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AHHOTALIMA

B cratbe mnpuBeneHbl pe3yiabTaThl HUCCIEIOBaHUS OWOCOBMECTUMOCTH MYTaHTHBIX
mTaMMOB KIIyOeHbKOBBIX W PGPR ©Oakrepuii (puzobakrepuil) ¢ UeNbl0 HX COBMECTHOI'O
NPUMEHEeHUS JUIsl KynbTyp Mama u ¢acomu. [lo pesynpTataM NpOBEICHHBIX HCCIEIOBAHHUI
OIpe/IeNiCHbI ITAMMBI, MMPOSIBUBIINEG KOHTAKTHYIO MPOTPECCHI0 M HeWTpamureT - Pseudomonas
putida M-1 u Phyllobacterium sp. 35M; mrammer Bacillus subtilis M-2 u Chryseobacterium
rhizoplanae 1M okasamuch Haubosee TEPCICKTUBHBIMA B  OTHOIICHHH COBMECTHOTO
KyJIbTUBHpOBaHMA. Takum 00pa3oM, mogoOpaHbl KOHCOPIMYMBI Ha OCHOBE MYTaHTHBIX IIITAMMOB
A30TQUKCUPYIOIIUX W POCTOCTUMYJHUpYIOIMIMX Oaktepuii Pseudomonas putida M-1 wu
Chryseobacterium rhizoplanae s pacrennit mamma u Bacillus subtilis M-2 w Phyllobacterium sp.
35M - s pactenuit pacomu.

[Tonmy4eHHble pe3yibTaThl OTKPHIBAIOT BO3MOXKHOCTh KOMOWHHUPOBAHHS MYTaHTHBIX
mraMmmMoB  PGPR ¢ pOCTOCTHMYIHPYIOIIEH aKTHBHOCTBHIO (Pseudomonas putida M-1,
Bacillus subtilis M-2) n xknybenbkoBbix Oakrepuit (Phyllobacterium sp. 35M, Chryseobacterium
rhizoplanae) c¢ aszordukcupyromieii akTUBHOCTBIO C IMEIbIO TIOJYYCHUs] HAa HX OCHOBE
Ouorpenapara ¢ COUCTaHHBIMU CBOWCTBAMH.

KaroueBbie cinoBa: PGPR 6akrepun, ki1yOeHBKOBBIE OakTepuu, OMOCOBMECTUMOCTb,
npernapar, Maiii, ¢pacosb

Ucnonw3oBanne PGPR OGakTepuii, cmocOOHBIX CTUMYJIMPOBATH POCT PACTEHMIA,
HIMPOKO BOIILIO B MPAKTHKY COBPEMEHHO# arpoduoTexuonoruu [1].

PriHok OGuomnpemnapatoB Ha ocHoBe mrtamMmoB PGPR sBisiercss 6ypHo pacTymum
CErMEHTOM MHUPOBON SKOHOMHUKH U OLIEHUBAETCs B Oojiee YeM OJMH MUJUIMAp] J0JIapoB
CLIA ¢ nporao3amu JeCsSTHKPaTHOTO pocta B ieprox a0 2025 rona [2].

C pa3BuTHEM HOBEWIIMX TEXHOJOTUNH B CEIBCKOM XO3SAHCTBE OJHUM W3
MOMYJISIPHBIX ~ HANpaBJI€HUM  SBISETCS CO3JAaHME KOMIUIEKCHBIX OHOIpenaparos,
COCTOSIIIMX W3 HECKOJIBKUX pPAa3IMyYHBIX IITaAMMOB MHUKpoopranm3moB [3-6]. Oto
HalpaBJICHUE CTAHOBUTCS MEPCHEKTUBHBIM, MOCKOJBKY, JOIOJHAS APYr Apyra, 3TU
MHUKPOOPraHU3Mbl ~UMEIOT Oojee A(¢eKTUBHOE JIeHCTBHE IO CpPaBHEHHIO C
MOHoOITpenapaTamu [7].

ITpu co3gaHMM MHOTOKOMIIOHEHTHBIX CYXHX IIPENAapaTOB HE BCETJa YUUTHIBAETCS
OMOCOBMECTHMOCTh U OCOOCHHO, KOT/Ia TI0 TEXHOJOTUH CMEIIMBAIOT yXKE€ BBICYIIICHHBIC
MOHOKYJIBTYpPBI. B 3TOM cilydae HEBO3MOKHO POTHO3UPOBATH MTOBEIECHUE KYJIBTYP.

[Ipu co3maHuM e >KUIKUX MHOTOKOMIIOHEHTHBIX IpernapaToB pa3paboTUHKH
CTAJIKUBAIOTCS C MPo0IeMoii 0TOOpa MITAMMOB, UCIIBITAHHBIX Ha OMOCOBMECTUMOCTD YK€
Ha OJTame KOHCTPYUpOBaHHs Tpenapara. B cBsi3u ¢ 3TuM, Hamu Oblla H3y4yeHa
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onocoBmMecTuMOCTh mMTaMMOB PGPR u knyOeHBKOBBIX OakTepwil i HaidbHeHIei
pa3paboTKH KOHCOPIMYMa MUKPOOPTraHHU3MOB.

Juist osToli menu ObUTa TIOCTaBlieHA 3ajada H3ydeHUs OMOCOBMECTUMOCTH
IITaMMOB, BBIJICTIEHHBIX W3 KIyOeHbKOB coum M Mmamia, U PGPR Oakrtepuii. Ouenky
OMOCOBMECTHMOCTH UCCIIETyeMbIX OAKTEpUN OMPENSIsUIA METOAOM TEPIICHIUKYISIPHBIX
IITPUXOB U METOJIOM JIYHOK.

O0BEeKTBI M MEeTOABI MCCJIe10BAHUSA

OObexTamMu HCcleoBaHMS SBWIMCH MyTaHTHble mrTammbl PGPR - Gaxrepuit
Pseudomonas putida M-1, Azotobacte chroococcum M-1, Bacillus subtilis M-1, Bacillus
subtilis M-2 w xiyOenbkoBbix Oaktepuii Chryseobacterium rhizoplanae 1M u
Phyllobacterium sp. 35M, mnosaydeHHble B pe3yjibTaTe MyTareHe3a C HCIIOJb30BaHHEM
Y ®-006syueHusl. B kauectBe MmyrareHa ()M3MYECKOH MPHUPOABI  MPUMEHSIIH
yIbTpa(HOIETOBBIC JIYYH JUTMHOW BOJIHBI 260 HM, MPU KOTOPOM HAOJIIOIAeTC MAaKCUMYM
noryiomenus Y @-csera monekynamu JJHK.

V®-myTarene3 npoBOAWIM MO0 MeToay, onucanHomy KamalaKumari et al. [8].
Enunnunsie kononun PGPR Gakrepuit cycnenaupoBanu B 3 MJI KUJIKOW MUTATEITHLHOMN
cpenbl. [Tocne atoro 0,5 Mt kaxaoro odpasma g00aBisan K 50 MII )KHIKOW TUTATEIHHOM
cpensl W KyibruBupoBand mpu Ttemmeparype 30°C (200 o6/MuH) 10 Tex mop, IOKa
ONTHUYECKasi TUIOTHOCTh He focturana 600 ex. Yepe3 6 yacoB MHKyOalMu MOTydeHHAS
KyJIbTYpalibHasl JKUJIKOCTh JIOJDKHA COOTBETCTBOBATh KYJIbType cpemHeil ¢asbl. [Tocme
sToro otoupanu 20 Ma KyIbTypalbHOW KHUAKOCTU U IeHTpudyruposaiu B TeueHue 10
munyT pu 1700 06/mMuH. Ocamok pecycnenaupoBanu B ¢pocharaom O0ydepe (pH - 7,0),
mociie 4ero 15 mil cycrneH3uu moIBepraaoch Bo3aeicTBUI0 Y D-11ydeld ¢ CIOIb30BaHUEM
Y® namnset (30 Bt) qymHoM Botabl 260 HM B Teuenwue 30, 45 u 60 MuHyT (paccTosHUE 10
namnbl 10 cm). Jlanee ucronb3oBaiu cepuiiHbIe pa3BEACHUS ISl BHIYUCICHUS MPOICHTA
JIeTaTbHOCTH.

OrneHky OHMOCOBMECTUMOCTH HCCIEAYyEeMbIX OaKTepuil OINpeAesiii METOJ0M
JYHOK W METOJOM MeprneHIuKyIsspHeix mTpuxoB [9]. Onpenenenne KOE OGakrepwii
POBOAMIIOCH Mo MeToxy Koxa [10].

[ToryueHHble NaHHBIE 00padATHIBAIM METOJOM BapHAIMOHHO-CTATHCTUYCCKOTO
aHanu3a, IpUHUMas KputepreM BepostHocty P < 0.05 [11].

Pe3yabTaTsl H 00Cy:KICHUE

Jns wccnenoBanusi ObUTM B3sATHI MyTaHTHBIe mTamMmbl PGPR  Gakrepmii ¢
POCTOCTHMYJIUPYIOLIEH AaKTUBHOCTBIO [12] ¥ MyTaHTHBIE INTAMMBI KIIyOCHBKOBBIX
Oaktepuii ¢ azordukcupyrorieii aktuBHOCTHIO [13]. HccenoBanne 6HOCOBMECTUMOCTH
mraMMoB PGPR u kiyOeHbKOBBIX OakTepuil MPOBOAMIN METOJIOM IMEPHEHIUKYISIPHBIX
HITPUXOB, OCHOBAHHOM Ha aHalM3€ XapakTepa pocTa KOJOHUHM OakTepuil mpu HxX
COBMECTHOM pocTe B yamkax [leTpu, yTo mpeanonaraeT COBMECTHOE KyJIbTHBUPOBAHUE
OaKTepHaJIbHBIX [IITAMMOB Ha IJIOTHOW MHUTATEILHOM cpefe.

OTO0 MO3BOJIMIO HAM Pa3eNiuTh UX Ha 4 FPYMIbL:

1 - koHTakTHas perpeccusi (TMOAABICHHE pOCTAa HCCIEAYEMOTro IITaMMa
M0/ICEBAEMOI KYJIbTYpOi);

2 — HeliTpanuTeT (He3aBUCUMBIN POCT UCCIIEAYEMOT0 U IT0/ICEBAEMOT0 IITAMMOB);

3 - KOHTaKTHas Mporpeccus (CTUMYIMPOBAHNE POCTa APYT IPYTa);

4 — aHTaroHU3M.

VYcnoBueM Juis  BKJIIOYEHHS LITaMMa B KOHCOpPUMYM ObUIO  HaJWYHe
B3alMOJICICTBUS TUINIA «HEUTPAINTET» WU «KOHTAKTHas mporpeccusi». llpu 3agepxke
pocTa OAHOIO IITaMMa KyJIbTYpbl MPUHSATO CUMTATh HeCcOBMeCTUMbIMH. [lpu ycnoBuum
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OMOCOBMECTHMOCTH HCCIIEIYEMbIX IITAMMOB 30HBI pOCTa CIMBAIOTCS 0e3 00pa3oBaHUs
YEeTKHUX TPAHUIL.

Onpenenenre OMOCOBMECTUMOCTH OaKTEPUil MOKA3aJI0, YTO MYTaHTHBIE IITAMMBI
PGPR GakTepuii n KiyOCHBKOBBIX OakTepuil OOHAPYKWJIM KOHTAKTHYIO PETPECCUI0 U
AQHTAarOHU3M I10 OTHOILIEHHIO KO BCEM HCCIIEAYEMBIM IITaAMMaM KIyOCHBKOBBIX OakTepHii
(Tabnuua 1, pucyHok 1).

Tabnuna 1 - BHOCOBMECTHMOCTh MYTaHTHBIX MITAMMOB K1yOeHbKOBBIX U PGPR Oaktepuii

PGPR 6GakTepun KiyGeHbKOBBIC OakTepuu (HOMEpa I TAMMOB)

3M 19M 25M 35M 45M IM
Pseudomonas putida M-1 4 4 4 2 1 3
Azotobacter chroococcum M-1 1 4 1 1 1 1
Bacillus subtilis M-1 1 1 1 4 4 4
Bacillus subtilis M-2 1 1 4 3 1 3

a - aHTaroHW3M; O - KOHTAKTHAs! pETPECCHs; B - HEUTPAIUTET

Pucynok 1 — OueHka 6MOCOBMECTHUMOCTH HCCIIEAYEMBIX KYJIbTYP METOJIOM
MIEPIICHIUKYIISPHBIX IITPUXOB

Bricokast aHTaronncrudeckasl akTHBHOCTHh HaOIIIOqaIach y mTaMmma Pseudomonas
putida M-1 no otHomeHuto K mtaMmmaM 3M, 19M u 25M u KOHTaKkTHasi perpeccus - K
mrammam 45M u IM. llltamm Bacillus subtilis M-2 oxa3aicst HCCOBMECTUMBIM CO BCEMHU
uccneayembiMu mraMmamMu PGPR Oakrepuit 3a nuckimtouenuem mramMma 1 M.

[IITaMMBI, TIPOSIBUBIIME KOHTAKTHYIO IPOTPECCHI0 M HelfTpaimTeT - Pseudomonas
putida M-1 wu Phyllobacterium sp. 35M; mmrammer Bacillus subtilis M-2 n
Chryseobacterium rhizoplanae 1M oka3anuch HanboJiee MEPCIEKTUBHBIMEA B OTHOIIIEHUH
COBMECTHOI'O KyJIbTHBHPOBaHUs. BricOKas cTeneHb OMOCOBMECTUMOCTH 3TUX IITAMMOB,
YCTQHOBJIEHHAass HaMU B JAaHHOM OIBITE, ONpEeAeTIa Ieaecoo0pasHOCTh HX
HCIIOJIb30BAaHUs B COCTaBE KOHCOPLIMYMA Il COBMECTHOI'O KYJIbTUBUPOBAHUS.

[TomuMo Merozna NEPNEHAMKYIAPHBIX IITPUXOB, HaMH IPOBEJIEHA OLEHKA
OMOCOBMECTHMMOCTH MYTAHTHBIX IITaMMOB KiyOeHbKOBBIX M PGPR GakTepuii metomom
nyHOK. [lomydeHHbIe pe3yIbTaThl IPEACTABICHB! B TA0IHIIE 2.
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Oaktepuit

PGPR GaxTepun KnyGenbkoBbIe OakTepuu

3M oM [ 25M | 45M | 35M | 1M
30HBI NOAABJICHHS POCTa, MM

Pseudomonas putida M-1 19,3+2,1 14,6+2.0 20,6+3,2 8,0+1,7 0 0
Bacillus subtilis A7-1 0 0 0 12,3+2,1 | 16,0+1,0 | 14,3+4,0
Azotobacter 0 11,0+1,7 0 0 0 0
chroococcum M-1

Jns »TOM 1menu Ha cBexe3acesHHOM razone PGPR Oakrepuii BbIpe3anu JTyHKH
auamMeTpoM 7 MM. B yHKH BHOCHIIM KYJNbTYPaJbHYIO KUAKOCTb HUCCIIEYyEMOro ITamma
KIIyOEHBKOBBIX OaKTepHsiid, mocie yero yamku [letpu momemnianu B Tepmoctar npu 28°C
Ha 24 4aca. [1o uctedeHun 3TOro BpeMeHH U3Mepsuid 30Hy UHruoupoBanus pocta PGPR
OakTepwii BOKpPYr JIyHOK. Tak, Ha pPHCYHKE 2 TIOKa3aHbl 30HBI IIOJABJICHUS POCTA
Bacillus subtilis M-1 u Pseudomonas putida M-1 mrammom Phyllobacterium sp. 45M.

Kak BHIHO M3 MpeacTaBieHHBIX B TabuuIie 2 naHHbIX, poct Pseudomonas putida
M-1 mpakTH4ecKH TMOJHOCThIO MOJABISUICS MYTAHTHBIMHU IITaAMMaMU KIyOE€HBKOBBIX
Oakrepuit Agrobacterium tumefaciens 3M, u Phyllobacterium sp. 19M, 25M u 45M
(30HBI OJABJICHMSI POCTA AJIsi HUX BapbUPOBAJH B mpezaenax 8-20 Mmm).

CpaBHHTENBHO BBICOKHE 30HBI 33JIEPKKH POCTa TaKXKe IPOJEMOHCTPUPOBAIH
mrrammbl  Phyllobacterium sp. 35M, 45M u Chryseobacterium rhizoplanae 1M mo
orHorrenuro k Bacillus subtilis M-1 (12-16 mwm), a mtammer Agrobacterium tumefaciens
3M, Phyllobacterium sp. 19M, 35M, 45M wu Chryseobacterium rhizoplanae 1M ne
unruduposanu poct Bacillus subtilis M-2, 4Tto roBopuT 0 COBMECTUMOCTH JaHHBIX
KyapTyp. bomee Toro, Bce wucclienyemble MyTaHTHble mrtamMbl  Agrobacterium
tumefaciens 3M, Phyllobacterium sp. 25M, 35M, 45M u Chryseobacterium rhizoplanae
IM He moJaBisUTH POCT KynbTyphl Azotobacter chroococcum M-1, 9to Taxxe roBOpHUT 00
X COBMECTUMOCTH.

Bacillus subtilis M-1 Pseudomonas putida M-1

Pucynok 2 - OneHka 6MOCOBMECTHMOCTH HCCIIEAYEMBIX KyIbTYP METOJIOM JTYHOK
(30HBI TOJABIEHUS pOCTa)
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TakuMm 00pa3oM, MO pe3yynbTaTaM MPOBEACHHBIX ABYMS METOJIaMHU HCCIEIOBaHUN
ONpejeNieHbl  CIEAYyIOIMe KOHCOPIMYMBI HAa  OCHOBE MYTAHTHBIX  IIITaMMOB
a30T(HUKCUPYIOMIHUX U POCTOCTUMYJIUPYIOMINX OAKTEPHIA:

- Pseudomonas putida M-1 u Chryseobacterium rhizoplanae 1M (st maiia);

- Bacillus subtilis M-2 w Phyllobacterium sp. 35M (mns dacosnn).

[TomyueHHble  pe3yabTaTbl  OTKPBIBAIOT ~ BO3MOXKHOCTH  KOMOWHUPOBaHUS
MyTaHTHBIX mTamMmMoB PGPR Oaktepuil ¢ pOCTOCTUMYIHPYIONICH aKTUBHOCTHIO H
KJIyOGHBKOBBIX OaKTepuil ¢ a30THUKCUPYIOIIEH aKTUBHOCTBIO C LIEbIO MOJYYEeHUs Ha UX
OCHOBE OHompenapara ¢ COYeTaHHBIMU CBOHCTBAMH.
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MHUKPOBTBIK IIPEITAPATTAP/IbIH HEI'I3I BOJIbIII TABBIJIATBIH
TYUHEK BAKTEPUSJIAPBI MEH PGPR BAKTEPUSIJIAPBIHBIH
MYTAHTTbBI ITAMJAPBIHBIH BUOCOUKECTII'IH 3EPTTEY

Tyiiin

Makanana TyiiHek Oakrepusuiapsl MeH PGPR GakTepusiapbIHBIH MyTaHTTH IITaMIapbIH
Mol TieH OypImaK JakpUIAaphl VIIH Oipre KoJmaHy MakcaThIHZAA, OJapAblH OHOCOHWKECTIri
3epTTeyNiepl HOTHXKeepl OepiireH. 3epTTey HOTHXKEIepi OOMBIHIIA KOHTAKTiIl MPOrpeccus MeH
OelTapanThIKTHl KOPCETKEH INTaMMaap aHbIKTamAel - Pseudomonas putida M -1 xone
Phyllobacterium sp. 35M; Bacillus subtilis M-2 xome Chryseobacterium rhizoplanae
1M mramaapsl Oipiecin ecipy YVIIIH €H TEepPCIeKTHBTI eKeHAIri aHbIKTanabl. OcbLiaiiia,
a30T(hUKacaUsIIAYIIBI XKOHE OCY/Il CTUMYIAEYI OaKTepHusapbl MyTaHTTHI IITaMIApbl HETi3iHIe
KOHCOPIUYMAp IpIKTeNilm aiblHAbl: MOImI ecimairi ymiH Pseudomonas putida M-1
xone Chryseobacterium rhizoplanae, Oypmak ecimmiri ymiia Bacillus subtilis M-2 xone
Phyllobacterium sp. 35M.

Anviaral HoTIOKeNep MyTaHTTel PGPR mrammapeia ecyi cTuMynieiTiH OelICeHIUTKIIeH
(Pseudomonas putida M-1, Bacillus subtilis M-2) sxone tyitnek 6aktepusutapsia (Phyllobacterium
sp. 35M, Chryseobacterium rhizoplanae) a3ordukanusiay GenceHaiiriven  OipikTipy
MYMKIHJITIH amajbl, oJapAblH HETi3iHJe apajac KacheTTepre ue Ouompenaparrap ajiy MakcaTbl
XKy3ere acajbl.

Kinrri ce3nep: PGPR Gakrepusinapsl, TyiiHeK OakTepusiapsl, OMOCOHKECTIK, Mpenapar,
Ma1, OypIax.
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STUDY OF THE BIOCOMPATIBILITY OF MUTANT STRAINS OF ROOT
NODULE AND PGPR BACTERIA, PROMISING AS A BASIS OF MICROBIAL
PREPARATIONS

doi: 10.53729/MV-AS.2021.03.04

Summary
The article presents the results of a study of the biocompatibility of mutant strains of
nodule and PGPR bacteria with the aim of their combined use for mung bean and beans.
According to the results of the studies, the strains that showed contact progression and neutrality
were identified - Pseudomonas putida M-1 and Phyllobacterium sp. 35M; strains Bacillus subtilis
M-2 and Chryseobacterium rhizoplanae 1M proved to be the most promising for co-cultivation.
Thus, consortia were selected based on mutant strains of nitrogen-fixing and growth-stimulating
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bacteria Pseudomonas putida M-1 and Chryseobacterium rhizoplanae for mung bean and Bacillus
subtilis M-2 and Phyllobacterium sp. 35M for bean plants.

The results obtained open up the possibility of combining mutant PGPR strains with
growth-stimulating activity (Pseudomonas putida M-1, Bacillus subtilis M-2) and nodule bacteria
with nitrogen-fixing activity (Phyllobacterium sp. 35M, Chryseobacterium rhizoplanae) in order
to obtain a biological product with combined properties on their basis.

Key words: PGPR bacteria, root nodule bacteria, biocompatibility, drug, mung bean,
beans

The use of PGPR bacteria capable of stimulating plant growth has become widely
practiced in modern agrobiotechnology [1].

The market for biologics based on PGPR strains is a rapidly growing segment of
the global economy and is estimated at more than one billion US dollars with projections
of tenfold growth in the period up to 2025 [2].

With the development of the latest technologies in agriculture, one of the popular
directions is the creation of complex biological products, consisting of several different
strains of microorganisms [3-6]. This direction is becoming promising, since,
complementing each other, these microorganisms have a more effective effect in
comparison with monopreparations [7].

When creating multicomponent dry preparations, biocompatibility is not always
taken into account, and especially when already dried mono-cultures are mixed using
technology. In this case, it is impossible to predict the behavior of crops.

When creating liquid multicomponent drugs, developers are faced with the
problem of selecting strains that have been tested for biocompatibility already at the stage
of drug design. In this regard, we studied the biocompatibility of PGPR strains and nodule
bacteria for the further development of a consortium of microorganisms.

For this purpose, the task was set to study the biocompatibility of strains isolated
from soybean and mung bean nodules and PGPR bacteria. The assessment of the
biocompatibility of the bacteria under study was determined by the method of
perpendicular streaks and the method of holes.

Materials and methods

The objects of the study were mutant PGPR strains of bacteria Pseudomonas
putida M-1, Azotobacte chroococcum M-1, Basillus subtilis M-1, Basillus subtilis M-2,
and nodule bacteria Chryseobacterium rhizoplanae 1M and Phyllobacterium sp. 35M
obtained by mutagenesis using UV irradiation. Ultraviolet rays with a wavelength of 260
nm were used as a mutagen of physical nature, at which the maximum absorption of UV
light by DNA molecules is observed.

UV mutagenesis was performed according to the method described by
KamalaKumari et al. [eight]. Single colonies of PGPR bacteria were suspended in 3 ml of
liquid culture medium. After that, 0.5 ml of each sample was added to 50 ml of liquid
nutrient medium and cultured at a temperature of 300C (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 precipitate 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, serial dilutions were used to calculate the
percentage of lethality.
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Evaluation of the biocompatibility of the bacteria under study was determined by
the method of holes and the method of perpendicular strokes [9]. Determination of CFU
of bacteria was carried out according to the Koch method [10].

The data obtained were processed by the method of statistical variation analysis,
taking the probability criterion P <0.05 [11].

Results and discussion

For the study, we took mutant strains of PGPR bacteria with growth-stimulating
activity [12] and mutant strains of nodule bacteria with nitrogen-fixing activity [13]. The
study of the biocompatibility of PGPR strains and nodule bacteria was carried out by the
method of perpendicular strokes, based on the analysis of the nature of the growth of
bacterial colonies during their joint growth in Petri dishes, assumes the joint cultivation of
bacterial strains on a solid nutrient medium.

This allowed us to divide them into 4 groups:

1 - contact regression (suppression of the growth of the studied strain by the sown crop);
2 - neutrality (independent growth of the studied and sown strains);

3 - contact progression (stimulating each other's growth);

4 - antagonism.

The condition for the inclusion of the strain in the consortium was the presence of
an interaction of the "neutrality” or "contact progression™ type. With a growth retardation
of one strain, cultures are considered to be incompatible. Under the condition of
biocompatibility of the studied strains, the growth zones merge without the formation of
clear boundaries.

Determination of bacterial biocompatibility showed that mutant strains of PGPR
bacteria and nodule bacteria showed contact regression and antagonism with respect to all
studied strains of nodule bacteria (Table 1, Figure 1).

Table 1 - Biocompatibility of mutant strains of nodule and PGPR bacteria

PGPR bacteria Nodule bacteria (strain numbers)

M 19M 25M 35M 45M M

Pseudomonas putida M-1

Azotobacter chroococcum M-1

Bacillus subtilis M-1

I S

4
4
1
1

I SN N N
w| b P w

2 1
1 1
4 4
Bacillus subtilis M-2 3 1
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a - antagonism; b - contact regression; ¢ - neutrality

Figure 1 - Assessment of the biocompatibility of the studied cultures
by the method perpendicular strokes

High antagonistic activity was observed in the Pseudomonas putida M-1 strain in
relation to strains 3M, 19M and 25M and contact regression to strains 45M and 1M. The
Bacillus subtilis M-2 strain turned out to be incompatible with all the studied PGPR
bacterial strains, with the exception of the 1M strain.

The strains showing contact progression and neutrality are Pseudomonas putida
M-1 and Phyllobacterium sp. 35M; strains Bacillus subtilis M-2 and Chryseobacterium
rhizoplanae 1M proved to be the most promising for co-cultivation. The high degree of
biocompatibility of these strains, established by us in this experiment, determined the
expediency of their use as part of a consortium for joint cultivation.

In addition to the method of perpendicular strokes, we evaluated the
biocompatibility of mutant strains of nodule and PGPR bacteria using the well method.
The results are shown in Table 2.

Table 2 - Antagonistic activity of nodule bacteria against PGPR bacteria

PGPR bacteria Nodule bacteria
3M | 19mM [ 25M | 45M | 3M | 1M
growth inhibition zones, mm
Pseudomonas 19.3+2.1 14.6+2.0 20.6+3.2 8.0+£1.7 0 0
putida M-1
Bacillus subtilis 0 0 0 123+2.1 | 16.0+1.0 143+4.0
M-1
Bacillus subtilis 0 0 11.3+£23 0 0 0
M-2
Azotobacter 0 11.0+1.7 0 0 0 0
Chroococcum
M-1

For this purpose, 7 mm wells were cut out on a freshly seeded PGPR lawn of
bacteria. The culture fluid of the studied strain of nodule bacteria was introduced into the
wells, after which the dishes were placed in a thermostat at 28 © C for 24 hours. After this
time, the zone of inhibition of growth of PGPR bacteria around the wells was measured.
Thus, Figure 2 shows the zones of inhibition of the growth of Bacillus subtilis M-1 and
Pseudomonas putida M-1 by the Phyllobacterium sp. 45M.
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As can be seen from the data presented in Table 2, the growth of Pseudomonas
putida M-1 was almost completely inhibited by mutant strains of nodule bacteria
Agrobacterium tumefaciens 3M, and Phyllobacterium sp. 19M, 25M and 45M (the
growth inhibition zones for them varied within 8-20 mm).

Strains of Phyllobacterium sp. 35M, 45M and Chryseobacterium rhizoplanae 1M
in relation to Bacillus subtilis M-1 (12-16 mm), and strains of Agrobacterium tumefaciens
3M, Phyllobacterium sp. 19M, 35M, 45M and Chryseobacterium rhizoplanae 1M did
not inhibit the growth of Bacillus subtilis M-2, which indicates the compatibility of these
cultures. Moreover, all studied mutant strains of Agrobacterium tumefaciens 3M,
Phyllobacterium sp. 25M, 35M, 45M and Chryseobacterium rhizoplanae 1M did not
suppress the growth of the Azotobacter chroococcum M-1 culture, which also indicates
their compatibility.

Bacillus subtilis M-1 Pseudomonas putida M-1

Figure 2 - Evaluation of the biocompatibility of the studied cultures
by the method of wells (growth inhibition zones)

Thus, according to the results of the studies carried out by two methods, the
following consortia were identified based on mutant strains of nitrogen-fixing and
growth-stimulating bacteria:

- Pseudomonas putida M-1 and Chryseobacterium rhizoplanae 1M (for mung
bean);

- Bacillus subtilis M-2 and Phyllobacterium sp. 35M (for beans).

The results obtained open up the possibility of combining mutant PGPR strains
with growth-stimulating activity and nodule bacteria with nitrogen-fixing activity in order
to obtain a biological product with combined properties on their basis.
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