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AHHOTAMA

B cratbe npuBeneHs! pe3yabTaThl HCCIEAOBAHNS BIMSHUSA MyTaHTHBIX IITAMMOB PU300aKTEpHUH,
cnocoOcTByromux pocty pacrenuii (PGPR- Oakrepwmii), moaBeprmmxcs yiabTpadUOIETOBOMY
00JIyueHHI0, Ha BCXOXECTh U PHEPTUIO MIpopacTaHus ceMsiH mMama coprta «llobena-54» u daconu copra
«Mmxky - 077». B kauectBe 0OBEKTOB HCCIECIOBaHHs HCIONB30BaIMCh Pseudomonas putida 4/1,
Azotobacter chroococcum P29 u Bacillus subtilis. B pesynbrarte nposenenus Y®-o6mydeHus Tpex
KOJUICKIIMOHHBIX mTaMMoB PGPR-Oakrepuii yctanoBineHo, uto 1%-Hoe BBDKMBaHHE MOHOHM3OJISTOB
nmocturaercs npu oomydeHun Y @-ygamu B TedeHue 60 MUHYT.

O6pa60TKa CCMsAH Malla IMOJYYCHHBIMW MYTAHTHBIMHU LIITaMMaMHK OKa3sajla ITIOJIOKHUTCIIBHOC
BJIIMAHUEC Ha BCXOXCCTb CEMAH II0 CPABHCHHIO C O6pa60TKOI7[ CCMsAH HMCXOJHBIMM BapUaHTaMHU
pu3oOakTepuil 1 KoHTposieM. OAHAKO yBEIMYEHHE POCTOCTHMYJIHPYIOLIEH aKTHBHOCTH MO CPAaBHEHUIO
C MCXOJHBIMHU IITAMMaMH OTMEYCHO TOJILKO y MyTaHTHOTrO InTamma Pseudomonas putida M-1. J{nuna
cTeON U KOpHEH MpH STOM yBeJn4Hiach B cpeqHeM B 1,2 pasa (crebens) u B 1,08 pasa (kopeHs) mo
CPaBHEHMIO C OSTHMHU IIOKa3aTeNsIMH DAcTeHUIl, ceMeHa KOTOpbIX OblIM 00pabOTaHbl HCXOIHBIM
LITAMMOM, a [0 CPABHEHHIO C KOHTPOJIEM - B 2,9 1 2,6 pa3a, COOTBETCTBEHHO.

O6paboTka ke ceMsiH (acoidl MYTAaHTHBIMH IITaAMMaMH HCCIEIYEeMBbIX OaKTepuil HEe oKa3aia
IMMOJIOKUTCIIBHOI'O BIIMAHWA HH HAa BCXOXCCTH CCMAH, HU HAa MPUPOCT KOPHA U CTC6J'I51 0 CPaBHCHHUIO C
MCXOJHBIMHU BapHAHTAMHU 1 KOHTPOJIEM.

Kirouesble cioBa: PGPR-6akrepun, Y ®-06nyuenue, MyrareHes, Maii, Gpacoib

B Mupe mnoctosHHO pacTéT cnpoc Ha OSKOJOTHYECKH YHCTYIO NPOAYKLHIO, U
HOTPEOHOCTh CENIbCKOTO X034HCTBAa B O€30MaCHBIX OMOJIOTHYECKUX MpenapaTax yBeIUYHBACTCS
C KaxApIM ronoMm. B mocrnenHee Bpemst BcE Oojblliee BHUMAaHHME YYEHBIX NPUKOBAHO K
CO3JIaHUI0 OMOINpenapaToB, OCHOBY KOTOPBIX COCTaBJIAIOT PHU300aKTEPUHU, CTUMYIHPYIOIIUE
poct pactenuit — PGPR (plant growth promoting rhizobacteria). Micnonb3oBanue B npakTHKe
CEeJIbCKOT0 XO03sHCTBa OMOJIOTMYECKUX IMpenapaToB, co3laHHbIX Ha ocHoBe PGPR-Gakrepui,
SIBIISIETCS OTHAM U3 TEXHOJIOTHYECKUX NMPHUEMOB, CIIOCOOCTBYIOIINX TOBBIMICHUIO YPOKAWHOCTH
c/x kyneTyp [1, 2].

PGPR-0akTepr TOJIOXUTEIBHO JSHCTBYIOT HAa pAacTEeHUs, a HWMEHHO, O0JaJaroT
CIOCOOHOCTBIO (PUKCHPOBATH MOJEKYJSIPHBIA a30T  aTMoc(epbl, CUHTE3UPOBATh BEILECTBA
TOPMOHAJILHOM MpUPOAbl (ayKCHHBI, THOOEpeTuHbl, LUTOKUHUHBI), BUTAMHHBI, BEIIECTBa
AHTHUOMOTUYECKOM M aHTU(YHTAJIBHOM NPHUPOJBI, a TAKXKE CIHOCOOHOCTBIO K DPA3JIOKEHHIO
BpEIHBIX XUMHUYECKUX coenuHenmnit. Mcmons3oBanme PGPR-6aktepuit  cmocoOGcTByeT
CTUMYJISILIUU TIPOPACTAHUsI CEMSH U POCTA PACTEHHM, YIyUIIEHHIO a30THOTO IMUTAHUS paCTEHUH,
00pa30BaHMIO KITyOEHBKOB Y O000BBIX, MOAABIISET Pa3BUTHE KOPHEBBIX THUJIEH PACTEeHUH U T.1.
[3, 4].

B HacTosimiee BpemMsi HCTOYHUKOM MHOTHX T€HETHYECKHX BapHaIliii MUKPOOPTaHU3MOB
SBIISICTCS MyTareHe3, KOTOPBIM TI03BOJIIET TIOBBICUTH IPOU3BOAUTENBHOCTh IITAMMOB-
NIPOJIYIICHTOB W CHHU3WTH 3aTPaThl HA WX KYJIbTUBUpOBaHHE. /)i IOTy4YEeHUsT BBICOKOAKTHBHBIX
IITAMMOB PHU300aKTEPHl HCHOIB3YIOT METO/bl (DU3MYECKOTO0 M XHUMHYECKOro MyTareHesa,
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KOTOpbIE ABISAIOTCS 3(P(PEKTUBHBIM WHCTPYMEHTOM B TMOBBIIICHUHM AKTUBHOCTH HCCIIEAYEMBIX
KYJIbTYp Y IIUPOKO HCIIONB3YIOTCS B OMOTexHOJIOTHH [5, 6]. 3BecTHO, 4TO MHAYIIUPOBAHHBIE
MyTalli¥ - HaclieAyeMble M3MEHEHHUsS '€HOMa, BO3ZHHUKAIOIIME B PE3yJibTaTe TEX HIIM HHBIX
MyTareHHbIX BO3ACHCTBHI B MCKYCCTBEHHBIX (PKCHEPHUMEHTANbHBIX) YCIOBUSX WIU TIpU
HEOJAaroNpUsATHBIX  BO3JCHCTBUAX OKpyXatomied  cpenpl.  MHaynupoBanue — MyTaunuu
OCYIIECTBIISIIOTCA C HCIOJIb30BAHUEM MYTareHHbIX (PaKTOpOB (U3MUECKON M XHUMHUYECKOM
npuposl. Beicokas MyTaOWIBHOCTH OakTepuil CBsi3aHAa C OCOOCHHOCTSMH OpTraHU3ALUH
FeHOMa, a TaKXKe C BBICOKOM HX CKOPOCThIO pa3sMHOXeHHs W pocrta. [lornomeHnue cpera
HYKJICMHOBBIMU KHCJIOTaMH JIS)KUT B OCHOBE MYTareéHHOTO M OAaKTEPHLUUIHOTO AehcTBUS Y D-
u3nydeHus. [lpu 3TOM moOBpexaeHUs BO3HHUKAIOT He Tonbko B Mousekyie JHK, wo u
VUHAKTUBUPYIOTCS (DEPMEHTHI perapaliu, 4TO U IPUBOJIUT K BOSHUKHOBEHHIO MyTanuii [7, 8].

W3BecTHO, 4TO MHAYIUPOBAHHBIN MyTareHes siBisieTcsl 3p(GEeKTUBHBIM HHCTPYMEHTOM
JUISL TOCTMKECHUSI TEHETUYECKUX U (PYHKIIMOHAIBHBIX M3MEHEHHUI opranmiMa. Tak Hampumep,
mrammbl  Rhizobium, BeIZeICHHBIC W3 apaxuca W MaKUTHHKA, OBLIM IOABEp)KEHBI Y D-
MyTareHe3y, MOCJI€ Yero IMOJyuYeHHblE MYTaHTHbIE IITaMMbl ObUIM 00pabOTaHbl MyTareHaMu
xumudeckoi npuposl (EtBr, Acrylamide u Tetra Methyl Ethylene Diamine - TEMED). [lanee
ObUIO W3YYEHO BIMSHHE IIOJYYCHHBIX MYTAHTHBIX INTAMMOB Ha BCXO0XECTh W JHEPTHUIO
IpopacTaHus CeMsH apaxuca ¥ Maima. bplio ycTaHOBIIEHO, UYTO MpU 00pabOTKe MYTaHTHBIMU
nITaMMaMy CeMsiH apaxuca Habmonamack 50%-Has BCXOXKECTh, TOTJA Kak IMpH 00paboTKe
MYTaHTHBIMH IITAMMaMH CEMSH Mallla BCXOKECTh ObLIa 3HAYUTENBbHO BhIIe — oKoso 70-80%
[8]. Takum 00Opa3om, MHIYLMPOBAHHBI MyTarcHe3 SBISECTCS yIOOHBIM HHCTPYMEHTOM JIJIsI
JTOCTHKEHUS TEHETUYECKUX M (PYHKIIMOHATIbHBIX U3MEHEHHUI OpraHu3Ma.

Llenbto JnaHHOrO HCCENOBAaHUS OBLIO M3YyYUTh BIUSHUE YIBTPapUOIETOBOIO
U3ITy4eHHUs Ha POCTOCTUMYIIHPYIOIIYI0 akTUBHOCTh PGPR-6akTepuii.

OO0BLeKTHI U MeTOABI HCCTIETOBAHHS

OObexkTaMu UcCCIAeAOBaHUN ciIyxwin Oaktepun u3 kouiekimu TOO  «HIIL]
MUKpPOOUOJIOTUU U BUpYyconorum»: Pseudomonas putida 4/1, Azotobacter chroococcum P29 u
Bacillus subtilis. B kauecTBe ONBITHBIX PacTeHUH KCIIOIB30BaHbI ceMeHa (aconu copra «MHKyY
- 077» wu wmama copra «[lobema-54». B pabGoTe HCMONB30BAINCH OOIIETPUHSATHIE
MHUKPOOHOJIOTHYECKHE W OMOXUMHUYECKHE MeToIbl rccienoBanuii [9-11]. McxomHbie KyabTyphl
BBIPAIIMBAIA Ha CJCIYIONIMX MUTATENbHBIX cperax: kuHr b (Pseudomonas putida 4/1),
ropoxoBas cpeaa (Azotobacter chroococcum P29) u msico-nentonnsiii arap (Bacillus subtilis)
IIpU TeMIeparype 30°C.

B kawectBe wucrounuka Y®@-uzlydeHUs HCIOJIb30BaHA PTYTHO-KBaplEBas JaMIia,
KOoTopasi obecrieunBalia qUamna3oH AJIUH BOJH yabTpaduoaeToBoro odmydeHus A = 240-578 uwm.
Yd-myrarenes npooawiau mo merony, onucannomy Kamala Kumari et al. [12]. B kauectBe
MyTareHa TMPUMEHSUIH yIbTpa@HUOIETOBbIE Jy4d JIWHOM BOJHBI 260 HM, TpU KOTOpOU
HaOmogaeTcss Makcumym moromnieHus: Y @-ceera monekynamu JIHK. Enunuunbie komoHUM
PGPR-6akTepuii cyceHaupoBaiu B 3 MII KUAKOW muTarenbHou cpenbl. [locne atoro 0,5 mi
Kaxaoro obpasma mg00aBmsu Kk 50 MIT JKUAKOW MUATATEIBFHON Cpelbl M KyJbTUBHPOBAIU TPH
TeMIepaType 30°C (200 06/MuH) 10 TEX MOp, MOKA OMTHYECKAas IJIOTHOCTh He Aocturana 600
en. UYepes 6 wuyacoB HMHKyOalMM TMOJIy4€HHAas KyJIbTypajbHas JKUIKOCTb JOJDKHA
COOTBETCTBOBAaTh KynbType cpemHeil (aswl. Ilocme storo orbupamu 20 Mi KyIbTypajdbHOM
KUAKOCTH U UeHTpudyrupoBanu B TedyeHue 10 munyr npu 1700 o6/muH. Ocanok
pecycnienaupoBaan B ¢ochatHom Oydepe (pH - 7,0), mocme dero 15 mim cycneH3uu
MoJIBeprajiock BozjaericTButo Y @-mydeir. OOnydenue mpoBomwin B pexumax 30-, 45- u 60-
MUHYTHOM »SKcmo3unuu. Jlajmee WCHONb30Ball CEpHUiHBIE pa3BeleHUs s BBIYUCICHUS
MPOIICHTA JIETATEHOCTH.
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[MonyueHHbIe TaHHBIE 0OpabaThIBAIM METOJOM BapHAIIMOHHO-CTATUCTUIECKOTO aHAIIN3a,
npuHuMast kputepuem BepostHoctd P <0.05 [13].

Pe3yabTaThl M 00Cy:KI€HUE

[IpocTeiM ¥ yAOOHBIM METOJOM MOJYy4YEHHUS MYTAaHTOB pa3HOro Tuma sBisercs YD-
obmydyenne. OJIHaKO BBICOKAas YacTOTa MYyTalMid JOCTHTaercs 37ech MpU  HU3KOU
BBDKMBAEMOCTH KJIETOK. B xoze mpoBeneHHsl SKCHepUMEHTa MPUMEHSIIN YIbTpaduoeTOBbIe
Jy4d IIUHOW BONHBI 260 HM, IPH KOTOPOW HAOIIOJAETCSI MAKCUMYM MorjomeHus: Y ®-nmyueit
mostekynamu JIHK. B Xxoxe wcciemoBanuii yCTaHOBJIGHO, YTO OOJydeHHE YIbTpadHOIETOM
BBI3BIBACT YMCHBIIICHUE )KHU3HECTIOCOOHOCTH KJIETOK OakTepuit (Tabnmma 1).

Tabmuna 1 - Bioustaue ynpTpadroneToBoro o0aydeHus Ha KOJIOHUEOOPA3yOIIYI0 CIIOCOOHOCTh
PGPR- GakTepuii

PGPR- 6aktepuu Bpewms Tutp KII€TOK Tutp KIETOK
00JIy4YeHHUS, JI0 00JTyYeHUS, nocJyie 00JTyueHus,
MMH KOE/mn KOE/mn
Pseudomonas putida 4/1 30 (8,8+3,28)x10° (6,5+2,11)x10°
45 (5,8+1,24)x10’
60 (9,0+1,26)x10°
Azotobacter  chroococcum 30 (9,7£3,21)x10° (5,3+3,21)x10°
P29 45 (3,7£2,45)x10’
60 (9,142,28)x10°
Bacillus subtilis 30 (8,5+2,18)x10° (6,8+3,08)x10°
45 (3,0£2,27)x10’
60 (8,3+2,16)x10°

[Ipu Y®-o06nyuenun B TeueHue 60 munyt Habmomancs 1% BbIKUBaHUS MOHOM30JIATOB.
Tutp xietok cocrami s Pseudomonas putida 4/1 9,0+1,26 x 10° KOE/mn, mis Azotobacter
chroococcum P29 - 9,1+2.28 x 10° KOE/mu, s Bacillus subtilis - 8,3+2,16 x 10° KOE/mu.

[Tocne 3Toro u3yyanu BAUSHUE MMOJYYEHHBIX MyTaHTHBIX mTaMMOB PGPR-0akTepuii Ha
BCXOKECTh U SHEPTUIO MpopacTaHus ceMsiH Mamia copra «llobena-54» u gaconu copra «uxy
- 077». DHeprus mnpopacTaHusi — 3TO BBIp@XEHHOE B INPOIEHTAX COOTHOIIEHHE 4YHCIa
IPOPOCIINX CEMSH K OOIIeMy MX KOJIMYECTBY Ha OIPENEICHHBINA, YCIOBHO TPHUHSTHIA JICHb
OpopalyBaHus. OTOT MOKa3aTeidb LIMPOKO MCIOIB3YEeTCs HE TOJBKO MpPU OIpeesIeHUH
Ka4decTBa CeMsIH (TaK KakK MPH HU3KOW YHEPTHU MPOPACTAHUS BCXOKECTh CEMSIH CHUKEHA), HO U
OpY  U3yYeHUM TeX MWIM MHBIX BO3AeHCTBMM Ha cemeHa. Ilog  BCXOXeCTbiO
(’KU3HECTIOCOOHOCTHIO) TMOHUMAETCSI CIIOCOOHOCTh CEMSIH /1aBaTh HOPMaJlbHbIE NMPOPOCTKHU 3a
ONpENeNIeHHbI  JUIsI KaXJOro BUAA PAaCTeHMH CPOK MPU ONTHUMAJIBHBIX  YCIOBHUSX
npopamnmBanus. [[pomeHT BCX0KECTH — 3TO OTHOIIEHUE YUCIIa HOPMAIBHBIX MTPOPOCIINX CEMSH
K UX KOJIMYECTBY, B3ATOMY JJIsl IPOPAILIUBAHMSL.

DHEpPruio MpopacTaHus ONpenesuii Ha 4-i JeHb Mmocie oO0pabOoTKM CeMsSH Maiia U
daconu KyabTypaldbHOH XKHIKOCTBIO, TOTJa KaK BCXOXKECTh CEMsH Mallla ONpeiessid Ha 7-¢
CYTKH, a ceMsiH (acoiu - Ha 5-i1 neHb. [lomyueHHble JaHHbBIE MPUBEIEHBI B TabauIax 2 u 3.
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Tabmuua 2 — Brussuue PGPR-0akTepuii Ha SHEPTUIO MPOpacTaHHs U BCXOXKECTh CeMsH (acoiu
1o u ocae Y- o0irydeHus

HaumenoBanue Komuuectso cemsin, 100 mT. JlnuHa, cM
lrraMmma SHeprus BCXOYXKECTb, KOPEHb crebensb
npopacTtanus,% %
(4 cyt.) (5 cyt.)
Hcxonubie Pseudomonas putida 75 81 6,3+0,2 20,0+0,3
LITAMMbI 4/1
Azotobacter 75 90 6,2+0,1 18,7+0,3
chroococcum P29
Bacillus subtilis 81 90 7,2+0,2 21,3+0,2
Mytauteie | Pseudomonas  putida 75 85 5,1+£0,2 16,5+0,3
IITAMMBI M-1
Azotobacter 79 85 4,5+0,1 13,0+0,3
chroococcum M-1
Bacillus subtilis M-1 72 80 6,5+0,4 13,2+0,2
Kontpouns (Boaa) 62 70 5,8+0,2 18,7+0,2

Oo0pabotka cemsiH (acomu MyTaHTHBIMH mTamMMmamu Pseudomonas putida M-1,
Azotobacter chroococcum M-1 u Basillus subtilis M-1 He oka3ana MONOKUTEIHHOTO BIHSIHUS
Ha DHEPIHI0 MPOPACTaHHSI W BCXOXKECTh CEMSH, a TaK)KE Ha MPUPOCT KOPHSA M CTEOJsS IO
CpaBHEHHIO ¢ 00pabOTKOM CeMsIH HCXOTHBIMU BapHAHTaMHU pU300aKTEPUl 1 KOHTPOJIEM.

Tabmuna 3 — Biusaue PGPR-0akrepuii Ha sHepruro mpopacTaHusi ¥ BCXOXKECTh CEMSH Maria
1o u iocne Y®- o0nydeHus

HaumenoBanue KomugectBo cemsia, (100 mT.) HnuHa, cM
lrramma SHEprus BCXOXKECTD, %o KOpPEHb crebennb
MpopacTaHus, (7 cyt.)
% (4 cyt.)

Hcxonuple | Pseudomonas 75 90 10,0+0,2 8,8+0,3
IITAMMBI putida 4/1

Azotobacter 75 100 5,1+£0,3 8,9+0,2

chroococcum P29

Bacillus subtilis 81,5 100 4,9+0,3 17,3+0,1
MyTaHT- Pseudomonas 75 95 10,8+0,1 10,6+0,2
HEBIE putida M-1
IITAMMBI Azotobacter 79 100 4,0+0,3 8,2+0,3

chroococcum M-1

Bacillus  subtilis 72 95 4,8+0,2 11,1+0,1

M-1
Kontpons (Boaa) 62 80 4,1£0,3 3,6+0,2

Oo6pabotka cemstH Marra copta «Ilobena-54» MyrtanTHeIMH ImTamMmmamMu Pseudomonas
putida M-1, Azotobacter chroococcum M-1 u Basillus subtilis M-1 oka3ana moI0KHTEIBLHOE
BJIMSTHUE HA BCXOXKECTh CEMSIH MO CPAaBHEHHIO C 00pabOTKOM CeMsiH MCXOAHBIMU BapHaHTAMU
pu3obakTepuil U KOHTposieM. lIpu 3TOM yBeTHMYEeHHE POCTOCTUMYIUPYIOLIEH aKTUBHOCTH IO
CPaBHEHHIO C MCXOIHBIMH IITAMMAMH OTMEYECHO TOJILKO y MYTaHTHOTO IntamMa Pseudomonas
putida M-1. Jlnuna cTeOis 1 KOPHEH B CpeJHEM yBEIHUYMIACch B ATOM CIy4ae MO CPaBHEHHIO C
HUCXOMHBIM mTaMMoM B 1,2 pa3za (ctebenmp) m B 1,08 pasa (kopeHb), a MO CpPaBHEHHIO C
KOHTpOJIEM - B 2,9 1 2,6 pa3za, COOTBETCTBEHHO.
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Takum oOpa3oMm, B pe3ynbrare mnpoBefeHus Y D-o0aydeHHs TpeX KOJUICKIIMOHHBIX
mraMMoB PGPR- Gakrtepuii ycraHoBieHo, uTo 1% BBDKHBAHHUS MOHOHM3O0JIATOB JOCTUTAETCA
npu obiaydenun Y®-nmydamu B TeueHne 60 MuHyT. OOpaboTKa CEeMsIH Malla MOJy4YeHHBIMH
MYTaHTHBIMH INTaMMaMu Pseudomonas putid M-1, Azotobacter chroococcum M-1 n
Bacillus subtilis M-1 oxka3ana mogoXKUTEIbHOE BIMSHUE HAa BCXO0XKECTh CEMsH Malla 110
CpPaBHEHHIO ¢ 00pabOTKOM CeMSIH MCXOIHBIMH BapuaHTaMU pu3o0akTepuil u KoHTposieM. [Ipu
TOM YBEIMYCHHE POCTOCTUMYIHPYIOUIEH aKTUBHOCTH IO CPAaBHEHUIO C HMCXOJHBIMH
mTaMMaMi OTMEYEHO TOJBKO Y MyTaHTHOTO mTamma Pseudomonas putida M-1. O6paboTka xe
ceMsiH (pacoyii MyTaHTHBIMH IITAMMaMH MCCIIEyeMBIX OaKTEpHil He OKa3aja MOJI0KHUTEIbHOTO
BJIMSTHUSI HU Ha BCXOXKECTh CEMSH, HU Ha MIPUPOCT KOPHS U cTeOJIs 110 CpaBHEHUIO ¢ 00paboTKOi
CeMsIH MCXO/IHBIMU BapUaHTaMU PU300aKTEPUil U KOHTPOJIEM.
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OCIMAIKTIH OCIPYIH KYPI'I3ETIH PGPR BAKTEPUSJIAPBIHBIH OCIPYIH
APKBIJIAHABIPY OPEKETIHE YJIbTPAKYJII'TH COYJIEJIEHY IIH 9CEPI

Tyiiin

Makanana yabTPaKYIriH COyJIeNeHYre VInbIparaH OCIMIIKTEpAIH 6©cCyiHe BIKIaI eTeTiH
pu3o0aKkTepusIapAbIH MyTaHTThI TamaapbiHbH (PGPR - 6akrepusinap) "[lobena-54" momn xone [Hxy -
077 Oyprmak TYKBIMIapBIHBIH OHTIMITITI MEH OHY SHEPTHACHIHA 9CEPiH 3ePTTEy HOTIKENepi KeNTipijreH.
3eprrey Hbicanbl petinme Pseudomonas putida 4/1, Azotobacter chroococcum P29 sxome Bacillus
subtilis kommanpuiabl. PGPR-OakTepusutapibplH Yl KOJUICKIMSUIBIK IITaMMBIHBIH Y K-coynenenyin
JKYPri3y HOTIDKECiHAe MOHOM3oMATTapAblH 1%-mpik emip cypyiHe YK-coynemepmen 60 wmwuHYT
CoyJeNeHIipy Ke3iHe KOJ KETKI3UIETiHI aHbIKTaIIbI.

ANBIHFAaH ~ MYTaHTTBl  IOTAMJApPMEH  MOII  TYKBIMBIH  OHJEY  TYKBIMHBIH  OHYiHE
pu300aKTepusIapAbH 0acTankbl HYCKalapbIMEH XoHE OaKbUIayMEH CallbICTBIpFaHa OH dcep eTTi.
Anaiina, Oactamkbl MITaMIapMEH CaANBICTBHIPFaHAa OCYl BIHTaIaHIBIPY OEJICEHIUNTiHIH apTybl TeK
Pseudomonas putida M-1 wmyTanTThl MmITaMMBIHAA Oaiikammbl. byn okarmaiima cabakTap MeH
TaMBIPJIApAbIH ~ Y3BIHIBIFBI TYKbIMIAphl OacTankpl [ITAMMMEH OHJIENTeH OCIMIIKTEpAiH OCHI
KOPCETKIITepiMEH calbICThIpranaa opramia ecemnmeH 1,2 ece (cabarbi) xone 1,08 ece (Tambipbl), ai
OaxpITayMeH callbICTRIpFaH/a colikecinme 2,9 xxone 2,6 ece ocTi.

Bypmak TyKbIMAapblH 3epTTEIreH OakTepHsulapAblH MYTaHTTHl I[ITaMAApPBIMEH eMey
TYKBIMHBIH ©HYiHE JI¢, TaMbIp MeH Cca0aKThIH ocyiHe Je OacTamnkpl HYCKaJIapMEH >KoHe OaKpUIayMeH
CaJIBICTBIPFaH/Ia OH dCep ETIHeIl.

KinrTi ce3nep: PGPR GakTepusinapsl, yabTpakyJIriH coylieleHy, MyTareHe3, Mall, OypIiaK
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EFFECT OF ULTRAVIOLET IRRADIATION ON THE GROWTH-STIMULATING
ACTIVITY OF PGPR BACTERIA THAT PROMOTES PLANT GROWTH

doi: 10.53729/MV-AS.2022.02.01
Summary

The article presents the results of a study of the effect of mutant strains of rhizobacteria that
promote plant growth (PGPR bacteria) exposed to ultraviolet irradiation on the germination and
germination energy of “Pobeda-54” mung bean seeds and “Inju-077” beans. Pseudomonas putida 4/1,
Azotobacter chroococcum P29 and Bacillus subtilis were used as research objects. As a result of UV
irradiation of three collection strains of PGPR bacteria, it was found that 1% survival of mono-isolates is
achieved when irradiated with UV rays for 60 minutes.

The treatment of mash seeds with the obtained mutant strains had a positive effect on seed
germination compared to the treatment of seeds with the initial variants of rhizobacteria and control.
However, an increase in growth-stimulating activity compared to the original strains was noted only in
the mutant strain Pseudomonas putida M-1. The length of the stem and roots increased by 1.2 times
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(stem) and 1.08 times (root) compared to stems and roots length of seeds treated with the original strain
and control - by 2.9 and 2.6 times, respectively.
The treatment of bean seeds with bacterial mutant strains did not have a positive effect neither
on seed germination nor on the growth of the root and stem compared to the initial variants and control.
Key words: PGPR bacteria, UV irradiation, mutagenesis, mung bean, beans

The demand for environmentally friendly products is constantly growing in the world,
and the need of agriculture for safe biological preparations is increasing every year. Recently,
more and more attention of scientists has been focused on the creation of biological products
based on rhizobacteria that stimulate plant growth - PGPR (plant growth promoting
rhizobacteria). The use of biological preparations based on PGPR bacteria in agricultural
practice is one of the technological methods that contribute to increasing the vyield of
agricultural crops [1, 2].

PGPR bacteria have a positive effect on plants, namely, they have the ability to fix the
molecular nitrogen of the atmosphere, synthesize substances of hormonal nature (auxins,
gibberelins, cytokinins), vitamins, substances of antibiotic and antifungal nature, as well as the
ability to decompose harmful chemical compounds. The use of PGPR bacteria promotes the
stimulation of seed germination and plant growth, improves nitrogen nutrition of plants, the
formation of nodules in legumes, suppresses the development of root rot of plants, etc. [3, 4].

Currently, the source of many genetic variations of microorganisms is mutagenesis,
which allows to increase the productivity of producing strains and reduce the cost of their
cultivation. To obtain highly active strains of rhizobacteria, methods of physical and chemical
mutagenesis are used, which are an effective tool in increasing the activity of the studied
cultures and are widely used in biotechnology [5, 6]. It is known that induced mutations are
inherited genome changes resulting from certain mutagenic effects under artificial
(experimental) conditions or under adverse environmental influences. The mutation is induced
using mutagenic factors of physical and chemical nature. The high mutability of bacteria is
associated with the peculiarities of the organization of the genome, as well as with their high
rate of reproduction and growth. The absorption of light by nucleic acids underlies the
mutagenic and bactericidal effects of UV radiation. In this case, damage occurs not only in the
DNA molecule, but also repair enzymes are inactivated, which leads to mutations [7, 8].

It is known that induced mutagenesis is an effective tool for achieving genetic and
functional changes in the body. For example, Rhizobium strains isolated from peanuts and
fenugreek were subjected to UV mutagenesis, after which the resulting mutant strains were
treated with mutagens of chemical nature (EtBr, Acrylamide and Tetra Methyl Ethylene
Diamine - TEMED). Further, the effect of the obtained mutant strains on the germination and
germination energy of peanut and mash seeds was studied. It was found that when treated with
mutant strains of peanut seeds, 50% germination was observed, whereas when treated with
mutant strains of masha seeds, germination was significantly higher - about 70-80% [8]. Thus,
induced mutagenesis is a convenient tool for achieving genetic and functional changes in the
body.

The purpose of this study was to study the effect of ultraviolet radiation on the growth-
stimulating activity of PGPR bacteria.

Materials and methods

The objects of research were bacteria from the collection of LLP "SPC Microbiology and
Virology": Pseudomonas putida 4/1, Azotobacter chroococcum P29 and Bacillus subtilis.
“Inzhu-077” bean seeds and “Pobeda-54 mung bean seeds were used as experimental plants.
Standard microbiological and biochemical research methods were used in this study [9-11]. The
initial cultures were grown on the following nutrient media: king B (Pseudomonas putida 4/1),
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pea medium (Azotobacter chroococcum P29), and meat-peptone agar (Bacillus subtilis) at a
temperature of 300C.

UV mutagenesis was performed according to the method described by Kamala Kumari et
al. [12]. As a mutagen, ultraviolet rays with a wavelength of 260 nm were used, at which the
maximum absorption of UV light by DNA molecules is observed. Single colonies of PGPR
bacteria were suspended in 3 ml of liquid nutrient medium. After that, 0.5 ml of each sample
was added to 50 ml of liquid nutrient medium and cultured at 30°C (200 rpm) until the optical
density reached 600 units. After 6 hours of incubation, the resulting culture fluid should
correspond to the culture of the middle phase. After that, 20 ml of the culture liquid was taken
and centrifuged for 10 minutes at 1700 rpm. The pellet was resuspended in phosphate buffer
(pH 7.0), after which 15 ml of the suspension was exposed to UV rays using a UV lamp (30 W)
with a wavelength of 260 nm for 30, 45 and 60 minutes (distance to the lamp 10 cm) . Next
used serial dilutions to calculate the percentage of lethality.

The obtained data were processed by the method of variance-statistical analysis, taking P
< 0.05 as the probability criterion [13].

Results and discussion

A simple and convenient method of obtaining mutants of different types is UV
irradiation. However, a high mutation rate is achieved here with low cell survival. During the
experiment, ultraviolet rays with a wavelength of 260 nm were used, at which the maximum
absorption of UV rays by DNA molecules is observed. In the course of research, it was found
that ultraviolet irradiation causes a decrease in the viability of bacterial cells (Table 1).

Table 1 - The effect of ultraviolet irradiation on the colony-forming ability of PGPR bacteria

PGPR-bacteria Irradiation time, Cell titer Cell titer

min before irradiation, after irradiation, CFU/ml
CFU/mlI

Pseudomonas putida 4/1 30 (8,8+3,28)x10° (6,5+2,11)x10°
45 (5,8+1,24)x10’
60 (9,0+1,26)x10°

Azotobacter ~ chroococcum 30 (9,7£3,21)x10° (5,3+3,21)x10°

P29 45 (3,7£2,45)x10’
60 (9,142,28)x10°

Bacillus subtilis 30 (8,5+2,18)x10° (6,8+3,08)x10°
45 (3,0£2,27)x10’
60 (8,3+2,16)x10°

As can be seen from the data presented in Table 1, 1% of the survival of mono-isolates
was observed under UV irradiation for 60 minutes. The cell titer was 9.0+1.26 x 106 CFU/ml
for Pseudomonas putida 4/1, 9.1+2.28 x 106 CFU/ml for Azotobacter chroococcum P29, and
8.3+2.16 x 106 CFU/ml for Bacillus subtilis.

After that, the effect of the obtained mutant strains of PGPR bacteria on the germination
and germination energy of “Pobeda-54” mung bean seeds and “Inju -077” bean seeds was
studied. The germination energy is the percentage ratio of the number of germinated seeds to
their total number on a certain, conditionally accepted germination day. This indicator is widely
used not only in determining the quality of seeds (since seed germination is reduced at low
germination energy), but also in studying various effects on seeds. Germination (viability)
refers to the ability of seeds to produce normal seedlings for a certain period of time for each
plant species under optimal germination conditions. Germination percentage is the ratio of the
number of normal germinated seeds to their number taken for germination.
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The germination energy was determined on the 4th day after the treatment of mash seeds
and beans with culture liquid, while the germination of mash seeds was determined on the 7th
day, and bean seeds - on the 5th day. The data obtained are shown in Tables 2 and 3.

Table 2 - Effect of PGPR bacteria on the germination energy and germination of bean seeds
before and after UV irradiation

Strain Number of seeds, 100 pcs Length, cm
germination germination, root stem
energy,% (4 %

days) (5 days)
Pseudomonas putida 75 81 6,3+0,2 20,0+0,3
4/1
Initial strain | Azotobacter 75 90 6,2+0,1 18,7+0,3
chroococcum P29
Bacillus subtilis 81 90 7,2+0,2 21,3+0,2
Pseudomonas putida 75 85 5,1+£0,2 16,5+0,3
M-1
Mutant strain | Azotobacter 79 85 4,5+0,1 13,0+0,3
chroococcum M-1
Bacillus subtilis M-1 72 80 6,5+0,4 13,2+0,2
Control 62 70 5,8+0,2 18,7+0,2

As can be seen from the data presented in Table 2, the treatment of bean seeds with
mutant strains of Pseudomonas putida M-1, Azotobacter chroococcum M-1 and Bacillus subtilis
M-1 did not have a positive effect neither on the germination energy and seed germination, nor
on root and stem growth compared to control.

Table 3 - Effect of PGPR bacteria on germination energy and germination of mung bean seeds
before and after UV irradiation

Strain Quantity, 100 pcs. Length, cm
germination germination, % root stem
energy,% (4 (7 days)

days)
Pseudomonas 75 90 10,0+0,2 8,8+0,3
Initial putida 4/1
strain Azotobacter 75 100 5,1+£0,3 8,9+0,2
chroococcum P29
Bacillus subtilis 81,5 100 4,9+0,3 17,3+0,1
Pseudomonas 75 95 10,8+0,1 10,6+0,2
putida M-1
Mutant Azotobacter 79 100 4,0+0,3 8,2+0,3
Strain chroococcum M-1
Bacillus  subtilis 72 95 4,8+0,2 11,1+0,1
M-1
Control 62 80 4,1+£0.3 3,6+0,2

As can be seen from the data presented in Table 3, the treatment of Pobeda-54 mung
bean seeds with mutant strains of Pseudomonas putida M-1, Azotobacter chroococcum M-1 and
Bacillus subtilis M-1 had a positive effect on seed germination compared with seed treatment
with the initial variants of rhizobacteria and control. At the same time, an increase in growth-
stimulating activity compared to the Initial strains was noted only in the mutant strain
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Pseudomonas putida M-1. The length of the stem and roots increased in this case compared to
the original strain by 1.2 times (stem) and 1.08 times (root), and compared to the control - by
2.9 and 2.6 times, respectively.

Thus, as a result of UV irradiation of three collection strains of PGPR bacteria, it was
found that 1% of the survival of mono-isolates is achieved when irradiated with UV rays for 60
minutes. The treatment of mung bean seeds with the obtained mutant strains Pseudomonas
putida M-1, Azotobacter chroococcum M-1 and Bacillus subtilis M-1 had a positive effect on
the germination of mung bean seeds compared with the treatment of seeds with the initial
variants of rhizobacteria and control. At the same time, an increase in growth-stimulating
activity compared to the original strains was noted only in the mutant strain Pseudomonas
putida M-1. The treatment of bean seeds with mutant strains of the studied bacteria did not have
a positive effect neither on seed germination nor on the growth of the root and stem compared
to the treatment of seeds with the initial variants of rhizobacteria and control.
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