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AGRONOMY

Pa3sHoobOpa3ue ¢pochopmodunnayowmx,
a30TGUKCUPYIOLLUX U NATOreHHbIX 6aKTepwuii
B NO4YBax BoO3aesbiBaemMbix nonei Cesepaonosckon

obsactu

PE3IOME

AKTyanbHOCTb. [I0CTYNHOCTb OPraHNYECKMX BELLECTB M NAaTOreHHOCTb CPeAbl — KIIOYEBbIE
dakTopbl Ana pocta pacteHuwii. dochaTtmobunuayowme Gaktepun nepeopat docdatbl
B OOCTynHyl0 ¢dopmy. AsoTdukcupyiowme baktepum o06ecneymBaloT pacTeHus a3oToM.
BakTepuranbHble MHPEKUMM 0CNabNSaOT PACTEHMS U BbI3bIBAIOT UX MMOENb U MOTEPIO YPOXKas.
CoBpeMeHHbIE TEXHONIOT MM CEKBEHMPOBAHNS YCKOPSIIOT M3y4eHne MUKPOBHOro pasHoobpasus.
Llenb paboTtbl — oueHWUTb npucyTcTBue hocdop- 1 a30TMObMNM3yoLWMX GakTepuii, a Takke
MaTOreHoOB, NOPaXaroLLMX KapTodenb, Ha BO3aeNbIBaeMbIX yroapsax CBepanoBckon obnactu.

MeTtopbl. B cratbe paccMoTpeHbl xapakTepucTuka noys CBeppsioBCkoi o6nactu, ux
MUHepasnbHbIA 1 OpraHuyeckmini coctaB U BGakTepuasnbHoe pasHoobpasue. VccnenoBaHus
NMPOBOAMANCH HAa OEPHOBO-NOA30MMCTbLIX MOYBAX, FAE ONPEAENsaNUCh COAEPXaHME rymyca,
YPOBEHb KMCNOTHOCTMN U COAEPXaHWe NUTaTeNIbHbIX BELLLECTB. AHaIM3 MUKPOOMONOrNMYECKOro
COCTaBa NoyB BKJII0YaN CEKBEHNPOBaHME 1 GpunbTpaumio AaHHbIx 16S pPHK.

Pesynbratbl. Bbino o6HapyxeHo, 4To GakTepuu, yyacTeylolme B mMobunusaumm docoo-
pa u ¢ukcaumMm a3oTta, COCTABMSIOT 3HAYMMYKD 4aCTb MUKPOOHOrO COOOLLECTBA, CBbILIE
12% OTHOCUTENbHOrO 0BUANSA NPUXOAMTCA Ha 3TW rpynnbl. PacnpepenexHne atux GakTepuit
no MOASIM MOKA3an0 OTCYTCTBME 3HAYMMbIX PA3MHUA B UX OTHOCUTENBHOM YMCAEHHOCTU
M BMOOBOM coOCTaBe. He Obino OOHAPYXEHO 3HAYMMbIX KOPPENnsuuMidi Mexny BUAOBbIM
6oratcTBoM HakTepuil 1 MUHEPasbHBIM COCTaBOM Mo4Bbl. OfHAKO KOPPENSALMOHHLIN aHann3
OTHOCUTENbLHLIX 06UNniA pogoB Agrobacterium, Rhizobium, Bradyrhizobium, Phyllobacterium,
Arthrobacter v Phyllobacterium npooeMOHCTPUPOBAN 3HAYMMYIO CBSI3b STUX POOOB K
KMCNOTHOCTU MOYBLI, COAEepPXaHuio 0BLLero 1 nerkornaponnsyeMoro aszota. KayecTBeHHbIl
aHanu3 BbISIBUN HanMyvMe MaToreHHbIX GakTepuid, Bbi3biBAOWMX OGakTepnosbl kapTodens,
Takux kak Ralstonia solanacearum, Pectobacterium carotovorum, Liberibacter crescens,
Streptomyces sp.

KnioyeBbie cnoBa: mukpobuota, Solanum tuberosum L., azoTdukcatopbl, pochaTtmodu-
nuavpyoLime 6akTepun, NaToreHs

Ansg yntuposauus: Nvxopneesckuin [A., WaHnHa E.IMN. Pa3Hoobpasue dochopmobunu-
3ytoLWMX, a30TOUKCUPYIOLLMX M NaTOreHHbIX GakTepuii B NMo4YBax BO3LE/bIBAEMbIX NONeEN
CeepaJioBckoin obnactu. ArpapHas Hayka. 2025; 391(02): 129-137.
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Diversity of phosphate-solubilizing,
nitrogen-fixing and pathogenic bacteria in soils

of cultivated fields of the Sverdlovsk region

ABSTRACT

Relevance. The availability of organic substances and environmental pathogenicity are key
factors in plant growth. Phosphate solubilizing bacteria convert phosphate to an available form,
while nitrogen fixing bacteria provide nitrogen for plants. Bacterial infections can weaken plants,
causing them to die or lose their crops. Modern sequencing technologies have accelerated the
study of human microbial diversity.

The aim of this study was to assess the presence of phosphate solubilizing and nitrogen
fixing bacteria, as well as pathogenic bacteria affecting potatoes in the cultivated areas of the
Sverdlovsk region.

Methods. This article examines the characteristics of the soils in the Sverdlovsk area, their
mineral and organic composition, and bacterial diversity. Studies were conducted on sod-
podzolic soils where humus content, acidity levels, and nutrient content were measured.
Analysis of the microbiological composition of the soil included sequencing and filtration
of 16S rRNA data.

Results. It was found that bacteria involved in phosphate mobilization and nitrogen fixation
make up a significant portion of the microbial community, with more than 12% accounted for by
these groups. The distribution of these bacteria across fields showed no significant difference
in relative abundance or species composition. Additionally, no significant correlation was found
between bacterial species richness and mineral composition of soil. However, correlation
analysis of relative abundances of genera Agrobacterium, Rhizobium, Bradyrhizobium,
Phyllobacteri, Arthrobater and Phylobacter revealed a significant relationship between these
genera and soil acidity and total and easily hydrolysable nitrogen content. Qualitative analysis
also revealed the presence of pathogenic bacteria causing potato bacteriosis such as Ralstonia
solanacearu, Pectobacterium carotovaru, Liberibacter crecens, Streptomyces spp.

Key words: microbiota, Solanum tuberosum L., nitrogen fixers, phosphate solubilizing bac-
teria, pathogens
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BeepeHue/Introduction

ﬂ,OCTyI‘IHOCTb OopraHn4yeckmnx BeLwleCTB N YpPOBEHb
naToreHHOCTn cpeabl — OCHOBHbIE JINMUTUPYIOLLInE
dakTopbl pas3suTua pacteHuin. LLnpoko mn3secTHO,
yTto docdaTtbl HEOOXOAMMBI AN POCTa PACTEHNA U
YHaCTBYIOT B Pa3JZIMYHbIX peakundax. OHUN — AMMUTN-
pylowmin hakTop Ans passBuTusa pacteHuni, nx gedu-
UWT B NMOYBax CErofHsi peLlaeTcsa BHeCEHNEM ya06-
peHur. OgHako XMMu4eckue yaobpeHuss ooporn u
MeHee 9PDEKTUBHBI, YEM OpraHndeckmne. oyBeH-
Hble MUKPOOPraHn3mMbl CNOCoBHbI NepeBoamnTb $oc-
daTtHble coeouMHeHUs B OOCTYMNHbIE A1 PacTeHUI
dopmei [1].

docharmobunmsyiorme (PM) 6akTeprm B OCHOB-
HOM OTHOCATCS K TpeM dunam baktepuii: Firmicutes,
Actinobacteria v Proteobacteria [2]. A Ha ypOBHe poga
BblaensoTAcinetobacter, Aeromonas, Agrobacterium,
Arthrobacter, Azotobacter, Bacillus, Bradyrhizobium,
Burkholderia, Citrobacter, Cyanobacteria, Delftia,
Enterobacter, Erwinia, Gordonia, Klebsiella, Kushneria,
Micrococcus, Paenibacillus, Pantoea, Phyllobacteriu,
Pseudomonas, Rhizobium, Rhodococcus, Salmonella,
Serratia, Sinomonas, Sphingobium, Streptomyces,
Thiobacillus n Xanthomonas [3-5].

Otmeuaetcs BuaoBas cneumduyHOCTb BakTepui
B 3aBUCMMOCTW OT PACTEHUA XO3AuWHA, U Yy KYNbTyp-
HbIX paCTeHI/II7I BbiFBJIEHbl CBA3/ CO cneayiwnMmn BuU-
pamu: Acinetobacter rizosphaerae, Acinetobacter sp.,
Alcaligenes faecalis, Arthrobacter defluvii, Arthro-
bacter sp., Bacillus amyloliquefaciens, Bacillus
atrophaeus, Bacillus cepacia, Bacillus cereus, Bacil-
lus licheniformis, Bacillus megaterium, Burkholderia
cenocepacia, Chryseobacterium sp., Chryseomonas
luteola, Cupriavidus sp., Enterobacter aerogenes, En-
terobacter asburiae, Enterobacter sp., Enterobacter
taylorae, Exiguobacterium acetylicum, Klebsiella sp.,
Klebsiella variicola, Kluyvera cryocrescens, Lecler-
cia adecarboxylata, Mycobacterium phlei, Ochrobac-
trum pseudogrignonense, Paenibacillus macerans,
Pantoea agglomerans, Pseudomonas chlororaphis,
Pseudomonas corrugata, Pseudomonas fluorescens,
Pseudomonas fragi, Pseudomonas frederiksbergen-
sis, Pseudomonas fulva, Pseudomonas lurida, Pseudo-
monas poae, Pseudomonas putida, Pseudomonas sp.,
Pseudomonas stutzeri, Pseudomonas trivalis, Rahnel-
la aquatilis HX2, Rhizobium sp., Rhodanobacter sp.,
Rhodococcus erythropolis, Rhodococcus sp., Serratia
marcescens, Staphylococcus cohnii, Staphylococcus
haemolyticus, Tetrathiobacter sp., Vibrio proteolyticus,
Vibrio paradoxus, Xanthobacter agilis, Xanthomonas
campestris [6].

MN3BeCTHbI HEeKOoTOopble BuUAbl, accounMnMpoBaH-
Hble MPEVMYLLECTBEHHO C KapTOodenem, Hanpumep
Bacillus pumilus, kOTOpbI OKa3blBAET 3HAYMMOE
BNMSIHWE Ha pa3BuTue noberoB kaptodens [7], nam
Buabl Bacillus thuringiensis, Enterobacter cloacae,
Pseudomonas pseudoalcaligenes, BblogeneHHble U3
AONKOro KapTOCbeﬂFl N OTMe4YeHHbIe B Ka4eCcTBe KaHOU-
[aToB, CNOCOBHbIX MOBLICUTb YPOXaMHOCTb U YCBOE-
HVe nntaTesibHbIX BEeLWeCTB KyJIbTYPHbIMU COpTaMu
kaptodens [8].

A30T SBNSIETCS KIIIOYEBLIM MUTATESNbHBIM 3/IEMEH-
TOM Ofis pocTa pacTEHUN, HECMOTPS Ha TO YTO OH
MPUCYTCTBYET B aTMOChEPE B MOJNEKYNSIPHON dop-
M€ 1 HE MOXET ObITb HENOCPEACTBEHHO YCBOEH pac-
TeHuaMW. [na Toro 4ytobbl pacTeHne Morfio MeTabo-
NM3NPOBATbL a30T, OH AOMKEH OblTb NPeobpa3oBaH B
nocTtynHyto popmy. Bronornyeckas pukcaums asorta
nrpaeT BaXKHYIO pOJib B KPYrOBOPOTE a30Ta B 9KOCU-
cTemax, obecneunBas pacTeHUs AOCTYMHbIM a30TOM
0N CUHTE3a HYKJIEMHOBBLIX KUCAOT, aMWHOKWUCIIOT,
OenKkoB M APYruX XU3HEHHO BaXKHbIX OPraHMYecKmx
COEeAVHEHUN. OTOT NPOLECC OCYLLIECTBASETCH pas-
JIMYHBIMU BUAAMK BaKTEPUIA, KOTOPLIE NMPUHAANEXAT
pa3Ho06pa3HbIM TaKCOHaM.

BblioensioT cBoGOOHOXMBYLIME a30ThUKCATOPSI
(Ad), Kk KOoTOpbLIM OTHOCHATCH Azoarcus, Azotobacter,
Azospirillum, Gluconoacetobacter, unaHobakTepum
Anabaena, Nostoc [9] n cumbuoTuueckue Allorhizobium,
Azorhizobium, Bradyrhizobium, Mesorhizobium,
Rhizobium w Sinorhizobium, «koTopble 00pa3sy-
I0T CBA3b C npeacTtaBuTensmm 606oBbix [10]. U3-
BECTHbl HEKOTOpblE OTAESIbHbIE BUAbl, HanpuMmep
Burkholderia vietnamiensis, €OVHCTBEHHbIN Npea-
CTaBUTESNIb CBOEro poaa, CNOCObHbIN K pukcaumm at-
MocdepHoro asota [11], natoreHHbin BUA, Ralstonia
Solanacearum BbI3bIBaEeT yBafaHWe kapTodens nnm
oypyto rHunb [12], Rhodobacter capsulatus [13],
Leptospirillum ferrooxidans [14].

BakTepuanbHblie MHMEKLMM NPUBOAAT K ocnabne-
HWIO 1 TMBenu pacTeHNn B NPOLLECCE UX POCTA, a Tak-
Xe K 3arHMBaHuIO kKiyOHel Kak B NOYBE, Tak U B MPO-
uecce xpaHeHus. ExerogHble noTepu ypoxasi OT
OakTepuanbHbix 3aboneBaHuin cocTasnsiloT oT 10
no 15%, a B rogpl, koraa 6akrepuanbHble MHDEK-
LMM NprobpeTatoT xapakTep aNnUdUTOTUA, OHN MOTFYT
npesbiwaTtb 50% [15].

Ha kapTtodene napasmtupyeT WUPOKUIA CREKTP
OakTepuanbHbiX GakTepuidi, B OCHOBHOM npencTaB-
neHHbin Ralstonia, Clavibacter, Pectobacterium,
Dickeya, Streptomyces n Liberibacter [16]. Ralstonia
solanacearum, R. pseudosolanacearum v R. syzygii —
BO36yamMTenu KopmuiHeBon ruunn [17]. Pectobacterium
BbI3bIBAET TaKOe 3a00NeBaAHME, KaK YHEPHAs HOXKA (He-
kpo3 cTtebns) [18], a ero npeacraBuTenn cnocob-
Hbl NopaxaTb PacTeHUs COBMECTHO C BuaamMm poja
Dickeya [19]. Liberibacter crescens Bbi3biBaeT na-
TONoruIo KNyoHs — Zebra chip (kapTodenb NaTHU-
ctoii) [20]. Clavibacter michiganensis — npuy4vHa
KPYroBow rHunm knybHs [21]. LUnpoknin cnekTp npea-
cTaButTenenm popa Streptomyces BbI3bIBAET MapLly
OObIKHOBEHHYIO [22], B YaCTHOCTU Ha kapTodene npe-
VIMYLLIECTBEHHO MNAapas3vnTUPYIOT Buabl Streptomyces
scabies, S. acidiscabiei v S. turgidiscabiei [23].

M3yyeHne BCEro BbiLIENEePEeYNCIEHHOrO0 pasHo-
00pasnsg 3aHAN0 Obl NPOAOIIKUTENBHOE BPEMS, €CNN
Obl HE COBPEMEHHbIE TEXHOJIOMMM BbICOKOMNPOU3BO-
OUTENbHOro cekBeHnpoBaHms BToporo (lllumina) nnm
Tpeteero nokonexus (PacBio, Oxford Nanopore).
OHK no3BONAIT nonydaTb 6ONbLIOA O0ObEM AaH-
HbIX CEKBEHMPOBAHUSA C AOCTATOYHO BbLICOKOW CTe-
NeHbI0 [O0CTOBEPHOCTU. DTO MNO3BONISIET MOKPbITh
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MakCUManbHO BO3MOXHOE YNCIO POAOoB HakTepuin u
haxe VX BUAOB, @ TakXe BbIIBUTb HU3KOOOWbHLIE MO
CPaBHEHWIO C APYrMMun rpynnammn 6akTtepuii, naTo-
reHHble BUIbI.

Lenb paboTsl — OUEHKA MPUCYTCTBMA U Pa3HO-
00pasns UM3BECTHbIX TakKCOHOB dochopmobunun-
3ylOWMX N a30TGUKCUPYIOLLMX BakTepuin, a Takxke
naToreHHbIX BUOOB 6akTepuin kapTodens B BO3AEbI-
BaeMbIx nonsix CBepanoBCcko o6nacTu.

MaTtepuansbi 1 MeToAbl UCCNIeA0BaHNS /

Materials and methods

Onsa paHHOM paboTbl ObINM WUCNONb30BaHbI pe-
3ynbTaTthl cekBeHupoBaHua 2022 roga o006pa3suoB
NMO4YB C BOCbMU MOJMEN, PACTMONOXEHHbIX B TPEX 30HAX
Ceeppnosckoi obnactn — r. EkatepuHbypre, beno-
sipckom 1 CeicepTckoM paroHax. bonee nogpobHoe
onvcaHne MeToamkn 0Tbopa, CEKBEHNPOBAHMUS U pe-
3yNbTaTOB CEKBEHMPOBAHUS B npeabiayLien pabote
aBTOPOB [24]. BeiiBneHne rpynn a3oTdurKcaTopoB u
dochopmobunusyoLmx 6akTepuii NPOBOAMIN B CO-
OTBETCTBMM CO CMUCKOM BMOOB U POOOB, NPEeACTaB-
JIEHHbIM B 0630pe AaHHOM paboThl.

CopepxaHune rymyca', peakumio noyYBEHHON cpe-
apl pH_ 2, copepxaHne obuwero asora®, asora ner-
korngponudyemoro n ¢pocdopa noaBuxXHoOro* onpe-
nensnn B 0ObeAMHEHHOM npobe, CNOXEHHOW un3
OTOOPAHHbIX TOYEYHbIX 00PA3LLOB. AHAIM3 NPOBOAU-
N B aHanuTuyeckon nabopatopumn YpanbCkoro Ha-
YYHO-UCCNEAOBATENBCKOrO MHCTUTYTA CEJIbCKOrO XO-

AGRONOMY

Mo pesynstatam onpeneneHns cogepxaHns rymyca
(Tabn. 1), BO BCcex nonsx, kpome E2, noysa oTHOCUT-
CSl K CUIbHOTYMYCHBIM (> 4%). 0 YPOBHIO KUCNOTHO-
CTM BbIOENSIOTCS CUNIbHOKUCHbIE (Ouana3oH 4-4,5),
cpenHekucnele (4,5-5,0), cnabokucnele (5-6) n Hel-
TpanbHble (6—7,5) NOYBbLI.

CopepxaHne noasuxHoOro ¢ocdopa MNOBbILLEH-
HOe WNK BbICOKOE. 3HauynTesbHbIN BbIOPOC CBbILLE
1500 Mr Ha 1 kr no4Bbl Ha nNone 62 obbacHaeTCcs Tem,
4yTO Nosie B MOMeHT 3abopa 06pa3uoB OCTaBasoChb
noa napom v 6b110 06UNLHO yHaBoxeHo. Coaepxa-
HVEe Nerkornaponnu3yemMoro a3orta HM3KOe Ha Monsx
E2, E4; cpepgHee — Ha none b2, Ha oCTanbHbIX — Bbl-
COKO€E B COOTBETCTBUU C OLLEHKOM [26]. Hanbonbluee
coaepxxaHue obLlero azota obHapyxeHo Ha none E1,
a HavMeHbluee — Ha none E2.

Mo peaynbTaTaMm CEKBEHUPOBaHUS U GUNBTPaLMN
OaHHbIX 0N aHanm3a 66110 4OCTYNHO 565 618 uTeHnin
dparmeHTa 16S 6akTepuansHoit pPHK. Mocne dunb-
Tpaumm 1 pacyeTa MaTpuubl 0OMINS ONepaLMOHHbIX
TakcoHommyeckux eamnHul, (OTE) oo BMAOBOrO ypoB-
HS 6bInM onpeneneHsbl 564 262 yteHus (Tabn. 2).

M3-3a TOoro, 4To NoYBa ABASETCH JOCTATOYHO NPO-
onemMatuyHbIM TMMNOM 0OpPasuoB Afis MUCCnenoBa-
HUS HYKJIEMHOBbLIX KNCNOT (60nblUOe pa3Hoobpasve

Tabnvua 2. Pe3ynbTat onpeaeneHus 6akrepuanbHOro
pa3HooOpasus

Table 2. The result of the determination of bacterial
diversity

x
39MCcTBA. @ §§>§ gggg Eg gg
Pesynbrathl onbiTa 66 06paboTaHbl 6GUOMeTpU- PaiioH s 923 g9ex g g °§’ ]
4eCcku C MOMOLLIO MPOrpaMMHOro obecneyeHus Re. = §,§ 5 §,§ E & 5 §_ 5 g_
MaTpuupl 06MNINA TAKCOHOMUYECKMX eAUHUL, CO- o O%u * *
3pasany ¢ nomolypio naketa OTUtable [25], TaM X€  geroancmipn 0 2220 2 2 1S
NPOBOAMIN GUALTPALMIO. B2 45422 529 4 16
E1 95504 619 4 17
Pe3ynbraThbl u 06CYXaeHue / E2 37427 412 4 13
Results and discussion r. ExatepuHbypr E3 96 898 625 4 15
MouBbl Ha TeppuTopun CBEPASIOBCKON 06nacTu, Ha E4 100014 625 4 20
KOTOPbIX BEOETCSH CENbCKOXO3ANCTBEHHAS OEATENb- ES 137333 617 4 18
HOCTb OTHOCSITCS! K MOATUMY AEPHOBO-MOA30/UCTbIX. ~ ChiCepTekip-H  C1 29153 483 4 18
Tabnuua 1. Pe3ynbrart aHanu3a fepHOBO-NOA30/UCTOM NOYBbI B UCCNeAyeMbix 06pasuax
Table 2. The result of the analysis of sod-podzolic soil in the studied samples
PaiioH Mone c?f:;’é';a':/':e pH ogi?n}., nerxoruuﬁ:;z.rmyemuﬁ, noq.;::g(’::.)lﬁ, XapakTepucTuka no4ebl
’ % mr N / 1 kr nousbl mr P,0_/ 1 kr nouebl
Benospckuit paioH b1 49 536 0,37 270 154,5 CUNIbHOryMYyCHas cnabokucas
Benospckuit paiioH B2 5,1 6,26 0,37 193 1562,5 CW/IBHOTYMYCHas HenTpansHas
r. EkatepmHOypr E1 4,54 4,62 0,56 366 212,5 CWJIbHOTYMYCHas CpeaHekmcnas
r. ExatepmHOypr E2 2,91 573 0,17 106 212,5 cpepHerymycHas cnabokmcnas
r. EkatepmHOypr ES 4,45 495 0,27 219 282,5 CWIbHOTYMYCHas CpeaHekmcnas
r. ExatepmHOypr E4 4,14 4,29 0,2 130 262 CWJIBHOTYMYCHas CUJIbHOKMCNAs
r. EkatepmHOypr ES 4,40 4,32 0,27 209 515 CWIbHOTYMYCHas CUJIbHOKMCNAs
CbiCepTCKuin p-H C1 5,46 5,65 0,4 220 257,5 CcunbHOrymMycHas cnabokucnas

"TOCT 26213-2021 MoyBbl. MeToabl ONpPeaeneHns OpraHM4eckoro BeLLecTsa.
2['OCT 26483-85 MouBbl. MpurotoBneHne coneBol BLITSXKM 1 onpeaeneHue ee pH no metoay LIMHAO.

3TOCT P 58596-2019 Mouskl. MeToabl onpeaeneHms ooLLero a3ora.

4TOCT 26207-91 MNouBbl. OnpeaeneHne NOABUXHBLIX coeanHeHunii pocdopa u kanusa no metoay KupcaHosa B moamdukaumm LMHAO.
5R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing,Vienna, Austria 2023
[anekTpoHHbIf pecypc]. — URL: https://www.R-project.org/ (nata obpatuenus: 22.06.2024).
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TUMNOB, Pa3/INYHbIA YPOBEHb KUCIOTHOCTU U COAEP-
XaHUS1 MYHEPA/bHbIX BELLECTB, HaNM4ne ryMmyCcoBbiX
KUCNOT N OPYrnx OPraHN4eCKux COEOVIHEHWI) npu
MCMNOb30BaHUN CTaHAAPTU3UPOBAHHOW METOOMKU
BblOEJIEHNS] U CEKBEHUPOBAHWS, BbIXOA, YTEHUI 3Ha-
YNTENbHO pasHUTCs. OQHAKO MOXHO aHaIM3UPOBaTh
OTHOCUTENBHbIE 06UNUSA HakTepuii. Tak, CyMMapHO
no Bcem obpasuam 3,73% Bcex OTE npuHapnexar
rpynne dpochopmobununaytoimx 6akrepuit, 1,01% —
rpynne a3otdpukcaTopos, 8,54% — bakTepusiM, BXO-
Osumm B 06e rpynnbi.

PacnpepeneHne no nonam (puc. 1) cnepywouwee:
MakCUManbHOE OTHOCUTENbLHOE 00unMe BGakTepui
A® Habniopaetcs Ha none E3 (1,77%), MuHUManb-
Hoe — Ha none E2 (0,47%); HanbonbLuas aons rpyn-
nbl @M obHapyxeHa Ha none E3 (5,46%), MuH1Mmanb-
Has — Ha none E2 (1,09%), Ho Ha none E2 6onblue
Bcero npepcrtaeneHa rpynna dM/AD — 17,73%,
MeHbLLIe BCero oHa Ha none 62 — 5,2%.

B rpynne A®d npeobnapaet pon Mesorhizobium
c obwen ponen 1,14% W AOMUHAHTHLIM BUOOM
Mesorhizobium terrae; B rpynne ®M/AD camble
pacnpocTpaHeHHble pon Bradyrhizobium w Bug
Bradyrhizobium mercantei. Hanbonbliyio om0 B
rpynne ®M HacuuTbiBaeT Paenibacillus ¢ cymmap-
HbiM BecoM B 1,62% n Hanbonee npencTaBfieHHbIM
BUOOM Paenibacillus solisilvae.

OueHka BMAaoBOro anbda-pasHoobpasnsa nokasa-
nla JOCTOBEPHbIE pasnuyns ans rpynmnbsl Gochopmo-
ounmnsupylowmx 6aktepuin mexay nonsmu E2 n B2

Puc. 1. OTHocuTENbHbIE 0OUANS DYHKLMOHANBHBIX FPYM
6akTepransHOro coobLLecTBa CenbCkOX03SMCTBEHHbIX Nosei
Ceepasiockoii obnactn: AQ — azoTdukcmpytowme 6akrepum,
DM — docdopmobunmsyioye

Fig. 1. Relative abundance of functional groups of the bacterial
community of agricultural fields in the Sverdlovsk region: A® —
nitrogen fixing bacteria, ®M — phosphate solubilizing bacteria

ONsl oueHoK HabniogaemMoro pasHoobpasusi, OueH-
kn no CumncoHy un LLI3HHOHY (puc. 2), npy 3TOM BU-
[oBoe pa3Hoobpa3ue Huxe Ha none E2. MNopobHble
pesynbTaThl NOMYy4EHbI 1 B OTHOLLIEHUM anbda-pasHo-
06pa3suns a30TOUKCUPYIOLMX U 06 bEAUHEHHOW Fpynn
6akTepuii (puc. 3, 4), oueHkn CumncoHa 1 LLIsHHOHa
Takxke AEMOHCTPUPYIOT 3HAYMMbIE Pa3nnymMs Mexany
nonamn E1 n E2.

Puc. 2. Anbda-pasHoobpasue rpynnel dochopmodunmnsnpytoLmx 6aktepuii uccnenoBaHHbix none CeepaioBcko obnacTu:

A — Habniopaemoe pa3Hoobpasue; b — pazHoobpasue, oueHeHHoe No CuMncoHy; B — pa3Hoobpasue, ougHeHHoe Mo LLIBHHOHY.
MPSIMOYroNbHUKM NMPEACTABAAOT HUXKHWIA U BEPXHUIA KBAPTUAW, YTOMLLEHHBLIE FOPU3OHTANbHbLIE IMHWAW, BHYTPY NPSIMOYTrOSIbHAKOB —
MeaNnaHbl, BepPTUKaslbHbl€ NIMHUK, NpOoXoadLlue OT NPSAMOYrofibHUKa K HAaUMEHbLUINUM U HanbOobLLIUM 3Ha4YeHUaAM, OTAENTbHbIE TOYKU —
BbIGPOCHI. [OPM30HTasIbHbIE OTPE3KM — MOMapPHbIE CPaBHEHMS Mo KpuTteputo YnkokcoHa

Fig. 2. Alpha-diversity of a group of phosphate solubilizing bacteria of the studied fields of the Sverdlovsk region: A is the observed
diversity; b is the diversity estimated by Simpson; B is the diversity estimated by Shannon. Rectangles represent the lower and upper
quartiles, thickened horizontal lines, medians inside rectangles, vertical lines extending from the rectangle to the smallest and largest
values, individual points are outliers. Horizontal segments are pairwise comparisons according to the Wilcoxon Criterion
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Puc. 3. Anbda-pasHoobpasme rpynmbl a30TPUKCHPYIOLLIMX BakTepuin uccnefoBaHHbIX nonein Ceepaosckoi obnactu: A — Habniopaemoe
pasHoobpasue; b — pazHoobpasvie, oueHeHHoe o CumncoHy; B — pasHoobpasue, oLieHeHHoe no LUSHHOHY. MpsiMoyronbHMKy
NPELCTaBASIOT HUXKHUIA U BEPXHWI KBAPTUNN, YTONLLEHHBIE FOPU3OHTASIbHBIE JIMHWW, BHYTPU NPSMOYrOIbHNKOB — MenaHbl, BEPTUKabHbIE
JIHAK, NPOXOASILLE OT NPSMOYIOfIbHMKA K HAMMEHBLLMM Y HAMOOBLLIMM 3HAYEHMSIM, OTAESbHBIE TOYKM — BbIBPOCHI. [OPU30HTaSbHBIE
0TPE3KM — MonapHble CpaBHeHWs No Kputepuio YnnkokcoHa

Fig. 3. Alpha-diversity of a group of nitrogen fixing bacteria of the studied fields of the Sverdlovsk region: A is the observed diversity;
B is the diversity estimated by Simpson; B is the diversity estimated by Shannon. Rectangles represent the lower and upper quartiles,
thickened horizontal lines, medians inside rectangles, vertical lines extending from the rectangle to the smallest and largest values,
individual points are outliers. Horizontal segments are pairwise comparisons according to the Wilcoxon Criterion

A Habntopaemoe pasHoobpasve B MHupekc CumncoHa B WHpekc WWaHHOHa
. 1.25 * *
- 1 1 3 | —
T i—‘ I ’ ]
% 1.00 S i
& 20 —
&
S 075 + * ¢ 2 *
I L[]
8 ‘ ' . !
@
©
-_% 0.50 .
510 . )
®©
Q.
2 * 025
000 e . 0
ERIEA &&@“zeo\ RN AN R R )
Q\o‘\ QOQ QOQ oS (\\00 000 Q\oﬁ\ 000 000 <\°‘\ (\\00 os\ 000 Qo“\ Q\oﬁ\ <\°€\ 000 QOQ 009 000 Qo“\ (\oﬁ\ 000 000

Mpumeyanve: * p < 0,05.
Note: * p<0.05.

Puc. 4. Anbda-pasHoobpasvie 06beanHeHHO rpynnbl GochopMoBUNN3MPYIOLLMX 1 a30THUKCUPYIOLLMX OaKTepuil UCCNeaoBaHHbIX
nonew Ceepanosckoi obnactu: A — Habniogaemoe pa3Hoobpasue; b — pasHoobpasue, oueHeHHoe No CUMNCoHy; B —
pasHoobpa3swe, oLeHeHHOoe Mo LLI3HHOHY. MPSAMOYronbHUKU NPEeACTaBASIOT HUXHUIA 1 BEPXHWIA KBAPTUN, YTONLLEHHbIE
rOPW30HTANIbHBIE NMHWK, BHYTPY NPSMOYTOSIbHUKOB — MeLMaHbl, BEPTUKANbHbIE JIMHUW, MPOXOASILLME OT NPSIMOYroJibHUKA K
HaVMEHbLLIMM 1 HanbOoNbLIMM 3HAYEHUSIM, OTAENbHbLIE TOYKN — BbIGPOCHI. [OPU30HTaNbHLIE OTPE3KN — NoMNapHbIE CPaBHEHWS MO
Kputepuio YunkokcoHa

Fig. 4. Alpha-diversity of a group of nitrogen fixing bacteria of the studied fields of the Sverdlovsk region: A is the observed diversity;
b is the diversity estimated by Simpson; B is the diversity estimated by Shannon. Rectangles represent the lower and upper quartiles,
thickened horizontal lines, medians inside rectangles, vertical lines extending from the rectangle to the smallest and largest values,
individual points are outliers. Horizontal segments are pairwise comparisons according to the Wilcoxon Criterion
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MonyyeHHble pe3ynbTathl aHanM3a MnoYB U BUAO-
BOro pa3Hoobpasus He NPOAEMOHCTPMPOBANN 3Ha-
YMMBbIX KOPPENSALMNA MeXAY BUOOBbIMU BOoraTcTBamMm
rpynn 6aktepuit @M, PM/AD 1 AD 1 M1HEPaNbHBLIM
cocTaBoMm. Tonbko y 5 poaos 13 23 6bln 06Hapyxe-
Hbl 3HAYMMbIE KOPPENSALNN OTHOCUTENBHOIO 00MIns
c nokasatensamun pH (Agrobacterium, Rhizobium),
obuwiero asota (Bradyrhizobium, Phyllobacterium) v
asoTa nerkormgponmndyemoro (Arthrobacter, Phyllo-
bacterium) (puc. 5).

Agrobacterium, Rhizobium yBenn4mBaioT CBOIO OT-
HOCUTENbHYIO YUCNEHHOCTb TeM OONblUe, YEM KUC-
nee no4yea, npepcrtasutenn Rhizobium TonepaHT-
Hbl K NOHWXeHnio pH [27, 28], B CBOW o4epenb y
Agrobacterium npu Takom namMeHeHun pH 3anycka-
eTCs MexaHnU3M nepexoa B BUpPyneHTHyio dasy [29].
Habniopaetca otpuuatensHas Koppensaums npea-
cTaButenen popa Bradyrhizobium OTHOCUTENBHO
[onm obLero a3oTa, YTO UHTEPECHO, BeAb B POJ, BXO-
nat asotdwukcatopsl [30]. Bugsl poga Arthrobacter
CNOCOBHbI METAB0NN3NPOBATL LUMPOKUIA CMIMCOK He-
opraHuyeckoro asota [31], B TOM uucne coobuia-
nocb 006 X a3oTGUKCUPYOLMX cnocobHocTax [32].
Phyllobacterium pop, 6orat BMaamMm, 3acensomymm
Knyb6eHbk 6060BbIX 1M y4acTBYOLMMN B (urKcaLmm
aTtmocdepHoro azora [33].

B pamkax BbiSiBNeHVS OakTepuii, Bbi3biBalOLLMX Oak-
TEPUO3bl, OrPAHNYNSIUCh KA4YECTBEHHLIM AHAIU30M.

Bo Bcex o0pasuax 6biv 0B6HAPYXEHbI Pas3NnyHbIe
naToreHHole BUAbl GakTepuii, npueoasme K 3a6o-
nesaHuam kaptodens (tabn. 3).

Tabnvua 3. Pe3ynbTarT BbiSIBJIEHUS NaTOrE€HHbIX BUA0B
Gakrepuii

Table 3. The result of the detection of pathogenic bacterial
species

Benosp- | pare.  ChicepT-
CcKui WHGYpr cKuin
p-H PUHDY] p-H
Buabi - N N ® ST -
0 0 W W W W W o
Q 9 9 00 0O )
E E B BE B B B =
6 6 6 6 o 6 © ]
C C CCEEEC =
Clavibacter michiganensis + +
Liberibacter crescens S T | @ P
Pectobacterium carotovorum s s
Pectobacterium parmentieri +
Pseudomonas fluorescens Sl aF | ar
Ralstonia solanacearum © | @ il G IS I
Ralstonia syzygii F S T
Streptomyces acidiscabies $ | & il I
Streptomyces caviscabies S e Sl It A
Streptomyces n n "
diastatochromogenes
Streptomyces v |a ala| s
europaeiscabiei
Streptomyces scabiei | * |+ + +
Streptomyces turgidiscabies + + @+ Sl S A

Puc. 5. KoppensaumoHHbIii aHann3 0THOCUTENbHOr0 06ununs pogos 6akTepuii 1 nokasatenei noyssl CBepAnoBCKO 061acTu.
MokasaHbl TOSIbKO 3Ha4YMMble pe3ynbTathl: R — koadduumeHT koppensuum MNupcoHa; p — p-3HayeHne

Fig. 5. Correlation analysis of the relative abundance of bacterial genera and soil parameters of the Sverdlovsk region. Only
significant results are shown: R is the Pearson correlation coefficient; p is the p-value
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B yacTtHoCTW, Ralstonia solanacearum vi R. syzygii —

BO3OyauTENb KOPWYHEBOW rHunu, Pectobacterium
carotovorum  BbI3blBaeT Hekpo3s, Liberibacter
crescens — 3aboneBaHue knybHsa (Zebra chip),
Clavibacter michiganensis — npu4MHa KONbLEBOMN

FHUNMU KNYOHS.

BbiiBneH Wwnpoknii cnekTp npeacraBmtenen poaa
Streptomyces, BbI3blBaOLMX NapLly OObIKHOBEH-
Hylo (pe3ynbTaTthl B Tabn. 1). Buapl popoB Bacillus,
Erwinia v Dickeya He o6HapyXeHbl. Hanbonee Bce-
ro B No4YBE pacnpocTpaHeHbl BUAbl Streptomyces
europaeiscabiei, S. scabiei, S. turgidiscabies. O0-
Laa [0NS9 BbISBJIEHHbIX NATOreHHbIX 6akTepuii B No-
nax coctaensaet ot 0,0267 0o 0,0638%. HanbonbLuee
KONMYecTBO BUAOB O0NE3HETBOPHLIX GakTepuin 00-
HapyXeHo Ha rnone E4 — 11 n3 13, meHblle BCero —
Ha nonax 61 v C1, 4To B NepByio o4epeap CBA3aHO CO
CPaBHUTENIbHO HU3KUM BbIXO4OM CEKBEHMPOBAHUS.

BbiBoapbi/Conclusions

B nouBax Bo3gensbiBaemMbix nonen CBepasioBCKOMN
obnacTtu o6HapyxeHbl cBbille 20 poaos Gocdopmo-
OunM3yLMX U a30TOUKCUPYIOLLMX BakTepuii, KOTO-
pble CNOCO6HbI ynyyLlaTh NI0AOPOAMNE MNOYBbLI MYyTEM
CHabXeHnst pacTeEHUI MUHEepPaNbHbBIMW BELLLECTBAMM,
a Takke 6 poaoB NaToreHHbIX BUAOB HGaKTepuin kap-
TOodEenNs, KOTopble CNOCOOHbI CHUXATb YPOXANHOCTb.

Bce aBTOpbl HECYT OTBETCTBEHHOCTb 32 PABGOTY U NPEACTaBAEHHbIE
[aHHble.

Bce aBTOpbl BHECAW PaBHbI Bknag B paboTy.

ABTOPbI B PABHOI CTENEHN NPYHUMANKM y4acTve B HanMcaHum
PYKOMUCU 1 HECYT PaBHYIO OTBETCTBEHHOCTb 3a Nnaruar.

ABTOPbI 06bABUN 06 OTCYTCTBUN KOHGNNKTA UHTEPECOB.

®UHAHCNPOBAHUE

Pa6oTa BbinonHeHa npu noaaepxke MuHobpHaykm Poccum B
pamMKax BbINOHEHUs NoANPOrpaMmbl KOMMIEKCHOMO MiaHa Hay4HbIX
nccnefoBaHuii «Cenekumns U CEMEHOBOACTBO KapTodens».

BUBJIMOTPA®UYECKWUIA CNIUCOK

1. Pan L., Cai B. Phosphate-Solubilizing Bacteria: Advances in Their
Physiology, Molecular Mechanisms and Microbial Community Effects.
Microorganisms. 2023; 11(12): 2904.
https://doi.org/10.3390/microorganisms11122904

2. Liang J.-L. et al. Novel phosphate-solubilizing bacteria enhance soil
phosphorus cycling following ecological restoration of land degraded
by mining. The ISME Journal. 2020; 14(6): 1600-1613.
https://doi.org/10.1038/s41396-020-0632-4

3. Chung H. et al. Isolation and characterization of phosphate
solubilizing bacteria from the rhizosphere of crop plants of Korea.
Soil Biology and Biochemistry. 2005; 37(10): 1970-1974.
https://doi.org/10.1016/j.s0ilbio.2005.02.025

4. Sharma S.B., Sayyed R.Z., Trivedi M.H., Gobi TA. Phosphate
solubilizing microbes: sustainable approach for managing phosphorus
deficiency in agricultural soils. SpringerPlus. 2013; 2: 587.
https://doi.org/10.1186/2193-1801-2-587

5. Korir H., Mungai N.W., Thuita M., Hamba ., Masso C.
Co-inoculation Effect of Rhizobia and Plant Growth Promoting
Rhizobacteria on Common Bean Growth in a Low Phosphorus Soil.
Frontiers in Plant Science. 2017; 8: 141.
https://doi.org/10.3389/fpls.2017.00141

6. Rawat P, Das S., Shankhdhar D., Shankhdhar S.C. Phosphate-
Solubilizing Microorganisms: Mechanism and Their Role in Phosphate
Solubilization and Uptake. Journal of Soil Science and Plant Nutrition.
2021; 21(1): 49-68.

https://doi.org/10.1007/s42729-020-00342-7

7. Yaiiez-Ocampo G. et al. Isolated Phosphate-Solubilizing Soil
Bacteria Promotes In vitro Growth of Solanum tuberosum L. Polish
Journal of Microbiology. 2020; 69(3): 357-365.
https://doi.org/10.33073/pjm-2020-039

391 (02) = 2025 | Agrarian science | ArpapHas Hayka

AGRONOMY

O6wee oTHOcuUTENbLHOE Ob6unne docdopmodbunu-
3ylowmx 6aktepuii coctaBnsiet 3,73%, asoTduKcu-
pytowmx — 1,01%, 6akTepuii, BxoasaLmx B 06e rpyn-
nbl, — 8,54%. [Jonga BbIABNIEHHbIX MATOreHHbIX BUOOB
He npesbiwaeT 0,1%.

OueHka pa3Ho0obpasuns nokasana OTCYyTCTBUE 3Ha-
YUMbIX PasNNyYMini B BUAOBOM pasHoobpasum rpynn
OM, PM/AD n AD mexay nonamm CBepanoBCKOM
obnactu. Hanbonbluee pasHoobpasne 6akTepuii 00-
Hapy>XeHo Ha none E3, HanmeHbLLee — Ha none E2.

KoppensunoHHbiii aHanu3 nokasars, 4To 6aktepumn
ponoB Agrobacterium, Rhizobium, Bradyrhizobium,
Phyllobacterium, Arthrobacter v Phyllobacterium mo-
ryT OblTb YyBCTBUTE/bHbI K KMWCIIOTHOCTW MO4YBbI, CO-
[ep>XXaHunio 06LLEero 1 Nerkornaponn3dyemoro a3oTa.

Bo Bcex o6pasuax OOHapyXeHbl MNaTOreHHble
BUAbl GakTepuii, Bbi3biBaloLiMe 3abosieBaHUsA Kap-
Todens. Hambonee pacnpocTpaHeHbl Buabl pPoO-
noB Streptomyces, Ralstonia, Pectobacterium,
Liberibacter, Clavibacter.

[ns oueHKn NpucyTCTBUS B MOYBE MONE3HbLIX Y
BpeaHbIX 6akTepuin Heob6XoAMMO MPOBOAUTL pPery-
NAPHbIE NCCNeaoBaHus. 9To NO3BONNT padpaboTaTb
Mepbl MO YAy4LLEeHMIO N1040POAMS MOYBbLI U CHUXE-
HUIO 3200neBaeMoCcTn kapTtodens nyTemM LeneHa-
NPaBfEHHOr0 BHECEHUS yoobpeHuit unu Gaktepu-
aNbHbIX areHToB.

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

The authors were equally involved in writing the manuscript and bear
the equal responsibility for plagiarism.

The authors declare no conflict of interest.

FUNDING

The work was carried out with the support of the Ministry of Science
and Higher Education of the Russian Federation as part of the
implementation of the Comprehensive scientific research plan
subprogram “Selection and seed production of potatoes”.

REFERENCES

1. Pan L., Cai B. Phosphate-Solubilizing Bacteria: Advances in Their
Physiology, Molecular Mechanisms and Microbial Community Effects.
Microorganisms. 2023; 11(12): 2904.
https://doi.org/10.3390/microorganisms11122904

2. Liang J.-L. et al. Novel phosphate-solubilizing bacteria enhance soil
phosphorus cycling following ecological restoration of land degraded
by mining. The ISME Journal. 2020; 14(6): 1600-1613.
https://doi.org/10.1038/s41396-020-0632-4

3. Chung H. et al. Isolation and characterization of phosphate
solubilizing bacteria from the rhizosphere of crop plants of Korea.
Soil Biology and Biochemistry. 2005; 37(10): 1970-1974.
https://doi.org/10.1016/j.s0ilbio.2005.02.025

4. Sharma S.B., Sayyed R.Z., Trivedi M.H., Gobi TA. Phosphate
solubilizing microbes: sustainable approach for managing phosphorus
deficiency in agricultural soils. SpringerPlus. 2013; 2: 587.
https://doi.org/10.1186/2193-1801-2-587

5. Korir H., Mungai N.W., Thuita M., Hamba Y., Masso C.
Co-inoculation Effect of Rhizobia and Plant Growth Promoting
Rhizobacteria on Common Bean Growth in a Low Phosphorus Soil.
Frontiers in Plant Science. 2017; 8: 141.
https://doi.org/10.3389/fpls.2017.00141

6. Rawat P, Das S., Shankhdhar D., Shankhdhar S.C. Phosphate-
Solubilizing Microorganisms: Mechanism and Their Role in Phosphate
Solubilization and Uptake. Journal of Soil Science and Plant Nutrition.
2021;21(1): 49-68.

https://doi.org/10.1007/s42729-020-00342-7

7. Yaiiez-Ocampo G. et al. Isolated Phosphate-Solubilizing Soil
Bacteria Promotes In vitro Growth of Solanum tuberosum L. Polish
Journal of Microbiology. 2020; 69(3): 357-365.
https://doi.org/10.33073/pjm-2020-039

ISSN 0869-8155 (print) | ISSN 2686-701X (online)




8. Pantigoso H.A., He Y., Manter D.K., Fonte S.J., Vivanco J.M.
Phosphorus-solubilizing bacteria isolated from the rhizosphere of wild
potato Solanum bulbocastanum enhance growth of modern potato
varieties. Bulletin of the National Research Centre. 2022; 46: 224.
https://doi.org/10.1186/s42269-022-00913-x

9. Ahemad M., Kibret M. Mechanisms and applications of plant growth
promoting rhizobacteria: Current perspective. Journal of King Saud
University — Science. 2014; 26; 1-20.
https://doi.org/10.1016/j.jksus.2013.05.001

10. Sharma P.K., Kundu B.S., Dogra R.C. Molecular mechanism
of host specificity in legume-rhizobium symbiosis. Biotechnology
Advances. 1993; 11(4): 741-779.
https://doi.org/10.1016/0734-9750(93)90002-5

11. Estrada-De Los Santos P, Bustillos-Cristales R., Caballero-
Mellado J. Burkholderia, a Genus Rich in Plant-Associated Nitrogen
Fixers with Wide Environmental and Geographic Distribution. Applied
and Environmental Microbiology. 2001; 67(6): 2790-2798.
https://doi.org/10.1128/AEM.67.6.2790-2798.2001

12. Dalsing B.L., Truchon A.N., Gonzalez-Orta E.T., Milling A.S.,

Allen C. Ralstonia solanacearum Uses Inorganic Nitrogen Metabolism
for Virulence, ATP Production, and Detoxification in the Oxygen-
Limited Host Xylem Environment. mBio. 2015; 6(2): €02471-14.
https://doi.org/10.1128/mBi0.02471-14

13. Masepohl B. et al. Regulation of Nitrogen Fixation in the
Phototrophic Purple Bacterium Rhodobacter capsulatus. Journal
of Molecular Microbiology and Biotechnology. 2002; 4(3): 243-248

14. Parro V., Moreno-Paz M. Nitrogen fixation in acidophile iron-
oxidizing bacteria: The nif regulon of Leptospirillum ferrooxidans.
Research in Microbiology. 2004; 155(9): 703-709.
https://doi.org/10.1016/j.resmic.2004.05.010

15. EnaHckuin C.H. (pen.). 3awpTa kaptodens ot 6onesHen,
BpeauTenei n copHskos. M.: Kaptogpenesoa. 2009; 270.
ISBN 978-5-903906-02-4

https://www.elibrary.ru/gladmr

16. Charkowski A., Sharma K., Parker M.L., Secor G.A., Elphinstone J.
Bacterial Diseases of Potato. Campos H., Ortiz O. (eds.). The

Potato Crop.lts Agricultural, Nutritional and Social Contribution to
Humankind. Cham: Springer. 2020; 351-388.
https://doi.org/10.1007/978-3-030-28683-5_10

17. Pérombelon M.C.M. Potato diseases caused by soft rot erwinias:
an overview of pathogenesis. Plant Pathology. 2002; 51(1): 1-12.
https://doi.org/10.1046/j.0032-0862.2001.Shorttitle.doc.x

18. Kim H.-S., Ma B., Perna N.T., Charkowski A.O. Phylogeny and
Virulence of Naturally Occurring Type lll Secretion System-Deficient
Pectobacterium Strains. Applied and Environmental Microbiology.
2009; 75(13): 4539-4549.

https://doi.org/10.1128/AEM.01336-08

19. van der Waals J.E., Kriiger K. Emerging potato pathogens
affecting food security in southern Africa: Recent research. South
African Journal of Science. 2020; 116(11-12): 8055.
https://doi.org/10.17159/sajs.2020/8055

20. Mora V. et al. Potato Zebra Chip: An Overview of the Disease,
Control Strategies, and Prospects. Frontiers in Microbiology. 2021;
12: 700663.

https://doi.org/10.3389/fmicb.2021.700663

21. Schaad N.W., Berthier-Schaad Y., Sechler A., Knorr D. Detection
of Clavibacter michiganensis subsp. sepedonicus in Potato Tubers
by BIO-PCR and an Automated Real-Time Fluorescence Detection
System. Plant Disease. 1999; 83(12): 1095-1100.
https://doi.org/10.1094/PDIS.1999.83.12.1095

22. Prieto M.C., Lapaz M.I., Lucini E.I., Pianzzola M.J., Grosso N.R.,

Asensio C.M. Thyme and suico essential oils: promising natural tools
for potato common scab control. Plant Biology. 2020; 22(1): 81-89.
https://doi.org/10.1111/plb.13048

23. ShiH., LiW,, Zhou Y., Wang J., Shen S. Can we control potato
fungal and bacterial diseases? — microbial regulation. Heliyon. 2023;
9(12): €22390.

https://doi.org/10.1016/j.heliyon.2023.e22390

24. lWaHuHa E.M., Jluxopeesckuit IA. BakTtepunanbHoe coobLwecTBo
CeNbCKOX03AMCTBEHHBIX MOYB, UCMOb3YEMBIX 419 BO3AENbIBAHNS
kapTodens B CBepasioBckoli 06nactv. ArpapHasi Hayka EBpo-
CeBepo-Boctoka. 2023; 24(6): 989-998.
https://doi.org/10.30766,/2072-9081.2023.24.6.989-998

25. Linz A.M. et al. Bacterial Community Composition and Dynamics
Spanning Five Years in Freshwater Bog Lakes. mSphere. 2017; 2(3):
e00169-17.

https://doi.org/10.1128/mSphere.00169-17

26. JlykmH C.B., YeTteepukosa H.C., Epoxose, M.A. Arpoakono-
rmyeckast OLeHKa CooepXxaHms a3oTa B CENbCKOX03ANCTBEHHbIX
pacTeHusix 1 noyBax benropoackoi obnactu. HayyHsie B€4OMOCTU
Benropogackoro rocynapctseHHoro yHusepcuteta. Cepusi:
EctectBeHHbie Hayku. 2011; (21): 95-101.
https://www.elibrary.ru/orgsvn

8. Pantigoso H.A., He Y., Manter D.K., Fonte S.J., Vivanco J.M.
Phosphorus-solubilizing bacteria isolated from the rhizosphere of wild
potato Solanum bulbocastanum enhance growth of modern potato
varieties. Bulletin of the National Research Centre. 2022; 46: 224.
https://doi.org/10.1186/s42269-022-00913-x

9. Ahemad M., Kibret M. Mechanisms and applications of plant growth
promoting rhizobacteria: Current perspective. Journal of King Saud
University — Science. 2014; 26; 1-20.
https://doi.org/10.1016/j.jksus.2013.05.001

10. Sharma P.K., Kundu B.S., Dogra R.C. Molecular mechanism
of host specificity in legume-rhizobium symbiosis. Biotechnology
Advances. 1993; 11(4): 741-779.
https://doi.org/10.1016/0734-9750(93)90002-5

11. Estrada-De Los Santos P, Bustillos-Cristales R., Caballero-
Mellado J. Burkholderia, a Genus Rich in Plant-Associated Nitrogen
Fixers with Wide Environmental and Geographic Distribution. Applied
and Environmental Microbiology. 2001; 67(6): 2790-2798.
https://doi.org/10.1128/AEM.67.6.2790-2798.2001

12. Dalsing B.L., Truchon A.N., Gonzalez-Orta E.T., Milling A.S.,

Allen C. Ralstonia solanacearum Uses Inorganic Nitrogen Metabolism
for Virulence, ATP Production, and Detoxification in the Oxygen-
Limited Host Xylem Environment. mBio. 2015; 6(2): €02471-14.
https://doi.org/10.1128/mBi0.02471-14

13. Masepohl B. et al. Regulation of nitrogen fixation in the
phototrophic purple bacterium Rhodobacter capsulatus. J Mol
Microbiol Biotechnol. 2002; 4(3): 243-248

14. Parro V., Moreno-Paz M. Nitrogen fixation in acidophile iron-
oxidizing bacteria: The nif regulon of Leptospirillum ferrooxidans.
Research in Microbiology. 2004; 155(9): 703-709.
https://doi.org/10.1016/j.resmic.2004.05.010

15. Yelanskiy S.N. (ed.). Protection of potatoes from diseases, pests
and weeds. Moscow: Kartofelevod. 2009; 270 (in Russian).

ISBN 978-5-903906-02-4

https://www.elibrary.ru/gladmr

16. Charkowski A., Sharma K., Parker M.L., Secor G.A., Elphinstone J.
Bacterial Diseases of Potato. Campos H., Ortiz O. (eds.). The

Potato Crop. Its Agricultural, Nutritional and Social Contribution to
Humankind. Cham: Springer. 2020; 351-388.
https://doi.org/10.1007/978-3-030-28683-5_10

17. Pérombelon M.C.M. Potato diseases caused by soft rot erwinias:
an overview of pathogenesis. Plant Pathology. 2002; 51(1): 1-12.
https://doi.org/10.1046/j.0032-0862.2001.Shorttitle.doc.x

18. Kim H.-S., Ma B., Perna N.T., Charkowski A.O. Phylogeny and
Virulence of Naturally Occurring Type lll Secretion System-Deficient
Pectobacterium Strains. Applied and Environmental Microbiology.
2009; 75(13): 4539-4549.

https://doi.org/10.1128/AEM.01336-08

19. van der Waals J.E., Kriiger K. Emerging potato pathogens
affecting food security in southern Africa: Recent research. South
African Journal of Science. 2020; 116(11-12): 8055.
https://doi.org/10.17159/sajs.2020/8055

20. Mora V. et al. Potato Zebra Chip: An Overview of the Disease,
Control Strategies, and Prospects. Frontiers in Microbiology. 2021;
12: 700663.

https://doi.org/10.3389/fmicb.2021.700663

21. Schaad N.W.,, Berthier-Schaad Y., Sechler A., Knorr D. Detection
of Clavibacter michiganensis subsp. sepedonicus in Potato Tubers
by BIO-PCR and an Automated Real-Time Fluorescence Detection
System. Plant Disease. 1999; 83(12): 1095-1100.
https://doi.org/10.1094/PDIS.1999.83.12.1095

22. Prieto M.C., Lapaz M.1., Lucini E.I., Pianzzola M.J., Grosso N.R.,

Asensio C.M. Thyme and suico essential oils: promising natural tools
for potato common scab control. Plant Biology. 2020; 22(1): 81-89.
https://doi.org/10.1111/plb.13048

23. ShiH., LiW,, Zhou Y., Wang J., Shen S. Can we control potato
fungal and bacterial diseases? — microbial regulation. Heliyon. 2023;
9(12): €22390.

https://doi.org/10.1016/j.heliyon.2023.622390

24. Shanina E.P,, Lihodeevsky G.A. Bacterial community

of agricultural soils used for potato cultivation in Sverdlovsk region.
Agricultural Science Euro-North-East. 2023; 24(6): 989-998

(in Russian).
https://doi.org/10.30766/2072-9081.2023.24.6.989-998

25. Linz A.M. et al. Bacterial Community Composition and Dynamics
Spanning Five Years in Freshwater Bog Lakes. mSphere. 2017; 2(3):
e00169-17.

https://doi.org/10.1128/mSphere.00169-17

26. Lukin S.V., Chetverikova N.S., Erokhovets M.A.
Agroecological Estimation of Nitrogen Content in Agricultural
Crops and Soils of Belgorod Region. Belgorod State University
Scientific Bulletin. Natural sciences. 2011; (21): 95-101

(in Russian).

https://www.elibrary.ru/orgsvn

ISSN 0869-8155 (print) | ISSN 2686-701X (online) | ArpapHas Hayka | Agrarian science | 391(02) = 2025



27.Glenn A.R., Reeve W.G., Tiwari R.P., Dilworth M.J. Acid Tolerance
in Root Nodule Bacteria. Chadwick D.J., Cardew G. (eds.). Bacterial
Responses to pH. Novartis Foundation Symposium. John Wiley &
Sons. 1999; 221: 112-130.
https://doi.org/10.1002/9780470515631.ch8

28. Moron B. et al. Low pH Changes the Profile of Nodulation Factors
Produced by Rhizobium tropici CIAT899. Cell Chemical Biology. 2005;
12(9): 1029-1040.

https://doi.org/10.1016/j.chembiol.2005.06.014

29.Yuan Z.-C., Liu P, Saenkham P, Kerr K., Nester E.W.
Transcriptome Profiling and Functional Analysis of Agrobacterium
tumefaciens Reveals a General Conserved Response to Acidic
Conditions (pH 5.5) and a Complex Acid-Mediated Signaling Involved
in Agrobacterium-Plant Interactions. Journal of Bacteriology. 2008;
190(2): 494-507.

https://doi.org/10.1128/JB.01387-07

30. Zhong C., Hu G., Hu C., Xu C., Zhang Z., Ning K. Comparative
genomics analysis reveals genetic characteristics and nitrogen fixation
profile of Bradyrhizobium. iScience. 2024; 27(2): 108948.
https://doi.org/10.1016/j.isci.2024.108948

31.HeT, Xie D., NiJ., Li Z., Li Z. Characteristics of nitrogen
transformation and intracellular nitrite accumulation by the
hypothermia bacterium Arthrobacter arilaitensis. Science of The Total
Environment. 2020; 701: 134730.
https://doi.org/10.1016/j.scitotenv.2019.134730

32. LiuY. et al. Spatial and temporal conversion of nitrogen using
Arthrobacter sp. 24S4-2, a strain obtained from Antarctica. Frontiers
in Microbiology. 2023; 14: 1040201.
https://doi.org/10.3389/fmich.2023.1040201

33. Eren Eroglu A.E., Eroglu V., Yasa I. Genomic Insights into the
Symbiotic and Plant Growth-Promoting Traits of “Candidatus
Phyllobacterium onerii” sp. nov. Isolated from Endemic Astragalus
flavescens. Microorganisms. 2024; 12(2): 336.
https://doi.org/10.3390/microorganisms 12020336

OB ABTOPAX

Feopruin AnekcanapoBud JinxoaeeBckui
MAaALLINIA HAYYHBIA COTPYLHMK
georglihodey@gmail.com
https://orcid.org/0000-0003-2616-2166

Enena MNeTtposHa LLlaHuHa

[LOKTOP CENTbCKOXO3ANCTBEHHbIX HAyK, MaBHbIA HAY4HbIN COTPYAHMK
shanina08@yandex.ru

https://orcid.org/0009-0000-5818-3813

Ypanbckuin hefepancHblil arpapHblil HAy4HO-UCCNea0BaTENbCKUIA
LeHTp YpanbCckoro otaeneHns Poccuinckoi akagemmm Hayk,
yn. [naeHas, 21, Ekatepunbypr, 620061, Poccus

AGRONOMY

27.Glenn A.R., Reeve W.G., Tiwari R.P,, Dilworth M.J. Acid Tolerance
in Root Nodule Bacteria. Chadwick D.J., Cardew G. (eds.). Bacterial
Responses to pH. Novartis Foundation Symposium. John Wiley &
Sons. 1999; 221: 112-130.
https://doi.org/10.1002/9780470515631.ch8

28. Mordn B. et al. Low pH Changes the Profile of Nodulation Factors
Produced by Rhizobium tropici CIAT899. Cell Chemical Biology. 2005;
12(9): 1029-1040.

https://doi.org/10.1016/j.chembiol.2005.06.014

29.Yuan Z.-C., Liu P,, Saenkham P, Kerr K., Nester E.W.
Transcriptome Profiling and Functional Analysis of Agrobacterium
tumefaciens Reveals a General Conserved Response to Acidic
Conditions (pH 5.5) and a Complex Acid-Mediated Signaling Involved
in Agrobacterium-Plant Interactions. Journal of Bacteriology. 2008;
190(2): 494-507.

https://doi.org/10.1128/JB.01387-07

30. Zhong C., Hu G., Hu C., Xu C., Zhang Z., Ning K. Comparative
genomics analysis reveals genetic characteristics and nitrogen fixation
profile of Bradyrhizobium. iScience. 2024; 27(2): 108948.
https://doi.org/10.1016/j.isci.2024.108948

31.HeT, Xie D., NiJ., Li Z., Li Z. Characteristics of nitrogen
transformation and intracellular nitrite accumulation by the
hypothermia bacterium Arthrobacter arilaitensis. Science of The Total
Environment. 2020; 701: 134730.
https://doi.org/10.1016/j.scitotenv.2019.134730

32. LiuY. et al. Spatial and temporal conversion of nitrogen using
Arthrobacter sp. 24S4-2, a strain obtained from Antarctica. Frontiers
in Microbiology. 2023; 14: 1040201.
https://doi.org/10.3389/fmich.2023.1040201

33. Eren Eroglu A.E., Eroglu V., Yasa I. Genomic Insights into the
Symbiotic and Plant Growth-Promoting Traits of “Candidatus
Phyllobacterium onerii” sp. nov. Isolated from Endemic Astragalus
flavescens. Microorganisms. 2024; 12(2): 336.
https://doi.org/10.3390/microorganisms 12020336

ABOUT THE AUTHORS

Georgiy Aleksandrovich Lihodeevskiy
Junior Research Assistant
georglihodey@gmail.com
https://orcid.org/0000-0003-2616-2166

Elena Petrovna Shanina

Doctor of Agricultural Sciences, Chief Researcher
shanina08@yandex.ru
https://orcid.org/0009-0000-5818-3813

Ural Federal Agrarian Scientific Research Centre Ural Branch
of the Russian Academy of Sciences,
21 Glavnaya Str., Yekaterinburg,620061, Russia

NMoanuwnTech Ha NnevYaTHble Bbinycku «ATPAPHOMN HAYKW»
Cc nob6oro mecqaua v Ha 1lodon cpok

»> B PEJAKLWUU no Ten. +7 (495) 777 67 67, no6. 1453,

>»>» B ATEHTCTBE NOAMNMUCKMH

no agrovetpress@inbox.ru

000 «Ypan-lNpecc Okpyr»
https://www.ural-press.ru/catalog/ E

>> BECMJIATHAY NOAMNMUCKA

HA SJIEKTPOHHYIO BEPCUIO EI
Ha oTpacsieBOM noprane
https://agrarnayanauka.ru E

>> NoANMUCKA HA APXUBHbIE HOMEPA

Peknama

U OTOEJIbHbLIE CTATbM
Ha calite Hay4yHoW 3N1eKTPOHHOW GMGAnoOTEKM
www.elibrary.ru

(=] =

391 (02) ® 2025 | Agrarian science | ArpapHas Hayka | ISSN 0869-8155 (print) | ISSN 2686-701X (online)

137



mailto:shanina08@yandex.ru

	_Hlk184729271
	_Hlk184721679
	_Hlk184724906
	_Hlk184727595
	_Hlk184727680
	_Hlk184728539
	_Hlk184728812
	_Hlk184729186
	_Hlk184728887
	_Hlk184726641
	_Hlk184729934
	_GoBack
	_GoBack
	_GoBack
	1496568_ja
	_Hlk174711873
	_Hlk174712500
	_Hlk106268337
	_Hlk174712211
	_Hlk174706426
	_Hlk174361667
	_Hlk174706582
	_Hlk174712231
	_Hlk174711344
	_Hlk174712264
	_Hlk174711332
	_Hlk174711202
	_Hlk174711214
	_Hlk174712292
	_Hlk174712335
	_GoBack
	_Hlk188610428
	_Hlk188610540
	_Hlk188610483
	_Hlk188610716
	_Hlk188610812
	_GoBack
	_Hlk188890374
	_GoBack
	_GoBack
	_Hlk150020190
	_GoBack

