JIMNUA0B Ha 46%, yBEeNWYEHHIO KOJMYecTBa CBOOOAHOro mponuHa Ha 148%,
(OTOCHHTETHUECKUX MUTMEHTOB — Ha 6%, OTHOCHTENHHO KOHTPOJIHLHOTO BapuaHTta. Ha pacTeHusx cou
3TOT ITAaMM CIIOCOOCTBOBAJI MOBBIMICHHIO BcxoxecT Ha 40%, obpadotka Bacillus cereus KS-59 AU
NPHUBOJIMIIA K CHIYKEHUIO YPOBHS TEPEKHCHOTO OKUCICHHS JTUMUIOB Ha 47%, HAKOIUICHHIO TIPOJTHHA —
Ha 73%, Bacillus pumilus KS-61 AU noBblmain coaepxanue cyMMapHoro xjopodumia Ha 141%, otHo-
CHUTENBbHO KOHTPOJBHOTO BapuaHTa. TakuM 00pa3oM, MOXKHO 3aKJIFOUHTh, YTO YKa3aHHbIC ITAMMBI JH-
JOPUTHBIX OAKTEPHH YIIYUIIAIOT POCT U Pa3BUTHE MTPOPOCTKOB SPOBOM IMIICHHIIBI M COH, @ TAKXKE CIIy-
JKaT UHAYKTOpaMHU YCTOWYMBOCTH KYJbTYp K IIOYBEHHOM 3acyXe.

KaroueBble ciioBa: spoBasi NuIeHUIA, cosi, 3HI0PUTHBI e OakTepuu poxaa Bacillus, 3acyxa, nepe-
KUCHOE OKUCIICHHE JIUMUIOB, MPOJIHH, XJIOPOPHILI.

Beenenue. CenbCKOX03siCTBeHHBIE KYNb- ¢ (UTOnaToreHHsiMu rpudamu [14, 15]. B To xe
TYpHI B TEYEHHE BET€TALMOHHOIO IEPHOJA IIOCTO-  BpeMs MEXaHU3MBI IPOTEKTOPHOTO JIeHCTBUS
SHHO WCIIBITBIBAIOT JCHCTBUE CTPECCOB PasiuW4-  SHAODUTHBIX OaKTEpHil Ha PACTEHHUS B YCIOBHAX
Hoit mpupoasl [1]. Oaun w3 Haubonee pacrpo- CTpECCOB aOMOTHYECKOM MPUPOIBI MTOTHOCTHIO HE
CTpaHEHHBIX CTPECCOB B MHUpE — 3acyXa, VI pe-  pacliu(poBaHbl, a CBEACHUH IUISI KOMIUIEKCHOTO
ruoHa IIOBOIKBS TOCTATOYHO 4YacToe SBIEGHWE —  aHANW3a (PU3MOIOro-OMOXMMUYECKUX MapKepoB
MoYBEHHAA 3acyxa [2, 3, 4]. YpoBeHpb ycTOWYHBO- TIOJIOKUTEIBHOTO BIUSIHUSL 3HAO(DHUTHBIX OakTe-
CTH pacTeHHH K 3TOMYy HeOlaronpuaTHoMy (ak-  puid Ha pa3nuyYHbIe TPYNIBI pacTeHUd npu aedu-
TOPY Cpeabl MOXET 3aBUCETh OT PAa3MYHBIX IIPU-  IUTE BJIArH B ITOYBE HEAOCTATOYHO [16].

YMH, HayMHAas C  KOMIDIEKCa  3aIIUTHBIX Llenb mccnenoBaHUs — BBIBICHHE OCOOEHHO-
MEXaHU3MOB CaMHX PACTCHHH W 3aKaH4YMBAasg WH-  CTeH OTBETa IPOPOCTKOB SPOBOH MIIECHUIBI U COH
TEHCHBHOCTBIO u NPOAOIDKUTENIBHOCTBIO  Ha 00pPa0OTKY CeMsiH SHIO(PHUTHBIMHU OAaKTEpUsIMU

BO3IEUCTBUS cTpecca [5, 6, 7]. OmpeneneHHele  pona Bacillus mpu MOYBEHHOH 3acyxe M BBIIETIE-
BKJIaJ B CTPECCOYCTOMYMBOCTH KYIBTYp MOXET  HHE OMOXHMHYECKUX MapKepOB MX IMO3HUTHBHOTO
BHOCHTH 00paOOTKa CeMsH M HAJ3EMHOM 4YacTH  JICHCTBHS Ha PACTEHUS.

pacTeHHil TONE3HBIMH POCT-CTHMYJIHUPYIOIIUMHA YcnoBusi, MaTepuabl 4 MeToabl. [1ockomnb-
oaktepusimu (PGPB — plant growth-promoting Ky GONBIIMHCTBO W30JIMPOBAHHBIX HAMH U3 CEMSIH
bacteria) [8]. MHOTOYHCICHHBIE TIOTIOKUTEIIbHbIE 1 KOpPHEW SPOBOTO SIMEHS U MIIEHUIIBI MECTHOM

CBOICTBa HCIOJIb30BaHUS SHIOPUTHBIX (OI'BYH O®UIL| «Kazanckuii Hay4HBIA MEHTP
OakTepuii — OOIIMPHOW TPYIIbI HEMATOreHHbIX  PoccHilcKoil akaJeMuu Hayk») U 3apyOeiHOM
MHUKPOOPTaHU3MOB, OOMTAIOIIMX BHYTPH pacTe-  CEJNEKIMH 3HAOPHUTHBIX OakTepuii OTHOCHIINCH

HUH — TOKa3aHBl B paborax mcciemoBateneil mo K poxy Bacillus, B paboTe paccMaTpHUBAaIH IITAM-
Bcemy Mupy [9, 10, 11]. [IpenmymectBom mpuMe- ~ MBI 3TOro TakcoHa — B. subtilis KS-55 AU,

HEHHsI KOHKPETHO dTHX OakTepwii B pacteHneBon-  B. cereus KS-56 AU, B. pumilus KS-57 AU,
CTBE CUMTAIOT WX CIOCOOHOCTh MPOHHUKATh Hermo- B, megaterium KS-58 AU, B. cereus KS-59 AU,
CPEACTBEHHO B TKAaHU pACTCHUH, KOppektupys  B. megaterium KS-60 AU wu B. pumilus
CBOMMHM MeTabonmuTamMn WX pocT u passutue, KS-61 AU.

3amuTy OoT Oone3Hell M CTpeccoB, UTO Ha nauvaneHOM 3Tare u3ydanu BIUSIHUE pa3-
B KOHEYHOM HMTOT€ MPHBOINT K HOBBIIIECHAIO IPO-  HOTO THTPa KIETOK OakTepuii Ha pPOCT KOpHEH
nykTuBHOCTH [12]. TTo3TOMY KOIMYECTBO 3apeTH-  OXHOAOJNBHBIX (sipoBas mmieHuna coprta Momapi3)

CTPHPOBAHHBIX WM PAa3pEUICHHBIX K NMPUMEHEHHWIO W JBYRONBHBIX (cost copta Cynrana) KymbTyp.
Ha Teppuropun PO mpenapaToB Ha OCHOBE Takux  JI 3TOro MOACUYMTHIBANN KOJMYECTBO KIIETOK

«TIOJIE3HBIX» MHKPOOPTaHW3MOB €XErofIHO YBE-  MHKPOOPTaHM3MOB B HHOKYJISTE C HCTIONB30BAHH-
mmamBaercs [13]. OmgHako OONBIIMHCTBO mpema- — eM kamepsl 'opsiea. 3aTteM cemeHa oOpabaTbhiBa-
paToB MpeaCTaBIeHO OMOTOrnYecKUMH GyHruIM-  Jid 75%-HbIM 3TAHOJIOM, MHOTOKPATHO MPOMBIBA-

JAaMH, KOTOpbIC TIPUMCHAIOT  JIA 60pI>6I>I JIn CTepHJ’ILHOﬁ ,HPICTI/IHHPIpOBaHHOﬁ BO,HOI71 n
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3aMaurBad Ha 24 4 B CyCIICH3MH OaKTepHajIb-
HBIX KJIETOK ¢ THTpoM 1x10° kmeTox/Mn (KL/Mi),
1x10° wr/mMn u 1x10" xn/m1. B KOHTpONEHOM
BapHaHTE CeMeHa o0palaTbIBal CTEPHIBHOU
BOJIONIPOBO/IHOW BO/IOW. B kauecTBe Omomormye-
CKOTo (TIOJIOXKHUTEIIFHOT0) KOHTPOJIS ObLT BHIOpaH
sunodur Bacillus mojavensis PS17, BelAeICHHBIN
u3 ceMsH mmeHunsl [17]. JnuHy KopHell yduTsl-
BaJI yepe3 3 CYTOK.

[ocne ompeneneHust pocT-CTUMYIUPYIOLIETO
TUTpa KJIETOK MOJEIUPOBAIM YCIOBHS IOYBEH-
HOM 3aCyXW JUIsl BBISIBIICHUS TIPOTEKTOPHOTO JIeH-
ctBus S3HAOPUTOB poxa Bacillus Ha pacTeHus pu
nepuuure Baaru. Cemena ApoBOH MIIEHUIIBI COP-
ta Wonnpz B konuuectBe 20 MmT. U cou copTa
Cynrana B konuyectBe 10 1mIT. BhIcEBalu B Bere-
TallMOHHBIE COCY/BI 00beMOM 5 11 (IIOBTOPHOCTH
TpeXKpaTHasi), 3all0JIHEHHbIE CTEPHJIbHBIM KBap-
LEBBIM [TECKOM, YBJIXKHSUIH MUTATEIbHBIM PaCTH-
TenbHBIM pactBopoM PNS (plants nutrient solu-
tion) [18] u npopaumBanu B Teuenue 14-u cyrok
B KnuMaTtuyeckoil kamepe HPP 750 Memmert
(I'epmanust) ipu cBeToBOM repuozae 16 4 u TeM-
nepatype +23 °C. BnaxxHOCTh cyOcTpaTa momaaep-
JKUBAJIM BECOBBIM MeTooM Ha ypoBHe 30% ot
nosHo# BiaroemkoctH (I1B). B xone onbiTa duk-
CHPOBAJIM BCXOXECTb CEMSH, JUIMHY HaI3€MHOMN
YacCTU U KOPHEBOU CUCTEMBI.

OO0 ypoBHE CTPECCOYCTOMYMBOCTH pPACTECHUIN
CYAWIN IO HAaKOIUICHHIO NPOAYKTa MEPEKHCHOIO
okucnenus Jsmnuaos  (ITOJT) MaJIOHOBOT'O

maansaeruga (MJIA) [19]. TTommmo 3Toro, ormpe-
JIeTSUTH CoJlepKaHue CBOOOJHOTO TPOJIMHA C HC-
MOJI30BAHUEM KHCJIOTO HUHTHJPUHOBOTO peak-
tuBa [20] u skcTparupoBany (OTOCHHTETHYECKHE
MUTMEHTHI (xJ10poduiut a u b) 96%-HbIM 3THIIO-
BBIM cripToM [21].

OnTuYecKylo TUIOTHOCTH PacTBOPOB OIpere-
JSTM HAa  TUIAHOIETHOM  CHIEKTPOQOTOMETpE
SpectroStar nano.

3akyanKy SKCIHEpHMEHTOB M HM3MEpEHUs 0Cy-
IIECTBJSUTM B HECKOJBKHX (HE MeHee TpEX) Ouo-
JIOTUYECKUX W aHAJMTUYECKUX TIOBTOPHOCTSX.
Pesynbratel oO6pabareiBanu B nporpamme Excel ¢
BBIYKCIICHHEM CpPETHETO 3HAUCHUS ¥ CTaHJapTHO-
ro OTKJIOHEHH. [I1s1 BBISBICHHS 3HAYMMBIX pa3-
JMYUNA MEXKy KOHTPOJIGHBIM U HCIIBITBIBAEMBIMH
BapuaHTaMHM HCIONb30BalK t-kpurepuii CTbio-
JIeHTa (pasiuyus OUECHUBAIIM MPH YPOBHE 3HAUM-
MmoctH p<0,05).

Pe3yabTaThl u 06cyxnenue. Ha HauanbHOM
aTane BCE HU3ydaeMble INTaMMBbl JHIO(PHUTHBIX
OakTepuii MPOAEMOHCTPUPOBAIU CTUMYIUPYIO-
IIyI0 aKTUBHOCTh Ha TPOPOCTKAX  BBICIIUX
pacrenuii. HanGonbliee yBenuueHue JUIMHBI KOP-
Heil com (Ha 0,6 CM), OTHOCUTEIBHO KOHTPOJI,
oTMevaau B BapuanTax ¢ B. subtilis KS-55 AU u
B. megaterium KS-60 AU (ta6n. 1). Ha npopoct-
Kax SIPOBOM TIICHHIBI HAHOONBIIYIO MPHOABKY
(0,4 cMm) ormewanu B BapuaHTax c B. cereus
KS-56 AU, B. cereus KS-59 AU u B. pumilus
KS-61 AU (tabm. 2).

Tabnuua 1 — Biusinue pa3Horo TUTpa KIETOK SHAOPUTHBIX OAKTEpHid Ha JUTUHY KOPHEH COM, CM

Turp 6akTepuaIbLHOM CYCIIEH3UH, KII./MJI
Bapuant T=10° T I <10

KonTpons 1,6+0,1

KS-55 AU 1,6+0,1 2,2+0,2* 1,8+0,2
KS-56 AU 1,6+0,2 2,0+0,2* 1,8+0,1
KS-57 AU 1,6+0,1 1,7£0,2 1,8+0,1
KS-58 AU 1,7£0,2 1,7£0,1 1,8+0,1
KS-59 AU 1,7£0,2 2,1+0,1* 2,0+0,1*
KS-60 AU 1.8+0,1 2,0%0,1% 2,020,2%
KS-61 AU 1,6£0,2 1,040, 1 1,6£0.3
PS17 2.0£0, 1 2,120,3% 1,6£0,1

*(30ecv u 6 mabn. 2) pasnudus mexicoy KOHMpOIbHbIM U UCHbIMbIBAEMbIMU 8APUAHIMAMU OOCTNOBEPHbI

npu yposte 3nadumocmu p<0,035.

Tabnuua 2 — BiusHre pa3HOro TUTpa KIETOK SHIOMUTHBIX OakTepuil Ha JUIMHY KOpHEH spoBoi

INICHUIBI, CM

Bapmant Tutp GakTepHaTbHON CYCITEH3HMH, KII./MJI
1x10° | 1x10° | 1x10

Kontpons 3,501

KS-55 AU 3,5+0,2 3,8+0,1* 3,6+0,1
KS-56 AU 3,6+0,2 3,9+0,1* 3,6+0,1
KS-57 AU 3,5+0,1 3,5+0,2 3,8+0,1%*
KS-58 AU 3,5+0,1 3,7+0,2 3,5+0,1
KS-59 AU 3,5+0,2 3,9+0,1* 3,8+0,2
KS-60 AU 3,6+0,1 3,7+0,1 3,6+0,1
KS-61 AU 3,5+0,1 3,9+0,2%* 3,5+0,1
PS17 3,5+0,2 3,8+0,1* 3,7+0,1

Crporoil KOppemiiuu MeXIy YBEIUdeHHEM
TATpa KJIETOK OaKTepuii W M3MCHCHHEM JUINHBI
KopHell He HaOmomann. Ho npu mcnons3oBanun
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BCEX HCCIENyeMBIX IITaMMOB OakTepuii, Kpome
B. pumilus KS-57 AU wu B. megaterium
KS-58 AU, Haunyymuii CTUMYIHPYHOIIMI
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s¢dekr ormevamn mpu tutpe 1x10° Ko1./mmn. Ilo-
9TOMY JUIS JajJbHEHIIET0 N3Y4eHUs BIMSHHS JH-
nohutoB poma Bacillus Ha 3aCyXOyCTOHYUBOCTH
pacTeHuil cemeHa 066pa6aTmBaJm HMHOKYJISITOM B
koHUeHTpauuu 1x10° xir./mi. B ycnoBusix mone-
JUpYeMOl TOUBEHHOM 3acyxXu IpeANoceBHas
00paboTKa HIODUTHBEIMH OAaKTEPHSIMH CIIOCO0-
CTBOBaJIa COXPaHEHUIO BCXOXKECTH CEMSH Yy SIpO-
Boii mmeHnIp! Ha ypoBHE 80...100% (uckirouas

00paboTky mrammoM B. megaterium KS-60 AU),
y con — 70...100% (xpome mramMmMoB B. pumilus
KS-57 AU u B. megaterium KS-58 AU).

Torma xak 0e3 WX HCIONB30BAHUS BEIIMIHHBI
9THX TOKa3aTeliell COCTAaBIIIA COOTBETCTBEHHO
70% u 60% (Tabn. 3). BepositHO, Oiaromaps 6ak-
TEpUATIBHOM KOJOHU3AIMU TIOBEPXHOCTH, CEMEHA
MOJIYYaroT MPEUMYINECTBA MPH TMPOpacTaHUU B
HEOJIArONMPHSATHBIX YCIOBHUSX.

Tab6muia 3 — BexoxkecTh ceMsH SIpOBOH MIICHUITBI U COHM B ycloBuaX 30% MoYBEHHOM 3acyxH, %

Bcxoxkects cemsH, %
Bapuant
SIpoBast MIIICHUIIA cost
Kontpons 70 60
KS-55 AU 100 100
KS-56 AU 100 70
KS-57 AU 100 60
KS-58 AU 80 60
KS-59 AU 100 80
KS-60 AU 70 70
KS-61 AU 100 80
PS17 90 100
Kpome BcxokecTH, B BapuMaHTax C SPOBOM  HAOJIONAIM IO JJTHHE CTEOIs.
NILIEHUIIEH, 00paboTaHHBIX mTaMMaMu [Tocne oOpabotkn B. subtilis KS-55 AU

B. subtilis KS-55 AU, B. cereus KS-59 AU u
B. pumilus KS-61 AU, 3adpukcupoBaH Han0OoJb-
LM TpUPOCT KOpHS — Ha 23 MM, Ha 20 MM U Ha
16 MM COOTBETCTBEHHO, OTHOCHUTEJIBHO KOH-
TPOJbHOTO BapuaHTa. [lOXOXKYIO TEHACHIIMIO

[ hiiii: el KOpHSA, MM

y SpOBOM TIICHWIIBI OHA  YBEIWYHMBAJACh,
M0 CpaBHEHHIO C KOHTposieM, Ha 17 wmM,
B. megaterium KS-58 — na 10 mm, B. cereus
KS-59 AU - na 12 mMm, B. pumilus KS-61 AU —
Ha 24 mm (puc. 1).

B1THHA CTed.Is, MM

* *

*

Kontpoms KS-55 AU KS-56 AU KS-57 AU KS-58 AU KS-59 AU KS-60 AU KS-61 AU PS17

Puc. 1 — JlnuHa MpopoCTKOB SIPOBOM MITEHHUIBI B ycioBHAX 30% MOYBEHHOH 3acyxu
*(30ecy u Ha puc. 2) pasaudus Mexcoy KOHMPOIbHbIM U UCHBINbIBAEMBIMU 8APUAHIMAMU OOCHOBEPHYL

npu yposte 3nadumocmu p<0,035.

[IpakTHueckn aHAJOTUYHYIO KapTHHY OTMEYa-

JIM Ha MPOpOcTKax cou. [lymiHa KopHs mocie 00-

pabotku mrammamu B. subtilis KS-55 AU ysenu-

guBajgach Ha 29 MM, B. cereus KS-59 AU -

Ha 13 MM, B. pumilus KS-61 AU — nHa 35 mMm.
0 IHHEA KOPHSI, MM

*
200
180
160
140
120
100
80
60
40
20
o

Kontpons KS-55 AU KS-56 AU KS-57 AU

*

KS-58 AU KS-59 AU KS-60 AU KS-61 AU PS17

JdnuHa crebnss B BapHaHTE CO  IUTaMMOM
B. subtilis KS-55 AU Bospacrama Ha 19 Mm,
B. pumilus KS-57 AU — nma 14 MM, B. cereus
KS-59 AU — na 15 mm, B. pumilus KS-61 AU —
Ha 2 MM (puc. 2).

JAJIHHA CTe0/I5, MM

*
| *

Puc. 2 — Jlnuna npopocTKoB con B ycnoBusix 30% moyBeHHOI 3acyxn
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Takne OTBeTHBIE pEaKIWH, B YACTHOCTH
CO CTOPOHBI KOPHEBBIX CHCTEM, Ha WHOKYJISLIUIO
OGaktepusiMu  poma  Bacillus  moryr  OBITH
CBSI3aHBl C CHHTE30M  HHJOIHWI-3-yKCYCHOH
kucnotsl (MYK). Tak, mo nanusim O. B. Jlacrou-
KuHOH [22], B ycnoBusx 3acyxu B. subtilis 104
CTUMYJIUPOBAJl TPOIECCHl 00pa30BaHUsI M POCTa
KOpHEW IIIEHHIBl Oyiaromapss MHAYKIUH 3TOrO
rOpMOHa ayKCHHOBOT'O psijia.

OueBHIHO, 4YTO TMpPH 3acyxe MPOUCXOIHT
HapylieHHe HOPMAJBHOTO TeueHHs: (hU3UOJIOTH-
YECKUX, OMOXMMHUYECKHX MPOLECCOB BHYTPH pac-
TeHud. OJHO W3 HUX — MEPEKUCHOE OKUCIECHUE
mumupoB (ITIOJI)  kmerownelix  MemOpaH,

BBI3BIBACMOC HM30BITOYHBIM KOJHUYECTBOM AKTHB-
HBIX (opMm kuciopoma (ADK) [23]. BaxkubM
NPH3HAKOM HX TIOBPEXKICHHS CUHTAIOT HAKOILIe-
HHE MaJIoHOBoTO uainbaeruna (MJIA).

Copepxannie MJIA B JUCTBSIX OIBITHBIX
BApUAHTOB CO INTaMMaMH, IO CPaBHEHHUIO
C KOHTpOJIEM, CHIXKAJIOCh (Tabum. 4, Tadmn. 5). [Ipu
00paboTke TMIICHUIBI CcaMOe 3HAYNTEIHHOE
YMEHBIIICHHE  BEIMYMHBI ITOr0  MOKa3aTens
(Ha 46%), KOTOpPOE CBUACTEIHLCTBYET O JIY4IICH
[ETOCTHOCTH MeMOpaH TpH 3acyxe, OTMEUCHO B
BapuaHre co mraMMoM B. subtilis KS-55 AU, npu
obpabotke cou (Ha 47%) — cCcO IITaMMOM
B. cereus KS-59 AU.

Tabmuna 4 — BnusHue SHAOPUTHBIX OakTepuii Ha coxepykanue MJIA, cBOOOTHOrO MpOIMHA H
KOJIMYECTBO (POTOCHHTETUYECKHX MMTMEHTOB B SIPOBOM MIIEHUIE B YciaoBUIX 30% MOYBEHHOI 3aCyXu

Bapuant CoaepmaHHeuM}IA [MponuH, MI/T ChIpoit Xnopoq)lxmun av o, Mr/r

MMOJIB/T CHIPOW Macchl Macchl CBIPOH Macchl

KoHnTposb 18,814+0,04 33,21+0,03 1,464+0,002
KS-55 AU 10,2240,02* 82,49+0,07* 1,550+0,003*
KS-56 AU 16,374+0,04* 38,53+0,07* 1,465+0,010
KS-57 AU 14,484+0,02* 37,324+0,08* 1,466+0,007
KS-58 AU 17,1540,03* 40,94+0,02* 1,469+0,009
KS-59 AU 13,704+0,01* 50,94+0,05%* 1,540+0,002*
KS-60 AU 17,57+0,04* 34,66+0,02* 1,452+40,007*
KS-61 AU 15,544+0,02* 49,49+0,02* 1,507+0,003*
PS17 14,364+0,01* 95,054+0,08* 1,746+0,004*

Tabnuua 5 — BnusiHue sHnoduTHBIX OakTepuii Ha coxepxanue MJIA, cBOOOAHOro MpoivHA U
KOJINYECTBO (POTOCHHTETHYECKUX MUTMEHTOB B COe B yCIOBHAX 30% MOYBEHHOM 3aCyXH

Bapuast Conepxxanne MJIA, [Mposnun, Mr/t ceipoit | Xsopodwumi a u 6, mr/t
MMOJIB/T CBIPO MacChI Macchbl ChIPOM Macchl
Kontpons 33,3340,17 34,90+0,06 0,187+0,002
KS-55 AU 20,83+0,01* 55,43+0,02* 0,444+0,003*
KS-56 AU 26,67+0,03* 35,46+0,04 0,189+0,005
KS-57 AU 24,23+0,05* 34,90+0,03 0,188+0,005
KS-58 AU 33,3240,18 39,73+0,02* 0,285+0,007*
KS-59 AU 17,81+0,02* 60,51+0,01* 0,410+0,004*
KS-60 AU 30,54+0,02* 35,01+0,05 0,189+0,001
KS-61 AU 24,00+0,03* 49,49+0,03* 0,451+0,001*
PS17 22,65+0,01* 53,7440,02 0,301+0,002

Ha crabunpHOCTE MeTabonmu3Ma pacTeHHH H
LIETIOCTHOCTh MEMOpaH MOXET TaKKe OKa3bIBaTh
BIIMSIHUE CBOOOIHBIN MPOJUH, HAKOIIEHUE KOTO-
poro yBemmumBaeTca mpH crpeccax [24]. B
HaIlMX SKCIIEPUMEHTAaX B IPOPOCTKAX IIICHHIIBI
U co, 00paboTaHHBIX Tepen MOCAAKON IITaMMa-
mu B. subtilis KS-55 AU, B. cereus KS-59 AU u
B. pumilus KS-61 AU, 5TOT HU3KOMOJNEKYIISPHBINA
AQHTHOKCHJAHT aKKyMYJIHPOBAJICS CHIIBHEE BCErO
(tabm. 4, tabm. 5). ComepxaHue MPOIWHA B TKa-
HAX IIEHUNOBl T1pu 00paboTKe ITaMMOM
B. subtilis KS-55 AU Bo3pacrtano, OTHOCHTEIEHO
KOHTpoms, Ha 148% B MpopocTkax coe B BapHaH-
1e ¢ B.cereus KS-59 AU — Ha 73%. Panee B pabo-
Te Han Q-Q. Ob110 MOKa3aHO, YTO MPH UCHONB30-
Bannnu PGPB B pacTeHnsX KyKypy3bl IPOHUCXOIH-
JI0O HaKOIUIEHHWE TIpOJIMHA, Onarojmapsi KOTOpOMY
TIOBBIIIAJIOCH OTHOCHTENBHOE CO/IEPKAHUE BOJIBI
B KJIeTKax [25].

B mmcTesax, oOpaboraHHBIX 3HAO(DUTAMHU pac-
TEHHH, yBEIIMYMBAIIOCH cojiepkaHne (oTrocuHTe-
THYECKUX MHUTMEHTOB (Xxyopodwmia a u b), 4ro
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CBHICTENBCTBYET 00 YMEHBIICHHH OTPUIIATENb-
HOT'O BIIMSIHUSL Ae(HUIIUTa BJIaTH Ha MX CHHTETHYE-
ckuii ammapat (tabm. 4, Tabm. 5). Heobxommmo
OTMETHTh, YTO MaKCUMAaJbHOE IOBBINIEHHE KOH-
HEHTPANrN TUTMEHTOB (Ha 6%) B JHCTHSX IIIIIe-
HUIBI OTMEYeHO Tmpu o0O0paboTKe ITaMMOM
B. subtilis KS-55 AU. B nucThsix com comepixa-
HHE CyYMMapHOro Xjopodmuia a M b cuibHee
Bcero (Ha 141%) Bo3pacrasio mpu 00paboTke
B. pumilus KS-61. AHanormdHoe yBenmyeHHE
KOJIMYECTBA (POTOCHHTETHYECKUX MUTMEHTOB IPH
00paboTke  OWONOTMYECKUMH  TIpernapaTtaMu
HaOmomam MapTeiHOB A. A. U coaBT. [26]. B
pabore AmmarymoBoit Y. P. [27] Obumn 3admkcu-
POBaHBI yBeNUUEHHE KOHIICHTPAIMK (POTOCHHTH-
YECKMX IHUTMEHTOB M CHIDKCHHE COJEp)KaHMs
MJIA mpu comeBoM cTpecce y pacTeHnit, oopabo-
TaHHBIX Oaktepusimu B. subtilis GBO3.

Beisoanl. [Ipeamocesnas o6paboTka ceMsan
OITHOZIOJIBHBIX (SIpOBast MIIeHHNA copTa Momnmei3)
n BynoneHBIX (cos copra CynTaHa) pacTeHHH
SHIOGUTHEIMU  OakTepussmMu  poxa  Bacillus
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CTUMYIUPYET POCT U  CTPECCOYCTONIMBOCTH
KynbTyp. Koppemsmuu Mexay HCIOIb3yeMbIM
TUTPOM KJICTOK OakTepuii ¥ H3MCHCHUEM
JUIMHBI KOpHEW He OOHapyKeHO, HO Hambolee
OJU3KOM K ONTHUMAJILHON POCT-CTHAM YIHPYIOIIEH
KOHIICHTpanuer  OakTepuit i1 00pabOTKU
cemsH Obuta 1x10°kmerox B 1 Mi mpemapara
(mmHa KOpHS cow yBenmumBasnach Ha 0,6 cM,
mmeHuns — 0,4 cm).

B yCOBUSAX BEreTalMOHHBIX OMBITOB OTMEUE-
HO TIOJIOXKHUTEIBHOEC BIIUSHHE OaKTepuid, B OCO-
6ennocty mraMMmoB Bacillus subtilis KS-55 AU,
Bacillus cereus KS-59 AU w Bacillus pumilus
KS-61 AU, Ha ycTOWYMBOCTH OJHOJOJBHBIX H
JIBYIOJBHBIX KYJIBTYP K YCIOBHSIM TTOYBEHHOMN
3aCYXH M BBISBJICHBI OMOXHMHUYCCKUE MapKephl
MO3UTUBHOTrO AelcTBus. [Ipoucxoauno nocrosep-
HOC CHIDKCHUE YPOBHS TEPEKHUCHOTO OKHCIICHHS

YCTOWYHMBOCTH MEMOpaH IIpH CTPECcax, y MIIeHH-
bl Ha 46%, y con — Ha 47%. B oOpaboraHHBIX
BapUaHTaX OTMeYaJd HAKOIUIEHWE OJHOTO W3
BRXHEHIINX OCMOIIPOTEKTOPOB — CBOOOIHOIO
NponuHa: y mimeHunsl — Ha 148%, y con — Ha
73%. KoHueHtpamust (OTOCHHTETHYECKHUX IIHTI-
MEHTOB (XJIopodwiia a 1 6) y MIIESHUIBI BO3pac-
Tana Ha 6%, y cou — Ha 141%, 4ro yka3bpIBaeT Ha
COXpaHeHHe CTaOWIILHOCTH (POTOCHHTETHYECKOTO
anrapara B JIMCTBSIX TIPH 3acyxXe.

ITocre npeanoceBHOM 00pabOTKK CEMSH Apo-
BOW mmeHunpl copra Monmeiz  sHpoduTH
BIMH MHUKPOOPTaHM3MaMH YHCJIO B3OIMIEIINX
ceMsH yBenuumnocb Ha 30%, com copra
Cynrana — Ha 40%.

Cgenennsi 00 MCTOYHMKe (PMHAHCHPOBa-
Husl. PaboTa BHIMONHEHA MO TOCYAapCTBEHHO-
My 3aganuio HUOKTP Nel123031400113-5 npu

JIUTUJIOB, HHTErpajgbHOTO nokaszarenst  (uHaHCOBOM nojyiep:kke MuHcenbxo3 Poccun.

Jlurepartypa

1. Abiotic stress responses and microbe-mediated mitigation in plants: the omics strategies / K. K. Meena, A.
M. Sorty, U. M. Bitla, et al. // Frontiers in plant science. 2017. Vol. 8. P. 191-215.

2. OneHka 3¢ QpEeKTHBHOCTH TPEIIIOCEBHON 00pabOTKH CEMSH U TIOCEBOB OMOJIOTMUECKH aKTHBHBIMHU BEIIeCTBa-
MH Ha SIpOBOH MIueHuIe B ycnoBusx IIpeakamest PecriyOmiku Taraperan / M. ®@. Amupos, A. 5. Caduymin, M.
10. T'mnszoB [m np.] // Becthuk Ka3aHckoro rocysapcTBEHHOro arpapHoro yHusepcureta. — 2023. — T. 18, Ne 2
(70). - C. 5-12.

3. VI3MeHeHne TepMHYECKHX PECypCOB BET€TallMOHHOTO IEPUO/Ia U YPOXKaWHOCTh SIPOBO MIIEHUIIBI B YCIOBH-
sx Cpennero [ToBomxkbs / A. P. Cepxkanoa, M. 1O. I'msizos, ®. 11. [aiixyrauHos [u np.] // Becruuk Kazanckoro
rocyapcTBeHHoOro arpapaoro ynueepcureta. — 2023. — T. 18, Ne 1(69). — C. 38-44.

4. Mapsxun, E. B. MccnenoBanus mo aganTUBHOCTH COPTOB sipoBoii mmeHunsl B [ToBomkee / E. B. Manskuw,
O. U. Topsinue // BecTHUK VYIBSHOBCKOM T'OCYJapCTBEHHOH CEIbCKOXO3SMCTBEHHOW akamemun. — 2023. —
Ne 1(61). — C. 40-45.

5. KpynuoB B. A. I'eHeTH4ecKas CIOKHOCTb M KOHTEKCT-CIELU(PUIHOCTD NPU3HAKOB YPOXKasl MILCHUIBI B 3a-
CYIUTUBBIX yCTIOBUsIX // BaBuoBckwuii sxypHain renetukd u cenekumu. 2013. T. 17. Ne. 3. C. 524-534.

6. Amupos, M. @. Bimsinue MUHEpaTbHBIX YI00peHHid, 00pabOTKH CeMsH U ITOCEBOB HA IPOAYKTUBHOCTD SPO-
BoOU mieHuIpl B ycnoBusix [Ipeakamps Pecniyonuku Taraperan / M. ©. Amupos, 1. W. TonokHos // Bectnuk Ka-
3aHCKOT'0 rOCYJapCTBEHHOr 0 arpapHoro yHusepcurera. — 2022. — T. 17, Ne 2(66). — C. 8-13.

7. Slkomackun, C. C. MuHepallbHOE MUTaHUE KaK OCHOBA (hM3HOJIOTUYECKUX MPOLIECCOB, MPOUCXOMASIIUX B pac-
teHusix / C. C. Skomackun, B. U. Kaprun, A. A. 3ybapes // BecTHuk Y I1bsHOBCKOIM TOCYIapCTBEHHOM CEIIBCKOXO-
3stiicTBeHHOM akamemun. — 2023, — Ne 2(62). — C. 36-40.

8. The potential application of endophytes in management of stress from drought and salinity in crop plants / H.
Verma, D. Kumar, V. Kumar, et al. / Microorganisms. 2021. Vol. 9. No. 8. Article 1729. URL: https://
www.mdpi.com/2076-2607/9/8/1729 (nara obpamenus: 01.11.2023). doi: 10.3390/microorganisms9081729.

9. Enhancement of drought stress tolerance in crops by plant growth promoting Rhizobacteria / S. S. K. P.
Vurukonda, S. Vardharajula, M. Shrivastava, et al. / Microbiological Research. 2016. Vol. 184. P. 13-24.

10. Mercado-Blanco J., Lugtenberg B. J. J. Biotechnological applications of bacterial endophytes // Current
Biotechnology. 2014. Vol. 3. No. 1. P. 60-75.

11. Ocobennocru neiictusi 6akrepuii Bacillus subtilis Ne 2 u rymMHHOBOro npemnapara Ha ILJI01000pa30BaHUe
nepia cnaakoro / B.H. Mummk, H.W. Bopo6sés, O.P. Yaanosa u np. / Poccuiickasi cenbCKOX03HCTBEHHAS HAayKa.
2019. Ne 3. C. 22-27.

12. IlepbakoB A. B., 3amnarkun A. H., Ye6oraps B. K. DunodurHsie 6akTepuy, HACEISIOMINE CEMEHA MILICHHU-
11bI, IEPCIEKTUBHBIE NTPOAYLIEHTHl MUKPOOHBIX HPENapaToB sl CENILCKOro X03aicTBa // JIOCTHKEHUS HAyKH U TeX-
nuku AIIK. 2013. Ne. 7. C. 35-38.

13. Monactsipckuii O. A. BuonpenapaTsi: Turibl, peiHKd B Poccuu 1 B apyrux crpanax // Arpoxumus. 2019. Ne.
11. C. 86-90.

14. Bnusure kpaTHocTH 00paboToK KapTodess sHmopuTHbIMU Oaktepusimu Bacillus subtilis Ha comepxanue
MUTMEHTOB B JTUCTHSIX, IPOAYKTUBHOCTD U YCTOWYMBOCTD K Oonestsm / JI.U. Tlycenkosa, C.P. T'apumosa, K.A. ®e-
noposa u ap. // Joctmxkenus Hayku u Texauku ATIK. 2022. T. 36. Ne 10. C. 11-17.

15. DddexTuBHOCTF MUKPOOHONOTHYECKUX TpenapartoB mpu BosaenbiBanuu samens // C.A. Kopxos, T.A.
Tpodumosa, /1. Kaproo u ap. / 3emnenenue. 2022. Ne 7. C. 40-44.

16. DHI0(UTHBIE MUKPOOPTaHU3MBI B (yHAMEHTABHBIX UCCIIEN0BAaHUAX U celibckoM xo3siicTe / E. H. Bacu-
nbeBa, ['. A. AxtemoBa, B. A. )KykoB u np. // Dxonornueckas reseruka. 2019. T. 17. Ne. 1. C. 19-32.

17. AbpamoBa A. A., llatimymumuaa I'. X. OneHka KOMMYeCTBEHHBIX H3MEHEHHH B MUKPOOHOME TIOUBHI U pacTe-
HUI SIPOBOY MIIICHUIIBI HA PaHHHUX CTaIUSX €€ Pa3BUTHA MpH 00paboTke OHompemapaTramMy B MoJeBbIX ombiTax 2020
u 2021 ronos // Arporomust. 2022. Ne. 3. C. 6-11.

18. Acetylene reduction assay for nitrogenase activity in root nodules under salinity stress / L. Gu, J. R. Loya,
S. Subramanian, et al. / Methods in Enzymology. 2023. Vol. 683. P. 253-264. doi: 10.1016/bs.mie.2022.08.044.

19. Meroap! OnpeaeNeHus: peoKC-cTaTyca KyIbTUBHPYEMbIX KIETOK PACTEHHH: y4eOHO-METOANYECKOe MOCOo-
6ue / I'. B. Cubrarymnuna, JI. P. Xaepraunosa, E. A. I'ymepoBa u np. Kazans: Kazanckuii (IIpuBomkckuit) @ene-
pansHBIN yHUBEpcuTeT, 2011. 61 c.

57 Becmnux Kazanckozo I'AY Ne 4(72) 2023



CEJIbCKOXO3AUCTBEHHBE HAVKH

20. MoaudunmpoBaHHasi METOIMKA ONPEACNICHHS NMPOJINWHA B pacTUTENbHbIX 00bekTax / I'. H. Illuxaneesa, A.
K. bBymmsax, Y. W. uxanees u ap. // Bicauk XapkiBcpkoro HamioHanmbHOTO yHiBepcuteTy imeHi B.H. Kapasina.
Cepist: bionoris. 2014. Ne. 21. C. 168-172.

21. Effect of various biological control agents (BCAs) on drought resistance and spring barley productivity / R.
Safin, L. Karimova, L. Nizhegorodtseva, et al. / BIO Web of Conferences. France: EDP Sciences, 2020. Vol. 17.
Article 00063.

22. Effects of Bacillus subtilis on some physiological and biochemical parameters of Triticum aestivum L.
(wheat) under salinity / O. Lastochkina, L. Pusenkova, R. Yuldashev, et al. // Plant physiology and biochemistry.
2017. Vol. 121. P. 80-88.

23. Response of plants to water stress / Y. Osakabe, K. Osakabe, K. Shinozaki, et al. / Front. Plant Sci. 2014.
Vol. 5. Article 86. URL: https://www.frontiersin.org/articles/10.3389/fpls.2014.00086/full (mara oOpaieHus:
04.11.2023).

24. Proline, a multifaceted signalling molecule in plant responses to abiotic stress: understanding the physiolog-
ical mechanisms / U. K. Ghosh, M. N. Islam, M. N. Siddiqui, et al. / Plant Biology. 2022. Vol. 24. No. 2.
P. 227-239.

25. Beneficial soil bacterium Bacillus subtilis (GB03) augments salt tolerance of white clover / Q. Q. Han, X. P.
Lu, J. P. Bai, et al. // Frontiers in plant science. 2014. Vol. 5. Article 525. URL: https://www.frontiersin.org/
articles/10.3389/fpls.2014.00525/full (nata obopamenus: 04.11.2023).

26. Onenka 3¢ dexra Onomornaeckoii 00paboTK! ceMsH sipoBol Msrkoi mmreHus! (Triticum aestivum L.) B
nabopaTopHbIX ycnoBusix / A. A. MapteiHos, H. A. Bowme, [I. A. Basiok u np. // MexayHaponHblii HayqHO-
ncciepoBarenbekuit xkyprai. 2023. Ne. 3 (129). C. 67-77.

27. Annarynosa Y. P., Jlactoukuna O. B. CHmkeHMe ypOBHS OKHCIMTEIBHOIO CTPECCa B PACTEHMSAX MIIEHULIBI
TI0J1 BIMSHUEM SHIO(UTHBIX OakTepuid B ycnoBusx 3acyxu // Dxooduorex. 2020. T. 3. Ne. 2. C. 129-134.

Crenenus 00 aBTOpax:

[Maitmynunaa ['ynpHa3 XuausToBHA — aCIUpPaHT, HAYYHBIH COTpyAHUK L{eHTpa arposKoiornuyeckux Ucciae10BaHuil,
e-mail: gulnazshajmullina@yandex.ru

Cadun Pamux UnbscoBuu — unen-xoppecnonneHT AH PT, NOKTOp cesbCKOXO3SHCTBEHHBIX HAYK, 3aBEIYyFOLINH
kagepoii o0IIero 3emieeN s, 3alUThl paCTeHUH U ceiekiuH, e-mail: radiksaf2@mail.ru

Eroposa Onbra AnekceeBHa — aclUpaHT, M HAYdHBIH COTPYAHUK LIeHTpa arpo’KoIorHIecKux MUCCe0Ba-
HUH, e-mail: egorova.615@mail.ru

BanueB Aiipat PacuMoBHY —IOKTOp TEXHUUECKUX HayK, pekrop, wi.-kopp. AH PT, npodeccop kadenpsr skcrutya-
Talu U peMOHTa MalluH, e-mail: ayratvaliev@mail.ru

Kamumymmnn Mapat Ha3unoBud — JOKTOp TEXHMYECKHX HayK, npodeccop kadenpbl dKCIUTyaTallui M PEeMOHTa
MariuH, e-mail: marat-kmn@yandex.ru

Kazanckuii rocynapcTBeHHbIH arpapHblii yHUBepcuTeT, I'. Kazans, Poccust.

STUDY OF THE INFLUENCE OF ENDOPHYTIC BACTERIA OF THE GENUS BACILLUS
ON THE GROWTH AND STRESS RESISTANCE OF SPRING WHEAT AND SOYBEAN SEEDLS
G. Kh. Shaymullina, R. I. Safin, O. A. Egorova, A. R. Valiev, M. N. Kalimullin

Abstract. Research was carried out to identify the possibility of using strains of endophytic bacteria of the ge-
nus Bacillus on monocotyledonous and dicotyledonous plants to increase their drought resistance. The parameters of seed
germination, root length, level of lipid peroxidation, content of photosynthetic pigments and free proline were determined.
The scheme of vegetation experiments included modeling of 30% drought on sand and pre-sowing treatment of seeds of
spring wheat variety Yoldyz and soybean variety Sultana with endophytic bacteria Bacillus subtilis KS-55 AU,
Bacillus cereus KS-56 AU, Bacillus pumilus KS-57 AU, Bacillus megaterium KS-58 AU, Bacillus cereus KS-59
AU, Bacillus megaterium KS-60 AU and Bacillus pumilus KS-61 AU. Bacteria better stimulated root growth when using a
titer of 1x106 cells in 1 ml of the drug (the increase in soybean with Bacillus subtilis KS-55 AU and Bacillus megaterium
KS-60 AU was 0.6 cm, in wheat with Bacillus cereus KS-56 AU, Bacillus cereus KS-59 AU and Bacillus pumilus KS-61
AU — 0.4 cm). In wheat, the Bacillus subtilis KS-55 AU strain stood out, treatment with which contributed to an increase
in germination by 30%, a decrease in the level of lipid peroxidation by 46%, an increase in the amount of free proline by
148%, and photosynthetic pigments by 6%, relative to the control variant. On soybean plants, this strain contributed to an
increase in germination by 40%, treatment with Bacillus cereus KS-59 AU led to a decrease in the level of lipid peroxida-
tion by 47%, proline accumulation by 73%, Bacillus pumilus KS-61 AU increased the content of total chlorophyll by
141% , relative to the control variant. Thus, we can conclude that these strains of endophytic bacteria improve the growth
and development of spring wheat and soybean seedlings, and also serve as inducers of crop resistance to soil drought.

Key words: spring wheat, soybean, endophytic bacteria of the genus Bacillus, drought, lipid peroxidation, pro-
line, chlorophyll.
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