Latvijas Lauksaimniecibas universitate
Latvia University of Life Sciences and Technologies
Lauksaimniecibas fakultate
Faculty of Agriculture

O

Y

Mg. biol., Mg. agr. Laila Dubova
SIMBIOTISKO ASOCIACIJU IETEKME UZ PUPU
(VICIA FABA L.) PRODUKTIVITATI

INFLUENCE OF SYMBIOTIC ASSOCIATIONS ON YIELD
FORMATION OF BEANS (VICIA FABAL.)

Promocijas darba KOPSAVILKUMS
zinatnu doktora grada (Ph.D.) iegtiSanai
lauksaimniecibas un zivsaimniecibas zinatnes, mezzinatnes nozare

SUMMARY
of the Doctoral Thesis for the Scientific Degree (Ph.D.) in Field of
Agriculture and Fisheries Sciences, Forest science

Jelgava
2020



Darba zinatniska vaditaja / Scientific supervisor:  Dr.biol. Ina Alsina

Darba recenzenti / Reviewers:
Dr. agr. Sanita Zute
Dr. agr. llze Skrabule
Dr. biol. Biruta Bankina

Promocijas darba aizstaveéSana paredzéta Latvijas Lauksaimniecibas
universitates Lauksaimniecibas un zivsaimniecibas zinatnes, meZzinatnes ar
specializaciju “Lauksaimnieciba” atklataja sedé 2020. gada 29. decembrT plkst.
10.00, Latvijas Lauksaimniecibas universitaté, 123. auditorija, Liela iela 2,
Jelgava

The defence of Thesis will held in open session of the Promotion Board in
Field of Agriculture and Fisheries Sciences, Forest science with specialization
“Agriculture” on December 29", at 10.00 in room 123, Latvia University of
Life Sciences and Technologies, Liela Street 2, Jelgava.

Ar promocijas darbu un tad kopsavilkumu var iepazities Latvijas
Lauksaimniecibas universitates Fundamentalaja biblioteka, Liela icla 2, Jelgava.

The thesis and summary are available at the Fundamental Library of Latvia
University of Life sciences and Technologies, Liela Street 2, Jelgava.

Atsauksmes liidzu siitit Lauksaimniecibas un zivsaimniecibas zinatnes,
mezzinatnes ar specializaciju “Lauksaimnieciba” promocijas padomes
sekretarei Dr.sc.ing. Ingridai Augspolei, Liela iela 2, Jelgava, LV-3001.
References are welcome to be sent to Dr.sc.ing. Ingrida AugsSpole, the
Secretary of the Promotion Board in Field of Agriculture and Fisheries
Sciences, Forest science with specialization “Agriculture”, Latvia University of
Life Sciences and Technologies, Liela Street 2, Jelgava, LV-3001.

Darbs izstradats projekta:

. Enhancing of legumes growing in Europe through
@ sustainable cropping for protein supply for food and feed
EUROLEGUME
N 2014-2017 FP7 Research Project N2 61378

Tlgtsp&jigu paksaugu audzesanas tehnologiju izstrade un to izmanto$anas veicinasana
proteina nodro§inasanai Eiropa partikas un lopbaribas razo$ana.



Saturs
Contents

levads

Materiali un metodika
Pupu seklu inokulacija simbiotisko sistému efektivitates novertésanai
vegetacijas trauku un lauka izméginajumos 6
Augu vegetativo, biokimisko un razu veidojo$o parametru noteikSana 8
Modeleksperimenti simbiotiskas sisteémas efektivitates novertésanai 11

o

Saknu mikorizacijas pakapes novertésana 12
Datu statistiska apstrade 13
Rezultati 13
Guminbakteriju tirkultiiru aktivitates salidzinajums 13
Mikorizas sénu sastopamiba pupu saknu sist€éma 19
Augsnes mikrobiotas un inokulatu mijiedarbiba 24
Simbiotisko asociaciju izveido$anas ietekme uz pupu (Vicia faba L.)
augSanu un razu 27
Inokulacijas efekta novertéjuma kopsavilkums 41
Secinajumi 45
Promocijas darba aprobacija 72
Introduction 46
Materials and methods 48
Bean seed inoculation for evaluation of efficiency of symbiotic
systems in vegetation pots and field trials 48
Determination of vegetative, biochemical and yield-forming
parameters of plants 51
Model exsperiments 51
Evaluation of the degree of root mycorrhization 52
Statistical analysis of data 53
Results 53
Comparison of the activity of pure cultures of rhizobia 53
Incidence of mycorrhizal fungi in bean roots 57
Interaction of soil microbiota and inoculum 59
Influence of inoculation with rhizobia and mycorrhizal fungi on
bean (V. faba L.) growth and yield formation 61
Summary of results of inoculation experiments 69
Conclusions 71

Approbation of the scientific work 72



levads

Taurinziezi ir pasaulé plasi audzeti kultdraugi, kuri simbioz€ ar
mikroorganismiem saista atmosferas slapekli. Dazados pasaules regionos tos
audze atSkiriga apjoma. Art Latvija pakSaugu audzgSanas apjoms ir mainigs. To
ietekme ES direktivas, kas izvirza prasibas laukaugu s€jplatibu dazadoSanai, ka
arl izmainas audze8anas tehnologijas un produkcijas realiz€$anas iespgjas.
Aktualiz€jas arT nepiecieSsamiba dazadot pakSaugu pielictojuma jomas.
Vesturiski pupas parsvara audzgja ka proteina avotu lopbariba un tikai nelielos
apjomos darza pupas — cilveku uzturam. Paslaik pakSaugu pielietojums
paplasinas un attistas ar to parstrades jomas, lai uzlabotu iesp&jas paksaugu
produkciju vairak ieklaut cilvéka uztura. Taurinziezi, tai skaita pupas, aizvien
vairak tiek noverteti arl no vides kvalitates skatupunkta, jo to ieklausana augu
maina ne tikai samazina nepiecieSamo minerala slapekla patéripu un N>O
emisiju no augsnes, ko izraisa mikrobiologiskie procesi, bet ari uzlabo augsnes
struktiiru, un tas ir labs priekSaugs citiem kultiiraugiem.

Paksaugu labveliga ietekme uz dazadiem vides procesiem nebiitu iesp&jama
bez simbiotisko mikroorganismu starpniecibas, kuru aktivitati ietekmé
audzeSanas tehnologijas. Mainoties pupu audz€Sanas platibam, ka arl
audzeSanas tehnologijam un agroklimatiskajiem apstakliem, aktualizgjas
nepiecieSsamiba intensivak veikt pétijumus par pupu un mikroorganismu
mijiedarbibu. Lauksaimnieciba lieto aizvien modernakas un intensivakas
metodes, tau vienlaikus lauksaimnieciskajai razoSanai jaklast wvidei
draudzigakai, samazinot mineralméslojuma lietoSanu, bet ieklaujot biologiskos
komponentus. Janem véra kompleksa vides un cilvéka saimnieciskas darbibas
ietekme, jo kultiraugu raza ir atkariga ne tikai no genétiski noteiktajiem
ierobezojumiem un iespg&jam un atbilstosas agrotehnikas, bet ari no virknes
vides faktoru, kas ietekmge agrocenoze esoso organismu mijiedarbibu.

Promocijas darba aktualitate

Latvija guminbaktgrijas tiek petitas ilgstosa laika perioda, tomer p&tijumi

norit ar svarstigu intensitati. Turklat pétfjumu par mikorizas s€pu nozimi
agroekosistémas ir maz, bet guminbaktériju un mikorizas sénu mijiedarbiba
praktiski nav pétita. Tapec, intensificgjot paksaugu, tai skaitd pupu, audz&sanu,
janoverté iesp&jas paaugstinat to produktivitati ar videi draudzigiem
panémieniem — mikroorganismu asociacijam.
Izzinot mijiedarbibas mehanismus un tos ietekmgjosos faktorus, biitu iesp&jams
labak nodrosinat nepiecieSamos apstaklus kultiraugu augSanai agroekosisteéma,
lai iegitu ne tikai augstu, bet arT kvalitativu razu, vienlaikus nenodarot
kait&jumu videi.

Darba merkis

Izvertet simbiotisko asociaciju ietekmi uz pupu (Vicia faba L). razu un tas
kvalitati.



Darba uzdevumi

1. Izveértet LLU Augsnes un augu zinatpu institita guminbakteriju kolekcija
esoSo Rhizobium leguminosarum celmu piemérotibu efektivas simbiozes
nodrosinasanai pupam V. faba L.

2. Novertet pupu V. faba L. mikorizacijas pakapi inokul&tos un neinokulétos
s€jumos.

3. Skaidrot vides faktoru ietekmi uz simbiotisko asociaciju veido$anos un
efektivitati.

4. Novertet, vai pupu razas kvalitates paaugstinasanai ir lietderigi veikt seklu
dubultinokulaciju ar simbiotiskajiem mikroorganismiem.

Promocijas darba hipoteze
Izveidojoties atbilstosai un efektivai simbiotiskajai asociacijai starp pupam
un mikrosimbiontiem, iespgjams paaugstinat pupu razu un tas kvalitati.

Aizstavamas tézes

1. Guminbakteriju celmu efektivitate ir atSkiriga. Efektivitati ietekmé ne tikai
augsnes apstakli, bet arT kultiiraugs.

2. Augsné mikorizas sénu izplatiba nav viendabiga. Mikorizacijas pakape
atkariga no audz&ta kultirauga un vides apstakliem.

3. Vides apstakli nosaka fiziologisko procesu norisi auga, ka rezultata mainas
auga un rizosferas mikroorganismu mijiedarbiba. Auga, guminbakteriju un
mikorizas s€nu biokimiska mijiedarbiba nosaka simbiotiskas sistemas
veido$anas iesp&jamibu un efektivitati.

4. Efektiva simbiotiska asociacija starp pupam un mikrosimbiontiem labveligi
ietekm@ augu augSanu un rezultata iespgjams paaugstinat pupu razu un tas
kvalitati.

Pétijuma rezultatu aprobacija.

Par §1 pétfjuma rezultatiem sagatavotas 8 publikacijas, kuras indeks&tas
Scopus vai Web of Science datubazes, 3 publikacijas konferencu rakstu
krajumos. Sniegti 6 mutiskie un 8 stenda zinojumi zinatniskas konferences.



Materiali un metodika

Promocijas darbs izstradats laika perioda no 2014. lidz 2017. gadam.
Izm&ginajumos par guminbakteriju efektivitati un dubultinokulacijas ietekmi uz
razas veidoSanos ieklautas vairakas Skirnes:

— sikseéklu pupu Vicia faba var. minor Skirnes ‘Lielplatones’, ‘Fuego’,
‘Boxer’, ‘Albus’, ‘Laura’, ‘Alexia’;

— rupjseklu pupu Vicia faba var. major kirnes ‘Karmazyn’ un ‘Bartek’.
Izm&ginajumi iekartoti vegetacijas traukos kontrol&tos apstaklos un lauka

izmégindjumos. Temperatliras ietekmes noveértéSanai simbiozes veidoSanas

procesa iekartoti izméginajumi kontrolétos apstaklos fitokamera un siltumnica.

Pupu séklu inokulacija simbiotisko sistému efektivitates novertesanai
vegetacijas trauku un lauka izméginajumos

Guminbaktériju Rhizobium leguminosarum L. celmu un mikorizas
efektivitate noverteta vegetacijas trauku un lauka izméginajumos.

Visi lietoto guminbaktériju celmi — RP003, RP023, RP110, RV407, RV505
nemti no LLU Augsnes un augu zinatnu institiita kolekcijas. Izméginajumi sakti
ar atseviSkiem guminbaktériju celmiem vai to kombinaciju ar mikorizas s€ném,
bet 2016. un 2017. gada turpinati ar guminbakteriju celmu asociacijam:

R — RP023 un RV407 baktériju celmu asociacija,

R1 - RP003, RP023 baktériju celmu asociacijas,

R2 — RV407, RV505 bakteriju celmu asociacijas.

Seklu inokulésana ar guminbakterijam veikta pirms s€jas. Lauka un
vegetacijas trauku izmEgindgjumos nesterilizétas s€klas 30 min. mercétas
guminbaktériju suspensija ar mikroorganismu koncentraciju 10® §inu 1 mL.
Lauka izmé&ginajumiem (LI2016_A, LI2017) pirms s€jas s€klas apzavétas, lai
varetu set ar sejmasinu.

Mikorizas sénu preparats sanemts no Cehijas firmas Symbiom® un satur tris
mikorizas sénu sugas — Glomus claroideum, G. intraradices un G. mosseae.
Novértéta mikorizas sénu ietekme uz pupu (V. faba L.) un guminbaktériju
simbiozes efektivitati, ka ari razas veido$anos un tas kvalitati.

Mikorizas sénu preparats iestradats augsné vienlaikus ar s€u gan
vegetacijas trauku, gan lauka izm&gindjumos. Preparata deva 45 g m2,

Izm@ginajumos ieklauti gan varianti, kuros s€klas apstradatas tikai ar
mikorizas preparatu, gan varianti ar dubultinokulaciju.

Vegetacijas traukos izméginajumi iekartoti LLU Augsnes un augu zinatgu
institita teritorija. Katru gadu izméginajumi iekartoti 8 (astonos) atkartojumos,
no kuriem cetri analizeti augu ziedeSanas faze, bet Cetros pupas audzetas lidz
razai. Katra 5 litru vegetacijas trauka s€ja 6 seklas. P&c seklu sadigSanas katra
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vegetacijas trauka atstatas 5 pupas. Augsne izmé&gindjumam nemta no lauka,
kur ieprieks nav bijusi izm€ginajumi ar guminbaktérijam. Vegetacijas trauki
novietoti lauka apstaklos uz koka paliktpiem. Augi 1-3 reizes diennakti
automatiski laistiti ar tidensvada tideni, mainot laistiSanas rezZimu atkariba no
auga attistibas fazes un meteorologiskajiem apstakliem. Viena laistiSanas reizg
dodot 200-450 mL tidens uz m?.

2014. gada izmEginajumi iekartoti 2. maija, 2015. gada — 13. maija,
2016. gada — 3. maija un 13. maija, bet 2017. gada — 2. maija.
Razas uzskaitei augi novakti septembri.
Vegetacijas traukos pildita substrata granulometriskais sastavs:

2014.un 2015. gada — smil$mals (loam);

2016. gada — viegls mals (clay loam);

2017. gada — malsmilts (loamy sand).

Lauka izm&ginajumi

2014. gada

L12014_A — izméginajums iekartots Kemeros, piemajas saimnieciba. Audzgtas
divas Skirnes: ‘Bartek’ un ‘Karmazyn’. Pupas sétas divrindu sgja cetros
atkartojumos. Varianti izkartoti randomizeti. Katra rinda iesétas 10 s€klas.
Starp lauciniem atstata 50 cm izolacijas zona. Papildméslojums nav dots.
LI12014 B - izm&ginajums iekartots piemajas saimnieciba Olaines novada.
Audzetas divas Skirnes: ‘Bartek’ un ‘Karmazyn’. Pupas s€tas divrindu sgja
Cetros atkartojumos. Varianti izkartoti randomizeti. Katra rinda iesétas 10
s€klas. Starp lauciniem atstata 50 cm izolacijas zona. Papildméslojums nav
dots.

LI2014_C - izm&ginajums iekartots Jelgava, LLU Augsnes un augu zinatnu
institlita teritorija. Pupas sé€tas divrindu s&ja Cetros atkartojumos. Varianti
izkartoti randomizéti. Katra rinda iesétas 10 s€klas. Starp variantiem 1 m
izolacijas zona. [zolacijas zona ieséti ziemas kviesi. Audz&tas pupas ‘Bartek’.
2015. gada

L12015_A — izm&ginajums iekartots Jelgava, LLU Augsnes un augu zinatnu
institlita teritorija 30. aprili. S&ts trisrindu s&ja, starp rindam 20 cm. Katra
laucina garums 1 m. Izméginajums Cetros atkartojumos. Starp variantiem un
atkartojumiem 1 m izolacijas zona, kura bija ieséti ziemas kvieSi. Audzgtas
Cetras Skirnes: ‘Lielplatone’, ‘Fuego’, ‘Bartek’ un * Karmazyn’.

L12015_B - izméginajums iekartots Jaunjelgavas novada Seces pagasta. Pupas
iesétas 24. aprili. 50 digtsp&jigas seklas uz m? Katra laucina lielums 1 m?
izméginajums iekartots Cetros atkartojumos. Audzetas Skirnes ‘Boxer’ un
‘Fuego’.

L12015_C - izm&ginajums iekartots zemnieku saimnieciba Vaidavas pagasta.
Pupas setas ar s€jmasinu. Katrs variants Cetros atkartojumos, viena atkartojuma
lielums 4x48 m. Audzetas Skirnes ‘Alexia’, ‘Albus’, ‘Laura’, ‘Boxer’, ‘Fuego’.
ITesetas 11. aprilt.
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2016. gada

LI12016_A — izméginajums iekartots LLU Macibu un pétjjumu saimnieciba
“Péterlauki” 2. maija.. Laucipu lieclums 7x1.5 m. Izm&ginajums cetros
atkartojumos. Pupas s€tas ar s€jmasinu. Izs€jas norma $kirnei ‘Lielplatone’ un
‘Fuego’ 45 seklas uz m?.

LI12016_B - Pares DI iekartotaja izm&ginajuma ar diviem darza pupu
genotipiem analizéta mikorizacijas ietekme. IzmEginajums iekartots cetros
atkartojumos.

2017. gada

LI12017 — izméginajums &etros atkartojumos. Laucinu lielums 9x2 m. Pupas
s€tas ar s§jmasinu. Izs€jas norma Skirnei ‘Lielplatone’ un Skirnei ‘Fuego’ 45
seéklas uz m? Kad pupam bija pirma ista lapa, izm&ginajuma variantos ar
papildus slapekla méslojumu (kontrole (KN) un mikorizas (MN) variants) dots
amonija nitrats ar devu N 10 kg ha™.

Izméginajumi iekartoti vairakas vietas, lai parbauditu guminbaktériju celmu
efektivitati atSkirigas augsn€s. Izmégindjumu vietas vismaz 10 gadus nav
audzgti ar guminbakterijam inokuléti paksaugi.

Augu vegetativo, biokimisko un razu veidojoso parametru noteik§ana

Vegetacijas trauku un lauka izmEginajumos augu vegetativie parametri
pirmoreiz meériti ziedéSanas fazé un atkartoti — pirms razas novaksSanas.
Atbilstosi BBCH decimalo kodu skalai pirma augu analizéSana veikta, kad
augu bija sasniegusi 60.—72. attistibas stadiju, bet otra — gatavibas faze (AS 85—
88). Augu un augsnes analizém lietotas metodes apkopotas 1. tabula.

1. tabula / Table 1
Darba analizétie parametri un lietotas metodes /
Parameters analyzed in the work and used methods

Anahz_citals Analizétais parametrs / Pa_r ar_netra Metode un/vai iekarta /
materials / vertiba / , . ,
) Parameters Method'’s / equipment’s
Materials Value
Auga garums / cm -
S o plant lenght
T8 Auga masa / plant g -
% 2 weight
EE Sausne / Dry weight | Mg g™ 60 °C
= = =
S Udens aiztures sp&ja/ | Zaudgtais Arlanda metode/ Arland’s
e Water retention tdens / losed method
capacity water, %




1.tabulas turpinajums / continuation of the Table 1

Analizgtais Analizgtais Parametra Metode un /vai Iekarta /
materials / parametrs/ vértiba / Method’s / equi p
Materials Parameters Value cthod s equipment s
Hlorofila
daudzums
3;:;;;;25/ At Leaf hlorofilametrs /
Pigmentu daudzums chlorophyll Chorophyll meter At Leaf
lapas / amount in
content of pigments units
Z mg g* spektrofotometrs
5 Schimadzu UV1800
g Ispectrophotometer
= Schimadzu UV1800
o] Hlorofila Hlorofila fluorometrs
e fluorescence / Pl FV/EM 0S5p+ (Opti-Science-™P)
= chlorophyll’s ' / Chlorophill fluorometer
5 fluorescence 0S5p+ (Opti-Science-™P)
g 100 guminu masa / g
g weight of 100 nodules
2 100 guminu sausna/ | mg g+ Tampakaki et al., 2014
dry weight of 100
nodules
ug formazana
Dehidrogenazu gL sausnes /
aktivitate guminos /| g formazane | Kaimi et al. 2007
activity of g of dry
dehydrogenases matter
= flavonoidu
£ kvalitativais saturs / | - HPLC
[SRE content of flavonoids
> -:5(
1§ & ng kvercetina
2 § flavonoidu ekvivalentu
z® kvantitativais saturs / | (QE) mL Robaszkiewiewizc et al.
= composition of Skiduma / ug (2010)
n flavonoids

quercetine in
mL solution




1.tabulas turpinajums / continuation of the Table 1

Analizetais
materials /
Materials

Analizgtais parametrs /
Parameters

Parametra vértiba/
Value

Metode
un/vai
iekarta /
Method’s/
equipment’s

mikorizas sénu sastopamiba saknu

Augsne / soil

of dehydrogenases

sistéma / Frequency of mycorrhiza | F%
in the root system
o mikorizas kolonizacijas intensitate
8 saknu sistéma / Intensity of MY% Trouvelot et
= mycorrhizal colonization in the al. (1986)
£ root system
S arbuskulu daudzums saknu sistema
o / Arbuscules abundance in the root | A%
P system
'z kopproteina saturs lakstos un seklas Kjeldala
2 / content of protein in shoots and % metode /
g seeds Kjeldal, s
=
B method
< pakstu skaits / number of pods gab -
pakstu masa / weight of pods g -
100 séklu masa / 100 seeds weight g -
1 Microbiological
Elposanas intensitate / intensity of | ™9 Cozhg_l /sausas Methods for
respiration augsnes ' / mg CO \scessing Soil
p 1 dry matter h ssing
9 Quality, 2005
Dehidrogenazu aktivitate / activity | ug formazana 100g’ Kaimi et al. 200

sausas

Mikroorganismu biomasa /
biomass of microorganisms

Mg Chikroorg. kgl
sausas augsnes / mg
Cmicroorg. kg1 dry soi

LVS ISO 14240
1:1997

Kopégjais bakteriju skaits/
number of bacteria

Mikroskopisko sénu skaits /
number of fungi

Guminbaktériju skaits /
number of Rhizobia

Peptona barotne
Nutrient media
(Scharlau ™)

kvv g sausas augsne
cfu g dry soil

Capeka
barotne /
Czapec media
(Scharlau ™)

Rauga-
mannita
barotne /
Yeast-
mannitol

media
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Modeleksperimenti simbiotiskas sistémas efektivitates novértesanai

Modeleksperimenti (ME) atkariba no p&tama parametra iekartoti siltumnica
vai fitokamera kontrolétos apstaklos.

Temperatiras un mikrosimbiontu ietekme uz flavonoidu sintezi
digstosas pupu seklas (ME_A). Izméginajums iekartots Petri platés, diedzgjot
s€klas tumsa Cetros temperatiiras rezZimos: 4, 8, 12 un 20 °C. Seklu inokulésana
veikta ar vairakam simbiontu kombinacijam: 1) guminbakteriju celmu RP023
un RV407 maisijums (R), 2) mikorizas sénu preparats (M), 3) dubultinokulacija
(RM). Kontroles varianta seklas diedz&tas tdeni. Katrs variants cetros
atkartojumos. Analizets flavonoidu kvalitativais un kvantitativais sastavs seklu
eksudatu skiduma.

Dala no otra izméginajuma sadiguS$ajam séklam izmantotas turpmakaja
izm&ginajuma siltumnica.

Temperatiiras un mikrosimbiontu ietekme uz pupu séklu dig§anu un
augSanu (ME_B). Eksperiments iekartots divas dalas.

Pirmais izméginajums vegetacijas traukos iekartots fitokamera ar gaisa
temperaturu:

pirmas 28 dienas nakti +5 °C, diena + 15 °C;

29.-36. diena naktt +7 °C, diena + 17 °C;

37.-40. diena naktt +10 °C, diena + 20 °C;

no 41 dienas lidz izm&ginajuma beigam nakti +12 °C, diena + 20 °C.

Pupas audzgtas sterila vermikulita 1 litra vegetacijas traukos, s€jot 2 seklas
katra trauka, sedos atkartojumos. Skirnes: ‘Fuego’ un ‘Karmazyn’.

Analizéta augu augSana un biokimiskie parametri saknés un augu vegetativaja
dala.

Otrais izméginajums iekartots (19.01.18.) siltumnica, turpinot
temperatiiras ietekmes noveértéSanu digSanas laika. Digsti no Petri plateém
iestaditi 3 litru vegetacijas traukos sterila vermikulita. AugSanas laika augi
laistiti ar baribas §kidumu. Baribas $kidums gatavots no Kristalona-3 (N-P2Os-
K20 6-24-36), to skidinot 1.5 g destiléta tideni. Audz&ti 7 ned€las, lidz paradas
ziedpumpuri (AS 50-55).

Augus novacot, mérits dzinuma garums un masa, lapu skaits, saknes masa,
guminu skaits un masa, ka ari dzinuma saknes un guminu sausne.

Inokulacijas ietekmes novértesanai uz pecaugu iekartoti divi (ME_C un
ME_D) vegetacijas trauku izméginajumi siltumnica.

Pirmais izméginajums siltumnica (ME_C) iekartots ar pupam vegetacijas
traukos péc vienadas shémas divus gadus. Pirmoreiz izméginajums iekartots
2014. gada rudeni vegetacijas traukos (7 varianti piecos atkartojumos), kur
iepriek§ augusas pupas, otro reizi — 2017. gada pavasari vegetacijas traukos
(septini varianti tris atkartojumos), kur 2016. gada vegetacijas perioda bija
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augu$as pupas. lzméginajumi siltumnica beigti augu ziedéSanas faze. Pirmaja
gada audzeta Skirne ‘Bartek’. Otraja gada audzéta Skirne ‘Lielplatone’.

Otrais izméginajums siltumnica (ME_D) iekartots ar sipoliem, audzgjot
tos péc rupjséklu pupam ‘Bartek’. Izméginajums péc vienadas shémas veikts
divus gadus. Pirmoreiz izm&ginajums ar sipoliem iekartots 2015. gada februari,
otro reizi — 2016. gada aprili, vegetacijas traukos bija augusas inokulétas pupas.
legiitie rezultati apkopoti publikacija (Dubova, L., Senberga, A., Alsina, L.
Inoculated broad beans (Vicia Faba) as a precrop for spring onions (Allium
cepa). (2017). Research for Rural Development, Vol. 2, p. 33-39) un $aja
darba sikak nav analizgti.

Saknu mikorizacijas pakapes novértéSana

Mikorizas sénu sastopamibas novértéSanai saknes péc augu izrakSanas
noskalotas un turpmakajam analiz€ém savakti 1-3 cm gari paraugi no saknu
galiem. Savaktie saknu paraugi attiriti un sagatavoti krasoSanai, karsgjot 10%
KOH skiduma 90 °C temperatiira 15-30 miniites. Saknes noskalotas un
krasotas ar 5% melnas tintes (Parker Pen Company, Newhaven, UK) skidumu
8% etikskabé (Brundrett et al., 1996; Vierheilig et al., 1998) 5 minttes 90 °C
temperatiira. Nokrasotas saknes skalotas 2% salsskabes Skiduma 15-25 minites
un sagatavotas mikroskop€Sanai vai uzglabatas glicerina, pienskabes un
destiléta idens maisijuma (1:1:1). Mikroskopé&ti 1 cm gari saknu fragmenti ar
10x palielinagjuma objektivu, Kkatru saknes fragmentu apskatot seSos
redzeslaukos. Katram izm@ginagjuma variantam mikroskopéti 30 saknu
fragmenti (180 redzeslauki). Saknu fragmentos novértéta mikorizas sénu
struktliru sastopamiba, un atbilsto§i novértg§jumam péc datorprogrammas
MYCOCALC formulam izrékinata mikorizas frekvence jeb sénu struktiiru
sastopamiba saknu sisttma (F%), mikorizas kolonizacijas intensitate saknu
fragmentos (m%), mikorizas intensitate saknu sisttma (M%), arbuskulu
sastopamiba pétitajos paraugos (a%) un arbuskulu daudzums visa saknu
sistema (A%).

Augsnes mikroorganismu skaita un aktivitates noveérteSanai augsne
ievakta pupu ziedesanas laika un vegetacijas perioda beigas vienlaikus ar augu
analiz€m. L1dz analiz€ém augsne uzglabata +4 °C temperatiira.

Mikroorganismu skaits rekinats ka vidgja sverta vertiba no diviem secigiem
atskaidijumiem (katrs trTs atkartojumos).

Visas augsnes mikrobiologiskas analizes un mikrobiologiskas aktivitates
analizé izteiktas uz sausas augsnes masas vienibu. Augsne Zavéta 105 °C
temperatiira 24 stundas.
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Datu statistiska analize

Inokulacijas variantu un vegetativo parametru sakaribu batiskuma
noveértesanai lietota datu matematiska apstrade un izmantotas divu un trTs
faktoru dispersijas analizes (ANOVA). Rezultati uzskatiti par butiski
atSkirigiem, ja p<0.05. Grafikos kltidu stabini parada mazako biitisko starpibu
(RS).

Korelaciju analize un faktoru analize SPSS programma lietota, lai novertétu
sakaribas, starp simbiozes veidoSanads intensitati, mikorizacijas frekvenci,
arbuskulu veidoSanas intensitati pupu saknu sistéma un auga vegetativajiem
parametriem.

Inokulacijas varianta efekts uz pupu vegetativajiem parametriem un razu,
salidzinot pret kontroli, raksturots ar koeficientu robezas no -1 Iidz 1 un att€lots
krasu kartes grafika. Koeficientiem atbilsto$as krasas redzamas 1. attéla.

ISR 06 04 0z o [0z o2 (oo i

1. att. Krasu kartes skala / Fig. 1. Colour chart scale
Kontrolei krasu kart€ atbilst 0 /
Control in the colour map corresponds to 0

REZULTATI

Guminbakteriju tirkultiiru aktivitates salidzinajums

Guminbaktériju ~ celmi  izmégindgjumu  iekartoSanai no  LLU
Lauksaimniecibas fakultates guminbaktériju kolekcijas izveleti, vadoties péc
iepriek§€ja guminbaktériju pétijjumu perioda datiem 20. gadsimta otraja pusg.
Saja laika nozimigako datu apjomu par pupu guminbaktériju sastopamibu un
efektivitati Latvijas augsnés bija ieguvis prof. V. Klasens. Tomér, mainoties
audz€to pupu Skirn€m, Dpielietotajiem agrotehniskajiem panémieniem un
klimatiskajiem apstakliem, petjumi par guminbaktériju un pakSaugu
mijiedarbibu un efektivu simbiozi, joprojam nav zaudgjusi savu aktualitati ne
tikai Latvija, bet arT pasaulé. Vairak uzmanibas tiek veltits biokimiskajiem
faktoriem, kas nosaka simbiozes veidoSanos, vértgjot gan mikroorganismu, gan
saimniekaugu lomu mijiedarbibas veidosana

Guminbakteriju efektivitate, reducgjot molekularo slapekli Iidz amonija
jonam, ir atkariga no pilnvertigas enzimatiskas darbibas $inas. Simbiozes
veidoSanas ir energoietilpigs process, tapec trikarbonskabju cikla aktivitati
saistita ar simbiotisko efektivitati. Dazadu biokimisko procesu norises
intensitate ir viens no veidiem, ka novertét guminbakteriju aktivitati un
efektivitati. Dehidrogenazes piedalas virkné biokimisko reakciju, kas notiek
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guminos, tapec ta ir viena no enzimu grupam, kura raksturo procesu intensitati
gumina.

Atskiriga dehidrogenazu aktivitate konstateta art LLU LF guminbakt€riju
kolekcija esoSajam bakteriju celmu tirkultiram (2. att.). Dehidrogenazu
aktivitate bakteriju suspensija salidzinata 48 h p&c parsésanas jauna barotné.

il

RP110 RV407 RV505 RP301 RP023 RV501 RV408 RV0101

HgINTF ml-1

2. att. Dehidrogenazu aktivitate baktériju tirkultiiru suspensija /
Fig. 2. Dehydrogenase activity in pure bacterial culture suspension
(--- vidgja aktivitate / average activity)

Guminbaktériju celmiem RP101, RV407 dehidrogenazu aktivitate bija
zemaka par vidgjo vertibu. Aktivu enzimatisko darbibu guminos saista ar
efektivaku molekulara slapekla reducésanu un, reducéta slapekla savienojumu
transportu no guminiem uz saimniekaugu.

Guminbakteriju celmu aktivitate parbaudita uz augiem, audzgjot inokul&tas
s€klas sterila smilti. Salidzinot izveidoto guminu lielumu, nevargja konstatet
cieSu korelaciju ar tirkultiru dehidrogenazu aktivitati. Visi parbauditie
guminbaktériju celmi uz pupu sakném neveidoja vienlidz lielus guminus.
Mazakie bija ar RV501 un RP023, 100 guminu masa attiecigi 3.02 un 3.44 g.
Kaut ari RP023 V. Klasena (1967) disertacija bija minéts ka viens no
efektivakajiem. 100 guminu masas at$kiriba starp baktériju celmiem bija
izteiktaka neka dehidrogenazu aktivitate. Nosakot korelaciju starp
dehidrogenazu aktivitati un guminu masu, konstateta vid€ji cieSa Iidz ciesa
korelacija. Korelacijas koeficients bija robezas no 0.50 lidz 0.99. Nevar
viennozimigi apgalvot, ka ar guminbakteriju celmiem lielakajos guminos biis
augstaka dehidrogenazu aktivitate. Guminbakteriju celms RV505, kuram bija
augstaka dehidrogenazu aktivitate, veidoja vidgji lielus guminus (100 gumini
4.97 g), bet lielakie gumini bija celmam RP110 (7.44 g).

Guminbaktériju celmu salidzinaSana turpinata nesterilos apstaklos.
Guminbakteriju celmu RP023, RV301, RV407 un RVS501 simbiozes
veido$anas un guminu parametri salidzinati arT vegetacijas trauku
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izméginajuma siltumnica kontrol&tos apstaklos pupam ‘Bartek’. Pupas audz&tas
siltumnica vegetacijas traukos, lidz sak veidoties ziedpumpuri. Nosakot 100
guminu masu, guminu sausni un dehidrogenazu aktivitati, konstatets, ka
liclakas atSkiribas pastav starp izveidoto 100 guminu masu. Lielakos guminus
izveidoja celms RP023 (8.98 g), bet mazakie izveidotie gumini bija celmam
RV407 (2.52 g). Sausnes saturs svarstijas no 20.1% lidz 21.4%. Augstaka

dehidrogenazes aktivitate (DHA) bija celmam RV501 (16.1 pg INTF mL - 1).
Vidgji cieSa korelacija (r=0.69 > rgoseo = 0.25) starp guminu masu un
dehidrogenazu aktivitati.

Guminbaktérijas RP407 visos izmégindgjumos neuzradija vislabakos
rezultatus, bet bija starp labakajiem, kuri izdaliti no guminiem uz pupu sakn€m,
tap€c vairuma gadijumu §is celms tika izmantots pupu s€klu inokul$ana.

Salidzinot guminu veido$anos vegetacijas trauku un lauka izméginajumos,
noskaidrots, ka simbiozes veidoSanas un optimala norise ir atkariga no izveleta
bakteriju celma, pupu skirnes un augsnes kompleksas iedarbibas. Ka iemesls
var biit ne tikai augsnes Tpasibas, bet arT augsn€ dabigi eso$a mikroorganismu
populacija un guminbaktériju konkurétspégja.

Guminu masa un dehidrogenazu aktivitate guminos novértéta ari lauka
izm&gindjumos vairakam pupu $kirném (‘Laura’, ‘Fanfare,” ‘Boxer’, ‘Isabell’,
‘Taifun’, ‘Vertigo’, ‘Fuego’), kuras inokultas ar guminbakterijam RV407.

Vidgji ciesa korelacija bija starp guminu masu un dehidrogenazu aktivitati.
Korelacijas koeficienta kritiska vértiba 2015. gada inokul&tajiem augiem bija
r =0.85 > rpos.160 = 0.16, bet neinokulétajiem r =0.68 > rpos,160 = 0.16. Savukart
2016. gada inokulGtajiem augiem bija r=0.75 > roos70 = 0.23, bet
neinokul@tajiem r=0.62 > rq05 70 = 0.23.

Efektivas simbiozes gadijuma auga var sintez€ties vairak proteina.
Analizetajam lauka pupu Skirném atkariba no inokulata varianta bija atskirigs
proteina daudzums lakstos. Starp analizétajam pupu Skirném proteina saturs
butiski neat$kiras, bet tas atSkiras starp inokul€tajiem un neinokul&tajiem
variantiem (3. att.). Btiski lielaks proteina saturs bija inokulétajiem augiem no
Skirném ‘Laura’ un ‘Fanfare’ (RS0.05 =1.72). Inokulétajiem augiem no §Tm
abam S$kirném guminos tika novérota augstaka dehidrogenazu aktivitate.
Skirném ‘Boxer’ un ‘Isabell’ inokuléto augu guminos dehidrogenazu aktivitate
bija augstaka, tomér proteina daudzums lakstos neatskiras no neinokulétajiem
augiem. Tikai $kirném ‘Taifun’ un ‘Vertigo’ inokulétajos augos gan bija
zemaka dehidrogenazu aktivitate, gan uzkrajas mazaks proteina daudzums.
Abam skirném bija izveidojusies mazaki gumini, kas lauj secinat, ka §Tm
Skirn@m seklu inokul&Sana nebija lietots piemerots guminbakteriju celms.
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3. att. Inokulacijas ietekme uz dehidrogenazu aktivitati guminos un
proteina saturs (%) lakstos /
Fig. 3. The influence of inoculation on dehydrogenase activity in nodule and
protein content (%) in shoots

Lielaka atskiriba starp izveidotajiem guminiem konstatéta lauka
izméginajumos, kur inokulacija lietotas baktérijas konkuré ar dabigo augsnes
mikrobiotu. Lokala guminbaktériju populacija var veidoties no celmiem ar
atSkirigu genoma struktiru, fiziologiskajam ipas§ibam un slapekla saistiSanas
efektivitati.

Par audzéSanas vietas ietekmi uz guminbakteriju aktivitati vargja
parliecinaties izméginajuma ar Cetriem guminbaktériju celmiem divas
izméginajuma vietas ar atSkirigu augsnes tipu: triidaini kiidraina glejaugsné
(LI2014_A) un velenu podzolaugsné (LI2014 B). Augsnes tips ietekm& ne
tikai augiem, bet arl mikroorganismiem pieejamas baribas vielas. Augam
piemérotaka augsné var rasties labveligaki apstakli simbiozes veido$anai, jo
nepiem@roti augsnes apstakli var izmainit auga saknes izdalito metabolitu
sastavu, kas var ierobezot guminbakteriju aktivitati. Podzoleta augsn€ uz pupu
sakném konstatetie gumini bija mazaki neka kiidrainaja augsné, bet Skirnei
‘Bartek’ visi parbauditie bakteriju celmi veidoja bitiski lielakus guminus neka
kontroles augiem (4. att.)). Kadraina augsné augo$ajam pupam gumini bija
lielaki, bet no visiem inokulésana lietotajiem bakteriju celmiem Skirnei ‘Bartek’
par kontroles variantu lielakus guminus veidoja tikai RP023 un RP110,
savukart Skirnei ‘Karmazyn’ — RP023 un RV407. Variantos ar bakteriju celmu
RP023 guminu masa bija liclaka neka izm&ginajuma, kurda inokulétie augi
audz@ti sterila smilti, kur 100 guminu masa celmam RP023 bija 3.44 g, bet
celmam RV407 - 5.37 g.
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4. att. 100 guminu masa izteikta % pret kontroles varianta guminu masu
2014. gada izméginajumos L12014 A un LI2014 B/
Fig. 4. Weight of 100 nodules expressed as % of the weight of control in 2014
trials L12014_A and L12014_B

Mijiedarbibu starp dazadiem simbiontiem ietekmé vides faktori. Viens no
butiskakajiem ir vides temperatiira simbiozes veidoSanas laika. Ne tikai
inokulgjot seklas ar guminbaktérijam, bet ari, veicot dubultinokulaciju ar
mikorizas s€ném, konstateta temperatiiras ietekme uz diglsaknes augSanu un
veidotajiem eksudatiem. Siem biokimiskajiem signiliem ir butiska loma
simbiozes veidoSanas procesa. Diedz€jot stklas dazadas temperatiras,
konstatéta atskiriga diglsaknes augSana, kas vargja ietekméet ar1 flavonoidu ka
vienu no galvenajam biokimisko signalu grupam sint€zi un eksudaciju.
Diedzgjot inokulétas s€klas, mainas flavonoidu sastavs. Mikrosimbiontu
klatbttne 77% gadfjumu samazindja flavonoidu koncentraciju. Biutiskaka
ietekme novérota variantos, kur séklas inokul&tas ar mikorizas sénu preparatu
un dubultinokulacijas variantos. Variantos, kur s€klas inokultas tikai ar
guminbaktérijam, biitiska atSkirtba novérojama tikai 9.4% paraugu. Salidzinot
analizéto temperattiru ietekmi, lielaks flavonoidu daudzuma samazinajums bija
12 °C temperatiira.

Turpinot pupas audz&t vegetacijas traukos siltumnicas apstaklos, Iidz
ziedeSanas sakumam (BCHH 50-53) rezultati neuzradija statistiski butisku
atskiribu saknu un dzinumu svaigai masai un sausnei. Novérojama tikai
tendence, ka inokulétie augi salidzinajuma ar neinokulétajiem augiem veido
lielaku virszemes dalas masu. Lielaka virszemes dalu un saknu attieciba
konstatéta ar mikorizas s€nu preparatu inokul€tajiem augiem.
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2. tabula / Table 2
Vidgjais flavonoidu daudzums (mg CE mL?) digstoSo seklu eksudata /
Average amount of flavonoides (mg CE mL™) in the exudate of germinated

seeds
=% . " Vicia faba var. major Vicia faba var. minor
egs  Spté
Z2EEY £E8s83
§ :é-:-g, ig §§ g ‘Karmazyn’ ‘Bartek’ ‘Fuego’ ‘Lielplatone’
2
K 0.202° 0.165° 0.3142 0.264°
4 R 0.212° 0.1252 0.3472 0.263°
M 0.189? 0.1222 0.3262 0.261°
RM 0.180? 0.202° 0.3042 0.1702
K 0.2022 0.1542 0.378° 0.260°
8 R 0.2082 0.1682 0.371° 0.253°
M 0.2142 0.227° 0.306? 0.313¢
RM 0.230° 0.155% 0.359° 0.225°
K 0.305°¢ 0.215° 0.466° 0.337°
12 R 0.2245 0.228° 0.4082 0.2732
M 0.1612 0.1612 0.417% 0.2732
RM 0.1692 0.204° 0.446% 0.2542
K 0.441° 0.341° 0.6442 0.444°
20 R 0.3482 0.329° 0.704° 0.3712
M 0.390° 0.285° 0.760° 0.3592
RM 0.421° 0.2372 0.690° 0.3842

Vértibas viena kolonna un viena diedz€Sanas temperatiira ar dazadiem burtiem liecina par
batisku atskiribu (p>0.05), RS00s=0.075/

Values in one column and at one germination temperature with different letters indicate a
significant difference (p> 0.05), RSo0s = 0.075

Sajos inokulacijas variantos vid&ja saknu un dzinumu attieciba bija 0.60 un
svarstTjas robezas no 0.49 1idz 0.71. Zemaka attieciba bija variantos, kur s€klas
inokulétas tikai ar guminbaktérijam. Sajos variantos vidja attieciba bija 0.48
un svarstijas no 0.42 Skirnei ‘Bartek’ lidz 0.53 $kirnei ‘Lielplatone’. Vairuma
gadijumu inokul&$ana ar guminbaktérijam samazinaja saknu augsanu.

No rezultatiem var secinat, ka atseviSku guminbakt€riju sp&ja veidot
simbiozi ar pupam ir atkariga ne tikai no augsnes Ipasibam, bet arT no pupu
Skirnes un augsnes mikroorganismu populacijas aktivitates. Piemérotako
guminbakteriju celmu atlasei un to efektivitates raksturosanai jalieto vairaki
parametri. Guminbakteriju aktivitati guminos nevar raksturot tika ar guminu
masu un sausni, bet papildus javerte to biokimiska aktivitate.
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Inokulgjot pupu seklas ar guminbakteriju celmiem RP023, RV301, RV407
un RV501, nevienu no baktériju celmiem nevar atzit par piemérotu visam
izmantotajam S$kirném jebkura augsnes tipa. Tapéc lietderigi veidot vairaku
bakteriju celmu asociacijas, art lietojot tas dubultinokulacija kopa ar mikorizas
séném.

Mikorizas sénu sastopamiba pupu saknu sistema

TaurinzieZi, tai skaita pupas, ir augi, kas veido simbiozi gan ar
guminbaktérijam, gan mikorizas séném. Mikorizas sénu sastopamiba un
mikorizacijas intensitate pupu saknu sisttma novértéta lauka un vegetacijas
trauku izméginajumos. Simbiozes veidoSanos ietekmé virkne biotisko un
abiotisko faktoru, tapéc, salidzinot mikorizas sastopamibu pupu sakngs, kas
ievaktas dazados izméginajumu laukos un inokulacijas variantos, var noveérot
atSkirigu mikorizas sénu sastopamibu un mikorizacijas intensitati. Pat viena
varianta ietvaros ievaktajiem paraugiem vargja novérot gan saknu paraugus,
kuros nav konstat€jamas sénu hifas, gan intensivi mikorizétus saknu
fragmentus. Augstaka saknu mikorizacijas pakape bija augiem, kuru s€klas
inokulétas ar mikorizas sénu preparatu, bet nedaudz zemaka pakape novérota,
inokulgjot seklas ar guminbakterijam. Neinokulétos augus papildus meslojot ar
mineralo slapekli, tikai atseviSskos gadijumos vargja noverot augstaku
mikorizacijas pakapi. Efektivas mikorizas veidoSanai nepiecieSams, lai sakn€s
ne tikai bltu sastopamas sénu hifas, bet ari veidotos arbuskuli. Novertgjot
mikorizaciju raksturojoSo parametru kopsakaribu, var secinat, ka intensivas
mikorizacijas gadjjuma ne vienmér intensivi veidojas arbuskuli. Ka norada
determinacijas koeficients (R?=0.49), mikorizas séném koloniz&jot auga saknes,
tikai 49% gadijumu intensivi veidojas arT arbuskuli. Arbuskulu veidoSanos var
ietekmét arT auga un mikorizas sénes mijiedarbiba.

Atskirigu mikorizacijas pakapi var€ja novérot, salidzinot mikorizas sénu
sastopamibu pupu sakn€s Skirném ‘Lielplatone’, ‘Fuego’ un ‘Bartek’, kas
audzgtas vienados apstaklos (5. att.).

Augstaka mikorizas s€pu sastopamiba saknu sisttema bija Skirnei
‘Lielplatone’. Atskiriba starp S$kirn€m ir statistiski batiska (P=0.00014,
RSo.05=6.43). Arl augstaka arbuskulu sastopamiba saknu fragmentos tika
novérota Skirnei ‘Lielplatone’ un svarstijas no 5.12 Iidz 6.55%, bet skirném
‘Fuego’ un ‘Bartek’ — tikai robezas no 0.90 lidz 3.60%. Arbuskuli nodrosSina
vielu apmainu starp augu un mikorizas séni. Rezultati norada, ka mikorizas
sénu ievieSanas saknu sist€ma ir atkariga no pupu skirnes.
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5. att. Mikorizas sénu kolonizacijas intensitate saknu sistema (M %) un
arbuskulu daudzums pupu saknu sistema (A %) attieciba pret mikorizu
sastopamibu saknu sistema (F %) $kirném ‘Lielplatone’, ‘Fuego’ un
‘Bartek’ lauku izméginajumos 2015. gada (n =1380 saknu fragmenti) /
Fig. 5. Colonization intensity of mycorrhizal fungi in the root system (M %) and
number of arbusculs in the bean root system (A %) in relation to the incidence
of mycorrhiza in the root system (F %) for cv. ‘Lielplatone’, ‘Fuego’ and
‘Bartek” in field trials in 2015 (n=1380 root fragments).

Markieru krasa atbilst skirném / Colour of markers:

B Liciplatone’ [l Fuego' ] ‘Bartek'

Paksaugiem simbioze var veidoties arT ar augsn€ eso$ajam mikorizas s€ném,
tomér, salidzinot vegetacijas trauku izmEgindgjumu rezultatus un tris Skirpu
mikorizacijas rezultatus lauka izméginajumos, konstatéts, ka se€klu inokulésanai
ir pozitiva ietekme uz mikorizacijas intensitati un arbuskulu veidoSanos.

Apkopojot LI 2015 izm&ginajuma rezultatus, starp kontroles variantu un
variantu, kur séklas inokulétas ar mikorizas sénu preparatu, batiska (p= 0.035)
atSkirtba gan mikorizas struktiiru sastopamiba saknu sistéma, gan arbuskulu
veido$anas intensitate (A%) netika novérota. Pupu seklu inokuléSana ar
guminbaktérijam un dubultinokulesana bija palielinajusi mikorizacijas pakapi
un arbuskulu veidosanos, bet atSkirtba no kontroles nebija statistiski butiska.
Dubultinokulésanas variantos arbuskuli veidojas nedaudz vairak neka variantos
tikai ar guminbaktérijam (6. att.).
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6. att. Mikorizas sénu struktiiru sastopamiba (F%) un arbuskulu bieZums
(A%) pupu saknu sistema dazados seklu inokulacijas variantos lauku
izméginajumos 2015. gada /

Fig. 6. Frequency of mycorrhizal fungal structures (F%) and frequency of
arbusculs (A%) in the bean root system in different seed inoculation variants in
field trials in 2015

Salidzinot mikorizas s€nu sastopamibu $kirpu ‘Karmazyn’ un ‘Bartek’
sakn€s, noteikts, ka Skirnei ‘Karmazyn’ pastav bitiska atSkiriba starp
mikorizacijas pakapi dazadas audzeSanas vietas (7. att.). Kemeros tridaini
ktidraina glejaugsné augosajam pupam mikorizas sastopamiba saknés ir zemaka
neka tam, kas audzEtas Vaivados velénu podzolaugsné. Statistiski bitiski
atSkiras gan mikorizas sastopamibas biezums saknu sisttma (p=0.025), gan
arbuskulu sastopamibas biezums (p=0.031). Novertgjot inokulacijas ar
guminbaktérijam ietekmi uz mikorizas sastopamibu sakngs, netika konstateta
statistiski biitiska atSkiriba. Konstat€jama tikai tendence, ka Skirnei ‘Karmazyn’
mikorizas sastopamiba sakn€s abas augsnés augstaka augiem, kuri inokul&ti ar
guminbaktériju celmu RV505. Augstaka arbuskulu sastopamibas intensitate
saknés bija ar guminbaktériju celmu RP003 velénu podzolaugsné, bet trudaini
kiidraina glejaugsné — ar guminbaktériju celmu RV505. Skirnei ‘Bartek” mazak
izteikta atSkiriba starp abam audz€Sanas vietam, tomér var konstatet
inokulés$ana lietoto guminbakteriju celmu ietekmi.

Velénu podzolaugsné mikorizas sastopamiba sakn€s augstaka ar celmu
RV407, bet mikorizas sastopamibas intensitate (M%) un arbuskulu sastopamiba
saknés (A%) viszemaka. Triidaini kidraina glejaugsné mikorizas sastopamiba
Iidziga variantos, kuri inokul@ti ar guminbakteriju celmiem RP023, RV505,
RP003, bet arbuskulu sastopamiba visaugstaka ar guminbakteriju celmu
RV505.
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7. att. Mikorizu struktiiru sastopamiba saknu sistéma (F%), saknu
kolonizacijas intensitate sistema (M%) un arbuskulu daudzums pupu
saknu sistéma (A %) ar daZzadiem guminbaktériju celmiem inokulétam

pupam ‘Karmazyn’ un ‘Bartek’ izméginajumos LI2014A_A un L12014 B/
Fig. 7. Occurrence of mycorrhizal structures (F %), colonisation frequency
(M%) and abundance of arbusculs (A %) in the roots of cv. ‘Karmazyn’ and
‘Bartek’ inoculated with different bacterial strains in experiment L12014_A

(muddy peat soil) and in experiment L12014_B (loamy fine sand)

Atskiriga saknu mikorizacijas pakape konstatéta ne tikai augsnés ar
dazadam ipaSibam, bet arT starp abam pupu grupam: rupjséklu un sikseklu
pupam (8. att.). Mikoriza izteiktak veidojas sikséklu Skirném. Rupjséklu
Skirném ‘Bartek’ un ‘Karmazyn’ mikorizas sénu struktiiru sastopamiba un
arbuskulu veido$anas bija mazak izteikta.
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8. att. Mikorizas sénu iedzivo$anas intensitates (F%) un sénu
struktarelementu (M%) un arbuskulu (A%) sastopamibas korelacija pupu
saknés dazadas audzeSanas vietas 2015. gada (n-2610 saknu fragmenti) /
Fig. 8. Correlation between mycorrhizal colonization intensity (F%) and the
occurrence of fungal structural elements (M%) and arbusculs (A%) in bean
roots at different growing sites in 2015 (n-2610 root fragments)
Markiera krasa / colour of marker

. ‘Karmazyn’ ‘Boxer’
‘Bartek’ . ‘Albus’
. ‘Fuego’ ‘Alexia’

B Laure

Inokul&jot pupu seklas ar atseviskiem (RP023 vai RV407) guminbaktériju
celmiem, tika novérota atSkiriga mikorizacijas intensitate un arbuskulu
veidosanas gan vegetacijas trauku, gan lauka izméginajumos. Tapéc 2017. gada
lauka izméginajumos pupas bija inokulétas ar divu guminbaktériju celmu
kombinaciju (RP023 un RV407). Pupu s€klu inokuléSanas ietekme vairak
izpaudas Skirnei ‘Lielplatone” (9. att.).

Mikorizas sénu struktiiru sastopamiba pupu sakn€s nedaudz lielaka
(statistiski nebttiski) bija kontroles varianta, tomé&r mikorizacijas intensitate
(M%) un arbuskulu sastopamiba (A%) augstaka bija inokul&tajos variantos.
Skirnei ‘Fuego’ biitiski (p<0.05) vairak arbuskuli bija veidojusies tikai varianta
ar mikorizas s€nu preparatu. Minerala slapekla papildméslojums péc augu
sadig$anas nebija veicindjis mikorizas sénu iedzivosanos pupu saknés.
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9. att. Mikorizas sénu sastopamiba $kirném ‘Lielplatone’ un ‘Fuego’
izméginajuma L12017 /
Fig. 9. Occurrence of mycorrhizal fungi in cultivars ‘Lielplatone’ and ‘Fuego’
in experiment LI12017

F% — mikorizu struktiiru sastopamibas intensitate / intensity of mycorrhizal structures;
M% — kolonizacijas intensitate saknu sistéma / colonisation frequency;
A% — arbuskulu sastopamiba saknu sistéma / abundance of arbusculs

Mikorizas sénu struktiiru veido$anas ietekme uz pupu séklu razu un kvalitati
bija atSkiriga dazadu grupu pupam. Intensivaka arbuskulu veidoSanas
paaugstinaja proteina saturu séklas Skirnei ‘Lielplatone’, bet rupjséklu skirném
arbuskulu daudzums proteina saturu seklas neietekmeja. Rupjseklu skirném
mikorizas sénu strukttiras pupu saknés bija retak sastopamas.

Augsnes mikrobiotas un inokulatu mijiedarbiba

Auga un mikroorganismu simbiotisko attiecibu veidoSanos var ietekmé&t
rizosféras mikroorganismu, jo augsnes dabigd un ar inokulaciju ienesta
mikrobiota izmaina apstaklus saknes tuvuma. Dabiga mikrobiota var aktivi
konkurét ar inokulacija lietotajiem baktériju celmiem un mikorizas séném par
iesp&ju veidot simbiozi ar augiem. Aktivi inokulata mikroorganismi,
mijiedarbojoties ar saimniekaugu, var izmainit vides piemérotibu, kada ir
rizosferas mikrobiotas grupai, ka arT baktériju un mikroskopisko sénu attiecibu.

Salidzinot bakteriju un mikroskopisko sénu skaitu pupu saknu zona
ziedeSanas sakuma (AS 60-65), vegetacijas trauku izmeginajumos 2016. un
2017. gada noverotas atSkiribas starp inokulatu variantiem. Kaut arT vegetacijas
traukos augiem ir nodrosinati [idzvertigaki audzgsanas apstakli visos variantos,
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saknu sistéma atrodas ierobezota tilpuma. Tapéc var noverot krasakas atskiribas
kopg€ja aerobo baktériju un mikroskopisko senu skaita izmainas dazados
inokulacijas variantos. Salidzinot abu vegetacijas gadu rezultatus, vargja
secinat, ka tikai guminbakteriju varianta RP023 bakteriju skaits palielinajas.
Citos variantos bakteriju un mikroskopisko sénu skaits samazinajas vidgji par
11 Iidz 27%. Variantos, kur augi inokulgti tikai ar mikorizas séném, bakteriju
kopskaits samazinajas, bet sénu skaits nebitiski palielinajas vid&ji par 3.2%.
Variantos ar dubultinokulaciju mikroorganismu kopskaits samazinajas tikai
atseviskos variantos (RV407M), bet pargjos variantos palielinajas vidgji pat 0.7
lidz 8.4%. Mikroorganismu skaita izmainas vargja ietekmét saknu izdalfjumi,
kuru sastavs var mainities no auga fiziologiska stavokla.

Par atSkirigu inokulacija lietoto asociaciju mijiedarbibu ar augsnes
mikroorganismiem un augu sakném vargja parliecinaties izméginajuma
VT2017 ar pupam ‘Bartek’. Bakteriju skaits varianta, kura s€klas inokulétas ar
mikorizas séném (5.30 10° kvv g sausas augsnes) un dubultinokulacijas
varianta (4.61 10° kvv) bija augstaks neka tikai ar guminbakterijam (3.74 108
kvv g sausas augsnes). Arl augstakais mikroskopisko sénu skaits bija varianta
ar mikorizas seném (2.9 10* kvv g sausas augsnes), bet zemakais varianta ar
guminbaktérijam (1.41 10* kvv g sausas augsnes). Dubultinokulacijas varianta
un inokulgjot atseviSki guminbaktérijas un mikorizas sénes, mikrobiologiska
aktivitate bija lidzvertiga.

Salidzinot bakteriju un mikroskopisko s€nu skaita izmainas pupu saknu
zona zied€Sanas faz€ un pirms razas novakSanas izméginajuma L[I12017,
konstatéts, ka mikroskopisko sénu skaita izmainas bija lielakas Skirnei
‘Lielplatone’, kur vegetacijas beigas bija palielinajies mikroskopisko sénu
skaits saknu zona. Skirnei ‘Fuego’ mikroskopisko sénu skaita pieaugums bija
veérojams tikai variantos ar guminbakteriju inokulaciju (R) un mikorizas séném,
kur lietots papildu mineralais slapeklis. Vegetacijas perioda beigas abam
Skirném butiski (p<0.05) bija palielinajies guminbakteriju skaits saknu zona Par
inokulacija lietoto mikroorganismu ietekmi uz mikrobiologisko procesu
aktivitati auga rizosféra liecina ari vid€ja korelacija starp baktériju skaita
izmainam rizosféra un pupu saknu mikorizacijas intensitati (r=0.48).

Lauka izmé&ginajumos atskiribas starp inokulatu variantiem, salidzinot
mikroorganismu aktivitati, ko raksturo augsnes elpoSanas intensitates
svarstibas, un skaitu, mazak izteiktas (10. att.) neka vegetacijas traukos.

Augstaka mikroorganismu aktivitate kontroles varianta ar mineralo slapekla
meslojumu un variantos, kur mikorizas inokul$ana bija papildinata ar mineralo
slapekla méslojumu, liecina par pieejama slapekla nozimi mikroorganismu
darbiba.
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10. att. Mikroorganismu biomasa un augsnes elpoSanas intensitate
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Fig. 10. Biomass of microorganisms and soil respiration intensity before
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11. att. Mikroorganismu biomasa un augsnes elpoSanas intensitate L12017

izméginajuma pirms razZas novaksanas /

Fig. 11. Biomass of microorganisms and soil respiration intensity before

harvest, experiment L12017
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Abam skirném bakt€riju skaits pupu saknu zona pirms razas novakSanas
bija mazaks neka ziedeSanas laika, bet mikroskopisko sénu skaits palielinajas.
Lidzigi ka 2016. gada, arT 2017. gada mikroorganismu daudzuma un aktivitates
izmainas bija izteiktakas Skirnei ‘Fuego’ (11. att.). Par inokulacija lietoto
mikroorganismu ietekmi uz mikrobiologisko procesu aktivitati auga rizosfera
liecina arT vid€ja korelacija starp bakteriju skaita izmainam rizosféra un pupu
saknu mikorizacijas intensitati (r=0.48).

Augsnes kvalitates uzturéSana nozimiga loma ir augu maigai vai
pilnvertigai rotacijai, mijot augus, kurus audzgjot, uzkrajas organiska viela,
mineralelementi un palielinas mikroorganismu daudzveidiba ar augiem, kuri
veido lielaku baribas vielu iznesi. Baribas vielu uzkrasana un mikroorganismu
daudzveidibas palielinaSana nozimigi ir arT pakSaugi, kuri veido simbiozi gan
guminbaktérijam, gan mikorizai. Mikorizas s€nu propogulu saglabasanos
augsné apstiprindja ari vegetacijas trauku izm&ginajumi, kuros pupas atkartoti
bija s€tas péc gada. Analiz€jot Skirnu ‘Lielplatone’ un ‘Bartek’ saknu
mikorizacijas pakapi, noverots, ka augsng, kura iepriek$ audzeti inokuléti augi,
mikorizas sastopamiba kontroles variantu parsniedz par 5.5 lidz 34.33%.

Simbiotisko asociaciju izveidoSanas ietekme uz pupu
(V. faba L.) aug§anu un razu

Vegetativie parametri analizgti atkariba no audzgSanas gada, kad augi bija
sasniegusi 63. lidz 72. attistibas stadiju. Ta ka pupam ziedi plaukst pakapeniski,
atsevi§kos izméginajumos bija varianti, kuros pirmo ziedu vieta jau bija
izveidojusies pakstu aizmetni. Vegetacijas trauku izm&gindjumos nebija
statistiski biitiskas atSkiribas starp inokulacijas variantiem, bet lauka
izméginajumos atseviskos gadijumos ta tika konstatéta. Pupam ziedéSanas faze
analiz&ti augu vegetativie parametri un salidzinats hlorofila daudzums, sausnes
un proteina saturs lakstos.

Skirnei ‘Bartek’ izméginajuma VT2014, variantos ar dazadiem
guminbaktériju celmiem, konstatets atSkirigs lakstos uzkratds sausnes un
proteina saturs. Apkopojot tris gadu vegetacijas trauku izméginajumu
rezultatus, kuros audz&tas ar diviem guminbaktériju celmiem (atseviski vai
kopa ar mikorizas séném) inokulétas pupas, iegliti neviennozimigi ietekmes
rezultati. Ar celmu RP023 bija zemakais hlorofila saturs lapas, ka arT sausnes
un proteTna saturs. Augiem, kuri bija inokuléti ar guminbaktériju celmu RV407,
pigmentu saturs arT bija zemaks neka kontrolei, bet augstaks neka ar celmu
RP023, savukart dubultinokulacijas varianta ar RV407 sausnes saturs
parsniedza kontroles variantu. Dubultinokulacija ar mikorizas séném proteina
saturs bija zemaks, salidzinajuma ar atseviski inokul&to variantu. Augstakais
proteina saturs lakstos bija varianta, kuru inokul&ja tikai ar mikorizas s€én&€m.
Turprett 2016. gada guminbaktériju celms RP023 uzradija labakus rezultatus
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neka guminbaktériju celms RV407, vert§jot augu vegetativos parametrus.
Sausnes daudzums lakstos mazaks bija augiem, kuri inokuléti ar RV407.
Skirnei ‘Karmazyn’ rezultdti bija lidzigi, tomér varéja novérot atikirigu
reakciju uz dubultinokuaciju. Kaut ar1 starpiba nebija statistiski bitiska,
izpaudas tendence, ka virszemes masa, lapu skaits, proteina saturs dzinumos ir
augstaks variantos ar gumipbaktériju RP407 un mikorizas s€nu
dubultinokulaciju.

Salidzinot divu rupjséklu pupu Skirnes ‘Bartek’ un ‘Karmazyn’ tris gadus
ilgos vegetacijas trauku izméginajumos, konstatéts, ka inokulacija lietotajam
bakterijas celmam un apstradei ar mikorizas s€n@m nav statistiski bitiskas
ietekmes uz sausnes uzkrasanos auga virszemes dalas. Sausnes saturs svarstijas
robezas no 104.2 lidz 110.5 mg gt (p=0.99, RSoos =44.82 guminbakteriju
celma ietekmei un RSg05 = 36.60 mikorizai).

Inokulacija ar guminbaktérijam batiski ietekm&ja augu masu zied€Sanas
laika. Vidgji viena auga masa svarstijas no 15.21 lidz 26.9 g. Lielaka masa bija
kontroles varianta un augiem, kuri inokul&ti tikai ar mikorizas séném, bet
atSkiriba no kontroles nebija statistiski butiska (p=0.47, RS005=3.39). Ar
guminbaktérijam inokul&tie augi bija butiski vieglaki neka kontroles varianta
(p=0.0001, RSp05=4.15). Abu guminbaktériju celmu — RP023 un RV407 —
ietekme nebija vienada. Augi ar mazako masu bija inokul&ti ar bakteriju celmu
RV407. Vidgji $o augu masa bija par 29%, bet dubultinokulacijas varianta — par
34% mazaka. Datu matematiska apstrade parada, ka inokulaciju ar
guminbakterijam 61.8% gadijumu skaidro augu masas izmainas, bet inokulacija
ar mikorizas séné€m — tikai 1.1%. Inokulé$ana lietotie mikroorgansismi patéré
fotosintézes produktus, tapec var aizkavét augu augSanu. Fotosintézes produktu
novirziSanu mikroorganismu vajadzibam var but c&lonis tam, ka
dubultinokulacijas variantos augiem ir mazaka masa.

Guminbaktériju celmu atSkiriga mijiedarbiba ar pupam konstatta,
salidzinot vegetativos parametrus $kirmném ‘Bartek® un ‘Karmazyn’
izméginajumos LI2014 A un LI2014 B. Izm&ginajums LI2014 A iekartots
tridaini glejota augsné ar augstaku baribas vielu daudzumu, salidzinot ar
velenu podzolaugsni izmEgindgjuma LI2014 B. Atskirigajam augsném
raksturigs ne tikai ar dazads pieejamo baribas vielu sastavs, bet arT mikrobiotas
kvalitativais un kvantitativais sastavs. Augsnes dabiga mikrobiota var izmainit
inokulacija lietoto guminbakteriju aktivitati. Guminbakteriju aktivitate nosaka
to ietekmi uz augu augSanu. Dazadu guminbakteriju celmu ietekme uz auga
fiziologiskajiem procesiem bija 8kirnes specifiska. Skirnei ‘Bartek’
izméginajuma LI2014 B inokulétajiem augiem konstat&ta nebatiska pigmentu
satura samazinaSanas, salidzinot ar kontroli, bet Skirnei ‘Karmazyn’ ar
guminbaktériju celmiem RP023 un RV505 pigmentu saturs bija augstaks neka
kontroles augiem. Kontrole hlorofila saturs bija vid&ji 33.7 vienibas, bet ar
RP023 un RV505 attiecigi 36.6 un 36.5 vienibas. Skirnei 'Karmazyn' ar
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guminbaktériju celmu RP023 izveidojas lielaki gumini neka kontroles augiem,
tap&c var secinat, ka izveidojas efektivaka simbioze.

Vegetativo parametru attieciba inokulétajos variantos pret kontroli abas
izméginajuma vietas $kirnei ‘Bartek’ apkopoti 12. attela.

Salidzinot guminbakteriju ietekmi uz augu parametriem, konstatéta butiska
Skirnes ietekme, kas atSkiras dazadas audzESanas vietas. Augsné ar zemaku
baribas vielu saturu novérota butiskaka guminbakteriju ietekme. Izméginajuma
LI2014 A tikai atseviski parametri parsniedza kontroles variantu. Summari
vienigi ar guminbakteriju celmu RV407 bija iegits labaks rezultats neka
kontrolei (12. att.). AtSkirigs rezultats iegits skirnei ‘Karmazyn’ (12. att.).

RP023

RV505 RV407

RP003

—e— 'Bartek' LI12014_A  —e— 'Bartek' L12014 B
—eo— 'Karmazyn' L12014_A —e— 'Karmazyn' L12014_B
—e—kontrole / control

12. att. Vegetativo parametru koeficientu attieciba inokulétajos variantos
pret kontroles variantu izméginajumos LI12014_A un LI2014_B skirném
‘Bartek’ un ‘Karmzyn’ /

Fig.12. Ratio of vegetative parameters coefficients in inoculated variants to
control variants in experiments L12014_A and L12014_B, cultivars ‘Bartek’
and ‘Karmazyn’

Apkopojot inokulacijas efekta koeficientus, var konstatet, ka inokulacija ar
guminbaktérijam neviena no izméginajumu vietam nav butiski uzlabojusi augu
aug8anu. Nedaudz labaks rezultats bija izméginajuma LI2014 A ar bakteériju
celmiem RP023 un RP505.

Izm&ginajuma L12014_C starp inokuluma variantiem attistibas stadijas
butiski neatSkiras. Lielaka atSkiriba starp augiem, kuri inokul&ti tikai ar
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guminbaktérijam, un dubultinokulacijas variantiem bija ar baktériju celmu
RP023. Pupu lakstos proteina saturs bija augstadks variantos ar mikorizas
séném, bet biitiska atSkiriba noverota tikai ar bakteriju celmu RV407 (p<0.05).
Ar bakterijam RV407 inokulto augu lakstos bija mazak proteina, salidzinot
gan ar bakteriju RP023 variantu, gan kontroli, tomg@r tieSi Saja varianta bija
lielaka mikorizas sénu ietekme.

2015. gada lauka izméginajumos (L12015_A) audz@tas divas sikséklu
pupu Skirnes (‘Lielplatone’, ‘Fuego’) un divas rupjseklu pupu Skirnes (‘Bartek’,
‘Karmazyn’). Pupas iesétas 30. aprili. Vegetativo parametru analiz€Sanai augi
vakti no 30. junija lidz 6. jalijam (61 lidz 67 dienas péc s€jas). Saja laika
sikseklu pupas bija sasniegusas 70.—74. attistibas stadiju, bet rupjseklu skirnes —
60.—65.attistibas stadiju. Skirnei ‘Lielplatone’ augu masa starp variantiem, kuri
inokuléti tikai ar guminbakterijam, butiski neatSkiras, bet atSkiribu vargja
konstatét dubultinokulacijas varianta ar baktériju celmu RP023. Augu masa
dubultinokulacijas varianta bija mazaka. Inokulacija ar mikorizas séném bez
guminbakterijam arl samazindja augu masu. Lidzigs rezultats bija ar $kirni
‘Fuego’, bet $aja gadjjuma augu masa butiski zemaka bija dubultinokulacijas
variantam ar bakteriju celmu RV407.

Uzkratas sausnes daudzums pupu lakstos starp variantiem butiski neatskiras
(p>0.05), bet noveérojama tendence, ka dubultinokulacija ar guminbaktériju
celmu RV407 un mikorizas s€n€m ir paaugstinajusi proteina saturu abam
Skirném. Rupjséklu pupam atskiriba starp variantiem ar mikorizu un bez tas
bija mazak izteikta.

2016. gada lauka izméginajumos (LI2016_A) pupas ies€tas 2. maija un
augu augsanas parametri analizéti 56 dienas péc s&jas (27.06.). Skirnei ‘Fuego’
augi bija sasniegu$i 50. lidz 59., bet ‘Lielplatone’ — 65. lidz 68. attistibas
stadijas atbilsto§si BBCH iedalfjumam. Skirnei ‘Fuego’ ar guminbaktgrijam
inokulétie varianti butiski atpalika attistiba (p=0.003), bet $kirnei ‘Lielplatone’
butiska ietekme bija s€klu inokuléSanai ar mikorizas séném (p=0.007). Ar
mikorizas s€éném inokul&tie augi bija sasniegusi 66. Iidz 68., bet neinokulétie —
63. lidz 66. attistibas stadiju. Lielaka atskiriba bija dubultinokulacijas varianta
ar guminbaktériju celmu RP023. Saja varianta vidéji augu attistiba atskiras par
3 stadijam.

Skirnei ‘Lielplatone’ vid&ja augu masa kontroles variantos batiski atskiras
no augiem, kuri inokuléti ar guminbaktérijam (p=0.003, RSp s = 12.84). Starp
variantiem ar vienu mikrosimbiontu un dubultinokulaciju nebija batiska
atSkiriba (p>0.05). Saushes saturs augos bitiski neat$kiras starp inokulacijas
variantiem, tikai inokulétajiem ar RP023 sausnes saturs bija mazaks neka
kontrolei (RSoos = 0.62), bet tika konstateta pozitiva dubultinokulacijas
ietekme, jo $aja varianta sausnes daudzums parsniedza kontroli un inokulacijas
variantu tikai ar guminbaktérijam (p>0.05, RS o5 = 0.43).

Skirnei ‘Fuego’ augu garumu biitiski ietekméja inokulacija ar mikorizas
séném. Inokulgjot atseviski ar guminbakterijam, tikai celms RV407 biutiski
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ietekm@ja augu garumu (RSeos = 1.88). Ar guminbakteriju celmu RP023
inokul&to augu garums neat$kiras no kontroles. Visos variantos, kurus inokulgja
ar mikorizas s€ném atseviski vai kopa ar guminbakterijam, augu garums butiski
parsniedza kontroles variantu (p=0.009, RSo 05 = 1.54). Attiecigi $ajos variantos
augiem bija vairak lapu (p=0.002, RSgos = 0.43). Augiem ar labak izveidotu
lapojumu veidojas labaki apstakli fotosintézes procesa norisei. Optimalu
fotosintezes apstaklu veidosanas gan labveligi ietekmé simbiotiskaja asociacija
iesaistitos mikroorganismus, gan nodro$ina auga razas veidoSanos.

Savukart izm&ginajuma LI2017 pupu vegetativie parametri analizéti 62
dienas péc sgjas (26.06.). Saja laika nebija bitiskas at3kiribas augu attistiba
starp variantiem, bet ta tika novérota starp $kirném (p<0.0002). Skirnes
‘Lielplatone’ augi bija sasniegusi 62. Iidz 67. attistibas stadiju, bet $kirnes
‘Fuego’ — 62. lidz 74. attistibas stadiju. Skirnei ‘Fuego’ talaku attistibas stadiju
bija sasniegusi ar guminbakterijam inokulétie augi gan kopa ar mikorizas
séném, gan bez tam. Seklu inokulacija ar mikorizas seném biitiski ietekmgjusi
augu augSanu (p= 0.0002; RSpoes = 3.02) variantos, kuros s€klas nebija
inokulétas ar guminbaktérijam. Ari augu masa bija lielaka variantos ar
mikorizas séném, bet butiska atSkiriba (p=0.036; RS¢.05 = 8.05) konstatéta tikai
varianta ar papildu slapekla méslojumu. Tom@r sausnes saturs varianta ar
mikorizas s€ném un papildu slapekla méslojumu bija biitiski zemaks.

Skirnei ‘Fuego’ augu garums bija lielaks tikai varianta ar mikorizas séném
un papildu slapekli, bet atSkiriba nebija statistiski butiska. Biitiski lielaka augu
masa (p = 0.0063; RSo05 = 7.46) bija varianta, kur s€klas inokul&tas mikorizas
séném un guminbaktérijam, ka ar1 mikorizas s€ném un papildu slapekla
méslojumu.

Vegetativo parametru novert§jums ballés pret kontroli izmé&gindjuma
LI12017 (13. att.) Skirném ‘Lielplatone’ un ‘Fuego’ parada pozitivu ietekmi
mikorizas (M) un dubultinokulacijas (RM) variantiem. Mikorizas variants ar
papildu slapekla méslojumu neuzradija labaku rezultatu ka dubultinokulacijas
variants. Sadi rezultati liecina, ka abi mikrosimbionti ne tikai sp& kompensét
viens otra nepiecieSamibu péc baribas vielam, bet pastav ari cita mijiedarbiba.

Inokulgjot seklas ar atseviskiem guminbakteriju celmiem, neviens
neuzradija batiski labakus rezultatus visos izméginajumos. Tapéc lietderigi
izmantot guminbakteriju celmu asociacijas. Dubultinokulacijas gadijuma
guminbaktériju asociacijas lietoSana var mazinat nepiemérotas kombinacijas
negativo efektu. Ka novérots izméginajumos, guminbaktériju celmi RP023 un
RV407 dazadam pupu skirn€m var uzradit atskirigu efektu.
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Fuego
=== jelplatone
== kontrole

13. att. Vegetativo parametru koeficientu novertéjums pret kontroli
izméginajuma L12017 /
Fig.13. Comparison of vegetative parameters coefficients with control in
experiment L12017

Auga un mikroorganismu mijiedarbiba var uzlabot auga augSanu un
fiziologiskos procesus, bet pastav arl iesp&ja, ka ta radis stresa situaciju.
Fotosintézes procesa parametru izmainas ir jutigs indikators, reaggjot uz stresa
situaciju. Butiskakas izmainas uzradija augu vitalitates indekss (PI), kas Skirnei
‘Lielplatone’ samazinajas, bet Skirnei ‘Fuego’ palielinajas. Vitalitates indeksa
samazinasanas raksturo augam nelabvéligu apstaklu periodu. Fotosintézes
procesa reakcijas centru darbibas efektivitati raksturo mainigas fluorescences
un maksimalas fluorescences attieciba (Fv/Fnm), kas ir atkariga no otras
noslidéja zem optimala ITmepa (0.79-0.84). Zemaka vértiba bija kontrolei
(0.67) un ar mikorizas séném inokulGtajiem augiem (0.69). Skirnei
‘Lielplatone’ visos variantos F./Fn attieciba bija zemaka par optimalo un
svarstijas robezas no 0.70 lidz 0.75. Starp mérfjjumu reiz€m attiecibas vertiba
nedaudz palielinajas tikai variantam ar papildu slapekla mé&slojumu.
‘Lielplatonei’ samazinajas arT fotosint€zes aktivo centru fotokimiskas
aktivitates (F\/Fo).

Hlorofila fluorescences merjjumu rezultati saskan ar hlorofila satura
izmainam pupu lapas jinija un jalija. Skirnei ‘Lielplatone’ hlorofila satura
izmainas nebija butiskas. Jalija bija nedaudz paaugstinajies hlorofila saturs
dubultinokulacijas varianta, bet atSkiriba nebija biitiska. Lidzigas svarstibas bija
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ari hlorofila fluorescences parametros. Skirnei ‘Fuego’ jalija batiski (p< 0.001)
palielinajas hlorofila saturs pupu lapas, salidzinot ar juniju. Lidzigas izmainas
noveérotas ar1 fluorescences parametros. Pigmentu satura un fotosintezes
reakcijas centru stavokla svarstibas var liecinat, ka abam Skirn€m nav bijusi
vienlidzigi augSanas apstak]i.

Hlorofila saturs un fluorescences parametri, ka ari dazadu pigmentu grupu
attieciba lapas ir indikators auga augSanas apstak]u novértésanai. Biezak lieto
hlorofilu summu un hlorofila a un b attiecibu. Arl atmosferas molekulara
slapekla simbiotiskas saistiSanas efektivitates raksturo$anai pigmentu satura
izmainas un fotosintézes sistémas darbiba ir atziti parametri. Dazkart lauka un
vegetacijas izméginajumos iegitie rezultdti ir pretrunigi. Pieméram, ar
guminbaktériju celmu RP023 atseviski un kombinacija ar mikorizas senu
preparatu inokul&tajiem augiem VT2014 izméginajuma konstatéts zemaks
pigmentu saturs (attiecigi 40.29 un 40.14 vienibas), salidzinot ar augiem lauka
izméginajuma L12014_C (attiecigi 41.10 un 41.75 vienibas).

Péc 2014. un 2015. gada izméginajumiem noskaidrots, ka atsevisku
guminbaktériju celmu lietoSana s€klu inokulacijai negaranté efektivas
simbiozes izveidoSanos. Tapéc inokulacijai raditas guminbakteriju celmu
asociacijas. Bija izveidotas divas asociacijas, kur R1 (RP023, RP003) apvienoja
tris guminbakteriju celmus, izdalitus no guminiem, kuri izveidojusies uz zirgu
sakném, bet R2 (RV407, RV505) — no guminbakterijam, kuras izdalitas no
pupu saknu guminiem. 2016. gada iekartots vegetacijas trauku
izmeéginajums (VT2016_B). Zied&Sanas fazg€, analiz€jot hlorofila daudzumu
lapas, konstatéta butiska atSkiriba (p=0.0001) starp variantiem, kur augi
inokuléti ar guminbakteriju asociacijam, mikorizas séném, veikta
dubultinokulacija un kontroles variantu. Kontroles augu lapas hlorofila
daudzums bija 37.71 vieniba, bet variantos ar inokulétajiem augiem — robezas
no 41.21 Iidz 45.75 vienibam (RSgos = 2.96). Augstakais hlorofila saturs bija
augiem, kuri inokuléti tikai ar mikorizas séném (45.75 vienibas). Abas
izveidotas guminbakteriju asociacijas lidzigi ietekméja sausnes uzkraSanos
auga dzinumos. Sausnes saturs nebija butiski atSkirigs starp inokulantu
variantiem, lai gan abos dubultinokulacijas variantos bija zemaks hlorofila
saturs neka variantos, kur mikrosimbionti lietoti atseviski.

Izmeginajumi VT2017 un LI12017 iekartoti ar guminbakteriju asociaciju,
kura izveidota no diviem guminbakteriju celmiem: RP023 ( izdalits no zirnu
saknu gumina) un RV407 (no pupu saknu gumina). Asociacija ieklauti
guminbaktériju celmi, kuri jau iepriek§ atradas kolekcija un bija ietverti
ieprieks parbaudito asociaciju sastava. Nebija bitisku atSkirtbu augu garuma un
lapu skaita, bet at$kiras 10 lapu masa un sausnes saturs lapas (3. tab.).
Vieglakas lapas un zemaku sausnes saturu bija variantos ar mikorizas s€ném un
dubultinokulacijas varianta. Tom&r augstaks pigmentu saturs bija varianta, kur
augi inokul@ti ar mikorizas seéné€m.
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Pigmentu saturs lapas un virszemes dalu masas attieciba pret saknu masu
liecina par labveligiem apstakliem augu augSanai.

Ka noskaidrojas modelizméginajumos, inokulata ietekmi uz auga saknu
augSanu var konstatét jau digSanas laika un augu agrinajas augSanas stadijas,
tapec vegetacijas izméginajumos salidzinata pupu lakstu un saknu masa. Tomer
nav zinams, vai butiska ietekme saglabdjas visu auga vegetacijas periodu.
Skirnei ‘Bartek’ starp inokulumu variantiem netika konstatgta biitiska atskiriba
neviena no izméginajuma gadiem. Skirnei ‘Karmazyn’ lielaka saknu sistemas
masa bija kontrolei un dubultinokulacijas varianta ar guminbakteriju celmu
RP023 izmégindgjuma VT2016 A. Izméginagjuma VT2017 konstatéts, ka ar
mikorizu inokul&tajiem augiem saknes masa butiski neat$kiras no kontroles
augu sakném (p>0.05), bet dubultinokulacijas variantos ta veidojas nedaudz
lielaka neka augiem bez guminbakterijam. Augu virszemes dalas un saknes
masas attieciba kontroles varianta bija 0.86, bet ar mikorizas s€ném
inokulétajiem augiem — 1.05. Dubultinokulacijas varianta — 0.93, bet,
inokulgjot tikai ar guminbaktérijam, — 0.81.

3. tabula / Table 3
Augu parametri $kirnei ‘Bartek’ izméginajuma VT2017 ar inokulantu

variantiem /
Plant parameters for cv. ‘Bartek’ in experiment VT2017 with different
inoculants
10 lapu pigmentu saturs / amount of pigments,
Inokulants / masa / drsa\lljvser;efqt mg g

Inoculum | 10 leaves" )r/n gl " | hlorofilsa/ | hlorofilsb/ | karotinoidi |
weight, g 99 chlorophyll a | chlorophyll b | carotenoides

K 3.42 145.78b 1412 0.518 0.418

R 3.32 149.82 1.462 0.522 0.422

M 2.7b 143.2b 1.56P 0.55P 0.46°

RM 3.1 143.9b 1.462 0.522 0.432

*starp skaitliem kolonnas, kas apziméti ar dazadiem burtiem, ir statistiski pieradama starpiba
(Dunkana kritérijs, p = 0.05) /
*there is a statistically significant difference between the numbers in the columns marked with
different letters (Duncan's criterion, p = 0.05)

Mazakie idens zudumi, tatad labaka tidens aiztures sp&ja abam skirn€m bija
variantd, kur augi inokuléti ar mikorizas séném. Lielakie idens zudumi bija
kontroles variantos $kirnei ‘Lielplatone’, bet $kirnei ‘Fuego’ — kontroles un
varianta ar guminbakterijam. Salidzinot abas Skirnes, redzams, ka ‘Lielplatonei’
bija lielaks tidens zudums, kas liecina, ka augiem nav bijis optimalu apstak]u;
to apstiprina arT hlorofila fluorescences fotosintézes sistémas novertgjums.
Mazakie tidens zudumi analizéSanas laika bija kontrolei un tikai ar mikorizas
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séném inokulétajiem augiem. Augiem, kuri inokul@ti ar guminbakteriju
mijiedarbiba ar augu un mikorizas s€ném. Ar pirmo asociaciju (R1) inokul&tie
augi zaud¢ja mazak tidens neka ar otro asociaciju (R2) inokul&tie. Pievienojot
mikorizas s€nes, ietekme izmainijas, un mazaki ddens zudumi bija
kombinacijai R2M, salidzinot ar RIM. Inokulacija ar mikorizas séném
nodro§ingja augiem labakus augSanas apstaklus — par to liecinaja hlorofila
saturs lapas, uzkrata sausne un tidens aiztures spé&ja.

No vegetativo parametru novertéjuma var secinat, ka inokulatu ietekme uz
augu atskiras dazados gados, ka arT ir konstatgjama Skirnes ietekme.

Augu masas samazinasanos var skaidrot ar simbiotisko sistému formeésanos,
kuras laika mikrosimbionti pateré fotosint€zes procesa sintez&tos organiskos
savienojumus. Izveidojoties simbiotiskajai  asociacijai, guminbaktgrijas
piesaista atmosféras molekularo slapekli un ar papildu mineralvielam apgada ne
tikai augu, bet arl mikorizas sénes. Veidojoties plasakai mikorizosferai, gan
augi, gan guminbakterijas papildus tiek apgadati ar fosforu, kas nepiecieSsams
biokimiskajos procesos. Efektivas simbiozes rezultata augi ar fotosint€zes
procesu var nodro§inat savas vajadzibas un mikrosimbiontu prasibas.

RazZu veidojoSo parametru (stublaju, pakstu skaits) noveértéSanai augi
ievakti pirms razas novaksanas. Pupam noteikts proteina saturs.

Vertéjot pupu ‘Bartek’ vegetativos parametrus, konstatéta atSkiriga
inokulacija lietoto baktériju celmu ietekme. Zemakais proteina saturs lakstos
bija ar guminbakteriju celmu RP023. Atskiriga inokulatu ietekme izpaudas art
uz razu. Pozitivs efekts uz razas veidoSanos un proteina saturu bija augu
inokuléSanai ar mikorizas séném. Kopgja tendence: guminbakteriju
dubultinokulacijas variantos ar mikorizas séném raza bija augstaka neka
kontrolé. Ar baktériju RP023 un mikorizas séném izveidojas par 6%, bet ar
RV407 — par 11% lielaka raza neka kontroles varianta. Inokulacija tikai ar
mikorizas séném razu paaugstingja par 13 %, salidzinot ar kontroli. Inokulacija
ar mikorizas séném arT vegetacijas perioda veicindja augstaku proteina saturu
lakstos, salidzinot ar kontroli. Lietotajiem inokulatiem bija bitiska (p=0.007)
ietekme uz proteina uzkrasanos s€klas. Salidzinot inokulacijas rezultatu ar
atseviskiem guminbakt&riju celmiem, proteina daudzums seklas augstaks bija ar
guminbakteriju RV407 (30.7%) inokul&tajiem augiem, bet ar RP023 (29.5%)
tas bija zemaks. Zemakais proteina daudzums bija kontrol€ (27.2%).

Razas paaugstinasanu vargja veicinat labaki fotosintézes apstakli, jo
vairuma gadijumu variantos ar mikorizas séném augiem bija augstaks hlorofila
daudzums. Skirnei ‘Bartek’ 2014. gada izméginajumos lielaka atikiriba starp
atseviSku inokulaciju ar guminbaktérijam un dubultinokulaciju tika konstatéta
bakterijam RP023. Ar mikorizas s€éném neinokul&tajos variantos korelacijas
koeficients r=0.66 >roos 24 = 0.40, bet inokulétajiem — r=0.69 >ros 24 = 0.40.
Apkopojot trTs gadu rezultatus, konstatgts, ka inokulacijai ar guminbakt&rijam ir
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butiska ietekme uz protena uzkrasanos gan lakstos ziedeSanas sakuma
(p=0.04), gan seklas (p=0.001). Nebitiska ietekme ir inokulacijai tikai ar
mikorizas séném (p=0.91 un p=68). Konstatgjama atSkiriga guminbakteriju
celmu ietekme (4. tabula).

Augam labveligos augsSanas apstaklos un ar efektivu simbiotisko sistému
vajadzetu veidot optimalu virszemes auga masu, lai varétu iegit seklu razu ar
augstu proteina saturu. Salidzinot vegetativo parametru un proteina uzkrasanos
dzinumos un séklas, vargja konstatét ciesu korelaciju starp sausnes daudzumu
un auga masu gan variantos ar mikorizas s€ném (r=0.81 > rq s, 36 = 0.33), gan
bez tam (r=0.92 > roos, 27= 0.38). Vidgji cieSa korelacija starp auga masu un
proteinu saturu lapas bija variantos kuri inokul@ti tikai ar guminbakt&rijam
(r=0.51 > rops, 2= 0.40) un variantos , kur scklas inokulGtas ar abiem
mikrosimbiontiem (r=0.45 > ro s, 24= 0.40).

4. tabula/ Table 4
Vidgjais proteina daudzums lakstos un séklas vegetacijas trauku
izméginajumos $kirnei ‘Bartek’ /
Average protein content in plant shoots and seeds in vegetation pot trials for
CV. ‘Bartek’

Proteins dzinumos / Proteins séklas /
Inokulants / Pro_tein_content in ster_“nS, % Prqtein_ content in see_ds, %
Inokulum Bez n_ukorlzas/ Ar m|l_<or|zu/ Bez mlkorlzas/ Ar m||_<or|zu/
Without With Without With

mycorrhiza mycorrhiza mycorrhiza mycorrhiza
Kontrole / 19.54 @ 19.64 " 21.372 21424
control
RP023 19.88 0 20.47¢ 29.18 P 28.11°
RV407 18.172 17.702 31.25°P 30.73P

*starp skaitliem kolonnas, kas apziméti ar dazadiem burtiem, ir statistiski pieradama starpiba
(Dunkana kriterijs, p=0.05) /
*there is a statistically significant difference between the numbers in the columns marked with
different letters (Duncan's criterion, p = 0.05)

Atskiriba no rezultatiem, kuri bija iegiiti vegetacijas traukos (VT2014), raza
LI2015 izméginajuma bitiski lielaka, salidzinot ar kontroli, bija tikai varianta
ar mikorizas séném. Tomer visos inokulacijas variantos ar mikorizas seéném
seklas bija augstaks proteina saturs.

Novertgjot inokulacijas varianta ietekmi uz razu, vairak izpaudas Skirnes
faktors. ‘Lielplatonei’ lielaka raza bija ar mikorizas sén€m inokul&tajam
variantam un dubultinokulacijas variantam ar baktérijam RP023 (14. att.), bet
abos variantos proteina saturs s€klas bija nedaudz zemaks neka varianta bez
mikorizas. Skirnei ‘Fuego’ labvéliga ietekme bija dubultinokulacijai ar
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bakteriju celmu RV407 un mikorizas séném, bet ar bakteriju celmu RP023
efekts bija pretgjs.

5.0 40
1
40 : 35
(=]
p 30
s 30 £
= 5 2
o o
X 20 a
X1 20 ~
£ 10 15 5
< 2
X 0.0 10 =
Bt

RP023 RV407 K RP023 RV407

'Lielplatone’ "Fuego’

raza/yield - M Eraza/yield + M
proteins / protein - M @ proteins / protein + M

14. att. Pupu séklu raZa un proteina saturs Skirném ‘Lielplatone’ un
‘Fuego’ izméginajuma LI2015_A /
Fig. 14. Bean seed yield and protein content in cv. ‘Lielplatone’ and cv.

‘Fuego’ in experiment LI2015 A
K — varianti bez inokulacijas ar guminbakt&rijam / variants without inoculation
M — inokuléti ar mikorizas séném / inoculated with mycorrhizal fungi

Rupjséklu skirném lielaka raza iegiita tikai variantos, kuri inokul&ti ar
mikorizas séném bez guminbaktérijam (15. att). Skirnei ‘Karmazyn’
dubultinokulacija ar baktérijam RV407 un mikorizas s€éném samazindja ari
proteina saturu seklas.

Izméginajuma LI2015 B proteina saturs s€éklas variantos ar mikorizas
seném bija nedaudz augstaks, bet nebitisks. Dubultinokulacija ar
guminbaktérijam RV407 un mikorizas séném S$kirnei ‘Fuego’ proteina saturu
samazinaja (p=0.02, RSe.05=0.32) (16. att.).
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Fig.15. Bean seed yield and protein content in cv ‘Bartek’ and ‘Karmazyn’ in
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varianti bez inokulacijas ar guminbaktérijam / variants without inoculation
M — inokuléti ar mikorizas séném / inoculated with mycorrhizal fungi
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Fig. 16. Protein content in shoots in the growing season and in seeds in
differently inoculated variants for cultivars ‘Boxer’ and ‘Fuego’ in field
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Izm&ginajuma (LI2016_A) skirnei ‘Fuego’ lidzigi ka ‘Lielplatonei’ augu
vegetativajas dalas sausnes daudzums starp inokulacijas variantiem bitiski
neat$kiras. Tomér salidzinot proteina saturu dzinumos vegetacijas perioda un
uzkrato proteina daudzumu seklas (17.att.) redzams, ka parsvara visos variantos
s€klas proteins vairak uzkrajas variantos ar mikorizas seném. Liclaka atskiriba
ir Skirnei ‘Fuego’ starp variantu, kur augi inokuléti tikai ar guminbakteriju
celmu RV407 un dubultinokulacijas variantu. Pretgja sakariba iegiita variantos,
kur augi papildus mésloti ar slapekla mineralméslojumu. Saja gadijuma
varianta ar mikorizas sénu inokulaciju, proteina saturs s€klas samazinajas.
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17. att. Proteina saturs pupu lakstos un séklas skirném ‘Fuego’ un
‘Lielplatone’ lauka izméginajumos 2016. gada /
Fig. 17. Protein content in bean leaves and seeds of cultivars ‘Fuego’ and
‘Lielplatone’ in field trials of 2016

K — varianti bez inokulacijas ar guminbaktérijam / variants without inoculation
N — varianti bez inokulacijas ar guminbaktérijam, bet ar papildu slapekla / variants without
inoculation, but with additional nitrogen fertilizer

Novertgjot izveidotas simbiozes ietekmi uz pupu razu, konstatéts, ka
mikorizas sénu ieklau$ana inokuluma sastava vairuma gadijumu palielina razu
(18. att.). Atseviski lietotu mikorizas sénu ietekme uz razu ir statistiski batiska
(p=0.00035; RSp0s=0.14). Nebitiska ietekme bija tikai dubultinokulacijas
varianta ar bakte€rijam RP023 un mikorizas séném ar papildu slapekla
méslojumu.
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18. att. Pupu séklu raZa un proteina saturs $kirném ‘Lielplatone’ un
‘Fuego’ LI2016_A izméginajuma /
Fig. 18. Bean seed yield and protein content of cv. ‘Lielplatone’ and ‘Fuego’in
L12016_A experiment
K — varianti bez inokulacijas ar guminbaktérijam / variants without inoculation
M — inokul&ti ar mikorizas séném / inoculated with mycorrhizal fungi
N — varianti bez inokulacijas ar guminbaktérijam, bet ar papildu slapekla / variants without
inoculation, but with additional nitrogen fertilizer

Protetna daudzums s€klas dubultinokulacijas variantos augstaks abam
Skirném ar guminbaktérijam RV407. Proteina daudzums palielinajas
‘Lielplatonei’ par 0.78, bet ‘Fuego’ par 0.88 procentiem. Variantos ar
mikorizas séném un papildu slapekla méslojumu proteina daudzums s€klas bija
mazaks. Papildu slapekla meéslojums mikorizéto augu s€klas proteina
daudzumu samazinaja par 0.78 lidz 1.13%.

Izméginajuma LI2017 séklu inokulé$anai lietota guminbaktériju asociacija.
Vertgjot razu veidojosos komponentus, konstatéts, ka izveidoto pakstu skaits
butiski neat$kiras nedz starp skirném, nedz variantiem. Vidgji vienam augam
izveidojas 12—-16 pakstis. Atskiras 100 séklu masa starp variantiem, kuri bija
inokuléti ar mikorizas séném, un neinokul&tajiem. Skirnei ‘Lielplatone’ vidéja
100 seklu masa bija 41.3 g, bet variantos, kur lietota inokulacija ar mikorizas
séném, — 42.9 g. Atskiriba statistiski btiska (p=0.02, RSe.05 = 1.32).
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19. att. RaZa un proteina saturs séklas §kirném ‘Lielplatone’ un ‘Fuego’
LI2017 izméginajuma /
Fig. 19. Yield and protein content in seeds of cultivars ‘Lielplatone’ and

‘Fuego’ in LI2017 experiment
K — varianti bez inokulacijas ar guminbaktérijam / variants without inoculation
R — varianti, kuros s€klas inokul&tas ar guminbakt&rijam / variants in which the seeds have been
inoculated with bacteria
N — varianti bez inokulacijas ar guminbaktérijam, bet ar papildu slapekla / variants without
inoculation, but with additional nitrogen fertilizer

Skirnei ‘Fuego’ vidgja 100 seklu masa bija 54.6 g, bet variantos, kur séklas
inokulétas ar mikorizas séném, — 57.0 g. AtSkiriba bija statistiski butiska
(p<0.001, RSp.05 = 0.79). Proteina saturs noteikts pupu lakstos ziedéSanas faze
un seklas. Statistiski biitiska atskiriba starp variantiem, kur s€klas inokul&tas ar
mikorizas s€n€m, bija tikai s€klas (p<0.001) (19. att.). Ziedesanas faze lakstos
proteins vairak veidojas variantos, kuros s€klas bija inokulgtas.

Inokulacijas efekta novertéjuma kopsavilkums

Iekartojot izméginajumus dazadas audzEéSanas vietdas, lai novertétu
inokulacijai lietoto guminbakteriju aktivitati un ietekmi uz razu, konstat€ta
augsnes apstaklu un Skirnes ietekme. Apkopojot vairaku vegetacijas periodu
datus, var noverot mainigu inokulacijas efektu uz pupu razu un tas kvalitati.
Proteina saturs ir nozimigs iegiitas razas kvalitates raditajs. Salidzinot dazadu
inokulacijas variantu ietekmi uz protetna uzkrasanos s€klas, konstatts, ka
inokul@tajos variantos proteTna saturs vidgji ir augstaks neka kontrolg.
Apkopojot visu analizéto $kirpu proteina analizu rezultatus (20. att.), redzams,
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ka lielakas svarstibas ap vid€jo vertibu noverojamas inokulaciju variantos ar
vienu atseviSku mikrosimbiontu. Variantos, kur inokulatu veido atseviski
guminbaktériju celmi, vid&jais proteina saturs s€klas bitiski neatSkiras no
dubultinokulacijas varianta ar mikorizas séném. Proteina saturu s¢klas ietekmé
ne tikai s€klu inokulesanai lietotie mikroorganismi, bet arT audzgSanas apstakli.
Guminbakteriju celmiem RP003, RV505 un RP110 bija konstatéjams biitisks
audzgSanas vietas ietekmes efekts. Pozitiva ietekme bija inokulatam, kura
sastava ieklauti vairaki guminbakteriju celmi (varianti R un RM). Tas mazina
konkrétas audzéS$anas vietas un vides apstaklu ietekmi uz guminbaktériju
aktivitati un sp&ju veidot simbiozi ar pupam. Trispusgjas simbiozes pozitiva
ieteckme wuz proteina uzkraSanos séklas ari bija liclaka varianta ar
guminbakteriju asociaciju (RM variants).
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20. att. Proteina saturs (%) pupu séklas dazados inokulatu variantos /
Fig. 20. Protein content (%) in bean seeds in different inoculum variants

Vegetativo parametru un razas izmainu batiskums dazadu inokulatu ietekmé
novértéts, salidzinot inokulétos variantus ar kontroli. letekme izteikta ar
koeficientu, kura vertiba svarstas no -1 (negativs efekts, salidzinot ar kontroli)
lidz 1 (pozitivs efekts, salidzinot ar kontroli), un tas atainots krasu karte.
Kontroles varianta vertibas atbilst 0 punktam.

Vegetativo parametru un razas izmainas, salidzinot ar kontroli, Skirnei
‘Lielplatone’ atainotas krasu kartg (21. att.). Tris gadu rezultati neparada vienu
neapstridami labako inokulacijas variantu. Ta ka izm&ginajumi katru gadu bija
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ierikoti cita lauka, var secinat, ka konkrétas audzeSanas vietas apstakliem ir
butiska ietekme uz simbiozes efektivitati. Vairuma gadijumu pozitivs efekts uz
augu vegetativajiem parametriem ir dubultinokulacijas variantos. Atseviski
lietojot noteiktus guminbakteriju celmus, ir lielaka varbitiba, ka introducétas
bakterijas nebilis konkurétsp&jigas ar augsnes guminbakteriju populaciju vai tam
biis nepiemgroti apstakli efektivas simbiozes izveidoSanai. Krasu karté Skirnei
‘Fuego’ (22. att.) arT nav izteikti viena labaka inokulacijas varianta. Atskiriba
no ‘Lielplatones’ skirnei ‘Fuego’ ir mazak par kontroli labaku (karte sarkana
krasa) variantu. Analiz€tajiem parametriem ir mazaka atskiriba no kontroles.

Skirnei ‘Lielplatone’ simbiozes veidoganai labvéligaks bija 2017. gads,
savukart Skirnei ‘Fuego’ — 2016. gads, bet mazak piemérots izradijas 2015.
gads. Tpasi izteikta atSkiriba pa gadiem ir kirnei ‘Lielplatone’. Vegetacijas
perioda pirmaja pus€, kad veidojas arT simbioze un augam javeido virszemes
masa, lielakas atSkiribas bija méneSa nokriSnu summa. NokriSou mazak par
normu maija bija 2017. gada, jinija — 2015. gada.

Rupjseklu skirnei ‘Bartek’ lauka izm&ginajumu rezultati atSkiras pa gadiem
(23. att.). 2014. gada labako rezultatu uzradija variants, kur augi bija inokul&ti
ar mikorizas séném, turpreti 2015. gada pozitivais efekts bija vajak izteikts, lai
gan pozitiva ietekmes tendence uz razas veidoSanos saglabajas. Skirnei
‘Karmazyn’ inokulacija ar mikorizas séném uzradija pozitivu ietekmi (23. att.),
bet dubultinokulacija to ietekmé&ja negativi.
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21. att. Krasu Kkarte lauka izméginajumu rezultatiem $kirnei ‘Lielplatone’/
Fig. 21. Colour map for field trial results for cultivar ‘Lielplatone’
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22. att. Krasu karte lauka izméginajumu rezultatiem Skirnei ‘Fuego’ /
Fig. 22. Colour map for field trial results for cultivar ‘Fuego’
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23. att. Krasu karte lauka izméginajumu rezultatiem Skirnei ‘Bartek’ un

‘Karmazyn’ /

Fig. 23. Colour map for field trial results for cultivars ‘Bartek” and

‘Karmazyn’
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Vairuma gadijumu pupu vegetativie parametri (lapu skaits, dzinumu skaits)
starp variantiem bitiski neatSkiras. Starp parametriem, kuri izteiktak var&tu
raksturot mikrosimbiontu ietekmi (lakstu masa un sausne, proteina saturs
lakstos un seklas), atsevis$kos izméginajumos vargja konstatét ari butisku
atskiribu.

Secinajumi

1. LLU LF Augsnes un augu zinatnu institita guminbakteriju kolekcijas
bakteriju celmi uzrada atskirigu aktivitati un sp&ju veidot simbiozi ar
pupam. No parbauditajiem bakteriju celmiem nevar izveleties vienu, kur§
vienlidz efektivi darbotos dazados vides apstaklos. Salidzinot
dehidrogenazu darbibas tirkultlira, aktivakais bija guminbakteriju celms
RV505, tomér ta aktivitates bija svarstiga dazados augsnes tipos.

2. Pozitivi rezultati iegiiti lietojot guminbakteriju celmu asociacijas, kas lauj
noverst viena atseviSka bakteriju celma konkurétsp&jas un efektivitates
izmainas, ko var ietekmét vides faktori un augsnes eso$o mikroorganismu
aktivitate.

3. Mikorizas sénu klatbiitni var&ja konstatét visos analizétajos augs$nu tipos.
Atskiras mikorizacijas pakape (F%) un arbuskulu sastopamiba (A%)
sikseklu un rupjseklu pupam. Skirném ‘Bartek’ un ‘Karmazyn’ arbuskulu
veidoSanas intensitate sakn€s bija zemaka neka sikseéklu pupu Skirném.
Rupjseklu pupam mikorizacijas pakape svarstijas no 40% lidz 51.1%, bet
stkseklu no 65% Iidz 97%. Attiecigi arT arbuskulu sastopamiba rupjseklu
Skirném bija no 0.13% lidz 1.14%, bet sikséklu pupam no 4.39% Ilidz
11.30%.

4. Mikorizas s€nu lieto$ana kopa ar guminbakterijam bija stimulgjosa ietekme
uz mikorizas struktiiru veido$anos saknés. Ipasi izteikti tas izpaudas, ja
lietoja guminbaktériju asociacijas. Dubultinokulacijas variantos augiem
noteikts augstaks hlorofila daudzums salidzinot ar kontroles augiem vai
inokulgjot tikai ar guminbakterijam.

5. Minerala slapekla papildm@slojums neveicindja mikorizas sé€nu
iedzivoSanos pupu sakn@s. Vid€ja mikorizacijas pakape bija zemaka,
salidzinot ar dubultinokulacijas variantiem. Sajos variantos konstatéta
proteina daudzuma samazinasanas s€klas vidgji par 0.70 — 1.15%.

6. Dubultinokulacijas variantos var konstatét pozitivu ietekmi uz augu razu un
tas kvalitati, tomér pozitiva ietekme nebija konstateta katra vegetacijas
perioda. Vairuma gadijumu izpaudas tikai pozitiva tendence. InokuléSana
lietojot atseviskus guminbakteriju celmus, piemérotaks dubultinokulacijai
bija RV407. Lietderigi atsevisku guminbakteriju celmu vieta lietot
asociaciju.
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Introduction

Legumes are widely grown crops in the world that fix atmospheric nitrogen
in symbiosis with microorganisms. Their growing area varies in different
regions of the world. The legume cultivation area is not homogeneous in
Latvia, either. It is influenced by EU directives, which impose requirements for
the diversification of arable land, as well as changes in cultivation technologies
and marketing opportunities. There is also a need to diversify the use of
legumes. Historically, beans were grown as a source of protein in fodder and
only small amounts of garden beans were intended for human consumption. At
present, the use of legumes is expanding and their processing is also evolving
in order to better integrate legumes into the human diet. Legumes, including
beans, are increasingly valued from an environmental quality point of view, as
their inclusion in crop rotation not only reduces the required mineral nitrogen
consumption but also reduces N,O emissions from soil caused by
microbiological processes and improves soil structure, so they are an important
precrop.

The beneficial effects of legumes on various environmental processes
would not be possible without the mediation of symbiotic microorganisms, the
activity of which is influenced by cultivation technologies. With the change of
bean growing areas as well as growing technologies and agro-climatic
conditions, there is a need to intensify research on the interaction between
beans and microorganisms. More and more modern and intensive methods are
being used in agriculture, but at the same time agricultural production must
become more environmentally friendly by reducing the use of mineral
fertilizers and incorporating organic components. The impact of complex
environmental and human/economic activities must be taken into account, as
crop vyields depend not only on genetically determined limitations and
capabilities or appropriate agro-techniques, but also on a number of
environmental factors that affect the interaction of agrocenotic organisms.

Topicality of the PhD thesis

In Latvia, the Rhizobium bacteria have been studied for a long period of
time, however, the research has been carried out with fluctuating intensity. On
the other hand, there are few studies on the role of mycorrhizal fungi in
agroecosystems, but the interaction between the rhizobia and mycorrhizal fungi
has not been studied. Therefore, by intensifying the cultivation of legumes,
including beans, the possibilities to increase their productivity with
environmentally friendly methods — microbial associations — should be
assessed. By studying the mechanisms of interactions and the factors affecting
them, it would be possible to better provide the necessary conditions for the
growth of crops in the agro-ecosystem in order to obtain not only high but also
high-quality yields with environmentally friendly methods.
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Aim of the thesis
To evaluate the effect of symbiotic associations on the yield of beans (Vicia
faba L.) and its quality.

Tasks

1. To evaluate the suitability of Rhizobium leguminosarum strains from the
collection the Rhizobium bacteria available at the Institute of Soil and Plant
Sciences of the Latvia University of Life Sciences and Technologies to
form an effective symbiosis in the V. faba L. beans.

2. To evaluate the degree of mycorrhization of V. faba L. bean roots in
inoculated and non-inoculated fields.

3. To assess the influence of environmental factors on the formation and
effectiveness of symbiotic associations.

4. To assess whether it is appropriate to use double seed inoculation with
symbiotic microorganisms to increase the quality of bean yield.

Hypothesis of the thesis
By establishing an appropriate and effective symbiotic association between
beans and microsymbionts, it is possible to increase bean yield and quality.

Theses to be defended

1. The efficacy of the rhizobia bacterial strains varies. It is affected not only by
the soil conditions but also by the crop.

2. The distribution of mycorrhizal fungi in the soil is not homogeneous. The
mycorrhization intensity in agricultural soils is influenced by tillage and the
crops grown.

3. Environmental conditions determine the interaction between plant and
microorganisms. The biochemical interaction between the plant, the
rhizobia, and the mycorrhizal fungi determines the possibility and efficiency
of the formation of the symbiotic system.

4. Effective symbiotic association between beans and microsymbionts has a
positive effect on plant growth and as a result can increase bean yield and
quality.

Approbation of research results

The results of this study have been summarized in 10 publications, six of
which are published in scientific journals indexed in Scopus or Web of Science
databases. 6 oral reports and 8 posters were presented at international scientific
conferences.
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Materials and methods

The dissertation was developed in the period from 2014 to 2018.

The experiments on the effectiveness of the rhizobia and the effects of double
inoculation on yield formation include several cultivar of bean.
— Small-seeded bean Vicia faba var. minor cultivars ‘Lielplatone’, ‘Fuego’,

‘Boxer’, ‘Albus’, ‘Laura’, ‘Alexia’.

— Large-seeded bean Vicia faba var. major cultivars ‘Karmazyn’ and

‘Bartek’.

The trials were carried out in vegetation pots under controlled conditions
and in field experiments. To evaluate the effects of temperature on the
formation of symbiosis experiments were set up under controlled conditions in
a phytochamber and a greenhouse.

Bean seed inoculation for evaluation of efficiency of symbiotic systems in
vegetation pots and field trials

The effectiveness of Rhizobium leguminosarum L. strains and mycorrhizal
fungi was evaluated in the vegetation pot and field experiments.

All the rhizobia strains — RP003, RP023, RP110, RV407, RV505 — used in
the experiments came from the collection of the Institute of Soil and Plant
Sciences of the Latvia University of Life Sciences and Technologies. The
experiments started with assessing the effectiveness of individual rhizobia
strains or their combination with mycorrhizal fungi, but in 2016 and 2017
continued with rhizobia bacterial strain associations:

R — association of RP023 and RV407 strains,

R1 — association of RP003, RP023 strains,

R2 — association of RV407, RV505 strains.

The seeds were inoculated with the rhizobia before sowing. Unsterilized
seeds were soaked for 30 min in a suspension of bacteria with a concentration
of microorganisms of 108 cells per 1 mL. For field trials (L12016_A, L12017)
the seeds were dried before sowing so that they could be sown with a sowing
machine.

The mycorrhizal fungi preparation was obtained from the Czech company
Symbiom® and contains three species of mycorrhizal fungi — Glomus
claroideum, G. intraradices, and G. mosseae. The mycorrhizal fungi
preparation was used directly before sowing in both vegetation pots and field
trials. The dose of the preparation was 45 g m. The effect of mycorrhizal fungi
on the efficiency of the symbiosis of the beans (Vicia faba L.) and the rhizobia,
as well as the formation and quality of bean yield was evaluated The
experiments included variants in which the seeds were treated exclusively with
the mycorrhiza preparation as well as variants with double inoculation.
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The experiments were arranged in vegetation pots in the territory of the
Institute of Soil and Plant Sciences. Each year the experiments were arranged in
8 (eight) replicates, four of which were analysed at the flowering phase of the
plants, while four replicates were grown until harvest. 6 seeds were sown in
each 5 liter vegetation pot. After germination, no more than 5 beans were left in
each vegetation pot. The soil for the experiment was taken from a field where
there had been no previous experiments with the rhizobia. The vegetation pots
were placed in open air conditions on wooden pallets. The plants were
automatically watered with tap water 1-3 times a day, changing the watering
regime depending on the plant development phase and meteorological
conditions. 200 —450 mL of water per m? were given at one time.

In 2014 experiments were started on May 2, in 2015 — on May 13, in 2016 —
on May 3 13, but in 2017— May 2.

The yield was harvested in September.
The granulometric structure of the substratum for the vegetation pot
experiments was as follows:

years 2014 and 2015 — loam,

year 2016 — clay loam,

year 2017 — loamy sand.

Field experiments

Year 2014

LI12014_A — the experiment was set up in Kemeri (56°56'48.7"N 23°28'18.5"E).
Two cultivars ‘Bartek’ and ‘Karmzyn’ were grown. The beans were sown in
double rows, in four replicates. The variants were arranged randomly. 10 seeds
were sown in each row. An isolation area of 50 cm was left between the plots.
No additional fertilizer was given.

LI12014 B — the experiment was set up in Olaine district (56°43'02.2"N
24°04'24.8"E). Two cultivars ‘Bartek’ and ‘Karmzyn’ were grown. The beans
were sown in double rows, in four replicates. The variants were arranged
randomly. 10 seeds were sown in each row. An isolation area of 50 cm was left
between the plots. No additional fertilizer was given.

LI2014_C - the experiment was set up in Jelgava, in the territory of the
Institute of Soil and Plant Sciences. The beans were sown in double rows, in
four replicates. The variants were arranged randomly. 10 seeds were sown in
each row. Between the variants 1 m isolation zone remained. Winter wheat was
sown in the isolation zone. Cv. ‘Bartek’ was grown.

Year 2015

LI12015 A - the experiment was set up in Jelgava, in the territory of the
Institute of Soil and Plant Sciences of the Latvia University of Life Sciences
and Technologies on April 30. It was three-row sowing, 20 cm between rows.
The length of each plot was 1 m. The experiment was arranged in four
replicates. Between the variants and replicates was 1 m isolation zone where
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winter wheat was sown. Four cultivar ‘Lielplatone’, ‘Fuego’, ‘Bartek’, and
‘Karmazyn’ were grown.
LI2015 B - the trial was set up in Jaunjelgava district, Sece parish
(56°33'36.2"N 25°23'47.4"E). The beans were sown on April 24. The seeding
rate was 50 germinating seeds per m2. The size of each field was 1 m?, and the
experiment was arranged in four replicates. Cultivars ‘Boxer’ and ‘Fuego’ were
grown.
L12015_C — the experiment was set up in Vaidava parish. Each variant in four
repetitions, one repetition plot size 4 x 48 m. Cultivated cultivar: ‘Alexia’,
‘Albus’, ‘Laura’, ‘Boxer’, ‘Fuego’. Sown on April 11.
Year 2016
LI12016_A — the experiment was set up at the Latvia University of Life Sciences
and Technologies Training and Research Farm “Pé&terlauki” on May 2. The size
of the plots was 7 x 1.5 m. The experiment was conducted in four replicates.
The beans were sown with a sowing machine. The sowing rate for ‘Lielplatone’
and ‘Fuego’ was 45 seeds per m?.
L12016_B — the effect of mycorrhization was analysed in an experiment with
two garden bean genotypes in Plire DI. The experiment was arranged in four
replicates.
Year 2017
LI12017 — the experiment consisted of four replicates. The size of each plot was
9 x 2 m. The beans were sown with a sowing machine. The sowing rate for
‘Lielplatone’ and *Fuego’ was 45 seeds per m?. When the beans had their first
true leaf, ammonium nitrate at a dose of 10 kg ha' was given in the
experimental variants with additional nitrogen fertilizer (control (KN) and
mycorrhizal (MN) variant).

The experiments were set up in several places to test the effectiveness of the
Rhizobium bacterial strains in different soils. In the experimental site inoculated
legumes have not been grown on the test sites for at least 10 years.

Determination of vegetative, biochemical and yield-forming parameters of
plants

In vegetation pots and field trials, plant vegetation parameters were
measured first during the flowering phase and repeatedly before harvest.
According to the BBCH decimal code scale, the first plant analysis was
performed when the plants had reached stage 60—72 of development, and the
second — in the ripening phase (BBCH 85-88). The methods used for plant and
soil analyses are summarized in Table 1.

50



Model experiments

Model experiments (ME) were set up, depending on the study parameter, in

a greenhouse or phytochamber under controlled conditions.
ME_A. The effects of temperature and microsymbionts on flavonoid synthesis
in germinating bean seeds was studied. The experiment was set up in Petri
dishes, the seeds were germinated in the dark, in 4 different temperature
conditions: 4, 8, 12 and 20 °C. The seeds were inoculated with several
combinations of symbionts: 1) a mixture of rhizobia strains RP023 and RV407
(R), 2) a mycorrhizal fungi preparation (M), 3) double inoculation (RM). No
additional microorganisms were used in the control variant. Each variant was
set up in four replications. The qualitative and quantitative composition of
flavonoids in the seed exudate solution was analysed.

A part of the sprouted seeds was used in a subsequent greenhouse
experiment.

ME_B. The effects of temperature and microsymbionts on bean seed
germination and growth was analysed. The experiment was arranged in two
parts.

The first experiment in vegetation pots was arranged in a phytochamber.
The air temperature regime was the following:

day 1-28: + 5 °C at night + 15 °C, during the day,

day 29 —36: + 7 °C at night, + 17 °C during the day,

day 37 —40: + 10 °C at night, + 20 °C during the day,

from day 41 until the end of the experiment: + 12 °C at night, + 20 °C

during the day.

The beans (cultivar ‘Fuego’ and ‘Karmazyn’) were grown in 1 litre

vegetation pots filled with sterile vermiculite, sowing 2 seeds in each pot in six
replicates. Plant growth and the biochemical parameters in the roots and the
vegetative part of the plants were analysed.
The second experiment was set up in a greenhouse, continuing to assess the
effect of temperature during germination. Seedlings from Petri dishes were
planted in sterile vermiculite in 3 litre vegetation pots. As the plants grew, they
were watered with a nutrient solution. The nutrient solution was prepared from
Crystalone-3 (N-P20s-K;0 6-24-36) by dissolving 1.5 g in distilled water. The
plants were grown for 7 weeks until flower buds appear (BBCH 50 - 55). Upon
harvest, shoot length and weight, number of leaves, root weight, number and
weight of nodule, and shoot root and nodule dry matter were measured.

To evaluate the effects of inoculation on the crop, two (ME_C and
ME_D) vegetation pots were set up in the greenhouse.

The first greenhouse experiment (ME_C) was set up for two years, with beans
in vegetation pots according to the same scheme. The experiment was set up for
the first time in autumn 2014 in vegetation pots (7 variants in five replicates)
where beans had been previously grown, and for the second time in spring 2017
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in vegetation pots (7 variants, three replicates) where beans had been grown in
the vegetation period of 2016. The greenhouse experiments were completed
during the flowering phase of the plants. In the first year, the variety ‘Bartek’
was grown. In the second year, the variety ‘Lielplatone’ was grown.

The second greenhouse experiment (ME_D) was set up with onions,
grown after the beans ‘Bartek’. The test, according to the same scheme, was
performed for two years. The first experiment with onions was set up in
February 2015, the second — in April 2016 in the vegetation pots where
inoculated beans had been grown. The obtained results are summarized in the
publication (Dubova, L., Senberga, A., Alsina, I. Inoculated broad beans
(V.faba) as a precrop for spring onions (Allium cepa). (2017). Research for
Rural Development, Vol. 2, pp. 33-39) and are not analyzed in detail in this
work.

Evaluation of the degree of root mycorrhization

To assess the occurrence of mycorrhizal fungi, the roots were rinsed after
digging and 1-3 cm long samples were collected from the root tips for further
analysis. The root samples were purified and prepared for staining by heating in
10 % KOH solution at 90 °C for 10 minutes. The roots were rinsed and stained
with a solution of 5% black ink (Parker Pen Company, Newhaven, UK) in 8 %
acetic acid (Brundrett et al., 1996; Vierheilig et al. 1998) for 15 min at 90 °C.
Stained roots were rinsed in 2% hydrochloric acid solution for 15-25 minutes
and prepared for microscopy or stored in a solution containing glycerol, lactic
acid, and distilled water (1:1:1). After staining, 1 cm long root fragments were
examined with a 10 X magnification objective, each root fragment being
viewed in six different fields of view. For each experimental variant, 30 root
fragments (180 fields of view) were examined. The occurrence of mycorrhizal
fungal structures in the root fragments was evaluated and the results were
calculated according to the equations of the program MYCOCALC. The
mycorrhizal frequency or incidence of fungal structures in the root system (F
%), the intensity of mycorrhizal colonisation in root fragments (m %), the
mycorrhizal intensity in the root system (M %) in the studied samples (a %),
and the amount of arbusculs throughout the root system (A %) were calculated.

To assess the number and activity of soil microorganisms, the soil was
collected during the flowering of beans and at the end of the vegetation period
simultaneously with plant analyses. The soil was stored at +4 °C until analysis.
The number of microorganisms was calculated as the weighted average of two
consecutive dilutions (each in triplicate).

All soil microbiological analyses as well as the microbiological activity
analysis are expressed per unit mass of dry soil. The soil was dried at 105 °C
for 24 hours.
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Statistical analysis of data

Two-way and three-way analysis of variance (ANOVA) was used to assess
the significance of the inoculation variants and the significance of vegetative
parameters. The results are considered significantly different if p<0.05. In the
graphs, the error bars show the smallest significant difference (RS).

Correlation analysis and factor analysis were performed in the SPSS
program to evaluate the relationships between the intensity of symbiosis
formation, mycorrhizal frequency, arbuscular formation intensity in the bean
root system, and plant vegetation parameters.

The effect of the inoculation variant on the vegetation parameters and yield
of the beans in comparison with control is characterized by a coefficient in the
range from -1 to 1.

The colours corresponding to the coefficients are shown in Fig. 1.

RESULTS

Comparison of the activity of pure cultures of rhizobia

The rhizobia strains for the experiments were selected based on the data of
the previous rhizobia research period in the second half of the 20™ century.
During this time the most significant amount of data on the occurrence and
effectiveness of the Rhizobium bacteria in beans in Latvian soils was obtained
by prof. V. Klasens. However, with the change of cultivated bean cultivar,
agronomic techniques, and climatic conditions, studies of the interaction and
effective symbiosis of the rhizobia and legumes have still not lost their
relevance not only in Latvia, but also in the world. More attention is being paid
to the biochemical factors determining the formation of symbiosis, evaluating
the role of both microorganisms and host plants in the formation of interactions.

The efficiency of the Rhizobium bacteria in reducing molecular nitrogen to
ammonium ions depends on the enzymatic activity in the cells. The intensity of
various biochemical processes is one of the ways to evaluate the activity and
efficiency of the rhizobia. Dehydrogenases are involved in a number of
biochemical reactions in the nodule, so it is one of the groups of enzymes that
characterize the intensity of processes in the nodules.

Different dehydrogenase activity was also found for the Rhizobium strains
selected for the experiments (Fig. 2). Dehydrogenase activity in the bacterial
suspension was compared 48 h after inoculation in the new medium.

Only the bacterial strains RP101, RV407 had a lower value than the average
dehydrogenase activity of the tested bacteria. The enzymatic activity in the
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nodule is associated with a more efficient reduction of molecular nitrogen and
the transport of reduced nitrogen compounds from nodule to the host plant.

The activity of rhizobia strains was tested on plants by growing inoculated
seeds in sterile sand. Comparing the size of the formed nodules, no strong
correlation could be found with the activity of pure culture dehydrogenases.
Not all strains of rhizobia formed equally large nodules on the bean roots. The
smallest were those with RV501 and RP023, the weight of 100 nodules was
3.02 and 3.44 g respectively. The difference in weight of 100 nodules between
bacterial strains was more pronounced than the dehydrogenase activity. When
determining the correlation between dehydrogenase activity and nodule weight,
a moderately close to close correlation was found. The correlation coefficient
ranged from 0.50 to 0.99. It cannot be unequivocally stated that all rhizobia
strains will have a higher dehydrogenase activity in larger nodules. The
rhizobia strain RV505, which had the highest dehydrogenase activity, formed
medium-sized nodules (100 nodules weighed 4.97 g), while the strain RP110
(7.44 g) formed the largest nodules.

The comparison of rhizobia strains was continued in non-sterile conditions.
The formation of symbiosis and the nodule parameters of the rhizobia strains
RP023, RV301, RV407, and RV501 were also compared for the beans ‘Bartek’
in the vegetation pot experiment in the greenhouse under controlled conditions.
The beans were grown in a greenhouse in vegetation pots until flowering. Upon
evaluating the mass of 100 nodules, dry matter of the nodule, and
dehydrogenase activity, the biggest differences were found between the weight
of 100 nodules. The largest nodules were formed by the strain RP023 (8.98 g),
but the smallest nodules were formed by the strain RV407 (2.52 g). The content
of dry matter ranged from 20.1 % to 21.4 %. The highest dehydrogenase
activity (DHA) was determined for the strain RV501 (16.1 INT g INTF mL-1).
A moderately close correlation was detected between nodule mass and
dehydrogenase activity (r = 0.69> r 0.05,60 = 0.253).

The rhizobia strain RP407 did not show top results in any of the
experiments but was chosen for the inoculation of the bean seeds due to it being
among the best performers when examining rhizobia strains that could be
isolated from the nodules on bean roots.

Comparing the formation of nodules in vegetation pots and field
experiments, it was discovered that the formation and optimal rate of symbiosis
depend on the complex effect created by the selected bacterial strain, bean
variety, and soil. It might be explained not only with the properties of the soil,
but also the naturally occurring population of microorganisms in the soil and
the competitiveness of the Rhizobium bacteria.

For several bean cultivars (‘Laura’, ‘Fanfare’, ‘Boxer’, ‘Isabell’, ‘Taifun’,
“Vertigo’, ‘Fuego”) inoculated with the Rhizobium strain RV407, nodule weight
and dehydrogenase activity in the nodule were also evaluated in field trials. A
moderately strong correlation was found between nodule weight and
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dehydrogenase activity. The critical value of the correlation coefficient in 2015
was r = 0.85> r 05,160 = 0.16 for inoculated plants, but r = 0.68> rg s, 160 = 0.16
for non-inoculated plants. In turn, in 2016 the inoculated plants had a
correlation coefficient of r = 0.75> rqs, 70 = 0.23, but the non-inoculated plants
had r = 0.62> r 5 70 = 0.23.

An effective symbiosis promotes protein synthesis in the plant. Depending
on the variant of the inoculum, the analysed field bean cultivars had a different
amount of protein in the bean shoots. The protein content did not differ
significantly between the cultivar, but it differed between the inoculated and
non-inoculated variants (Fig. 3). The inoculated plants had a significantly
higher protein content in the cultivars ‘Laura’ and ‘Fanfare’ (RSgs5=1.72). The
inoculated plants of both these cultivars exhibited a higher dehydrogenase
activity in the nodules. The inoculated plants of the cultivars ‘Boxer’ and
‘Isabell’ had a higher dehydrogenase activity in the nodule, however, the
amount of protein in the stems did not differ from that of the non-inoculated
plants. Only the inoculated plants of the cultivars ‘Taifun’ and ‘Vertigo’ had a
lower dehydrogenase activity and protein accumulation. Both cultivars had
formed smaller nodules, which leads to the conclusion that an unsuitable strain
of the rhizobia had been chosen for inoculation.

A larger difference between the new nodules was found in field
experiments, where the bacteria used for inoculation had to compete with the
natural soil microbiota. The local population of the rhizobia can form from
strains with a different genome structure, physiological properties, and nitrogen
fixation efficiency.

The effect of the cultivation site on the activity of the Rhizobium bacteria
could be verified in an experiment with four bacterial strains in two
experimental sites with different soil types — peaty loam (LI12014_A) and sod
podzolic soil (L12014_B). Soil type affects the nutrients available not only to
plants but also to microorganisms. More suitable soil for plant growth may
lead to more favourable conditions for symbiosis, while unsuitable soil
conditions may alter the composition of metabolites released by the plant root,
which may limit the activity of the rhizobia. The nodules found on bean roots in
podzolic soil were smaller than those in peat soil, but for the cultivar ‘Bartek’
all the tested bacterial strains formed significantly larger nodules than for
control plants (Fig. 4). For beans growing in peat soil, the nodules were larger,
but out of all the bacterial strains used for inoculation only RP023 and RP110
formed larger nodules on ‘Bartek’ roots than on the control variant; for
‘Karmazyn’ this was observed with the strains RP023 and RV407. In the
variants with the bacterial strain RP023, nodule weight was higher than in the
experiment in which the inoculated plants were grown in sterile sand, where the
mass of 100 nodules was 3.44 g for the strain RP023, but 5.37 g for the strain
RV407.
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The interactions between different symbionts are influenced by
environmental factors. One of the most important is the ambient temperature
during the formation of the symbiosis. By not only inoculating the seeds with
the rhizobia, but also performing double inoculation with mycorrhizal fungi,
the effect of temperature on the germination process and exudates was
determined.

When germinating seeds at different temperatures, different primary root
growth was observed, which could also affect the synthesis and exudation of
flavonoids as one of the main groups of biochemical signals. When inoculated
seeds germinate, the composition of flavonoids changes (Table 2). In 77% of
the cases the presence of microsymbionts reduced the flavonoid concentration.
The most significant effect was observed in the variants where the seeds were
inoculated with mycorrhizal fungi and in the double inoculation variants. In the
variants where the seeds were inoculated only with the rhizobia, a significant
difference was observed in only 9.4% of the samples. Comparing the effect of
the analysed temperatures, a greater reduction in the amount of flavonoids was
observed at 12 °C.

Continuing to grow beans in vegetation pots under greenhouse conditions
until the beginning of flowering (BCHH 50-53), the results did not show a
statistically significant difference in fresh root and shoot mass and dry matter.
Only a tendency was discovered for inoculated plants to form a higher weight
of the aboveground part in comparison to non-inoculated plants. The highest
ratio of the aboveground parts to roots was found in the plants inoculated with
mycorrhizal fungi. In these inoculation variants, the average root-to-shoot ratio
was 0.60, ranging from 0.49 to 0.71. The lowest ratio was in the variants where
the seeds were inoculated only with the Rhizobium bacteria. In these variants,
the average ratio was 0.48, ranging from 0.42 for the variety ‘Bartek’ to 0.53
for the variety ‘Lielplatone’. In most cases, inoculation with the rhizobia
reduced root growth.

From the results it can be concluded that the ability of some Rhizobium
bacteria to form symbiosis with beans depends not only on the properties of the
soil, but also on the variety of the bean and the microbial activity in the soil.
Several parameters should be used to select the most suitable rhizobia strains
and characterize their efficacy. The activity of the Rhizobium bacteria in the
nodule cannot be characterized only by the weight and dry matter of the nodule;
their biochemical activity must also be evaluated. According to the results none
of compared strains (RP023, RV301, RV407, RV501) can be considered
suitable for all the cultivar and types of soil. Therefore, it is useful to form
associations of several bacterial strains and also perform double inoculation
with mycorrhizal fungi.
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Incidence of mycorrhizal fungi in bean roots

Legumes, including beans, are plants that form symbiosis with both the
Rhizobium bacteria and mycorrhizal fungi. The occurrence of mycorrhizal
fungi and the intensity of mycorrhizal structures in the bean root system were
evaluated in field and vegetation pot experiments. The formation of symbiosis
is influenced by a number of biotic and abiotic factors, so, when comparing the
incidence of mycorrhizal fungi in bean roots harvested in different
experimental fields and inoculation variants, different incidence and intensity
of mycorrhization can be observed. Even in some of the root samples collected
of a single variant no fungal hyphae could be detected, while others were
intensively mycorrhized. The degree of mycorrhizal colonisation of the roots
was higher in the plants whose seeds were inoculated with the preparation of
mycorrhizal fungi, but the degree of nodulation caused by the rhizobia was
slightly lower. When non-inoculated plants were additionally fertilized with
mineral nitrogen, only in some cases a higher degree of mycorrhization could
be observed. To form an effective mycorrhiza, it is necessary to have not only
fungal hyphae in the roots, but also arbusculs. Assessing the correlation of the
parameters characterizing mycorrhization, it can be concluded that intensive
mycorrhization does not always coincide with an intensive formation of
arbusculs. According to the coefficient of determination (R? = 0.49), arbusculs
were formed only in 49% of the cases where mycorrhizal fungi colonised plant
roots. The formation of arbusculs can also be affected by the interaction
between the plant and mycorrhizal fungi.

Different degrees of mycorrhization could be observed by comparing the
occurrence of mycorrhizal fungi in the roots of the cultivars ‘Lielplatone’,
‘Fuego’, and ‘Bartek’ grown in the same conditions (Fig. 5).

The highest incidence of mycorrhizal fungi in the root system was found in
the cultivar ‘Lielplatone’. The difference between cultivar was statistically
significant (p = 0.00014). The incidence of arbusculs in root fragments was also
higher for ‘Lielplatone’, ranging from 5.12 to 6.55%, but for ‘Fuego’ and
‘Bartek’ it remained between 0.90 and 3.60%. Arbusculs ensure metabolism
between the plant and mycorrhizal fungi. The results indicate that the degree of
root colonisation with mycorrhizal fungi depends on the bean variety.

Legumes can also develop symbiosis with indigenous mycorrhizal fungi in
the soil, considering that certain structures of mycorrhizal fungi were also
observed in the control variant. However, results obtained in both vegetation
pot and field experiments showed that seed inoculation has a positive effect on
the intensity of mycorrhizal colonisation and abundance of arbusculs.

Summarizing the results of the experiment LI_2015, there was a significant
(p = 0.035) difference between control and the variant where seeds were
inoculated with the mycorrhizal fungus preparation. Differences were observed
in both parameters — the frequency of mycorrhizal structures in the root system
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(F%) and the intensity of arbusculs formation (A%). The inoculation of bean
seeds with the rhizobia and the double inoculation caused an increased
abundance of mycorrhizal fungi and arbusculs, but the difference from control
was not statistically significant. The abundance of arbusculs was more intensive
in the double inoculation variants (Fig. 6).

Comparing the occurrence of mycorrhizal fungi in the roots of the cultivars
‘Karmazyn’ and ‘Bartek’, it was found that for the cultivar ‘Karmazyn’ there is
a significant difference in the degree of root colonisation with mycorrhizal
fungi in different growing sites (Fig. 7). In the experiment LI2014 A, the
frequency of mycorrhiza in the roots was lower for the beans grown in peat soil
than those grown in podzolic soil (L12014_B). The difference was statistically
significant both for the frequency of mycorrhiza in the root system (p = 0.025)
and the abundance of arbusculs (p = 0.031).

No statistically significant difference was found when assessing the effect
of inoculation with the rhizobia on the incidence of mycorrhiza in the roots.
Only ‘Karmazyn’, when inoculated with the strain RV505, exhibited a
propensity for a higher frequency of mycorrhiza in roots in both soils. The
intensity of the abundance of arbusculs in the roots was higher with the
bacterial strain RP003 in sod-podzolic soil, as well as with the bacterial strain
RV505 in peaty soil. For the cv. ‘Bartek’, the difference between the two sites
was less pronounced, however, the effects of the Rhizobium strains used for
inoculation could be observed.

In podzolic soil, the incidence of mycorrhiza in the roots is higher with the
strain RV407, but the intensity of mycorrhiza (M %) and the abundance of
arbusculs (A %) was lower. The intensity of” the mycorrhizal colonisation of
the bean roots in peat soil was similar in the variants inoculated with the
Rhizobium strains RP023, RV505, RP003, but the abundance of arbusculs was
higher with the bacterial strain RV505.

A different degree of root mycorrhization was found not only in soils with
different properties, but also for both groups of beans — large-seed and small-
seed beans (Fig. 8). The formation of mycorrhizal symbiosis was more
pronounced in small-seed cultivar. For large-seed cultivars ‘Bartek’ and
‘Karmazyn’, the frequency of mycorrhizal structures and arbusculs was less
pronounced.

For bean seeds inoculated with different Rhizobium strains, various
intensities of the frequency of the mycorrhiza and arbuscular abundance were
observed in both types of trials: vegetation pots and field. Therefore, in the field
trials of 2017 the beans were inoculated with a combination of two Rhizobium
strains (RP023 and RV407). The effect of inoculation was more pronounced for
cv. ‘Lielplatone’.

The incidence of mycorrhizal structures in bean roots was slightly higher
(statistically insignificant) in the control variant, however, the mycorrhizal
intensity (M %) and abundance of arbusculs (A %) were higher in the
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inoculated variants. For the cv. ‘Fuego’, significantly (p <0.05) more arbusculs
were formed only in the variant with the mycorrhiza fungus preparation. The
application of mineral nitrogen fertilizer after seed germination did not promote
the abundance of mycorrhizal fungi in the bean roots.

A more intense formation of arbusculs promoted the protein accumulation
in the seeds of cv. ‘Lielplatone’, but for large-seed cultivars the amount of
arbusculs did not correlate with the protein content in seeds. The mycorrhizal
fungi colonisation in bean roots was less common for large-seed cultivar.

Interaction of soil microbiota and inoculum

The formation of symbiotic relationships between plants and
microorganisms can be influenced by the microorganisms in the rhizosphere,
because the natural microbiota of the soil and the strains introduced with the
inoculum can change the conditions in the rhizosphere. The natural microbiota
can actively compete with the introduced bacteria and mycorrhizal fungi for the
possibility to form symbiosis with plants. An active inoculum’s
microorganisms may, in interaction with the host plant, alter the environmental
suitability for the different rhizosphere microbiota groups and the ratio of
bacteria and microscopic fungi.

In the vegetation pot experiments of 2016 and 2017 the number of bacteria
and microscopic fungi in the bean root zone at the beginning of flowering
(BBCH 60-65) in the inoculum variants was compared, revealing certain
differences. Although the vegetation pots provided the plants of all variants
with equal growing conditions, at the same time the root system was limited in
volume. Therefore, differences in the changes in the number of aerobic bacteria
and microscopic fungi in different inoculation variants manifested more
sharply. Comparing the results of both years of vegetation, it could be
concluded that the number of bacteria increased only in the rhizobia strain
RP023. In other variants, the number of bacteria and microscopic fungi
decreased on average by 11 to 27 %. In the variants where the plants were
inoculated only with mycorrhizal fungi, the total number of bacteria decreased,
but the number of fungi increased insignificantly on average by 3.2%. In the
variants with double inoculation, the number of microorganisms decreased only
in some variants (RV407M), but in others it increased on average by 0.7 to
8.4%. Changes in the number of microorganisms may have been influenced by
root secretions, the composition of which may vary from the physiological state
of the plant.

The interaction of different microorganisms associations used in inoculation
with soil microorganisms and plant roots could be verified in the experiment
VT_2017 with beans cv. ‘Bartek’. The number of bacteria in the variant with
mycorrhizal fungi (5.30 -108 cfu per g of dry soil) and in the double inoculation
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variant (4.61 - 106 cfu per g of dry soil) was higher than with the rhizobia alone
(3.74 -10° cfu per g of dry soil). The number of microscopic fungi was also the
highest in the variant with mycorrhizal fungi (2.9-10* cfu per g of dry soil), but
the lowest with the rhizobia (1.41-10* cfu per g of dry soil). The
microbiological activity was equivalent in the double inoculation variant as
well as those inoculated separately with the rhizobia and mycorrhizal fungi.

Comparing the changes in the number of bacteria and microscopic fungi in
the rhizosphere of bean root during flowering and before harvesting in
experiment LI 2017, it was found that the changes in the number of
microscopic fungi were larger for the cultivar ‘Lielplatone’, where the number
of microscopic fungi in the root zone increased. For the cv. ‘Fuego’, an
increase in the number of microscopic fungi was observed only in the variants
with the rhizobia (R) and mycorrhizal fungi with additional mineral nitrogen
(MN). At the end of the vegetation period, there was a significant (p <0.05)
increase in the number of rhizobia in the root zone for both cultivars.

In field experiments, when comparing the activity and number of
microorganisms the differences between the inoculum variants were less
pronounced than in the vegetation pots. Higher activity of microorganisms in
the variants with mineral nitrogen fertilizer indicates the importance of nitrogen
in the activity of microorganisms (Fig. 10).

For both cultivars, the number of bacteria in the bean root zone was lower
before harvest than during flowering, but the number of microscopic fungi
increased. Similarly to 2016 in 2017 the changes in the amount and activity of
microorganisms were more pronounced for the cv. ‘Fuego’ (Fig. 11). The effect
of the microorganisms used in inoculation on the activity of microbiological
processes in the plant rhizosphere is also evidenced by the moderate correlation
between the changes in the number of bacteria in the rhizosphere and the
intensity of mycorrhiza in bean roots (r = 0.48).

The survival of mycorrhizal fungus propagules in the soil was also
confirmed by experiments in vegetation pots, in which the beans were sown
again after one year. Analysing the degree of mycorrhization of cv.
‘Lielplatone’ and cv. ‘Bartek’, it was observed that the occurrence of
mycorrhiza in the plant roots grown in the soil, where the previously inoculated
plants were cultivated, exceeds the control variant by 5.5 to 34.3%.

Influence of inoculation with rhizobia and mycorrhizal fungi on
bean (V. faba L.) growth and yield formation

Vegetative parameters were analysed when beans reached flowering stage.
Because bean flowers bloom gradually, in some experiments there were
variants in which pods had already formed instead of the first flowers. There
was no statistically significant difference between the inoculation variants in
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the vegetation pot experiments, but in some cases a difference was found in the
field trials. The vegetation parameters of plants were analysed during
flowering. The amount of chlorophyll, dry matter, and protein content in leaves
was compared.

In the experiment VT2014 it was found that dry matter and protein content
varied in the shoots of beans inoculated with different rhizobia strains.
Summarizing the results of three-year-long vegetation pot experiments, in
which beans were inoculated with two strains of the rhizobia alone or together
with mycorrhizal fungi, varied results were obtained. Plants treated with the
strain RP023 had the lowest chlorophyll content in the leaves as well as the
lowest dry matter and protein content. For plants inoculated with the rhizobia
strain RV407, the pigment content was also lower than that of the control but
higher than that of the RP023 strain. Double inoculation with RV407 and
mycorrhizal fungi promoted higher accumulation of dry matter than in the
control variant. The highest protein content in the leaves was in the variant
inoculated only with mycorrhizal fungi. In contrast, when evaluating the
vegetative parameters of the plants, in 2016 the rhizobia strain RP023 showed
better results compared to the rhizobia strain RV407. The amount of dry matter
in the shoots was lower in the plants inoculated with RV407. The results were
similar for the cv. ‘Karmazyn’, but a different response to double inoculation
was observed. Although the difference was not statistically significant, the
plants exhibited a tendency for the aboveground weight, number of leaves,
protein content in the shoots to be higher in the variants with the rhizobia strain
RP407 and double inoculation with mycorrhizal fungi.

A three-year vegetation pot trial of with two bean seed cultivars ‘Bartek’
and ‘Karmazyn’ showed that the rhizobia strain used for inoculation and
treatment with mycorrhizal fungi had no statistically significant effect on the
accumulation of dry matter in the plant shoots. The dry matter content ranged
from 104.2 to 110.5 mg g* (p = 0.99, RSo0s = 44.82 for the effect of the strain
and RSg 5 = 36.60 for the mycorrhiza).

Inoculation with Rhizobium proved to have a significant effect on plant
weight during flowering. The average weight of one plant ranged from 15.2 to
26.9 g. The heaviest plants were those of the control variant and the variants
inoculated only with mycorrhizal fungi, but the differences between them were
not statistically significant (p = 0.47, RSps = 3.39). The plants inoculated with
the rhizobia were significantly lighter than control (p = 0.0001, RSg¢s5 = 4.15).
The effects of both bacterial strains, RP023 and RV407, were not the same. On
average, the weight of the plants inoculated with strain RV407 was 29% lower,
but in the double inoculation variant it had dropped by 34% in comparison with
RP023. Data analyses show that in 61.8% of the cases changes in plant weight
are explained by inoculation with bacteria, but only 1.1 % of them can be
associated with mycorrhizal fungi. The microorganisms used for inoculation
consume photosynthetic products and therefore may inhibit plant growth. The
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diversion of photosynthetic products to microorganisms may be the reason why
the plants in the double inoculation variants had lower weight.

Different interactions of Rhizobium strains with beans were found by
comparing the vegetative parameters of the cultivars ‘Bartek’ and ‘Karmazyn’
in the experiments LI12014_A and L12014_B. The experiment LI2014_A was
arranged in peat soil with a higher amount of nutrients compared to the sod-
podzolic soil in the experiment L12014_B. The influence of different rhizobia
strains on the physiological processes of the plant was variety-specific. For the
cv. ‘Bartek’, inoculated plants showed a negligible reduction in pigment
content compared to control, while for the cv. ‘Karmazyn’ the strains RP023
and RV505 enhanced it. The chlorophyll content in control plants was 33.7
units on average, while for RP023 and RV505 it was 36.6 and 36.5 units,
respectively. The cv. ‘Karmazyn’ inoculated with the strain RP023 developed
larger nodules than the control plants, so it can be concluded that a more
efficient symbiosis was formed.

The ratio of vegetative parameters in the inoculated variants to control in
both experimental sites for the cultivar ‘Bartek’ is summarized in Figure 12.

Comparing the influence of the rhizobia on plant parameters, a significant
effect of the variety was found, which differs in various growing sites. Soil with
a lower nutrient content had a significant effect of the rhizobia. In the
experiment L12014_A, only some parameters exceeded the control variant. In
general, only the rhizobia strain RV407 allowed to obtain a better result than in
control (Fig. 12).

A different result was obtained for the cv. ‘Karmazyn’ (Fig. 12).
Summarizing the inoculation effects, it can be stated that inoculation with the
Rhizobium bacteria did not significantly improve plant growth at any of the test
sites. A slightly better result was obtained in the experiment LI2014_A with the
bacterial strains RP023 and RP505.

In the experiment LI2014_C the largest difference between plants
inoculated only with the rhizobia and the double inoculation variants was
observed with the bacterial strain RP023. The protein content in bean leaves
was higher in the variants with mycorrhizal fungi, but the difference was
significant only with the bacterial strain RV407 (p <0.05). The shoots of the
plants inoculated with RV407 had less protein in both the bacterial RP023
variant and control, however, this variant had the largest effect of mycorrhizal
fungi.

In the experiment L12015_A two small-seed bean cultivar, ‘Lielplatone’ and
‘Fuego’, and two large-seed bean cultivar, ‘Bartek’ and ‘Karmazyn’, were
grown. For the cultivar ‘Lielplatone’, the plant weight did not differ
significantly between the variants inoculated only with the rhizobia, but a
difference could be detected in the double inoculation variant with the bacterial
strain RP023. The plant weight was lower in the double inoculation variant.
Inoculation with mycorrhizal fungi without the rhizobia also reduced plant
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weight. A similar result was obtained with the variety ‘Fuego’, but in this case
the plant weight was significantly lower for the double inoculation variant with
the bacterial strain RV407.

The amount of accumulated dry matter in the bean shoots did not differ
significantly between the variants (p> 0.05), but it could be observed that
double inoculation with the rhizobia strain RV407 and mycorrhizal fungi led to
an increased protein content in both cultivars. For large-seed beans, the
difference between the variants with and without mycorrhiza was less
pronounced.

In the experiment L12016_A the vegetative parameters were analysed when
the beans had reached the 50 to 59" stage (‘Fuego’) and 65" to 68"
development stages (‘Lielplatone’) according to the BBCH classification. The
cultivar inoculated with Rhizobium were significantly lagged in development (p
= 0.003), while the inoculation of seeds with mycorrhizal fungi had a
significant effect on ‘Lielplatone’ (p = 0.007). Plants inoculated with
mycorrhizal fungi had reached developmental stages 66 to 68 and those not
inoculated — 63 to 66. The biggest difference was in the double inoculation
variant with the bacterial strain RP023. In this variant, on average, plant
development differed by 3 stages. For the cultivar ‘Lielplatone’, the average
plant weight in the control variants differed significantly from the plants
inoculated with bacteria (p = 0.003, RSg 5 = 12.84). There was no significant
difference between the single microsymbiont and double inoculation variants.
The dry matter content in the plants did not differ significantly between the
inoculants, except for those inoculated with RP023, in which the dry matter
content was lower than the control (RSoes = 0.62), but a positive double
inoculation effect was observed.

For the cv. ‘Fuego’, plant length was significantly affected by inoculation
with mycorrhizal fungi. When inoculated separately with the rhizobia, only the
strain RV407 significantly affected plant length (RSo.0s = 1.88). The length of
the plants inoculated with the strain RP023 did not differ from control. In all
the variants inoculated with mycorrhizal fungi alone or together with the
rhizobia, plant length significantly exceeded the control variant (p = 0.009).
Accordingly, the plants had more leaves in these variants (p = 0.002). Plants
with better foliage create better conditions for the process of photosynthesis.
The formation of optimal photosynthetic conditions has a beneficial effect on
the microorganisms involved in the symbiotic association and ensures the
formation of plant yield.

In the experiment L12017, the vegetative parameters of beans were analysed
62 days after sowing (26.06). At this time, there was no significant difference
in plant development between the variants, but it differed between cultivar (p
<0.0002). The cv. ‘Lielplatone’ had reached stage 62 to 67, but the cv. ‘Fuego’
had reached stage 62 to 74. Seed inoculation with mycorrhizal fungi
significantly affected plant growth (p = 0.0002) the in variants in which the
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seeds were not inoculated with the rhizobia. Plant weight was also higher in the
variants with mycorrhizal fungi, but a significant difference (p = 0.036) was
observed only in the variant with additional nitrogen fertilizer. However, the
dry matter content of the variant with mycorrhizal fungi and additional nitrogen
fertilizer was significantly lower.

For the cv. ‘Fuego’, the plant length was higher only in the variant with
mycorrhizal fungi and additional nitrogen, but the difference was not
statistically significant. Significantly higher plant weight (p = 0.0063) was in
the variant where the seeds were inoculated with mycorrhizal fungi and the
rhizobia, as well as mycorrhizal fungi and additional nitrogen fertilizer.

Evaluation of vegetative parameters against control in the experiment
L12017 (Fig. 13) for cv. ‘Lielplatone’ and cv. ‘Fuego’ showed a positive effect
of mycorrhizal (M) and double inoculation (RM) variants. The mycorrhizal
variant with additional nitrogen fertilizer wasn’t better than the double
inoculation variant. These results suggest that the two microsymbionts are able
to compensate each other's nutrient needs and other interactions between them
take place.

The inoculation of seeds with individual strains of Rhizobium did not show
significantly better results in all experiments. Therefore, it is useful to use
associations of rhizobia strains. In the case of double inoculation, the use of a
rhizobia association may reduce the negative effects of an inappropriate
combination. As observed in the experiments, the Rhizobium strains RP023 and
RV407 may show different effects for different bean cultivar.

Interactions between plants and microorganisms can improve plant growth
and physiological processes, but can also lead to stress. Changes in the
parameters of the photosynthesis process are a sensitive indicator in response to
a stressful situation. The most significant change was shown by the plant
vitality index (PI), which decreased for ‘Lielplatone” and increased for ‘Fuego’.
The decrease in the vitality index characterizes a period of unfavourable
conditions for the plant. The efficiency of the reaction centres of the
photosynthesis process is characterized by the ratio of variable fluorescence to
maximum fluorescence (Fv/Fm), which depends on the quantum efficiency of
the second photosystem. For the cv. ‘Fuego’, the ratio was below optimal
(0.79-0.84) only in June. The lowest value was for control (0.67) and the plants
inoculated with mycorrhizal fungi (0.69). For the ‘Lielplatone’ variety, the
Fv/Fm ratio was below optimal in all variants and ranged from 0.70 to 0.75.
Between measurements, the ratio value increased slightly only for the variant
with additional nitrogen fertilizer. The photochemical activity (Fv/FO) of the
active centers of photosynthesis also decreased for cv. ‘Lielplatone’.

The results of chlorophyll fluorescence are consistent with changes in the
chlorophyll content in bean leaves during June and July. The change in the
chlorophyll content was not significant for the cv. ‘Lielplatone’. There was a
slight increase in the chlorophyll content in the double inoculation variant in
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July, but the difference was not significant. There were similar fluctuations in
the chlorophyll fluorescence parameters. The chlorophyll content of bean
leaves increased significantly (p <0.001) in July compared to June. There were
similar changes in the fluorescence parameters. Fluctuations in the pigment
content and the state of the photosynthetic reaction centres may indicate that
the two cultivar did not have similar growth conditions.

The chlorophyll content and fluorescence parameters, as well as the ratio of
different pigment groups in the leaves are an indicator for the evaluation of
plant growth conditions. The sum of chlorophyll and the ratio of chlorophyll a
to b are more commonly used. Changes in pigment content and the operation of
the photosynthesis system are also recognized parameters to characterize the
efficiency of symbiotic fixing of molecular nitrogen from the atmosphere.
Sometimes the results of field and vegetation experiments are contradictory.
For example, with the rhizobia strain RP023 alone and in combination with
plants inoculated with mycorrhizal fungi, VT2014 showed a lower pigment
content (40.3 and 40.1 units, respectively) compared to plants in the field
experiment (L12014_C), 41.1 and 41.8 units, respectively.

After the experiments in 2014 and 2015, it was found that the use of certain
Rhizobium strains for seed inoculation does not guarantee the development of
an effective symbiosis. Therefore, associations of Rhizobium strains have been
established for inoculation. Two associations were formed, where R1 (RP023,
RP003) combined rhizobia strains isolated from pea roots and R2 (RV407,
RV505) — rhizobia isolated from the bean root nodule. In 2016, a trial in
vegetation pots was arranged (VT2016_B). In the flowering stage, analysing
the amount of chlorophyll in the leaves, a significant difference (p = 0.0001)
was found between the variants in which the plants were inoculated with
rhizobia associations, mycorrhizal fungi, double inoculation, and control. The
amount of chlorophyll in the leaves of the control plants was 37.7 units, but in
the inoculated plants it ranged from 41.2 to 45.8 units (RSo0s = 2.96). The
highest chlorophyll content was in plants inoculated only with mycorrhizal
fungi (45.8 units). The two rhizobia associations had a similar effect on dry
matter accumulation in plant shoots. The dry matter content was not
significantly differed between the inoculum variants, although both double
inoculation variants had lower chlorophyll contents than the variants where the
microsymbionts were used alone.

Experiments VT2017 and LI2017 were set up with a rhizobia association
consisting of two bacterial strains — RP023 (isolated from the pea root nodule)
and RV407 (from the bean root nodule). There were no significant differences
in plant length and number of leaves, but the weight of 10 leaves and the dry
matter content in them differed (Table 3). Lighter leaves and lower dry matter
content were in the variants with mycorrhizal fungi and in the double
inoculation variant. However, higher pigment content was in the variant where
the plants were inoculated with mycorrhizal fungi.
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The content of pigments in the leaves and the ratio of the weight of the
aboveground parts to the weight of the roots indicate favourable conditions for
plant growth.

As it turned out in the model experiments, the effect of the inoculum on
plant root growth could already be detected during germination and in the early
stages of plant growth, therefore the weight of bean leaves and roots was
compared in vegetation experiments. However, it is not known whether
significant effects persist throughout the growing season. For the cv. ‘Bartek’,
no significant differences were detected. In the experiment VT2016_A, the cv.
‘Karmazyn’ had higher root weight in the control and double inoculation
variants with the bacterial strain RP023. In the experiment VT2017, it was
found that the root weight did not differ significantly between the plants
inoculated with the mycorrhiza, however, in the double inoculation variants it
was slightly higher than in the plants without the Rhizobium inoculum. The
shoot to root ratio in the control variant was 0.86, but for the plants inoculated
with mycorrhizal fungi — 1.05, for double inoculation — 0.93, for inoculation
only with the rhizobia — 0.81.

The lowest water loss, meaning the best water retention capacity for both
cultivar, was observed in the variant where the plants were inoculated with
mycorrhizal fungi. The largest water losses were in the control variants for the
cv. ‘Lielplatone’ and the cv. ’Fuego’ in the control and rhizobia variants.
Comparing the two cultivars, it can be seen that ‘Lielplatone’ had lost more
water, indicating that the plants did not have optimal growth conditions, which
is also confirmed by the evaluation of the chlorophyll fluorescence
photosynthesis system. The smallest water losses during the analysis were
observed control and the plants inoculated with mycorrhizal fungi. Plants
inoculated with rhizobia associations lost more water. The different interactions
of the two associations with plant and mycorrhizal fungi were also manifested.
Plants inoculated with the first association (R1) lost less water than those
inoculated with the second association (R2). The addition of mycorrhizal fungi
changed the effect and the water loss was lower for R2M compared to R1M.
The inoculation with mycorrhizal fungi provided the plants with better growth
conditions, as evidenced by the chlorophyll content in the leaves, the
accumulated dry matter, and the water retention capacity.

It can be concluded from the evaluation of vegetative parameters that the
effect of the inoculum on the plant varies from year to year, and the effect of
the cultivar can be observed as well.

The decrease in plant weight can be explained by the formation of
symbiotic systems, during which microsymbionts consume organic compounds
synthesized by plant photosynthesis. When a symbiotic association is created,
the rhizobia supply not only the plant but also mycorrhizal fungi with
additional mineral elements by fixing molecular nitrogen from atmosphere.
With the formation of a wider mycorrhizosphere, both the plants and rhizobia
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are additionally supplied with phosphorus, which is needed in biochemical
processes. As a result of efficient symbiosis, plants can meet their needs and
microsymbiont requirements through photosynthesis.

To assess the yield-forming parameters (number of stems, pods), the
plants were collected directly before harvest. Protein content was determined in
the seeds.

The effect of the inoculum on the yield was different. The inoculation of
plants with mycorrhizal fungi had a positive effect on the yield formation and
protein content. The general trend was the following: in the variants with
double inoculation (the rhizobia with mycorrhizal fungi), the yield was higher
than in control. The strain RP023 and mycorrhizal fungi elevated the yield by
6%, but RV407 by 11% compared to control. The inoculation with mycorrhizal
fungi alone increased the yield by 13% compared to control. The inoculation
with mycorrhizal fungi also contributed to a higher protein content in the stems
during the growing season compared to control. The inoculum had a significant
(p = 0.007) effect on protein accumulation in the seeds. Comparing the
inoculation with individual Rhizobium strains, the amount of protein in the
seeds was higher in the plants inoculated with the strain RV407 (30.7%), but
with RP023 (29.5%) it was lower. The lowest amount of protein was in the
control (27.2%).

Better photosynthetic conditions may have contributed to the increased
yield, as in most cases mycorrhizal fungi had higher levels of chlorophyll in the
plants. For the ‘Bartek’ variety in the 2014 trials, the largest difference between
the inoculation exclusively with bacteria and double inoculation was found for
RP023. In the non-inoculated variants with mycorrhizal fungi the correlation
coefficient was r = 0.66> roos 24 = 0.40, but r = 0.69> rogs, 24 = 0.40 in the
inoculated. Summarizing the results of three years, it was found that inoculation
with the rhizobia has a significant effect on protein accumulation both in the
leaves at the beginning of flowering (p = 0.04) and in the seeds (p = 0.001).
The inoculation with mycorrhizal fungi only had a negligible effect (p = 0.91
and p = 0.68). Different effects of the Rhizobium strains could be observed
(Table 4).

Under favourable growing conditions and with an efficient symbiotic
system, an optimal plant weight should be established in order to obtain a seed
yield with a high protein content. Comparing the vegetative parameters and
protein accumulation in shoots and seeds, a correlation between dry matter and
plant weight was found both in the variants inoculated with mycorrhizal fungi
(r = 0.81> ro0s. 36 = 0.33) and without inoculation (r = 0.92> ros 27 = 0.38).
There was a moderate correlation between plant weight and protein content in
leaves in the variants only with the rhizobia (r = 0.51> rggs. 24 = 0.40) and the in
variants with double inoculation (r = 0.45> rq 5. 24 = 0.40).

In contrast to the results obtained in vegetation pots (VT2014), the yield in
the LI12015 experiment was significantly higher compared to control, but only
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in the variant with mycorrhizal fungi. However, all the inoculation variants
with mycorrhizal fungi had a higher protein content in the seeds.

Assessing the effect of the inoculation on the yield, the variety factor was
more pronounced. The cv. ‘Lielplatone’ had a higher yield in the variant
inoculated with mycorrhizal fungi and the double inoculation variant with
bacteria RP023 (Fig. 14), but in both variants the protein content in the seeds
was slightly lower than in the non-mycorrhizal variant. The cv. ‘Fuego’ had
exhibited beneficial effect of double inoculation with the bacterial strain
RV407 and mycorrhizal fungi, but with the bacterial strain RP023 the opposite
effect was obtained.

For large-seed cultivar, higher yields were obtained only in the variants
inoculated with mycorrhizal fungi without the rhizobia (Fig. 15). For the cv.
‘Karmazyn’, double inoculation with RV407 and mycorrhizal fungi also
reduced the protein content in the seeds.

In the experiment L12015_B the protein content in the seeds was slightly
higher for the variants with mycorrhizal fungi. Double inoculation with the
bacteria RV407 and mycorrhizal fungi he reduced the protein content in the
cultivar ‘Fuego’ (p = 0.02, RSo.05 = 0.32) (Fig. 16).

In the experiment (L12016_A) for the cv. ‘Fuego’, similarly to
‘Lielplatone’, the amount of dry matter in the vegetative parts of the plants did
not differ significantly between the inoculation variants. However, comparing
the protein content in the shoots during the vegetation period and the amount of
protein accumulated in the seeds (Fig. 17), it can be seen that in most variants
the protein accumulated more in the seeds with mycorrhizal fungi.

The biggest difference for the cv. ‘Fuego’ was between the variant
inoculated only with the bacterial strain RV407 and the double inoculation
variant. The opposite relationship was obtained in the variants where the plants
were additionally fertilized with mineral nitrogen. In this case, in the variant
with mycorrhizal fungi, the protein content in the seeds decreased.

Assessing the effect of the established symbiosis on bean yield, it was found
that the addition of mycorrhizal fungi in the inoculum increases the yield in
most cases (Fig. 18). The effect of mycorrhizal fungi on yield was statistically
significant (p = 0.00035; RSpos = 0.14). However, the difference was not
statistically significant in all of the variants. Only the double inoculation variant
with the bacterial strain RP023 and mycorrhizal fungi with additional nitrogen
fertilizer had a negligible effect.

Protein content in seeds in double inoculation variants was higher in both
cultivars with the bacterial strain RV407. Protein increased by 0.78 percent for
‘Lielplatone’ and by 0.88 percent for ‘Fuego’. In the variants with mycorrhizal
fungi and additional nitrogen fertilizer, the amount of protein in the seeds was
lower. The addition of nitrogen fertilizer reduced the amount of protein in the
mycorrhizal plant seeds by 0.78 to 1.13%.
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In the experiment LI12017, an association of the rhizobia was used to
inoculate the seeds. When evaluating the components forming the yield, it was
found that the number of pods created did not differ significantly between the
variety and the inoculum variants. On average, 12-16 pods were formed per
plant. The weight of 100 seeds differed between the variants inoculated with
mycorrhizal fungi and those not inoculated at all. The average weight of 100
seeds for the cv. ‘Lielplatone” was 41.3 g, but in the variants where mycorrhizal
fungi were used it reached 42.9 g. The difference was statistically significant

(p =0.02, RSp05=1.32).

The average weight of 100 seeds for the ‘Fuego’ was 54.6 g, but for the
variants where mycorrhizal fungi were used it went up to 57.0 g. The difference
was statistically significant (p <0.001, RSo0s = 0.79). The protein content was
determined in the bean shoots during the flowering phase and in the seeds.
There was a statistically significant difference between the variants where the
seeds had been inoculated with mycorrhizal fungi and the control variant

(p <0.001) (Fig. 19). During the flowering phase, more protein was formed in
the shoots of the inoculated variants.

Summary of results of inoculation experiments

The effects of soil conditions and cultivars have been identified by setting
up trials at different growing sites to assess the activity and yield of the rhizobia
used for inoculation. By collecting data from several growing seasons, it can be
observed that inoculation has a variable effect on bean yield and quality.
Protein content is an important indicator of the quality of the harvested crop.
Comparing the effect of different inoculation variants on protein accumulation
in the seeds, it was found that the inoculated variants have a higher average
protein content than the control. Summarizing the results of protein analyses of
all the analysed cultivars (Fig. 20), it can be observed that the inoculation
variants with a single microsymbiont exhibited larger fluctuations around the
mean values. In the variants where the inoculum was formed by separate
bacterial strains, the average protein content in the seeds did not differ
significantly from the double inoculation variant with mycorrhizal fungi. The
protein content in the seeds is affected not only by the microorganisms used for
inoculation, but also by the growing conditions. For the bacterial strains RP003,
RV505, and RP110, growth site provided a significant effect. An inoculum
containing several rhizobia strains (variants R and RM) had a positive effect.
This reduces the impact of the particular growing site and environmental
conditions on the activity of the rhizobia and their ability to form symbiosis
with the beans. The positive effect of tripartite symbiosis on protein
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accumulation in the seeds was also larger in the variant with the Rhizobium
association (variant RM).

The significance of the vegetative parameters and yield changes under the
influence of different inoculum variants was assessed by comparing the
inoculated variants against control. The effect is expressed as a factor ranging
from -1 (maximal negative effect compared to control) to 1 (maximal positive
effect compared to control) and displayed on the colour chart. The values of the
control variant correspond to point 0.

The changes in the vegetative parameters and yield compared to control of
the cultivar ‘Lielplatone’ are shown on the colour map (Fig. 21). The results
obtained over three years do not allow to declare one of the inoculation options
as undoubtedly better than the rest. As the trials were conducted in a different
field each year, it can be concluded that the conditions of the specific
production site have a significant impact on the efficiency of symbiosis. In
most cases, double inoculation variants have a positive effect on the plant
vegetation parameters. The use of certain rhizobia strains alone is more likely
to result in the introduced bacteria not being competitive with the Rhizobium
population already in the soil or the conditions being unsuitable for an effective
symbiosis. The colour map for the variety ‘Fuego’ (Fig. 22) also does not mark
one of the inoculation variants as the best. Unlike the cv. Lielplatone’, the cv.
‘Fuego’ has less variants that have proved to be better (marked with red on the
map) than the control variant.

For the cv. ‘Lielplatone’, year 2017 was more favourable for the
manifestation of symbiosis, but for the cv. ‘Fuego’ it was year 2016, while
2015 was less suitable for all cultivars.

For the large-seed cv. ‘Bartek’, the results of field trials differ from year to
year (Fig. 23). If in 2014 the best result was obtained in the variant where the
plants were inoculated with mycorrhizal fungi, then in 2015 the positive effect
was less pronounced, although the positive trend towards yield formation
remained. In 2014, the positive effect of mycorrhizal fungi on several
parameters (leaf weight, 100 seed weight, and yield) was observed, but the
positive effect was not fully maintained in the double inoculation variants.

The inoculation with mycorrhizal fungi showed a positive effect for the cv.
‘Karmazyn’ (Fig. 23). The rhizobia strain RV407 was more suitable, but double
inoculation with mycorrhizal fungi was inappropriate for both of the rhizobia
strains. This confirms the effect of the plant on the activity of the
microsymbionts, and when choosing the right inoculum the interaction of the
microsymbionts with the particular plant cultivar should also be taken into
account. The cv. ‘Karmazyn’ and the used microorganisms in double
inoculation had a negative effect on both yield and protein content in the seeds.
Unsuitable growing conditions were most often found for the cv. ‘Karmazyn’,
which also affects the performance of microsymbionts.
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In most cases, the vegetative parameters of the beans (number of leaves,
number of shoots, weight) did not differ significantly between the variants.
Shorter and lighter stems could be found on the plants inoculated during the
flowering phase. This can be explained by the insufficient intensity of
photosynthesis to optimally provide microsymbionts with the photosynthesis
products as well. There was also a significant difference between the
parameters that could more strongly characterize the effect of microsymbionts
(leaf mass and dry matter, protein content in the leaves and seeds) in some
experiments.

Conclusions

1. The Rhizobium strains of the collection of the Institute of Soil and Plant
Sciences of the Latvia University of Life Sciences and Technologies show
different activity and ability to form symbiosis with Vicia faba. Out of all
the bacterial strains that were tested it is not possible to select one that
would work equally effectively in different environmental conditions.
Comparing dehydrogenase activity in pure culture, the most active strain
was RV505, however, its activities varied in different soil types.

2. Positive results have been obtained using associations of rhizobia strains,
which allow to prevent changes in the competitiveness and efficiency of a
single bacterial strain, which may be influenced by environmental factors
and the natural activity of the soil microbiota.

3. The presence of mycorrhizal fungi could be detected in all the analysed soil
types. The frequency of mycorrhiza in the root system (F%) and the
abundance of arbusculs (A%) in small and large seed beans differed. The
abundance of arbusculs in the roots of cv. ‘Bartek’ and cv. ‘Karmazyn’ was
lower than that of the small-seeded bean cultivars. The frequency of
mycorrhization of large-seed beans ranged from 40% to 51.1%, while in
small-seed beans it extended from 65% to 97%. Accordingly, the abundance
of arbusculs in large-seed cultivar ranged from 0.13% to 1.14%, but in
small-seed beans — from 4.39% to 11.30%.

4. The use of mycorrhizal fungi together with the rhizobia promoted the
formation of mycorrhizal structures in the roots. This was particularly
pronounced when bacterial associations were used. In the double
inoculation variants, higher levels of chlorophyll were detected in the plants
compared to the control plants or those inoculated only with the rhizobia.

5. Supplemental mineral nitrogen fertilizer did not promote the
colonisation of bean roots with mycorrhizal fungus. The average
frequency of mycorrhization was lower compared to the double
inoculation variants. In these variants, a decrease in the amount of
protein in the seeds by 0.70-1.15% was observed.
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6. Positive effects on crop yield and quality could be observed in the double
inoculation variants, however, these effects were not present in every
growing season. In most cases, there was only a positive trend. RV407 was
more suitable for double inoculation when using separate rhizobia strains. It
is useful to use an association instead of individual rhizobia strains.
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