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PETIJUMA AKTUALITATE

Taurinziezi pédgjos gados visa pasauleé nokluvusi zinatnieku,
lauksaimnieku, ka arT paterétaju uzmanibas centra. Liela nozime taurinzieziem ir
augsnes bagatinasana ar slapekli, uzlabojot augsnes auglibu un pasargajot to no
erozijas (Giller, Herridge, Sprent, 2016; Voisin et al., 2014). Sobrid ES netiek
audz@ts pietieko$i daudz taurinziezu, lai sp&tu nodro§inat vietgjo partikas un
lopbaribas pieprastjumu. Lielako dalu taurinziezus, ko ES patéré partika, 11dzigi
ka lopbaribas taurinziezus — import€ no citam valstim. Aramzeme, kas atvéleta
taurinziezu audzesanai, ES pedgjos piecdesmit gados ir sarukusi no 4.6% Iidz
1.8% (Zander et al., 2016). Vietgjo taurinziezu audz&$anas apjoma palielinasanu
iesaka, lai samazinatu Eiropas atkaribu no import&ta proteina lopbaribai (Watson
etal., 2017).

Nozimigu lomu taurinziezu audz&$ana ienem guminbakterijas — augsnes
baktrijas, kas piesaistas pie taurinziezu sakném un, veiksmigas simbiozes
gadijuma, veido guminus un saista atmosferas slapekli, kuru augi izmanto
olbaltumvielu razo$ana, preti no augiem sanemot baribas vielas (Wang et al.,
2019a). Guminbakterijas atSkiras sava atmosferas slapekla saistiSanas
efektivitaté, un §is atSkiribas nov€rojamas ne tikai starp atSkirigam
guminbakteriju sugam, bet arT vienas sugas celmiem. Lai izveidotu veiksmigu
taurinziezu-guminbaktériju simbiozi, ir nepiecieSama saderiga taurinzieza un
guminbakteriju celma kombinacija (Giller, Herridge, Sprent, 2016). Bitiski ir
veikt p&tijumus ar viet€jiem guminbakteriju celmiem, kas ir atbilstosi konkrétas
teritorijas vides apstakliem. Turklat Sie, no vietgjas augsnes izdalitie
guminbakteriju celmi, bils atbilstosaki simbiozes izveidosanai ar viet€jam
taurinziezu Skirném. Balstoties uz zinatniskajiem pétjjumiem, var veiksmigak
izveleties atbilstoSakos guminbaktériju celmus komercialai taurinziezu
Latvija, gan citur pasaulg, tomér ir noveroti pretrunigi rezultati. Viens no
iemesliem ir tas, ka triikst informacija par guminbakteriju daudzveidibu. Latvija
lidz $im nav veikta kolekcijas guminbakteriju taksonomiskas piederibas
noteik8ana, izmantojot genétiskas analizes. Guminbakteriju filogenétiskie
pétijumi ir nepiecieSami, lai papildinatu zinasanas par guminbakteriju
daudzveidibu, taja pasa laika, sniegtu uz pétijumiem balstitas zinasanas, kas
palidzetu izveleties atbilstoSus guminbakteriju celmus komercialu taurinziezu
s€klu inokulacijas preparatu razosanai.

Promocijas darba mérkis
Novertet LBTU kolekcija esoSo un jaunieglito guminbakteriju celmu
taksonomisko piederibu un daudzveidibu.



Darba uzdevumi

1. Veikt LBTU Guminbakteriju kolekcija esoSo guminbakteriju celmu
inventarizaciju.

2. Papildinat LBTU Guminbakteriju kolekciju ar jauniem, no Latvijas
augsnes augosajiem taurinzieziem izdalitiem guminbakteriju celmiem.

3. Noteikt LBTU Guminbaktériju kolekcija esoSo un jaunizdalito
guminbakteriju celmu taksonomisko piederibu.

4, Izvertet identificéto guminbakteriju celmu daudzveidibu.

5. Analizet identificeto guminbakteriju celmu daudzveidibu atkariba no

saimniekaugiem un augsnes agrokimiskajiem raditajiem.

Promocijas darba hipoteze

Latvijas augsné€s augoSo taurinziezu guminos sastopamas dazadas
guminbaktriju gintis, kuru daudzveidibu ietekm@ ne tikai saimniekaugi, bet ari
augsnes agroktmiskie raditaji.

Promocijas darba tezes

1. 16S rRNS pilna garuma gens ir atbilstoss markieris taurinziezu simbiontu
daudzveidibas identifikacijai.

2. Taurinziezu guminos sastopamas bakterijas no dazadam proteobakteriju
klasém.

3. Pastav  daudzveidibas atSkiribas starp  vesturiskas  kolekcijas
guminbakterijam un jaunizdalitajiem bakteriju celmiem.

4, Bitiska ietekme guminbaktériju daudzveidibai ir saimniekaugiem, no

kuru saknu guminiem baktérijas izdalitas.

5. Augsnes  abiotiskie apstakli (pH, augsnes elektrovaditspgja,
mineralelementu pieejamiba) ietekmé& guminbakteriju daudzveidibu.

6. Veidojot taurinziezu s€klu inokulacijas preparatu, ieteicams izmantot
dazadu ginsu baktériju asociaciju.

Pétijuma rezultatu aprobacija

Par §1 pétijuma rezultatiem sagatavotas 8 publikacijas, no kuram 6 indeksétas

Scopus vai Web of Science datubazes.

1. Klaga A., Dubova L., Alsina ., Rostoks N. (2023). Alpha-, gamma- and
beta-proteobacteria detected in legume nodules in Latvia, using full-
length 16S rRNA gene sequencing. Acta Agriculturae Scandinavica,
Section B — Soil and Plant Science, Vol. 73, No. 1, p. 127-141.

2. Bertin§ M., Kliga A., Dubova L., Petrévics P., Alsina 1., Viksna A.
(2021). Study of Rhizobia impact on nutritional element concentration in
legumes. Proceedings of the Latvian Academy of Sciences, Section B.
Natural, Exact and Applied Sciences, Vol. 75, No. 6, p. 457-462.



Dubova L., Senberga® A., Alsina I., Strauta L., Cinkmanis I. (2019).
Development of symbiotic interactions in the faba bean (Vicia faba L.)
roots. Agronomy Research, Vol. 17, No. 4, p. 1577-1590.

Dubova L., Alsina I., Ruza A., Senberga® A. (2018). Impact of faba bean
(Vicia faba L.) cultivation on soil microbiological activity. Agronomy
Research, Vol. 16, No. 5, p. 2016-2025.

Senberga® A., Dubova L., Alsina I. (2018). Germination and growth of
primary roots of inoculated bean (Vicia faba) seeds under different
temperatures. Agronomy Research, Vol. 16, No. 1, p. 243-253.
Senberga® A., Dubova L., Alsina 1., Strauta L. (2017). Rhizobium sp. —a
potential tool for improving protein content in peas and faba beans. Rural
sustainability research, Vol. 37, No. 332.

Rezultati apkopoti 3 publikacijas seminaru rakstu krajumos, ka ari shiegti 6
mutiskie zinojumi un 17 stenda referati zinatniskas konferenc€s, no kuriem
butiskakie:

1.

Kluga A., Alsina I., Dubova L., Lepse L., Zeipina S. Lauka pupu un sojas
Skirpu izvertejums, guminbakteriju efektivitate un galvenie faktori
augstakas pakSaugu razas iegiSanai. Lidzsvarota lauksaimnieciba:
zinatniski praktiska konference — Jelgava. 2021. gada 25. februaris.
Senberga® A., Dubova L., Alsina I. Germination and growth of primary
roots of inoculated bean (Vicia faba) seeds under different temperatures.
9th International Conference “Biosystems engineering 2018 ”. May 9-11,
2018, Tartu, Estonia.

Senberga® A., Dubova L., Alsina 1., Elferts D. (2017). Rhizobia and
mycorrhiza fungi inoculum evaluation for the pea and bean growth
promotion. International conference “Advances in grain legume
breeding, cultivation and uses for a more competitive value-chain”.
September 27-28, 2017. Novi Sad, Serbia.

Senberga! A., Dubova L., Alsina I., Strauta L. (2016). The influence of
Rhizobia strains on the yield formation of broad beans (Vicia faba) in the
different soil types. 12th European Nitrogen Fixation conference. August
25-28, 2016. Budapest, Hungary.

Senberga’ A., Dubova L., Alsina 1., Zaharane L. (2016). Quality of
different pea cultivars depending on Rhizobia strains. 12th European
Nitrogen Fixation conference. August 25-28, 2016. Budapest, Hungary.
Senberga® A., Dubova L., Alsina I. (2016). Yield formation of faba beans
(Vicia faba L.) depending on double inoculation with rhizobia and
mycorrhiza fungi. Legumes for a sustainable world: second International
Legume Society conference. October 11-14, 2016. Troia, Portugal.
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MATERIALI UN METODIKA

Petijums veikts vairakos solos (1. att.): LBTU Augsnes un augu zinatnu
institiita Guminbakteriju kolekcijas celmu (turpmak — vesturiska kolekcija)
inventarizacija, jaunu guminbakteriju celmu izdaliSana; augsnes paraugu
ievakSana un agrokimisko parametru analize; vésturiskas kolekcijas un
jauniegto celmu taksonomiskas piederibas noteik$ana ar molekularas biologijas
metodém; identificéto celmu daudzveidibas noteik$ana. Baktériju taksonomiskas
piederibas un daudzveidibas rezultati, ka arT augsnes agrokimisko parametru
analizu rezultati izmantoti, lai noteiktu taurinziezu s€klu inokulacijas
preparatiem atbilstosakas celmu asociacijas.

.Vesfllnskns g]lf]].ll;lhﬂkl.el;l]l: T g A Augsnes paraugu 1ev?k§aml kopa
celmu izacija/ ar auga sakném /
S o izdaliSana / o X o L
Inventory of the historical rhizobia . fa . Co of soil samp
; By Isolation of new rhizobia strains .
strain collection | with plant roots

Bakteriju celmu genetiska identifikacija taksonomiskas piederibas Augsnes paraugu agrokimisko
noteik¥anai / parametru anahze (K, Ca, NO;,
Genetic identification of baciterial strains for the determination of P,0;, augsnes elektrovaditspgja,

taxonomic affiliation augsnes pH) /
agrochemical parameters
Identifictto bakteri Imu daudzveidibas izvertejums / , amples (K, Ca, NO3,
Assessment of the diversity of identified bacterial strains soil conductivity, soil pH)

TaurinzieZu séklu inokulacijas preparita izveides teorétiskais p j /
Theoretical jusiification for the establishment of legume seed inoculum

1. att. Promocijas darba pétijjuma struktiiras shematiskais attelojums
Fig. 1. Schematic representation of the research structure of the doctoral thesis

Guminbakteriju celmi

Dala no pétjjuma izmantotajiem bakteriju paraugiem ir vésturiskas
kolekcijas guminbakteriju celmi (1962.—2015. g.; 1. tab.; 2. att.), dala — bakt&riju
celmi izdaliti §1 pétjjuma laika (2016.-2019. g.; 2. att.). Lai izdalitu jaunus
baktériju celmus, saimniekaugu izraka un izc€la no augsnes, nebojajot saknu
sistému un nezaudgjot guminus. Auga saknu dalu un augsnes paraugu talakam
analizé€m ievietoja plastmasas maisina. Visus guminus no viena auga uzglabaja
viena centrifuigas stobrina, kas saturgja silikag€lu un vati (1:1).

Baktériju celmu izdaliSana no guminiem

Guminus pirms guminbakteriju izdaliSanas ievietoja trauka ar destilétu
tdeni (dH20) uz 24h 20 °C. Veica virsmas sterilizéSanu — 1 min 70% spirta
Skiduma, 2—4 min 3-5% natrija hipohlorita $kiduma; skaloja 3-5 reizes sterila



dH:0, saberza ar sterilu stikla spiekiti H,O piliena mikrocentrifiigas stobrina,
suspensiju uztriepa uz YMA Petri plates.

1. tabula/ Table 1

LBTU Augsnes un augu zinatnu institita Guminbakteriju kolekcijas celmi
/ Rhizobia strain collection of LBTU Soil and Plant Sciences

NI Guminbakteriju c_elms / Rhizobia Saimniekaugs / Host plant
strain
1-10 20; 110;L6F?;; 32714%2501 505; Vicia faba
11-15 23; 202; 302; Zi-1; Zi-3; Pisum sativum
16-18 2453a; POM2; LucS Medicago sativa
19-20 02; G-1 Galega orientalis
21-24 | 326; Ab.-2; Sark.ab.-1; Sark.ab.-3 Trifolium sp.

25 116 Phaseolus vulgaris
26-28 3; LUP1; LUP2 Lupinus sp.
29-30 V; V1 Vigna sp.

31-33 S-1;S-2; S-3 Glycine max
34 06 Nav zinams / Unknowm

Guminbakteriju tirkulturu iegasana

Bakteriju tirkultiiru iegiSanai izmantoja YMA Petri plates, papildinatas
ar indikatoru krasvielam — Kongo sarkano vai bromtimola zilo. Petri plates
inkubgja tumsa 25-30 °C, 3-10 dienas. Tirkultiru iegts$anai izmantoja

atkal parnesa 100 pL uz nakamo stobrinu. Sadi turpinaja lidz ieguva piecus
stobrinus ar dazadiem atSkaidijumiem. 100 pL no katra atSkaidijuma parnesa uz
jaunu YMA Petri plati; tas inkubgja tumsa 25-30 °C 5 dienas. Sadu attirisanu
veica vismaz divas reizes. Attiritos celmus reizi gada pars€ja uz jaunam
barotn€m. Visiem celmiem izveidoja vienotu kolekcijas kodu sistemu.

Guminbakteriju identifikacija

DNS izdali§ana

Guminbakteriju celmu identifikacijai ar molekularas biologijas
metodem izmantoja celmu tirkultiiras: 1 uL paraugu ievietoja 1.5 mL centrifugas
stobrina, kas satur&ja 100 uL PrepMan™ Ultra Sample Preparation Reagent
Skidumu, lai veiktu DNS izdalisanu. Paraugu samaisija kratot 30 Hz 30 s,



1. Priekuli; 2. Skriveri; 3. Kokneses
nov.; 4. Kikas pag_; 5. Griskanu
pag.; 6. Stolerovas pag.; 7. Bauska;
8. Olainesnov.; 9. Jelgava; 10.
Dimzas; 11. Péterlauki; 12.
Vecauce; 13. Jarmala; 14. Tumes
pag.; 15.Pure; 16. Plavas; 17.
Talsi; 18. Stende; 19. Edoles pag ;
20. Jurkalnes pag.; 21. Medzes

2. Skriveri; 3. Kokneses
Municipality; 4. Kukas Parish, 5.
Griskani Parish; 6. Stolerova
Parish; 7. Bauska; 8. Olaine
Municipality; 9. Jelgava; 10.
Dimzas; 11. Peterlavki; 12.
Vecauce; 13. Jirmala; 14. Tume
Parish; 15. Pure; 16. Plavas; 17.
Talsi; 18. Stende; 19. Edoles
Parish; 20. Jurkalnes Parish; 21.

pag.; 22. Tadaiku pag. / 1. Priekuli;

MedzeParish.; 22. Tadaiki Parish.
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2. att. Teritorijas Latvija, kur veikta baktériju izdali§ana no taurinzieZu guminiem / Fig. 2. Sites in Latvia where bactecia

isolation from legume nodules has been carried out
Apla diagramma procentuali norada laika posmu, kura bakterijas konkrétaja paraugu ievaksanas vieta izdalitas / The percentage of the circle
chart indicates the time period during which the bacteria were isolated at the specific sampling site.



karsgja 10 min 100 °C. P&c kars€Sanas 2 min atdzes¢ja istabas temperatira un
centrifug€ja 14000 X g 2 min. P&c centrifugésanas 50 pL skiduma virs€jo dalu
parvietoja jauna 1.5 mL mikrocentrifugas stobrina.

16S rRNS géna amplifikacija un sekvencésana

Lai iegtitu pilna 16S rRNS géna sekvenci, to amplificgja tris atseviskas
PCR reakcijas, izmantojot MicroSeq® Full Gene 16S rDNA Bacterial
Identification PCR komplektu. Guminbaktériju DNS at$kaidija 1:50, izmantojot
nukleazu brivu H;O. 7 pL DNS sajauca ar 7 pL MicroSEQ™ PCR maisijumu.
Vienam DNS paraugam sagatavoja tris reakcijas ar tris dazadiem PCR
maisfjumiem (MM 1, MM 2, MM 3). Katrs PCR maisTjums satur&ja atbilstoSos
praimeru parus, lai amplificétu specifisku 16S rRNS géna fragmentu.
Amplificgja ari kontroles paraugus — E. coli (pozitiva kontrole) un nukleazu brivu
H>O (negativa kontrole). DNS fragmentu amplifikaciju veica PCR iekarta,
izmantojot 9600 simulacijas rezimu (2. tab.).

2. tabula / Table 2
Polimerazes kédes reakcijas programma 16S rRNS géna fragmentu
amplifikacijai / 16S rRNA gene fragment amplification polymerase chain
reaction program

Temperattra (°C) / . Ciklu skaits / Number of
o Ilgums / Duration
Temperature (°C) cycles
95 10 min 1
95 30s
60 30s 30
72 45s
72 10 min 1
4 0 1

PCR produkta kvalitati parbaudija, izmantojot agarozes gelu. Paraugi,
kuriem nebija novérojams amplificétais DNS fragments, vai bija noverojamas
blakus zonas, netika izmantoti turpmakai analizei. Amplificéto PCR produktu (5
pL) attirija, pievienojot 1.5 pL maisijumu, kas satur 0.5 pL eksonukleazi (20
vienibas pLY) un 1 pL sarmaino fosfatazi (1 vieniba pL™), apstradaja 37 °C 15
min, un 85 °C 15 min. Attirita PCR produkta sekvenc&Sanas reakciju veica,
izmantojot MicroSeq® Full Gene 16S rDNA Bacterial Identification Sequencing
komplektu. Saja komplekta ietilpst reagenti trfs dazadu 16S rRNS géna
fragmentu sekvencé$anai gan ar tieSajiem gan atgriezeniskajiem praimeriem.
Reakcijas  maisijumu  sagatavoja  atbilstoSi  komplekta instrukcijai.
Sekvencésanas reakciju (3. tab.) veica PCR iekarta ar 9600 simulacijas rezimu.
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3. tabula/ Table 3
16S rRNS géna amplificéta fragmenta sekvencésanas polimerazes kédes
reakcijas programma / 16S rRNA gene amplified fragment sequencing
polymerase chain reaction program

Temperatiira (°C) / llgums / Ciklu skaits /
Temperature (°C) Duration Number of cycles
96 10s
50 5s 25
60 4 min
4 0 1

— =

Sekvencésanas PCR produktu attiriSanu veica, izmantojot kartridzus
(MicroSEQ™ ID Sequencing Clean-up Cartridges), vadoties péc razotaja
noradijumiem. SekvencéSanas PCR produktu elektroforézi veica, izmantojot
Sanger 3500 genétisko analizatoru ar kapilaru garumu 50 cm, izmantojot
poliméry POP—7™, 96 bedriSu platé katra bedrité ievietoja 10 pL Hi-Di™
formamida un 10 pL attirita sekvencéSanas PCR parauga.

16S rRNS sekvencéSanas rezultatu analize

Sekvencésanas rezultatus analizgja, izmantojot CLC Main Workbench
20.0.2. programmu. Visas sekvences manuali parbaudija un izlaboja, salidzinot
ieglitos hromatogrammas pikus ar programmas identificétajiem nukleotidiem.
Visas iegiitas viena parauga 16S rRNS géna fragmentu sekvences apkopoja viena
sekvencg, kuru izmantoja celmu identifikacijai, ka ari filogen&tiskajam analizém.
Guminbakteriju celmu taksonomisko piederibu noteica, izmantojot publiski
piecejamo NCBI GenBank standarta nukleotidu datubazes mekleSanas
programmu BLAST®. No datubazes rezultatiem izmantoja organismu, kuram
uzradija pétamajam celmam tuvako sekvences Iidzibu. Genotipu taksonomisko
piederibu papildus parbaudija, izmantojot brivpieejas datubazi SILVA.

16S rRNS sekvencésanas datu statistiska analize

Visas celmu pilna garuma 16S rRNS géna sekvences analizgja, veicot
daudzkartgjo sekvencu salidzinajumu CLC Main Workbench 20.0.2. programma
(parametri: gap open cost = 10.0; gap extension cost = 1.0; end gap cost = as
any other; alignment mode = very accurate). Sekvenc¢u salidzindgjuma icklava
atsauces celmus. Filogenétiska koka izveidei no sekven¢u salidzinajuma iznéma
ara celmus ar identiskam sekvencém, atstdjot vienu reprezentativu paraugu
katram genotipam. Filogengtisko koku izveidoja, izmantojot Neighbor Joining
filogengtiskas dendrogrammas konstrukcijas metodi un Kimura 80 nukleotidu
aizvietoSanas modeli. Filogengtiska koka buitiskuma un evolucionaras ticamibas
parbaudei, izmantoja butstrapa analizes metodi 1000 atkartojumos.
16S rRNS géna mainigo regionu aprékinasana
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Pilna garuma 16S rRNS ge€na mainigos un konservativos regionus
noteica, aprekinot, cik biezi petamo guminbakteriju celmu daudzkartgja
sekvencu salidzinajuma noteikta pozicija (bp) ir visbiezak sastopamais
nukleotids:

biezums = a:lk, Q)

kur:
a=nukleotida sastopamiba konkrétaja pozicija sekvencu salidzinajuma;
k = maksimalais biezuma indekss (= 1);
n = kopgjais paraugu skaits sekvencu salidzinajuma.

Augsnes analizes

Augsnes paraugus ievaca vienlaicigi ar jaunu guminbakteriju celmu
izdaliSanu. Paraugus uzglabaja plastmasas maisinos, sausa telpa, istabas
temperatiira 1idz analizu veikSanai (I1dz tris méneSiem).

Augsnes agrokimisko raditaju merijumi

Augsnes paraugus analizéja izmantojot divas dazadas metodes. Augsnes
elektrovaditspgju, pH, Na, K, NOs un Ca noteica ar Horiba LAQUAtwin
meritajiem. Paraugam pievienoja dH,O attieciba 1:1 50 mL centrifugas stobrina,
sakratija un atstaja istabas temperatiira 24 h. Augsnes paraugus centrifuggja,
augsnes analiz€m izmantoja $kiduma virsgjo dalu. Mérfjumam izmantoja 0.1 mL
parauga. Mérfjumus ar veica tris atkartojumos.

Fosfatu (P.Os) saturu augsné noteica LBTU Augsnes un augu zinatnu
instittita laboratorija péc Egnera-Rima metodes (LV ST ZM 82-97).

Augsnes agrokimisko raditaju rezultatu datu apstrade

Augsnes agrokimisko raditaju analizu rezultatus apskatija gan péc izdalito
guminbakteriju  Saimniekaugiem, gan peéc identificétajam  bakteriju
gintim/sugam. Datu vizualizacijai izmantoja MS Excel programmas kastveida un
nogriezna procentilu diagrammas, uzradot datu izkliedi konkr&tas grupas
ietvaros. Statistiskas analizes veica programma MS Excel, ar brivpieejas spraudni
XLSTAT. Pétamo pazimju linearas sakaribas cieSuma noteikSanai izmantoja
Pirsona korelacijas analizi: 0-0.299 = vaja sakariba; 0.3-0.699 = vidg&ji ciesa
sakariba; 0.7—1.0 = cieSa sakariba. Lai noteiktu augsnes analizu raditaju ietekmi
sava starpa, veica PCA (galveno komponentu analize) analizi, konstrugjot
augsnes analizu raditaju slodzes grafiku.
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PETIJUMA REZULTATI UN DISKUSIJA

LBTU kolekcija esoSo guminbaktériju celmu inventarizacija

Pétijuma veica LBTU vésturiskas guminbaktériju kolekcijas un no jauna
izdalito guminbaktériju celmu inventarizaciju, rezultata iegiistot bakteriju
tirkultiiras un apkopojot pieejamo informaciju par Siem celmiem. Vésturiska
guminbakteriju kolekcija saturgja 34 guminbaktériju celmus (1. tab.). Péc
inventarizacijas kolekcija atrodas 46 attiriti vesturiskas kolekcijas celmi un 143
jauni bakteriju celmi. Kopuma atjaunotaja guminbaktgriju kolekcija atrodas 189
celmi, izdaliti no 1962.—2019. g., no 14 dazadam taurinzieZu ginttm — 59 celmi
no lauka pupam, 32 no sojas, 23 no abolina, 22 zirniem un 15 celmi no lucernas.
Savukart no atlikusajiem 10 ginsu parstavjiem no katra izdaliti mazak par 10
guminbakteriju celmiem. Kolekcijas celmi izdaliti no 15 dazadiem novadiem
Latvija, ka ar1 3 teritorijam arpus Latvijas.

Guminbakteériju celmu genétiska identifikacija

Guminbakteriju celmu taksonomiskas piederibas noteiksanai analizgja
pilnu 16S rRNS génu, to amplificgjot tris atseviskos fragmentos. Katru
fragmentu sekvencéja, izmantojot gan tieSo, gan atgriezenisko praimeri. Kopuma
analiz€ja 173 guminbaktériju celmus, veicot 1038 sekvenc€Sanas reakcijas.
Kvalitativus hromatogrammas rezultatus uzradija 146 bakteriju celmi. Visi
identificétie celmi uzradija >99% Iidzibu ar datubazé pieejamo organismu
sekvencém. Baktériju celmus ar identiskam sekvencém apvienoja viena
genotipa, iegiistot 62 unikalus genotipus. Identificétie celmi (4. tab.) pieder pie
Cetram bakteriju klasem — a-, f-, y-proteobacteria un Bacilli. Lielaka dala
identificéto paraugu (96 celmi) pieder a-, 15 celmi — B-, bet 28 celmi — y-
proteobaktériju klasei. Septini identific&tie celmi pieder Bacilli klasei. Visu
identific€to baktériju celmu sekvences depon&ja NCBI GenBank datubazg.

Identific&to celmu genotipu taksonomisko piederibu parbaudija ar SILVA
brivpieejas datubazi. Gints Itmeni 92% genotipu identitate sakrita abas
datubazes. No tiem 76% uzradija identiskus rezultatus; 8%, kuri GenBank
identificéti gints limeni, SILVA datubazg identificéti sugas limeni; 2% sakrita
identificétas gintis, bet atskiras sugas identitate. Atskirigu taksonomisko
piederibu noteica 8% genotipu (RhSPO5-RhSP09). Péc GenBank datubazes
datiem Sie genotipi identificéti ka Rhizobium, savukart péc SILVA — ka
Agrobacterium gintij piederosi. Zinams, ka Rhizobium un Agrobacterium ir
tuvradnieciskas un biezi giiti atskiramas gintis. Tap&c identificgjot taksonomisko
piederibu, janem véra ar1 fenotipiskas pazimes, veicot paraugu ievaksanu.
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4. tabula/ Table 4

No taurinzieZu guminiem izdalito bakteriju genétiska identifikacija,
izmantojot pilna garuma 16S rRNS géna sekvences /

Genetic identification of bacteria strains isolated from legume nodules, using
full-length 16S rRNA gene sequences

Genotips Genotipa Taksono-
(paraugu grupas ieklauto  Loai
kods bakteriju . m'Sk.a'S
Nr. P ! iedalfjums S
filogenetiskaja | celmu skaits / Taksonomiska piederiba /
/ koka) / Genotype | Number of (klase) / Taxonomic affiliation
N (sample group strains Taxto nomic
code in the included in C&:Tgssr)y
phylogenetic tree | the genotype
Rhizobium leguminosarum / R.
1 RhLO1 31 leguminosarum bv. trifolii / R.
leguminosarum bv. viciae
2 RhL05 1 R. leguminosarum
R. leguminosarum / R.
3 RhLO3 1 leguminosarum bv. trifolii
4 RhLO06 1 R. leguminosarum
5 RhLO2 6 R. Iegum_inosarum bv. vi_ciafa_
R. leguminosarum bv. trifolii
6 RhSPO1 1 Rhizobium sp. / Br_adyrhizobium
sp. / R. leguminosarum
7 RhSP02 1 Rhizobium sp. / Br_adyrhizobium
oo sp. / R. leguminosarum
8 RhGO01 4 % Rhizobium gallicum
9 RhL04 1 s Rhizobium leguminosarum
10 ShsSPOL 1 % Ensifer adhaerens
= Sinorhizobium sp.
11 RhSP03 1 & Rhizobium sp.
12 RhSP04 1 Rhizobium sp.
13 RhSP05 16 Rhizobium sp.
14 RhSPO7 13 Rhizobium sp.
15 RhSP08 1 Rhizobium sp.
16 RhSP09 1 Rhizobium sp.
17 RhSP06 7 Rhizobium sp.
18 NhGO01 3 Neorhizobium galegae
19 MhSP01 1 Mesorhizobium sp.
20 MhSP02 1 Mesorhizobium sp.
21 ASP01 1 Azospirillum sp.
22 BhJO1 1 Bradyrhizobium japonicum
23 RhSP10 1 Rhizobium sp.
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4. tabulas turpindjums / continuation of Table 4

Genotips Genotipa T;Ii(:lggg

(paraugu grupas ieklauto edalti

Nr kods bakieriju e
/ | filogengtiskaja | celmu skaits / (Klase) / Taksonomiska piederiba /
Nr koka) / Genotype | Number of Taxono Taxonomic affiliation
“| (sample group strains mic
code in the included in
hylogenetic tree | the genotype category
phylog (Class)

24 PbT01 3 Paraburkholderia terricola
25 PbT02 1 Paraburkholderia terricola
26 PbTO03 2 = Paraburkholderia terricola
27 PbT04 1 8 Paraburkholderia terricola
28 BSP04 3 s Burkholderia sp.
29 BSP05 1 3 Burkholderia sp.
30 BSP06 1 g_ Burkholderia sp.
31 PbC01 1 Q Paraburkholderia caledonica
32. BSP07 1 Burkholderia sp.
33 AcSP01 1 Achromobacter sp.
34 RAOQ1 2 Rahnella aquatilis
35 RA02 3 Rahnella aquatilis
36 RA03 1 Rahnella aquatilis
37 SrP01 1 Serratia plymuthica
38 SrP02 1 Serratia plymuthica
39 SrP04 1 Serratia plymuthica
40 ESP01 1 Enterobacter sp.
41 ESP02 1 Enterobacter sp.
42 ESP03 1 Enterobacter sp.
43 ESP04 1 = Enterobacter ludwigii
44 EAO01 1 £ Enterobacter asburiae
45 ELOL 1 S Enterobacter ludwigii
46 PnA01 1 § Pantoea agglomerans
47 PnAQ2 1 g Pantoea agglomerans
48 PnSPO1 1 L Pantoea agglomerans
49 SrP03 1 Serratia plymuthica
50 SrP05 1 Serratia plymuthica
51 PSPO1 1 Pseudomonas sp.
52 PSP02 1 P. frederiksbergensis
53 PSP04 2 Pseudomonas sp.
54 PSP05 1 Pseudomonas sp.
55 PSP06 1 Pseudomonas sp.
56 PSPO7 1 Pseudomonas sp.
57 PSP08 1 Pseudomonas sp.
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4. tabulas nobeigums / end of Table 4

Genotips Genotipa T;Ii(:lggg
(paraugu grupas ieklauto edalti
Nr kods bakteriju 1 ;S‘Ju
/ | filogenatiskaja | celmu skaits / (Klase) / Taksonomiska piederiba /
Nr koka) / Genotype | Number of Taxono Taxonomic affiliation
“| (sample group strains mic
code in the included in
hylogenetic tree | the genotype category
phylog (Class)
58 PaSP05 2 Paenibacillus polymyxa
59 PaSP01 2 = Paenibacillus polymyxa
60 PaSP02 1 S Paenibacillus peoriae
61 PaSP03 1 @ Paenibacillus polymyxa
62 PaSP04 1 Paenibacillus polymyxa

Guminbaktériju celmu 16S rRNS géna konservativie un mainigie regioni
Pétijuma noteica 16S rRNS géna mainigos un konservativos regionus,
salidzinot rezultatus starp tris pétamajam proteobaktériju klasém, ka ari tos
salidzinot ar literatiras datiem (3. att.). Vistuvaka atbilstiba mainigajiem
regioniem ir o-proteobaktérijam. Sekvenéu mainigums [-proteobakterijam
noverojams mazak, tomér tas atrodas tajos pasos regionos, ka minéts literatiras
datos. Savukart y-proteobakt€riju mainigie regioni biezi parklajas ar literatiira
noraditajiem konservativajiem regioniem. Literatiiras avotos lidz §im nav
atrodama $ada veida informacija par genétiskajam atSkiribam 16S rRNS géna
mainigajos regionos starp dazadam guminbakteriju gintim. Identificgjot
guminbaktgrijas, nezinot to klases piederibu, ka arT nemot véra pretrunigo
informaciju literattiras datos, bltu riskanti izmantot konkr&tus mainigos
regionus. Sie rezultati apstiprina 16S rRNS pilna garuma géna sekvencgsanas
nozimi arT turpmak veicot no guminiem izdalito bakt€riju celmu identifikaciju.

Guminbakteriju celmu daudzveidiba

Lidz S§im Latvija guminbakteriju pétijumos apskatitas tikai o-
proteobaktériju klases guminbakterijas, parsvara Rhizobium gints. Saja pétijuma
pirmo reizi Latvija no guminiem izdalitas baktgrijas, kas pieder ar1 pie - un y-
proteobakteriju klasem. Filogengtiskajas analizés izmantoja katra genotipa (kopa
62 genotipi) (4. tab.) reprezentativo celmu 16S rRNS géna sekvences. Dala no
Siem genotipiem ir unikali atseviskiem celmiem, savukart dala apvieno vairakus
celmus ar identiskam 16S rRNS géna sekvencém. Filogengtiskaja koka, kura
ietverti visu genotipu reprezentativie paraugi (4. att.), ka ar atsauces celmi,
genotipi sagrupéti Cetros klasteros. Paraugu genotipi nav sagrup&jusies péc
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3. att. Identificéto baktériju celmu 16S rRNS géna konservativie un mainigie regioni / Fig. 3. Conserved and
hypervariable regions of rhizobia strain 16S rRNA gene
Mainigie regioni (M1-M9) ickrasoti gaisi zila krasa, balstoties uz literatiiras datiem. Atseviski analizeti a-, B- un y-proteobaktériju klaseém
piederosie celmi (“o”, “B” un “y”) / Hypervariable regions (M1-M9) are colored light blue, according to literature data. Bacteria strains
from a-, - and y-proteobacteria (“a”, “B”, “y”) were analyzed separately.
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nejausibas principa, bet gan atbilstosi to taksonomiskajam iedalfjumam — a-
proteobacteria, pS-proteobactaria, y-proteobacteria un Bacilli. No 96
identificetajiem baktériju celmiem, kas pieder a-proteobaktériju Klasei, 88
celmi ir Rhizobium sp. gints parstavji — 43 no tiem R. leguminosarum un &etri R.
gallicum savukart atlikuso celmu piederibu vargja identificét tikai gints lTment.
Starp identificétajiem celmiem, viens identificéts ka Ensifer adhaerens, tris
Neorhizobium galegae, divi Mesorhizobium sp., viens Azospirillum sp. un viens
Bradyrhizobium japonicum celms. 14 identificétic baktériju celmi pieder B-
proteobaktériju klasei — septini Paraburkholderia terricola, viens P.
caledonica, pieci Burkholderia sp. un viens Achromobacter sp. gintij piedeross
baktériju celms. No 28 baktériju celmiem, kas pieder y-proteobakteriju klasei:
septini celmi ir Enterobacter gints parstavji, no kuriem tris E. ludwigii un viens
E. asburiae; astoni celmi ir Pseudomonas sp. gints parstavji, no kuriem viens
celms identificéts ka P. frederiksbergensis; sesi Rahnella aquatilis; éetri Serratia
plymuthica un tris celmi identificéti ka Pantoea agglomerans. Septini
identificétie bakteriju celmi pieder Bacilli klasei, no tiem se$i Paenibacillus
polymyxa un viens Paenibacillus peoriae.

Padzilinatai tuvradniecigu baktériju celmu genétiskajai salidzinasanali,
izveidoja  filogenétiskos kokus katrai proteobaktériju klasei. Alfa-
proteobaktériju klases guminbakt€riju celmi veido dendrogrammu (5. att.) ar
11 klasteriem. KlasterT I atrodas tikai divi guminbakt€riju celmi — abi izdaliti
2016. g., identificéti ka R. leguminosarum. Klasteris Il ietver tiTs genotipus, kas
apvieno vésturiskas kolekcijas un jaunizdalitos baktériju celmus. Sis klasteris
ietver skaitliski visvairak vésturiskas kolekcijas celmus. Dendrogrammas zaru
garums starp genotipiem ir salidzinosi lielaks, noradot uz lielaku evolucionaro
attalumu starp celmiem $aja klasteri. RhSPO5 genotips ietver 16 Rhizobium sp.
celmus, kas izdaliti no plasa spektra taurinzieziem (1973.-2018.). Genotips
RhSPO6 ietver septinus Rhizobium sp. celmus — tiTs vésturiskas kolekcijas celma
“407” izolati (1972. g.; lauka pupas) un &etri izdaliti 2016. g. (s€jas lucerna, zirni,
lupina). RhSP07, evolucionari vistalakais no pargjiem klastera genotipiem, ietver
13 genétiski identiskus Rhizobium sp. celmus, no kuriem tikai divi celmi ir no
jauna izdaliti (2016. g.), bet atlikusie 11 ir vesturiskas kolekcijas celmi (1963.—
2015. g.). Klasteris 111 ietver divus genotipus — RhSP04 un RhSPO03, kas atbilst
diviem Rhizobium sp. guminbakteriju celmiem (2016. g.). Klasteris IV ietver
vienu Ensifer adhaerens/Sinorhizobium sp. genotipu, kas atbilst vienam celmam
(2016. g.; vanagnadzing). Klasteris V ietver genotipus ASPO1 un BhJO1, ka ar1
Bradyrhizobium japonicum atsauces genotipu. ASPO1 atbilst v&sturiskajam
BhJO1 ietver vienu no sojas izdalitu B. japonicum celmu (RSBASF/S), kas
izdalits 2019. gada lauka izmé&ginajuma, kura sojas s€klas pirms s€Sanas
apstradatas ar BASF firmas HiStick® Soybean guminbaktériju preparatu.
Klasteris VI ietver divus genotipus — MhSPO1 un MhSP02 (2018. g.; soja), ka
arT Mesorhizobium loti atsauces celmu. Klasteris V111 ietver Neorhizobium
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4. att. Pilna 16S rRNS géna filogenétiskais koks / Fig. 4. Full-length 16S
rRNA gene phylogenetic tree
Filogenétiskais koks norada uz kopgjo no taurinziezu guminiem izdalito un identificéto
baktériju daudzveidibu Latvija. Filogenétiskaja analizé izmantoti reprezentativi celmu
genotipi. Filogenétiskais koks veidots izmantojot Neighbor Joining dendrogrammas
konstrukcijas metodi / The phylogenetic tree represents the total diversity of bacteria
isolated from legume nodules grown in Latvia. Representative strain genotypes were
used for the phylogenetic analysis. The phylogenetic tree is composed using Neighbor
Joining dendrogram method.

galegae atsauces celmu un NhGO1 genotipu, kas apvieno tris N. galegae celmus
Azospirillum sp. celmam ““422a” (RM24502; 1971. g.; s§jas lucerna); (2016.,
2018. g.; galega). Klasteris IX ietver divus genotipus — RhGO1 un R. gallicum
atsauces celmu. RhGO1 genotips atbilst Cetriem R. gallicum guminbakteriju
celmiem (2016. g., 2018. g.; abolins, lupina, soja). Klastera X genotips RhSP01
atbilst vienam guminbakteriju celmam, identificéts gan ka Rhizobium sp., gan
Bradyrhizobium sp., gan R. leguminosarum — ar vienadu ticamibu (99%
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sekvencu lidziba). Ari RhSP02 genotips atbilst vienam paraugam, kas, lai gan
gengtiski atSkiras no RhSPO1, arf identificéts ka Rhizobium sp., Bradyrhizobium
sp., ka art R. leguminosarum ar 99% sekvencu lidzibu. Klasteris XI apvieno
genotipus — RhLO1, RhLO02, RhLO3 un R. leguminosarum atsauces celmu — visi
identificéti ka R. leguminosarum. RhLO1 ir visvairak parstavétais genotips $aja
pétijuma — ietver 31 celmu (2016., 2018., 2019. g.; zirni, lauka pupas, plavas
dedestina, vanagnadzin$, darza pupinas, s€jas lucerna, lopbaribas pupas, abolins
un lauku blaktene). Sie guminbaktériju celmi izdaliti no dazadam teritorijam
Latvija. Genotips RhLO2 apvieno se$us R. leguminosarum guminbaktériju
celmus. Atskirtba no RhLO1 genotipa, kur§ aptvert tikai jaunizdalitos celmus,
RhLO2 ietver gan vésturiskas kolekcijas celmus (RP023Y, RP02301, RP023Z;
1964. g.), gan 2016. gada izdalitus celmus. Genotips RhLO3 atbilst vienam R.
leguminosarum bv. trifolii guminbakt&riju celmam (2016. g.).

Filogengtiskaja analizé 14 p-proteobakteériju Kklases celmi veido
dendrogrammu ar 5 klasteriem (6. att.). Sie celmi izdaliti no sojas (8 celmi), lauka
pupam (5 celmi) un lucernas (1 celms) no 2016.-2019. gadam. Klasteris |
ieklauj genotipu Pb03 (2018., 2019. g.; soja), klasteris Il — P. nodosa atsauces
celmu un genotipu BSPO7 (Burkholderia sp.). Sis celms RS2030/19 izdalits
2019. g. vegetacijas trauku izmgginajuma, kur sojas séklu apstradei izmantots
celms RS2030, kas savukart identificéts ka Mesorhizobium sp. Klasteris 111
ietver P. caledonica atsauces celmu un genotipu PbCO01 (P. caledonica; 2019. g.,
lauka pupas). Klasteris 1V ietver tris genétiski atSkirigus genotipus, visi
identificéti ka Burkholderia sp. Klasteris V atbilst P. terricola atsauces celmam
un tris P. terricola genotipiem.

Baktériju celmi, kas identificéti y-proteobaktériju klasei piederosi,
filogengtiskaja koka (7. att.) veido septinus klasterus. Kopuma 28 bakt&riju celmi
identificéti ka Enterobacter sp. (t.sk. E. asburiae un E. ludwigii), Pseudomonas
sp. (t.sk. P. frederiksbergensis), Rahnella aquatillis, Serratia plymuthica un
Pantoea agglomerans. Visi parstavétie celmi izdaliti no 2016. —2019. g., no plasa
saimniekaugu spektra. Visbiezak parstavétais saimniekaugs ir soja. Klasteris |
ietver genotipus EAO1 (E. asburiae) un ESP03 (Enterobacter sp.) — katrs atbilst
vienam guminbaktériju celmam (2019. g., saimniekaugs — soja). Klasteris Il
apvieno sesus dazadus genotipus un ietver Pseudomonas putida atsauces celmu.
Saja klasterT var izskirt divus apaksklasterus, katrs ietver 3 tuvradnieciskus (bet
ne identiskus) genotipus. Viens apaksklasteris apvieno genotipus PSP04
(Pseudomonas sp.; 2016.,2018. g.; abolins, soja), PSP02 (P. frederiksbergensis;
2018. g.; amolins) un PSPO1 (Pseudomonas sp.; 2018. g.; s€jas lucerna). Otrs
apaksklasteris ietver genotipus PSP05, PSP06 un PSPO7 — visi identificéti ka
Pseudomonas sp. (2016. g.; abolins, vanagu vikis, soja). Klasteris 111 ietver
Rahnella aquatillis atsauces celmu un genotipus Ra02 (2018. g.; zirni, lucerna)
un Ra01 (2016., 2019. g.; lauka pupas). Klasteris IV ietver Serratia plymuthica
atsauces celmu un genotipus SrP04, SrP02 (2016. g.; lupinas) un SrP01 (2019.
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RhLO1 (31)
0.100

5. att. Alfa-proteobakteriju pilna 16S rRNS géna filogenétiskais koks / Fig. 5. Alfa-proteobacteria full-length 16S rRNA
gene phylogenetic tree
Filogenétiskais koks veidots, izmantojot Neighbor Joining filogenétiskas dendrogrammas konstrukcijas metodi. Butstrapa metodes analizes
vertibas, kas 270%, noraditas mezglos, un uzrada filogenétiska koka zarojuma ticamibu. Atsauces paraugu genotipu GenBank pieskirtie kodi
noraditi iekavas. Iekavas kursiva noradits genotipa identisko izolatu skaits. Méroga skala norada nukleotidu substitiiciju skaitu pozicija / The
phylogenetic tree is composed using Neighbor Joining phylogenetic dendrogram method. Bootstrap analysis values that are >70% are
shown in the nodes and represent the reliability of the branching. Reference strain GenBank codes are shown in the brackets. The number of
identical strains within the genotype is indicated in italics. The scale indicates the number of nucleotide substitutions in the position.
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PbTO3 (2) T KlasterisI  (Paraburkholderia terricola)

o Paraburkholderia nodosa (AM2849871) ) (Burkholderia sp)
BSPO7 (1) [ Klasteris Il (Paraburkholderia sp.)
99 s Paraburkholderia caledonica (BAYEQ1000050) 7
4‘“{ Klasteris Il (Paraburkholderia caledonica)
. PbCO1 (1) L
] BSPOS6 (1)
ﬂg} — Klasteris IV (Burkholderia sp)
N BSPOS (1) B
— PbT04 (1)
100)
= holderi.
e mouiiokenaltenicols {A 04 03E2) — Klasteris V  (Parabwrkholderia terricola)
PbT02 (1)
PbTO1(3) L
0.018

6. att. Beta-proteobaktériju pilna 16S rRNS géna filogenétiskais koks / Fig. 6. Beta-proteobacteria full-length 16S rRNA
gene phylogenetic tree
Filogengtiskais koks veidots, izmantojot Neighbor Joining filogengtiskas dendrogrammas konstrukcijas metodi. Butstrapa metodes analizes
vertibas, kas 270%, noraditas mezglos, un uzrada filogenétiska koka zarojuma ticamibu. Atsauces paraugu genotipu GenBank pieskirtie kodi
noraditi iekavas. lekavas kursiva noradits genotipa identisko izolatu skaits. Méroga skala norada nukleotidu substitiiciju skaitu pozicija / The
phylogenetic tree is composed using Neighbor Joining phylogenetic dendrogram method. Bootstrap analysis values that are >70% are
shown in the nodes and represent the reliability of the branching. Reference strain GenBank codes are shown in the brackets. The number of
identical strains within the genotype is indicated in italics. The scale indicates the number of nucleotide substitutions in the position.
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o EAO1 (1)
ESP03 (1)

PSP04 (2)

oJ—Ra02 (3)
—:ﬁ|;301 2)

‘Rahnella aquatilis (CP003244)

SrP04(1)
L rorSrP02(1)
SrP01 (1)
Serratia plymuthica (AJ233433)

#+PnSPO1(1)
0l ' Pantoea agglomerans (AJ233423)

Enterobacter asburiae (BBED01000197)
HESP!M (1)

Enterobacter ludwigii (JTLO01000001)

0.070

PSP0O6 (1)
I_ PSPOT7 (1)
Pseudomonas putida (AP013070)

} Klasteris1  (Enterobacter sp.)

— Klasteris 11 (Pseudomonas sp.)

J— Klasteris Il (Rahnella aguatilis)

} Klasteris IV (Serratia plymuthica)
} KlasterisV (Pantoea sp.)

}— Klasteris VI (Eneterobacter sp.)

} Klasteris VII  (Enterobacier sp.)

7. att. Gamma-proteobaktériju pilna 16S rRNS géna filogenétiskais koks / Fig. 7. Gamma-proteobacteria full-length 16S

rRNA gene phylogenetic tree

Filogengtiskais koks veidots, izmantojot Neighbor Joining filogengtiskas dendrogrammas konstrukcijas metodi. Butstrapa metodes
analizes vertibas, kas 270%, noraditas mezglos, un uzrada filogenétiska koka zarojuma ticamibu. Atsauces paraugu genotipu GenBank
pieskirtie kodi noraditi iekavas. Iekavas kursiva noradits genotipa identisko izolatu skaits. Méroga skala norada nukleotidu substitiiciju

skaitu pozicija / The phylogenetic tree is composed using Neighbor Joining phylogenetic dendrogram method. Bootstrap analysis values
that are >70% are shown in the nodes and represent the reliability of the branching. Reference strain GenBank codes are shown in the
brackets. The number of identical strains within the genotype is indicated in italics. The scale indicates the number of nucleotide

substitutions in the position.
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g.; lauka pupas). Klasteris V ietver Pantoea agglomerans atsauces celmu un
genotipus PnSPO1 (2018. g.; amolin§) un PnAO1 (2019. g.; soja). Klasteris VI
ietver divus Enterobacter sp. genotipus — ESP0O1 un ESP02 (2019. g.; soja).
Klasteris VII — E. ludwigii atsauces celmu un genotipu ESP04 (2019. g.; soja).

Vel nesen tikai a-proteobakterijas klasei piederoSas guminbaktgrijas tika
uzskatitas par simbiotiskajam bakterijam, kas veido guminus uz taurinziezu
sakném un saista slapekli. ArT Saja petijuma 65% no visiem identificEtajiem
baktériju celmiem pieder a-proteobaktériju klasei. Tomer kopg&ja bakteriju
daudzveidiba ir lielaka, neka sakotngji gaidits — identificétie bakteriju celmi
pieder pie a-, -, un y-proteobacteria, ka ari Bacilli klasem (4. tab.). Aizvien
vairak pétijjumos, kuros nosaka guminbakteriju daudzveidibu, novéro Iidzigu
taksonomisko daudzveidibu, kada identificéta $aja p&tijuma, noradot uz to, ka
bakteriju un taurinziezu simbiotiskas attiecibas ir plasaks fenomens, ka uzskatits
iepriek§ (Moulin et al,, 2001). Guminbakteriju grupas papildinasana ar B-
proteobaktériju klases celmiem ir salidzinosi jauns atklajums (kops 2000. gadu
sakuma), salidzinajuma ar vairak neka simts gadus ilgiem guminbakteriju
pétijumiem.

Parveidot atmosferas slapekli amonjaka, ka arT veidot simbiotiskas
attiecibas ar taurinzieziem spgj ne tikai guminbaktgrijas, bet ari citas endofitiskas
baktgrijas. Pieméram, Serratia sp. kopa ar guminbakt€rijam uzlabo spg&jas veidot
guminus uz taurinziezu sakném, uzradot lielaku guminu skaitu, ka art palielinatu
guminu izméru, uzlabojot taurinziezu biomasu un saknu sistému (Naveed et al.,
2015). Daudzas no baktérijam, kuras identificétas arT §aja pétijuma (Rhizobium,
Bradyrhizobium, Burkholderia, Serratia, Rahnella Paenibacillus, Pantoea,
Enterobacter un Pseudomonas spp.), pétijumos uzradiju$as augu augS$anu un
attistibu uzlabojosas T1pasibas, skidinot augsné eso$a fosfora rezerves
(Timofeeva, Sedykh, 2022; Zineb et al., 2019). Pateicoties baktériju
daudzveidibai (a-, p-, y-proteobacteria, Bacilli), guminus var uzskatit par
unikalu ekologisko ni$u, kas dod “majvietu” plasam spektram saderigu
mikroorganismu, noradot uz to, ka taurinziezu inokulacija bitu jaizmanto ne
tikai a-proteobakterijas, bet butu jaieklauj ari bakteriju celmi no dazadam, bet
savstarpgji saderigam bakteriju klasem.

Izmainas guminbaktériju daudzveidiba laika gaita

Tika parbaudits, vai starp $aja p&tijuma icklautajiem celmiem, kas izdaliti
laika posma no 1962.-2019. g., var novérot daudzveidibas atskiribas. Rezultati
a-proteobakteriju klases gadijuma neuzrada parliecinoSus pieradijumus $adam
daudzveidibas atskirtbam. Nove@rots, ka lielaka dala a-proteobaktériju
filogenéetiska koka Kklasteri satur gan vésturiskas kolekcijas celmus, gan
jaunizdalitos celmus. Pieméram, a-proteobakteriju klasteris II ietver visvairak
vesturiskas kolekcijas celmus, tomér $is klasteris ietver arT jaunizdalitos celmus.
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Tomer ir atseviski o-proteobakteriju genotipi, kas atbilst tikai vesturiskas
kolekcijas celmiem, pieméram — RhSP09 un ASP01.

Visi septini Paenibacillus sp. izolati ir vésturiskas guminbakteriju
kolekcijas celmi. Savukart neviens no vésturiskas kolekcijas celmiem netika
identificéts ka B- vai y-proteobakteriju klasei piedeross. So proteobaktériju klasu
celmu neesamiba vésturiskaja kolekcija vargtu but saistita ar bakteriju
fenotipiskajam 1pasibam. Ari bakteriju kultivéSana izmantotajam barotném
varétu biitu selektiva ietekme. Veésturiskas kolekcijas bakterijas sakotngji tika
izdalitas un uzglabatas, izmantojot balto pupinu un peléko zirnu barotnes, nevis
YMA barotnes. Sie varétu bit iesp&jamie iemesli tam, ka baktériju celmi, kas
izdaltti Latvija laika posma no 2016.-2019. g., uzrada lielaku daudzveidibu visas
tris — a-, B- un y-proteobakteriju klases.

Saimniekaugi un identificeto bakteriju specifiskums

Lai noteiktu saimniekaugu un identificéto baktériju specifiskumu,
izverteta no konkréta saimniekauga guminiem izdalito bakteriju daudzveidiba (5.
tab.). No lauka pupam (Vicia faba) izdalito baktériju celmu skaits, kas
identificéts ar molekularas genétikas metodém: 35, no kuriem 20 celmus
identificgja ka Rhizobium sp. (no tiem 10 genotipa RhLO1 R. leguminosarum
celmi, izdaliti 2016.-2019. ¢.). Viens no celmiem, kas identificéts ka R.
leguminosarum, ar tik pat lielu ticamibu identificéts ka Bradyrhizobium sp. No
V. faba izdalitie celmi identificéti ari ka Rahnella aquatilis (2 celmi), Serratia
plymuthica (2 celmi), Pantoea agglomerans (1 celms), Achromobacter sp. (1
celms), Paenibacillus sp. (2 celmi), Paraburkholderia sp. (2 celmi) un
Burkholderia sp. (3 celmi). Visi baktériju celmi, kas identificéti ka Burkholderia
sp., izdaliti no viena izméginajuma lauka. Bakteériju celmi, kas nepieder pie a-
proteobaktériju klases, ir baktériju celmi, kas izdaliti no 2016.-2019. g.
Iznémums ir Paenibacillus polymyxa RV06902 celms, izdalits 1970. g.

No sojas (Glycine max) izdalito un identificéto bakteriju celmu skaits: 26
(5. tab.), no kuriem 9 pieder a-proteobaktriju klasei (Rhizobium sp., R. gallicum,
Mesorhizobium sp., Bradyrhizobium japonicum) un septini pieder -
proteobaktériju klasei (Burkholderia sp., Paraburkholderia terricola). Atlikusie
10 celmi pieder vy-proteobaktériju klasei (Pseudomonas sp., Pantoea
agglomerans un Enterobacter sp.). No zirpiem (Pisum sativum) izdalito un
identificéto baktériju celmu skaits — 18, no kuriem 15 ir Rhizobium sp., divi
Rahnella aquatilis un viens Paenibacillus peoriae. No abolina (Trifolium sp.)
izdalito un identificéto bakteriju celmu skaits — 17, no kuriem 13 identific&ti ka
Rhizobium gintij piedero$i. Salidzino$i daudzi no $iem celmiem uzrada
identiskas 16S rRNS géna sekvences. Tris celmi identificeti ka Pseudomonas sp.
(visi geneétiski atskirigi), viens — Serratia plymuthica. No lucernas (Medicago
sp.) izdalito un identificgto bakteriju celmu skaits — 12, no kuriem 7 Rhizobium
sp. Atlikusie celmi identificéti ka — Azospirillum sp., Paraburkholderia sp.,
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5. tabula / Table 5
Baktériju daudzveidiba biezak sastopamo saimniekaugu guminos /
Bacterial diversity isolated in commonly grown host-plants

Identificétas bakteriju Identiﬁcét(_) bak_té_riju celml_l skaits_ /
e Number of identified bacteria strains
gintis / Genus of Vici GIvGi Pi Trifoli NViedi
identified bacteria icia ycine isum rifolium edicago
faba max sativum spp. spp.
Rhizobium sp. 20 A 1500 13 7
Bradyrhizobium sp. 1 1 0 0 0
Mesorhizobium sp. 0 2 0 0 0
Azospirillum sp. 0 0 0 0 1
Paraburkholderia sp. 2 5 0 0 1
Burkholderia sp. 3 2 0 0 0
Achromobacter sp. 1 0 0 0 0
Rahnella sp. 2 0 2 0 1
Serratia sp. 2 0 0 1 0
Pantoea sp. 1 1 0 0 0
Pseudomonas sp. 1 2 0 3 1
Enterobacter sp. 0 7 0 0 0
Paenibacillus sp. 2 0 1 0 1
35 26 18 17 12
0 [ 15 [610

Krasas spilgtums norada konkrétas baktériju gints sastopamibas biezumu / The color
brightness indicates the frequency of the specific bacteria genus.

Pseudomonas sp.,Rahnella sp., Paenibacillus sp. — pa vienam celmam no katras
gints. No vanagu vika (Vicia cracca) izdalito un identificéto baktériju celmu
skaits — 5, no kuriem 4 R. leguminosarum un viens Pseudomonas sp. No sgjas
vika (Vicia sativa) un plavas dedestinas (Lathyrus pratensis) izdalito un
identificéto bakteriju celmu skaits — 4 (2 no katra) — visi R. leguminosarum. No
galegas (Galega sp.) izdalito un identificéto baktériju celmu skaits — 5, no kuriem
2 Rhizobium sp. un tris —Neorhizobium galegae. No lupinam (Lupinus sp.)
izdalito un identificéto bakteriju celmu skaits — 9, no kuriem pieci Rhizobium sp.,
viens R. gallicum un viens Serratia plymuthica. No vanagnadziniem (Lotus sp.)
izdalito un identificéto bakteriju celmu skaits — 4, no kuriem 3 Rhizobium sp. un
viens Ensifer adhaerens/Sinorhizobium sp. Tikai viens celms, kas izdalits no
peérkonamolina (Anthyllis sp.) identificéts ar molekularas genétikas metodém —
Rhizobium sp. No pupinam (Phaseolus vulgaris) identificéto baktériju celmu
skaits — 5, no kuriem viens Rhizobium sp., divi R. leguminosarum un divi
Paenibacillus polymyxa. No vignas (Vigna sp.) izdalito un identificéto baktériju
celmu skaits — 2, no kuriem viens R. leguminosarum, otrs — Paenibacillus
polymyxa. Vesturiskaja Guminbakteriju kolekcija iepriek§ nebija no amolina
(Melilotus sp.) izdalitu bakteriju celmu. P&tijuma identificéti Cetri celmi —
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Rhizobium sp., Pantoea sp., Rahnella sp. un Pseudomonas sp. — pa vienam
celmam no katras gints. No blaktenes (Ononis arvensis) izdalitais bakteriju
celms identificéts ka R. leguminosarum, un pieder pie visplasakas filogenétiskas
grupas — RhLO1.

Baktériju celmu un saimniekaugu specifiskums atskiras starp a-
proteobakteriju Klasteriem (4. tab.; 5. att.): IT un IX klasteri, kas identificéti ka
Rhizobium sp. un R. leguminosarum, izdaliti no visplagaka saimnickaugu klasta,
kas liecina par So genotipu zemo saimniekaugu specifiskumu. Visaugstako
saimniekaugu specifiskumu uzrada celmi no sekojosajiem a-proteobakteriju
filogengtiska koka klasteriem: IV Kklasteris (Sinorhizobium sp.; saimniekaugs
Lotus sp.); VI klasteris (Mesorhizobium sp.; Glycine max); VIII klasteris
(Neorhizobium galegae; Galega sp.). Turpretim p-proteobaktériju klasei
piederosie celmi uzradija salidzinosi lielaku saimniekaugu specifiskumu (4. tab.;
6. att.). Septini no 14 celmiem izdaliti no Glycine max, sesi no Vicia faba un
viens no Medicago sativa. Turklat soja bija vienigais saimniekaugs baktériju
celmiem, kas pieder B-proteobaktériju filogengtiska koka klasteriem I un II,
savukart lauka pupas bija vienigais saimniekaugs III klastera celmiem. Klasteri
VI un V wuzradija mazaku saimniekaugu specifiskumu. Gamma-
proteobaktériju filogengtiskas analizes neuzradija lielu saimniekaugu
specifiskumu (4. tab.; 7. att.). Janem veéra, ka $aja proteobakteriju klasé novérota
lielaka genotipiska fragmentacija — lielaka dala $1s genotipu icklava tikai vienu
bakteriju celmu. Tomér visi bakt€riju celmi, kas identificéti ka Enterobacter sp.,
izdaliti no Glycine max saknu guminiem. Citi y-proteobaktériju celmi neuzradija
tik lielu saimniekaugu specifiskumu.

Identificéto guminbakteriju izplatiba Latvijas augsnés

No taurinzieZiem izdalito baktériju daudzveidiba Latvijas novados

Kolekcija papildinata ar jauniem guminbakt€riju celmiem vadoties péc
dazadu apsveérumu kopuma — guminbakterijas izdalitas no esoSiem
izmégindjumiem galvenokart no lauka pupam, zirniem un sojas. Savukart pargjas
taurinziezu sugas izveletas, lai paplasSinatu kolekcija esoSo guminbakteriju celmu
daudzveidibu, izdalot tos gan no lauka, vegetacijas trauku izméginajumiem, ka
ari citam razoSanas platibam. Pieejamie taurinzieZu izm&ginajuma lauki atradas
Zemgalg, Kurzeme un Latgalg, tap&c bakteriju celmi lielakoties izdaliti no Siem
Latvijas regioniem (8. att.).

Vesturiskas kolekcijas celmi, kas iegiti no 1962.-1973. g., izdaliti
Jelgavas, Dobeles un Talsu novados (8. att.). Celmi, kas izdaliti no 2006.—2015.
g., lielakoties izdaliti Stendes lauka izm&ginajumos, atseviski celmi — Jelgava,
Augsnes un augu zinatnu institita izmEginajumu ietvaros, ka arT lauka
izméginajuma Skriveros. Kolekceija atrodas ari guminbakteriju celmi, kas izdaliti
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1. Priekuli; 2. Skriveri; 3. Kokneses
nov.; 4. Kukas pag ; 5. Griskanu
pag.; 6. Stolerovas pag.; 7. Bauska;
8. Olaines nov.; 9. Jelgava; 10.
Dimzas; 11. Péterlauki; 12.
Vecauce; 13. Jirmala; 14. Tumes
pag.; 15. Pure; 16. Plavas; 17.
Talsi; 18. Stende; 19. Edoles pag ;
20. Jurkalnes pag.; 21. Medzes
pag.; 22. Tadaiku pag. / 1. Priekuli;
2. Skriveri; 3. Kokneses
Municipality; 4. Kukas Parish; 5.
Griskani Parish; 6. Stolerova
Parish; 7. Bauska; 8. Olaine
Municipality; 9. Jelgava; 10.
Dimzas; 11. Péterlauki; 12.
Vecauce, 13. Jirmala; 14. Tume
Parish; 15. Pure; 16. Plavas; 17.
Taisi; 18. Stende; 19. Edoles
Parish; 20. Jurkalnes Parish; 21.
Medze Parish.; 22. Tadaiki Parish.

-
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8. att. No taurinzieZu guminiem izdalito baktériju daudzveidiba Latvijas teritorija / Fig. 8. Diversity of rhizobia isolated

from legume nodules in Latvia

Apla diagramma proporcionali noradita identificéto proteobaktériju klase konkrétaja paraugu ievaksanas vieta (zala — a-, balta — -, melna —
y-proteobakterijas; peleka — Bacilli sp.; gaisi peleka krasa — nav paraugu, kas identificéti ar molekularas genétikas metodém) / The
percentage of the circle chart indicates the bacteria class in each sampling site (green — a-, white — -, black — y-proteobacteria; gray —
Bacilli sp.; light gray — no samples identified with molecular genetics methods).
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arpus Latvijas — 1982. un 2008. g. izdaliti celmi no galegas sakném Igaunija, ka
ar vesturiskas guminbakteriju kolekcijas celms “422a” (RM24502, RM24503,
RM24505), ieglits 1972. gada no “Leningradas kolekcijas”. Celmi RVLTSKR
un RVLTG60 izdaliti Lietuva 2019. g. sadarbibas pétijuma ietvaros.

Vertgjot identificéto guminbakteriju kolekcijas celmu izplatibu péc to
piederibas pie konkrétas proteobakteriju klases, var novérot, ka a-
proteobakt@rijas ir iegiitas gandriz visas paraugu ievakSanas vietas (17 no 20),
savukart B-proteobakterijas identificétas 7 no 20 paraugu vietam. Sajas atradnes
vietas f-proteobaktérijas bijusas proporcionali mazak neka pargjo bakteriju klasu
parstavji. Savukart y-proteobaktérijas identificétas 11 no 20 vietam. Janem vera,
ka, ievakto paraugu skaits izdaliSanas vietas ir atSkirigs, tapec rezultati javerte
konteksta ar saimniekaugiem, no kuriem §1s baktgrijas ir izdalitas.

Augsnes abiotiskie apstakli guminbaktériju izdaliSanas vietas

Apkartgjas vides apstakli ietekm& ne tikai taurinziezu aug$anu un
attistibu, bet arT guminbakterijas — ietekm&jot guminu veidosanos un slapekla
saistiSanas efektivitati (O’Hara, 2001). Saja p&tijuma analiz&ja augsnes paraugus,
kas ievakti kopa ar taurinziezu sakném (2016.-2019. g.). Novert€ja augsnes
paraugos esoSo kalija, kalcija, nitratu, fosfatu, natrija saturu, pH, ka arT augsnes
elektrovaditsp&ju. Datus sagrupgja pec 1) saimniekaugiem, kas atradas augsnes
parauga un 2) identificétajam baktériju sugam/gintim, kuras izdalitas no Siem
saimniekaugiem, analiz&jot un salidzinot datu izkliedi katra no §im grupam.
Vismazaka datu izkliede kalija saturam novérojama Lupinus sp. un Glycine max
(Iidz 40 mg kg') paraugiem. Vislielako K izkliedi uzrada Trifolium sp. paraugi
(10-180 mg kgY). Vertejot rezultatus pec identificétajam baktérijam, vismazako
datu izkliedi uzrada Burkholderia sp. paraugi (7-23 mg kg?), lielako —
Pseudomonas sp. paraugi (6-126 mg kg?). Kopuma rezultati uzrada
nepietickoSu (loti zems <50 vai zems 50-100 mg kg™?) K saturu augsne. Kalcija
saturs augsnes paraugos, analizgjot p&c saimniekaugiem, varigja no 61-2700 mg
kg?. Vismazaka rezultatu izkliede noverojama Lathyrus sp. (2033 un 2200 mg
kgl). Vertgjot rezultatus pec identificétajiem baktériju celmiem, viszemakais Ca
saturs (Iidz 1000 mg kg?) bija Burkholderia sp., Serratia plymuthica un
Rhizobium gallicum. Visaugstako Ca rezultatu uzradija augsnes paraugs
varianta, kur Pseudomonas sp. celms izdalits no Trifolium sp. Pietickosu Ca
saturu augsné (>1000 mg kg™) uzradija 44.5% paraugu.

Nitratu (NOjs’) daudzums augsné norada uz augiem pieejamo slapekli.
Augsnes paraugu nitratu daudzums vari€ja no 1.8-56 mg kg* (9. att.). 30%
paraugu uzradija nepietieko$u (<10 mg kg?) nitratu saturu. Dala no Siem
paraugiem ievakti teritorijas, kuras netiek izmantotas lauksaimniecibas
vajadzibam. Vairak neka puse no celmiem, izdaliti no Sajas augsnés augosajiem
taurinzieziem, identificéti ka o-proteobaktériju klasei piederosi (Rhizobium
gallicum R. leguminosarum, Neorhizobium galegae). 49% augsnes paraugu
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saturéja apmierinoSu (10-20 mg kg™) un 20% paraugu — pietieko$u (2040 mg
kg!) nitratu daudzumu. Veértgjot rezultatus pec saimniekaugiem un
identificétajiem bakteriju celmiem, visos variantos var novérot datu izkliedi.
Vislielaka izkliede novérojama Galega sp. un no tiem izdalito Neorhizobium
galegae celmu variantos (4.5-31.5 mg kg™). Lielaka dala Glycine max bakteriju
celmi tika izdaliti no augsném ar nepietiekosu nitratu daudzumu.
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9. att. Nitratu saturs augsnes paraugos (mg kg) / Fig. 9. Nitrate content in
soil samples (mg kg)

Iekrasotais rezultatu stabins uzrada nitratu (NO3’) satura rezultatu datu izkliedi konkréta
saimniekauga (A) un baktériju gints/sugas (B) ietvaros. Linija (-) norada uz datu
medianas vertibu; krustins (x) norada datu vidgjo veértibu; stabinu nogriezni apzZime
maksimalos un minimalos konkréta stabina datus; izteikti neiederigie dati tiek atzZiméti
ar atbilsto$as krasas apliti / The colored result bars show nitrate (NO3") data distribution
within the particular host-plant (A) and identified bacteria genus/species (B) groups.
Line (-) indicates data median value; cross (x) indicates date mean value; bar whiskers
indicate the max and min values; data outliers are marked with a colored circle.

Vidgjais kopgjais fosfora savienojumu daudzumus augsné literatiiras
avotos noradits 200-1500 mg kg — lielaka dala augiem neuznemama forma.
Fosfora (P) savienojumus S$kidinoSie mikroorganismi palielina augsnes
neskistoda P biopieejamibu augiem (Alori, Glick, Babalola, 2017). Saja pétijuma
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fosfatu (P,0s) daudzums augsnes paraugos vari€ja no 33 mg—835 mg kg* (10.
att.). Vismazako izkliedi, skatoties p&c identific€tajam baktérijam, var noveérot
Rhizobium gallicum un Serratia plymuthica variantos. Vislielaka datu izkliede
noverojama Rhizobium sp. grupa. Atseviskas augsnes bakterijas spgj Skidinat
augsné esoSos P savienojumus, padarot tos augam pieejamus. Tapéc iespgjams,
ka paraugos, kur baktrijas veikusas veiksmigu P savienojumu $kidinasanu, tas
bijis pieejams augiem, un tapéc var novérot mazaku P daudzumu, ka paraugos,
kur bakt@rijas nav spgjigas skidinat P savienojumus.
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10. att. Fosfora saturs augsnes paraugos (mg kg) / Fig. 10. Phosphorus
content in soil samples (mg kg?)

Iekrasotais rezultatu stabin$ uzrada fosfora (P20s) satura rezultatu datu izkliedi konkréta
saimniekauga (A) un bakteriju gints/sugas (B) ietvaros. Linija (-) norada uz datu
medianas vertibu; krustins (x) norada datu vid&jo vertibu; stabinu nogriezni apzime
maksimalos un minimalos konkréta stabina datus; izteikti neiederigie dati tiek atzZimeti
ar atbilstosas krasas apliti / The colored result bars show phosphorus (P20s) data
distribution within the particular host-plant (A) and identified bacteria genus/species
(B) groups. Line (-) indicates data median value; cross (x) indicates date mean value;
bar whiskers indicate the max and min values; data outliers are marked with a colored
circle.

Analizgjot rezultatus péc paraugu ievakSanas vietam, var parliecinaties
par atsevisku celmu P savienojumu $kidinaSanas potencialu. Paraugi, kurus
izdalija lauka izm&ginajuma Grobinas nov., 2019. g. no lauku pupam, uzrada
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atskiribas fosfatu satura starp paraugiem. Paraugi RV19/P5, RV19/P4 un
RV19/P6 (Burkholderia sp., Paraburkholderia caledonica un Rhizobium
leguminosarum) uzrada salidzino$i zemu augsnes fosfatu saturu (34.50-49.83
mg kg™). Savukart atlikusie identificétie paraugi §aja izméginajuma — RV19/KS5,
RV19/K12, RV19.3/5 un RV19/K10 (Burkholderia sp., Achromobacter sp.,
Rahnella aquatillis un Pantoea agglomerans), izdaliti no augsnes paraugiem, kas
satur salidzinosi lielaku fosfatu daudzumu (192.50-419.00 mg kg™).

Noverots, ka tiesi augsnes pH ir nozimigakais raditajs augsnes
mikroorganismu daudzveidibas noteikSanai. Visaugstaka mikroorganismu
daudzveidiba noverota augsnés ar neitralu pH, savukart vismazaka — augsnés ar
zemu (<4.5) vai augstu (>8.0) pH (Lauber et al., 2009; Rousk et al., 2010).
Optimalais pH, kas nepiecieSams ne tikai taurinziezu augSanai, bet ari
taurinziezu-guminbakteriju efektivas simbiozes izveidosanai — 6.0-7.0
(Somasegaran, Hoben, 1994). So apstiprina pH rezultati (11. att.), jo lielako dalu
celmu izdalfja no augsném ar pH 6.0-7.5, turklat nevienam no paraugiem pH
nebija <4.5 vai >8.0. Vislielaka pH izkliede novérojama Galega sp., kur paraugi
ievakti no augsnes ar pH 4.8 un 7.8, un Vicia sp. (pH 4.8-8.2). Licla dala
bakteriju, kuras izdalija no saimniekaugu sakném no augsném pH <6, netika
veiksmigi kultivétas, noradot uz pH ka IlimitgjoSu faktoru optimalai
guminbakteriju augSanai. AtseviSkus bakteriju celmus (Rhizobium sp., R.
leguminosarum un Neorhizobium galegae) izdalija no augsném ar zemu pH. Ta
pieméram, bakteriju celms RG00401 (N. galegae) bitu izmantojams
izm&ginajumos ar Galega sp. augsnés ar zemu pH.

Augsnes elektrovaditspéja norada uz kopgjo skistoso salu daudzumu
augsn€. Visi augsnes paraugi uzrada augiem un guminbaktérijam atbilstosu
elektrovaditspg&ju (150-3000 uS cm™), iznemot paraugu, kas izdalits no Vicia
faba un identificéts ka R. leguminosarum (RVLT60). So celmu varétu izmantot
izm&gindgjumos augsnés ar paaugstinatu kopgjo $kistoSo salu daudzumu.
Petijumos noveérots, ka izturiba pret sals stresu var atskirties celmiem vienas gints
ietvaros (Amarger, Macheret, Laguerre, 1997). To uzrada ari iegiito rezultatu
izkliede gints vai sugas ietvaros. Vislielaka datu izkliede novérojama augsnes
paraugiem, no kuriem izdaliti Pseudomonas gints celmi.

Kopuma augsnes analizu rezultati nenorada uz kadu batisku augsnes
apkartgjas vides faktora ietekmi, kas ierobezotu rizosfeéras bakteriju
daudzveidibu. Lielakoties novérojama liela datu izkliede vienas bakteriju gints
vai pat sugas ietvaros. Augsnes pH ir vienigais raditajs ar salidzino§i mazako
datu izkliedi. ArT literatiira minéts, ka tieSi augsnes pH ir noteicoSais faktors
augsnes mikroorganismu daudzveidiba (Andrés et al., 2012; Lauber et al., 2009;
Rousk et al., 2010). Paraugu agrokimisko raditaju analizu rezultati norada uz
vairaku baktériju celmu potencialu augsnes P savienojumu $kidinasana, tomer
par So bakteriju celmu Ipasibu nepiecieSams parliecinaties turpmakos p&tjjumos.
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11. att. Augsnes paraugu pH Iimenis / Fig. 11. Soil sample pH level
Iekrasotais rezultatu stabins uzrada datu izkliedi konkréta saimniekauga (A) un bakteriju
gints/sugas (B) ietvaros. Linija (-) norada uz datu medianas vertibu; krustin$ (x) norada
datu vidgjo vertibu; stabinu nogriezni apzZimé maksimalos un minimalos konkréta
stabina datus / The colored result bars show data distribution within the particular host-
plant (A) and identified bacteria genus/species (B) groups. Line (-) indicates data
median value; cross (x) indicates date mean value; bar whiskers indicate the max and
min values.

Augsnes agrokimisko raditaju korelativas sakaribas

Augsnes agrokimisko raditaju savstarpgjo sakaribu noteikSanai veica
Pirsona korelacijas analizi. CieSu Kkorelaciju novéroja starp augsnes
elektrovaditsp&ju un salumu, ka ari starp kalcija saturu un augsnes salumu.
Guminbakteriju genotipam nenovéroja korelaciju ar augsnes agrokimiskajiem
raditajiem. Raditaju ietekmi sava starpa noteica, veicot galveno komponentu
analizi un raditaju savstarpgjas ietekmes sakaribu slodzes analizi (12. att.).
Vislielaka ietekme uz galvenajiem komponentiem novérota genotipam, nitratu
saturam, augsnes elektrovaditsp&jai, augsnes salumam un augsnes Kalcija
sastavam. ViscieSako saistibu starp raditajam uzrada augsnes fosfatu saturs un
augsnes elektrovaditspgja; augsnes salums un kalija saturs augsné; kalija un
kalcija saturs augsné. Augsnes agrokimisko raditaju slodzes analizes rezultati
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neuzrada citu raditaju butisku ietekmi uz guminbakteriju genotipu. Tomer var
noverot pH un nitratu ietekmi uz celmu genotipu, salidzinajuma ar pargjiem
petamajiem raditajiem.
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12. att. Augsnes agrokimisko analizu raditaju slodze uz galvenajiem
komponentiem, un raditaju savstarpéjas sakaribas / Fig. 12. Factor loading
of soil agrochemical parameters on principal components, and the effect
between the indicators
Sarkanas Iinijas norada raditaju ietekmes slodzi uz citu attieciga komponenta raditaju
izkliedi. Jo tuvak sarkana Iinija atrodas rinka Iinijai, jo lielaka attieciga raditaja ietekme
uz citu komponentu raditaju izkliedi. Lenkis starp Iinijam norada uz sakaribas cieSumu
starp raditajiem — jo mazaks lenkis, jo cieSaka $i saistiba / Red lines indicate parameter
factor loading on other principal component dispersion. The closer the red line is to the
circle line, the greater the effect of the corresponding indicator on the dispersion of
other components. The angle between the lines indicates the closeness of the
relationship between the indicators — the smaller the angle, the closer the relationship
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Guminbakteriju un endofitisko bakteériju daudzveidiba,
efektivitate un potencialais pielietojums taurinziezu
inokulacija

Ieprieks€jo guminbaktériju pétijumu rezultati genétisko analiZu konteksta

Izmantojot iegiitos rezultatus, var veikt iepriek§€jo pétijumu rezultatu
interpretaciju, kur taurinziezu séklu inokulacijai izmantotas LBTU kolekcijas
guminbakteriju celmu tirkultiiras. Salidzinosi daudz guminbakteriju efektivitates
petijumos inokuletas lauka pupas un soja ar guminbakteriju celmiem: RP023,
RV407, RV408, RV501 un RV505. Promocijas darba $ie celmi identificéti ka
attiecigie genotipi: RhL02, RhSP06, RhSP07, RhSP05 un RhSPO7. Rezultati
parada, ka celmi RV408 un RV505 ir identiski. Tuvradniecisks Siem celmiem ir
ari RV501, ka ari RV408. Savukart RP023 genotips RhLO2 ir genétiski
visattalakais (5. att.). Pétijumos RP023 un RV407 celmi, kuriem ir batiski
atskirigas pilna 16S rRNS géna sekvences, visbiezak uzradijusi efektivitates
atSkiribas (Dubova, genberga, Alsina, 2015; Dubova et al., 2015; Dubova, 2020;
Senberga et al., 2017). Atseviskos pétijumos (piem., Dubova et al., 2016) nav
noverotas atSkiribas efektivitateé starp RV407 un RV505, kas péc
filogengtiskajam analizé€m ir identificéti ka tuvradnieciski.

TaurinzieZu séklu inokulacijas preparata izveide

Optimala taurinziezu s€klu inokulacijas preparata sastava biitu jabiit 1) a-
proteobaktériju guminbaktériju celmam, atbilsto$i saimniekaugam; 2) pB-
proteobaktériju guminbaktériju celmam; 3) endofitisko bakteriju celmam (6.
tab.). Alfa-proteobakteriju guminbaktériju celms s€klu inokulacijas preparata
sastava ieklauts galvenokart, lai tas izveidotu uz taurinzieza sakném guminus,
kuros varétu ieklauties ari citas baktérijas, kas netiek klasificétas ka
guminbaktrijas. Ar1primaro slapekla saistiSanas funkciju veic a-proteobakteriju
celmi. Spgju izveidot guminus uz taurinziezu sakném, ka ari sp&ju uzlabot
slapekla saistiSanas kapacitati, inokulgjot augus kopa ar a-proteobakteriju
celmiem uzradijuSas ar1 B-proteobakterijas (Shiraishi, Matsushita, Hougetsu,
2010). Atseviski B-proteobakteriju celmi uzradijusi arT spgju $kidinat rizosfera
eso$os P savienojumus. Preparata papildinasana ar endofitisko baktériju celmiem
no vy-proteobaktériju klases, nodroS§inatu augsné eso$o P savienojumu
SkidinaSanu, uzlabotu guminu veidoSanas procesu, ka rezultata uzlabojot
saimniekauga augSanu un attistibu (Naveed et al., 2015; Shiraishi, Matsushita,
Hougetsu, 2010). Veidojot taurinziezu inokulacijas preparatu, izmantojot
dazadus guminbakteriju un citus endofitiskos bakteriju celmus, tiek palielinata
veiksmigas un efektivas simbiozes iespgjamiba.
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6. tabula / Table 6
Bakteriju celmi taurinzieZu séklu inokulacijas preparatu izveido$anai /
Recommended bacteria strains for creating legume seed inoculum
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PbT04;
Vicia faba RhLO1; RhSP02; RhSPO5; PbCO01; RAO01; SrP01;
RhL04 RhSPO07; RhSPO6; BSPO04; SrP03; PnA02
BSP0O7
Galega sp. | NhG01 RhSP05; RhSP07 BSPO7 -
. . RhSP05
N ey - RAO2
RhSP09
RhLO1;
Phaseolus sp. RALO5 RhSPO7 - -
BhJOL; RhGO1 PbTO1; Ei%%{spo“;
Glycine max | MhSPO1; RhSP05 PbTO03; PSPOLi' PSPO7:
MhSP02 RhSPO7 BSP06 PRAOL
RhLO1;
- ! RhSP05 PSP04 PSP05;
Trifolium sp. | RhL02; - . !
RhGO1 RhSPO7 PSP08; SrP05
RhSP04; RhSPO5; RAO2:
Medicago sp. | RhLO1 RhSPO7; RhSPO6; PbT02 PSPOi
RhSP10
. RhSPO01; RhG01; RhSP05; RhSPO7;
LUPINUS SP. | phhspog: RhSPOB SrP02

Planojot taurinziezu séklu inokulacijas preparata papildinasanu ar fosfora
savienojumu $kidinoSajam baktérijam, janem véra, ka fosfora $kidinasanas
efektivitate, taja skaita sp&ja skidinat dazadus fosfora avotus, var atskirties starp
baktériju celmiem. So atskirtbu pamata ir bakteriju gindu rizosféra izdalitie
specifiskie organiskie savienojumi, pieméram, laktati, oksalati, citrati un
glikonati, kas veic fosfora savienojumu $kidinaSanu (Ibrahim et al., 2022;
Timofeeva, Sedykh, 2022). Taurinziezu preparats, kas apvienotu ne tikai
guminbaktgrijas, kas izveido guminus un veic atmosferas slapekla saistisanu, bet
arT baktériju celmus, kas veic rizosféra esosa, bet augiem nepieejama fosfora
rezervju skidinasanu, bttu vertigs ieguldijums ilgtspgjiga lauksaimnieciba.
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Pateicoties $adam preparatam, varétu ierobezot ne tikai parlieku lielo minerala
slapekla méslojuma izmantoSanu, bet arT samazinat nepiecieSamibu p&c kimiska
fosfora méslojuma piclieto$anas. Rezultata atstajot pozitivu ietekmi uz apkartgjo
vidi. ST pétijuma rezultati sniedz bitisku ieguldijumu $ada preparata izveidg,
nosakot no guminiem izdalito celmu taksonomisko piederibu un daudzveidibu.
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SECINAJUMI

Inventarizacijas rezultata iegiiti 46 vesturiskas kolekcijas guminbakteriju
celmi, izdaliti laika posma no 1962.—2015. gadam.

LBTU Augsnes un augu zinatpu institita Guminbakteriju kolekcija
papildinata ar 143 jauniem bakteriju celmiem, kas izdaliti laika posma no
2016.-2019. gadam. Atjaunota Guminbakteriju kolekcija satur 189
baktériju celmus, izdalitus no 14 dazadam taurinziezu gintim.

P&tijums apstipringja, ka 16S rRNS pilna garuma géns ir atbilstoss
markieris, lai veiktu no taurinziezu guminiem izdalito bakteriju tirkultiru
gengtisko identifikaciju un veiktu filogenétiskas analizes. Ipasi noderigs
$is markieris ir pétfjumos, kur tiek identificéti nezinamas rizosferas
bakterijas, lai noteiktu rizosferas baktériju daudzveidibu. (1. teze)
Noteikta 146 bakteriju celmu taksonomiska piederiba. Saja pétijuma
identificeta plasa bakteriju daudzveidiba kolekcijas ietvaros: a-, - un y-
proteobacteria, ka ar7 Bacillus klasei piederosi celmi. (2. téze)
Alfa-proteobaktériju klases ietvaros nenovéroja butiskas baktériju
genotipu daudzveidibas atSkiribas starp vesturiskas kolekcijas un
jaunizdalitajiem celmiem. Savukart visi identificétie p- un vy-
proteobaktériju celmi ir no jauna izdaliti celmi, 2016.—2019. g. Kopuma
liclaka baktériju daudzveidiba novérojama starp jaunizdalitajiem
bakt&riju celmiem, kas izdaliti no taurinziezu guminiem, salidzinajuma ar
vesturiskas kolekcijas celmiem. (3. féze)

Analizgjot identificeto guminbakteriju celmu izplatibu pec to piederibas
pie proteobaktgriju klases, novéroja, ka bakteriju daudzveidibu ietekme
nevis paraugu ievakSanas geografiska atrasanas vieta, bet gan
saimniekaugi, no kuriem tika izoléti bakteriju celmi. (4. téze)

Vienigais apkartgjas vides faktors, kas biitiski ierobezo guminbakteriju
daudzveidibu, ir augsnes pH. Pargjie pétitie augsnes agrokimisko raditaju
rezultati (augsnes elektrovaditsp&ja, augsnes kalija, kalcija, nitratu un
fosfatu saturs) uzradija lielu datu izkliedi gan vert§jot péc
saimniekaugiem, gan p&c izdalitajam bakterijam. (5. téze)

Veidojot taurinziezu se€klu inokulacijas preparatu, javadas péc Saja darba
izstradatajam  rekomendacijam, preparata ieklaujot ne tikai
saimniekaugam atbilstoSus o-proteobakteriju klases celmus (guminu
veidoSanai un slapekla saistiSanai), bet arT 8- un y-proteobakteriju celmus
— uzlabotai slapekla saistiSanai, ka arT augsnes fosfora savienojumu
skidinasanai. (6. teze)
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TOPICALLITY OF THE RESEARCH

In recent years legumes have become the center of attention of scientists,
farmers and consumers all over the world. Legumes play an important role
enriching the soil with nitrogen, improving soil fertility and protecting it from
erosion (Giller, Herridge, Sprent, 2016; Voisin et al., 2014). Currently, the EU
does not grow enough legumes to meet the local demand for food and fodder.
Most of the legumes consumed as food in the EU, similar to legumes used for
fodder, are imported from other countries outside EU. The arable land in the EU
devoted to the cultivation of legumes has decreased from 4.6% to 1.8% in the
last fifty years (Zander et al., 2016). An increase in local legume production is
recommended to reduce Europe’s dependency on imported protein for animal
feed (Watson et al., 2017).

An important role in the cultivation of legumes is played by rhizobia —
soil bacteria that attach to the roots of legumes and, in the case if a successful
symbiosis, form nodules and fix atmospheric nitrogen, which plants can use in
protein production, receiving nutrients from the plants in return (Wang et al.,
2019a). Rhizobia bacteria differ in the atmospheric nitrogen-fixing efficiency,
and these differences are observed not only between different rhizobia species,
but also between different strains of the same species. A successful legume-
rhizobia symbiosis requires a compatible legume and rhizobia strain combination
(Giller, Herridge, Sprent, 2016). It is essential to conduct research with local
rhizobia bacteria strains that are appropriate for the environmental conditions of
the specific area. In addition, these strains of rhizobia isolated from native soil
will be more suitable for establishing a symbiosis with native legume cultivars.
The most suitable rhizobia strains for commercial legume cultivation, can be best
selected, based on the basis of scientific research. Although many studies have
been conducted on the effectiveness of rhizobia bacteria in Latvia and elsewhere
in the world, contradictory results have been observed. One of the reasons is that
there is a lack of information on the diversity of rhizobia bacteria. In Latvia, the
taxonomic affiliation of the rhizobia bacteria of the LBTU collection has not been
yet determined using genetic analyses. Phylogenetic studies of rhizobia bacteria
are necessary to complement the knowledge of rhizobia diversity, while at the
same time providing research-based knowledge for selecting the appropriate
rhizobia strains for the production of commercial legume seed inoculum.

The aim of the thesis

To evaluate the taxonomic affiliation and diversity of rhizobia bacteria
strains in the LBTU collection and the newly isolated rhizobia strains.
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Research objectives

1. To carry out an inventory of rhizobia strains in the Rhizobium Collection
of LBTU.

2. To supplement the Rhizobia Collection of LBTU with new rhizobia
strains isolated from legumes grown in Latvian soils.

3. To identify the taxonomic affiliation of the existing and newly isolated
rhizobia strains in the Rhizobium Collection of LBTU.

4, To determine the diversity of identified rhizobia strains.

5. To analyze the diversity of identified rhizobia strains depending on host

plants and soil agrochemical indicators.

Hypothesis of the thesis

Different genera of rhizobia bacteria are found in nodules of legumes
grown in the soils of Latvia, the diversity of which is influenced not only by the
host plant, but also by the agrochemical indicators of the soil.

Thesis statements
1. The full-length 16S rRNA gene is an appropriate marker for the
identification of legume symbiont diversity

2. Bacteria from different classes of proteobacteria are found in legume
nodules.

3. There are differences in diversity between the historical collection
rhizobia and newly isolated strains.

4. Host plants, from which nodules the bacteria are isolated, have a
significant influence on the diversity of rhizobia strains.

5. The abiotic conditions of the soil (pH, soil electrical conductivity,
availability of mineral elements) affect the diversity of rhizobia.

6. It is recommended to use a mixture of bacteria from various genera when

creating legume seed inoculum.

Approbation of research results

Eight publications have been prepared on the results of this research, 6 of which
are indexed in Scopus or Web of Science databases (see pages 5-6). The results
have been also summarized in 3 conference proceeding articles, as well as 6 oral
presentations and 17 poster presentations at scientific conferences (see page 6 for
the most significant ones).
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MATERIALS AND METHODS

The research was carried out in several steps (Fig. 1): inventory of the
Rhizaobia Collection of the LBTU Institute of Soil and Plant Sciences (hereinafter
— the historical collection); isolation of new rhizobia strains; collection of soil
samples and analysis of agrochemical parameters; determination of the
taxonomic affiliation of the historical collection rhizobia and newly isolated
strains, using molecular biology methods; determination of the diversity of the
identified strains. The results of the taxonomic affiliation and diversity of
rhizobia, as well as the results of soil agrochemical parameter analysis, were used
to determine the most appropriate strain associations for legume seed inoculum.

Rhizobia strains

Part of the bacterial samples used in the study are rhizobia strains from
the historical collection (1962-2015; Table 1; Fig. 2), part — bacterial strains
isolated during this study (2016—-2019; Fig. 2). To isolated new bacterial strains,
the host plant was dug up and lifted out of the soil without damaging the root
system of losing root nodules. The root part of the plant and the soil sample were
placed in a plastic bag for further analysis. All nodules from one plant were
stored in a single centrifuge tube containing silica gel and cotton wool (1:1).

Isolation of bacterial strains from nodules

Nodules were placed in a container with distilled water (dH-0) for 24 h
at 20 °C before isolation of rhizobia. Surface sterilization was done for 1 min in
70% alcohol solution, 2—4 min in 3-5% hypochlorite solution; rinsed 3-5 times
in sterile dH,O, ground with a sterile glass rod into a drop of dH,O in a
microcentrifuge tube, and the suspension smeared onto YMA Petri plate.

Obtaining pure cultured of rhizobia

To obtain pure cultures of bacteria, YMA Petri plates were supplemented
with indicator dyes — Congo red or bromothymol blue. Petri plates were
incubated in the dark at 25-30 °C for 3—10 days. The dilution method was used
to obtain pure cultures: 1 pL of the bacterial sample was dissolved in 1 mL sterile
H,0; 100 pL was transferred to the next tube containing 900 pL sterile H,0,
dissolved and 100 pL was again transferred to the next tube. This was continued
until five tubes with different dilutions were obtained. 100 uL of each dilution
was transferred to a new YMA Petri plate; incubated in the dark at 25-30 °C for
5 days. Such purification was performed at least twice. The pure strains were
transferred to a new YMA Petri plate once a year. A uniform system of collection
codes was created for all strains.
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Rhizobia strain identification

DNA extraction

Pure bacterial cultures were used for the identification of rhizobia strains
using molecular biology methods: 1 pL of the sample was placed in a 1.5 mL
centrifuge tube containing 100 pL PrepMan™ Ultra Sample Preparation
Reagent solution for DNA extraction. The sample was mixed by shaking at 30
Hz for 30 s, heated for 10 min at 100 °C. After heating, it was cooled for 2 min
at room temperature and centrifuged at 14,000 x g for 2 min. After centrifugation,
50 pL of the supernatant was transferred to a new 1.5 mL microcentrifuge tube.

Amplification and sequencing of the 16S rRNA gene

To obtain full-length 16S rRNA gene sequence, it was amplified in three
separate PCR reactions using the MicroSeq® Full Gene 16S rDNA Bacterial
Identification PCR kit. Rhizobia DNA was diluted 1:50 using nuclease free H;O.
7 uL of DNA was mixed with 7 uL MicroSEQ™ PCR solution. Three reactions
with three different PCR mixes (MM 1, MM 2, MM 3) were prepared per DNA
sample. Each PCR mix contained the appropriate primer pairs to amplify a
specific fragment of the 16S rRNA gene. Control samples — E. coli (positive
control) and nuclease free H,O (negative control) were also included in the
amplification. Amplification of DNA fragments (Table 2) was performed in a
PCR machine using the 9600-emulation mode.

The quality of the PCR product was checked using an agarose gel.
Samples in which the amplified DNA fragment was not detectable of flanking
areas could be observed, were not used for further analysis. The amplified PCR
product (5 pL) was purified by adding 1.5 puL of a mixture containing 0.5 pL
exonuclease (20-units pL1) and 1 pL alkaline phosphatase (1-unit pL), treated
at 37 °C for 15 min and 85 °C for 15 min. The sequencing reaction of the purified
PCR product was performed using the MicroSeq® Full Gene 16S rDNA
Bacterial Identification Sequencing Kit. This kit includes reagents for sequencing
three different fragments of 16S rRNA gene with both forward and reverse
primers. The reaction mixture was prepared according to the kit instructions. The
sequencing reaction (Table 3) was performed in a PCR machine using 9600-
emulation mode.

Sequencing PCR products were purified using MicroSEQ™ ID
Sequencing Clean-up Cartridges, following the manufacturer’s instructions.
Electrophoresis of these PCR products was performed using Sanger 3500 genetic
analyzer with capillary length 50 cm and polymer POP—7™. |n a 96-well plate,
10 pL of Hi-Di™ formamide and 10 pL of purified sequencing PCR sample were
added to each well.
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Analysis of 16S rRNA gene sequencing results

Sequencing results were analyzed using CLC Main Workbench 20.0.2.
program. All sequences were manually checked and corrected by comparing the
obtained chromatogram peaks with the nucleotides identified by the program. All
obtained 16S rRNA gene fragment sequences of one sample were assembled into
a single sequence that was used for strain identification as well as phylogenetic
analyses. The taxonomic affiliation of rhizobia strains was determined using
BLAST®, a publicly available NCBI GenBank standard nucleotide database
search engine. From the results of the database, the organism that showed the
closest sequence similarity to the strain under study was used. The taxonomic
affiliation of the genotypes was additionally checked using the open access
database SILVA.

Statistical analysis of 16S rRNA gene sequencing data

The full-length 16S rRNA gene sequences of all strains were analyzed by
multiple sequence alignment using CLC Main Workbench 20.0.2. (parameters:
gap open cost = 10.0; gap extension cost = 1.0; end gap cost = as any other;
alignment mode = very accurate). Reference strains were included in the
sequence alignment. For construction of the phylogenetic tree, strains with
identical sequences were excluded from the sequence alignment, leaving one
representative sample for each genotype. The phylogenetic tree was constructed
using the Neighbor Joining phylogenetic dendrogram construction method and
Kimura 80 nucleotide substitution model. To test the significance and the
evolutionary reliability of the phylogenetic tree, the bootstrap analysis method
was used in 1000 repetitions.

Conserved and hypervariable regions of the 16S rRNA gene

The hypervariable and conserved regions of the full-length 16S rRNA
gene were determined by calculating how often the most frequent nucleotide is
at a given position (bp) in a multiple sequence alignment of the studied rhizobia
strains:

frequency = “n;" , (&)

where:

a = occurrence of the nucleotide at the given position in the sequence
comparison;

k = maximum frequency index (=1);

n = total number of samples in the sequence alignment.
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Soil analysis

Soil samples were collected simultaneously with the isolation of new
rhizobia strains. These samples were stored in plastic bags, in a dry room, at room
temperature until analysis (up to three months).

Measurements of soil agrochemical indicators

Soil samples were analyzed using two different methods. Soil electrical
conductivity, pH, Na, K, NOs  and Ca were determined with Horiba LAQUAtwin
meters. dH,O was added to the soil sample in a ration 1:1 in a 50 mL centrifuge
tube, shaken and left at room temperature for 24h. Soil samples were centrifuged
and supernatant was used for analyses. 0.1 mL sample was used for the
measurement. Measurements were performed in three replicates.

The phosphate (P2Os) content in the soil was determined in the LBTU
laboratory of the Institute of Soil and Plant Sciences according to the Egner-
Reihm method (LV ST ZM 82-97).

Data processing of the results of soil agrochemical indicators

The results of the soil agrochemical indicator analysis were reviewed both
according to the host plants of the isolated rhizobia strains and according to the
identified genera of species of rhizobia strain. For data visualization, MS Excel
program Box and Whisker diagrams were used, showing the variability of data
within the given group. Statistical analyzes were performed in MS Excel with
open access XLSTAT plug-in. Pearson’s correlation analysis was used to
determine the closeness of the linear relationship between the investigated
characteristics: 0-0.299 = weak correlation; 0.3-0.699 = moderately close
correlation; 0.7-1.0 = close correlation. In order to determine the influence of
soil analysis indicators on each other, a principal component analysis was
performed by constructing a factor-loading graph of the soil agrochemical
indicators.
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RESULTS AND DISSCUSSION

Inventory of LBTU rhizobia strain collection

Inventory of LBTU historical collection of rhizobia bacteria and newly
isolated strains was carried out, obtaining rhizobia strain pure cultures with
collected available information about these strains. The rhizobia historical
collection contained 34 bacterial strains (Table 1). After the inventory, the
collection contains 46 historical strain pure cultures and 143 new bacterial
strains. In total, the renewed rhizobia collection contains 189 strains, isolated
from 1962-2019, from 14 different genera of legumes — 59 strains from faba
beans, 32 from soya, 23 from clover, 22 from peas and 15 strains from alfalfa.
From the remaining 10 genera, less than 10 strains from each host plant were
isolated. Rhizobia strains have been isolated from 15 different municipalities in
Latvia, as well as 3 territories outside Latvia.

Genetic identification of rhizobia strains

The full-length 16S rRNA gene was analyzed to determine the taxonomic
affiliation of rhizobia strains by amplifying it in three separate fragments. Each
fragment was sequenced using both forward and reverse primers. A total of 173
rhizobia strains were analyzed in 1038 sequencing reactions. 146 bacterial strains
showed qualitative chromatogram results. All identified strains showed
qualitative chromatogram results, and >99% sequence similarity with the
organism available in the database. Bacterial strains with identical sequences
were combined into one genotype, resulting in 62 unique genotypes. The
identified strains (Table 4) belong to four bacteria classes — a-, f-, y-
proteobacteria and Bacilli. Most of the identified samples (96 strains) belong to
a-, 15 strains to B-, and 28 strains to y-proteobacteria class. Seven identified
strains belong to Bacilli class. The sequences of all identified bacterial strains
were deposited in the NBCI GenBank database.

The taxonomic affiliation of all identified genotypes was checked with
the SILVA open access database. At the genus lever, 92% of genotype identities
matched in both databases. Of these, 76% showed identical results, 8% identified
at the genus level in GenBank are identified at the species level in the SILVA
database; 2% identified genera matched, but species identity differed. A different
taxonomic affiliation was determined for 8% of the genotypes (RhSPO5-
RhSP09). According to the GenBank data, these genotypes were identified as
Rhizobium, while according to SILVA — as Agrobacterium spp. Rhizobium and
Agrobacterium are known to be closely related genera that are often hard to
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distinguish. Therefore, when identifying taxonomic affiliation, phenotypic
features should also be considered, when collecting samples.

Conserved and hypervariable regions of the rhizobia 16S rRNA gene

This study determined the hypervariable and conserved regions of the 16S
rRNA gene by comparing the results between the three studied classes of
proteobacteria, as well as by comparing them with literature data (Fig. 3). The
closest match for the hypervariable regions is in the case of a-proteobacteria.
Sequence variability is observed less in B-proteobacteria; however, it is in the
same regions as mentioned in literature data. The variable regions of y-
proteobacteria often overlap with the conserved regions indicated in the
literature. So far, no information of this kind can be found in the literature about
the genetic differences in the variable regions of the 16S rRNA gene between
different genera of rhizobia. It would be risky to use specific variable regions of
16S rRNA gene when identifying rhizobia without knowing their class
affiliation, as well as considering the conflicting information in the literature on
this matter. These results confirm the importance of sequencing the full-length
16S rRNA gene for further from nodules isolated strain identification.

Diversity of rhizobia strains

Until now, only bacteria belonging to a-proteobacteria class, mostly
Rhizobium genus, have been considered as rhizobia in Latvia. In this study, for
the first time in Latvia, bacteria that belong to - and y-proteobacteria classes,
were isolated from legume nodules. The 16S rRNA gene sequences of the
representative strains of each genotype (62 in total) (Table 4) were used in the
phylogenetic analyses. Some of these genotypes are unique to individual strains,
while some combine several strains with identical 16S rRNA gene sequences. In
the phylogenetic tree, which includes the representative samples of all genotypes
(Fig. 4), as well as the reference strains, the genotypes are grouped into four
clusters. The genotypes of these samples were not grouped randomly, but
according to their taxonomic classification — a-proteobacteria, f-proteobacteria,
y-protecbacteria and Bacilli. Of the 96 identified bacterial strains belonging to
the a-proteobacteria class, 88 strains belong to Rhizobium genus — 43 of them
are R. leguminosarum and four R. gallicum, while the affiliation of the remaining
strains could only be identified at the genus level. Among the identified strains,
one is identified as Ensifer adhaerens, three Neorhizobium galegae, two
Mesorhizobium sp., one Azospirillum sp. and one Bradyrhizobium japonicum
strain. 14 identified bacterial strains belong to the B-proteobacteria class — seven
Paraburkholderia terricola, one P. caledonica, five Burkholderia sp. and one
Achromobacter sp. Of the 28 bacterial strains belonging to the y-proteobacteria
class, seven strains are members of the Enterobacter genus (of which three are
E. ludwigii and one E. asburiae), eight strains are members of Pseudomonas
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genus (of which one strain is identified as P. frederiksbergensis), six Rahnella
aquatilis; four Serratia plymuthica and three strains are identified as Pantoea
agglomerans. Seven identified strains belong to the Bacilli class, of which six
are Paenibacillus polymyxa and one Paenibacillus peoriae.

For in-depth genetic comparison of closely related bacterial strains,
phylogenetic trees were created for each class of proteobacteria. Alfa-
proteobacteria class strains form a dendrogram (Fig. 5) with 11 clusters.
Cluster | contain only two rhizobia strains — both isolated in year 2016,
identified as R. leguminosarum. Cluster Il includes three genotypes that
combine historical collections and newly isolated bacterial strains. This cluster
includes the numerically largest number of strains from the historical collection.
The branch lengths of the dendrogram are relatively larger between genotypes,
indicating greater evolutionary distance between strains in this cluster. The
RhSP05 genotype includes 16 Rhizobium sp. strains isolated from a wide range
of legumes isolated in 1973-2018. Genotype RhSP06 includes seven Rhizobium
sp. strains — three isolates of strain “407” from the historical collection (1972;
faba beans) and four isolated in 2016 (alfalfa, peas, lupine). RhSPO7, the
evolutionary most distant compared to other genotypes in this cluster, includes
13 genetically identical Rhizobium sp. strains, of which only two strains are
newly isolated (in 2016), and the remaining 11 are historical collection strains
(1963-2015). Cluster 111 includes two genotypes — RhSP04 and RhSPO03,
corresponding to two Rhizobium sp. bacteria strains (2016). Cluster 1V includes
one Ensifer adhaerens/Sinorhizobium sp. genotype corresponding to one strain
(2016; birdsfoot trefoil). Cluster V includes genotypes ASP01 and BhJO1, as
well as the Bradyrhizobium japonicum reference genotype. ASP01 corresponds
to the historical Azospirillum sp. strain “422a” (RM24502; 1971; alfalfa); BhJO1
includes one strain of B. japonicum (RSBASF/S) isolated in 2019 in a field trial
in which soya beans were treated with BASF’s HiStick® Soybean rhizobia
inoculum before sowing. Cluster VI includes two genotypes — MhSP01 and
MhSP02 (soya; 2018), as well as a Mesorhizobium loti reference strain. Cluster
VI includes the Neorhizobium galegae reference strain and the NhGO1
genotype, which combines three N. galegae strains (2016, 2018; galega). Cluster
IX includes two genotypes — RhGO1 and R. gallicum reference strain. The
RhGO1 genotype corresponds to four strains of R. gallicum (2016, 2018; clover,
lupine, soya). Cluster X genotype RhSPO1 corresponds to one rhizobia strain,
identified both as Rhizobium sp., Bradyrhizobium sp., and R. leguminosarum —
with equal sequence similarity of 99%. The RhSP02 genotype also corresponds
to a single sample that, although genetically distinct from RhSPO1, also identified
as Rhizobium sp., Bradyrhizobium sp., as well as R. leguminosarum with 99%
sequence similarity. Cluster XI combines genotypes — RhL01, RhL02, RhL03
and R. leguminosarum reference strain, all identified as R. leguminosarum.
RhLO1 is the most represented genotype in this study — including 31 strains
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(2016, 2018, 2019; peas, faba beans, meadow vetchling, birdsfoot trefoil,
common bean, alfalfa, vigna, clover and field restharrow). These rhizobia strains
were isolated from different areas in Latvia. Genotype RhL0O2 combines six
strains of R. leguminosarum bacteria. Unlike the RhL01 genotype, which covers
only newly isolated strains, RhLO2 includes both historical collection strains
(RP023Y, RP02301, RP023Z; 1964) and strains isolated in 2016. Genotype
RhLO3 corresponds to one R. leguminosarum bv. trifolii bacteria strain isolated
in 2016.

In the phylogenetic analysis, 14 strains of the B-proteobacteria class
form a dendrogram with 5 clusters (Fig. 6). These strains were isolated from soya
(8 strains), faba beans (5 strains) and alfalfa (1 strain) from 2016-2019. Cluster
I include genotype Pb03 (2018, 2019; host plant — soya). Cluster Il — P. nodosa
reference strain and genotype BSP07 (Burkholderia sp.). This strain RS2030/19
was isolated in 2019, in pot trials, where soya beans were treated with strain
RS2030, which in turn was identified as Mesorhizobium sp. Cluster 111 includes
the P. caledonica reference strain and genotype PbCO1 (P. caledonica; 2019;
faba beans). Cluster IV includes three genetically distinct genotypes, all
identified as Burkholderia sp. Cluster V corresponds to the P. terricola reference
strain and three P. terricola genotypes.

Bacterial strains identified as belonging to the y-proteobacteria class
form seven clusters in the phylogenetic tree (Fig. 7). A total of 28 bacterial strains
were identified as Enterobacter sp. (including. E. asburiae and E. ludwigii),
Pseudomonas sp. (including P. frederiksbergensis), Rahnella aquatillis, Serratia
plymuthica and Pantoea agglomerans. All the represented strains were isolated
from 2016-2019, from a wide range of host plants. The most frequently
represented host plant is soya. Cluster | include genotypes EAOL (E. asburiae)
and ESP03 (Enterobacter sp.) — each corresponding to one rhizobia strain (2019;
host plant — soya). Cluster 11 combines six different genotypes and includes the
reference strain Pseudomonas putida. Two sub-clusters can be distinguished
within this cluster, each comprising three closely related (but not identical)
genotypes. One sub-cluster combines genotypes PSP04 (Pseudomonas sp.; 2016,
2018; clover, soya), PSP02 (P. frederiksbergensis; 2018; melilot) and PSP01
(Pseudomonas sp.; 2018; alfalfa). The second sub-cluster includes genotypes
PSP05, PSP06 and PSPO7 — all identified as Pseudomonas sp. (2016; clover, cow
vetch, soya). Cluster 11l includes Rahnella aquatillis reference strain and
genotypes Ra02 (2018; peas, alfalfa) and Ra01 (2016, 2019; faba bean). Cluster
IV includes Serratia plymuthica reference strain and genotypes SrP04, SrP02
(2016; lupine) and SrP01 (2019; faba bean). Cluster V includes Pantoea
agglomerans reference strain and genotypes PnSP01 (2018, melilot) and PnAO1
(2019; soya). Cluster VI includes two genotypes of Enterobacter sp. — ESP01
and ESP02 (2019; soya). Cluster V11 — E. ludwigii reference strain and genotype
ESP04 (2019; soya).
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Until recently, only rhizobia bacteria belonging to the class a-
proteobacteria were considered as symbiotic bacterium that form nodules on
legume roots and fix nitrogen. In this study as well 65% of all identified strains
belong to the a-proteobacteria class. However, the total diversity of bacteria is
greater than initially expected — the identified bacteria strains belong to a-, - and
y-proteobacteria, as well as Bacilli classes (Table 4). A growing number of
studies quantifying the diversity of rhizobia are detecting diversity similar to that
identified in this study, indicating that the symbiotic relationship between
bacteria and legumes is a broader phenomenon than previously thought (Moulin
et al., 2001). The addition of strains of the B-proteobacteria class to the group of
rhizobia bacteria is a relatively new discovery (since early 2000s), compared to
more than hundred years of research on rhizobia bacteria.

Not only rhizobia, but also other endophytic bacteria are capable of
transforming atmospheric nitrogen into ammonia, as well as forming symbiotic
relationships with legumes. For example, Serratia sp. together with rhizobia
improve the ability to form nodules on legume roots, showing higher number of
nodules as well as increased size of nodules, improving the biomass and root
system of legumes (Naveed et al., 2015). Many of the bacteria also identified in
this study (Rhizobium, Bradyrhizobium, Burkholderia, Serratia, Rahnella
Paenibacillus, Pantoea, Enterobacter and Pseudomonas spp.) have shown
properties to improve plant growth and development by dissolving phosphorus
reserves in the soil (Timofeeva, Sedykh, 2022; Zineb et al., 2019). Due to the
diversity of bacteria (a-, -, y-proteobacteria, Bacilli), nodules can be considered
a unique ecological niche that gives “home” to a wide range of compatible
microorganisms, indicating that not only a-proteobacteria should be used in
legume seed inoculum, but it should also include bacterial strains from different
but mutually compatible classes of bacteria.

Changes in the diversity of rhizobia over time

It was tested whether among the strains included in this study isolated
from 19622019 diversity differences could be observed. The results for the class
a-proteobacteria do not show strong evidence for such differences in diversity.
Most of the clusters in the phylogenetic tree of a-proteobacteria were observed
to contain both historical strains and newly isolated strains. For example, cluster
Il of the a-proteobacteria class includes the most strains from the historical
collection, however, this cluster also includes newly isolated strains.
Nevertheless, there are some a-proteobacteria genotypes that correspond only to
the strains of historical collection, for example — RhSP09 and ASPO1.

All seven Paenibacillus sp. isolates are strains of the rhizobia historical
collection. On the other hand, none of the strains from the historical collection
were identified as belonging to the B- or y-proteobacteria class. The absence of
strains of these classes of proteobacteria in the historical collection could be
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related to the phenotypic characteristics of the bacteria. The media used in the
cultivation of the bacteria could also have a selective effect. The bacteria from
the historical collection were originally isolated and cultivated using white bean
and gray pea agar media rather than YMA media. These could be possible
reasons for the fact that bacterial strains isolated in Latvia in the period form
2016-2019, show greater diversity in all three classes — a-, B- and y-
proteobacteria.

Host plants and specificity of identified bacteria

In order to determine the specificity of the host plant and the identified
bacteria, the diversity of bacteria isolated from nodules of the specific host plant
was evaluated (Table 5). Number of bacterial strains isolated from faba beans
(Vicia faba) identified using molecular genetic methods: 35, of which 20 strains
were identified as Rhizobium sp. — 10 of which were genotype RhLO1 R.
leguminosarum strains, isolated in 2016-2019. One of the strains identified as R.
leguminosarum was identified with equal confidence as Bradyrhizobium sp. The
strains isolated from V. faba were also identified as Rahnella aquatilis (2 strains),
Serratia plymuthica (2 strains), Pantoea agglomerans (1 strain), Achromobacter
sp. (1 strain), Paenibacillus sp. (2 strains), Paraburkholderia sp. (2 strains) and
Burkholderia sp. (3 strains). All bacterial strains identified as Burkholderia sp.
were isolated from the same trial field. Bacterial strains that do not belong to the
a-protecbacteria class are strains isolated from 2016-2019. An exception is the
strain Paenibacillus polymyxa RV06902, isolated in 1970.

The number of bacterial strains isolated and identified form soya (Glycine
max): 26 (Table 5), of which 9 belong to a-proteobacteria class (Rhizobium sp.,
R. gallicum, Mesorhizobium sp., Bradyrhizobium japonicum) and seven belong
to B-proteobacteria class (Burkholderia sp., Paraburkholderia terricola). The
remaining 10 strains belong to the y-proteobacteria class (Pseudomonas sp.,
Pantoea agglomerans and Enterobacter sp.). The number of bacterial strains
isolated and identified from peas (Pisum sativum) is 18, of which 15 are
Rhizobium sp., two Rahnella aquatilis and one Paenibacillus peoriae. The
number of bacterial strains isolated and identified from clover (Trifolium sp.) —
17, of which 13 were identified as belonging to the genus Rhizobium. Relatively
many of these strains show identical 16S rRNA gene sequences. Three strains
were identified as Pseudomonas sp. (all genetically different), one — Serratia
plymuthica. The number of bacterial strains isolated and identified from alfalfa
(Medicago sp.) is 12, of which 7 are Rhizobium sp. The remaining strains were
identified as — Azospirillum sp., Paraburkholderia sp., Pseudomonas sp.,
Rahnella sp., Paenibacillus sp. — one strain from each genus. The number of
bacterial strains isolated and identified from cow vetch (Vicia cracca) — 5, of
which 4 are R. leguminosarum and one Pseudomonas sp. The number of bacterial
strains isolated and identified from common vetch (Vicia sativa) and meadow
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vetchling (Lathyrus pratensis) — 4 (2 from each) — all R. leguminosarum. The
number of bacterial strains isolated and identified from galega (Galega sp.) — 5,
of which two identified as Rhizobium sp. and three as Neorhizobium galegae.
Number of bacterial strains isolated and identified from lupins (Lupinus sp.) —
9, of which five are Rhizobium sp., one R. gallicum and one Serratia plymuthica.
The number of strains isolated and identified from birdfoot trefoil (Lotus sp.) —
4, of which 3 Rhizobium sp. and one Ensifer adhaerens/Sinorhizobium sp. Only
one strain isolated from vetch (Anthyllis sp.) has been identified using molecular
genetics methods — Rhizobium sp. The number of strains isolated and identified
from common beans (Phaseolus vulgaris) — 5, from which one is Rhizobium sp.,
two R. leguminosarum and two Paenibacillus polymyxa. The number of strains
isolated and identified from vigna (Vigna sp.) — 2, from which one is R.
leguminosarum and the other is Paenibacillus polymyxa. In the historical
rhizobia collection, there were no bacterial strains previously isolated from
melilot (Melilotus sp.). This study identified four strains — Rhizobium sp.,
Pantoea sp., Rahnella sp. and Pseudomonas sp. — one strain from each genus.
The bacterial strain isolated from the field restharrow (Ononis arvensis) was
identified as R. leguminosarum and belongs to the most extensive phylogenetic
group — RhLO1.

Bacterial strain and host plant specificity differ between clusters of a-
proteobacteria (Table 4; Fig. 5): Clusters Il un IX, identified as Rhizobium sp
and R. leguminosarum, isolated from the widest range of host plants, indicating
the low specificity of these host plants. The highest host plant specificity is
shown by strains from the following clusters of a-proteobacteria phylogenetic
tree: Cluster 1V (Sinorhizobium sp.; host plant Lotus sp.); Cluster VI
(Mesorhizobium sp.; Glycine max); Cluster VI1I (Neorhizobium galegae; Galega
sp.). In contrast, strains belonging to the B-proteobacteria class showed
relatively higher host plant specificity (Table 4; Fig. 6). Seven of the 14 strains
were isolated from Glycine max, six from Vicia faba and one from Medicago
sativa. In addition, soya was the only host plant for bacterial strains belonging to
clusters I and Il of B-proteobacterial phylogenetic tree, while faba bean was the
only host plant for strains in Cluster I11. Clusters VI and V showed lower host
plant specificity. Phylogenetic analyzes of y-proteobacteria did not show high
host plant specificity (Table 4; Fig. 7). It should be noted that greater genotypic
fragmentation was observed in this class of proteobacteria — most of the
genotypes included only one bacterial strain. However, all bacterial strains
identified as Enterobacter sp. were isolated from root nodules of Glycine max.
Other y-proteobacteria strains did not show such high host plant specificity.
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Distribution of identified rhizobia strains in Latvian soils

Diversity of bacteria isolated from legumes in various regions in Latvia

The collection was supplemented with new strains of rhizobia based on a
set of different considerations — rhizobia bacteria were isolated from existing trial
fields, mainly from faba beans, peas and soya. In addition, other legume species
were chosen in order to expand the diversity of rhizobia bacteria strains in the
collection, by isolating them from field trials, pot experiments, as well as other
production areas. The available legume field trials were located mostly in
Zemgale, Kurzeme and Latgale, therefore bacterial strains were mostly isolated
from these regions (Fig. 8).

Historical collection strains obtained from 1962-1973 were isolated in the
municipalities of Jelgava. Dobele and Talsi (Fig. 8). Strains isolated from 2006—
2015, mostly were isolated in field trials in Stende, but also in Jelgava, within
the experimental trials of the Institute of Soil and Plant Sciences, as well as from
field trials in Skriveri. The collection also contains rhizobia strains that were
isolated outside Latvia — in 1982 and 2008 strains isolated from galega root
nodules in Estonia, as well as strain “422a” (RM24502, RM24503, RM24505)
of the historical rhizobia collection, obtained in 1972 from the “Leningrad
Collection”. Strains RVLTSKR and RVLT60 were isolated in Lithuania in 2019
within the framework of collaborative research project.

Evaluating the distribution of the identified rhizobia strains according to
their affiliation to a specific class of proteobacteria, it can be observed that a-
proteobacteria were obtained in almost all sample collection sites (17 no 20),
while B-proteobacteria were identified in 7 out of 20 sampling sites. In these
deposit sites, p-proteobacteria were proportionally less abundant than
representatives of the other bacterial classes. Gamma-proteobacteria were
identified in 11 out of 20 sites. It should be noted that the number of samples
collected at the sampling sites is different, so the results should be evaluated in
the context of the host plant from which these bacteria have been isolated.

Soil abiotic conditions at the isolation sites of rhizobia bacteria
Environmental conditions affect not only the growth and development of
legumes, but also rhizobia bacteria, affecting nodule formation and nitrogen
fixation efficiency (O’Hara, 2001). This study analyzed soil samples collected
together with legume roots (2016-2019). The content of soil potassium, calcium,
nitrates, phosphates, sodium, pH, as well as soil electrical conductivity were
evaluated. Data were grouped by 1) host plants present in the soil sample and 2)
identified bacterial species/genera isolated from these host plants, analyzing and
comparing the variability of data within each of these groups. The smallest data
variability for potassium content can be observed in Lupinus sp. and Glycine
max samples (up to 40 mg kg?). The highest data variability of potassium is
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shown by Trifolium sp. samples (10-180 mg kg™). Evaluating the results
according to the identified bacteria, Burkholderia sp. samples show the smallest
data variability (7-23 mg kg™), the largest — Pseudomonas sp. samples (6-126
mg kg™). Overall, the results show insufficient (very low <50 or low 50-100 mg
kgl) potassium content in the soil. Calcium composition in soil samples,
analyzed by host plants, varied from 61-2700 mg kg?. The smallest data
variability can be observed in Lathyrus sp. (2033 and 2200 mg kg™). Evaluating
the results by the identified bacterial strains, the lowest calcium content (up to
1000 mg kg™?) was in the case of Burkholderia sp., Serratia plymuthica and
Rhizobium gallicum. The highest calcium result was shown by the soil sample
variant where Pseudomonas sp. strain was isolated from Trifolium sp. Sufficient
calcium content in the soil (>1000 mg kg?) was detected in 44.5% of soil
samples.

The amount of nitrate (NO3’) in the soil indicates the nitrogen available
to plants. Soil nitrate content varied from 1.8-56 mg kg™ (Fig. 9). 30% of
samples showed insufficient (<10 mg kg™?) nitrate content. Some of these
samples were collected in areas that are not used for agricultural purposes. More
than half of the strains isolated from legumes growing in these soils were
identified as belonging to the class of a-proteobacteria (Rhizobium gallicum R.
leguminosarum, Neorhizobium galegae). 49% of soil samples contained
satisfactory (10-20 mg kg™) and 20% of samples — sufficient (20-40 mg kg™)
nitrate content. When evaluating the results by host plants and identified bacteria
strains, data variability can be observed in all variants. The greatest data variation
is observed in Galega sp. and in variants of Neorhizobium galegae strains (4.5—
31.5 mg kgl), that were isolated from these host plants. Most strains of Glycine
max bacteria were isolated from nitrate deficient soils.

The average total amount of phosphorus in the soil, indicated in
literature, is 200-1500 mg kg* — most of it in a form that is not observed by
plants. Phosphate solubilizing microorganisms increase the bioavailability of the
insoluble soil phosphorus for plants (Alori, Glick, Babalola, 2017). In this study,
the amount of phosphate (P.Os) in soil samples varied from 33 mg-835 mg kg
(Fig. 10). The smallest data variability, according to identified bacterial strains,
can be observed in soil samples of Rhizobium gallicum and Serratia plymuthica
variants. The largest data variability is observed in Rhizobium sp. group. Certain
soil bacteria are able to dissolve soil phosphates, making phosphorus available
for the plant. Therefore, it is possible that in the samples where the bacteria
successfully dissolved soil phosphate, it was therefore available for to the plants,
thus a lower amount of it can be observed than in the samples where the bacteria
are not able to dissolve phosphates.

Analyzing the results according to the sample collection sites, one can
ascertain the phosphate solubilizing potential of individual strains. Samples
isolated in the field trials in Grobina Municipality in 2019 from faba beans, show
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differences in the amount of phosphate between samples. Samples RV19/P5,
RV19/P4 and RV19/P6 (Burkholderia sp., Paraburkholderia caledonica and
Rhizobium leguminosarum) show relatively low soil phosphate (34.50-49.83 mg
kg). However, the remaining identified samples in this field trial - RV19/KS5,
RV19/K12, RV19.3/5 and RV19/K10 (Burkholderia sp., Achromobacter sp.,
Rahnella aquatillis and Pantoea agglomerans), were isolated from soil samples
containing relatively higher amount of phosphate (192.50-419.00 mg kg™).

It has been observed that soil pH is the most important indicator for
determining the diversity of soil microorganisms. The highest diversity of
microorganisms can be observed in soils with neutral pH, while the lowest — in
soils with low (<4.5) or high (>8.0) pH (Lauber et al., 2009; Rousk et al., 2010).
The optimal pH, which is necessary not only for the growth of legumes, but also
for the establishment of an effective legume-rhizobia symbiosis is 6.0-7.0
(Somasegaran, Hoben, 1994). This is supported by the pH results (Fig. 11), as
most of strains were isolated from soils with pH 6.0-7.5, and none of the samples
had a pH of <4.5 or >8.0. The largest pH variation can be observed in Galega
sp., where samples were collected from soil with pH 4.8 and 7.8, and Vicia sp.
(pH 4.8-8.2). A large proportion of bacteria isolated from host plant roots from
soils with pH <6 was not successfully cultured, indicating pH as a limiting factor
for optimal growth of rhizobia bacteria. Certain bacterial strains (Rhizobium sp.,
R. leguminosarum and Neorhizobium galegae) were isolated from soils with low
pH. Therefore, for example, the bacterial strain RG00401 (N. galegae) could be
used in trials with Galega sp. in soils with low pH.

Soil electrical conductivity indicated the total amount of soluble salts in
the soil. All soil samples show electrical conductivity appropriate for legumes as
well as for rhizobia (150-3000 uS cm?), except for one sample isolated from no
Vicia faba and identified as R. leguminosarum (RVLT60). This strain could be
used in trials in soils with elevated total soluble salt content. Studies have
observed that resistance to salt stress can vary among strains within the same
genus (Amarger, Macheret, Laguerre, 1997). This is also shown by the data
variability of the obtained results within the genus or species level. The greatest
data variation can be observed for soil samples from which Pseudomonas sp.
strains were isolated.

In general, soil analyses do not indicate significant influence of any of the
analyzed parameters that would limit the diversity of rhizosphere bacteria.
Mostly, a large data variation is observed within a single bacterial genus or
species. Soil pH is the only factor with the least data variation. It is also shown
in literature that soil pH is the determining factor in the diversity of soil
microorganisms (Andrés et al., 2012; Lauber et al., 2009; Rousk et al., 2010).
The results of the soil agrochemical parameters indicate the potential of several
bacterial strains that could be used for soil phosphate solubilizing, however, the
characteristics of these bacterial strains need to be confirmed in further research.
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Correlative relationships of soil agrochemical indicators

Pearson’s correlation analysis was performed to determine the
interrelationships of soil agrochemical indicators. A close correlation was
observed between soil electrical conductivity and salinity, and between calcium
and soil salinity. No correlation was observed for rhizobia bacteria genotype with
soil agrochemical indicators. The influence of indicators on each other was
determined by principal component analysis and factor-loading analysis of the
indicator interrelationships (Fig. 12). The greatest influence on the main
components was observed for genotype, nitrate content, soil electrical
conductivity, soil salinity and soil calcium content. The closest relationship
between parameters can be detected between soil phosphate and the electrical
conductivity; soil salinity and soil potassium content; soil potassium and calcium
content. The factor-loading results do not show a significant influence of any of
the parameters on the rhizobia genotype. However, the effect of pH and nitrates
can be observed on the genotype, compared to the other investigated parameters.

Diversity, efficiency and potential application of rhizobia and
endophytic bacteria in legume inoculation

Results of previous studies of rhizobia in the context of the genetic analyses

Using the obtained results, the findings of previous studies can be
interpreted, where pure cultures of rhizobia strains from the LBTU rhizobia
collection have been used for legume seed inoculation. Relatively many rhizobia
strain efficiency studies have used strains RP023, RV407, RV408, RV501 and
RV505 for faba bean, soya, and pea seed inoculation. In this study, these strains
were identified as the respective genotypes: RhL02, RhSP06, RhSP07, RhSP05
and RhSP0O7. The results show that strains RV408 and RV505 are identical.
Strains RV501 as well as RV408 are also closely related. While RP023 genotype
RhLO2 is genetically the most distant (Fig. 5). In studies, RP023 and RV407
strains, which have significantly different full-length 16S rRNA gene sequences,
most often showed differences in efficiency (Dubova, Senberga, Alsina, 2015;
Dubova et al., 2015; Dubova, 2020; Senberga et al., 2017). Individual studies
(e.g., Dubova et al., 2016) have not observed differences in efficiency between
strains RV407 and RV505, which have been identified as closely related, based
on phylogenetic analysis.

Establishment of legume seed inoculum

The composition of the optimal legume seed inoculum should include 1)
a-proteobacteria rhizobia strain, according to the host plant; 2) B-proteobacteria
rhizobia strain; 3) endophytic bacteria strain (Table 6). The a-proteobacteria
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rhizobia strain is included in the legume seed inoculum mainly in order to form
legume root nodules, where other bacteria that are not classified as rhizobia could
integrate. The primary nitrogen-fixation is also performed by a-proteobacteria
strains. Beta-proteobacteria have also shown the ability to form nodules on
legume roots, as well as the ability to improve nitrogen-fixing capacity, by
inoculating plants together with a-protecbacteria strains (Shiraishi, Matsushita,
Hougetsu, 2010). Certain strains of -proteobacteria have also shown the ability
to solubilize soil phosphate. Supplementing the inoculum with endophytic
bacteria strains from the y-proteobacteria class would ensure the solubilization
of phosphate in the soil, improve nodule formation process, resulting in improved
growth and development of the host plant (Naveed et al., 2015; Shiraishi,
Matsushita, Hougetsu, 2010). Creating legume seed inoculum using a variety of
rhizobia bacteria and other endophytic bacterial strains increases the likelihood
of successful and effective symbiosis.

When planning to supplement legume seed inoculum with phosphate
solubilizing bacteria, it should be considered that the efficiency of this
solubilization, including the ability to dissolve different sources of phosphorus,
may differ between bacterial strains. These differences are based on the specific
organic compounds, such as lactates, oxalates, citrates, and gluconates, released
in the rhizosphere by the bacterial strains, that dissolve soil phosphates (Ibrahim
et al., 2022; Timofeeva, Sedykh, 2022). Legume seed inoculum combining not
only rhizobia strains that fix atmospheric nitrogen, but also bacterial strains that
solubilize phosphorus reserves in the rhizosphere, would be a valuable
contribution to sustainable agriculture. The use of such an inoculum, would
possibly limit not only the excessive use of mineral nitrogen fertilizers, but also
reduce the need for the use of chemical phosphorus fertilizers. As a result, having
a positive impact on the surrounding environment. The results of this study make
a significant contribution to the creation of such an inoculum by determining the
taxonomic affiliation and diversity of the strains isolation from legume nodules.
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CONCLUSIONS

As a result of the inventory, 46 rhizobia strains from the historical
collection were obtained, isolated from 1962—2015.

The Rhizobia Collection of LBTU Institute of Soil and Plant Sciences has
been supplemented with 142 new bacterial strains isolated from 2016—
2019. The renewed Rhizobia Collection contains 189 bacterial strains
isolated from 14 different legume genera.

The study confirmed that the full-length 16S rRNA gene is a suitable
marker for genetic identification and phylogenetic analysis of bacterial
pure cultures isolated from legume nodules. This marker is particularly
useful in studies where unknown rhizosphere bacteria are identified to
determine the diversity of these microorganisms. (Thesis 1)

The taxonomic affiliation of 146 bacterial strains was determined. This
study identified a wide range of bacteria within the collection: a-, - and
y-proteobacteria, as well as strains belonging to the Bacillus class. (Thesis
2)

Within the o-proteobacteria class, no significant differences in the
diversity of bacterial genotypes were observed between the historical
collection and the newly isolated strains. However, all identified strains
of B- and y-proteobacteria are newly isolated strains, isolated from 2016—
2019. Thus, in general, greater bacterial diversity can be observed among
newly isolated strains, compared to strains of the historical collection.
(Thesis 3)

Analyzing the distribution of identified rhizobia strains according to their
belonging to the proteobacteria class, it was observed that the diversity of
bacteria is not affected by the geographical location of sample collection,
but by the host plants from which the bacterial strains were isolated
(Thesis 4)

The only abiotic factor that significantly limits the diversity of rhizobia
strains is soil pH. The rest of the studied agrochemical indicators (soil
electrical conductivity, soil potassium, calcium, nitrate, and phosphate
content) showed a large data variation, both when evaluated by host plants
and by the isolated and identified bacteria. (Thesis 5)

When creating legume seed inoculum, one should follow the
recommendations developed in this work, including in the inoculum not
only host-plant-appropriate rhizobia strains from a-proteobacteria class
(for nodule formation and nitrogen fixation), but also strains from p- and
y-proteobacteria classes — for improved nitrogen fixation, as well as for
soil phosphate solubilization. (Thesis 6)
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