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PRE

Dearcolleagues,

Onbehalfof the OrganizingCommittee,you are verywelcomedto the FirstSpanish-Portuguese
Congresson BeneficialPlant-Microbe Interactions (BeMiPlant) and XVIIINational Meeting of
the SpanishSocietyof NitrogenFixation(XVIIISEFIN).

TheCongresswill be held at INIAV- Instituto Nacionalde InvestigaçãoAgráriae Veterinária, I.P.,
in Oeiras, Portugal,from October17th to 19th, 2022. TheeventisorganizedbySEFINandINIAV.

This meeting officially initiates a new and hopefully lasting series, the BeMiPlant series on
BeneficialMicrobesfor Plants,whichgreatlyexpandsthe traditional SEFINmainscientificscope,
nitrogen fixation, to integrate all microbes and modes of action that are helpful for soil,
agricultureandforestry,andtherebyto environmentsustainability.

Besidesthe Opening and ClosingKeynote Conferencesand the Antonio PalomaresAward
Conference,the congressprogramincludessixPlenarySessionsandthree PosterSessions,giving
broad coverageto the latest scientificadvancesin this area: 1-Diversityand Ecologyof Plant-
BeneficialMicrobes; 2-Microbial Inoculantsfor Agricultureand Forestry; 3-BeneficialMicrobes
for Soil and Environment; 4-Nitrogen-Fixing Systems; 5-PGPR,Mycorrhizae and Microbial
Endophytes; and6-GeneticsandάhƳƛŎǎέof PlantsandAssociatedMicrobes.

TheCongressorganizationinvites you to enrol in this event, where the latest achievementson
research,innovation and biotechnologicalapplicationsof beneficialplant-microbe interactions
will bediscussedunderanholisticapproach.

We hope that all participantswill enjoy during their stay in Oeirasand will found an excellent
atmosphereto discussabout scientific matters, find new collaborationsand envisagefuture
directionsin the field of the beneficialmicroorganismsandtheir associationswith plants.

We alsoexpectthat this meetingwill providenew incentivesfor the successfulcontinuationof
the activitiesof the SEFINandthe Portuguese-Spanishscientificrelationships.

Finally,we would like to thank our sponsors: SEFIN,INIAV,SCAP,OeirasValley/ Município de
Oeiras, Fertiprado, ADPFertilizantes,BioPortugaland Alfagenetheir invaluablesupport to this
congress.

Wewisheveryonea mostsuccessfulandfruitful meeting,andveryenjoyabledaysin Oeiras.

IsabelVideirae Castro
Presidentof the OrganizingCommittee

JuanSanjuán
Vice-presidentof the OrganizingCommittee

PREFACE / WELCOME
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SCIENTIFIC PROGRAM

Monday,October17

8.15-9.30 REGISTRATION- Main Auditorium Atrium - Principal Building

OPENING SESSION - Main Auditorium ςPrincipal Building

ά[ŜŀǊƴƛƴƎ ƻƴ Ƙƻǿ ǘƻ ƭƛǾŜ ƛƴ ǘǿƻ ŎƻƴǘǊŀǎǘƛƴƎ ǿƻǊƭŘǎΥ ¢ƘŜ ŎŀǎŜ ƻŦ Ǉƭŀƴǘ-ŀǎǎƻŎƛŀǘŜŘ ǎƻƛƭ ōŀŎǘŜǊƛŀέΦ

9.30-10.00

10.00-11.00

OpeningCeremony

OPENING CONFERENCE 
Antonio Lagares
(Universidad Nacional de La Plata, Argentina)

PLENARY SESSION 1: Diversity and Ecology of Plant Beneficial Microbes 

Chairs: Paulo Cardoso andLorena Carro

11.30-12.00 CONFERENCE S1-L-01
Ignacio Vilchez
(ITQB-Nova. Oeiras, Portugal). 

άCall-for-help, a potentialmicrobe-shapingbiotechin agriculture: from beneficial diversityto soilhealthrecoveringάΦ

12.00-13.00 ORAL COMMUNICATIONS

S1-O-01: Espinosa-Saiz D, Paniagua-Gallego F, VelázquezE, García-Fraile P, Mateos PF, Saati-SantamaríaZ,

MenéndezE.

ά²ƘŜŀǘ-canola root-associatedbacteriomesreveal common and unique taxa with diverse behaviourswhen

combinedinto syntheticbacterialcommunitiesά

S1-O-02: Castellano-HinojosaA, González-LópezJ,StraussSL

ά/ƻǾŜǊcrops promote beneficial soil microbiomesbut have limited impacts on soil nutrient cycling in citrus

ƻǊŎƘŀǊŘǎέ

S1-O-03: CustódioV, Salas-GonzálezI, FlisP,AmorósR,R. BroadleyM, OliveiraMM, CastrilloG

ά¢ƘŜrole of soilmicrobiotaandenvironmentalcuesin the regulationof maizeŘŜǾŜƭƻǇƳŜƴǘέ

S1-O-04: RochaR, LopesT,FidalgoC,AlvesA,CardosoP,FigueiraE

ά¢ŀƛƭƻǊƛƴƎthe cultivablebacterialmicrobiotaasa sourceof stage-specificbiofertilizersέ

S1-O-05: Montero-CalasanzMdC, YaramisA,Meier-Kolthoff,JP,GökerM

ά.ƛƻǘŜŎƘƴƻƭƻƎƛŎŀƭPotentialof Blastococcus(Actinobacteria) in aridagro-ŜŎƻǎȅǎǘŜƳǎέ

S1-O-06: Pulido-SuárezL, Díaz-PeñaJ,Notariodel Pino,J,González-RodríguezA,León-BarriosM

ά5ƛǾŜǊǎƛǘȅof root nodulebacteriaassociatedwith SpartocytisussupranubiusacrossTeideNationalParkǎƻƛƭǎέ.

11.00-11.30 COFFEE BREAK - CAP Building (1st Floor)

13.00-15.00 LUNCH - CAP Building (2nd Floor)

iii

OPENING SESSION - Main Auditorium ςPrincipal Building

Chair: IsabelVideira e Castro



SCIENTIFIC PROGRAM

Monday,October17

CONFERENCE S2-L-01

Ana Rincón 

(ICA-CSIC. Madrid, Spain)

ά.ŜƴŜŦƛŎƛŀƭ ƳƛŎǊƻōŜǎ ŦƻǊ ŦƻǊŜǎǘǊȅ ŀǇǇƭƛŎŀǘƛƻƴǎέ 

15.00-15.30

15.30-16:00

ά.ŀŎǘŜǊƛŀƭ ǎȅƴǘƘŜǘƛŎ ŎƻƳƳǳƴƛǘƛŜǎ όSynComsύ ŀǎ ƛƴƻŎǳƭŀƴǘǎ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŜ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻǘŜŎǘƛƻƴέ

CONFERENCE S2-L-02

Mónica Montoya
(Universidad Autónoma de Madrid, Spain)

Chairs: Cristina Cruz andDulce N. Rodríguez-Navarro 

17.00-18.30 POSTER SESSION 1, 2 - CAP Building (1st Floor)

16:00-16.40 ORAL COMMUNICATIONS

S2-O-01: Carrasco LópezJA, Flores Duarte NJ, Navarro de la Torre S, Rodríguez-LlorenteID, Pajuelo, E.

ά/ƛǊŎǳƭŀǊ ŀƎǊƻƴƻƳȅέ ŀƴŘ Culturomics: Two sides of the same coin in the design of tailored low cost biofertilizersto 

ǇǊƻƳƻǘŜ Ǉƭŀƴǘ ƎǊƻǿǘƘ ǳƴŘŜǊ ŀōƛƻǘƛŎ ǎǘǊŜǎǎŜǎέΦ

S2-O-02: Montero-PalmeroMB, Lucas JA, MontalbanB, Ramos-SolanoB, García-VillaracoA, Gutierrez-MañeroFJ

άwŜǾŜǊǘƛƴƎ /ƘƭƻǊƻǎƛǎ ƛƴ ƛǊƻƴ-starved tomato by PGPB involves a combination of bacterial siderophoresand a 

systemic induction of Fe-ǳǇǘŀƪŜ ǊŜǎǇƻƴǎƛǾŜ ƎŜƴŜǎέΦ

S2-O-03: Mazuecos-AguileraI, Hidalgo-CastellanosJ, Salazar S, Crespo-Barreiro A, BarqueroM, Ortíz-LiébanaN, 

LópezP, González-Andrés F.

ά¢ƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǊƛŎŜ ǎǘǊŀǿ ƳǳƭŎƘ ǿƛǘƘ ƴƛǘǊƻƎŜƴ ŦƛȄŜǊǎ ŀƴŘ Ǉƭŀƴǘ ƎǊƻǿǘƘ-promoting bacteria (PGPB) has a 

ǎȅƴŜǊƎƛŎ ŜŦŦŜŎǘ ƛƴ ŎǊƻǇ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ǎƻƛƭ ƳƛŎǊƻōƛƻƳŜέΦ

S2-O-04: CarpinteroJM, BarqueroM, Pinto JC, , KamahS, González-Andrés F, BranasJ

ά! ƴƻǾŜƭ ŎƻƳǇƭŜȄ ƳƛƴŜǊŀƭ ŦŜǊǘƛƭƛȊŜǊ ŎƻƳǇƻǎƛǘƛƻƴ ƛƴŎƭǳŘƛƴƎ ǊƘƛȊƻōƛŀ ƛƳǇǊƻǾŜǎ ȅƛŜƭŘ ǿƛǘƘ ŀ ǊŜŘǳŎŜŘ ŘƻǎŜέΦ

16.40-17.00 COFFEE BREAK - CAP Building (1st Floor)

PLENARY SESSION 2: Microbial Inoculants for Agriculture and Forestry 

19.00-21.00 WELCOME COCKTAIL 

iv



SCIENTIFIC PROGRAM

Tuesday,October18

Luis M. Rubio 

(CBGP-UPM. Madrid, Spain)

ά9ƴƎƛƴŜŜǊƛƴƎ ƴƛǘǊƻƎŜƴ ŦƛȄŀǘƛƻƴ ƛƴ ŎŜǊŜŀƭǎέ

9.30-10.00 CONFERENCE S4-L-02

9.00-9.30 CONFERENCE S4-L-01

ά! ƭƛŦŜ ƛƴ ƭƻǾŜ ǿƛǘƘ ǎŎƛŜƴŎŜΦ In memoriam TomásRuiz Argüesoέ

José M. Palacios 
(Universidad Politécnica de Madrid, Spain)

Chairs: Ana Ribeiro andMª JesúsDelgado 

10.30-11.00 COFFEE BREAK - CAP Building (1st Floor)

10.00-10.30

S4-O-01: Navarro-Gómez C, EscuderoV, Imperial J, González-Guerrero M

άaǘ!ǘȄм ƛǎ ŀ /ǳҌ-ŎƘŀǇŜǊƻƴŜ ƛƴǾƻƭǾŜŘ ƛƴ {ȅƳōƛƻǘƛŎ bƛǘǊƻƎŜƴ CƛȄŀǘƛƻƴέ

S4-O-02: Minguillón S, RománA, BecanaM, Rubio MC

ά5ƛŦŦŜǊŜƴǘƛŀƭ ŜȄǇǊŜǎǎƛƻƴ ƻŦ hemoglobinsin nodules of the model legume Lotus japonicusǎǳƎƎŜǎǘǎ ǎǇŜŎƛŦƛŎ ŦǳƴŎǘƛƻƴǎέ

S4-O-03: OrtízJ, SanhuezaC, Romero-MunarA, Sierra S, Palma F, López-Gómez M, Cobade la Peña T, ArocaR, 

Bascuñán-Godoy L, FernándezDel-SazN

ά9ŦŦŜŎǘ ƻŦ ƴƛǘǊƻƎŜƴ ǎǳǇǇƭȅ ŀƴŘ wƘƛȊƻōƛŀ ǎȅƳōƛƻǎƛǎ ƛƴ ǘƘŜ ƛǎƻǘƻǇƛŎ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ŜǎǎŜƴǘƛŀƭ Ǉƭŀƴǘ ŜƭŜƳŜƴǘǎΣ ƴǳǘǊƛŜƴǘ 

content, TCA cycle activity and respiratory energy balance of Lotus japonicusέ  

ORAL COMMUNICATIONS

PLENARY SESSION 4: Nitrogen-Fixing Systems

Chairs: Isabel Brito and Marta Martín

PLENARY SESSION 5: PGPR, Mycorrhizae and Microbial Endophytes

Concepción Azcón 

(EEZ-CSIC, Granada, Spain)11.30-12.00 CONFERENCE S5-L-02

11.00-11.30
CONFERENCE S5-L-01

άtDtw ŀƴŘ ōŀŎǘŜǊƛŀƭ ŜƴŘƻǇƘȅǘŜǎΥ tƘƻǎǇƘŀǘŜ ǎƻƭǳōƛƭƛȊƛƴƎ ōŀŎǘŜǊƛŀ -ǿƘŜǊŜ ǘƻ ŦƛƴŘΚέ

Etelvina Figueira 
(Universityof Aveiro, Portugal)

v



SCIENTIFIC PROGRAM

Tuesday,October18

12.00-12.30 ORAL COMMUNICATIONS

S5-O-01: JacottC, CharpentierM, Murray J, RidoutC

άIƻǎǘ ǎǳǎŎŜǇǘƛōƛƭƛǘȅ ŦŀŎǘƻǊ a[h ŦŀŎƛƭƛǘŀǘŜǎ ǎȅƳōƛƻǎƛǎ ǿƛǘƘ ōŜƴŜŦƛŎƛŀƭ ƳƛŎǊƻōŜǎέ

S5-O-02: Lopes T, Cardoso P, Matos D, Rocha R, Pires A, Marques P,Figueira E

άDǊŀǇƘŜƴŜ ƻȄƛŘŜ ƛƴŦƭǳŜƴŎŜ ƛƴ ǎƻƛƭ ōŀŎǘŜǊƛŀ ƛǎ ŘƻǎŜ ŘŜǇŜƴŘŜƴǘ ŀƴŘ ŎƘŀƴƎŜǎ ŀǘ ƻǎƳƻǘƛŎ ǎǘǊŜǎǎΥ ƎǊƻǿǘƘ ǾŀǊƛŀǘƛƻƴΣ 

oxidative damage, antioxidant response and plant growth promotion traits of a RhizobiumǎǘǊŀƛƴέ

S5-O-03: Flores-Duarte NJ, Caballero-Delgado S, PajueloE, Mateos-NaranjoE, Redondo-GómezS, Navarro-Torre S, 

Rodríguez-LlorenteID

ά9ƴƘŀƴŎŜŘ ƭŜƎǳƳŜ ƎǊƻǿǘƘ ŀƴŘ ŀŘŀǇǘŀǘƛƻƴ ǘƻ ŘŜƎǊŀŘŜŘ ŜǎǘǳŀǊƛƴŜ ǎƻƛƭǎ ǳǎƛƴƎ PseudomonasƴƻŘǳƭŜ ŜƴŘƻǇƘȅǘŜǎέ

12.30-13.30 POSTER SESSION 4, 5 - CAP Building (2nd Floor)

Chairs: Isabel Brito and Marta Martín

PLENARY SESSION 5: PGPR, Mycorrhizae and Microbial Endophytes (cont.)

13.30-15.00 LUNCH - CAP Building (2nd Floor)

Chair: Manuel Becana

15.00-16.00 CONFERENCE Antonio PalomaresAward

Marta Robledo(IBBC,CSIC-Universidadde Cantabria,SantanderandBiomarMicrobialTechnologies,Armunia,

León,Spain)

ά¢ƘŜamazingversatilityof moleculartoolsusedby rhizobiato switchbetweencomplexƭƛŦŜǎǘȅƭŜǎέ

vi
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Wednesday,October19

CONFERENCE S3-L-01
9.00-9.30

ά{ƻŎƛŀƭ tDtaǎ ŦƻǊ ŦǳǘǳǊŜ biofertilizersέ

Jessica Purswani
(Universidad de Granada, Spain)

Chairs: Helena Machado and NuriaFerrol

10.30-11.00 COFFEE BREAK - CAP Building (1st Floor)

9.30-10.00
ORAL COMMUNICATIONS

S3-O-01: CivantosC, Murillo-Torres M, Velasco-Amo M P, AdriánR, FillouxA, MavridouD, Landa B, Bernal P
ά¢ȅǇŜ ±L {ŜŎǊŜǘƛƻƴ {ȅǎǘŜƳΥ ŀ ōŀŎǘŜǊƛŀƭ ƪƛƭƭƛƴƎ ƳŀŎƘƛƴŜ ŀƴŘ ōƛƻŎƻƴǘǊƻƭ ǿŜŀǇƻƴέ

S3-O-02: Vicente CSL, Espinosa-SaizD, Curto M, Faria JMS, VelázquezE, Inácio L, MateosPF, Menéndez E
άExploring soil Plant Growth Promoting Rhizobacteriapotential to control Plant-Parasitic Nematodes: the case of 
Phyllobacteriumand Paenibacillusagainst the pinewood nematode Bursaphelenchusxylophilusέ

S3-O-03: ReyesPérez P, Jiménez-GuerreroI, Sánchez-Reina A, Moreno-de Castro N, CivantosC, OlleroFJ, López-
Baena FJ, Bernal P, Pérez-MontañoF
ά!ƴǘƛōƛƻǎƛǎ ƻǊ ǎȅƳōƛƻǎƛǎΚ /ƘŀǊŀŎǘŜǊƛȊƛƴƎ ǘƘŜ Sinorhizobiumfredii¦{5!нрт ǘȅǇŜ ±L ǎŜŎǊŜǘƛƻƴ ǎȅǎǘŜƳέ

PLENARY SESSION 3: Beneficial Microbes for Soil and Environment

Chairs: Margarida Oliveira andSocorro Mesa

t[9b!w¸ {9{{Lhb сΥ DŜƴŜǘƛŎǎ ŀƴŘ άhƳƛŎǎέ ƻŦ tƭŀƴǘǎ ŀƴŘ !ǎǎƻŎƛŀǘŜŘ aƛŎǊƻōŜǎ

Jose I. Jiménez Zurdo

(EEZ-CSIC, Granada, Spain) 

ά{ǘǊǳŎǘǳǊŜ ŀƴŘ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ʰ-rhizobia non-coding transcriptome investigated by RNAseqέ 

11.00-11.30 CONFERENCE S6-L-02

CONFERENCE S6-L-0110.00-10.30

άLǎ ŜǘƘȅƭŜƴŜ ǊŜǉǳƛǊŜŘ ŦƻǊ ŀƴ ŀŎǘƛǾŜ ƴƛǘǊƻƎŜƴ ŦƛȄŀǘƛƻƴ ŀƴŘ ƴƻŘǳƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ MedicagotruncatulaΚέ

EstíbalizLarrainzar
(UniversidadPública de Navarra, Pamplona, Spain) 

11.30-12.30
ORAL COMMUNICATIONS

S6-O-01: del CerroP, CookNM,HuismanR,DangevilleP,GrubbLE,MarchalC,HoChingLamA,CharpentierM
ά9ƴƎƛƴŜŜǊŜŘCalmodulinmodulatesnuclearcalciumoscillationandenhanceslegumeroot nodulesimbiosisέ

S6-O-02: TorresDP,AlexandreA,MenéndezE,BrígidoC
άDŜƴƻƳƛŎcharacteristicsandcomparativegenomicsanalysesof non-rhizobialendophyticbacteriaisolatedfromƭŜƎǳƳŜǎέ

S6-O-03: FernandesI, PauloOS,SarjkarI, SemA,MarquesI, GraçaI, PawlowskiK,RamalhoJC,Ribeiro-BarrosAI
ά{ŀƭǘstresstolerancein Casuarinaglauca: insightsfrom the branchletsǘǊŀƴǎŎǊƛǇǘƻƳŜέ

S6-O-04: AyalaGarcía, P,MorenodeCastroN,JiménezGuerreroI, PérezMontañoF,Borrerode AcuñaJM
ά9ƴƎƛƴŜŜǊƛƴƎmembrane vesicles for fine-tuned modulation of rhizobia species interactions for enhanced
nodulationandplantƎǊƻǿǘƘέ

S6-O-05: DeSousaBFS,TighiltL,ArrabalA,Domingo-SerranoL,Gómez-PellicerR,AlbaredaM, BoulilaF,PalaciosJM,ReyL
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OPENING CONFERENCE
Learning on how to live in two contrasting worlds:

The case of plant-associated soil bacteria

Lagares A

IBBMςInstituto de Biotecnologíay BiologíaMolecular, Departamentode CienciasBiológicas,Facultadde Ciencias
Exactas,UNLP,CONICET,calles50 y 115, 1900-LaPlata,Argentina; e-mail: lagares@biol.unlp.edu.ar

Prokaryotesconstitutethe oldestlife formson earth andrepresenttrue livingfossilswho help the reconstructionof the most
ancestralprocessesof the biologic evolution. Prokaryotesare found as planktonic bacteria as well as cells intimately
associatedwith other life formsτincluding plantsτwhere the two constitute a holobiont. Both the numerosnessof
prokaryotesand their ability to horizontallyexchangegenes(i. e., the capabilityof sharingpreviousexperiences)hasproven
to beanefficient strategyfor loadingthe bacterialpangenomeswith redundancy,thusminimizingthe lossof informationand
maximizingcell diversityandsurvival. Byusingsuchcommunalarchitecture,prokaryotessupportan extraordinarycollection
of adaptive responses,consistentwith the remarkablyhigh ratio of their environment-exposedsurfaceto their cellular
volume. In sucha generalevolutionarycontext, plant-associatedsoil bacteriahaveaccommodatedτand in someinstances
expandedτtheir genomesin order to live undersuchcontrastingandchallengingcircumstancesasthoserepresentedby the
oligotrophicsoilandthe particularlycarbon-richplantniche.
In this presentationI will focus on a few selectedtopics pointing to the way we have studied adaptiveresponsesin soil
bacteriacoveringspecificinstancesof both their άŦǊŜŜέand their associativelife-styles. I will alsodiscussmore generaland
basicformsof adaptationsuchasthoseinvolvingthe improvementof the geneticlanguage.
In order to investigateadaptiveprocessesin a referencesoilalpha-proteobacteriumwe studied: (a)how cellsrespondedto a
model abiotic stress(acidity)and to the associatedchanges,and (b) how bacteriafaced the challengerepresentedby the
presenceof rhizospheres,an ecologicparadigmof nutrient abundancefor which bacteriafrom the bulk soil competewith
eachother. Our multiomic and functionalstudiesrevealedthe centralpathwaysthat were necessaryfor improvingbacterial
fitnessunder low pH(Draghiet al., 2016), suggestingalsothe existenceof a possibleassociativelearningconnectingthe low
pHsignalin batchculturesto the expressionof a more proficient plant invasion(Draghiet al., 2010). Bacteriathus appeared
to be preparednot only to facethe low pHpersebut alsoto anticipatea responseto circumstancesthat were likely to occur,
suchas a decreasein the number of roots and their responsesto bacteriaat low pHτindeed,anticipation is the minimal
conceptof learning. We do not yet know whether changesin the increasedability of acid-adaptedbacteriato infect plants
are derivedfrom an improvedcapabilityof colonizingthe rhizosphere,of penetratingroot tissuesmore efficiently, or both.
Independentexperimentsinvolvinga phenomicapproachdemonstratedthat the colonizationof plant roots in our model
alpha-proteobacteriumwasinfluencedby ca. 2%of the genome(morethan 140genes),thuspointingto the relevanceof the
bacterial interaction with plants (Salaset al., 2017). The chromosomallocation of most of these geneshighlighted the
ancestralcharacterof the bacterialapproachto roots, with somenovel traits expressingpreferentialcolonizationof specific
rhizosphereshavingemergedmore recently, that time being likely ca. 30 million yearsago in the linagethat we studied
(fewer than 10%of the genesthat we found affectedspecificallythe colonizationof particularplant rhizospheresasopposed
to others).
Besidesall thesespecificresponsesto environmentalsignals,we studiedother more generaladaptivestrategyrelatedto the
way the languageof the geneticcodeis usedin bacteria. Languagesare communicationsystemsτeither natural or formally
createdτthat aim at the transmissionof information between two physicaland/or biologic entities: i. e., languagesare
systemsfor the transfer of meaningfuldata. While spokencommunicationamonghumanshasbeen the most thoroughly
studied natural language,the genetic-codeςbasedtransmissionof information constitutes,by far, the most ancient and
ubiquitous natural language,and one that is also common (almost universal)and essentialto all life forms as well as to
viruses. Thiscircumstance,and the earlyobservationthat cellsdo not makerandomuseof codonswith isoacceptortRNAs,
stimulatednumerousinvestigationsto understandthe mutational and selectivephenomenaassociatedwith the differential
codon όάǿƻǊŘέύchoices in organismswith remarkable differences in their global genomic compositions(GCcontents
spanningfrom lessthan 20%to ca. 80%).
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In order to investigatethe trends and principlesunderlyingspecificcodon preferencesin the prokaryotic tree of life, we
performeda comprehensiveanalysisof 29 different familieswithin the domainsBacteriaand Archaeaand found 4 distinct
behavioralgroups(Lópezet al., 2020).
The analysisof core-gene sets with increasingancestriesin each family lineagerevealedthat the codon usagesbecame
progressivelymore adaptedto the tRNApools. While, as previouslyreported, highly expressedgenesexhibited the most
optimized codon usage,the singletonsalwayscontainedthe lessselectivelyfavored codons. In agreementwith previous
reports,a Cbiasin 2- to 3-fold pyrimidine-endingcodons,anda U biasin 4-fold codonsoccurredin all families,irrespectiveof
the globalgenomicGCcontent. TheU biasessuggestedthat U3-mRNAςU-tRNAinteractionswere responsiblefor a prominent
codonoptimizationin both the mostancestralcoreandthe highlyexpressedgenes. A comparativeanalysisof sequencesthat
encode conserved or variable translated productsτwith each one being under high and low expression levelsτ
demonstratedthat efficiencywasmore relevant(by a factor of 2) than wasaccuracyin the modellingof codonusage. Finally,
after studyinga model multipartite prokaryotegenome,we performed a comprehensiveanalysisdescribingthe inter- and
intrarepliconheterogeneityof codonusages(Lópezet al., 2019). Underthe current view of the way cellsmakeuseof the 64
elementsof their geneticcode,novelparallelshaveto be elaboratedto translateand contrast the classicaldefinitionsfrom
cognitive languageτlike redundancy,synonymy(do fully synonymouscodonsexist?),ambiguity/polysemy(such as that
associatedwith UGAcodons)and contextualeffectsτall referring to different instancesof plurality. Thatexercisewill assist
in understandingthe minimal biologic needs and requirements that arose throughout evolution for the progressive
emergenceof specificsemanticeffects.

Draghi,W.O., DelPapa,M.F., Pistorio, M., Lozano,Giusti,M.A., TorresTejerizo, G.A., Jofré, E., Boiardi, J.L., Lagares, A. (2010).
Culturalconditionsrequiredfor the inductionof an adaptiveacid-toleranceresponse(ATR)in Sinorhizobiummeliloti and the
questionasto whetheror not the ATRhelpsrhizobiaimprovetheir symbiosiswith alfalfaat low pH. FEMSMicrobiol Lett 302,
123-30, doi: 10.1111/j .1574-6968.2009.01846.x

Draghi,W.O., DelPapa,M.F., Hellweg,C., Watt, S.A., Watt, T.F., Barsch, A., Lozano,M.J., Lagares, A. Jr,Salas,M.E., López,J.L.,
Albicoro, F.J., Nilsson,J.F., TorresTejerizo, G.A., Luna,M.F., Pistorio, M., Boiardi, J.L., Pühler, A., Weidner,S., Niehaus,K.,
Lagares, A. (2016). A consolidatedanalysisof the physiologicand molecular responsesinduced under acid stressin the
legume-symbiontmodel-soilbacteriumSinorhizobiummeliloti. SciRep. 6, 29278, doi: 10.1038/srep29278

López,J.L., Lozano,M.J., Fabre,M.L., Lagares, A. (2020). Codonusageoptimization in the prokaryotic tree of life: How
synonymouscodons are differentially selected in sequencedomains with different expressionlevels and degrees of
conservation. mBio11, e00766-20, doi: 10.1128/mBio.00766-20

López,J.L., Lozano,M.J., Lagares, A. Jr, Fabre,M.L., Draghi,W.O., Del Papa,M.F., Pistorio, M., Becker,A., Wibberg, D.,
Schlüter,A., Pühler, A., Blom, J., Goesmann, A., Lagares, A. (2019). Codonusageheterogeneityin the multipartite prokaryote
genome: Selection-basedcodingbiasassociatedwith genelocation,expressionlevel,andancestry. mBio10, e00505-19, doi:
10.1128/mBio.00505-19.

Salas,M.E., Lozano,M.J., López,J.L., Draghi,W.O., Serrania, J., TorresTejerizo, G.A., Albicoro, F.J., Nilsson,J.F., Pistorio, M.,
Del Papa M.F., Parisi, G., Becker,A., Lagares, A. (2017). Specificity traits consistent with legume-rhizobia coevolution
displayedby Ensifermeliloti rhizospherecolonization. EnvironMicrobiol19, :3423-3438, doi: 10.1111/1462-2920.13820

Resultsincludedin this summaryare part of the work performed by fellows and researchesat the Laboratoryof Genomics
and MolecularEcologyof Plant-AssociatedSoilMicroorganisms, IBBM. The work was supportedby grants from CONICET,
UNLP,MinCyT(all from Argentina),DAAD,AlexandervonHumboldtFoundation(both from Germany),andthe EC.
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CLOSING CONFERENCE
Clues for living together in harmony: 
the arbuscular mycorrhizal symbiosis

Requena N

KarlsruheInstitute of Technology,natalia.requena@kit.edu

Microorganismsare permanently challengedwith hazardousenvironmental conditions that restrict their potential for
survivalandreproduction. Toovercomethis threateningmanyof them evolutionarilyopted for a life in symbiosis. Fungifrom
the Glomeromycotaphylumengagedin a life in mutualisticsymbiosiswith plant roots more than 450million yearsago. Since
then, plants provide fungi with fixed carbonand in turn becomean improved inorganicfertilization. Symbioticarbuscular
mycorrhizal(AM) fungi are major playersin helpingplantswhen growingunder nutrient starvationconditions. Theyprovide
plants with phosphateand other nutrients and act as modulators of plant growth by changingthe root developmental
programduring colonization. Theestablishmentin the cortex of the hyperbranchedhyphaeof arbuscularmycorrhizal(AM)
fungi calledarbusculesis achievedby a massivereprogrammingof the plant cell that allows to coordinatedevelopmental
changeswith transportprocesses. Thisisonlypossiblethrougha complexexchangeof molecularcuesbetweenboth partners
that leadsto the initiation of the symbioticprogram. In the last yearswe haveshownthat fungal signals,of yet unknown
nature, induce GRAStranscription factors that are recruited at arbuscule-containing cells to act in concert with DELLA
proteins as positive or negativeregulatorsof cortical cell sizein Medicagotruncatula1,2. From them, MIG1 outstandsas a
mycorrhiza-specificpositive regulator, determining the shapeand sizeof cortical root cells. MIG1 interacts and requires
DELLAfor its function at increasingcell size. Cellexpansionin arbuscule-containingcells is restrainedby two other GRAS
transcriptionfactorsMIG3 andSCL3, that alsoact in concertwith the centralregulatorDELLAandantagonizethe function of
the complexMIG1-DELLA. To investigatethe possiblefungal signalsthat might contribute to this reprogrammingwe have
beenfocusingin the identificationandcharacterizationof AM effector proteins3,4. Ourresultshaveshownthat someof them
are able to inducedevelopmentalchangeswhen expressedin planta and thus could be responsiblefor at leastpart of the
plant cell reprogrammingoccurringduring symbiosis. On how plant and fungi talk and react to eachother to achievean
almostperfect relationshipwill be the focusof this talk.

1. Heck, C., Kuhn, H., Heidt, S., Walter, S., Rieger, N. & Requena, N. (2016). Current Biology 26, 2770-2778. 

2. Seemann, C., Heck, C., Voß, S., Schmoll, J., Enderle, E., Schwarz, D., & Requena, N. (2022). New Phytologist233, 948ς965.

3. Kloppholz, S., Kuhn, H. & Requena, N. (2011). Current Biology 21, 1204-1209.

4. Voß, S, Betz, R, Heidt, S, Corradi, N & Requena, N. (2018). Frontiers in Microbiology, 9 
(https://doi.org/10.3389/fmicb.2018.02068).
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The amazing versatility of molecular tools used by 
rhizobia to switch between complex lifestyles

Robledo M

Instituto de Biomedicinay Biotecnologíade Cantabria, Universidadde CantabriaςCSIC,Santander,Cantabria, Spainand
BiomarMicrobialTechnologies,Armunia, León,Spain.

Scientistshavebeenworking for yearsto understandthe molecularmechanismsgoverningthe nitrogen-fixing symbiosisof
microorganismswith legumeplantsto improveits efficiencyandhopingthat, in the future, this trait couldbe transferredto
other plant crops. However,certain issuesregardingthe complexmoleculardialoguebetweenbacteriaand its cognateplant
host remain unknown. Bacteriaare capableof thriving in diverseand changingbiotic and abiotic nichesthanks to their
physiologicalplasticity and adaptive responsesto environmental cues. Rhizobialtransition from soil to host-dependent
conditionsdemandsa tightly and coordinatedregulation of the expressionof key genesupon perception of a variety of
signals. Forexample,characterizationof the first stepsof the rhizobiainteractionwith legumesuncoveredan extraordinarily
versatilesinglehydrolyticenzymeservingseveralfunctionsduring nodulation(i.e. adhesionand biofilm formation, signaling
andplant primaryandsecondaryinfection; reviewedin 1).
Amongthe diversemeansof bacterialfine-tuningof geneexpression,smallnon-codingRNAs(sRNAs)that bind to proteinsor
basepair with target mRNAshave been recently screenedin rhizobia. It has becomeclear that sRNAshave key roles in
prokaryoticphysiologyby regulatingimportant biologicalcell processes. Asexpected,severalsRNAsare involvedin rhizobial
adaptationandsurvivalin changingenvironments,evenduringtheir symbioticinteractionwith plants. Furthermore,the first
prokaryoticsRNAsinvolvedin essentialfunctionsasmodulationof cell cycleprogressionand bacterialdivisionunder stress
conditions (EcpR1 and GspR1) where described in rhizobia (reviewed in 2). Novel sRNA-biding proteins (MetK) and
unprecedentedcatalyticfeaturesof enzymesthat assistRNAregulation,like the unique ribonucleaseYbeY, havebeen first
uncoveredalsoin rhizobia(reviewedin 3). Decipheringthe role of sRNAsandthe bindingproteinsthat control rhizobialstress
adaptationand survivalin the soil and noduleenvironments,probablythrough trans-kingdomRNAregulation,will open the
field to further biotechnologicalapplications.

1. RobledoM., RiveraL., MenéndezE., Martínez-HidalgoP., RivasR., VelázquezE., DazzoF., Martínez-Molina E. andMateos
P.F. (2015). Roleof RhizobiumcellulaseCelC2 in host root colonizationand infection, in: FJde Brujin (Ed.), Biological
NitrogenFixationII. Wiley-Blackwell,Indianapolis,pp. 167-194.

2. RobledoM., García-TomsigN.I. and Jiménez-ZurdoJ.I. (2020). Riboregulationin Nitrogen-FixingEndosymbioticbacteria.
Microorganisms. 8 (3):384.

3. Jiménez-ZurdoJ.I. and RobledoM. (2017) RNAsilencingin plant symbioticbacteria: insightsfrom a protein-centricview.
RNABiology. 14,1-6.
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Call-for-help, a potential microbe-shaping biotech 

in agriculture: from beneficial diversity to soil 
health recovering

Vílchez JI1*

1 Instituto de TecnologiaQuímicae Biológica(ITQB)τNOVALisboa,2780-157 Oeiras,PortugalςiPlantMicro Lab and
GPlantSLab; GREEN-ITResearchUnit; * nacho.vilchez@itqb.unl.pt

Agricultureis at the gatesof a new andnecessaryrevolution. Thepressurecausedby the depletionof the soil,as
well asby the increasinglyharshclimaticconditions,are leadingto the searchfor alternativesfor fertilization and
improvementof cultivationmethods. In this scenario,the microbiotaisplayinga veryrelevantrole. Sincethe mid-
1970s, the enormouspotential of usingmicroorganismsas fertilizers,stresstoleranceenhancersor aspest and
pathogenbiocontroller, hasbeenfrequentlyreported. However,it hasbeenmore recentlywhen,throughthe use
of massivesequencingtechniquesand precisionanalysis,we havebeen able to generatecomplexnetworksof
these beneficial interactions. Microbial diversity has provided with very valuable information regardingwhat
species,populationrelevanceor changesoccurthroughoutecosystemdynamics. Thisopensthe door to the useof
bioengineeringtechniquesto improvesoil health,microbialbiodiversityor patternsof interactions. Amongthem,
the use of root exudatesto anticipate the presenceof beneficialmicrobial communities,the compositionof
syntheticcommunities(SynComs) or the shapingof agriculturalsoil communitiesby implementingthe transferof
stress-adaptedbeneficialmicrobesstandout. In this context,we will introducethe resultsof work on the stress-
root exudate-recruitment relationship1, and the useof drought-adaptedwild legumemicrobiota as part of the
LegumBiomeproject,ascasestudies2.
In this last work, we aim to describethe cultivablecommunitiesassociatedwith wild legumes,adaptedto desert
conditionswith the aim of characterizingcandidatestrainsto improve the responseof plants to drought. To do
this, we are carryingout samplingin different parts of the EasternSpain,correspondingwith those regions
reported as under risk of desertification, including Navarra,Huesca, Zaragoza,Soria,Madrid, Albacete,Jaén,
Granada,Almería, MurciaandAlacant. Collectedsamplesincludedrhizospheresoil,roots,nodulesandseedsfrom
herbaceousand shrubbyspeciesalive during the summermonths. Culturablestrainsfrom these sampleswere
identified and characterizedbasedon their xerotolerance, production of phytohormonesrelated to drought
response,and colonizationskills. Thosewith the best results are being tested on commercialcrop legumes
(Phaseolusvulgaris, Lenculinaris, Cicerarietinum) to assesstheir drought-toleranceenhancement,aswell astheir
production rate under suchconditions. Sofar, we have isolatedmore than 400 strainsfrom up to 25 different
plant species. Amongthem, about 20 strainshaveshownto be effective to enhancethe responseof plants to
drought. Themolecularandmetabolomiccharacterizationof theseinteractionswill allow usto better understand
the mechanismsused,aswell as the possibilityof usingsuchstrainsasbioinoculantscapableof improvingcrop
yieldsundermoresevereconditionsof waterdeficit.

We the authorswant to recognizethe labour of FCTτFundaçãopara a Ciênciae a Tecnologia, I.P., through the R&DUnit
άDw99b-ITτBioresourcesfor {ǳǎǘŀƛƴŀōƛƭƛǘȅέ(UIDB/04551/2020and UIDP/04551/2020).

1. Vílchez, J. I., Yang,Y., He,D., Zi, H., Peng,L., Lv, S., Kaushal, R., Wang,W., Huang,W., Liu,R., Lang,Z., Miki, D., Tang,K., Paré, P.
W., Song,C. P., Zhu,J. K., & Zhang,H. (2020). DNAdemethylasesare requiredfor myo-inositol-mediatedmutualismbetween
plantsandbeneficialrhizobacteria. Natureplants, 6(8), 983ς995. https:// doi.org/10.1038/s41477-020-0707-2

2. Niza-Costa,M. and Vilchez, J.I. (2022). Geographicaldispersioninfluenceon culturable seed-associatedmicrobiota of
foraging plants alfalfa (Medicago sativa L.) and pitch trefoil (Bituminaria bituminosa (L.) C.H.Stirt.): characterizing
potentialbiotreatmentsbasedon beneficialinheritedpopulations. Submittedto Agronomy.
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S1-O-01
Wheat-canola root-associated bacteriomesreveal 
common and unique taxa with diverse behaviours 

when combined into synthetic bacterial 
communities  

Espinosa-Saiz D1, Paniagua-Gallego F1, Velázquez E1,2, García-Fraile P1,2, Mateos PF1,2, 
Saati-Santamaría Z1, Menéndez E1,3

1 Departamentode Microbiologíay Genética& Instituto de Investigaciónen Agrobiotecnología(CIALE),Universidadde
Salamanca,Salamanca,España;.2 Unidad Asociada Grupo de Interacción Planta-Microorganismo, Universidad de
Salamanca-IRNASA-CSIC,Salamanca,España;.3 MED ςMediterranean Institute for Agriculture, Environment and
Development& CHANGEςGlobal Changeand SustainabilityInstitute, Institute for AdvancedStudiesand Research,
Universidadede Évora,PólodaMitra, Évora,Portugal.

Schlatter,D. C., Hansen,J. C., Schillinger,W. F., Sullivan,T. S., & Paulitz, T. C. (2019). Commonand unique rhizosphere
microbialcommunitiesof wheatandcanolain a semiaridMediterraneanenvironment. AppliedSoilEcology,144, 170-181.

Lay C-Y, Bell TH, Hamel C, Harker KN, Mohr R, Greer CW, YergeauÉ & St-Arnaud M (2018) CanolaRootςAssociated
Microbiomesin the CanadianPrairies. Front. Microbiol. 9:1188.

Jiménez-Gómez,A., Saati-Santamaría,Z., Kostovcik, M., Rivas,R., Velázquez,E., Mateos,P. F., MenendezE., & García-Fraile,P.
(2020). Selectionof the root endophytePseudomonasbrassicacearumCDVBN10asplant growth promoter for Brassicanapus
L. Crops. Agronomy,10(11), 1788.

Plants live in close associationwith their microbiomes,which might be subjectedto managementstrategies,
boostingthe presenceof functionallyrelevantbacterialtaxa. Thesestrategieswill improvethe plant growth and
developmentand enhancethe yieldsof crops. Theselectionof agronomicpracticesand water and fertilization
regimesis alsovery important to maximizecropproductivity. In this sense,wheat-canolacrop rotationsare quite
commonworldwide; however,the studieson thoseŎǊƻǇǎΩmicrobiomesare more focusedin wheat and in both
cropsasindividualsrather than in rotation (Schlatteret al 2019). Canolais an agroeconomicvaluablecropwidely
studied to improve yieldsand which root microbiota havebeen studied under culture dependent/independent
approaches(Layet al 2018; Jiménez-Gómezet al 2020). The main aim of this work is to determine the core
bacteriomeand their associatedfunctionsthat are commonbetweencanolacropsprecededby wheat grown in
two soilswith different water regimes: rainfed and irrigated. Usinga multidisciplinaryapproach,we determined
the corebacteriomeof both fieldsandfound commonanduniquefeatures. Themost abundanttaxabelongedto
the phylum Proteobacteria, order Rhizobiales, and the phylum Actinobacteria, orders Rubrobacteralesand
Micrococcales. It is noteworthy the abundanceof the archaeafrom family Nitrososphaeraceae. The analyses
revealedthat the generaRubrobacterandPseudoarthrobactershowedstrongassociationwith rainfedcanolaand
the family Nitrosomonadaceaeand also, the genusEnsiferwith irrigated canolasoils. Moreover, we isolated,
identified,andfunctionallycharacterizeda collectionof canolaroot-associatedstrainsfrom both fields. Combining
strainsaccordingto core, abundancies,root associationlevel and plant growth promotion features,we design
sevenSynComsand tested in wheat and canolaunder two levelsof fertilization. Best-performingSynComswere
the ones designedwith PGPrhizospheric/endosphericstrains when inoculatedon wheat, the precedingcrop.
Remarkably,the development and growth of canola plants inoculated and treated with reduced level of
fertilization were improved,independentlyof the inoculatedSynCom. Overall,the knowledgeand applicationof
native bacteriomeswill set up the basisfor designingeffective bacterialconsortiato improve productivity and
yieldof wheat-canolarotationsin croppingsystemsundersub-optimalconditions.

Thiswork is fundedby EUHORIZON2020Marie SklodowskaCurieActions(GrantAgreementnº 897795). Authorsthank
the support from Unidad de Excelencia Agrienvironment (CLU-2018-04) del Instituto de Investigación en
Agrobiotecnología(CIALE).
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S1-O-02
Cover crops promote beneficial soil microbiomes 

but have limited impacts on soil nutrient cycling in 
citrus orchards

Castellano-Hinojosa A1,2, González-López J2, Strauss SL1

1 Department of Soil and Water Sciences,SouthwestFlorida Researchand EducationCenter, Institute of Food and
AgriculturalSciences,Universityof Florida,Immokalee,FL,34142, USA; 2 Departmentof Microbiology,Institute of Water
Research,Universityof Granada,Ramony Cajal, 18003, Granada,Spain.

Castellano-Hinojosa,A., Strauss,S.L. (2020). Impactof covercropson the soil microbiomeof tree crops. Microorganisms8,
328.

The influence of cover crops (CCs)on soil nutrient cycling,citrus production, the abundanceand diversity of
nitrogen (N)-cycling microbial communities, and the diversity and composition of bacterial and fungal
communitiesin tree cropshasbeen poorly explored(Castellanoand Strauss2020). We examinedthe effect of
replacingthe traditional weedyinter-row middleof two commercialcitrus orchards(COAand COB,respectively)
in Floridawith two different mixturesof CCs: legumesand non-legumes(LG+ NL)and non-legumesonly (NL). A
no-treatment/grower standard was used as a control (GSC). Soil sampleswere taken from the treated row
middles prior to the experiment start and after three years. After that time, the use of both CCmixtures
significantlyincreasedsoilCavailabilityin the row middlesof COAbut hadno significanteffectson soil Ccontent
in COB. Significantincreasesin ammoniumavailabilityand the abundanceof nitrification geneswere observedin
soilstreated with LG+ NLin COA,suggestingthat biologicalN-fixation contributedto improvedN availability. CCs
hadno effectson ammoniumcontent in COB. Nosignificantdifferencesin nitrate contentweredetectedbetween
treatments in row middlesof both citrus orchards. However,treatment with LG+ NLsignificantlyincreasedthe
abundanceof denitrificationgenes(nirKandnosZI) in COAcomparedto NLandthe GSC. Regardlessof the citrus
orchard, CCshad no significant effect on citrus production after 3 years. Treatment with LG + NL and NL
significantlyincreasedthe diversity (number of taxa and valuesof the Shannonindex) of bacterial and fungal
communitiescomparedto GSCin COAafter 3 yearsbut had no impact on the soil microbiomein COB. Planting
both mixturesof CCssignificantlyalteredthe compositionof the bacterialandfungalcommunitiesin COA. Specific
bacterial and fungal genera (some of them associatedto plant-growth promoting bacteria such as Bacillus,
Rhizobium, Allorhizobium, Pseudomonas, Glomus, Erwinia, and Actinomyces) were identified as potential
indicatorsfor changesin bacterialandfungalcommunitiesafter plantingCCsin COAandwere treatment-specific,
suggestingthat CCmixture differentially drives changesin the soil microbiome. We concludethat: 1) CCscan
improvesoil nutrient cyclingbut mayhavelimited impactsdependingon the location likely due to differencesin
soil properties,environmentalconditions(e.g., temperature and precipitation,and citrus management); 2) CCs
drive changesin the abundanceof N-cyclingcommunitieslinked to soil nutrient cyclingand impact the soil
microbiomepromotingthe proliferation of potential beneficialtaxafor plant growth. Whether increasesin soil C
and N availabilitycould eventuallybe translatedto improvedcitrus productionshouldbe further exploredas it
maytakeseveralyearsto observeincreasesin tree productivityascitrusfruit takesnearlya yearto mature.

Thisstudywassupportedwith fundsfrom the CitrusResearchandDevelopmentFoundationgrant18-059Candthe USDA
National Institute of Food and Agriculture Hatch project 7000945. We also thank the commercialcitrus grower for
providingspaceandtree carefor this study.
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The role of soil microbiota and environmental cues 

in the regulation of maize development

Custódio V1,2,3*, Salas-GonzálezI4,5, FlisP2,3, AmorósR6, BroadleyMR2, Oliveira MM1, CastrilloG2,3

1 Instituto de TecnologiaQuímicae BiológicaAntónioXavier,UniversidadeNovade Lisboa, Genomicsof PlantStress,Av. da
República, 2780-157 Oeiras, Portugal; 2 Schoolof Biosciences,University of Nottingham, Sutton Bonington Campus,
LoughboroughLE12 5RD, United Kingdom; 3 Future Food Beacon of Excellence,University of Nottingham, Sutton
Bonington, United Kingdom; 4 Curriculumin Bioinformaticsand ComputationalBiology,Departmentof Biology,University
of North Carolinaat ChapelHill, ChapelHill, North Carolina,USA; 5 HowardHughesMedical Institute, Universityof North
Carolinaat ChapelHill, ChapelHill, North Carolina,USA; 6 Instituto Nacionalde Investigaçãoe DesenvolvimentoAgrário
(INIDA),CP84, 7600Praia,CaboVerde; * valeria.custodio1@nottingham.ac.uk

Asa result of climatechange,the amountof greenhousegasesin the atmosphereis increasing,temperaturesare
rising, precipitation patterns are modified, and extreme weather eventsare occurringmore frequently. These
changesaccountedfor 25%of averageyield lossesfor low-latitude maize. Totacklethe reductionof productivity,
severalstrategieshavebeendeveloped,suchasalteringplantingand harvestingtime, sowingcropswith a short
life cycle,applyingcrop rotation and irrigation techniques,and introducingvariationin croppingsystems. Further
to these strategies,a knowledge-driven approachto managingthe soil microbiota rather than merely applying
microorganismshasbeendescribedas a promisingapproachto sustainablyincreasecrop yield. Takingthis into
consideration,we have designeda holistic approach to understandhow plant mechanismsand microbiota
coordinateto respondto anenvironmentalstressorin the modelplant Zeamays(maize). Thisapproachcombines
the characterizationof (1) a collectionof agriculturalsoils,(2) soilbacterialcomposition,(3) plant microbiota,and
(4) water andnutrition availability. We monitored free-livingsoil bacterialcommunities,soilmineralcontent,and
climatic conditionsin 24 agriculturalsoils in the Sahelregion (CaboVerde)for two years. We observedstrong
structuringof the free-living bacteriaaccordingto the soil mineralcontent, but unrelatedto climaticconditions.
Sinceplantsrecruit their symbiontsfrom the nearbyfree-living microbes,we havefurther evaluatedthe factors
driving microbiota assemblyin root and maizesingleleaves,in three different soils. We found that individual
maize leavesharbour distinct ionome and microbiota compositions. Thenwe designeda synthetic community
(SynCom) to evaluatebacterialeffectson singleleafgrowth andwe foundthat leavesresponddifferentiallyto the
SynComby suppressinggeneson the ABApathway. Collectively,our work will help to understandthe biotic and
abiotic cuesin the regulationof maizedevelopmentand will help designmicrobialsyntheticcommunitieswith a
predictableeffect on plant host. Thiswill supportthe developmentof moreefficient andenvironmentally-friendly
agriculturalpractices.
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Chaparro, J. M., Badri, D. V., & Vivanco, J. M. (2014). Rhizospheremicrobiomeassemblageis affectedby plant development.
ISMEJournal,8(4), 790ς803. https:// doi.org/10.1038/ismej.2013.196.

Eid, A. M., Fouda, A., !ōŘŜƭπrahman, M. A., Salem,S. S., Elsaied, A., Oelmüller, R., Hijri, M., Bhowmik, A., Elkelish, A., & 9ƭπ5ƛƴ
Hassan,S. (2021). Harnessingbacterial endophytesfor promotion of plant growth and biotechnologicalapplications: An
overview. Plants,10(5), 1ς33.

Ganugi, P., Martinelli, E., & Lucini, L. (2021). Microbial biostimulantsas a sustainableapproachto improve the functional
quality in plant-based foods: a review. Current Opinion in Food Science, 41, 217ς223.
https:// doi.org/10.1016/j .cofs.2021.05.001 .

World population is increasingand a major pressureon food production is expected. The present agricultural
methodologiesare vulnerableto the erratic climate, increasingurbanization,industrialization,and agrochemical
pollution. Toachievefood security,sustainablepracticesmust be pursued. Thecommonbean(Phaseolusvulgaris
L.) is one of the most producedlegumesworldwide and,asa reliablesourceof high-quality protein, canreduce
the environmental impact of meat production. However,high yields are dependenton heavy and expensive
fertilization. Plant growth promoting rhizobacteria(PGPR)are emergingas a sustainableprospect to increase
agriculturalproduction,yet this interaction is not fully understood,especiallythe chronologicalvariationsin the
microbiota. Thus,a deeperunderstandingon the interaction and dynamicsbetweenplantsand microorganisms
mayboost the beneficialeffectsof microorganismson plants. Toreachthis goal,the cultivablemicrobiotaof the
beanroot wasisolatedand identified at distinct stagesof plant development(earlyvegetativegrowth (V1), late
vegetativegrowth (V2), flowering(F),andpod (P))androot compartments(rhizoplane(out), endosphere(in),and
nodules (nod)). Diversity and abundanceof cultivable bacteria associatedto root compartments differed
throughout plant life cycle. Bacterial plant growth promotion and protection abilities (indole-3-acetic acid
production, siderophoressynthesis,and antifungal activity) were determined and associatedto the plant
phenology,suggestingthat amongthe cultivablebacteriaassociatedto the plant root severalstrainshadanactive
role on the responseto plant biologicalnecessitiesat eachdevelopmentstage. Severalstrainsstoodout for their
ability to displayone or more plant growth promoting (PGP)traits, beingexcellentcandidatesasefficient stage-
specificbiostimulantsto beappliedin precisionagriculture.

Thisresearchwasfunded by FCTthrough the financialsupport to the H2O valueproject (PTDC/NAN-MAT/30513/2017) also
supportedby FCT/MECthrough nationalfunds,and the co-fundingby the FEDER,within the PT2020Partnershipagreement
and Compete2020 (CENTRO-01-0145-FEDER-030513). We also acknowledgefinancial support to CESAMby FCT/MCTES
(UIDP/50017/2020, UIDB/50017/2020, LA/P/0094/2020) throughnationalfunds.
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The genusBlastococcus(Geodermatophilaceae, Actinobacteria) comprisesten speciesisolated from sediments,

desert soil, decayingmonumentsand plant leaves. Studiesbasedon genomicdata are still scarce. In particular,

just two papers,focusedon singlestrains,were publishedso far, which revealednumerousgenesinvolved in

stressresponseand adaptationto harshhabitats apart from an exceptionalpotential to producenovel natural

compounds. In this study,we aim to taxonomicallycharacterisefour novelspecieswithin the genusBlastococcus

and explore their biotechnologicalpotential to be applied in arid agro-ecosystems. Our results indicate that

Blastococcusgenomesencodea varietyof mechanismsinvolvedin adaptationto environmentalstressanda high

versatility in carbon metabolism and extracellularenzymes. It is suggestedthat Blastococcuscould have an

unexpectedandremarkablerole in soilcarbonfixationbut alsoin the decayof organicresidues,transformationof

native soil organicmatter and mineralisationof nutrients availablefor plants. The metabolismof Blastococcus

couldthereforebe keyto the naturalrestorationof soilfertility in arid anddegradedsoils.

MCMCis grateful for fundingreceivedfrom the Ramóny CajalResearchGrant(RYC2019-028468-I) from the SpanishMinistry
of Economy,IndustryandCompetitiveness(MINECO). Thework conductedby the JointGenomeInstitute, a U.S. Department
of EnergyOfficeof ScienceUserFacility,issupportedunderContractNo. DE-AC02-05CH11231.
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Spartocytisussupranubius(Teide broom) is the most representative legume in the Canarianhigh mountain
ecosystem. Thislegumeplaysa pivotal role, sincethe symbiosisit establisheswith rhizobiahasprovento be the
main input of nitrogen in this otherwisenutrient-poor environment(Wheeler& Dickson,1990; Pulido-Suarézet
al., 2021). Despiteits importance,little researchhasbeendoneon the characterizationof thissymbiosis.
In the presentstudy,we sampledrhizosphericand non-rhizosphericsoilsin severalareasof TeideNationalPark
with different biotic andabioticstressesandrecoveredover 100strainsfrom root nodulesof S. supranubius. We
aimed to answer: How diverseare the root nodule bacteriaof S. supranubius? Doesthe rhizobianodulatingS.
supranubiusvarythroughthe Parksoils?If so,whicharethe mainfactorsaffectingtheƎŜƴƻǘȅǇŜǎΩdistribution?
Theisolatedbacteriawere characterizedby sequencingandthe physicochemicalpropertiesof the soilswere also
analyzed. Principal component analysiswas performed to find out whether soil characteristicscould affect
bacterialdistribution.
Resultsshowedthat Bradyrhizobiumis the main microsymbiontof broom plants, in accordancewith previous
studies (Pulido-Suárezet al., 2021). However,within this genus, the isolatesclustered in three main clades
correspondingto different species. Interestingly,differenceson the speciesdistribution were noted along the
locations. In addition, non-nodulating bacterial endophytes were also isolated from the root nodules,
Agrobacteriumbeingthe mostabundant.

(ConsejeríadeEconomía,Conocimientoy Empleodel GobiernodeCanarias,grantProID2020010103)
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Current climatic conditions tend to make stressfulphenomenafor agricultural production more intense and
frequent, such as periods of drought, high temperatures or radiation received. In this scenario, lossesare
expectedto be around10-25%on average[1]. Forsomecrops,suchaslegumes,this situationcanbe aggravated
by their specialsensitivityto lack of water, where suchlossesare estimatedto reachup to 60% [2]. Legumes
representone of the most nutritionally completecrops,beinga staplefood in manyregionsof the world. In this
way, the cultivation of these plants can be strongly conditioned in rainfed regions. Interestingly,a possible
solution would come from these areas,since we can find legumesnaturally adapted to arid and semi-arid
environments. They become particularly relevant for the kind of interactions they perfome with the local
microbiota. It is well known that legumescaninteract with different speciesand strainsof Rhizobium, however,
more and more microbiotacapableof interactingunder stressfulconditionsare beingreported, becomingvery
relevantfor the developmentof newstress-tolerancetreatments[3].
Thus,in this work we aim to describethe cultivablecommunitiesassociatedwith wild legumes,adaptedto desert
conditionswith the aim of characterizingcandidatestrainsto improve the responseof plants to drought. To do
this, we are carryingout samplingin different parts of the southeastof Spain,one of the driest regionsin the
country and most affectedby desertification,includingJaén, Granada,Almeríaand Murcia. Thesespecieswere
sampledfrom the rhizospheresoil and the roots of herbaceousandshrubbyspeciesduringthe summermonths,
and were identified and characterizedbasedon their xerotolerance, production of phytohormonesrelated to
drought response,and the productionof protectivecompounds. Thosewith the best resultsare beingtested on
commerciallyharvestedplants(Phaseolusvulgaris, Lenculinaris, Cicerarietinum) to assesstheir improvementin
responseto severewater deficits,aswell asin termsof productionundersuchconditions. Sofar, we haveisolated
more than 400strainsfrom up to 25 different typesof plants,obtainingsome20 strainsthat haveshownnotable
improvementsin the responseof commercialplantsto drought. Themolecularandmetabolomiccharacterization
of these interactionswill allow us to better understandthe mechanismsused,aswell as the possibilityof using
suchstrainsasbioinoculantscapableof improvingcropyieldsundermoresevereconditionsof water deficit

We the authorswant to recognizethe labour of FCTτFundaçãopara a Ciênciae a Tecnologia, I.P., through the R&DUnit
άDw99b-ITτBioresourcesfor {ǳǎǘŀƛƴŀōƛƭƛǘȅέ(UIDB/04551/2020and UIDP/04551/2020).
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During this century, the world demographicpressurehas risen sharply. In just one generation, the world
populationhastripled, requiringsimilarrisingin agriculturalproduction. Rice(OryzasativaL.) is one of the most
important cropsworldwide, feedingalmosthalf of the globalpopulation. However,asa result of climatechange
cropsarehighlysubmittedto abioticstressconditions. Amongthem,soilsalinityis consideredasoneof the major
problemsfor agriculture,impactingnot only the plant itself but alsothe soilandlivingorganismssurrounding. Rice
is consideredsalt sensitiveby natureandwhensubjectedto salt stress,it suffersan enormousnegativeimpact in
metabolicmechanisms,growth and productivity. Plant growth-promoting bacteria (PGPB)are able to promote
plant vigor and improve adaptation in stressconditions,by producingphytohormones, secondarycompounds,
osmolytesand antioxidantenzymes1. Theexploitationand identificationof salt-tolerant plant growth-promoting
bacteria(ST-PGPB)maybe the key for the developmentof novelmechanismsto coupwith salt stressresistance.
Severalstrains have been reported to successfullyimprove plant growth attributes, soil enzyme activities,
microbialcounts,andmitigatingthe deleteriouseffectsof salinityin rice(osmoprotectants, compatiblesolutes)2,3.
Our work aims to evaluate the effect of ST-PGPBcandidatesselectedfrom Pokkali(salt-tolerant rice variety)
associatedmicrobiota(seedborneand root recruited) in the level of salt stressresistanceand responsesof IR29
and Nipponbare(salt sensitivevarieties). Initially, the culturableendophyticmicrobiota of all rice varietieswas
isolatedand geneticallyidentified to evaluatepopulationpatterns and discernbest candidatessolelypresent in
the salt-resistantrice variety. Then,a total of eight strainswere selectedandscreenedby their skillsand growth
rate in saltat different concentrations(up to 2 M), includingbiofilm formation,auxins,ACCdeaminaseproduction
or exopolysaccharides(EPS)production. Three of the eight tested strains were selected (Bacillusaltitudinis,
Bacillussubtilis,Lysinibacillusfusiformis,Paenibacilluspabuli), presentingalwaysbetter performanceat 500 mM
comparedwith the control conditions. The effects of these strains in the physiologicaldevelopmentof the
sensitivericevarietieswere testedundernon-salineandsalinehydroponicconditions,evaluatingpositivechanges
in their survival rate, phenotype, growth and developmentaltiming. Moreover, a targeted DNA methylation
detectiontechnique(CHOP-PCR)wasusedin order to understandthe role of the candidatestrainsduringthe salt
stressresponseprocess,andthe involvementof mainepigeneticmarksof the process. Thesecandidateswill serve
asbioinoculanttreatment to amendthe rice performance(particularlysalt-sensitivevarieties)undersalinestress
conditions,improvingsurvivalratesandproductionlevelsundersuchconditions.

We the authorswant to recognizethe labour of FCTτFundaçãopara a Ciênciae a Tecnologia, I.P., through the R&DUnit
άDw99b-ITτBioresourcesfor {ǳǎǘŀƛƴŀōƛƭƛǘȅέ(UIDB/04551/2020and UIDP/04551/2020).
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Spartocytisussupranubius(the Ψ¢ŜƛŘŜōǊƻƻƳΩύis the dominant and most characteristiclegumein the shrubby
vegetationof the high-mountainecosystemof TeideNationalPark. In this ecosystem,the rhizospheremicrobiota
must be a key factor for plantsto copewith the harshconditionscausingvariousabiotic stresses. We haveused
high-throughputsequencingto characterizethe bacterialandfungalrhizosphericmicrobiomesof broomplants.
Theresultsshowedbacterialcommunitieswith higherrichness(ASV),diversityandevennesscomparedto fungal
communities. Thecompositionof the bacterialmicrobiomewascharacterizedby a communityin whichthe phyla
Proteobacteria, Actinobacteria, Acidobacteria, Chloroflexiand Bacteroidetesaccountedfor about 75% of the
relative abundance. Verrucomicrobia, Gemmatimonadetesand Firmicutestogether with other minority phyla
accountfor another 20%and 8%of unclassifiedphylacompletethe microbiome. At the genuslevel, the highest
abundancewas for the Chloroflexi Thermogemmatispora, the ActinobacteriaSolirubrobacter, Crossiellaand
Mycobacterium, the Acidobacteria Candidatus Solibacter, the GemmatimonadetesGemmatimonas, while
Bradyrhizobiumwas the most abundant Proteobacteria, which is not surprisingas bradyrhizobialspeciesare
nitrogen-fixingmicrosymbiontsof Teidebrooms.
Thefungalmicrobiomeis dominatedby phylaAscomycotaandBasidiomycota,whichmakeup 80%of the relative
abundanceof the community. Mortierellomycota is the third most abundant phylum and contains the most
abundant fungal genus,Mortierella. The Glomeromycota, the phylum containingarbuscularmycorrhiza(AM),
accountfor 1%of the relativeabundance.
Apart from the clearbenefitsexpectedfrom symbioseswith bradyrhizobiaand AM, Mortierella havebeen also
associatedwith plant growth promotion. The role of the other microorganismsin this legumerhizosphereand
whetherthey haveplantpromotingactivitiesisnot yet known,andshouldbe addressedin future research.
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Bananasare one of the most important cropsin the CanaryIslands,with more than 9,000 ha undercultivation.
Severaldiseasesaffect this crop,amongthem: Fusariumwilt of banana,alsoknownasPanamadisease,caused
by Fusariumoxysporumf. sp. cubense(Foc). Currently,there is no effectivemethod to control this diseaseand,
in this context,nativesoilmicroorganisms,suchasgenusTrichodermaandmycorrhizalfungi,playa major role in
protecting the plant againstthe pathogen. Theaim of this study wasto analysethe populationof mycorrhizal
fungi and Trichodermain the rhizosphereof banana plants with and without Panamadiseasesymptoms.
Fourteenbananafarms locatedin different bioclimaticzonesof the islandof Tenerifewere analysed. On each
area, rhizosphericsoil sampleswere collected from three symptomaticand three asymptomaticplants. The
following determinationswere carried out on eachsoil sample: a) Isolationand identification of Trichoderma
species; b) Quantification of the number of arbuscularmycorrhizal (AM) chlamydospores; c) Mycorrhizal
colonizationin rootsof bananaplantsdevelopedundercontrolledconditions. A total of 210Trichodermaisolates
were obtained(100 and 110 samplesof soil from symptomaticand asymptomaticplants,respectively). Twelve
specieswere identified: Trichodermagamsi, T. hirsutum, T. cf. lixii, T. harzianum, T. cf. harzianum, T. virens, T.
guizhouense, T. atrobrunneum, T. asperellum, T. hamatum, T. afroharzianumand T. longibrachiatum. The
predominantspecieswere T. cf. harzianumandT. virens, in both sampletypes(rhizosphereof symptomaticand
asymptomaticplants). Resulsof micorrhizaehavea highvariabilitydependon the samplingarea(north or south
of the island)andthe healthstatusof the In most cases,no correlationswere observedbetweenthe numberof
Trichodermaspeciesand the variablesrelated to the quantificationof mycorrhizae. However,in the northern
part of the island,a positive correlation was observedbetween the number of Trichodermaspeciesand the
percentageof mycorrhizalcolonizationin rootsof plantswith andwithout Panamadiseasesymptoms. Significant
differencesin the percentageof mycorrhizalcolonizationwere detectedbetween soilsfrom symptomaticand
asymptomaticplants from the southern zone. The results of this work show the population distribution of
potentiallybeneficialmicroorganismsin presenceof Foc, whichmight increasethe knowledgeof the interactions
betweenthem,helpingin the desingto biologialcontrolstrategies.
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Lentil (LensculinarisMedikussubsp. culinaris) is one of the oldest crops that was domesticatedin the Fertile

Crescentaround9,000yearsago(Tokluet al., 2009). Theregionof origin encompassesSoutheasternTurkeyand

NorthernSyriaand,viaDanube,spreadto Europe. Today,it is an important food legumecrop in the farming(soil
fertility management)and food systemsof many countriesglobally. Accordingto FAO,the globalproductionof
lentils reached6,537 thousandmetric tons in 2020beingCanadaand India the major producers. Nevertheless,
little is known about the microsymbiont(rhizobia)which fix nitrogen in symbiosiswith this crop. Traditionally,
lentilshavebeenconsideredto be nodulatedonly by Rhizobiumleguminosarumbv viciaebut, latelyR. laguerreae
or the new speciesR. lentis, R. bangladeshenseand R. binae (Taha et al., 2017 and Rashidet al., 2015,
respectively)havebeenisolatedfrom lentils nodules. However,the new specieswere not able to form effective
noduleson lentilsunderlaboratoryconditions.
To addressthe rhizobialpopulationassociatedto lentils in Spain,an assayfor studyingboth, the populationand
the biodiversityof rhizobia-nodulatinglentils,hasbeencarriedout with soilscomingfrom two different localsites:
experimentalfarm of Albaladejito(Cuenca)and Carmona(Sevilla), with different historiesof lentils cultivation
(recentrecordandno records,respectively).
Theresultsobtainedafter the inoculationof lentils (cv Pardina) with thesesoilsby the NMPtechnique,showed
that the numberof theserhizobiawere higherin Albaladejitothan in Carmona(5,8 x 105 vs1,1 x 103 rh/g soil). A
total of 54 rhizobial strain were isolated from nodulesof this legume,32 from lentils inoculatedwith soil of
Carmonaand22 from lentils inoculatedwith Cuencasoil. After a first ERICPCRscreeningfor removingduplicities,
a total of 12 (Carmona)and20 (Cuenca)uniqueisolateswere obtained. The16sRNAgenesequenceclusteredall
the isolatestogether with Rleguminosarum. Thesubsequentphylogeneticanalysisof housekeepinggenes(atpD,
glnII and recA) alloweda better discrimination,clusteringthe isolateswith R. laguerreaeand, for the first time
until we know, with the speciesR changzhiense. Severalisolatesremainedwith no clear affiliation and could
representnewspecies.

Thepresentwork wasfunded by the proposalentitled ά[ŜƎǳƳŜǎin biodiversity- basedfarmingsystemsin Mediterranean
ōŀǎƛƴέPCI2020-112151(LEGU-MED)funded by PRIMAand in the frame of the collaborationagreementnumber IFAPA
045/2021 between άInstituto Andaluzde Investigacióny FormaciónAgraria, Pesquera, Alimentaria y de la Producción
Ecológica(IFAPA)andάInstituto Regionalde Investigacióny DesarrolloAgroalimentarioy Forestalde Castilla-LaaŀƴŎƘŀέ
(IRIAF).
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ResearchGroupin BioprospectionandMicrobialBiotechnology(BIOBIM),BiotechnologyResearchLaboratory, UNAB-Perú.

The cowpea, Vigna unguiculata(L.) Walp, establishesatmosphericnitrogen-fixing symbiosiswith soil bacteria,
calledrhizobia(Valdezet al. 2016). In recentyears,the productivityandprofitability of cowpeasin Peruhasbeen
affected by variousfactors, highlightingsoil degradation,and being aggravatedby the nitrogen fertilizer crisis
(FAOSTAT,2022). Rhizobialinoculantsarea sustainablealternativeto nitrogenfertilizers,however,little is known
about the diversityand identity of rhizobiaassociatedwith cowpeanodulesthat allow the designof inoculants.
Theobjectiveof the researchwasthe isolation,characterizationand identificationof rhizobiastrainsassociated
with cowpeanodules. Four collectionsof cowpeanoduleswere made in the Piuraregion (02) and Limaregion
(02). Eachnodulewassterilizedand streakedonto YEM(Mannitol YeastExtract)Agarand incubatedat 28°C± 1
for 20 days(Hungriaet al. 2016). 103 isolateswere purified and preservedin glycerolat 30%(v/v) at -20°C. For
authentication,isolateswere grown in YEMbroth and inoculatedon seedsof cowpeavar. "vainaverde" growing
in plasticgrowth pouches,at a rate of 1 mLper seed,for 21 days. Only65 strainswereauthenticrhizobia(63.1%),
of which only 50.8% (33 strains) presented moderate to adequate effective nodulation. For genomic DNA
extraction,strainswere cultured in 3 mL of TYbroth and incubatedat 28 ± 1°Cat 150 rpm for 3 to 4 days. 32
genomicprofiles(BOX-PCR)were formed,with a greaterdistribution in strainsfrom Lima(18) comparedto strains
from Piura(13). The16SrRNAphylogenyindicatesthat all 32 strainsbelongto the genusBradyrhizobium. The
results show the high promiscuity of cowpea in its rhizobial requirements,reflecting at the morphocolonial,
nodulationandmolecularlevels,evidencingthe opportunityto selectelite strainsof nitrogen-fixingrhizobia.

Keywords: Bradyrhizobium; BOX-PCR; Nodulation; GeneticDiversity; 16SrDNA.
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Theconstantco-evolutionof microbesandplantsled to preciseandbeneficialspecificinter-kingdominteractions.
Theevolutionalsuccessin theseinteractionsthrough millionsof yearsled to wild plants to adapt in their native
environmentsby takingadvantageof their symbionts,andviceversa. However,it hasbeendemonstratedthe use
of intenseagriculturalpracticeshaveimportant effectson the soil andplant microbiomecomposition,something
that can affects the plant health status. Thus,the study of wild plant microbiomescan be beneficialto design
efficient biofertilizersthat mimic the natural plant-microbial compositions,but for that, consideringthe spatial
scalingisof utmost importanceto drawcorrectconclusionsandto find plant-microbeco-adaptationpatterns.
Blueberries(Vacciniumspp.) and blackberries(Rubusulmifolius) are consideredfunctional foods with rich
nutritional value; basedon that, theseberriesarebecomingincreasinglypopularamongconsumers. Despitetheir
importance,the literature lacksstudieson the microbial communitiesof blackberryplants, and the those on
blueberriesarescarce.
Here,we aim to decipherthe microbialcommunitiesof both wild blueberryandblackberryplantsalongdifferent
forest ecosystemsin the IberianPeninsula. We analyzed48 microbialcommunities(16SrRNAand ITSamplicons)
from rootsandrhizospheres.
Proteobacteriais the main taxa on both roots (45.8-76.8%) and in some rhizospheresamples(28.8-44.1%).
Acidobacteriais the second phyla in relative abundance(12.8-41.2% on rhizospheres; 0.8-26.2% on roots),
followed by Bacteroidetesand Actinobacteria. In contrast,the fungalcommunitiesare lessconsistentamongthe
different ǎŀƳǇƭŜǎΩtypes and samplesites. For example,the abundanceof Hyaloscyphaceae, which is the most
abundantfamily,rangesfrom almosta 40%of the readsin somesamplesbut isabsentor almostabsentin others.
Here we found taxa that are consideredas ericoid mycorrhiza,suchas Helotiales(the most abundantorder,
mainlyin blueberry,that isanerycoidplant),Oidiodendronsp., Pezolomaericaeo Phialocephalasp.
We alsosearchedspecificenrichmentsor exclusionsof microbial taxa in the endospherictissuesto unravelthe
selectivefilter that differentiates the rhizosphericand the root microbiomesin these plants. Concretely,both
blueberry and blackberry roots exclude significantly many diverse microbial taxa, but only 4 genera are
significantly enriched in these roots, Nevskia in blueberry roots and Novosphingobium, Sphingobiumand
Steroidobacterin blackberryroots.
In sum,our data demonstratethat there is a similaroccurrencepattern of the main fungaland bacterialtaxa in
blueberryand blackberryplants,althoughsometaxa show specificenrichmentsin eachplant species. Also,we
presentedthe first insights into the microbiome compositionof blackberries. Theseresults will be useful to
understandthe microbiologyof forestsand, concretely,from these two specificplants. Finally,we believethat
this researchwill serveasthe basisto the developmentof new andefficient biofertilizersthat target anyor both
blueberryandblackberrycrops.
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acknowledgesa Grant from Juntade Castillay Leónand a Grantco-financedby the EuropeanNextGenerationEU, Spanish
"Plan de Recuperación, Transformacióny Resiliencia", SpanishMinistry of Universities,and University of Salamanca
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Montado ecosystemhasa high socioeconomicvalueby combiningexploitationof cork with livestockhusbandry,
pastures,amongother added-value activities. In Portugal,Montado soilsare often degraded,acidic,with high
concentrationsof aluminumandmanganese,and with low overall fertility, which is an alarmingsituation for the
sustainabilityof this ecosystem. Oneof the most important aspectsfor this ecosystemis the establishmentand
quality of pastures. Pasturesplay a critical role in soil sustainabilityby providing feedstock,soil conservation,
water retention andnitrogenandCO2 fixation. Fromthese,pasturelegumesgreatlyimprovesoil fertility by fixing
nitrogen when in symbiosiswith rhizobia bacteria. This symbiotic associationis often highly specific with
implicationsin plant growthpromotionandultimatelyin soilfertility.
In this context, this work aims to monitor the evolution of the rhizobia-legume associationsin the Montado
ecosystemsubjectedto a field trial under non-treated and treated conditionsfor soil correction. Understanding
how legume-rhizobiaassociationevolveover time upon different correctiontreatments is of utmost importance
for havingthe mostadequatemanagementpractices.
It wasinstalleda field assayin a Montadoareaanddifferent treatmentswere appliedfor soilcorrection(addition
of dolomitic limestoneand/or cellulosicsludges). Legume-rhizobiaassociationswere monitoredby the evaluation
of the natural rhizobial population size, genetic diversity, taxonomic identification and strain symbiotic
effectiveness(nitrogen fixation). Natural rhizobialpopulation sizewasevaluatedby the Most ProbableNumber
methodusingTrifoliumsubterraneumandT. resupinatumastrap hosts. Geneticdiversityof bacteriaisolatedfrom
root noduleswasassessedby REP-PCRfingerprinting. Non-redundantbacteriastrainswereselectedfrom the REP-
PCRcladesandwere taxonomicallyidentifiedby 16rRNAandrecAgenephylogenies.
Resultsshowedthe presenceof highnumbersof rhizobiabacteriawith highgeneticdiversitydespitethe low soil
quality. Thenaturalpopulationwasalsocapableof fixingnitrogenat highrateswhen inoculatedin Trifoliumspp..
Geneticdiversityof the rhizobialpopulationincreasedovertimeduringthe field trial. Highsymbioticeffectiveness
was found in isolatesfrom the root nodulesof Trifolium spp. irrespectiveof the treatment and isolation year.
Strainscapableof establishinghighly effective symbiotic associationwith Trifollium spp. were identified as
Rhizobiumleguminosarum.
In conclusion,in the Montado areastudieda largenatural rhizobialpopulationexistedwith highgeneticdiversity
that can be further exploited and improved by the practice of adequatesoil management. Rhizobia-legume
associationstogether with soil physical-chemicalconditions are crucial for the sustainabilityof the Montado
ecosystem.

Fundedby projectsALT20-03-0145-FEDER-000039andLISBOA-01-0247-FEDER-072228
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Enrichmentculturesare usefulfor the constructionof bacterialconsortiato be usedasinoculants,both for plant
growth promotion (PGP)and for bioremediation. However,theseconsortiafrequently containbacteriathat are
undesirable,includingbacteriathat do not participatein the biotechnologicalprocessor evenbacteriathat might
be harmful or pathogenicfor humans,animalsand/or plants. Deconstructionof consortiaallows the designof
SynComsthat contain the bacterial taxa necessaryfor the inoculant function and are free from undesirable
populations. SynComsare therefore rationally designed, taking into account the principles of functional
redundancyandphylogeneticdiversityto optimizetheir performance. In the designandconstructionof SynComs,
culturomicsare usedto isolatestrainsfrom the consortium,either by usingdifferent, selectivegrowth mediaor
by roboticalisolationby dilution in a general,permissivemedium. Isolatedstrainsare tentatively identifiedby 16S
DNAsequencingand the metagenomeof the designedSynComis then determined, in order to establishits
biotechnologypotential. Herewe are presentingthe designand constructionof two SynComs, one designedfor
bioremediationof hydrocarbonsand the other for PGPof tomato plants. For the first SynCom, soil polluted with
heavyoils wasusedasthe sourceof the enrichmentconsortium. Thisconsortiumwasobtainedafter growth in
dieselas the sole carbonand energysource. Theconsortiumcontainedaround fifty different taxons(Amplicon
SequenceVariants, ASVs)including some undesirable bacteria such as Enterobacteria,Acinetobacterspp,
Stenotrophomonasspp. amongothers. The final SynComis composedby eight strains that harbour the same
metabolic potential than the whole consortium. The second consortium was isolated from tomato plants
rhizosphere,growingin a commercialplot. Rootexudatesandextractswere usedasthe solecarbon,energyand
nitrogen sources. The consortiumcontained75 ASVs,includingsome of them potentially harmful. A SynCom
harbouringmultiple PGPtraits wasdesignedandconstructed. ThisSynComhasbeentestedon tomato plantsand
hasshownto significantlyimprovethe yieldundergreenhouseexperiments.

M. Montoya is recipient of the Margarita Salas grant of the Ministeriode Universidadesand Universidad Politécnicade 
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Microbial biodiversity associatedwith the plant-soil systemis an increasinglyrecognizedeffective resourcein
managingplant healthandsoil fertility (Guptaet al., 2022). It is now well acceptedthat the microbiomeof plants
has profound impactson their survivaland performance,helping them to overcomeenvironmentalchallenges
suchasnutrient limitation, herbivoreandpathogenattacks,or abiotic stresses. Plantsusuallyestablishsymbiotic
associationswith mutualistic and/or free-living beneficial microorganisms,as a crucial nutrient-acquisition
strategyto adapt to the environment,which may be of particular importanceunder the current globalchange
scenario.
Significant improvements in economic and environmental sustainability of agriculture and forestry can be
achievedthougha better understandingof plant-microbialinteractions(CardonandWhitbeck,2007). Theuseof
native selectedsymbioticmicroorganismsoffers the possibilityto efficiently usenatural resourcesfor improving
forestry industry, mainly through promoting the physiologicalquality of seedlingnurserystockswhile reducing
inputs suchas fertilizers,water or chemicals,and ensuringthe survivaland fitnessof trees after out-planting in
the field. Beneficialmicrobesare increasinglybeingusedfor multiple applicationsin forestry and agro-forestry.
Thesuccessof a givenreforestationand/or afforestationproject is tightly linked to the vigor and adaptabilityof
seedlingsto the transplantationsite, for which the use of selectednative beneficialmicroorganismssuch as
mycorrhizalfungior plant growth promotingbacteriacanbe crucial. Thetargetsof theseprogramscanbe diverse
either focusingon the environmental restoration and climate changemitigation ςe.g., carbon sequestration
enhancementand/or ecosystemrecoveryafter deforestation,fire, miningor fuel spillamongother disturbancesς
, or with a more clear economicpurpose such as the provision of wood and biomass,or the production of
ectomycorrhizaledible mushroomswith high added value, e.g., truffles (Oliach et al., 2021), in agro-forest
systems.
Giventhe increasedfrequencyand duration of drought and natural disturbances,the raisingcostsof fertilizers
andchemicalsfor nurserytree production,and the demandof consumersfor new productssuchasediblefungi,
the useof nativebio-inoculantsadaptedto the plantationsitesis emergingasa highlyadvantageousecologicand
economictool for the forestryandagro-forestryindustry.

Cardon,Z.G., Whitbeck,J.L. (Eds)(2007) TheRhizosphere. AnEcologicalPerspective. ElsevierAP,LondonUK.

Gupta,A., Singh,U.B., Sahu, P.K., Paul,S., Kumar,A., Malviya,D., Singh,S., Kuppusamy, P., Singh,P., Paul,D., Rai,J.P., Singh,
H.V., Manna,M.C., Crusberg, T.C., Kumar,A., Saxena,A.K. (2022) Linkingsoil microbialdiversityto modernagriculture. Int J
EnvironResPublicHealth19 (5), 3141.

Oliach, D., Vidale, E., Brenko, A., Marois, O., Andrighetto,N., Stara, K., de Aragón,J.M., Colinas,C., Bonet, J. A. (2021) Truffle
marketevolution: anapplicationof the Delphimethod. Forests12(9) 1174.
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Accordingto the EuropeanCommission,global consumptionof biomass,fossil fuels, metals and minerals is
expectedto doubleby 2050, whileannualproductionof wasteswill increaseby 70%. In this context,the European
Commissionadoptedthe new circulareconomyaction plan (CEAP) which intendsto integrate developmentand
sustainability,thus,the designof tailoredbiofertilizersisof the outmostimportance.
Theaim of this work is, usinga culturomicsapproach1, the isolationand characterizationof specificPGPRand
endophytesin order to generatea biofertilizer that promotesplant growth under different abiotic stressesand
increasecropsyieldusingfewer inputs.
In our project, Mesembryanthemumcrystallinum, an autochthonoushalophyteof the Andalusianmarsheswith
medicinalproperties,hasbeenselectedasmodelsincethis plant hasbeenalsoproposedfor phytoremediationof
metalssuchasCd2 andCr3.
We havedevelopeda low-cost culture medium basedon M. crystallinumbiomass,calledMesem-Agar(MA) to
isolatebacteriafrom three compartments(rhizospheresoil,root endophytesandshootendophytes)andcompare
them with isolatesobtained on standardTSAmedium. Two independentcollections,one from eachmedium,
were generated,all the bacteriawere identified by 16S RNAgenesequencing,and their PGPRproperties and
plant tissue degradingactivities determined, as well as the minimal inhibitory concentrationfor severaltoxic
metals.
A highernumberof bacteriawere isolatedon TSAthan in MA (47 vs. 33), but interestingly,MA mediumled to the
isolationof specificM. crystallinumassociatedbacteria. Distinctpatternsof PGPpropertiesandcellwall degrading
activitieswere found in both bacterialcollections. Threemicroorganismscarryinga complimentarycombinationof
PGPactivitiesfrom eachcollectionwere selectedin order to producetwo different consortiums,whoseeffect on
plantgrowthunderabioticstressesandphytoremediationcapacityisbeingevaluated.
Theseresultsindicatethe feasibilityof a culturomicsapproachtroughάƭƻǿ-costƳŜŘƛŀέbasedon plant biomassto
isolate the most suitablebacteriacapableof promoting plant health and growth under abiotic stresses. In this
way,we haveestablishedaάŎƛǊŎǳƭŀǊagronomyƳƻŘŜƭέin whichbacteriahelpplant to growand,in turn, a culture
mediumbasedon plant wastessupportbacterialgrowthat low prices.

Keywords: Halophytes, PGPB,endophytes, culturomics, low-cost inoculants, circulareconomy, phytoremediation,
heavymetalspollution.

1. Sarhan, M. S. et al. Culturomicsof the plant prokaryoticmicrobiomeand the dawn of plant-basedculture mediaςA
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AlkalinepH in soilsreducesiron (Fe)availabilitylimiting Fe-uptakeandcompromisingplant growth. In plants,the
mainvisualFedeficiencysymptomis leaf yellowing,chlorosis,due to a decreasein chlorophyllcontent. In dicots,
plants activate Fe absorptionmechanismsinvolvinga H+-pump to acidify the medium and solubilizeFe III, the
reductase(FRO)than reduceschelated Fe III, and the membraneFe II-carrier (IRT). Currently,only synthetic
chelatesare availablefor agriculture, so seekingfor environmentallyfriendly alternatives is a must. In vitro
production of bacterial siderophoreshas been reported but effective strains are not as frequent and the
underlyingmolecularmechanismsby whichsiderophoreproducing-PGPBimproveiron content in plantsremainto
be defined,asPGPBare able to improveplant fitnesstriggeringmultiple targets. In this context, the aim of this
studywasto i) selectsiderophore-producingfrom a largesubsetof isolatedPGPBandii) to evaluatethe ability of
two different siderophore-producingPseudomonassp. strains(Z8.8 and Z10.4) to revert chlorosisin Fe-starved
tomato plants. From a total of 210 strains, 30% of them were selectedfor their in vitro ability to produce
siderophoresand identified by 16s rDNAsequencing. Amongthem, the most abundantgroupwasconformedby
Pseudomonassp. from whichZ8.8 andZ10.4 wereselectedby the sizeof the haloproducedwhengrowingin Cas-
mediawith Fe,Mn or Co. ThePseudomonasZ8.8 wasalsoableto produceauxinsin vitro. After the inoculationof
Z8.8 andZ10.4 in Fe-starvingtomato plants,the chlorophyllcontent, the photosynthesisratesandthe expression
of Fedeficiency-responsivegenesin roots (the plasmamembraneH+-ATPase1 HA1, the Fe(III)chelatereductase
FRO1, and the iron Fe(II)root transporter,IRT) were assessed,aswell asiron content. Chlorosiswasrevertedby
Z8.8, with Feincreasesaround40%ascomparedto controls,providedfrom FeCl3 at alkalinepH. Photosynthesis
performancewasimproved(fPSIIandFv/Fm ) aswell aschlorophyllάŀέcontent suggestinga systemicactivation
in plants treated with Z8.8. Oppositeto our expectations,expressionof Fe-uptake responsivegeneswas not
enhancedon PGPB-treated plantsat harvesttime, rather the opposite. Thisevidencesactivationof innate plant
mechanismsto obtain Fe in adverseconditions: the H+ pump is highly active in the plasmamembraneof iron
starvedplants in an alkalineenvironment to acidify soil and make Fe-III availableto reductase. However,soil
acidificationis not neededwhen PGPB-siderophoresare present,as bacterialFe-chelatesare goingto makeFe
moresolubleandproneto be reducedby FROin order to enter the root throughIRT,immediatelyafter bacterial-
inoculation. It is consistentwith the reported increaseof Fecontent, probablybeingan idirect mechanismapart
from the direct chelant action of the bacterial-siderophore. However,gene expressionhas also been altered,
being downregulated9 days after bacterial inoculation, so we speculatethat FROand IRTgeneshave been
systemicallyinduced right after PGPBtreatment improving iron nutrition provided by bacterial chelates.
Therefore,althoughfurther studiesare neededto confirm our hypothesis,Z8.8 straineffectivelyrevertstomato
chlorosiscombiningdirectandindirectmechanismsof action.
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Ricestraw is an agriculturalresiduewith high potential asmulch in woodycropswhere it exertsseveralbenefits
suchas: preventingsoil erosion,increasingwater use,reducingweeds,increasingproduction,and/or regulating
soil temperature (Prosdocimiet al., 2016; Ramakrishnaet al., 2006). However, the rice straw decomposition
processpromotesthe temporary immobilizationof soil nitrogen due to its high C/Nratio (Williamset al., 1968).
Theincorporationof different diazotrophsinto ricestrawcouldcompensatefor this immobilizationof nitrogen,as
well asprovideother benefitsfor cropproduction. In a microcosmassay,in trays54cmx 39cm,we evaluatedthe
effect of the combinationof a ricestrawmulchwith the additionof different diazotrophsandother plant growth-
promoting bacteria (PGPB),including one solubilizer of mineral insoluble phosphate and one siderophores
producer. In the trays, the cultivated crop was ryegrass(Loliumperenne). Thestatisticaldesignwas a random
completeblockdesignwith the treatmentsconsistingof the combinationof mulchwith bacteriaandthe controls
consistingof the correspondinguninoculatedcontrols either with mulch or nakedsoil. Theevaluatedvariables
were, from the productivepoint of view, the aerialbiomassproducedby the crop, and its content in Nitrogen,
Phosphorusand Iron; form the environmentalpoint of view, the compositionof the soil microbiomeby next-
generationsequencingof total soilDNA. Resultsof cropbiomassproductionshowedthat, comparedto nakedsoil,
mulch produceddecreasedvaluesduring the cold months and increasedduring the warm months. Interestingly
the inoculationwith the selectedbacteriastrainsimprovedthe biomassproductionof the cropat anyseason,and
someN-fixing strainsevencompensatedthe decreasein biomassproductioncausedby mulch. Moreover,some
N-fixersalsocompensatedthe reductionof bioavailableN causedby the increasedmicrobialactivityundermulch.
Soilmicrobiomewaspositivelyaffectedby the mulch,becauseit increasedbiodiversity,both alphaand beta. In
addition, inoculation hardly changedthe structure and compositionof the soil bacterial community; the main
modificationswere a slight increaseof alphabiodiversityand a slight reduceof beta biodiversity. Theinoculated
bacteria did not persist in time and re-inoculation each seasonis necessary. Thesefindings suggestthat the
incorporationof diazotrophsandPGPBinto ricemulchwouldcompensatefor the disadvantagesof mulchingwhile
synergicbenefit to the crop.

Prosdocimi, M., Jordán, A., Tarolli, P., Keesstra, S., Novara,A., & Cerdà, A. (2016). The immediate effectivenessof barley
straw mulch in reducingsoil erodibility and surfacerunoff generation in Mediterraneanvineyards. Scienceof the Total
Environment,547, 323-330.

Ramakrishna,A., Tam, H. M., Wani, S. P., & Long, T. D. (2006). Effect of mulch on soil temperature, moisture, weed
infestationandyieldof groundnutin northern Vietnam. FieldCropsResearch,95(2), 115-125.

Williams,W.A., D.S. Mikkelsen,K.E. Mueller y J.E. Ruckman. 1968. Nitrogen immobilizationby rice straw incorporated in
lowlandriceproduction. PlantandSoil. 1, 49-60.
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3.TRICHODEX,S.L.U., DosHermanas,Sevilla,Spain; www.trichodex.bio; * josecarp@fertiberia.es

It is well known that rhizobia exert a Plant Growth Promoting (PGP)action in non-legumes,resulting in an
improved crop yield and quality (Flores-Felixet al. 2021). Moreover, it has been proved in field trials that a
reduced dose of mineral fertilizers along with the inoculation of PGPBacteria (PGPB)results in a yield
improvement, compared to a full mineral fertilizer dose without inoculation (Pastor-Bueis et al. 2017). An
EuropeanPatent registeredan invention consistingon a granulatedmineral fertilizer that includesrhizobiaas
PGPBto be used as a fertilizer for non-legumecrops (Mulas et al. 2018). The novelty comprisedthe carrying
systemof the PGPBin the fertilizer granuleand the PGPBdosethat exertsan agronomiceffect. Field trials at
commercialscale demonstrated that the fertilization of cerealswith the invention improved the crop yield
comparedwith the fertilization with a plain complexmineral fertilizer. In concrete,in two field trials with wheat,
the yield enhancementsurpassed5% comparedwith the control consistingon the mineral fertilizer without
rhizobia. Moreover,the yieldobservedwith the inventionat a reduceddose(80%) of fertilizer surpassednot only
the yieldwith the samedoseof the plainmineralfertilizer, but alsowith the full dose(100%that correspondsto
the recommendeddose)of the plainmineralfertilizer. Theinventionwasfurther registeredat the official Spanish
registryof fertilizingproductsto be commercialized,andother field trials supportedthe resultspresentedin this
work.

Flores-Félix,J.D., Velázquez,E., Martínez-Molina, E., González-Andrés,F., Squartini, A., Rivas, R. (2021). Connectingthe Lab
and the Field: GenomeAnalysisof Phyllobacteriumand RhizobiumStrainsand FieldPerformanceon Two VegetableCrops.
Agronomy,11, 1124.

Pastor-Bueis, R., Mulas, R. Gómez,X., González-Andrés,F. (2017). Innovativeliquid formulation of digestatesfor producinga
biofertilizerbasedon Bacillussiamensis: Fieldtestingon sweetpepper. Journalof PlantNutrition andSoilScience,180, 748-
758

Mulas, R., González-Andrés,F., Brañas, J. (2018). A ComplexMineral FertilizerComprisingthe Rhizobiumleguminosarum
Microorganism,ProductionProcessAndUsesThereof. EuropeanPatentEP3 085679B1..
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Nowadays,consideringthe ever-increasingworld population'sdemands,which is expectedto reach9.7 billion by
2050, food supplyhasbecomeoneof the most relevantproblems. Conventionalagriculturalmanagementmodels
overusedchemicalpesticidesand synthetic fertilizers inputs, causinga depletion in farms and ecosystems,and
many pollution and health problemsas well. Moreover, plant-related microbiota,which is beingshowedto be
crucial in plant health and development, is very sensitive to this type management,generally leading to a
biodiversityloss1. Consequently,we needto implementnew sustainablealternativesin agriculturalmanagement
in order to ensurethe food productionfor the nextdecades.
Oceanshave been providing a wide variety of extraordinary organismswith high relevancefor agricultural
management,suchasseaweeds. In Portugalandmanyother seasidecountriesaroundthe world, seaweedswere
traditionally used in agricultural fields, providing organic matter, minerals, trace elements, growth-plant
regulators,metabolites,vitaminsand amino-acids1,2. More recently, severalstudieshave been concludedthat
applyingseaweedextractsto soil, positivelyaffects the rhizosphereand phyllospheremicrobiota patterns. For
instance, Ascophyllumnodosum extract has been shown to improve plant growth, enhance beneficial
microorganisms,mitigate some abiotic and biotic stresses,and improve plant defenses1. However,the use of
theseextractsasan alternativeis facingthe complexityto characterizethem in composition,type of application,
optimalplant stage,effectiveconcentration,effectson microbiotaΧ
In this context,our work project aimedto developa pipelineto assessthe effectsof seaweedextractstreatments
on Solanumlycopersicum. Potentialeffectsof a novelseaweedextractmadefrom the red macroalgaeGracilaria
gracilis were evaluated at different concentrations,application way, and at different developmentalstages.
Resultsindicated that G. gracilis extract may enhanceplant phenotype at 0.25% and 0.5% concentrations,
showinga positiveeffect on seedgerminationrate and generalplant development. Moreover,we decidedto go
further and characterizethe effects on root/soil microbiota,as well as the possibleconnectionwith epigenetic
marks through the evaluationsof the methylation level of key developmentalgenes,as a complementary
understandingof the plant-soil ecosystemeffects of these extracts. Finally,we also detected the presenceof
some bacteria strains in the extracts so we included complementarycharacterizationtest of these strains as
bioinoculant. Data obtained in this work may contribute to the better use of seaweedextracts in agriculture,
althoughfurther characterizationstudiesmustbe carriedout to haveabroaderunderstandingon this.

1. Shukla,P. S., Mantin, E. G., Adil, M., Bajpai,S., Critchley,A. T., & Prithiviraj, B. (2019). Ascophyllumnodosum-based
biostimulants: Sustainableapplicationsin agriculturefor the stimulation of plant growth, stresstolerance,and disease
management. Frontiersin PlantScience,10, 1ς22. https://doi .org/10.3389/fpls.2019.0065

2. Gaspar, R., Pereira, L., & Sousa-Pinto, I. (2019). The seaweed resources of Portugal. Botanica Marina, 0(0).
https://doi .org/10.1515/bot-2019-0012

We the authorswant to recognizethe labour of FCTτFundaçãopara a Ciênciae a Tecnologia, I.P., through the R&DUnit
άDw99b-ITτBioresourcesfor {ǳǎǘŀƛƴŀōƛƭƛǘȅέ(UIDB/04551/2020and UIDP/04551/2020).
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andParasitology,Facultyof Pharmacy,Universityof Seville,Spain.

Thestrawberrysectoris a main economicand socialdriver in Andalusia(Spain),asa great generatorof jobsand
exportation profits. Despiteits importance,the sustainabilityof its cultivation in the short and medium term is
compromised. Intensivestrawberrycultivationgeneratesa greatenvironmentalimpact due to the applicationof
excessivechemicalinputsthat contaminateaquifersandsoils. Thissituationisespeciallycritical in sensitiveareas,
such as the DoñanaNational Park and its surroundings(SWSpain),where this crop may be found. Most of
chemicalfertilizers appliedcope with the scarceavailabilityof phosphorusin arablesoils,an essentialnutrient
whichis largelyinorganicand insolublefor plants. Therefore,more environmentallysustainablealternativesmust
be designedto reducethe useof chemicalfertilizersandstill improvecropyields. Thus,the mainobjectiveof the
presentwork wasto evaluatethe effect of a consortiumof plant growth promoting rhizobacteria(PGPR)on the
growth and physiologicalresponse of strawberry plants grown under phosphorus deficit conditions. The
consortiumemployed included PGPRwith the ability to solubilizephosphates,thereby increasingphosphorus
bioavailabilityin the rhizosphereof the plants. Forthis study,four differential treatmentswere chosendepending
on whether or not the plantshad bacterialinoculumand whether or not the fertilizer usedcontainedinorganic
phosphorus. Theresultsobtainedshowed,in general,a positiveeffect of PGPRinoculation,and this effect was
especiallynoticeablein plantsgrownwith an insolublephosphorussupply. Theseplantsshoweda highergrowth
of aboveandbelowgroundbiomass,an improvementin processesrelatedto photosyntheticefficiencyandwater
useefficiency,aswell asa highercontent of photosyntheticpigmentsin the leaves. Thisresponsewasmediated
by direct and indirect effectsof the bacterialstrainsusedon the plants,especiallythe phosphatesolubilization
capacity,whichmadepossiblethe bioavailabilityof the phosphorusprovided,initially inaccessibleto the plants. In
short, this studyshowsthe potential of PGPRinoculationto improvestrawberrytoleranceto phosphorusdeficit,
aimingat moresustainablecultivationpracticesin thiscrop.

ProjectPDC2021-120951-I00 (MCIN/AEI/10.13039/501100011033and EuropeanUnionNext GenerationEU/PRTR),Juntade
Andalucía(TalentoDoctoresref DOC_00725, FondoSocialEuropeoy Consejeríade Economía, Conocimiento, Empresasy
Universidadde la JuntadeAndalucía).
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Thecommonbean(PhaseolusvulgarisL.), with more than 34 million haand30million t worldwide,isanessential
foodstuff for human beings (Broughtonet al., 2003). The inoculantsconsistingof native-naturalisedrhizobia
selectedbecauseof their N fixation efficiency,so calledelite autochthonousstrains,are generallysuccessfulin
increasingcrop yield (Koskeyet al., 2017). Adaptationto the localenvironmentmakesthem highlycompetitive,
which usuallyresults in greater nodule occupancy,producinga good field performance,expressedin superior
yield (Irisarri et al., 2019).Theaim of this work wasto assessthe agronomicand environmentalperformanceof
the ƛƴƻŎǳƭŀƴǘǎΩtechnologyin commonbeancropsin the DominicanRepublic. Forthe environmentalassessment,
the LifeCycleAnalysis(LCA)methodologywasuse. TheLCAfollowed the ISO14044guidelines. Theseguidelines
state that the first step is to define the goalandscope,the secondis life cycleinventory(LCI),the third is the life
cycleimpact assessment(LCIA),and the fourth is life cycleinterpretation. Theresultsshow that the useof the
autochthonouselite strain and the formulation presentedin this work increasedthe averageyield by a 1.8%
comparedto the conventionaltechnology. For the common bean, the highest environmental impact per ha
correspondedto the conventionaltechnologyfor all the impact categories. A shift to inoculation technology
would reducethe environmentalimpactper ha in all the categories,rangingfrom 16%in freshwater aquaticeco-
toxicity to 25%in acidification. In referenceto one t of producedgrains,the impact reductionwould be slightly
higher, by an additional 2%, on average,for eachcategory. Interestingly,in referenceto 1 ha, the inoculation
technologybarely increasedthe environmentalimpactscomparedto the negativecontrol that did not receive
either N fertilisationor inoculation. Whenthe environmentalimpactswereallocatedto 1 t of producedgrains,the
inoculationreducedthem by 21%on average,comparedto the negativecontrol, due to the yield increasedue to
the SNF. In addition, it is interestingto highlightthat the conventionaltechnologyproducessimilaror evenlower
(1%-5%lower) environmentalimpactsthan the negativecontrol per t of producedgrains; only the humantoxicity
washigherin the conventionaltechnologythan in the negativecontrol. It isconcludedthat inoculationtechnology
enablesmineral N fertilisation to be replace,producinga weak yield increase(lessthan 2%) in commonbean,
whencomparedto the technologyusedtoday in the DominicanRepublic. Froman environmentalviewpoint, the
GreenhouseWarmingPotential(GWP)andenergydemandfor manufacturingoneunit of inoculant,defineasthe
inoculant neededfor 1 ha are lessthan 1% of those correspondingto the production of mineral N fertiliser.
Consequently,this technologicalsubstitution reduces the environmental burdens per cropped ha and per
producedt, for the categoriesof environmentalimpactanalysed,althoughin different percentages. Forcommon
bean,the reductionrangedfrom 16%to 25%, andwassimilarper haandper t.

Broughton,W.J., Hernandez,G., Blair,M., Beebe,S., Gepts, P., Vanderleyden, J. (2003). Beans(Phaseolusspp.) - model food
legumes. PlantSoil252, 55e128. https://doi .org/10.1023/A:1024146710611.

Irisarri, P., Cardozo,G., Tartaglia,C., Reyno, R., Gutierrez,P., Lattanzi, F.A., Rebuffo, M., Monza, J. (2019). Selectionof
competitive and efficient rhizobia strains for white clover. Front. Microbiol. 10, e768.
https://doi .org/10.3389/fmicb.2019.00768.

Koskey, G., Mburu, S.W., Njeru, E.M., Kimiti, J.M., Ombori, O., Maingi, J.M. (2017). Potentialof native rhizobiain enhancing
nitrogen fixation and yieldsof climbingbeans(PhaseolusvulgarisL.) in contrastingenvironmentsof easternKenya. Front.
PlantSci. 8, e443. https://doi .org/10.3389/fpls.2017.00443.

This work has been financially supported by the AECIDproject 2015 ACDE001339 - AgenciaEspañolade Cooperación
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As a consequenceof the laying down of the EU 2019/1009, the use and the licensingof Microbial Plant
Biostimulants(MPB)in agriculturehavereceiveda boost (Pastor-Bueiset al. 2019). Accordingto the European
regulation,the MPBthat canbe licensedarestrainsbelongingto the generaRhizobium,Azotobacter, Azospirillum
plus mycorrhizalfungi (Europe,2019), but the regulationopensthe door to increasethe number of accepted
generaincludingother PlantGrowthPromotingMicroorganisms(PGPM). Theexpectedrole of MPBaccordingto
EU2019/1009isnot only N-fixingboth in symbiosisrhizobia-legumesandfree-livingAzotobacterandAzospirillum,
but alsothe abioticstressalleviation,the growthstimulationandthe quality improvement,thusresultingin better
yield in quantity and quality. The academicresearchabout PGPMis very relevant, and much information is
publicly availablereferring to the metabolismof microorganismsbeneficial for agriculture,using cutting edge
omics technology. Suchinformation is very important for άǇǊƻŘǳŎǘŘŜǾŜƭƻǇŜǊǎέΣbecausehelp them to select
strainsbasedon specificfunctionalactions,which is more efficient than the selectionbasedon screeningtestsof
hundredsof isolatesto find "by chance"anexpectedactionin the crop. However,the agronomictestsof selected
strainsor of fully formulatedMPBare lessavailablein scientificliterature (Barqueroet al, 2019), becausemostof
the agronomictestsare carriedout aspart of the requirementsfor registrationat the national regulationbodies
and subsequentlicensing. In this work, we presenta compilationof field trials at medium and large scalethat
havebeenpublishedin the academicliterature, and that demonstratethe effectivenessof MPBto improve the
yield in a scenarioin whichthe nutrientsareprovidedin a reducedrate. Theanalyzedworksgatherdifferent kind
of MPB,including: i) specificrhizobiaselectedfor legumecropsin which inoculationfully replacesthe N mineral
fertilization; ii) other PGPBfor non-legumecropswith reduceddosesof mineral fertilisers. In generalterms, the
MPB improve crops yield compared with the control that receivesfertilization in a conventionalway. The
inoculationof legumeswith specificautochthonousrhizobiain absenceof a sourceof mineral N in all the field
trials producedat leastthe sameyield than the fertilization with mineralN without inoculation,but interestingly
in sometrials the inoculationproducedevenmore yield (up to 28% more) than the fertilization. In the caseof
non-legumecropsinoculatedwith PGPBat a reduceddoseof mineralfertilizer, the yieldincreasecomparedto the
uninoculatedcontrolsfertilized with a full mineraldosewasup to 34%. However,the goodresultsobtainedwith
the useof MPBhide a threat, becauseit hasbeendemonstrateda highdependenceof the inoculatedcropsfrom
the high level of nutrients existing in the soil (a legacyowing to applicationsof fertilizer during many years)
(Pastor-Bueiset al., 2019). Indeed, undoubtedly MPBsenhanceNutrients Use Efficiencyand thus a question
arises: if the fertilizersdoseis reducedandthe MPBsenhancesthe useof the nutrients reservoirin the soil,what
isgoingto happenwhensucha reservoirdiminishunderanunknownlimit?

Barquero, M., Pastor-Bueis, M., Urbano, B., González-Andrés, F. (2019). Challenges,Regulationsand Future Actions in
Biofertilizersin the EuropeanAgriculture: Fromthe Labto the Fieldin: Zúñiga-Dávila, D.; González-Andrés,F.; Ormeño-Orrillo,
E. (Eds.), MicrobialProbioticsfor AgriculturalSytems. Advancesin AgronomicUse. SpringerNature,Swiss,pp. 83-110.

Europe(2019). Regulation(EU)2019/1009of the EuropeanParliamentand of the Councilof 5 June2019layingdown rules
on the makingavailableon the market of EUfertilisingproductsand amendingRegulations(EC)No 1069/2009and (EC)No
1107/2009andrepealingRegulation(EC)No2003/2003

Pastor-Bueis, R., Sánchez-Cañizares, C., James. E.K., González-Andrés,F. (2019). Formulationof a HighlyEffectiveInoculant
for CommonBeanbasedon an AutochthonousElite Strainof Rhizobiumleguminosarumbv. phaseoli,and Genomic-based
Insightsinto its AgronomicPerformance. FrontMicrobiol. 02724.

Fundedby EuropeanCommissionB-FERSTprojectH2020-BBI-JTI-2018, GrantagreementID: 837583.
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In Spain approximately 80% of fresh water is used in agriculture and is essential to maintain agricultural
production. It is a veryhighpercentagein a countrywherewater hasalwaysbeena scarcecommodity. If we add
to this that climate changeis progressivelyaggravatingthis problem, reducing the amount of water used in
agriculturemust be a priority challenge. Until now, the problemhasbeenaddressedalmostexclusivelyby trying
to improveirrigationsystems,but little investmenthasbeenmadein trying to keepplantsproductivein situations
of moderatewater stress. Theobjectiveof this work is to studythe physiologicalandgeneticchangesproducedby
two strainsof the Pseudomonassp. (N 5.12 and N 21.24) inoculatedin tomato plants subjectedto moderate
water stress,which do not causewilting, and which canensurethat the plantsmaintain their productivity, thus
reducingthe amount of water, which would result in a decreasein water used in agriculture. For this, tomato
plants one month from sowingwere inoculatedwith the strains twice, one week apart. Threedaysafter the
secondinoculation, the plants were subjectedto water stressusing10% polyethyleneglycol 6000 (PEG6000).
Throughoutthe experiment,the plantswerewateredwith 20ml of water every2 days. Tocausemoderatewater
stress,the plantswere irrigated with 20 ml of PEG6000at 10%, exceptfor the control plantsthat were irrigated
with water. Threedaysafter water stress,the photosyntheticcapacityof the plantswasmeasured,andthe plants
were collectedto perform the different analyses. Theoxidativestressof the plantswasmeasuredby measuring
the concentrationof H2O2, concentrationof malondialdehyde(MDA)and the activity of the enzymesascorbate
peroxidase(APX)and Glutathione reductase(GR). The concentrationsof proline, glycine-betaine and soluble
sugars as main compatible solutes were measured and the differential expressionsof P5CS (Pyrroline-5-
carboxylatesynthase,relatedwith proline biosynthesis),NCED1 (9-cis-epoxycarotenoiddioxygenase,relatedwith
ABAbiosynthesis)and PM ATPase1 (plasmamembraneATPase1) geneswere studied. Both strainsare able to
maintain net photosynthesisat control levels and significantly higher than plants treated with PEGalone.
Furthermore,plants treated with N 21.24 had transpirationrates like those of the control, while plants treated
with N 5.12 had transpirationratessignificantlylower than the control and like plantstreated with PEG. N 21.24
causesan increasein glycine-betainebut not proline or solublesugars. UnlikeN 5.12 which increasesproline but
not the other compatiblesolutes. Thetwo strainsare able to decreasethe concentrationof H2O2 in the plants
with respectto the plants treated with PEGdespitethe fact that the APXand GRactivitieswere lower. Of the
genesstudied,the significantlyhigherdifferentialexpressionin the NCED1 andATPasegenesin the plantstreated
with N 21.24 isverystriking. Thehigherexpressionof NCED1 doesnot result in stomatalclosure,but it is reflected
in the decreasein the concentrationof carotenoidsand in an increasein the concentrationof glycine-betaine
(Nawazet al., 2020), probablythe greaterexpressionof ATPase1 involvedin the openingof stomatais causing
the stomatanot to closeandhightranspirationratesaremaintained. Theresultsobtainedindicatethat the strains
used, especiallyN 21.24, causephysiologicaland genetic changescompatible with plants better adapted to
conditionsof moderatewater stress,so it could be usedasa biotechnologicaltool in real farmingsituations,in
which it couldbe reducethe amountof irrigation without affectingthe performanceof the plants,obtainingreal
water savings.

Nawaz, M., Wang, Z. (2020). Abscisic Acid and Glycine Betaine Mediated Tolerance Mechanisms under Drought Stress and 
Recovery in Axonopuscompressus: A New Insight. Sci Rep 10, 6942.
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Despitethe innate adaptativemechanismsof plants to survive to different environmentalstresses,these can
further be improvedby other meanssuchasbeneficialbacteria. EffectivePGPBstrainsareableto triggermultiple
targetsin the plant resultingin a tailoredadjustmentto adversecondition. Stimulationof secondarymetabolismis
of specialinterestascertainsecondarymetabolitesareableto bind humanreceptorsimprovinghumanhealth; so
if metabolitesaccumulatein edible parts, health benefits are achievedthrough the diet, while accumulationin
non-edible parts may be transformedin economicprofit by transformingagriculturaldebris into extractswith
bioactivity,contributing to circulareconomy. Thesecondarymetabolismof Oleaeuropaeaincludespolyphenols
with a generalantioxidantactivity aswell asspecificantihypertensivemolecules(iridoids)amongothers. In this
work, the capacityof three Bacillusstrainsto stimulatethe secondarymetabolismof one-year-old olive seedlings
subjectedto salinitystresswasstudiedalong12 months,duringwhichroot inoculationsof the three strainswere
performed. In October (month 12) photosynthesis,photosyntheticpigments,bioactives(iridoids and flavonols)
and a geneexpressionstudyof the main enzymesof the synthesispathwayof thesesecondarymetaboliteswas
performed.
The three strainswere able to improve the energymachineryof the plant, improving CO2 fixation, increasing
energydissipationin the form of heat,reducingoxidativestress. BacillusH47wasfoundto triggersynthasesin the
DOXPpathway (up to 5-fold in DOXP-synthase,3,5-fold in Iridoid synthaseand 2-fold in secologaninsynthase)
associatedto a concomitantincreasein iridoids(up to 5-fold in oleuropeinand2-fold in its precursorsecologanin).
Regardingthe oleuropeinprecursor,hydroxytyrosoldid not accumulatein the leafaccordingto HPLCanalysis,nor
did it increasethe expressionof its keysynthesisenzymes. Thissuggeststhat it couldbe due to a mechanismto
block the natural feedbackinhibition of the pathway,sinceoleuropeinis increasedabout 5 times comparedto
control plants. On the other hand, the increasein flavonols(rutoside and lutelin-glucoside),is not associatedto
enhancedgeneexpressionof its keysynthesisenzymes,followingthe pulseactivationmodelproposedfor innate
immunity. Finally,the ACEIactivity (inhibition of AngiotensinConvertingEnzyme)wasnot improved,suggesting
translocationand accumulationof antihypertensivemetabolites to the fruit, and consequentlyto the oil. In
summary,BacillusH47 is a PGPBstrain capableof improvingplant adaptationto salinitystressor water scarcity,
activatingphotosynthesisandsecondarymetabolism.
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Different modelsof climate changegenerallydescribean increasein planet surfacetemperature. Thisincrease
will impact speciesand ecosystemfunction and will affect agricultural production. Added to these extreme
temperatures,world populationisexpectedto increase,imposinga pressureon food production. Nowadaysthere
is an effort to produce food in a sustainableway, being plant growth promotion bacteria one of the most
promisingmethodologies. Thus,ƛǘΩǎessentialto understandhow the plant-bacteriainteractionswill changein high
temperaturescenariosin order to better delineatecropproductionstrategies.
In this study,maizeplants (Zeamays) were exposedto 26 °Cand 35 °C for one month. Threeconditionswere
tested: non-inoculatedplants; plantsinoculatedwith Pantoeadispersa; andplantsinoculatedwith Herbaspirillum
huttiense. Thesestrainswere chosenfor evidencingseveralplant growth promotingtraits (IAAand siderophores
production,phosphatesolubilization,antifungalcapacityandvolatilepromotion)at elevatedtemperature. Results
were evaluatedby morphometric,physiologicalandbiochemicalparameters. Lipidomicsandmetabolomicswere
alsocarriedwith the bacterialstraindisplayingthe bestresults- Pantoeadispersa.
Use of a multivariate analysisevidenceda clear separationamong conditions at each temperature. At both
temperatures bacteria were able to increase the leaves and root weight, the responseof the enzymatic
antioxidant system,protein, sugarsand chlorophyll B. Additionally at 35 °C the metabolic activity, starch and
proline also increasedand there was a decreaseon membranedamagecomparedto control (non-inoculated
plants) at the sametemperature. Both temperature and bacteria influencedthe lipidomicsand metabolomics
profiles.
Resultsshow that temperature tolerant PGPRcan play an important role on the protection of plants, suchas
maize,to hightemperaturein greenhouseconditions. Theseresultsshouldfirst be confirmedon field trialsbefore
theycanbe consideredasa strategyto increasethe resilienceof cropsto globalwarming.

Pǀrtner, H. O., Roberts,D. C., Adams,H., Adler, C., Aldunce, P., Ali, E., ... & Ibrahim, Z. Z. (2022). Climatechange2022:
impacts,adaptationandvulnerability. IPCCreport. https://www .ipcc.ch/report/ar6/wg2/

Cheng,Y. T., Zhang,L., & He, S. Y. (2019). Plant-microbeinteractionsfacingenvironmentalchallenge. CellHost& Microbe,
26(2), 183-192. https://doi .org/10.1016/j .chom.2019.07.009
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Globalpollution is one of the main environmentalproblemswe facetoday, and an excessiveuseof chemicalin
agriculturecausesharmfuleffectson the environmentthat increasethis problem. It iswell knownthat in order to
achieveanadequatecropsyield,the agriculturalsoilsmustbe supplementedwith nutrients in the form of mineral
fertilizers (Kandpal, 2021). However,products basedon PGPR(Plant Growth Promoting Rhizobacteria)might
contribute to reducethe useof mineral fertilizersobtainingsimilaror evenhighercropsyield (Bhattacharyya&
Jha,2011). Bythe other hand,biocharhasbecomepopular in agriculturebecauseit improvesphysical,chemical
andbiologicalsoilpropertiesandmoreoverit hasbeendescribedasa carrierfor PGPR(Pastor-Bueiset al., 2019).
Thiswork attemptsto studydifferent formulationsof biofertilizersasa partial substitutefor conventionalmineral
products. Suchbiofertilizersconsistof PGPRbacteriaandbiocharasa carrier,in combinationwith compost.
Theassaywascarriedout in microcosmsconditionsin a greenhouseat the Universityof León(Spain)with the
purposeof evaluatethe agronomicaleffects in ray-grass,of different formulationsof biofertilizers. A total of 14
treatments including the correspondingcontrols were evaluated. The treatments differed in the rates of the
different componentsi.e. the compostandthe PGPRformulated in biocharascarrier. Thebiocharwasproduced
from olive tree pruningwith a pilot reactor in continuousmode,at a workingtemperatureof 600°Cfor 40 min of
solid retention time. The PGPRwas Bacillusstrain. The statisticaldesignwas completely randomized,with six
repetitionsper treatment. Theparametersanalysedwere the freshand dry biomassproducedby the rye-grass,
andthe resultswerestatisticallyanalysedwith ANOVA.
Resultsof freshanddry biomassproducedby rye-grass,showedsignificantdifferencesbetweenthe non-fertilized
control andthe treatmentswith the biofertilizer. Moreover,the best treatment wasthe combinationof compost,
andthe microorganismformulatedwith biochar,provingthe viability of usingthis organicfertilizer becauseof its
agronomicpotential and its contribution to reducethe useof chemicalproducts. Besides,the developedproduct
alignswith the principlesof circulareconomy,reusingolive pruningasa biochar,that causesgreatenvironmental
issuesin regionswith vastareaswith olivetree crops.

Bhattacharyya,P. N., & Jha,D. K. (2011). Plant growth-promoting rhizobacteria(PGPR): emergencein agriculture. World
Journalof MicrobiologyandBiotechnology201128:4, 28(4), 1327ς1350.

Pastor-Bueis, R., Sánchez-Cañizares, C., James,E. K., & González-Andrés,F. (2019). Formulationof a HighlyEffectiveInoculant
for CommonBeanBasedon an AutochthonousElite Strainof Rhizobiumleguminosarumbv. phaseoli,and Genomic-Based
InsightsInto Its AgronomicPerformance. Frontiersin Microbiology,10, 2724.

Kandpal, G. (2022).Reviewon Impact of ChemicalFertilizerson Environment.International Journalof Modern Agriculture,
10(1), 758ς763.

Project"Estrategiade fertilizacióndel olivar basadaen la economíacircular. Desarrollode fertilizantesavanzadosa partir de
subproductosdel olivary bioestimulantesmicrobianosBIFEROLIVA". CortijodeGuadianaS.A. (AE-513).
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Increasingcrop productivity while minimizingenvironmentaldamageis one of the main agriculturalpriorities
nowadays. Plant growth-promoting bacteria (PGPB)are consideredan ecologicalalternative to improve crop
productivity. Then, the inoculation of PGPBto crops is increasinglyused but its potential effects on soil
biodiversityare largelyunknown. Theseeffectsareoften forgotten whennew agriculturalpracticesare proposed
to improve crop productivity. Soil health could be both impactedpositivelyand negativelyas a result of PGPB
inoculation. Biodiversityis keyto a balancedsoil ecosystemand, interestingly,canenhancesoil resilienceagainst
environmental disturbances. The assessmentof PGPB-induced effects on not only crop plants but also soil
functioningis fundamentalfor the safeuseof bioinoculantsasbiofertilizers. Thespecificbacteriumusedin this
study (Micromonosporacremea) is a soil inhabitant (Carroet al., 2012), but its applicationin high amountscan
inducestructuralchangesin soilmicrobialcommunities. Hence,it is essentialto properly identify andunderstand
suchchanges,aswell asto evaluatesoil resilienceto the inoculation-inducedeffects,in order to warrant the eco-
sustainabilityof our bioinoculantin termsof its effectson soilagriculturalhealth.
Tothis purpose,after inoculationof M. cremeain peaplants,we monitoredthe changesin soilmicrobialdiversity
and, concomitantly,soil resilience. Usinga variety of soil propertiesasendpoints,we monitored soil, plant, and
microbialresponsesto PGPBinoculationover time (0, 7, 28, and98 daysafter inoculation)in the absencevs. the
presenceof water stress,in order to partially mimic the current scenarioof climatechange. Our resultsshow a
direct impactof M. cremeainoculationon soil properties,andspecificallyon soil microbialdiversity. Thisimpact
wasthen partially buffered by the natural soil resilience. More studiesare neededto study the potential effects
M. cremeamulti-applicationsandyearlyadditions,in order to keepon assessingits safetyasa PGPBbioinoculant.

Carro, L., Pukall, R., Spröer, C., Kroppenstedt, R.M., Trujillo, M.E. (2012). Micromonospora cremea sp. nov. and
Micromonosporazamorensissp. nov., isolatedfrom the rhizosphereof Pisumsativum. Int J SystEvolMicrobiol 62, 2971ς
2977.

Thisproject was financedby the EuropeanProjectFields4ever given to BiomeMakersInitiatives under the project name
PEADRYandby the H2020-MSCA-IF-2018-832552-BACTEPEA.
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Maize (Zeamays) is one of the most important food crops in the world, sincealong with rice and wheat, it
provides30%of food caloriesto over 4.5 billion peoplein 94 countries(Shiferawet al. 2020; Abbade2021). We
are currently dependenton agriculturalprofitability and facingvulnerability due to climate changeto feed an
increasinghumanpopulation. Thus,new approachesarenecessaryto meet the productionneedsin a sustainable
way.
Somesoil bacteriaproducevolatileorganiccompoundsthat canpromote plant growth. Theuseof thesebacteria
or the volatilesthey producecanbe an alternativeand efficient way to promote plant growth and toleranceto
abioticfactors.
In this studyit is proposedto usebacterialvolatiles,alreadyidentified to promote plant growth (Zouet al. 2010),
andinducersof maizegrowth andtoleranceto drought,andto encapsulatethesevolatilesin alginate. Theresults
evidencedthe positiveeffect of encapsulatedvolatilesin the growth of water stressedand non-stressedmaize
plants. Theencapsulatedvolatiles2,3-butanedioland 2-pentylfuranat a concentrationof 18 µg showedpositive
growth relativeto control. Theseresultsarepromisingandcanbe a startingpoint to launchnewsolutionsto grow
crops less dependent on traditional inorganic fertilizers, using water more efficiently and promoting a more
sustainableagriculture. The aim is to reduce the consumptionof water and chemicalfertilizers in agricultural
fields,while improvingagriculturalproductivity.

AbbadeEB(2021) Estimatingthe potential for nutrition and energyproduction derived from maize(ZeamaysL.) and rice
(OryzasativaL.) lossesin Brazil. WasteManag134:170ς176. https://doi .org/10.1016/j .wasman.2021.08.009

ShiferawB,PrasannaBM,HellinJ,BänzigerM (2020) Cropsthat feed the world 6. Pastsuccessesandfuture challengesto the
role playedby maizein globalfood security. 307ς327. https://doi .org/10.1007/s12571-011-0140-5

ZouC,LiZ,YuD (2010) BacillusmegateriumStrainXTBG34 PromotesPlantGrowthby Producing2-Pentylfuran. 48:460ς466.
https://doi .org/10.1007/s12275-010-0068-z
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The use of renewable biomassresources(bio-residues)as a complement to agricultural fertilizers has been
promotedby the EuropeanUnionthroughthe CircularEconomy. Thesebio-residuesmust be conditionedfor use
as agricultural inputs (De Corato, 2020) before being applied to crops. The introduction of circular economy
principlesin agriculture(Congand Thomsen,2021) combinedwith fertilizer-basedtechniqueswith othersbased
on microbiology(Backeret al. 2018) representsan interestingand promisingsolution to solve the problem of
excesschemicalinputs. Thebio-residuestreated by compostingandpyrolysisprocessesandusedin this research
were compostandbiochar,well knownfor their applicationsin agriculture. Theaim of this studywasto evaluate
the agronomicandquality-relatedeffectson melonfruit after the applicationof anorganicfertilizer. Thisfertilizer
consistedof anamendedcompostwith a bacterialstrainof the Bacillusgenuswith plant-growth promoting(PGP)
propertiesandbiocharasa carrier.
A field trial wasconductedon meloncrop usinga randomizedcompleteblockdesignwith three blocksin Murcia
(Spain). Thesoil treatmentsappliedbefore transplantwere compost5 t/ha with 6%amendment,compost5 t/ha
without amendment,a control with mineralfertilizer anda blank. Thedependentvariablesof the cropmeasured
were: yield, number of fruits per hectare, dry aerial plant biomass; and the fruit quality-related dependent
variableswere: fruit weight,fruit contour,penetrometry, conductivityandsoluteconcentration.
Thebest resultswere obtainedfor the amendedcomposttreatment when comparedto the mineral fertilizer for
both agronomicand fruit quality parameters(exceptpenetrometry parameter)with improvementpercentages
resulted in 14% and 97% increasedependingon the parameter measured. Theseresults indicate the huge
agronomicpotential of organicfertilizerscombinedwith microbialstimulantsin this formulation to contribute to
the partial reductionof mineralinput levelsandthe promotionof sustainableagriculture.

Backer,R., Rokem, J.S., Ilangumaran, G., Lamont, J., Praslickova, D., Ricci,E., Subramanian,S., Smith, D.L. (2018). Plant
Growth-PromotingRhizobacteria: Context,Mechanismsof Action, and Roadmapto Commercializationof Biostimulantsfor
SustainableAgriculture. FrontPlantSci9, 1473.

Cong, R.G., Thomsen, M. (2021). Review of EcosystemServicesin a Bio-Based Circular Economy and Governance
Mechanisms. Ecosyst. Ser50, 101298.

De Corato, U. (2020). TowardsNew Soil ManagementStrategiesfor Improving Soil Quality and EcosystemServicesin
SustainableAgriculture: EditorialOverview. Sustainability12(22), 9398.

NoemíOrtiz-Liébanahasheld a PhDfellowshipof the FPUprogramby the SpanishMinistry of Education,andsheshowsher
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Root hairs exudatecompoundsthat act as a chemotacticsignalor promote the growth of symbioticfungi and
bacteria. Moreover, they are directly involved in the formation of nitrogen-fixing nodulesin legumes,secretes
signalingflavonoidcompoundsthat are perceivedby the rhizobialsymbiont,which respondsto this messageby
secretingspecificlipochitooligosaccharides, namedNod factors (NF). NFare signalmoleculeswhosebinding to
root hair receptorstriggerscomplexsignalingeventsleadingthe root hair to curl and thereby to entrap rhizobia.
Then, an infection thread develops,allowing rhizobia to migrate through the root cortex toward the nodule
primordium. In alfalfa, they elicit root-hair deformation, cortical cell divisionsand the formation of genuine
nodules. Thesynthesisand secretionof flavonoidsand NFby different legumeςrhizobiainteractionswere found
to be altered under environmentalstressconditions(Guasch-Vidal et al., 2013). Amongenvironmentalfactors,
temperature is the one exerting the strongest impact on the cell envelopeof S. meliloti, modifying its lipid
compositionandits biophysicalstate,whichcanaffect the establishmentof the symbiosiswith alfalfa(Paulucci, et
al., 2021). Althoughthe effect of NFsecretedby S. meliloti underoptimal conditionson early interactionevents
with alfalfaroots is known(Damianiet al., 2016), there is a lackof informationon what couldbe causedby those
NFsecretedundernon-optimalconditions,suchastemperature. Forthis reason,the objectiveof this work wasto
evaluatethe effect of the FNproducedby S. meliloti inducedwith luteolin at different stagesof the thermalcycle
(28°C-10°CInitial-.40°C-10°CFinal) on the curvatureof alfalfaroot hairs.
We observeda higher number of root hair curvature events (distortion, shepherd'scrook and tip bending)in
alfalfaroots inoculatedwith FNobtainedfrom culturesof S. meliloti inducedwith luteolin after exposureto 40°C.
Thisresult is in agreementwith that obtained in alfalfa inoculationtests with S. meliloti previouslyexposedto
40°C. Therewe were able to observea greater number of averagenodulesper plant (40±9) comparedto the
other conditions(24±9 and for 23±2 for 28°C and 10°CInitial respectivelyand 18±6 for 10°CFinal). In addition,
when the roots were inoculatedwith FNsecretedby S. meliloti in the 10°CFinalcondition, root hair curvature
structuresdifferent from the typicaloneswereobserved.
Theseresultssuggestthat the FNproducedby S. meliloti in the heatingstageof the appliedthermal cyclecould
improve the early moleculardialoguewith alfalfa and the establishmentof the symbiosis. Futurestudiesof our
workinggrouparefocusedon elucidatingthe compositionof the FNin this thermalcondition.

Guasch-Vidal,B, Estévez, J,Dardanelli, M.S,Soria-Díaz,M.E,de Córdoba,F.F,et al. (2013). HighNaClconcentrationsinduce
the nodgenesof RhizobiumtropiciCIAT899in the absenceof flavonoidinducers. Mol PlantMicrobeInteract26:451-60.

Damiani, I, Drain, A, Guichard, M, Balzergue, S, Boscari, A, et al. (2016). Nod Factor Effects on Root Hair-Specific
Transcriptomeof Medicago truncatula: Focuson PlasmaMembrane Transport Systemsand ReactiveOxygenSpecies
Networks. FrontPlantSci7:1-22.

Paulucci, N.P, Cesari, A.B, Biasutti, M.A, Dardanelli, M.S, Perillo, M.A. (2021). HomeoviscousAdaptation in Sinorhizobium
Submittedto a StressfulThermalCycleContributesto the Maintenanceof the SymbioticPlant-BacteriaInteraction. Front
Microbiol12:652477.

Thisstudywasfinanciallysupportedby PIPCONICET(GrantNo. 112-201501-00232), UNRC(GrantNo. 161/126), PICT(Grant
No. 2278/13) and PICT (Grant No. 1065/15). N.S.P, A.B.C and M.S.D are members of the ResearchCareer of
CONICETArgentina. A.B.C. isa fellow of CONICET-Argentina.

References

Acknowledgements

41



S2-P-13
Innovative inoculants: The use of legume seeds 

with optimized microbiomes

Soares R1, Santos A1, Machado H1, Barradas A3, Fareleira P1,2, Videira e Castro I1,2 *

1 Instituto Nacionalde InvestigaçãoAgráriae Veterinária,I.P., INIAV,I.P., Av. da República,Quintado Marquês,2780-159
Oeiras,Portugal; 2 GREEN-IT Bioresourcesfor Sustainability, ITQBNOVA,Av. da República,2780-157 Oeiras,Portugal;
3.Fertiprado ς Sementes e Nutrientes Lda, Herdade dos Esquerdos, 7450-250 Vaiamonte, Portugal;
* .isabel.castro@iniav.pt

The use of microbial inoculants in agriculture is one of the key technologiesto ensure the biodiversity,
sustainabilityandproductivityof this sector. In the caseof nitrogenfixingbacteria(rhizobia),the selectionfor the
optimalcombinationof thesebacteriaandthe host legumeusuallyresultsin more effectivesymbiosesandbetter
growth of the host legumeplant. The inoculationof legumeswith nitrogen fixing bacteria,suchas legumesfor
permanent pastures,is a widely used practice. Nowadays,innovative legume inoculantsshould also contain
nitrogenfixingbacteriaselectedto other functionalitiesin the faceof abioticandbiotic (phytopathogenicagents)
stressfactorswith greaternegativeimpact in agro-silvo-pastoralsystems. However,the formulationof inoculants
with reliableandconsistenteffectsis still a constraintfor their use. Toovercomethis, the useof liquid inoculants
amendedwith substancesthat could improvestickinessandadherenceto seedsand alsothe viability of bacteria
in the seedsisanimportant issue.
Theaim of this work wasto study autochthonousnitrogen fixing bacteriastrainsisolatedfrom severalTrifolium
spp. grown in the South of Portugaland to select them accordingto their symbiotic performance. For this
purpose, experiments in controlled environment conditions were performed to evaluate the symbiotic
effectivenessof different speciesof Trifolium spp. inoculatedwith severalrhizobiastrains. In vitro assayswere
alsoperformedto evaluatethe antagonistactivity of the pre-selectedbacterialstrainsagainstPhytopythiumsp.
andPhytophthorasp.. Theseoomyceteshavebeenassociatedwith declineof agro-silvo-pastoralecosystems. Two
bacterialconsortiacontaining4 and 5 pre-selectedstrains,respectively,were usedto inoculatedifferent species
of annualcloversand their symbioticperformancein controlledconditionswasevaluated. It wasalsotested the
inclusionin the consortiaof a Lysobactersp. strain (Soareset al. 2021) (previouslyisolatedfrom the root nodules
of Lotusspp.) whichwasshownto havegreatantagonisticactivityagainstthe oomycetestested. Additionally,one
type of additive to use for seedinoculationwas also tested, as an alternative to the traditional formulation of
inoculants,namelya seedcoatingagentthat is commonlyusedasadhesivein legumeseedsinoculation. Thetests
wereperformedusingalsoseedsinoculatedwithout anyadditive,ascontrols. Theseassaysweredoneto evaluate
the seed bacterial viability over time. The results showed that most of the strains tested were symbiotically
effective with the different annualclovers. However,most of them were not antagonisticto the 2 oomycetes
tested. Nevertheless,the resultsobtainedin the essayscarriedout with different annualcloversinoculatedwith
the 2 selectedmicrobialconsortia,showedthe bestsymbioticperformancewhenin the presenceof Lysobacter. In
the viability tests of the bacteria inoculated in the seedsof Trifolium subterraneum, although there was a
decreasein the numberof bacteriaper seed,in both treatmentstested, the numberwasstill high 5 weeksafter
inoculation. Theseresultscouldallowthe implementationof pasturesor other soilcoveringcrops,moreprofitable
andsustainablein the longterm, bringingrealbenefitsto pasturesincludinghealthcontrol.

SoaresR., Trejo J., Lorite M.J., FigueiraE., SanjuánJ., Videira e CastroI. (2020) Diversity,phylogenyand plant growth
promotiontraits of noduleassociatedbacteriaisolatedfrom Lotusparviflorus. Microorganisms8(4), 499.

Financialsupportwasprovidedby the project ECOSEED(LISBOA-01-0247-FEDER-072228).
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Theinoculationof plantswith beneficialmicroorganismshasbecomea commonpracticein agriculture,and it is
nowadaysacceptedthat plant growth-promoting bacteria may represent a sustainableway to improve crop
productionwith lessdependenceon syntheticproducts. In addition to the well-knownability of legumeplantsto
associatesymbioticallywith nitrogen-fixingrhizobia,non-legumeplantsalsoestablishassociationswith beneficial
bacteria, and the developmentof inoculants for these crops may represent a plausible way of supplyinga
significantpart of their requirements. However,there is still a lackof knowledgeregardinginoculantsfor many
non-legumecrops,with few and little specificproductson the market. Thisis the caseof pasturegrasses,suchas
annualryegrass(Loliummultiflorum Lam.), a fast-growing,coolseasonpastureandforagecrop. Annualryegrassis
commonly included in biodiversemixtures of legumesand grassesthat are often sown in agro-silvo-pastoral
systemsόάmontadoέor άdehesaέύin the southernIberianPeninsula,for animalgrazingandforage. Herethe soils
are generallypoor and affectedby severeconstraints,suchasdrought,acidity (with associatedmetal toxicities),
low carbonconcentration,low availabilityof nutrients, and easyspreadof soil-borne diseases. In thesesystems,
the inoculationof pasturegrasseswith plant growth promotingbacteriawell adaptedto extremeconditionscould
contributeto moreproductiveandresilientecosystems.
Previoussurveysof annualryegrass-associatedbacteriain άmontadoέsoilsled to the isolationof severalstrains,
some of them with plant growth promoting traits (Castanheiraet al. 2014 and unpublishedwork). Here we
describethe characterizationof a set of suchbacteria,with a view to establishingconsortiafor inoculationof
annual ryegrassand other pasture grasses. The bacteria were identified by 16S rRNAgene sequencingand
evaluatedfor plant growth promotingactivities,aswell asfor the ability to grow at supra-optimal temperatures
(35 ºC,40 ºC, 45 ºC), low pH (4.5), and high Mn concentration(1-2 mM). Inoculationassaysof L. multiflorum in
syntheticmediumassessedthe stimulatoryeffects on plantsbiomass. Theseevaluationsresultedin the selection
of five bacteria(threePseudomonassp., oneRhizobiumsp. andonePaenibacillussp.) to integratethe inoculation
consortia, coveringa range of plant growth promoting activities (indole-3-acetic acid production, phosphate
solubilization,siderophoreproduction,cellulosehydrolysis,manganeseoxidation)and ability to tolerate adverse
conditions. Two strains showed antagonistic activities to the oomycetes Phytophthora cinnamomi and
Phytopythiumvexans, which havebeen associatedwith the declineof άmontadoέand pre-emergencedamping
off. Theselectedbacteriawere testedfor possibleantagonismsbetweenthem. Assaysareunderwayto assessthe
effectsof additiveson the shelf life andviability of the inoculants,aswell asthe effectsof different combinations
of the bacteria(consortia)in inoculatedplants.

Castanheira,N., Dourado, A.C., Alves,P.I., Cortés-Pallero, A.M., Delgado-Rodríguez,A.I., Prazeres, A., Borges,N., Sánchez,C.,
Barreto Crespo,M.T., Fareleira,P. (2014) Annual ryegrass-associatedbacteriawith potential for plant growth promotion.
MicrobiologicalResearch169, 768-779.
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Theindustry of microbialbioproductswith a desiredfunction is increasingin different sectorsand is key in the
Agro industry for biofertilizers. However,the study of microorganismswith PGPMeffects and their posterior
applicationis tedious,and these tend to contain singleor dual microbialbacterialspeciesin their formulation.
Previouswork in the field of biodegradation,launchedthe BSocialwebtool to decipherthe socialbehaviourof
individual species. The results of mixing social bacterial species(with positive and neutral social behaviours)
resulted in an increasein functional outcome, as well as corroboratedthe stability-diversity hypothesiswhich
predictsmore stablecommunitiesas diversity increases(Purswaniet al 2017, 2019). Both the stability-diversity
hypothesisand higher functional outcomeshave also been corroboratedbetween bacterialand fungal species
(Angelesde Paz,et al 2022). Hence,the useof socialmicroorganismsappliedto biofertilizers,is key in increasing
its stability when deliveredto the highlydiversesoil,while possiblyincreasingPGPMfunction too. Nevertheless,
microbial soil studies are needed to observenatural PGPMand their social interactions to determine which
microbial speciesmay be best applied together under global warming conditions. To find socialPGPMin soil
capableof withstandingglobal warmingchanges,we exerted combinatorialtemperature (4°C,20°C, 50°C) and
humidity (dry - 5%, field capacityς25%, saturation - 50%) pulsestresseson soil microcosms,and determined
microbialdiversity(via16SrDNAIlluminasequencing)at different time pointsandfunction recovery(nitrification
activity). Time series dataset of the microbial diversity was used to decipher microbial interactions via the
MetaMIStool. Duringthe study,we encountered: total functional recoverywasobservedwithin the time tested
for stressT50H25 (temperature 50°C and humidity at field capacity). Constantrecovery rates were found for
stressesT20H5 and T4H5, i.e. drought conditionsbut mild temperatures. Nevertheless,nitrification activity was
not recovered nor appeared to be recovering after drought and high temperature stress (T50H5). High
temperaturestress(T50), wasthe factor that increasedmicrobialdiversitydissimilaritydistancebetweencontrol
samples(T20H25), followed by an increasein humidity, i.e.T50H5 did not causethe most dissimilardiversity. The
network analysisof the socialinteractionsof the time seriescontrol and T50 stresssamples,together with the
referencePlaBasedatabase,describea consensusnetwork where socialinteractionsof PGPMdo not only occur
amongPGPM,but seemto be enhancedby microorganismssuchasLuteolibacterandCandidatusNitrososphaera.
Hence,the useof socialmicrobialnetwork which includesocialmicroorganismsfrom the genusLuteolibacterand
CandidatusNitrososphaerashould be tested in the future to enhance social interactions in biofertilizer
composition.

PurswaniJ., Romero-ZalizRC., Martin-PlateroAM., GuisadoIM., Gonzalez-LopezJ., PozoC., 2017. BSocial: DecipheringSocial
Behaviourswithin MixedMicrobialPopulations. Frontiersin Microbiology. 8: 919.

Purswani, J., Guisado,I.M., Coello-Cabezas,J., González-López,J., Pozo, C., 2018. Socialmicrobial inoculaconfer functional
stabilityin a methyl tert-butyl ether extractivemembranebiofilm bioreactor. EnvironmentalPollution. 244:855-860.

Angelesde PazG., Ledezma-VillanuevaA., RobledoT., PozoC., CalvoC., ArandaE., PurswaniJ., 2022. Assembledmixedco-
culturesfor emergingpollutant removalusingnativemicroorganismsfrom sewagesludge. UnderRevisionat Chemosphere.
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The T6SSis a bacterial nanomachineused to inject effectors (toxins) into target cells. The system is found
exclusivelyin Gram negativebacteria and frequently targets other prokaryotic cells; thus being considereda
potent antimicrobialweapon.
Our model organism,P. putida, encodesthree T6SSsystems(K1, K2 and K3). Eachone of those containsthe
complete set of genesto encode the core componentsnecessaryto assemblea functional machinery (Tss
components),accessorycomponents(Tagproteins) and over eleven effectors including nucleasesand pore-
forming colicinstogether with their cognateimmunity pairs (Tke1-Tki1, Tke2-Tki2, Tke3-Tki3, Χ). Amongthese
systems,the K1-T6SSisa potent antibacterialdeviceconsidereda biocontrolmechanismusedby P. putida to kill a
broad rangeof bacteria, includingresilient phytopathogenssuchas Agrobacteriumtumefaciens,Pseudomonas
syringae, PectobacteriumcaratovorumandXanthomonascampestris1.
The structure of the T6SSresemblesan inverted bacteriophagewith a tube (Hcp proteins) surroundedby a
contractilesheath(TssBCproteins)andcappedwith a puncturingtip (VgrGtrimer). Thecytosolicpart of the T6SS
docksonto a membranecomplex(TssJLM) by interactingwith a phagebaseplate-like structure(TssAEFGK). Upon
contractionof the sheath,the tube-tip complex,loadedwith the effectors,is ejectedand penetratesthe target
cell. Thesystemis then disassembledandpartiallyrecycledfor the nextroundof firing by the ATPaseClpV.
Althoughthe structure of the T6SSis very well conserved,somesystemscontainvariationsof core components
(TssA) that canbe coupledto accessoryproteins(TagB) allowingto fine-tune different mechanismsincludingthe
assemblyand/or the firing of the system. We havedescribeda novelmechanismfor the T6SSsheathstabilization
with implications in the system dynamics2. We are currently working on the system assemblingand the
mechanismof recycling as well as the regulation of the three systemsto enhance phytopathogen killing.
Importantly,we are testing the capabilityof P. putida to kill the quarantinepathogenXylellafastidiosa-a threat
for olivetreesandother importantcropsof our country- usingthe T6SS.

1 Bernal,P., Allsopp,L.P., Filloux, A., and Llamas,M.A. (2017) The Pseudomonasputida T6SSis a plant warden against
phytopathogens. TheISMEJournal11: 972ς987.

2 Bernal,P., Furniss,R.C.D., Fecht, S., Leung,R.C.Y., Spiga,L., Mavridou, D.A.I., and Filloux, A. (2021) A novel stabilization
mechanismfor the type VIsecretionsystemsheath. ProcNationalAcadSci118: e2008500118

We acknowledgesupport by the RegionalGovernmentof Andalusia(FEDER18-1264962grant),TheTalentGrant2021(Plan
PropioUniversidadde Sevilla)andthe RYC2019-026551-I grant.
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Plant-parasitic nematodes (PPNs)are considered major threats for agriculture crops, causing huge economic losses
worldwide. Althoughthe applicationof chemicalnematicidesis the most commonmethod to reducePPNspopulations,their
applicationhasharmfuleffectson the environmentandhumanhealth (Mingunola& Sasanelli, 2021). In this sense,the useof
microbialnematicides(fungi and bacteria)representa more environmentallyfriendly approachto partially or fully mitigate
the damagecausedby PPNs(Gamalero& Glick,2020; Vicenteet al., 2022). Plant growth promoting rhizobacteria(PGPR)
have been raising interest as biocontrol agentsagainstPPNs. The production of hydrolytic enzymes,toxins and volatile
compoundsareamongthe describedmechanismsthat bacteriamayuseto fight PPNs; however,the modeof actionof PGPR
againstPPNandtheir interactionsarenot yet fully understood. In this work, we screeneda collectionof 40 isolatesobtained
from different croppingsystems,displayingPGPRtraits andbiocontrolpotential of fungalpathogensagainsttwo of the most
devastatingPPNs: Bursaphelenchusxylophilus, the so-called pinewood nematode (PWN)and causalagent of Pine Wilt
Disease,and the root-knot nematode(RKN)Meloidogynejavanica, known to infect a wide rangeof agroeconomicvaluable
crops. In vitro testsof bacteria(pureculture, filtrates, and lysates)versusPWN/RKNrevealedthat manyof the testedstrains
have nematostaticor nematicidalproperties. The most effective bacterial strains belonged to the genera Paenibacillus,
Pantoea, Staphylococcus, Phyllobacteriumand Sinorhizobium. In planta tests involvingPWNsand a susceptiblehost pine,
Pinuspinaster,showedthat the strainsbelongingto Phyllobacterium, PaenibacillusandStaphylococcushavethe best results
promotingthe growth of P. pinaster. Remarkably,the estimatednumberof livingnematodeswithin pine tissueswaslower in
the caseof Phyllobacteriumand Paenibacillusstrains. Thein silicostudyof their genomesequencesconfirmedthe potential
PGPactivities,presenceof hydrolytic enzymesand other genesthat might be involvedin the ǎǘǊŀƛƴǎΩnematicidalactivities
againstseveralPPNs. Although further researchis needed, our results revealed the potential of these PGPRstrains as
biocontrolagentsagainstphytoparasiticnematodes,openingthe possibilityfor the commercialformulation of a nematicide
product.

Migunova, V.D.; Sasanelli, N. BacteriaasBiocontrolToolagainstPhytoparasiticNematodes. Plants2021, 10, 389.

VicenteCSL,SoaresM, FariaJMS,EspadaM, Mota M, NóbregaF,RamosAPandInácioML (2022) FungalCommunitiesof the
PineWilt DiseaseComplex: Studyingthe Interaction of Ophiostomataleswith Bursaphelenchusxylophilus. Front. Plant Sci.
13:908308.

GamaleroE,GlickBR. TheUseof PlantGrowth-PromotingBacteriato PreventNematodeDamageto Plants. Biology(Basel).
2020Nov7;9(11):381.
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(CIALE); and the Fundaçãopara a Ciênciae Tecnologia(FCT)funded projects PratyOmics(PTDC/ASP-PLA/0197/2020) and
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Rhizobiaare beneficialmicroorganismsto their plant hosts,the agriculturallyimportant legumeplants. Rhizobia
and legumesdevelopa symbioticrelationshipwhere the bacteriafix atmosphericnitrogen that the plant usesto
growandthe plant suppliesnutrients for the bacteriato live. Thefixationof nitrogenby the rhizobiatakesplacein
a newly developedorgan located in the plant roots and induced by the rhizobia, the nodules. This process
decreasesthe demandfor chemicalfertilizer that legumeswould require for optimal growth. Thus,rhizobiaare
consideredgreen fertilizers and their use contribute to a more sustainableagriculture. Our model organism,
Sinorhizobiumfredii USDA257, is one of the best characterizedrhizobia. It is a fast-growingrhizobiumwith the
capacityto nodulatea great variety of legumeplants includingGlicinemax,Vignaunguiculataand Lotusburtii1.
Amongthe molecularmechanismsbestknownfor the symbioticprocessandthe determinationof rhizobialhost-
range,is the TypeIII secretionsystem(T3SS)2. In recentdecades,a novelgram-negativebacteriasecretionsystem
was discoveredand named Type VI secretion system (T6SS). T6SSsecreteseffectors into prokaryotic and
eukaryoticcells but has been mostly involved in interbacterial competition3. Curiously,T6SSis widespreadin
rhizobia, raising the question of whether it could also be involved in symbiosisas T3SSis. Here, we aim to
elucidatethe main role of T6SSin S. fredii USDA257 to answerthe open question: antibiosisor symbiosis?For
that, we haveidentified, by an in silicostudy,a soloT6SSclusterthat containsall the genesnecessaryto encode
the core componentsof the main structure (TssABCDEFGHIJKM), four genesencodingregulatory components
(TagF, Fha, PpkA, PppA), three genesencodingaccessoryproteins(TagLMY) andtwo genesencodinghypothetical
effectors(Tre1 and Tre2) that could be targetingeukaryoticcells. We haveusedthe secretionof the inner tube
protein, Hcp, as a hallmarkof T6SSfunctionality to show that USDA257 T6SSis active and further induced in
minimalmediae.g. YM3 andMM. CompetitionassaysbetweenUSDA257anddifferent preys(Escherichiacoliand
severalphytopathogenssuch as Agrobacteriumtumefaciens) showedthat USDA257 cannot kill them using its
T6SSin the tested conditions. Strikingly,nodulation assayswith USDA257 natural host, Glycinemax var. Pekin
showedthat plantsinoculatedwith a USDA257mutant with an inactiveT6SScontainedfewer nodulesthan plants
inoculatedwith the USDA257parentalstrain. Thesametrend isobservedfor the freshmassof the noduleandthe
dry massof the plant top parameters. Thesethree parametersare indirect indicatorsof the capacityof rhizobium
to developthe symbioticrelationshipwith the plant. Thus,the fact that the T6SSmutant hadlower levelsthan the
wild-typestrainfor all indicatorscouldimply that T6SSmightplaya positiverole in rhizobia-legumesymbiosis.

1 Pueppke, S. G., & Broughton,W. J. (1999). Rhizobiumsp. strain NGR234 and R. fredii USDA257 shareexceptionallybroad,
nestedhost ranges. MolecularPlant-MicrobeInteractions,12(4), 293-318.

2 López-Baena, F. J., Ruiz-Sainz, J. E., Rodríguez-Carvajal,M. A., & Vinardell, J. M. (2016). Bacterialmolecularsignalsin the
Sinorhizobiumfredii-soybeansymbiosis. Internationaljournalof molecularsciences,17(5), 755.

3 Coulthurst, S. (2019). TheTypeVIsecretionsystem: a versatilebacterialweapon. Microbiology,165(5), 503-515.
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Nitrogen(N)storagein legumesis usuallyestimatedby N2 fixation in shoots,whereasthere is little knowledgeon
the contribution of roots and nodulesto legumeN and soil N. Here,we studied the contribution of recovered
roots and nodulesof grainand pasturelegumesto plant N andsoil N in Mediterraneanfields. Experimentswere
run under rainfed conditionsfor a 2-yr period in three regionsof Portugal(central and south west, and south
inland). Completeplantsincludingtop plant andvisiblerootsandnodulesweresampledat the endof the growing
seasonsfor grain legumes,sweetand yellow lupines,and over two harvestsin caseof pastures. N2 fixation was
measuredby the 15N techniques. Resultsshowedthat abovegroundN concentrationdid not vary significantly
amongspecies,but differed in the belowgroundtissues(Carrancaet al., 2015). Rootsandnodulescontributedto
7 ς11% of total legume N, with an allocation of 11 ς14 kg N fixed tҍ1 belowgrounddry weight (DW) in
indeterminate legumes, representing half amount of aboveground plant. This finding demonstrated that
investigationrelyingonly on shoot N underestimatesthe role of legumesfor soil N fertility. Further long - term
studieson the contribution of belowgroundtissuesto the soil N fertility are fully encouraged. Rhizodepositsalso
contributestronglyfor stableorganicmatter in soilsimprovingthe soilstructure(Pintoet al., 2021). Caddishet al.
(2002) reinforced this statement and referred that nodulated roots and rhizodepositsmay be protected from
mineralizationthen playinga more important role in buildingof soil structure rather than in soil N supplyby its
highCconcentration.

Keywords: Abovegroundtissue,improvedpermanentpasture,Mediterraneanregion, 15N technique,recovered
root andnodule,sweetandyellowlupines

Carranca,C., Torres,O., Madeira,M. (2015). Underestimatedrole of legumeroots for soilN fertility. Agron. Sustain. Dev. pp.
10. DOI10.1007/s13593-015-0297-y. (online)

Pinto, P., Rubio,G., Gutiérrez,F., Sawchik, J, Arana,S., Piñeiro, G. (2021). Variableroot : shoot ratios and plant nitrogen
concentrationsdiscourageusing just abovegroundbiomassto select legumeservicecrops. Plant Soil 463, 347ς358. Doi:
10.1007/s11104-021-04916-x.
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In recent decades,the quality of agriculturalsoilshasbeen seriouslyaffected by the continuousand excessive
applicationof pesticides. Currently,most of the organicsoil contaminantsare herbicides(Dorigoet al. 2007),
responsiblefor the toxicity effects detected in some crops, including leguminouscrops (Ugbe et al. 2016).
Herbicidescan affect the growth and yield of leguminousplants, as well as inhibit the legume-Rhizobiumspp.
symbiosis,thus causinga decreasein biologicalnitrogen fixation (Zaidi et al. 2005). Studieson the effect of
herbicideson soil microorganismsand their beneficial functions, including biological nitrogen fixation in the
legume-Rhizobiumspp. symbiosis,arescarce. Thus,this studyaimsto evaluatethe effectsof two commonlyused
herbicides,pendimethalinandclethodim,on the legume-Rhizobiumspp. symbiosis.
Theeffect of the abovementionedherbicideson the growth and nodulationof Medicagosativaand Phaseolus
vulgaris, wasstudied. Medicagosativaplantsweregrownunderaxenicconditionsin order to perform nodulation
kinetics. Clethodimcauseda 30% reduction in nodulation while pendimethalintotally inhibited it, producinga
reduction in root elongation and plant weight of 60%, as well. To evaluate the effect of the herbicideson
Phaseolusvulgarisbiologicalnitrogenfixationcapacity,the plantsweregrownin potswith a mixtureof soil:perlite
(3:1 v/v). Pendimethalininhibited nitrogenfixation rate of Phaseolusvulgarisby 44%. However,clethodim,which
is specificallyusedagainstmonocots,did not inducesignificantdifferences. Thegrowth of the microsymbiontsof
Medicago sativa and Phaseolusvulgaris (Sinorhizobiummeliloti and Rhizobiumtropici, respectively) in the
presenceof both herbicides,was also analyzedby colony-forming unit (CFU)quantification. Rhizobiumtropici
growth wasnot significantlyaffectedby the presenceof the herbicides. However,Sinorhizobiummeliloti showed
a reduction in the number of CFUof 60-fold for both herbicides. Additionally, alterations induced by the
herbicidesin root exudatescompositionthat mightbe interferingsymbiosisestablishment,will bediscussed.
Toconclude,herbicidesapplicationreducedthe legumescapacityto fix nitrogen. Also,plant andbacterialgrowth
waslimited by the presenceof herbicides. Thus,a reductionin the useof herbicidesin cropsshouldbe addressed,
with organic farming being an alternative to the intensive use of pesticidesand favoring a state of natural
fertilizationof the soilthroughgreaterefficiencyof leguminouscrops.

Dorigo,U., Leboulanger, C., Bérard, A., Bouchez, A., Humbert, J.F., Montuelle, B. (2007). Loticbiofilm communitystructure
andpesticidetolerancealonga contaminationgradientin a vineyardarea. AquatMicrobEcol50, 91-102.

Ugbe, L.A., Ndaeyo, N.U., Enyong, J.F. (2016). Efficacyof selectedherbicideson weedcontrol, cowpea(VignauniguiculataL.
Walp) performanceandeconomicreturnsin Akamkpa, southeasternNigeria. Int JResAgriForest3, 19-27.

Zaidi,A., Khan,M.S., Rizvi,P.Q. (2005). Effectof herbicideson growth, nodulationandnitrogencontent of greengram. Agron
SustainDev25, 497-504.
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Fungiconstitute the largestnumberof plant pathogensandare responsiblefor a rangeof seriousplant diseases.
Thesediseasesarea major threat to cropproductionandcausesevereeconomiclosses. Manyof thesepathogens
are controlled by chemicalproducts that have a negative impact on the environment. Others,are controlled
throughthe useof resistantvarieties,but the successof this strategyis highlydependenton the fungusvirulence
and,in somecases,by a partialexpressionof resistance.
Magnaporthiopsismaydiscauseslate wilt in maizeplants,which can lead to severeeconomiclosses,with 80ς
100% infection and total yield loss reported when heavily infested fields were planted with sensitivemaize
hybrids. Maize grain production has increasedmore than eight-fold in the past century, and by 2050, it is
estimatedthat it will contributemorethan half of the increaseddemandfor cereals. So,a diseasewith sucha high
influencein productivitywill havea hugeimpactin food securityandwill be anobstacleto meet the needof food
demand.
Thefungusinfectsthe roots at an early stage,but wilt symptomsusuallydevelopwhen the plantsapproachthe
flowering stage,approximately60 daysafter sowing. Thenthe lower stem becomesdry, and hasa hollow and
shrunkenappearance. Latewilt is frequently associatedwith infection by secondaryplant parasiticfungi causing
the stemsymptomsto becomemoresevereandevenhigherlossesin cropproduction.
There is an urgencyin effective alternativesto mitigate the effects of late wilt and biocontrol emergesas an
environmentalsustainablealternative. Thisapproachwasfollowed in the presentstudy,by isolatingbacteriafrom
the roots of symptomaticplants with different degreesof infection. The antifungalability of bacterial isolates
delivered8 strainsable to inhibit the fungusover 50%and someof them were able to work not only againstM.
maydisbut also againstFusariumspp.. Additionally,some of these bacteriawere also able to promote plant
growth andfitness. With the aim to potentiate of developinga successfulmethodologyto minimizethe effectsof
the fungi, the most promisingbacterial isolatescan be tested in different combinationshelping to reduce de
effectsof the diseaseandto reducethe economiclosses.

Degani, O., Chen,A., Dor, S. et al. (2022) Remoteevaluationof maizecultivarssusceptibilityto late wilt diseasecausedby
Magnaporthiopsismaydis. JPlantPathol104, 509ς525. https://doi .org/10.1007/s42161-022-01039-9

Dor, Degani (2019) Uncovering the Host Range for Maize Pathogen Magnaporthiopsis maydis. Plants 8, 259.
https://doi .org/10.3390/plants8080259

Ortiz-Bustos,C.M., López-Bernal,A., Testi, L., Molinero-Ruiz,L. (2019) Environmentaland irrigation conditionscanmaskthe
effect of Magnaporthiopsis maydis on growth and productivity of maize. Plant Pathol. 68, 1555ς1564.
https://doi .org/10.1111/ppa.13070.
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Horticultural production for industry in the Portugueseregion of Ribatejo is mostly based on intensive
monoculturesystemswith hightechnicalintervention,resultingin soilbiodiversityimbalances,lossof fertility, and
progressivedegradation. Agricultural intensification is often associatedwith decreasesin the abundanceand
diversity of functional groups in the soil microbiota, facilitating the emergenceof soil-borne diseasesand
compellingproducersto the excessiveuseof phytopharmaceuticalsandsyntheticfertilizers. Therefore,there isan
urgentneedto adoptalternativestrategiesfor moresustainableproductionsystems.
Covercropsmayprovidea wide rangeof environmentalbenefitsandhavebeenconsideredasa valuabletool to
improvethe sustainabilityof agriculturalsystems. In intensivehorticultural production,the introduction of cover
crops may contribute to improving the soil status and to mitigate the consequencesof soil degradation. The
presentwork describesthe evaluationof soil microbialactivity and plant beneficialmicroorganismsin two field
trials in Ribatejo, wheredifferent covercropswere installedin the fall-winter period,precedingthe maincropof
the agricultural year (tomato, potato or maize): biodiversemixture of legumesand grasses,includingclovers
inoculated with rhizobia; annual ryegrass (Lolium multiflorum); and forage turnip (Raphanussativus) for
biofumigation. Controlplotswithout covercropsweremaintainedin both fields. Samplesof rhizosphericsoil from
end-of-cycle plants were collected and the following indicators were evaluated: soil enzyme activities
(dehydrogenase,alkalinephosphatase,̡ -glucosidase),total culturablebacteria,symbioticnitrogen-fixingbacteria
(rhizobia), free-living nitrogen-fixing bacteria, phosphate-solubilizing bacteria and microorganisms with
phytostimulatingactivity.
Theresultsshoweda generalincreasein soil enzymeactivitieswhenusingthe biodiversemixtureof legumesand
grassesor annual ryegrassas cover crops, relative to soils without cover. This increase was particularly
accentuatedin dehydrogenaseactivity, which representsthe metabolic activity of soil microorganisms. Cover
cropsalsopositivelyinfluencedseveralgroupsof plant beneficialmicroorganisms,includingphosphatesolubilizing
bacteriaand microorganismswith phytostimulatingactivity. Theevaluationof the rhizobialabundancein these
soilsrevealedvery low and ineffectivenative populations. However,the abundanceand symbioticeffectiveness
of rhizobiain the soil increasedconsiderablyfollowing the introductionof the mixture of legumesandgrasses,in
which the clovershad beeninoculatedwith rhizobia,showingthe importanceof introducinginoculatedlegumes
in thesesoils. Free-living (non-symbiotic)nitrogen-fixing bacteriawere naturally abundantin thesesoilsand, as
with total bacteria,were not affected by the introduction of cover crops. In conclusion,the obtained results
indicateda tendencyfor the increaseof soil microbiologicalactivity and beneficialmicroorganismswith cover
crops,especiallywith the biodiversemixture of legumesand grassesand annual ryegrass. The evaluationsare
now proceedingin new field trials testing biodiversecover mixtures based on selectedecotypes,optimally
adaptedto the culturalsystemsandto climatechange.

Thiswork was supportedby projects HortiCover(LISBOA-01-0247-FEDER-072223), SoiLife1st (PRR-C05-i03-I-000006-LA4.1,
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a Ciênciae a Tecnologia, I.P., through the R&DUnit "GREEN-IT - Bioresourcesfor Sustainability"(UIDB/04551/2020 and

UIDP/04551/2020).
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S3-P-05
Metal tolerance and accumulation in white lupin 

(Lupinus albus)

Vázquez-Rangel A, Martínez-BallanoP, Lucas MM, Pueyo JJ, Quiñones MA

Institute of AgriculturalSciencesςCSIC,Serrano115-dpdo., 28006Madrid,Spain.

Heavymetal contaminationof soilsis increasingmainlydue to anthropogenicactivities. Toaddressthis problem,
it seemsessentialto find usefulphytoremediationtools that are cost-effectiveand environmentallyfriendly. The
aim of this work was to assessthe metal tolerance of white lupin (Lupinusalbus) and its potential for
phytoremediationstrategies. The tolerance to different metals of L. albus cv. Orden Dorado seedlingswas
evaluatedby their relative root growth after beingexposedto heavyand light metalsandmetalloids(Pb,Cr,Cu,
Zn,Al andAs). Theeffect of thesecontaminantson the antioxidantmetabolism(superoxidedismutase,catalase,
ascorbateperoxidase,guaiacolperoxidase)and protein carbonylationwasestimated,and metal accumulationin
roots wasdeterminedby ICP-OES. L. albusseedlingsshowedtoleranceto metalsthat washighestfor aluminium
anddecreasedin the followingorder: Al > Zn> Pb> As> Cu> Cr. Most antioxidantenzymeactivitiesandprotein
carbonylationincreasedunder metal stress. Finally,metal accumulationin the roots was highest for zinc and
decreasedin the followingorder: Zn>Pb> Al> Cu>AsҒCr.
The metal tolerance and accumulationcapacityof L. albus cv. Orden Dorado plants inoculatedwith the Hg-
resistant BradyrhizobiumcanarienseL-7AH strain were also investigated. Previous results from our group
suggestedthat inoculationwith B. canarienseL-7AHconferredL. albusplantstoleranceto mercury(Quiñoneset
al., 2013). Furthermore,thoseplant-rhizobiumpairswere capableof accumulatingextremelyhighamountsof Hg
in their undergroundorgans,particularlythe clusterroots (Quiñoneset al., 2021). B. canarienseL-7AHis relatively
tolerant to other metalsbesidesHg. Therefore,inoculationwith this strain might havea positive effect on the
plant metal tolerance. Plantswere grown under cluster root-promotingconditionsthat consistedon limiting the
availabilityof P during the first weeksof development,and were exposedto the above-mentionedmetals. Six
weeks later plants were collected,and severalmorphologicaland physiologicalparametersof the above and
underground parts were measured. All plants presented nodules and cluster roots. Metals did not cause
significant negative effects on most parameters studied, except for As which significantly affected plant
development. Our resultssuggestthat nodulated L. albus plants might function as a phytoremediationtool in
metal-contaminatedsoilsthroughrhizostabilization.

Quiñones, M.A., Ruiz-Díez, B., Fajardo,S., López-Berdonces, M.A., Higueras, P.L., Fernández-Pascual,M. (2013). Lupinusalbus
plants acquiremercury tolerancewhen inoculatedwith an Hg-resistantBradyrhizobiumstrain. Plant PhysiolBiochem73,
168-175. doi.org/10.1016/j .plaphy.2013.09.015

Quiñones, M.A., Fajardo,S., Fernández-Pascual,M., Lucas,M.M., Pueyo, J.J. (2021). Nodulatedwhite lupin plantsgrowingin
contaminatedsoilsaccumulateunusuallyhigh mercury concentrationsin their nodules,roots and especiallycluster roots.
Horticulturae7, 302. doi.org/10.3390/horticulturae7090302

Lupinus albus cv. Orden Dorado seeds were kindly provided by Cultivos ExtensivosAlimentarios Team, Centro de
InvestigacionesCientíficasy Tecnológicasde Extremadura(CICYTEX),Spain.

Thiswork wasfundedby MINECOGrantAGL2017-88381-R.
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López-Pérez J1, Clear M2, BhatA2, MsaddakA1, Epstein B3, TiffinP3, Lucas MM1, PaapeT2, Pueyo JJ1

1 Institute of AgriculturalSciences,CSIC,Madrid,Spain; 2BrookhavenNationalLaboratory,Upton,NY,USA; 3Departmentof
PlantBiology,U. Minnesota,St. Paul,MN,USA.

Mercury(Hg)isextremelytoxic for all livingorganisms,andHgcontaminationis increasingworldwidein both wild
ecosystemsand agriculturalsoilsdue to natural processes,but mostly to anthropicactivities. It hasbeenshown
that Hg-tolerant symbiotic rhizobia have the potential to increaselegume metal tolerance. In plants, gene
duplicationis a commonphenomenonin hypertoleranceto heavymetalsbut lessisknownabout the role of gene
duplicationfor toleranceto toxic metals in microbes. Geneexpressionlevelsmight alsocontribute to increased
tolerance. In order to investigatethe molecularmechanismsunderlyingHg tolerance in rhizobia,we isolated
severalstrainsof Ensifermedicaeand Rhizobiumleguminosarumbv. trifolii from severelyHg-contaminatedsoils.
We assembledand annotatedthe genomesof twelve rhizobiastrainsthat showedwide variationin toleranceto
Hg, and found structural variations in mercury reductase(merA) and alkylmercury lyase (merB), which are
involved in Hg detoxification,and entire mer operonsthat were associatedwith the most Hg-tolerant strains.
Genesin the mer operonsandduplicatedmerAcopiesthroughout the genomesshowedsignificantlyhighergene
expressionin the tolerant vs. lesstolerant rhizobiastrains. In the most tolerant E. medicaestrain, a whole mer
operon was located in a large additional 71-kb plasmid,which was not present in any other strain. Plasmid
transferto a non-tolerantstrainarisesasa possibilityto obtainincreasedHgtolerance.

This work was supported by grants from AgenciaEstatalde Investigación(AEI),Spain(AGL2017-88381-R and PID2021-
125371OB-I00).
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de Castro Silva M1,2*, Machado H1, Videira e Castro I1,2

1 Instituto Nacionalde InvestigaçãoAgráriae Veterinária,I.P. - UnidadeEstratégicade Investigaçãoe Serviçosde Sistemas
Agráriose Florestaise SanidadeVegetal - Av. da República,2780-159 Oeiras,Portugal; 2 GREEN-IT Bioresourcesfor
Sustainability,ITQBNOVA,Av. daRepública,2780-157Oeiras; * marcia.silva@iniav.pt

Soil microorganismshavean important role in the maintenanceof soil functions in natural and managedagro-
forestry ecosystems. Therefore,evaluatinga particular group of microorganisms,such as legume root nodule
bacteria/nitrogenfixing bacteria,canbe a goodcontribution to understandingthe extent to which the soilsare
degradedin the context of climatechangesand the increaseof pathogens. Likewise,the lossof vitality and the
consequentdeath of cork and holm oaksin Montado areashave been associatedto the frequent presenceof
Phytophthoracinnamomi. In this way, the studyof symbioticrelationshipsbetweenlegumesand bacteriamight
providea strategyto developa moresustainableMontado(Videirae Castroet al., 2019). Theaimof this work was
to use symbiotic relations between Trifolium subterraneumand root nodule bacteria and evaluate their
microbiome, which could be useful to reduce Phytophthoraactivity, and also could improve nutrients, by
phosphatesolubilization,in soilsof Montado. Onehundredandtwenty (120) strainsisolatedfrom root noduleof
T. subterraneuminoculatedwith different soilsfrom Montado area(Barrancos,Portugal)were characterizedfor
antagonismto Phytophthora, cellulase activity and phosphate solubilization through in vitro tests. Several
approacheswere developedusing T. subterraneumas trap host. Theseessayswere carried out in controlled
conditionsandplantswere inoculatedwith strainspreviouslycharacterized. Someof thesetestswere performed
in presenceof P. cinnamomito evaluatethe degreeof antagonismof the root nodulebacteriatested. After this
selectiona consortiumcontainingsomeof theseroot nodulebacteriawaspreparedand usedto inoculateseeds
of T. subterraneumin a field essayin a Montado area(Grândola, Portugal)where the presenceof P. cinnamomi
waspreviouslydetected. Twoyearsafter, the nodulebacteriawerereisolatedandcharacterized.
The resultsobtained for the in vitro tests showedthat only a smallnumber of isolateshad at least one of the
tested activities distributed as follows: phosphatesolubilization(6%), antagonismto Phytophthora(4%) and
cellulaseactivity (17%). Despitethe smallnumberof bacteriathat showedphosphorussolubilisation,this activity
is consideredof great importancein poor anddegradedsoils,dueto the poor availabilityof this mineral. Also,the
ability to degradecellulosecouldbe a crucialaspectin combating/reducingPhytophthoraasit couldhavedirect
effectsby degradingits cell walls. Testscarriedout in a controlled environmentwith T. subterraneumand root
nodule bacteriastrainsin the presenceof P. cinnamomishowedcasesof pathogeninhibition and allowed the
selectionof a set of strains (consortium),molecularlyidentified as Bacillussubtilis, Pseudomonasmoraviensis,
Streptomycesumbrinusand alsoasRhizobiumsp.. Theseselectedstrainshavecellulaseactivity and phosphorus
solubilisationand, in the caseof Rhizobiumsp., also nitrogen fixation. At the end of field assay,the shoot dry
weight (mg/plant)andthe effectivenessindexof T. subterraneumplantsinoculatedwith the consortiumwere the
highestwhencomparedwith plantsinoculatedwith a veryefficientstrainroutinelyused(positivecontrol).

Videira e CastroI., de CastroSilvaM., FernandezC., ColavolpeB., MachadoH. (2019). The Potential of Nitrogen-Fixing
Bacteriain the Sustainabilityof Agro-ForestryEcosystems. In: Zúñiga-DávilaD., González-AndrésF., Ormeño-Orrillo E. (eds)
Microbial Probiotics for Agricultural Systems. Sustainability in Plant and Crop Protection. Springer, Cham. DOI:
https://doi .org/10.1007/978-3-030-17597-9_5

Financialsupport was provided by the project ά[ƛŦŜMontado & ClimateςA Needto !ŘŀǇǘέ15 CCA/PT/000043(EU). This
work wassupportedby FCT- Fundaçãoparaa Ciênciae a Tecnologia, I.P., throughthe R&DUnit "GREEN-IT- Bioresourcesfor
Sustainability"(UIDB/04551/2020andUIDP/04551/2020).

References

Acknowledgements

54

mailto:marcia.silva@iniav.pt
https://doi.org/10.1007/978-3-030-17597-9_5


S3-P-08
Screening for in vitro antifungal activity of plant 
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forest pathogenic fungi
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1 Laboratóriode Micologia,UEISSAFSV,Instituto Nacionalde InvestigaçãoAgráriae Veterinária,I.P. (INIAV,I.P.), 2780-159
Oeiras, Portugal; 2 Laboratório de Microbiologia do Solo, UEISSAFSV,Instituto Nacional de InvestigaçãoAgrária e
Veterinária,I.P. (INIAV,I.P.), 2780-159 Oeiras,Portugal; 3 GREEN-IT Bioresourcesfor Sustainability,ITQBNOVA,Av. da
República,2780-157Oeiras,Portugal; * anacristina.silva@iniav.pt

Phytopathogenicfungi, including quarantine organisms, represent important phytosanitary problems for
agriculturaland forestry systems,causingrelevant yield decreasesand reducingeconomicrevenues. Controlof
theseagentsthrough classicalchemicalmethodsin forestsis generallyof low efficiencyand may representhigh
environmentalrisks for the ecosystems. Therefore,the searchfor environmentallyfriendly solutions,such as
novel microbial natural biocides in order to avoid the environmental pollution from the use of synthetic
pesticides,is of much relevance. Rhizospherebacteria,e.g. colonizingthe root nodulesof Leguminosae,often
drive beneficialimpactson plants (Soareset al. 2021), beyondbeing important nitrogen fixing promotors. They
alsomay promote plant growth and protect plant health from the action of phytopathogenicagents(Videirae
Castroet al. 2019) andmay,therefore,havepotentialusefor biocontrol.
In the presentstudy, rhizosphericbacterialstrainsisolatedfrom root nodulesof different speciesof leguminous
plants in Portuguesestands, were screenedfor antifungal activity against forest pathogenic fungi affecting
Castaneasativa, Eucalyptusspp., Pinusspp. andQuercusspp. A total of 11 fungi,namelyCryphonectriaparasitica,
Diplodiacorticola, Diplodiamutila, Diplodiasapinea, Fusariumcircinatum, Heterotruncatellasp., Neofusicocum
australe, Neofusicocumparvum, Pestalotiopsisaustralis, Pestalotiopsispini and Sydowiapolyspora, were usedto
assessthe fungal growth inhibition by rhizosphericbacterial strains in a dual culture assay,i.e., using yeast
mannitolagar(YMA)andpotato dextroseagar(PDA)media.
Out of the 57 testedstrains,14 were ableto inhibit the growth of at leastoneof the tested fungalisolates. Strain
#2 wasthe mosteffectivestrain,inhibiting the growth of sixfungalisolates,includingD. sapineaandS. polyspora,
important conifer pathogens. Theseresults show that these strains, in particular, strain #2, may be potential
biocontrol agentsagainstfungi causingsevereforest speciesdiseases. Hence,the most effective strainswere
selectedfor additionalstudies,with moreextendedassays.
It is important to further evaluatethe source(e.g. compound)that couldbe responsiblefor the antifungalactivity
and to evaluate in vivo effects on diseaseexpressionand plant growth, thus approachingfield application
readiness.

Soares,R., Trejo,J., Lorite, M. J., Figueira, E., Sanjuán, J., & Videirae Castro,I. (2020). Diversity,PhylogenyandPlantGrowth
Promotion Traits of Nodule Associated Bacteria Isolated from Lotus parviflorus. Microorganisms, 8(4), 499.
https://doi .org/10.3390/microorganisms8040499

Videirae Castro,I., de CastroSilva,M., Fernandez,C., Colavolpe, B., Machado,H. (2019). ThePotentialof Nitrogen-Fixing
Bacteriain the Sustainabilityof Agro-ForestryEcosystems. In: Zúñiga-Dávila, D., González-Andrés,F., Ormeño-Orrillo, E. (eds)
Microbial Probiotics for Agricultural Systems. Sustainability in Plant and Crop Protection. Springer, Cham.
https://doi .org/10.1007/978-3-030-17597-9_5

ProjectBioChestnut- IPM- Implementarestratégiasde luta eficazescontradoençasdo castanheiroe amendoeira(PDR2020-
101-030950).
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root-lesion nematode Pratylenchuspenetrans

Costa M1, Monteiro T2, Barbosa P3, Menéndez E3,4, Espada M3, Vicente CSL3

1 INIAVςInstituto Nacionalde InvestigaçãoAgráriae Veterinária,Oeiras,Portugal; 2 Universityof Évora,Évora,Portugal;
3.MED ςMediterranean Institute for Agriculture, Environment and Development & CHANGEςGlobal Changeand
SustainabilityInstitute, Institute for AdvancedStudiesandResearch,UniversidadedeÉvora,PólodaMitra, Évora,Portugal;
4 DepartamentodeMicrobiologíay Genética& Instituto de Investigaciónen Agrobiotecnología(CIALE).

Theroot-lesionnematode(RLN)Pratylenchuspenetransis a migratoryplant-parasiticnematode(PPN)that affects
economicallyimportant agriculturalcrops. Thisnematodeis spreadworldwide,beingreported in more than 400
host plants(mostly food and feed crops)(CastilloPand Vovlas, 2007; Vicenteet al., 2022). Currentlythere is no
effectivemethod for the RLNcontrol. Theuseof chemicalnematicidesis almostrestricteddue to their collateral
damagesfor the environmentand human health. On the other hand, the use of microbial agentsas potential
antagonisticagainstP. penetransis still overlooked(Kumarand Dara,2021). In this study, we evaluatedthe
nematicidalpotential of bacteriafrom genusBacillus(the most reported genusexpressingnematicidaleffect to
severalPPN)to control the RLNP. penetrans,using the bacterial lysatesand filtrates. After 24h exposureto
bacterial lysates, the nematode remained alive without any deleterious effect on their normal sinusoidal
movement. However,in the caseof bacterialfiltrates, 2 strainsbelongingto the Bacillussubtiliscomplex(14C2
and 14C26) presentedhigh nematicidaleffect with a mortality corrected (Mc) higher than 80%. Also, in this
complex,Bacillussp. 14M3 recordedmoderate activity (nearly 50% Mc), while Bacillusspp. 4809, 13C18 and
13C43 and B. thuringiensis13C9 showedno nematicidalactivity. StrainsPaenibacilluslautus 14C48 and Priestia
aryabhattai MABNR01 showed moderate activity against P. penetrans. Future work will focus on the
characterizationof the bioactive compoundspresent in the bacterial filtrates of strains Bacillussp. 14C2 and
14C26andtheir modeof actionagainstP. penetrans.

CastilloPand VovlasN (2007) Pratylenchus(Nematoda: Pratylenchidae): Diagnosis,biology,pathogenicityand management
(Nematologymonographsandperspectives). Leiden: KoninklijkeBrill

VicenteCSL,InácioML, Mota M, Vieira P (2020) O nemátode-das-lesões-radiculares, Pratylenchuspenetrans. Proteçãode
PlantasVidarural 78.

KumarKKandDaraS(2021) FungalandBacterialEndophytesasMicrobialControlAgentsfor Plant-ParasiticNematodes. Int.
J. Environ. Res. PublicHealth18, 4269.

This researchwas funded by the CǳƴŘŀœńo para a Cişncia e Tecnologia(FCT)through the national project PratyOmics
(PTDC/ASP-PLA/0197/2020), through the R&DUnit, UIDB/05183/2020(MED-Change),andthe CEECIND/00040/2018(to CV).
Theauthorsthank the supportgivenfrom EUHORIZON2020Marie SklodowskaCurieActions(GrantAgreementnº 897795)
(to EM) and the Unidadde ExcelenciaAgrienvironment(CLU-2018-04) del Instituto de Investigaciónen Agrobiotecnologia
(CIALE).
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2 ConsejoSuperiorde InvestigacionesCientíficas(CSIC)Madrid; 3 Departamentode Biotecnología,ETSIAAB,Universidad
Politécnicade Madrid.

Duringthe Covid-19 pandemicsthe communityof Spanishresearchersworkingon BiologicalNitrogenFixationlost
one of its most signifiedand respectedmembers,TomasRuizArgüeso(Villamol1943- Madrid 2020). Tomás,a
longtime Professorof Microbiology and, until his passing,EmeritusProfessorat UniversidadPolitécnicade
Madrid, devotedhis life to the study of the symbioticnitrogen fixation process. Hisresearchon the Rhizobium-
legumesystemwas indeedtransversal,producingrelevant contributionsin the physiology,regulation,genetics,
genomics,and ecologyof this symbiosis. He wasone of the foundingmembersof SEFIN,and mentor to a great
number of researchersin the field. In this meeting we want to present a tribute to his memory, to his many
scientificachievements,to hisnever-endingscientificcuriosityandpleasurefrom doingscience,andto hisfriendly
andclosecharacter,alwaysreadyto listenandhelpothers. All of ushavinghadthe privilegeof sharingwork and
life with Tomáswill misshim. Hismemorywill illuminateandaccompanyusfor the yearsto come.
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Engineering nitrogen fixation in cereals

BurénS1, BaysalC2, WenshuH2, Jiang X1, CapellT2, Christou P2, Rubio LM1

1 Centro de Biotecnologíay Genómicade Plantas,UniversidadPolitécnicade Madrid (UPM) - Instituto Nacionalde
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(Madrid),Spain; 2Departmentof PlantProductionandForestryScience, Universityof Lleida-AgrotecnioCERCACenter,Av.
AlcaldeRoviraRoure, 191, 25198Lleida,Spain.

Integrationof nitrogen fixation traits into cerealcropsrequiresthe assemblyin plant cellsof activenitrogenase
complex (NifHDK) encodedby transferred prokaryotic genes. The feasibility of this transgenicapproachwas
exploredby expressingtwo criticalgenes(nifHandnifB) in rice. ThenifHgeneencodesthe nitrogenaseFeprotein,
the obligateelectrondonor to NifDKfor the nitrogenfixation reaction. NifBcatalyzesthe first committedstep in
the biosynthesisof the FeMo-cofactor located at the active-site of the nitrogenaseof MoFe protein (NifDK).
Productionof NifB and NifH in plants is challengingbecausethey are iron-sulfur proteins extremelysensitiveto
O2. We generatedrice plantsexpressingeither NifH or NifB in mitochondria,which shouldlimit exposureto O2

and provide essential[Fe-S] clustersrequired for activity. NifM and FdxNaccessoryproteins were co-expressed
with NifHandNifB, respectively. Engineeredrice callusandplantsderivedfrom them expresssolubleandstable
Nif polypeptidesin mitochondria. The approachof targeting highly soluble and thermostable NifB synthetic
variants to mitochondria succeededin recovering proteins that were functional in FeMo-co synthesisand
nitrogenaseactivation when tested in vitro. Similarly,a synthetic variant of a thermophilic NifH incorporated
endogenous[4Fe-4S] clusters,to some degree,and gained fundamental activities in the context of nitrogen
fixation, includingelectron transfer to NifDK. The approachof targeting a highly solubleand thermostableNif
variants to mitochondriaovercomesseveralmajor constraintsto engineernitrogenasein rice, and confirmsthat
incorporationandstability of [Fe-S]clustersin nitrogenasecomponentsconstitutesthe next critical bottleneckto
addressin this process. Thisreport representsan important step toward the expressionof a completefunctional
Nif complexasrequiredto achieveindependentbiologicalnitrogenfixationin cereals.

BaysalC., BurénS., He W., JiangX., CapellT., RubioL.M., ChristouP. (2022). Functionalexpressionof the nitrogenaseFe
protein in transgenicrice. CommunBiol. In Press. 10.1038/s42003-022-03921-9.

He W., BurénS., BaysalC., JiangX., CapellT., ChristouP., RubioL.M. (2022). Nitrogenasecofactor maturaseNifB isolated
from transgenicrice isactivein FeMo-cosynthesis. ACSSynthBiol, 3028-3036

Thiswork wassupported,in whole or in part, by the Bill & Melinda GatesFoundation(OPP1143172and INV-005889). Can
BaysalandWenshuHewere supportedby doctoralfellowshipsfrom AGAUR. XiJiangwassupportedby a doctoralfellowship
from UniversidadPolitécnicadeMadrid.
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Agronómica,Alimentaria y de Biosistemas,UniversidadPolitécnica de Madrid, Madrid 28040, Spain; 3 Centro de
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28006, Spain.

Copperis an essentialmicronutrient for SymbioticNitrogenFixation(SNF)actingascofactorof manyof the key
enzymesinvolvedin this process. Therefore,copperinsufficiencyresultsin a diminishedSNF. Oncethis nutrient is
incorporatedinto the nodulecellsthrough nodule-specificCu+-transporterCOPT1 (Senovillaet al., 2018), it must
be bound to acceptormolecules,as free copper in solution catalyzestoxic Fenton-type reactions(Robinsonand
Winge, 2010). To prevent it, intermediate proteins, Cu+-chaperones,that mediate copper delivery from the
transporter to the acceptorproteinsare neededόhΩIŀƭƭƻǊŀƴand Culotta, 2000). We analysedthe transcriptome
of the M. truncatula legume and MtAtx1 was identified as the only nodule-specific Cu+-chaperone. MtAtx1
presentsthe classicCu+-chaperonedomainin N-terminal,with the CXXCmotif that coordinatescopper. Moreover,
confocalmicroscopyimageslocatedthe protein in the cytosolof cellsfrom Infection/differentiation zoneof the
nodule. At the subcellular level, electron microscopy revealed an association between MtAtx1 and the
symbiosomeand plasma membranes. A knock-out mutant line atx1-2 showed reduced nitrogenaseactivity
comparedto WT plants. Thus,we proposeMtAtx1 as the nodule-specificCu+- chaperonein chargeof providing
the cofactorto the copperproteinspresentin the nodule.

Senovilla, M., Castro-Rodriguez,R., Abreu,I., Escudero,V., Kryvoruchko, I., Udvardi, M.K., Imperial,J., González-Guerrero,M.
(2018). Medicagotruncatula copper transporter 1 (MtCOPT1) deliverscopper for symbioticnitrogen fixation. New Phytol
218, 696-709.

Robinson,N.J., Winge, D.R. (2010). CopperMetallochaperones. AnnuRevBiochem79, 537-562.

O'Halloran,T.V., Culotta, V.C. (2000). Metallochaperones,an intracellular shuttle servicefor metal ions. J Biol Chem18,
275(33):25057-60.

This study was supported by the SpanishMinistry of Scienceand Innovation (project PGC2018-095996-B-I00) and UPM
projectRP200050029to MG-G. CN-Gwassupportedby a MINECO-FPIgrant (PRE2019-089164).
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Hemoglobinsoccur in all organismsand perform multiple functions, including the transport, delivery, and
scavengingof O2 and nitric oxide. In plants, there are two typesof hemoglobins: nonsymbioticor phytoglobins
(Glbs) andsymbiotic,knownin legumesasleghemoglobins(Lbs). Basedon phylogenyandbiochemicalproperties,
Glbscanbe further categorizedinto three classes. Class1 Glbsoccur in monocotsand dicots and havehigh O2

affinity; class2 Glbsareonly presentin dicotsandhavemoderateO2 affinity; andclass3 Glbsarewidespreadbut
havelower O2 affinities1. LbshavesimilarO2 affinities to class2 Glbs, from whichmostof them derive. In legume
nodules,LbsprovideO2 to bacteroids, thusmaintaininganoptimalO2 environmentfor N2 fixation. Thenodulesof
Lotusjaponicusexpressthree Lbgenes: LjLb1 andLjLb2 are locatedin tandemon the samechromosomeandhave
98% sequenceidentity, whereasLjLb3 shares84% with the other two genes. In addition to the Lb genes,the
genomeof L. japonicusencodestwo class1 Glbs(LjGlb1-1 andLjGlb1-2), two putative class2 Glbs(LjGlb2-1 and
LjGlb2-2), andtwo class3 Glbs(LjGlb3-1 andLjGlb3-2).
Here, we have studied the effect of nodule senescenceon the expressionof Glbs and Lbs in L. japonicus
inoculated with Mesorhizobiumloti strain MAFF303099. Nitrate-induced nodule senescencewas analyzedby
treatingplantsat 4 weekspost-inoculation(wpi) with 5 mM KNO3 for two days. Theexpressionof the three LjLbs,
LjGlb2-1, and LjGlb2-2 was downregulatedafter nitrate treatment. In contrast, the mRNAlevelsof class1 and
class3 Glbsincreasedin nodulesof plantstreated with KNO3. Naturalsenescence(aging)wasstudiedin nodules
of 2, 4, 6, 8, and10 wpi. Weobservedthat LjLbsshowdifferential expressionprofilesduringnoduledevelopment.
Thus,LjLb1 expressionwashighestin youngnodules(2 wpi), LjLb2 expressiondecreasedin old nodules(8 and10
wpi), andLjLb3 expressiondid not changeduringnoduleaging. Theexpressionof LjGlb2-1 andLjGlb2-2 decreased
with noduleagingand showeda similarpattern to LjLb1. Theexpressionof LjGlb3-1 decreasedin old nodules(8
and 10 wpi) similarly to what was observedfor LjLb2. However,LjGlb1-2 expressionwas enhancedin mature
nodules(4 and 6 wpi). Further insightsinto the regulationof hemoglobingeneswas gainedusingsingle(lb3),
double(lb13and lb23), andtriple (lb123) knockoutmutantsof L. japonicusdefectivein Lbs,whichweregenerated
by CRISPR/Cas9. First,we phenotypednodulatedplantsat 4 wpi. Mutant plants showeda delay in growth that
wasdirectly relatedto the numberof Lbsthat were lackingin nodules. Second,expression(mRNAandprotein) of
Lbsand Glbswas examinedin the mutant nodules. Comparedwith the wild-type, the expressionof LjLb1 and
LjLb2 wasgreater in the lb23 and lb13 mutants, respectively,indicatingthat thesenodulestend to compensate
the total amount of Lbsto maintain N2 fixation. Also,LjGlb1-1 was down-regulatedwhereasLjGlb3-1 was up-
regulatedin lb123nodules. Therefore,our resultsshowdifferential expressionfor eachLbandGlbduringnodule
developmentand/or in nodulesof the lb123mutant,pointingto distinctregulatorymechanismsandfunctions.

1 Hill,R.D. (2012). Non-symbiotichaemoglobins: ǿƘŀǘΩǎhappeningbeyondnitric oxidescavenging?AoBPlants2012, pls004.

2 Becana, M., Yruela, I., Sarath, G., Catalán, P., Hargrove,M.S. (2020). Planthemoglobins: a journey from unicellulargreen
algaeto vascularplants. NewPhytologist, 227, 16181635.

S.M. is the recipientof contractPRE2018-084140 from Agencia Estatal de Investigación (AEI). Thiswork wasfundedby grants
AGL2017-85775-R and PID2020-113985GB-I00 from MCIN/AEI/10.13039/501100011033 (ERDF A way of makingEurope) and 
grantA09_20R from Gobierno de Aragón.
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There is a lack of studies unravelling the effect of legume-rhizobia interactions on plant respiratory energy
efficiency. In plants, the existenceof the alternative oxidasepathway (AOP)in the mETCconfers metabolic
flexibility by regulatingthe dissipationof reducingequivalentsfrom TCAcycle,helpingto maintain redoxstatus
and nutrient balancebut decreasingyield of respiration. It is thought that carbonrequirementsof the symbiont
and nitrogen transfer to the plant from nodulesmay affect the activitiesof both cytochromeoxidasepathway
(COP)and AOPin plant organsfor the benefit of plant yield in N poor soils. Themain objectiveof this research
wasto createdifferent plant N statusby growingplantsof WTLotusjaponicusat 5 mM and10 mM KNO3, and in
symbiosiswith Mesorhizobiummeliloti (0 mM KNO3). Besides,plants displayingspontaneousnodule formation
(snf) mutations were grown at 1 mM KNO3. By isotope-ratio massspectrometry,we evaluateddiscrimination
against18O during respiration,and 1ɻ3Cand 1ɻ4N in plant organsto determineATPsynthesis,changesin plant C
economy,and N transfer from nodules. By high-performance liquid chromatography(HPLC)and inductively
coupledplasma(ICP)spectrometry,we alsodeterminedthe contentof NADHandnutrientsasproxiesof changes
in TCAcycleactivityandin plant nutrient economy. Ourresultsindicatedthat nitrogenisvital in the modulationof
respiratorymetabolism,andthat symbiosisimprovesproductionof ATPviaCOP,probablydueto an incremented
photosyntheticdemandof symbiontfor inorganiccarbonand improvedN status. Overall,our resultsshedsome
light into the complexityof legume-rhizobiainteractionsinvolvingplant respirationandessentialplant nutrients.

Del-Saz, N. F., Ribas-Carbo,M., McDonald,A. E., Lambers, H., Fernie, A. R., andFlorez-Sarasa, I. (2018). An in vivoperspective
of the role(s)of the alternativeoxidasepathway. TrendsPlantSci. 23, 206ς219.

Del-Saz, N. F., Ribas-Carbo, M., Martorell, G., Fernie, A. R., and Florez-Sarasa, I. (2017). άaŜŀǎǳǊŜƳŜƴǘǎof electron
partitioningbetweencytochromeandalternativeoxidasepathwaysin plantǘƛǎǎǳŜǎΣέin Methodsin MolecularBiology,ed. K.
JagadisGupta(NewYork,NY: HumanaPressInc),203ς217.

Del-Saz, N. F., Romero-Munar, A., Cawthray, G. R., Palma,F., Aroca, R., Baraza, E., et al. (2018b). Phosphorusconcentration
coordinates a respiratory bypass,synthesisand exudation of citrate, and the expressionof high-affinity phosphorus
transportersin Solanumlycopersicum. PlantCellEnviron. 41, 865ς875.

Thiswork wassupportedby FONDECYTNo. 1191118from NationalAgencyfor Researchand Development(ANID)and the
ChileanScholarshipProgram/Becasdedoctoradonacional/2017ς21180329.
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Themetalloenzymenitrogenaserequiresiron-sulfur clusters(Fe-S)to catalyzethe reduction of N2 into NH3, an
essentialprocessin biosphere. Nitrogenaseassemblyandmetal cofactorformation in the diazotrophicbacterium
Azotobactervinelandiihavebeendescribedin detail (Burénet al., 2020). NifU actsasmolecularscaffoldwhere
Fe-Sclustersdestinedfor nitrogenaseare first assembled. In this process,sulfur is deliveredby NifS, a cysteine
desulfurase, but the iron donor isstill unknown. Wehypothesizethat anotherprotein mustprovideiron to NifUas
this element is not free, hydrated, in the cytosol as it could produce damagingfree radicalsin Fenton-style
reactions(Winterbourn, C. C., 1995).
A pull-down assayusingpurified NifU and AzotobactervinelandiiDJextract wasperformed to identify the NifU
iron donor. Amongall the interactors,glutarredoxin5 (Grx5) was a promisingcandidatefor this function since
other glutaredoxinshavebeen involvedin Fe-Smetabolism(Couturieret al., 2015). Interactionassaysbetween
purified NifU and Grx5 were performedto confirm the pull-down result. Thepresenceof labile Fe-Sclustersin
NifU or Grx5 seemedto stabilizethe interaction,suggestinga possibleFe-Stransfer betweenboth proteins. To
study the physiologicalrole of Grx5 under diazotrophicconditions,a grx5 mutant wasproducedin A. vinelandii.
Nitrogenaseactivityassaysindicatedthat the grx5 mutant fixeslessnitrogenthan wild type, evidencingthat Grx5
is requiredfor anoptimalnitrogenaseactivity.

Burén, S., WƛƳŞnez-Vicente, E., Echavarri-Erasun, C., Rubio,L. M. (2020). Biosynthesisof nitrogenasecofactors. Chem. ver,
4921-4968.

Couturier, J., Przybyla-Toscano,J., Roret, T., Didierjean, C., Rouhier, N. (2015). The roles of glutaredoxinsligating FeςS
clusters: Sensing,transferor repair functions?Biochim. Biophys. Acta,Mol. CellRes,1513-1527.

Winterbourn, C. C. (1995). Toxicityof iron andhydrogenperoxide: the Fentonreaction. Toxicol. Lett., 82, 969-974.

Thiswork wasfunded by Bill & Melinda GatesFoundationgrant INV-005889, and by an intramural grant associatedto the
CBGPSeveroOchoaSealof Excellence(SEV-2016-0672-18-1). ER-N wassupportedby a FPIgrant (PRE2018-084895).
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Azotobactervinelandiimolybdenum-dependentnitrogenaseobtainsmolybdenumfrom NifQ, a monomericiron-
sulfur molybdoprotein. Thisprotein requiresof a preexisting[Fe-S]clusterto form a [MoFe3S4] groupto serveas
specificdonor duringnitrogenasecofactorbiosynthesis. Here,we showbiochemicalevidencefor NifU beingthe
donor of the [Fe-S]cluster. Protein-protein interactionstudiesusingapo-NifQand as-isolatedNifU demonstrated
the interaction betweenboth proteinswhich is only effectivewhen NifQ is unoccupiedby its [Fe-S]cluster. The
apo-NifQ iron content increasedafter the incubationwith as-isolatedNifU, reachingsimilar levelsto holo-NifQ
after the interaction betweenapo-NifQ and NifU with reconstitutedtransient [Fe4-S4] groups. Theseresultsalso
indicatethe necessityof co-expressingNifU together with NifQ in the pathwayto provide molybdenumfor the
biosynthesisof nitrogenasein engineerednitrogen-fixingplants.

This work was supported by Bill & Melinda Gates Foundation (INV-005889). EB was funded by the SeveroOchoa Programme 
for Centres of Excellence in R&D from AgenciaEstatalde Investigaciónof Spain (grant SEV-2016-0672) received by Centro de 
Biotecnologíay Genómicade Plantas(UPM-INIA/CSIC). XJ is recipient of a doctoral fellowship from Universidad Politécnicade 
Madrid. 
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(Madrid) 28223, Spain; 2 Centro de Biotecnologíay Genómica de Plantas (UPM-INIA/CSIC),Consejo Superior de
InvestigacionesCientíficas(CSIC),Madrid 28006, Spain; 3 Departamentode Biotecnología-BiologíaVegetal,EscuelaTécnica
Superiorde IngenieríaAgronómica,Alimentariay de Biosistemas, UniversidadPolitécnicade Madrid,Madrid28040, Spain.

Yellow Stripe-Like (YSL)proteins are a family of transporters typically associatedwith transition metal
homeostasis. Medicago truncatula genome encodeseight membersof this family (MtYSL1-8). Two of them,
MtYSL3 andMtYSL7, playan important role in symbioticnitrogenfixation asindicatedby the severereductionof
nitrogenaseactivityobservedin Tnt1 insertionalmutants. MtYSL3 isexpressedin root andnoduleendodermisand
in the nodulecorticalcells. Its mutation leadsto reducediron content in nodules,aswell asaltered iron andzinc
distribution. X-ray fluorescenceimagessuggestthat theseelementsare retainedin the nodulevasculature,what
is consistentwith a role on metal delivery to nodules. MtYSL7 is also highly expressedin nodules,with an
expressionpattern similarto MtYSL3. Tnt1 ysl7 mutantsgrew lessthan the wild type plantsboth in symbioticand
in non-symbioticconditions. Unlikeysl3 mutants,iron concentrationin ysl7 noduleswashigherthan in wild type
controls,and no altered iron distribution wasobservedin thesenodules. Moreover,MtYSL7 doesnot transport
iron/iron chelateswhen produced in yeast, but short peptides. This, together with the up-regulation of iron-
deficiencygenesin ysl7 roots, would indicatesa role in iron sufficiencysignalling, rather than direct metal supply
to nodules.

Thiswork wassupportedby ERC-2013-StG-335284, RP200050029, andAGL2015-65866-Pgrantsto MGG,FPIfellowshipBES-
2013-062674to RCR,JdCfellowship FJCI-2017-33222to IA, and by a postdoctoralcontract to VEfrom the SeveroOchoa
Programmefor Centresof Excellence(SEV-2016-0672) awardedto CBGP.
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Chickpea(CicerarietinumL.) is one of the earliestcultivatedlegumes,belongsto the family Fabaceae,(subfamily
Faboideae). Remainsof this pulsefrom the Middle Easthavebeenfound that are around7,500-9,000yearsago.
Today,chickpeais the world´s secondmost widely grown after soybeanand its cultivation is well adaptedto the
climateandagronomicfeaturesof the Mediterraneanbasin. Domesticatedchickpeavarietiesbelongto two main
groupscalleddesiandkabuliwith distinguishingdifferencesin seedcolorandsize,andflower color.
Legumesbreedingprograms,with few exceptions,hasbeen carriedout disregardFBNcapacityof theseplants,
thusGermplasmaccessionsand/or advancedvarietieshavenot beencharacterizedsymbiotically.
Plant inoculation tests have been carried out with specificmesorhizobiaon selectedchickpeavarietiesor RILs
(RecombinantInbreedLines)from IFAPA-CentroAlamedadel Obispo(Córdoba,Spain),plus a variety from Italy
(Cerenero, blackcolor). Most of the varietiestestedbelongto kabuligroupandarenon-pigmented.
All varietiesdid form nodulesregardlessthe effectivenesson nitrogen fixation, thus some combinationswere
definedas ineffectivewhile the desi ferruginous-colouredcultivar (5-RIL-33) outperform the other genotypesin
all symbioticfeatures. Previousreports haveshownthe symbioticadvantagesof coloredseedson chickpeaand
other legumesasPhaseolusvulgarisand Vignasubterranea(Hungria& Phillips1993; Puozaaet al. 2021) tightly
relatedwith phenoliccompositionof seeds. Ourpreliminaryresultsshownthat coloredseedspresentexclusively
someflavonoidsthat would be correlatedwith its superior nitrogen fixation capacity,althoughmore chickpea
genotypesshouldbe tested.

Hungria, MA, Phillips,D.A. (1993). Effectsof a seedcolor mutation on rhizobialnod-gene-inducingflavonoidsandnodulation
in commonbean. MPMI6, 418-422.

Puozaa, D.K., Jaiswal,S.K., Dakora, F.D. (2021).BlackSeedcoatPigmentationIs a Marker for EnhancedNodulationand N2
Fixation in Bambara Groundnut (Vigna Subterranea L. Verdc.) Landraces. Front. Agron. 3:692238. doi:
10.3389/fagro.2021.692238

Thepresentwork was funded by the proposalentitled ά[ŜƎǳƳŜǎin biodiversity- basedfarming systemsin Mediterranean
ōŀǎƛƴέPCI2020-112151(LEGU-MED)fundedby PRIMAFoundation.

References

Acknowledgements

66



S4-P-05
Sinorhizobiumfredii HH103 effectively nodulates
Robiniapseudoacacia, a legume tree able to form 

indeterminate nodules

Blanco-Pagador N1, Buendía-Clavería A1, Ruiz-Sainz JE, Rodríguez-Navarro DN2

1 Departamentode Microbiología,Facultadde Biología,Universidadde Sevilla,41012-Sevilla,Spain; 2 IFAPACentro las
Torres,41200-AlcaládelRío,Sevilla,Spain.

RobiniapseudoacaciaL. (Fabaceae)(alsocalledάōƭŀŎƪƭƻŎǳǎǘέύis cultivatedin manydifferent partsof the world.
This legume tree is widely used for timber, fodder, conservationof soils, attenuation of soil erosion, and
rehabilitation of mining land and degradedindustrial areas(1). It is also present as an ornamentaltree in city
streets,suchasSeville.
Previousreports haveshownthat someRhizobiumspp. (1) and Mesorhizobium(2) strainsare able to nodulate
this legume. We have investigatedwhether Sinorhizobiumfredii, a broad host-rangerhizobialstrain, is able to
induce the formation of nitrogen-fixing noduleson R. pseudoacaciaroots. A spontaneousrifampicin-resistant
derivativeof S. fredii HH103strain(termedHH103Rif-r) wasusedasinoculant. All the plant testswerecarriedout
in a plant-growth chamberwith a photoperiodof 16 h light/day and a temperaturerangingfrom 26°C(light) to
18°C(dark).
In a preliminary experiment,R. pseudoacaciaseedlingsinoculatedwith S. fredii HH103 Rif-r formed nodules.
Bacteriaisolatedfrom a R. pseudoacacianodule inducedby inoculationwith S. fredii HH103 Rif-r wastermed S.
frediiHH103-Rsp.
S. fredii HH103Rif-r andS. fredii HH103-Rspwereusedasinoculantsof R. pseudoacaciaseedlingsin a subsequent
experiment. Two different S. fredii HH103 Rif-r mutants, SVQ548 and SVQ533, were also included in this
nodulation assay. SVQ548 carries a mutation in the nolR gene, a transcriptional regulator that affect the
production of different symbiotic signals,such as Nodulation factors (Nod-factors), the Type Three Secretion
System(T3SS)and surfaceexopolysaccharides(EPS). SVQ533 carriesa mutation in the tssI gene,which is the
transcriptionalregulatorof genesinvolvedin the formation of the T3SSapparatusandthe proteins(calledNops)
secretedthroughit. López-Baenaet al (2016) isa reviewof S. frediisymbioticsignals(3).
Nodulesinducedby S. fredii HH103 Rif-r, S. fredii HH103-Rspand SVQ548 were sphericalor cylindrical7 weeks
after inoculation. However,at 12 weeksafter inoculationmostof the noduleswere lobulated,showingthe typical
external morphology of indeterminated nodules. Longitudinal sections of nodules induced by these three
inoculantsshowedinternal, pink-colouredtissues. Plant-top dry-weight of S. pseudoacaciaplantsinoculatedwith
S. fredii HH103 Rif-r, S. fredii HH103-Rspand SVQ548 were higher than that of uninoculatedplants, a clear
indicationthat the nodulesformedcontributedto plant growth. S. pseudoacaciaseedlingsinoculatedwith mutant
SVQ533 were non nodulated7 weeksafter inoculation. Fewnoduleswere observedin someplantsat 12 weeks
post inoculation, suggestingthat disruption of the T3SSapparatus,and the concomitant elimination of Nops
secretion,reducesbacterialcapacityto nodulatethis legume.
A new largerplant test is beingset to verify the resultsmentionedabove. We expectto presentnew data in our
posterpresentation.

1) Ferrari, A.E., Wall, L.G. (2007). Nodulation and growth of black locust (Robiniapseudoacacia) on a desurfacedsoil
inoculatedwith a localRhizobiumisolate. Biol. Fertil. Soils43, 471-477. DOI10.1007/s00374-006-0125-2.

2) Ulrich, A., Zaspel, I. (2000). Phylogeneticdiversity of rhizobial strainsnodulatingRobiniapseudoacaciaL. Microbiology
146, 2997-3005.

3) López-Baena, F.J., Ruiz-Sainz, J.E., Rodríguez-Carvajal,M.A., VinardellGonzález,J.M. (2016). Bacterialmolecularsignalsin
the Sinorhizobiumfredii-soybeansymbiosis. Int. J. Mol. Sci. 17, 755-777. DOI10.3390/ijms17050755
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Thereare evidencesupportingthe implication of H2O2 in the early symbiosisevents in legumes,includingthe
recognitionof the partners and the infection and root-nodule organogenesis(Andrio et al. 2013). One of the
cellularsourcesof H2O2 is the oxidationof polyamines(PAs)by polyamineoxidase(PAO). PAsputrescine(Put),
spermidine(Spd) andspermine(Spm) are ubiquitouspolycationicaminesfound in all livingcellsanddescribedas
a new classof plant growth regulator (Torrigiani 1996). The multifunctional role of PAsis related with the
production of H2O2, crucial in the regulation of plant defenseresponsesas well as the symbiotic interactions,
which is consistentwith the existenceof diversePAOisoformswith tissuespecificcharacteristics,and regulatory
effecton H2O2 production(Angeliniet al. 2010).
Themodel legumeMedicagotruncatulacontainsthree MtPAOgenes(MtPAO1 to MtPAO3) with different spatial
expressionpatterns. Toaddressthe implicationof MtPAOsin the M. truncatula-Sinorhizobiummeliloti symbiosis,
we studied the symbioticphenotypeof knock-down mutants of MtPAO1 and MtPAO3, both expressedin root
nodules. We found differencesin the activationof the symbioticsignalingpathwaybetweenboth mutants,with
an increment in the nodule number and the symbiotic gene responsesto nod factors in MtPAO3 mutants,
whereasin the MtPAO1 mutants,a significantreductionin the nodulationwasdetected. Theseresultssuggestthe
participation of different PAOsin the symbioticand defensiveresponsesinducedduring the early nodulation
events.

AndrioE,Marino D, MarmeysA, et al (2013). Hydrogenperoxide-regulatedgenesin the Medicagotruncatula-Sinorhizobium
melilotisymbiosis. NewPhytol198, 179ς189

TorrigianiP(1996). Polyaminesasregulatorsof plant growth anddevelopment. GBot Ital 130:15ς21

AngeliniR,ConaA, FedericoR,FincatoP,et al (2010). Theeffectsof pesticideson bacterialnitrogenfixersin peanut-growing
area. PlantPhysiolBiochem48(7): 560-564

Thiswork was supported by the Ministry of Economyand Competitiveness. Project: AGL2013-09223and the Andalusian
ResearchPlan(GroupAGR-139).
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Biologicalnitrogen fixation due to the symbiotic interaction between legumesand Rhizobiumis a sustainable
alternative to the use of nitrogen fertilizers reducingits costsand improvingsoil fertility. Theestablishmentof
Rhizobium-legumesymbiosisis the result of sophisticatedplant- andbacteria-dependentmechanismsrequiredto
adjust the behaviour of both partners that lead to the formation of legume nodules where rhizobia is
differentiated to bacteroid, the symbiotic nitrogen fixing form of rhizobia. Proteomiccomparativeanalysisof
bacteroidsinducedby Rhizobiumleguminosarumbv. viciae(Rlv) UPM791 from pea and lentil nodulesshowed
that the expressionof over 100proteinsis dependenton the legumehost (Duránet al., 2021) indicatingthat the
host inducesin rhizobia specificresponsesthat might define symbiotic performance. A metal-binding protein
(RLV_3444), a componentof the ABCtransporter systemRLV_3442-3444overexpressedin pea bacteroids, was
identified,suggestingthat the provisionof somemetal(s)to the bacteroidismorerestrictivein the Rhizobium-pea
symbiosis. Theobjectiveof this work is to studythe functionalrole of RLV_3442-3444metal transportersystemin
the Rhizobium-legumesymbiosis.
RLV_3444is highlyconservedin R. leguminosarumwith a 95-99%identity to metal bindingproteins from other
rhizobialstrainsand species. Structuralmodellingand alignmenthave revealedthat this protein showsa high
similaritywith zinc-, manganese- or iron-bindingproteins. RLV_3444containsthree histidineresidues(H62, H127
and H193) highly conservedin homologuesto ZnuA, the substrate-binding protein of the high affinity zinc
transporter system ZnuABCpreviouslydescribedin Escherichiacoli (Yatsuniyket al., 2008). In addition, zinc
concentrationin pea bacteroids induced by a mutant strain defective in the transport system diminished in
comparisonwith the wild type. Theseresultssuggestthat RLV_3442-3444might be involvedin zincimport into
the bacteroid.
Functionalanalysisof RLV_3442-3444 under free-living and symbiotic conditions has shown that RLV_3444
replacesthe role of ZnuAunder zinclimiting conditions. Thedefectivegrowth phenotypeof bacterialculturesof
RLV_3444/ZnuAdoublemutant strain wascomplementedby supplementingthe mediumwith zincbut not with
other metalssuchasmanganeseor iron. Analysisof transcriptionalgusAfusionsto the DNAregionupstreamof
the operon encodingRLV_3442-3444 has demonstratedthat the transporter metal systemis expressedunder
zinc- depletedconditionsandrepressedin the presenceof this metal. Theregulatoryregionhasbeendetermined
by the use of transcriptional reporter gene fusions to truncated forms of the DNA region upstream to the
transportergeneoperon.

Durán,D., Albareda, M., García,C., Marina,A.I., Ruiz-Argüeso, T., Palacios,J.M. (2021). Proteomeanalysisreveala significant
host-specificresponsein Rhizobiumleguminosarumbv. viciaeendosymbioticcells. Mol. Cell. Proteomics20: 100009.

Yatsunyk, L.A., Easton,J.A., Kim,L.R. (2008). Structureand metal bindingpropertiesof ZnuA, a periplasmiczinctransporter
from Escherichiacoli. J. Biol. Inorg. Chem. 13 (2): 271ς288.

Thisresearchhasbeen funded by the MICIU(RTI2018-094985-B-I00 to JMP)and MICINN(PID2021-124344OB-I00 to JMP),
Spain. JNSissupportedby a SeveroOchoaprogramFPIscholarship(PRE2019-090294) from the MICINN,Spain.
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Rhizobiumleguminosarumbv. viciae(Rlv) is an endosymbiontof legumeplantsof agronomicimportancesuchas
pea(Pisumsativum) andlentil (Lensculinaris). Thissymbioticinteractionleadsto the formation of new structures
in legumeroots, the noduleswhere rhizobiaare convertedinto its symbioticform, the bacteroid, that reduces
atmosphericnitrogen into ammoniawhich is exportedto the plant. Duringthe establishmentof the symbiosis,
rhizobia are exposedto hostile physicaland chemicalmicro-environments(NCRpeptides,microaerobiosisor
oxidativeburst) to which must be adaptedto obtain effectivesymbiosis. Comparativeproteomicanalysisin pea
and lentil bacteroidsinducedby RlvUPM791strain revealedabout 100proteinswith host-dependentexpression
(Durán et. al., 2020). Among these differentially expressedproteins, small heat shockproteins (sHSPs) were
identified, stressresponseproteins which act as chaperonesstabilisingpartially denatured proteins. Unlike in
multicellular eukaryotes,most bacteria contain one or two sHSP. In contrast, (brady)rhizobiacontain 4 to 8
membersof thisgroup,suggestingthe potentialrelevanceof theseproteinsin the symbiosis.
Theaim of this work is to study the functionalrole of sHSP_252, a stressresponseprotein overexpressedin pea
bacteroids, in Rhizobium-legume symbiosis. The results obtained indicate that sHSP_252 is required to reach
maximumlevelsof fixed nitrogen in pea plants. Promoter region of sHsp_252 containstwo anaeroboxes, and
regulationanalysisby gene promoter-gusA fusionshas shown that sHsp_252 is expressedunder microaerobic
conditionsin a FnrN-dependentmanner. In addition,controlledinductionexperimentsindicatedthat sHsp_252 is
ableto protect Rlvexposedto oxidativestress(H2O2). Affinity chromatographystudiesfrom microaerobiccultures
andbacteroidsinducedby Rlvstrainexpressingan StrepTag-labelledvariantof sHSP_252haveindicatedthat the
protein is co-purified with multiple protein targets. Additionally,sHSP_252hasbeenlocalisedin both solubleand
membranefractions. Furtheranalysiswill identify possiblecopurifiedsHSP_252targets.

Durán,D., Albareda, M., García,C., Marina,A.I., Ruiz-Argüeso, T., Palacios,J.M. (2021). Proteomeanalysisreveala significant
host-specificresponsein Rhizobiumleguminosarumbv. viciaeendosymbioticcells. Mol. Cell. Proteomics20: 100009.

Thisresearchhasbeen funded by the MICIU(RTI2018-094985-B-I00 to JMP)and MICINN(PID2021-124344OB-I00 to JMP),
Spain. LD-Sissupportedby a FPIscholarship(PRE2019-091327) from the MICINN,Spain.
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In the symbioticassociationsbetweenrhizobiaandlegumes,the NodDregulatorsorchestratethe transcriptionof
the specificnodulation genes. This set of genesis involved in the synthesisof nodulation factors, which are
responsiblefor initiating the nodulationprocess(HassanandMathesius, 2012). Rhizobiumtropici CIAT899 is the
most successfulsymbiont of Phaseolusvulgarisand can nodulate a variety of legumes. Amongthe five NodD
regulatorspresent in this rhizobium,only NodD1 and NodD2 seemto havea role in the symbioticprocess(del
Cerroet al., 2017). However,the individualrole of eachNodDin the absenceof the other proteinshasremained
elusive.
The nodD2 geneof CIAT899 does not require activation by inducersto promote the synthesisof nodulation
factors. In fact, a CIAT899strainoverexpressingnodD2τbut lackingall additionalnodgenesτcannodulatethree
different legumesas efficiently as wild-type. Interestingly,CIAT899 NodD2-mediatedgainof nodulationcanbe
extendedto another rhizobialspecies,sinceits overproductionin Sinorhizobiumfredii HH103 not only increases
the numberof nitrogen-fixingnodulesin two host legumesbut alsoresultsin noduledevelopmentin incompatible
legumes(Ayala-Garciaet al., 2022). Thesefindingspotentially open excitingopportunities to developrhizobial
inoculantsandincreaselegumecropproduction.

Ayala-García,P., Jimenez-Guerrero,I., Jacott,C., López-Baena, F.J., Ollero, F.J., del Cerro,P., Pérez-Montaño, F. (2022). The
Rhizobiumtropici CIAT899 NodD2 protein promotes symbiosisand extends rhizobial nodulation range by constitutive
nodulationfactor synthesis. JExpBoterac325.

del Cerro,P., Pérez-Montaño, F., Gil-Serrano,A., López-Baena, F.J., Megías, M., Hungría, M., Ollero, F.J. (2017). TheRhizobium
tropici CIAT899NodD2 protein regulatesthe productionof Nodfactorsundersalt stressin a flavonoid-independentmanner.
SciRep7, 46712.

Hassan,S., Mathesius, U. (2012). The role of flavonoids in root-rhizospheresignalling: opportunities and challengesfor
improvingplant-microbeinteractions. JExpBot 63, 3429-3444.

We would like to thank the άMinisterio de Cienciae Innovaciónέof the Spanishgovernment(projectsAGL2016-77163-Rand
PID2019-107634RB-I00) for funding this work. del Cerroand Ayala-Garcíawere recipientsof FPUfellowships(FPU14/00160
and FPU18/06248, respectively)of the άMinisterio de Economíay Competitividadέ. We alsowould like to thank the Biology,
Microscopy,NMR,andMassSpectrometryServicesof the ά/ŜƴǘǊƻde Investigación, Tecnologíae Innovaciónό/L¢L¦{ύέof the
Universityof Seville.
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Australianacaciaspeciesare frequently found in introducedrangeand24 are consideredinvasive(Richardsonet
al., 2015). Acacialongifolia is an aggressiveinvader,particularlyin Portugal,dispersedmostly in coastalhabitats,
beinga threat for biodiversity. Thisspeciesis an ecosystem-engineerdue to the remarkablealterationson the
belowground,includingsoil compositionand nutrient and water cycles(e.g., Marchanteet al., 2008). Theability
to adapt fast to environmentalchangesrendersthis speciesan interestingplant to consideras a casestudy of
invasivesuccess. Asa legume,A. longifolia establishessymbioseswith soil bacteria,includingrhizobiaand non-
rhizobia,and theserelationshipsare advantageousfor invasion(e.g., Jesuset al., 2020). Thesymbiosisdevelops
inside de novo differentiated structures(root nodules),where bacteria and plant exchangefixed nitrogen for
carbohydrates. In this study,we selecteda maritime pine (PinuspinasterAiton) forest invadedby A. longifolia in
Mira (Aveiro,Portugal)and we collectedroot nodulesfrom youngplants. We addressedroot nodule structure
throughhistologicalstudiesfollowing formaldehyde-glutaraldehydefixation, embeddingin paraplastandstaining
with Toluidine Blue, Lugolor Löffler solution. Also, we performed Next GenerationSequencingusing Oxford
NanoporeTechnology,targeting16SrRNAgene,to identify the bacteriapresentin the root nodulecommunity. A
preliminaryassessmenton fungal diversity insidenoduleswas performed usingthe internal transcribedspacer
region. We found that nodules are of standard indeterminate-type and are divided in four different zones:
meristematiczone,infection zone,nitrogen-fixing zone,and senescencezone. Bacteriawere present insidethe
cells, filling them. A higher number of infected cells was observedin the nitrogen-fixing zone along with an
accumulationof starchgranulesin the adjacentuninfectedcells,suggestingthat starchis the carbonsourcefor
bacteria development. Regardingbacterial diversity, we found a dominanceof Bradyrhizobiumfollowed by
Paraburkholderia, both includedin rhizobiagroup,andMassiliaasa third bacterialpartner (non-rhizobia). Yeasts
were observedfollowing microscopicobservationof the semi-thins sections. The preliminary assessmenton
fungal diversity highlighted the presenceof Coniochaetaas the main genuspresent followed by Mucor and
Alternaria. Thisdiversityin root nodulesraisethe questionto whichextentnodulationis just restrictedto nitrogen
fixation,suggestingdifferent bacterialrolesaswell asa tripartite symbiosisincludingfungalpartners. Suchdiverse
nodulemicrobiotafound in A. longifoliacouldcontribute to explainthis speciessuccess,particularlyunderclimate
changescenario.

Jesus,J.G., Tenreiro, R., Máguas, C. andTrindade,H. (2020) Acacialongifolia: A Hostof ManyGuestsEvenafter Fire. Diversity,
12, 250.

Marchante, E., Kjøller, A., Struwe, S., Freitas,H. (2008) Short- and long-term impactsof Acacialongifoliaon the belowground
processesof a Mediterraneancoastalduneecosystem. Appl. SoilEcol. 40, 210-217.

Richardson,D.M., LeRoux,J.J., Wilson,J. R. U. (2015) Australianacaciasasinvasivespecies: lessonsto be learnt from regions
with longplantinghistories,South. Forests77, 31ς39.

This researchwas funded by Fundaçãopara a Ciênciae a Tecnologia(FCT,Portugal),FCT/MCTES,through the financial
support to Centrefor Ecology,EvolutionandEnvironmentalChanges(cE3c) (ResearchUnit grant numberUIDB/00329/2020)
and R3forest Projectά¦ǎƛƴƎexotic biomassfor post-fire recovery: reuse,regenerateandǊŜŦƻǊŜǎǘέ(PCIF/GVB/0202/2017).
We thank FCULMicroscopyFacility in the person of LuísMarques for technicaland image acquisitionsupport. We also
acknowledgeBioISIGenomicsfor the availability,opennessto discussionandsupport regardingNextGenerationSequencing
technique.
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Legumesestablishsymbiosiswith soil rhizobiaforming root nodulesthat fix atmosphericnitrogen. Thissymbiotic
nitrogen fixation has a major interest in agriculture. The interaction between legumesand rhizobia needs
sophisticatedsignalingnetworks involved in bacterial recognition, root colonization,and regulation of nodule
metabolismandsenescence. Thecentralrole in nodulebiologyof reactiveoxygenspecies(ROS),suchsuperoxide
and peroxides, and reactive nitrogen species (RNS),such as nitric oxide and S-nitrosothiols, is broadly
acknowledged(Minguillón et al., 2022). Recently,hydrogensulfide (H2S)and other reactivesulfur species(RSS)
have emerged as novel signaling molecules in animals and plants with important potential functions in
developmentaland stressresponses(Gotor et al., 2019). A major mechanismby which ROS,RNS,and RSSfulfil
their signalingrole is the post-translationalmodificationof proteins (Matamorosand Becana, 2021). To identify
possiblefunctions of H2S in nodule developmentand senescencewe used the tag-switch method to analyze
quantitativechangesin the persulfidationprofile of commonbean(Phaseolusvulgaris) nodules. Weidentified967
proteins of the host cells and 409 proteins of bacteroids with altered levels of persulfidation at different
developmentalstages. Theproteomicanalysissuggeststhat persulfidationplaysa major regulatoryrole in plant
and bacteroid metabolismand senescence. In addition, we investigatedthe effect of a H2S donor on several
proteinsinvolvedin ROSandRNShomeostasis,includingiron superoxidedismutase,glutathioneperoxidase,class
3 non-symbiotichemoglobin, and the enzymesof the ascorbate-glutathionepathway. Theresultsobtainedusing
nodule extractsand recombinantproteins suggestthat H2S and persulfidationprotect redox-sensitiveenzymes
from oxidativemodificationsthat maycauseenzymeinactivation. Theyalsosupport that the generaldecreaseof
persulfidationlevelsobservedin plant proteins of agingnodulesis a mechanismthat causesthe disruption of
redoxhomeostasisleadingto senescence.

Gotor, C., García,I., Aroca, A., Laureano-Marín,A.M., Arenas-Alfonseca, L., Jurado-Flores,A., Moreno, I., Romero,L.C. (2019).
Signalingby hydrogensulfideandcyanidethroughpost-translationalmodification. JExpBot 70, 4251ς4265.

Matamoros,M.A., Becana, M. (2021). Molecular responsesof legumesto abiotic stress: post-translationalmodificationsof
proteinsandredoxsignaling. JExpBot 72, 5876ς5892.

Minguillón, S., Matamoros,M.A., Duanmu, D., Becana, M. (2022). Signalingby reactivemoleculesandantioxidantsin legume
nodules. NewPhytol(in press).

The work described in this abstract has been funded by grants AGL2017-85775-R and PID2020-113985GB-I00 from
MCIN/AEI/10.13039/501100011033(ERDFAwayof makingEurope) andgrantA09_20Rfrom GobiernodeAragón.
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The"AmidoximeReducingComponent"(ARC)is an enzymediscoveredin humansthat catalyzesthe reductionof
N-hydroxylatedcompoundsto the correspondingamines,and its activity is usuallyassayedwith benzamidoxime
asartificial substrate(Sparacino-Watkinset al., 2014). A surgeof intereston the enzymein the plant kingdomwas
raised by the finding of Chamizo-Ampudia et al. (2016) that the single ARCof the unicellular green alga
Chlamydomonasreinhardtii is able to utilize NADH,in combinationwith nitrate reductase,to reducenitrite to
nitric oxide (NO). In fact, these authors renamed the enzyme as NO-forming nitrite reductase (NOFNiR).
Arabidopsisthalianahastwo ARCgeneslocatedin different chromosomesbut it hasbeenveryrecentlyconcluded
that none of them encodesa NOFNiRthat is functional at physiologicalnitrite concentrations(Maiber et al.,
2022).
Themodel legumeLotusjaponicusalsohastwo ARCgenes,althoughthey are arrangedin tandemon the same
chromosome. Thecorrespondingproteins,LjARC1 andLjARC2, sharehighaminoacidsequenceidentity (74%) and
similarity (84%). Our objectivewasto investigatewhether LjARC1 and/or LjARC2 canact asNOFNiR. To this end,
we have first producedthe proteins in recombinantform and shown that they are functional in reducingthe
artificial substratebenzamidoximeto benzamidinewith dithionite aselectrondonor. We then showedthat nitrite
competeswith benzamidoximein the assayof LjARC1 and LjARC2, indicatingthat nitrite canbe a substrateand
suggestingthat the enzymesmight be NOFNiRs. Preliminarymeasurementsof NO production with the NO
analyzershowedthat the enzymesgeneratein vitro NOfrom nitrite usingdithionite asreductantat physiological
pHandlow nitrite concentrations.
We have also examined the expressionprofiles (mRNAlevels) of LjARC1 and LjARC2 in plant tissues. The
expressionof LjARC2 washigherthan that of LjARC1 in all plant tissues. Forboth genes,mRNAlevelswerehighest
in pods,then in flowersandleaves,andfinally in roots andnodules. Likewise,we havedevelopeda methodbased
on HPLCto assayARCactivity (LjARC1 + LjARC2) in plant tissues. Asoccursfor mRNAs,the highestactivity was
found in pods, followed by flowers and leaves. Experimentsare under way to conclusivelydemonstratethat
LjARCsare capableof generatingNO from nitrite usingnatural reductants(NADHand NADPH)in combination
with purifiednitrate reductase.

Chamizo-Ampudiaet al. (2016) A dual systemformed by the ARCand NRmolybdoenzymesmediatesnitrite-dependentNO
productionin Chlamydomonas. PlantCellEnviron39, 2097-2107.

Maiber et al. (2022) Characterizationof the amidoximereducingcomponentsARC1 and ARC2 from Arabidopsisthaliana.
FEBSJ(doi:10.1111/febs.16450).

Sparacino-Watkins et al. (2014) Nitrite reductaseand nitric-oxide synthaseactivity of the mitochondrial molybdopterin
enzymesmARC1 andmARC2. JBiolChem289, 10345-10358.

The work described in this abstract has been funded by grants AGL2017-85775-R and PID2020-113985GB-I00 from
MCIN/AEI/10.13039/501100011033(ERDFAwayof makingEurope) andgrantA09_20Rfrom GobiernodeAragón.
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Engineeringfunctional molybdenumnitrogenaseinto plants requires a minimal set of 6 Nif polypeptides,the
catalyticNifHDKmoduleandthe iron-molybdenumcofactor(FeMo-co)biosynthesisNifENBmodule. NifBiskeyto
FeMo-co biosynthesisasit catalyzesthe synthesisof its precursorNifB-co, which is alsothe precursorof FeV-co
and FeFe-co from the alternative nitrogenases. Initial attempts of expressingNifB from model diazotrophsin
heterologouseukaryoticsystemsrenderedmostly insolubleprotein1, while other worksprovedthat Nif proteins
from archaealorigin performed better2,3. Recently,yeastco-transformedwith NifB and NifU, NifSand FdxNfor
the biosynthesisof [Fe-S]clustersproducedNifB-co in vivo2.
In this work, 30 nifB genes2 were transiently expressedinto Nicotiana benthamianaand targeted to either
mitochondriaor chloroplaststogetherwith NifU, NifSand FdxN. A screeningbasedon NifBsolubilityand levelof
accumulationwasperformedto selectthe most promisingvariantsof the library. Methanocaldococcusinfernus,
MethanosarcinaacetivoransandMethanothermobacterthermautotrophicusNifBwereselectedandpurified from
either N. benthamianamitochondriaor chloroplasts. PurifiedN. benthamianaNifBproteinswere tested in the in
vitro FeMo-co synthesisandnitrogenaseactivationassay,whichpermitsto validatethe activity of eachindividual
protein in the nitrogenasematuration pathway. All selectedN. benthamianaNifB proteins were competent in
NifB-cosynthesis,renderingnitrogenaseactivityvaluessimilarto NifBpurified from diazotrophicbacteria.

1. Okada,S. et al. (2020) Frontiersin PlantScience11, 1388-1388.

2. Buren,S. et al. (2019) ProcNatl AcadSci116, 25078-25086.

3. Jiang,X. et al. (2021) CommunicationsBiology4, 4.

This study was supported by the Bill & Melinda Gates Foundation (INV-005889).
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Nitrousoxide(N2O) is a powerful greenhousegasdue to its high chemicalstability and great radiativepotential.
More than 60% of total N2O emissionsto the atmospherecome from agriculturalsoils mainly becauseof the
excessiveapplicationof nitrogenfertilizers. Ammonia(NH4

+) andnitrate (NO3
-) areboth substratesfor nitrification

and denitrification, the two main microbial processesthat contribute to N2O emissionsfrom soils. Biological
NitrogenFixationby rhizobia-legumesymbiosisis proposedas an environmentallyfriendly strategyto decrease
dependenceon nitrogen fertilizers and, therefore, mitigate N2O emission. However, rhizobia inside legume
nodulescanalsoperform denitrification. Thisprocessconsistsin a sequentialreductionof NO3

- to nitrite (NO2
-),

nitric oxide(NO),N2O and molecularnitrogen (N2), four reactionsthat are catalyzedby the periplasmic(Nap)or
membranebound (Nar)nitrate reductases,nitrite reductases(NirK/cd1Nir), nitric oxide reductases(cNor, qNor/
CuANor), and nitrous oxidereductase(Nos)encodedby nap/nar, nir, nor and nosgenes,respectively. Rhizobium
etli CFN42, the microsymbiontof commonbean,is unableto respirenitrate underanoxicconditionsandperform
a completedenitrificationpathway. Thisbacteriumlacksthe nap, nar andnosgenesbut containsgenesencoding
NirKandcNor. Despitelackingthe nap /nar genes,R. etli is ableto produceN2Ounderfree livingconditionswhen
cultured microoxicallywith NO3

- as the only nitrogen source,thanks to the couplingof an assimilatorynitrate
reductase(NarB) with the NirK and cNor denitrification enzymes(1). In this work, we have identified a NarK
protein in R. etli genomeandwe havedemonstratedthat it is involvedin nitrite extrusionbeingthe link between
the nitrate assimilationanddenitrificationpathways. Furthermore,our resultsdemonstratefor the first time that
commonbean nodulesfrom plants inoculatedwith R. etli and exposedto NO3

- emit N2O. The involvementof
NarB, NirK, cNor and NarKin N2O emissionsaswell as in bacteroidalnitrate-, nitrite- and nitric oxide reductase
activitieshasalsobeenestablished. ByanalysingNitrosylςleghemoglobincomplexesin whole intact nodulesusing
ElectronParamagneticResonance(EPR)spectroscopy,we havedemonstratedthe involvementof NarBandNorC
in NOproductionandconsumptionin the nodules.

(1) Hidalgo-GarcíaA. et al. (2019) Rhizobiumetli producesnitrous oxide by coupling the assimilatoryand denitrification
pathways. Frontiersin Microbiology,10:980, doi 10.3389/fmicb.2019.00980

Thiswork wassupportedby FondoEuropeode DesarrolloRegional(FEDER)-co-financedgrantsAGL2017-85676-R from the
MinisteriodeCienciae Innovación(Spain)andgrantP18-RT-1401from the JuntadeAndalucía.
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The continuousgrowth of world population has put enormouspressureto increasefood production and to
achievefood security. The green revolution that took place from the 1960s onwards allowed to sustain the
population increase(Briggs,2009) at the expenseof agricultural practicesbased on heavy fertilization and
agrochemicalswith negativeimpacton the environment. Climatechangeandenvironmentdegradationcalledinto
questionthesepractices,evidencingthe urgencyfor the adoption of new and more sustainablepractices. Plant
Growth PromotingBacteria(PGPB)play important roles in survivaland health of plants, providing plants with
nutrients, protecting them from pathogens and helping them overcome abiotic stresses,boosting plant
productivitysustainably(Chandranet al., 2021). Oneof the most limiting nutrientsof plant growth isphosphorous
(P). Theavailabilityof the Ppresentin the soil is low due to fixation in insolubleformsof the phosphatefertilizers
appliedin soils. Soilmicroorganismsplaya centralrole in the biogeochemicalcyclingof P,convertingunavailableP
to availableforms,andenablingplantsto uptakeP(Bhattacharyaet al., 2019). Usingresultsfrom our laboratory,
this presentation addressesfactors influencing the relative abundanceof P-solubilizingbacteria: influence of
climate; soil occupation; root compartment; and bacterial genera. The intention is to bring light into the P
biosolubilizationprocess,helping to make it more efficient, more accessibleand contributing to a more
sustainableagriculture.

Briggs,J. (2009). GreenRevolution. In InternationalEncyclopediaof HumanGeography. Universityof Glasgow,Glasgow,UK
634-638. https://doi .org/10.1016/B978-008044910-4.00099-7

Chandran,H., Meena,M., & PrashantSwapnil,P. (2021). PlantGrowth-PromotingRhizobacteriaasa GreenAlternativefor
SustainableAgriculture. Sustainability, 13(19), 10986. https://doi .org/10.3390/su131910986

Bhattacharya,A. (2019). Chapter5 - ChangingEnvironmentalConditionandPhosphorus-UseEfficiencyin Plants. In Changing
ClimateandResourceUseEfficiencyin Plants. AcademicPress,241-305.

This researchwas funded by RE-C05-i03 ςAgendade investigaçãoe inovaçãopara a sustentabilidadeda agricultura,
alimentaçãoe agroindústria,N.º 02/C05-i03/2021ςPRR-C05-i03-I-000032. FCTthrough the financial support to the H2O
valueproject (PTDC/NAN-MAT/30513/2017) alsosupportedby FCT/MECthrough national funds,and the co-fundingby the
FEDER,within the PT2020 Partnership agreement and Compete 2020 (CENTRO-01-0145-FEDER-030513). We also
acknowledgefinancialsupport to CESAMby FCT/MCTES(UIDP/50017/2020, UIDB/50017/2020, LA/P/0094/2020) through
nationalfunds.
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At present, we are witnessingacceleratedchangesin the evolution of the climate. Thesechangeslead to an
increasein temperature,alterations in precipitation patterns and changesin atmosphericcomposition,among
others. Thisposesa significantrisk to plant survivaland involve the need to improve acclimatizationprocesses.
Arbuscularmycorrhizal(AM) fungiplayeda fundamentalrole in the terrestrializationof plantsin earlyPalaeozoic,
helping them to cope with the challengesof moving from an aqueousmedium to land (desiccation,heat, UV
radiation damage,nutrition absorption). Thealmost universalpresenceof AM fungi in terrestrial environments
togetherwith their ability to increaseplant toleranceandresilienceto multiple stressors,both biotic andabiotic,
points to AMF as biotechnologicaltools to facilitate the plant physiologicaladjustment to the new climatic
conditions. In this presentation we will analyzethe main effects produced by the establishmentof the AM
symbiosisin the physiologyof the plant in relation to the stressesmost linked to climate change(drought and
salinity, increasedtemperatures and pathogen and pest attack) and what we know about the mechanisms
involved in these effects. We will discussabout the main effects of climate changeon AM formation and
functioningandsummarizeour preliminaryresultson the mechanismsinvolvedin the highertoleranceof tomato
plantsin symbiosiswith different AM fungi to hightemperatures.

ProjectRTI2018-098756-B-I00 and RTI2018-094350-B-C31 funded by MCIN/ AEI/10.13039/501100011033/ and by FEDER
Unamanerade hacerEuropa.
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Understandinghow plants balancethe ability to both resist pathogensand accommodatesymbiontshasdirect
implicationsfor fundamentalplantbiologyandthe optimaluseof cropplantsin agriculture.
Hostsusceptibilitygenesenablethe colonizationof plantsby harmfulpathogens. Mildew resistancelocusO(MLO)
is a host susceptibilityfactor, first identified in barley, which confers infection by powdery mildew (Blumeria
graminis), a biotrophic fungal leaf pathogen. In loss-of-function mlo mutants,fungaldevelopmentis restrictedat
hostcellentry. Thus,mlomutantsproviderobustanddurableimmunity.
We considered,why plants have susceptibility factors. SinceMLO's function in facilitating powdery mildew
infection is disadvantageousto the host, it follows that it must alsofulfil someother beneficialrole that explains
its conservationthroughoutevolutionaryhistory. Wereasonedthat MLOmayhavea role in supportinganancient
beneficialplant-microbeinteraction- the arbuscularmycorrhizalsymbiosis.
Basedon the increasedexpressionof MLOin roots colonizedby arbuscularmycorrhizalfungiandits presencein a
cladeof the MLOfamily that is specificto mycorrhizal-hostspecies,we investigatedthe role of MLOin arbuscular
mycorrhizalinteractions. Usingmutants from crops,barley (Hordeumvulgare) and wheat (Triticum aestivum),
and model species,Medicago truncatula, we demonstrate a role for MLO in colonizationby the arbuscular
mycorrhizalfungusRhizophagusirregularis.
Earlymycorrhizalcolonizationwas reducedin mlo mutants of barley, wheat, and M. truncatula, and this was
accompaniedby a pronounceddecreasein the expressionof many of the key genesrequired for intracellular
accommodationof arbuscularmycorrhizal fungi. Our findings show that clade IV MLOsare involved in the
establishmentof symbioticassociationswith beneficialfungi,a role that hasbeenhijackedby powderymildew.
Thecolonizationof plantsby mycorrhizalfungi and by symbioticnitrogen-fixing bacteriasharemanyconserved
genesanda commonsignallingpathway. Ongoingwork is investigatingwhetherMLOalsohasa role in promoting
colonizationby nitrogen-fixingbacteria.

Jacott, C. 2020. Mildew LocusOfacilitatescolonizationby arbuscularmycorrhizalfungi in angiosperms. NewPhytologist277:
343

JørgensenIH. 1992. Discovery,characterizationand exploitationof Mlo powderymildew resistancein barley. Euphytica63:
141ς152.

Oldroyd GED. 2013. Speak,friend, and enter: signallingsystemsthat promote beneficialsymbioticassociationsin plants.
NatureReviewsMicrobiology11: 252.

The authors want to thank past and present membersof the Ridout, Murray, and Charpentierlaboratoriesfor help and
advice. CNJwas supportedby the Biotechnologyand BiologicalSciencesResearchCouncil(BBSRC)Norwich ResearchPark
BioscienceDoctoralTrainingGrantsBB/J014524/1 andBB/M011216/1.
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Climatechangeevents,suchasdrought,are increasingandsoil bacteriacanbe severelyaffected. Moreover,the
accumulationof emergingpollutants are expectedto rapidly increase,and their impact on soil organisms,their
interactions,and the servicesthey provide is poorly known. Theuseof grapheneoxide(GO)hasbeenincreasing
due to their enormouspotential for applicationin severalareasand it is expectedthat concentrationin soil will
increasein the future, potentially causingdisturbancesin soil microorganismsnot yet identified. Herewe show
the effects that GO nanosheetscan causeon soil bacteria, in particular those that promote plant growth, in
control and 10% polyethyleneglycol (PEG)conditions. Low concentrationsof GOnanosheetsdid not affect the
growth of Rhizobiumstrain E20-8, but under osmoticstress(PEG)GOdecreasedbacterialgrowth evenat lower
concentrations. GO causedoxidative stress,with antioxidant mechanismsbeing induced to restrain damage,
effectivelyat lower concentrations,but lesseffectivelyat higherconcentrations,andoxidativedamageovercame.
Under osmoticstress,alginateand glycinebetaine osmoregulatedthe bacteria. Simultaneousexposureto PEG
andGOinducedoxidativedamage. Plantgrowth promotiontraits (indoleaceticacidandsiderophoresproduction)
were increasedby osmoticstressandGOdid not disturbtheseabilities. In acontextof climatechangeour findings
might be relevant as they can form the premisesfor the implementation of crop production methodologies
adaptedto the newprevailingconditions,that includethe presenceof nanoparticlesin the soilandmore frequent
andseveredrought.

Jansson,J. K., & Hofmockel, K. S. (2020). Soilmicrobiomesand climate change. Nature ReviewsMicrobiology, 18(1),35ς46.
https://doi .org/10.1038/s41579-019-0265-7.

Mahaye, N., Thwala, M., Cowan,D. A., & Musee, N. (2017). Genotoxicityof metal basedengineerednanoparticlesin aquatic
organisms: A review. Mutation Research/Reviews in Mutation Research, 773, 134ς160.
https://doi .org/10.1016/j .mrrev.2017.05.004.

Sá,C., Cardoso,P., & Figueira, E. (2019). Alginateasa feature of osmotolerancedifferentiation amongsoil bacteriaisolated
from wild legumes growing in Portugal. Science of The Total Environment, 681, 312ς319.
https://doi .org/10.1016/j .scitotenv.2019.05.050.

Thisresearchwasfunded by FCTthrough the financialsupport to the H2O valueproject (PTDC/NAN-MAT/30513/2017) also
supportedby FCT/MECthrough nationalfunds,and the co-fundingby the FEDER,within the PT2020Partnershipagreement
and Compete2020 (CENTRO-01-0145-FEDER-030513). We also acknowledgefinancial support to CESAMby FCT/MCTES
(UIDP/50017/2020, UIDB/50017/2020, LA/P/0094/2020) throughnationalfunds.
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Thejoint estuaryof TintoandOdielrivers(SWSpain)isoneof the mostdegradedandpolluted areasin the world
and its recoveryis mandatory. Legumesandtheir associatedbacteriaare recommendedsustainabletools to fight
againstsoilsdegradationandlossof fertility dueto their knownpositiveimpactson soils. In this work, 33 bacteria
were isolatedfrom insidenodulesof Medicagospp. naturallygrowingin the estuaryof the TintoandOdielRivers.
They were genetically and phenotypicallycharacterizedby determining plant growth promoting properties,
enzymaticactivitiesand tolerancetowards As,Cd,Cuand Zn. Thebest rhizobiaand non-rhizobiabasedon the
studiedcharacteristicswere selected. Strainsidentified asPseudomonassp. N4, Pseudomonassp. N8, Ensifersp.
N10 and Ensifersp. N12, were usedto inoculateMedicagosativa plants. Theeffectsof individualor combined
inoculation on seed germination and plant growth and nodulation were studied, both on plates and pots
containing poor-nutrient soils from the contaminatedestuary. Co-inoculation with Ensiferand Pseudomonas
increasedplant biomassand nodulesnumber comparedto single inoculation with rhizobia, ameliorating the
physiologicalstateof the plantsandhelpingto regulateplant stressmechanisms. Thebest resultswere observed
in plants inoculated with the consortium containing the four strains. In addition, inoculation with Ensifer-
Pseudomonascouplesincreasedmetalsaccumulationin M. sativa roots, without significantdifferencesin metal
accumulationin shoots. Theseresultssuggestthat plant growth promotingnoduleendophytes(PGPNE)areuseful
biotools to promote legumeadaptation,growth and phytostabilizationpotential in nutrient-poor and/or metals
contaminatedestuarinesoils.

Thiswork hasbeensupportedby MCIN/AEI/10.13039/501100011033andUEάNextGenerationEU/ tw¢wέ(PDC2021-120951-
I00, Ministry of Scienceand Innovationof Spain)and the Juntade Andalucía(ProgramaI+D+iFEDERAndalucía2014-2020,
US-1262036andProgramaI+D+IPAIDI2020, P20_00682).
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TheGorongosaNationalPark(GNP)in Mozambiqueisa renownedworld heritagewildlife andbiodiversityareain
Mozambique. After yearsof civil war, GNPis a remarkablestory of wildlife restorationinvolvingthe surrounding
communities to support conservation[1,2].To create employment for smallholder farmers while promoting
rainforestreforestation,anagroforestrysystemof Coffeaarabicawith nativeshadetreeshasbeenestablishedin
the GorongosaMountain involving sustainable farming practices. To date, however, studies showing the
outcomesof shadetree integration,andthe potential impactson the rhizosphereof adjacentcoffeetreesarestill
missing. Thisstudy, basedon high-throughput sequencing,exploresthe effectsof shadetrees on the diversity,
structure, and composition of C. arabica rhizospherecommunities (Bacteria,Fungi, and Archaea)grown at
different elevations(600m, 800m, and900m) andunderdifferent levelsof canopyshading(no shadow,50%and
100% of shadow from native trees) [3]. Alpha-diversity (observedoperational taxonomic units, Chao1 and
Shannonindex)wassignificantlydifferent for the three shadelevels. ForBacteria,coffeerhizospherecollectedat
600m showeda higher diversity under 100% of shadetrees, while at 800m the diversity was higher without
shade,andat 900m under50%of shade. ForArchaea,at 600m, the highestdiversitywasobservedunder100%of
shade,while in the remainingaltitudesit washigherunder50%. ForFungi,the highestdiversityat 600and800m
wasobservedunder50%shade,andat 900m in the rhizospherewithout shade. Themost abundantgenerawere
Chthoniobacterfor Bacteria,Nitrososphaerafor ArchaeaandLinnemanniafor Fungi. Thisstudydemonstratesthe
benefitsof shadetreesin this agroforestrysystemandemphasizesthe rhizosphereasa keylink in indirect impacts
of shadetreeson the healthandproductivityof C. arabicain diversesystems.

Keywords: Agroforestrysystem,GorongosaNationalPark,Coffeaarabica, Shadetrees,RhizosphereMicrobiome.

1. Mulhaisse, R.A. SobreposiçãoTerritorial: Área De ConservaçãoTotal E TerrasComunitáriasNa SerraDa GorongosaEm
Moçambique. GeoUERJ2020, e53915, doi:10.12957/geouerj.2020.53915.

2. Stalmans, M.; Beilfuss, R. Landscapesof the GorongosaNationalParkPreparedfor the GorongosaResearchCenterby Dr .
Marc StalmansInternationalConservationServices- SouthAfricaDepartmentof ScientificServices,GorongosaNational
ParkJuly2008A full descriptionof the s. 2008, 1ς9.

3. Bolyen, E.; Rideout,J.R.; Dillon,M.R.; Bokulich, N.A.; Abnet, C.C.; Al-Ghalith, G.A.; Alexander,H.; Alm, E.J.; Arumugam,M.;
Asnicar, F.; et al. Reproducible,interactive, scalableand extensible microbiome data scienceusing QIIME 2. Nat.
Biotechnol. 2019, 37, 852ς857, doi:10.1038/s41587-019-0209-9.
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Intercroppingblack truffle (Tuber melanosporumVitt.) plantations is a promising way to increaseecosystem
servicesprovided by truffle culture i.e., alternative productivity before truffle fruiting, increasepopulation of
pollinatorsandsoilhealthstatus. However,truffle brûlés, the areaswith scarcevegetationdueto the allelopathic
effects of truffle mycelium in the soil, could limit intercropping possibilitiesby reducing plant growth and
associatedsoilmicrobiota(Streiblováet al. 2012). Amongcompatiblecrops,aromaticplant speciesare a suitable
alternativefor Mediterraneantruffle plantationssincethey are well adaptedto the sameecologicalconditionsas
truffle oaks. We have designeda mesocosmexperiment to evaluate the interactions between mycorrhizal
evergreenoaks and three speciesof aromatic plants: Lavandulaofficinalis L., Thymusvulgaris L. and Salvia
officinalisL., all of them forming arbuscularmycorrhizal(AM) symbiosis. Native AM fungi (AMF)were isolated
from weedsgrowingin productivetruffle brûléesandinoculatedon the target plantlets. One-year-old truffle oaks
from a commercialnursery were co-cultivated in sterilized soil with either, mycorrhizalor non-mycorrhizal
aromaticplants(oneoakper 7 Lcontainersurroundedby three aromaticplantsof the samespecies). Twocontrol
treatmentsincludedoaksandmycorrhizedaromaticplantsgrowingalone. After 12 monthsin a greenhousewith
regular watering, growth parametersand mycorrhizalcolonisation(both from T. melanosporumand AMF) of
plantswere measuredin all treatments. Soilmyceliumfrom T. melanosporumwasquantifiedby Taqman®qPCR
accordingto Parladéet al. (2013). AMFsoil biomasswasestimatedby comparativeCT quantification(ɲɲCT) using
genericprimers AM1 and AMG1F for Glomeromycota(Bodenhausenet al. 2021) and the internal transcribed
spacer(ITS)of rDNAasendogenouscontrol. Aromaticplantsinoculatedwith nativeAMFfungishowed,in general,
higher shoot biomassthan non-inoculated ones. The ΨbrûléΩeffect (presenceof T. melanosporum) causeda
growth reductionof all the non-inoculatedaromaticplants. However,plantscolonizedby native AMFshoweda
higherbiomassandonly L. officinaliswasnegativelyaffectedby the presenceof T. melanosporum. Thepresence
of aromaticplantssignificantlydecreasedboth mycorrhizasand soil myceliumof T. melanosporumcomparedto
control oaksgrowingalone. Thisreductionwassignificantlyhigherwhen aromaticplantswere colonisedby AMF.
Soilmyceliumof T. melanosporumwas negativelycorrelatedwith relative AMFsoil biomass. Also,mycorrhizal
colonisationandsoilbiomasswerepositivelycorrelatedfor both, T. melanosporum(in oaks)andAMF(in aromatic
plants). Theseresultsshow the strongcompetition of AMFand T. melanosporumin the brûlé and the potential
protectionof intercroppingaromaticplantsfrom allelopathiceffectsin truffle plantations.

Bodenhausen, N., Deslandes-Hérold, G., Waelchli, J., Held,A., vander Heijden,M.G.A., Schlaeppi, K. (2021) RelativeqPCRto
quantifycolonizationof plant rootsby arbuscularmycorrhizalfungi. Mycorrhiza31, 137-148

Parladé, J, De la Varga, H., De Miguel, A., Sáez, R., Pera, J. (2013) Quantification of extraradical mycelium of Tuber
melanosporumin soilsfrom truffle orchardsin northern Spain. Mycorrhiza23, 99-106

StreiblováE., GryndlerováE., Gryndler, M. (2012) Trufflebrûlé: anefficient fungallife strategy. FEMSMicrobiol. Ecol. 80,1-8
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Phosphatesolubilisation is a recogniseddirect mechanismof growth promotion (Glick, 2012). Therefore,
solubilisingphosphaterhizobacteriaableto providesolubilisedPto plantsact asa sourceof phosphorusfor plant
nutrition (Etesami& Maheshwari,2018). Likewiseother PGPRcould be involvedin helpingplants to assimilate
phosphorus. Manyof the researchis focusedin the demonstrationof qualitativeandquantitativeability of PGPR
to solubiliseP, but the interaction with plants and P dynamicshavebeen lessstudied. Thus,the presentwork
attemptsto analysethisbehaviour.
Wheatplantswere establishedin growth chamberandgrownunderdifferent phosphorusfertilisation conditions
with PGPRbacteriabelongingto speciesof Bacillus, PseudomonasandAzotobacter, with the aimof evaluatethe P
assimilationand solubilisation. Theassaywaskept for 5 weeks. Freshand dry weight, and P plant content were
determinedat the end of the assay. Relativeexpressionof PhosphateTransporters(PTs)genesPT1.2 and PT4
responsiblefor the direct inorganicP (Pi)uptakepathway(Duanet al., 2015) in roots, were analysedin order to
understandthe Pmetabolismwheninoculatedplantswith bacteriaareexposedto Pdeficiencies.
Resultsshowedanincreasein Pcontent in aerialbiomassof wheatplantsinoculatedwith PGPRandfertilisedwith
half of Pdose. Theseresultsindicatean improvementin the Puptakemediatedby the PGPRaction. Accordingto
the analysisof the geneexpressionof PT1.2 andPT4, the down regulationof PT4 in plantsinoculatedwith strains
of Azotobactersalinestris, Pseudomonaskoreensis, Bacillussiamensisand Pseudomonasbrasicacearumsubsp.
neoaurantiaca, explainsthe uptake of P, while the down regulation of PT1.2, explainsthe P uptake in plants
inoculatedwith Azotobacterchroococcumand A. salinestris. On the other hand, there is a clear decreasein P
uptakein plantsinoculatedwith Psolubilisingbacteriaandfertilisedwith insolubleP: Ca3(PO4)2. Theupregulation
of Pi-starvationgenesPT1.2 andPT4 explainsthe lackof Puptakein the plant. Althoughthe Psolubilisingbacteria
areableto solubiliseP,it ishypothesizedthat at the short time the bacteriausethis Pfor its own growth andonce
acquireits maximumgrowth,passthe Pto the plant,makingit availablefor the plantat mediumor longterm.

Etesami, H., & Maheshwari,D. K. (2018). Useof plant growth promoting rhizobacteria(PGPRs)with multiple plant growth
promotingtraits in stressagriculture: Actionmechanismsandfuture prospects. EcotoxicologyandEnvironmentalSafety,156,
225ς246. https://doi .org/10.1016/J.ECOENV.2018.03.013

Glick, B. R. (2012). Plant Growth-Promoting Bacteria: Mechanisms and Applications. Scientifica, 2012, 1ς15.
https://doi .org/10.6064/2012/963401

Kaushal,M., & Wani, S. P. (2016). Rhizobacterial-plant interactions: Strategiesensuring plant growth promotion under
droughtandsalinitystress. Agriculture,Ecosystems& Environment,231, 68ς78. https://doi .org/10.1016/J.AGEE.2016.06.031
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Alterationsin precipitationandsoilmoisture,alongwith temperatureincreasein the pastdecade,arethreatening
agriculturalproductivity in the IberianPeninsulaandrest of the world. Dueto the selectionof cropsthat produce
high yields, but also require high consumptionof water, drought is considereda significantabiotic stress in
agriculture. Thus,there is urgent needfor sustainablecrop productionmore resilient to water deficit and at the
sametime economicallyviable. Toaccomplishthis goalnew agriculturalmethodologiesmust be explored. Maize
is a principal sourceof food for millions of people worldwide. Its high nutritional profile and non-allergenic
properties make maizean important world cereal. The high susceptibilityof maize to drought implies a high
dependenceon water for maizegrowth. Thedecreaseof availablewater for irrigation could decreasethe areas
suitable for maizeproduction with consequencesfor assuringfood supply in the future for millions of people.
Consequently,promotingmaizeresilienceto drought is a significantsteptowardsfood securityandadaptationto
climate change. The use of microorganismscapableof promoting plant growth in drought environmentsis a
potential approachto mitigate crop losses,sincesoil microbialcommunitiescanplay an important role in plant
growth andtoleranceto stress,with a positiveimpacton cropproductivity. Plantgrowth-promotingbacteriahelp
plantssurvivein stressedenvironmentsby promotingfastergerminationanddevelopment. Herewe describethe
isolation of surface and endophytic bacteria from maize plants roots growing in INOVMILHO-ANPROMIS
(Santarém, Portugal)exposedto three different water regimes(100%, 50%and0%of irrigation) in two different
stagesof their life cycle(vegetativeand reproductive). Colonyforming units in the soil were also quantified in
each condition, and the number of bacterial cells decreasedwith water availability, as expected. Plants
biochemicalstatuswasalsoassessed,to understandif the plantswere under stress,and to serveasa basaldata
for further inoculationstudieswith specificisolates. Isolateswere typedusingBOX-PCRto screenfor isolateswith
uniquefingerprints. Thisallowedus to obtain 405strains. Thesestrainswere screenedfor the ability to tolerate
osmoticstressusing15%of polyethyleneglycol6000. Theisolatesdisplayingthe higherability to tolerate osmotic
stresswere tested for bacterialplant-growth promotingtraits, namelythe ability to producesiderophores,indol-
3-aceticacidandphosphatesolubilization,in the presenceandabsenceof osmoticstress. Theisolationof bacteria
from different water availabilitiescanhelp to selectbacteriaeffective in the improvementof crop resilienceto
drought-affected areas,helping in the managementof climate changeimpactsby enhancingplant resilienceto
drought.

Meza,I., Siebert,S., Döll, P., Kusche, J., Herbert,C., Rezaei,E. E., Nouri,H., Gerdener, H., Popat, E., Frischen, J., Naumann,G.,
Vogt,J. V., Walz,Y., Sebesvari, Z., and HagenlocherM. (2020). Global-scaledrought risk assessmentfor agriculturalsystems.
Nat. HazardsEarthSyst. Sci., 20 (2), 695ς712.

Shah,T. R., Prasad,K., andKumar,P. (2016). Maize- A potential sourceof humannutrition andhealth: A review. CogentFood
Agric., 2 (1).

Vurukonda, S. S. K. P., Vardharajula, S., Shrivastava,M., andSkZ, A. (2016). Enhancementof droughtstresstolerancein crops
by plant growth promotingrhizobacteria. Microbiol. Res., 184, 13ς24.
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Globalfood demandsand the impact of climate changein agriculturecall for affordablebio-basedproductsto
improveplant productivitywhile preservingnaturalresources. Plantgrowth-promoting(PGP)microorganismsare
optimal candidatesto improve plant yieldsunder sustainableagriculturalconditions. Theability of certain PGP-
bacteriaof providing nutrients or increasingplant tolerance to stressis well known. Most studiesso far have
focusedon the N-fixingassociationof Rhizobiumwith legumes. However,the role of other bacteriathat establish
closeinteractionswith plants,like thosedwellingseeds,remainsyet under-explored.
In this work, we evaluatethe compositionand role of endophyticbacterial communitiesfrom wheat, a daily-
consumedcerealwhich production has increasedover the last years. For that, commercial(Triticum aestivum)
and ancestral(T. spelta) wheat seedsharvestedfrom different fields were submitted to cultivation-dependent
and -independent analysis. 16S metataxonomyrevealed that seed-borne wheat microbiota assemblagesare
conservedanddominatedby bacteriabelongingto the Pantoeagenus. Furthermore,endophyticbacterialisolates
from wheat seedsampleswere screenedin vitro for PGP-abilities like mobilizationof P K,or synthesisof indole
aceticacid(IAA). Selectedstrainswere further testedin growth chamber,greenhouseandfield experimentswith
broadacreand horticulture crop references. SeveralPantoeaisolatesshowpositiveeffectson seedgermination,
root and plant development,evenunder hydricstress. Our resultshighlight relevanceof seed-borne bacteriaas
plantbiostimulants.

In vitro, greenhouse and field assayswere carried out in collaboration with CTAEX(Centro TecnológicoNacional
AgroalimentariodeExtremadura)andCIALE(Instituto de Investigaciónen Agrobiotecnología).
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The nodule endophytic acetic acid bacterium 

Endobactermedicaginispromotes the growth of 
alfalfa in acidic soils

Ramírez-Bahena MH1, Menéndez E1, Flores-Félix JD1, Mateos PF1,2,3, Vaca-Igualador L4, Velázquez E1,2,3, 
PeixA3,4

1 Departamentode Microbiologíay Genética,Universidadde Salamanca,Salamanca,Spain; 2 Instituto de Investigaciónen
Agrobiotecnología(CIALE),Universidadde Salamanca,Salamanca,Spain; 3 Grupode InteracciónPlanta-Microorganismo,
USAL,Unidad Asociadaal CSICpor el IRNASA,Salamanca,Spain; 4 Instituto de RecursosNaturalesy Agrobiologíade
Salamanca,IRNASA-CSIC,Salamanca,Spain.

Alfalfa (MedicagosativaL.) is a forageplant cultivatedworldwide for thousandsof yearsand whoseproduction
can be maintainedduring severalyearsafter the sowing (Patra and Paul,2021). The global alfalfa market is
expected to grow with a CAGR (compounded annual growth rate) of around 7%
(https://www .fortunebusinessinsights.com/alfalfa-pellets-market-103597). However, the cultivation of this
legume is limited in some stressedsoils, such as acidic ones (Ramírez-Bahenaet al. 2015) and bacterial
biofertilization is desirableto increasethe production of this legume in these soils. In the present work we
analysedthe effecton alfalfagrowth of the strainM1MS02, whichis the type strainof Endobactermedicaginis, an
aceticacidbacteriumisolatedfrom a noduleof alfalfagrowingin anacidicsoil. Aceticacidbacteriahavedifferent
in vitro mechanismsinvolvedin plant growth promotion (Pedraza2016). Thegenomeminingshowedthat strain
M1MS02 harbours different genes involved in plant growth promotion mechanismssuch as phosphate
solubilisationor indole acetic acid production, also confirmed by in vitro analyses. The results of inoculation
experimentsof the strain M1MS02 carriedout in hydroponic,microcosmsand field conditionsshowedthat this
strainwasableto promote the growth of this legume. Therefore,E. medicaginisM1MS02 canbe consideredasa
goodcandidatefor alfalfabiofertilizationin acidicsoils.

Patra,P.S., PaulT. (2021). Lucerne(Alfalfa),in: Hedayetullah. Md., Zaman,P. (Eds.), ForageCropsof the World, VolumeII:
Minor ForageCrops. AppleAcademicPress,Florida,pp. 231ς242.

Ramírez-Bahena, M.H., Vargas,M., Martín, M., Tejedor, C,VelázquezE,PeixA. (2015). Alfalfamicrosymbiontsfrom different
ITSand nodClineagesof Ensifermeliloti and Ensifermedicaesymbiovarmeliloti establishefficient symbiosiswith alfalfa in
Spanishacidsoils. ApplMicrobiolBiotechnol99, 4855ς4865.

Pedraza,R.O. (2016). AceticAcidBacteriaasPlantGrowthPromoters,in: Matsushita,K., Toyama,H., Tonouchi, N., Okamoto-
Kainuma, A. (Eds),AceticAcidBacteria. Springer,Tokyo.

Thiswork wassupportedby JCyL(Juntade Castillay León,SpanishRegionalGovernment)GrantCSI02A09. Theauthorsalso
thank the StrategicResearchProgramsfor Units of ExcellenceCLU-2O18-04 (Universityof Salamanca)and CLU-2019-05
(IRNASA/CSIC)co-fundedby the Juntade Castillay LeónandEuropeanUnion(ERDFά9ǳǊƻǇŜdrivesour growth). Theauthors
alsothankZ. García-PalaciosandÓ. GonzálezSanzfor technicalassistance.
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Arbuscular mycorrhizas modulate the physiological 
and transcriptomic responses of tomato plants to 

heat stress

Ferrol N, López-Castillo O, Azcón-Aguilar C

Departmentof SoilMicrobiologyand SymbioticSystems, EstaciónExperimentaldel Zaidín, CSIC,c/ProfesorAlbareda1,
18008Granada,Spain.

Climate change,entailing shifts in temperature (T), precipitation and atmosphericcomposition among other
factors, representsa movingtarget for plant adaptation. Thewidespreaddistribution of arbuscularmycorrhizal
(AM) fungi and their ability to increaseplant stressresistancehas led to the suggestionthat they can be key
driversin increasingplant resilienceto climatechange. Changesin atmosphericconditionsandglobalandregional
climate affect AM functioning, yet the potential role of AM symbiosesin mediatingplant responsesto global
changeand the underlyingmechanismsremain unexplored. Thisstudy was aimed at studyingthe physiological
and transcriptomic responsesof tomato plants inoculated with Rhizophagusirregularis DAOM 181602 or
Claroideoglomusetunicatum (isolatedfrom a stressfulecosystemin Spain)to high T (34 oC). Heat stresshad a
negativeeffect on plant biomassin all treatments,but to a lower extent in mycorrhizalplants. HighT inhibited
root colonizationby R. irregularisbut not by C. etunicatum. Both AM fungalspeciesmitigatedthe impactof heat
stresson the tomato ionome. Root transcriptomeprofiles showed significantdifferential expressionof 3909
transcripts under heat stress in non-mycorrhizalroots and of 3363 and 3575 genesin R. irregularis- and C.
etunicatum-colonized roots, respectively. Gene ontology (GO) enrichment analysisrevealed that transcripts
involved in processessuch asάŘǊǳƎƳŜǘŀōƻƭƛǎƳέΣάƘȅŘǊƻƎŜƴperoxideƳŜǘŀōƻƭƛǎƳέΣάǊŜŀŎǘƛǾŜoxygenspecies
ƳŜǘŀōƻƭƛǎƳέandάŎƻŦŀŎǘƻǊŎŀǘŀōƻƭƛǎƳέwere influencedby heat stressin all situations. SpecificGOprocesses
enrichedin non-mycorrhizalroots were related to άǘǊŀƴǎƳŜƳōǊŀƴŜtransportŀŎǘƛǾƛǘȅέΣwhich could explainthe
impact of heat stresson their ionome and its mitigation by the AM symbiosis. Specificchangesinducedin the
transcriptomeprofilesof rootsof the different treatmentswill be further discussed.

ProjectRTI2018-098756-B-I00 fundedby MCIN/AEI/10.13039/501100011033/ andby FEDERUnamaneradehacerEuropa.
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S5-P-08
Evaluating the effect of various bacterial consortia 

isolated from arid wild legumes on heat stress 
tolerance of Pisum sativum

Ben GaiedR1, Brígido C2, SbissiI1, TarhouniM1

1 Arid LandsInstitute of Médenine, PastoralEcologyLaboratoryUniversityof Gabés- Tunisia; 2 MEDςMediterranean
Institute for Agriculture, Environmentand Development& CHANGEςGlobalChangeand SustainabilityInstitute, Institute
for AdvancedStudiesandResearch,UniversidadedeÉvora,Évora,Portugal.

High-temperature stress affects the growth and developmental processof cool-seasongrain legumes. We
hypothesizedthat endophyticbacteriaassociatedwith arid plants could be a potential resourceto ensurethe
tolerance of cold-seasonlegumesto high temperature stressevents. To test our hypothesis,Phyllobacterium
salinitolerans(PH),Starkeyasp. (ST)andPseudomonasturukhanskensis(PS)endophytesof different spontaneous
legumeslocalisedin Tunisianarid regionswere selectedto evaluatetheir potential in improvingPisumsativum
growth andpea-rhizobiasymbiosisunder a heat stressevent. Threeconsortia(containingdifferent combinations
of endophytes)were usedalongwith the peamicrosymbiontRhizobiumleguminosarum128C53 (WT)or with its
ɲacdSmutant derivative(MT) (Ma et al., 2003). Uninoculatedplantswithout or with nitrogen supplementwere
usedas negative(NC)or positive controls (PC),respectively. The heat stressevent was applied 2 weeksafter
sowingfor a period of 2 weekswith consecutivecyclesof 30-35°C/16h and 20°C/8h. Interestingly,the shoot dry
weight (SDW)of all plantsco-inoculatedwith WT and any of the consortiacontainingPHincreasedsignificantly
comparedto that of plantsinoculatedwith WTalone. A similareffect wasobservedon the root dry weight (RDW)
in the treatmentsWT+ST+PHandWT+PS+PH. Onthe other hand,the best resultseither in termsof SDWor RDW
with the mutant strain was the treatment that included all endophytes(MT+ST+PS+PH),even overcomingall
treatments inoculatedwith WT and equallingthe PC. As expected,plants inoculatedwith the MT had a lower
number of nodules(NN) comparedto plants inoculatedwith WT, except for MT+ST+PS+PHwith similar NN. A
significantincreasein the NNwasobservedin plantsco-inoculatedwith WT+ST+PHandWT+PS+PHcomparedto
those in WT. Thehighesttotal chlorophyllcontent was in WT+ST+PS,which was significantlydifferent from all
other treatments while no differenceswere observedin phenolic compoundscontent among the inoculated
treatments. Overall,our resultssuggestthat endophyticisolatesfrom arid leguminousplantsaregoodcandidates
for increasingthe resilienceof plantsnot adaptedto heatstress.

Ma, W., Guinel, F.C., & Glick, B.R. (2003). RhizobiumleguminosarumBiovar viciae 1-Aminocyclopropane-1-Carboxylate
DeaminasePromotesNodulationof PeaPlants. ApplEnvironMicrobiol,69: 4396-4402.

Thiswork wasconductedunder the PhDmobility fellowshipsupportedby the Universityof GabésςTunisia. CBacknowledges
a CEECIND2018contract(CEECIND/00093/2018) from FCT.
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S5-P-09
Optimizing legume nodulation in situations of 

environmental stress: inoculants with 
multiresistantendophytes

Flores-Duarte NJ1, Rodríguez-LlorenteID1, PajueloE1, Mateos-NaranjoE2, Redondo-GómezS2, 
Navarro-Torre S1

1 Departamentode Microbiologíay Parasitología,Facultadde Farmacia,Universidadde Sevilla,C/ ProfesorGarcíaGonzález
2, 41012Sevilla; 2 DepartamentodeBiologíaVegetaly Ecología,FacultaddeBiología,UniversidaddeSevilla,41012, Sevilla.

Climatechangeisoneof the biggestproblemstoday,andit hascauseddifferent typesof abioticstressin soilsthat
were suitable for crops. The abuseof agrochemicals,heavy metals and other pollutants increasinglyaffects
agriculturalsoils. Thiscontributesto the lossof nutrients and beneficialmicroorganisms,which is why solutions
are needed that can improve plant growth even in these environmentalconditions. Plant growth promoting
bacteria(PGPB)canbe usedas inoculantsto increasethe nodulationof leguminousplantsand are an excellent
option for the recoveryof degradedsoils through the biologicalfixation of N2 (Navarro-Torre et al., 2020 and
Flores-Duarte et al., 2022). Endophyticbacteria (plant growth promoting endophytes: PGPE)isolated from
nodulesof the rhizosphereof legumes(Medicagospp.) from the Marismasdel RioOdiel, Huelva,Spain,grown in
soilsaffectedby heavymetals,havebeenusedin this work. Theselectedbacteriabelongto the generaEnsifer
andPseudomonas. Toleranceto heavymetals,salinity,pHandhigh temperatureswere determined. At the same
time, their plant growth promoting properties,PGP(auxinproduction,N2 fixation, ACCdeaminaseactivity, etc.)
were verified. On the other hand, lytic enzymessuchascellulase,pectinase,etc. were investigated. Finally,the
followingbacteriawereused: Ensifersp. N10andN12asrhizobiaandthe endophytesof the nodulePseudomonas
sp. N4 and N8. Thesebacteria have been used to make inoculants to improve germination, biomassand
nodulationof alfalfa (Medicagosativa) under stressconditions. In vitro nodulationstudieswere carriedout with
M. sativa in the absenceand presenceof arsenic(30 µM As),germinationwithout and with a mixture of metals
(7.5 µM As,Cd,CuandZn)aswell asin the greenhousenutrient-poor soils,contaminatedwith metalsandsalt (60
mM), with the following treatments: control non-inoculation (C-), inoculation with the rhizobium (N10) and
inoculationwith a consortiumof both Pseudomonasandthe two rhizobia(CSN). Theresultsobtainedshowedan
increasein germination in the absenceand presenceof metals with the CSNconsortium, of 13% and 34%,
respectively,comparedto the non-inoculation(C-). Similarly,inoculationwith the (CSN)consortiumshowed73%
more nodulesin the absence,anda 91%increasein the presenceof As,comparedto rhizobiumN10. Regarding
the results of nodulation under greenhouseconditions with the consortium (CSN),the number of nodules
increasedin nutrient-poor soils(104%), with metals(60%) and soilswith salt (72%), comparedto with N10. The
results of biomass,root length and shoot followed this pattern: CSN>N10>C-. Theseresults suggestthat the
inoculationof legumeswith the consortium(CSN)composedof multiresistantrhizobiaandPGPEisa usefultool to
promote their growth in soils with different types of abiotic stress and, in turn, guarantee the minimum
accumulationof metals in the soil. aerial part of the plants, to be able to use them both in the recoveryof
estuariesandasforageplants.

Keywords: abioticstress,arsenic,PGPE,heavymetals,hightemperature,legumes,multiresistant, nodulation,PGPB,salt.

1. Navarro-Torre, S., Bessadok,K., Flores-Duarte,N.J., Rodríguez-Llorente,I.D., Caviedes,M.A., Pajuelo,E. (2020). Helping
legumesunder stresssituations: inoculationwith beneficialmicroorganisms. In: HasanuzzamanM, editor. Legumecrops.
IntechOpen. p. 1ς10. doi.org/ 10.5772/intechopen.91857

2. Flores-Duarte, N.J., Pérez-Pérez,J., Navarro-Torre, S., Mateos-Naranjo,E., Redondo-Gómez,S., Pajuelo,E., Rodríguez-
Llorente,I.D. (2022). ImprovedMedicagosativaNodulationunder StressAssistedby Variovoraxsp. Endophytes. Plants.
11, 1091. doi.org/10.3390/plants11081091

Programaestatalde I+D+i(BIOFERSA),PDC2021-120951-I00. Ministeriodecienciase innovación.
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Effect of tree canopy and dolomitic limestone 

application on soil microorganisms and pasture 
quality in the Montado ecosystem

BailoteD1*, Serrano J1,2, Belo A1,2, Rato AE1,2, Ribeiro J1, Brito I1,2

1 MEDςMediterranean Institute for Agriculture, Environment and Development& CHANGEςGlobal Changeand
SustainabilityInstitute, Apartado94, 7002ς554Évora,Portugal; 2 Universityof Évora,Schoolof Scienceand Technology,
PólodaMitra, Apartado94, 7002ς554Évora,Portugal.

The Montado, is an agro-silvo-pastoral ecosystem,explored in severalextents. Its arboreal stratum is mainly
composedby corkoak(Quercussuber) andholm oak(Q. rotundifolia) while the groundcoveris formedby natural
biodiversepasturesgrowingon poor soilsandgrazedby animalsin anextensiveregime. Oneof the major factors
affectingthe productivityof pasturesin the Montadosystemis soil acidity(Serranoet al., 2020). Theobjectiveof
this work is to evaluatethe effect of tree canopyanddolomitic limestoneapplicationfor soilaciditycorrectionon
soilmicrobialbiomasscarbon,arbuscularmycorrhizacolonisationrate, pasturefloristic diversityandquality in the
Montadoecosystem. Soilandroot sampleswere collectedin an experimentalfield (4ha) locatedin Mitra Farmin
February2022.In April we monitoredthe floristic compositionof the pastureandmeasuredits quality throughthe
qualificationof crudeprotein (CP)andfiber (neutraldetergentfiber- NDF)content. Theresultsshowedthat there
wasa positiveandsignificanteffect of the canopyon microbialcarbonbiomassandmycorrhizalcolonization,and
alsosignificantdifferenceson mycorrhizalcolonizationrelatedto soilpHamendments,particularlyunderthe tree
canopy. Despitethe lackof significantdifferencesin CPand NDF,the averagevaluesfor both parameterswere
higherunder the canopy. ConsideringCPit washigher in the amendedarea,while NDFwas lower in the same
area. Theseresultsallowedus to perceivethe effect of organicmatter depositionassociatedto the tree canopy
andsoil aciditycorrectionaskey factorsfor microbialdevelopment(Cardoso& Andreote, 2016; Rodrigueset al.,
2015) and pasture floristic diversity and quality in the Montado system, providing important information
regardingthe holisticmanagementof thisecosystem.

Serrano,J., Shahidian, S., MarquesdaSilva,J., Moral, F., Carvajal-Ramirez,F., Carreira,E., & Carvalho,M. (2020). Evaluationof
the effect of dolomitic lime applicationon pasturesτCasestudy in the Montado Mediterraneanecosystem. Sustainability,
12(9), 3758. https://doi .org/10.3390/su12093758

Cardoso,E. J. B. N., & Andreote, F. D. (2016). Microbiologiado solo. Piracicaba: ESALQ. doi:10.11606/978858648156

Rodrigues,A. R., Silva,E., Santos,G., Coutinho,J., & Madeira,M. (2015). Doimprovedpasturesaffect enzymaticactivityandC
and N dynamics in soils of the montado system? Revista de Ciências Agrárias, 38(4), 536-546.
http://dx .doi.org/10.19084/RCA15138

"This work was funded by National Funds through FCT(Foundation for Scienceand Technology)under the Project
UIDB/05183/2020 and by the projects PDR2020ҍ101-030693 and PDR2020ҍ101-031244 όάPrograma 1.0.1-Grupos
Operacionaisέύ."
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Response of spore density and root colonization by 
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cover crops in intensive production of maize
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1 Instituto Nacionalde InvestigaçãoAgráriae Veterinária,INIAV,I.P., Av. da República,Quinta do Marquês,2780-159
Oeiras,Portugal; 2 GREEN-IT Bioresourcesfor Sustainability, ITQBNOVA,Av. da República,2780-157 Oeiras,Portugal; 3

Fertiprado - Sementee Nutrientes Lda., Herdadedos Esquerdos,7450-250 Vaiamonte,Portugal; 4 COTHN- Centro
Operativoe TecnológicoHortofrutícolaNacionalςCentrode Competências,Estradade Leiria,S/N, 2460 059 Alcobaça,
Portugal. * pablo.pereira@iniav.pt

Beneficialmicroorganismsoccur naturally in little-intervened ecosystems,but many practicesassociatedwith
intensiveagriculture result in biodiversity imbalancesthat disadvantagethem relative to other non-beneficial
species(Graham,J.H. 2000). In these intensivesystems,the occupationof the soil in the autumn-winter period
with covercropsbasedon legumes,grasses,or biodiversemixturesof both, will increasethe enrichmentof the
soil in beneficialmicroorganisms,whichwill be availableto interact with the maincrop. Theadoptionof practices
that favourmycorrhizationcanalsoplay a very important role (Schloteret al., 2018). Mycorrhizais a mutualistic
relationshipbetweenplant rootsandfungalhyphae.
Thiswork describesthe evaluationof the degreeof mycorrhizationandsporedensity,asa soilbiologicalindicator,
in an experimentalfield in Golegã(Portugal),where different covercropswere installedprior to corn (Zeamays
(L.) cultivation: 1) biodiversemixture of grassesand legumes,including rhizobia-inoculated clovers; 2) Lolium
multiflorum (Lam.) (annual ryegrass), a mycotrophic grass that favours soil enrichment in endemic
endomycorrhizalfungi; and3) Raphanussativus(L.) (forageturnip), a biofumigantspecieswhich its incorporation
into soil contributesto the eliminationof phytopathogens. A control plot wasmaintainedwithout anycovercrop.
Samplesof rootsfrom cornwerecollectedandthe degreeof endomycorrhizationwasevaluated.
Theobtainedresultsindicatethat the introductionof covercrops,in particularthe biodiversemixture andannual
ryegrass,increasedthe mycorrhizationfrequencyin cornrootsandthe densityof sporesin the soil.
Thearbuscularmycorrhizafungalpropagulescanbe developedin the soilby mycotrophicplantsandkept intact at
the seedingof the corn crop by adoptingappropriatetillage techniques. Thiswork points out the importanceof
covercropsfor the enrichmentof thesesystemsin endomycorrhizalfungi.

Graham,J.H. (2000). Assessingcostsof arbuscularmycorrhizalsymbiosisagroecosystemfungi. In G.K. Podila& D.D. DoudsJr
(eds)CurrentAdvancesin MycorrhizalResearch,pp 127-140. APSPress,St. Paul,Minnesota.

SchloterM, NannipieriP,SørensenSJ,van ElsasJD(2018). Microbial indicatorsfor soil quality. Biologyand Fertility of Soils
54:1ς10.

Financialsupport was provided by projects HortiCover(LISBOA-01-0247-FEDER-072223), SoiLife1st (PRR-C05-i03-I-000006-
LA4.1, PRR-C05-i03-I-000006-LA4.4, PRR-C05-i03-I-000006-L4.7) and MaisSolo (PDR 2020-101-030821), and by FCT -
Fundaçãopara a Ciência e a Tecnologia, I.P., through the R&D Unit "GREEN-IT - Bioresourcesfor Sustainability"
(UIDB/04551/2020andUIDP/04551/2020).
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Arbuscular mycorrhizal fungi as indicators of soil 
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Thisresearchis part of an innovativepilot project for habitat restoration on the Famarasummitsin Lanzarote,
CanaryIslands,whichaimsto be a startingpoint for the recoveryof the nativevegetationof this arid areaandto
halt the desertificationprocesssufferedby the whole island. Theproject is led by the Departmentof Ecological
Transition,FightagainstClimateChangeand Territorial Planningof the Governmentof the CanaryIslands,and
financedwith FEDERresources. It hasbeensuggestedthat a commonreasonfor the failure of manyrestoration
attempts is to omit the necessaryanddirect relationshipbetweenthe root systemandthe diversecommunityof
microorganism(3). For this reason,we proposeas a first step in the approachto restoration, the study of a
particulargroupof microorganisms: the arbuscularmycorrhizalfungi (AMF). Theseorganismsare ubiquitoussoil-
bornemicrobialfungi that playa critical role in plant nutrition whichhasbecomean integralcomponentof plant
ecologyin natural ecosystems. EspeciallyAMFplaykey roles in semiaridecosystems,improvingthe function and
adaptationof plant communitiesto thesestressedenvironments(2).
The present study investigatesthe native AMF population in damagedsoils, as indicator of degradation. In
addition,the mycorrhizalpotential of the different soilshasbeendeterminedin order to selectthe most optimal
areas to restore and reproduce mycorrhizal inoculum. Simultaneously,the most suitable trap culture was
assessed. Finally, the relationship between arbuscularmycorrhizalfungi population and soil physico-chemical
parametershasbeenevaluated. Firstly,in order to achievetheseobjectives,different statesof degradationof the
soil systemhavebeendetermined. Theclassificationcriteria appliedwere the presenceof soil horizonsand the
presenceor absenceof vegetationand its characteristics. A total of sevenlocationsrepresentingthe different
stagesof degradation have been identified. From each location, 7 composite sampleswere obtained and
processed. Thefirst step in assessingthe AMFpopulationhasbeento count sporesper gramof soil accordingto
the wet sievingprotocol (1). Then,the mycorrhizalpotential hasbeendeterminedby different trap cultures,once
with mycotrophicallochthonousplants and once with native leguminousand mycotrophicplants. After three
months, the percentageof root mycorrhizationand the number of sporeswere evaluated. As expected,the
numberof sporesobtainedhasbeensignificantlyhigher in the vegetationislands. On the other hand,the worse
resultshavebeenobtainedwherethe gullyerosionoccursandin cliff areas,wherethere is hardlyanysoilsystem
but where someisolatedendemicbotanicalspeciesare found. Basedon theseresults,it canbe concludedthat
this indicatorappearsto be sensitiveto the soil degradation. Furthermore,the best-preservedAMFpopulationis
directly linkedto higherorganicmatter andlessphosphorusandmagnesiumavailablein soil. Whenwe evaluated
the mycorrhizalpotential, the resultshaveshowna greaterecologicalpotential in soilswith high plant diversity,
suchasvegetationislands,and in soilswith annualandspontaneousvegetationSoilswith volcanicmineralmulch
called"picón" alsohadbetter AMFpopulations. Accordingto thesefindings,theseareaswill be nativemycorrhizal
reservoirand susceptibleareasfor restoration. Finally,in relation to the best trap culture, native leguminous
plantsshownto reproducethe AMFbetter.

1. Gerdemann, J. W., & Nicolson,T. H. (1963). Sporesof mycorrhizalEndogonespeciesextractedfrom soil by wet sieving
anddecanting. Transactionsof the BritishMycologicalSociety, 46(2), 235ς244

2. Jeffries,P.; Barea,J. M. (2012). ArbuscularMycorrhiza: A KeyComponentof SustainablePlantςSoilEcosystems. In K. Esser
(Ed.), Themycota(Second,pp. 51ς76). SpringerBerlinHeidelberg.

3. Turnau, K., Haselwandter, K. (2002). Arbuscularmycorrhizalfungi,anessentialcomponentof soilmicroflorain ecosystem
restoration. In Mycorrhizaltechnologyin agriculture(pp. 137-149). Birkhäuser, Basel.
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The plant hormone ethylene is a negativeregulator of the establishmentof most legume-rhizobiumsymbiotic
interactions. The identification of the Medicagotruncatula mutant sickle (skl, Penmetsaand Cook,1997) has
allowed understandingsomeof the molecularmechanismscontrolling the early stagesof this interaction. For
instance,it is now known that ethylene inhibits root hair deformation, calciumspiking,and infection thread
initiation and growth (Oldroydet al., 2001; Penmetsaand Cook,1997). However,the role of ethyleneat later
symbioticstageshasbarelybeenanalyzed.
In the current work we have tested the hypothesis that ethylene signalling positively regulates nodule
developmentand symbioticnitrogen fixation in Medicagotruncatula. To test it, we havecomparedthe growth
characteristicsandsymbioticperformanceof the ethyleneinsensitivemutant skland the wild type M. truncatula
A17 genotype. Physiologicalcharacterizationof the plants shows that both genotypespresent similar plant
biomass. skl shows an hypernodulating phenotype, with smaller, rounder nodules, but with a bacteroid
colonizationcomparableto this of the wild type. We tested its ability to fix N2 using severalcomplementary
approaches: measuringapparentnitrogenaseactivity,usinga Sinorhizobiummeliloti straincarryingthe markerfor
nitrogenaseexpressionpNifH:GUSand determiningthe total N content in the plants. Resultsshow that, when
grown exclusivelyunder symbiotic conditions, skl fixes N2 at rates comparablewith these of A17 plants,
expressingnitrogenasein the infectedN2-fixing zonesof the noduleand presentingsimilarN content levelsthan
the wild type genotype. Histologicalanalysisof the nodule structure suggeststhat skl nodulespresent altered
zonationand meristemformation. Additionally,we haveobservedthat the establishmentof nodulesenescence
showsa delay in skl, increasingthe life spanof the mutants. Takentogether, our resultssuggestthat ethylene
signallingper se is not required to establishan efficient N2-fixing symbiosis,but it may play a role in nodule
differentiationandsenescence.

Oldroyd, G.E., Engstrom,E.M, Long,S.R. (2001) Ethyleneinhibits the Nod factor signaltransductionpathwayof Medicago
truncatula. PlantCell13, 1835ς1849.

Penmetsa, R.V., Cook,D.R. (1997) A legumeethylene-insensitivemutant hyperinfectedby its rhizobialsymbiont. Science275,
527ς530.

Thiswork hasbeenfunded by SpanishMinistry of Scienceand Innovation-EuropeanRegionalDevelopmentFund(RYC2018-
023867-I andPID2021-122740OB-I00) andthe Governmentof Navarra(PC112-113). G.G.-F. isa predoctoralfellow fundedby
the PublicUniversityof Navarra. M. I. R. is fundedby a MargaritaSalaspostdoctoralfellowship.

References

Acknowledgements

96



S6-L-02
{ǘǊǳŎǘǳǊŜ ŀƴŘ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ʰ-rhizobia 

non-coding transcriptome investigated by RNAseq

Jiménez-Zurdo JI1, García-TomsigNI1, Acosta-Jurado S2, Guedes-García SK1, Fuentes Romero F3, 
Navarro-Gómez P3, Ayala-García P3, Robledo M4, Pérez-Montaño F3, Ollero FJ3, VinardellJM3

1 EstaciónExperimentaldel Zaidín, CSIC,Granada(Spain); 2CentroAndaluzde Biologíadel Desarrollo, CSIC; Departamento
de Biología Molecular e Ingeniería Bioquímica,Universidad Pablo de Olavide, Sevilla (Spain); 3 Departamento de
Microbiología, Universidadde Sevilla, Sevilla (Spain); 4 Instituto de Biomedicinay Biotecnologíade Cantabria, CSIC-
UniversidaddeCantabria-Sodercan, Santander,Spain.

Deepsequencingof strand-specificcDNAlibraries (RNAseq) has unveiledunexpectedlycomplextranscriptional
outputs from prokaryoticgenomes,addinglargeand heterogeneousinventoriesof smallnon-codingtranscripts
(sRNAs)to the classicaltranslation-relatedribosomal(rRNA),transfer(tRNA)andmessenger(mRNA)RNAspecies
(Hör et al. 2018). Most sRNAsregulateextensivepost-transcriptionalnetworksunderlyingvirtually any adaptive
trait in bacteria. Therefore, it is increasinglyevident that no microbial processcan be understood in its full
dimensionwithout assessingregulationof geneexpressionby RNA(riboregulation). Yetinconceivably,sRNAsare
systematicallyoverlookedin the annotationof bacterialgenomesand riboregulationremainslargelyunexplored
in mostbacterialspecies.
We haveusedcutting-edgeRNAseqprotocolssuchasDifferentialRNAseq(dRNAseq), Cappable-seqor Term-seq
to determinetranscriptsboundariesgenome-wide in three -hrhizobialspecies,Sinorhizobiummeliloti, S. fredii and
Rhizobiumtropici, asthe model symbiontsof the agronomicallyrelevantlegumes,alfalfa,soybean,andcommon
bean,respectively. Theseapproachesenabledthe accurateannotationof protein-codingsequences,untranslated
mRNAregions,and sRNAsin all three genomes. Thelatter were further cataloguedassense,antisenseor trans
accordingto the location of their loci with respectto the annotatedORFs. ClassicalRNAseqwas then usedto
explore the symbiotic-dependent alterations of the non-coding transcriptomes,which identified differentially
expressedsRNAswith putativesymbioticfunctions.
Theso-calledtrans-sRNAsareexpressedfrom transcriptionallyregulatedpromoterswithin intergenicregionsand
rely on protein-assistedshort and discontinuousbase-pairing to regulate translation and stability of multiple
trans-encodedmRNAtargets. Accordingly,we alsousedRNAseqto profile the RNAligandsof the major bacterial
RNAmatchmakerHfq, and the mRNAinteractomesof well-characterizedtrans-sRNAsin S. meliloti (Torres-
Quesadaet al., 2014; García-Tomsiget al., 2022). In the communication,we will provide insights into these
RNAseq-basedapproachesto identifyandunravelthe functionof sRNAsin -hrhizobia.

Hör, J., Gorski,S.A., Vogel,J. (2018) BacterialRNAbiologyon a genomescale. Mol Cell70, 785ς799.

Torres-QuesadaO., ReinkensmeierJ., SchlüterJ.P., RobledoM., PeregrinaA., GiegerichR., ToroN., BeckerA., Jiménez-Zurdo
J.I. (2014) Genome-wide profiling of Hfq-binding RNAsuncoversextensivepost-transcriptional rewiring of major stress
responseandsymbioticregulonsin Sinorhizobiummeliloti. RNABiol11, 563-579.

García-TomsigN.I., RobledoM., diCenzoG.C., Mengoni A., Millán V., PeregrinaA., Uceta A., Jiménez-Zurdo J.I. (2022)
PervasiveRNAregulationof metabolismenhancesthe root colonizationability of nitrogen-fixing symbiotic -hrhizobia. mBio
8, 384.
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10.13039/501100011033andbyά9w5CAwayof making9ǳǊƻǇŜέ(BFU2017-82645-P),andgrantP20_00185fundedby Juntade
AndalucíaPAIDI/FEDER/EU,awardedto J.I.J.-Z., andbygrantUS-1250546fundedbyFEDER/UniversidaddeSevillato J.M.V.
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Oscillationsin intracellular calcium concentrationplay an essentialrole in the regulation of multiple cellular
processes. In plants capableof root endosymbiosiswith nitrogen-fixing bacteria (rhizobia)and/or arbuscular
mycorrhizal fungi (AMF), nuclear-localized calcium oscillations are essential for the establishmentof these
interactions.
Theentry of rhizobiaandAMFinto legumeroots is initiated by the recognitionof the endosymbiont. Hostplants
haveplasmamembranereceptor-like kinasesthat recognizerhizobialandfungalelicitors. Thisrecognitiontriggers
the activationof calciumoscillationsin root epidermalnucleito initiate the endosymbiosisprogram. In Medicago
truncatulamodel legume,the fluctuationsin nucleoplasmiccalciumconcentrationsaregeneratedby ion channels
locatedat the nuclearenvelope,includingthe CYCLICNUCLEOTIDEGATEDCHANNELS15 (CNGC15s) (Charpentier
et al., 2016). However,how the CNGC15s are regulated in planta to sustaina calciumoscillatorymechanism
remainsunknown.
In this study,we demonstratethat CNGC15s are regulatedby the calcium-boundform of the Calmodulin2 (holo-
CaM2) in planta, which shapesthe oscillatory pattern of nucleoplasmiccalcium concentration by providing
negativefeedbackon CNGC15s to causeits closure. By engineeringCaM2 to generateCaM2R91A mutant, which
specificallyincreasedholo-CaM2 bindingaffinity to CNGC15, we acceleratedclosureof CNGC15s and increased
the calcium oscillation frequency. We further show that acceleratingthe calcium oscillation frequency was
sufficient to acceleratethe early endosymbiosissignalingand that the expressionof CaM2R91A resulted in an
enhancedroot nodule symbiosisbut not enhancedAMFcolonization. Our data revealdifferential regulationof
rhizobiaand AMF endosymbiosesand suggestthat modulatingcalciumsignalingcan be used as a strategy to
positivelyimpactsymbiosiswith nitrogen-fixingbacteria.

Thiswork has been publishedin del Cerro P et al. (2022). Proceedingsof the National Academyof Sciences,
119(13), e2200099119.

Charpentier,M., Sun,J., Martins, T. V., Radhakrishnan,G. V., Findlay,K., Soumpourou, E., ... Oldroyd, G. E. (2016). Nuclear-
localizedcyclicnucleotideςgatedchannelsmediatesymbioticcalciumoscillations. Science,352(6289), 1102-1105.
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ClareStevensonfor technicalassistancewith isothermaltitration calorimetry(ITC); andTungLefor technicalassistancewith
Blitz. Thiswork is supportedby the Biotechnologyand BiologicalResearchCouncil(BBSRC)Grant BB/P007112/1, the John
Innes Foundation studentships,and the UK Researchand InnovationςBBSRCNorwich ResearchPark Doctoral Training
PartnershipsGrantBB/M011216/1.
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In addition to typical nitrogen-fixing endosymbionts,legumesharbour other endophytic bacteria within their
tissuesthat may alsocontribute to plant growth and health (Hardoimet al. 2015). Our previousworks revealed
that endophyticbacteria isolated from legumesnot only have plant growth-promoting traits but are also well
adaptedto commonconstraintspresentin soilsof the Mediterraneanregion(Brígidoet al. 2019ab). In this work,
we intend to further characterizetheseendophyticbacteriathroughgenomicandcomparativegenomicanalyses
to potentiate their applicationsin agriculture, providing opportunities for sustainableplant health and food
security. Twelveendophyticbacterialisolateswere selectedbasedon their potential for plant growth promotion
and/or biocontrolof phytopathogens. Basedon the 16SrRNAgenesequenceanalysis,the isolateswere assigned
to the generaPseudomonas, Kosakonia, Stenotrophomonas, Serratia, Bacillusand Agrobacterium. Nevertheless,
in silicoDNA-DNAhybridizationanalysesrevealedthat 3 strainsrepresentnovelspeciesdistinct from their closest
relatives. Their genomesizesranged from 4.4 M to 7.1 M with a GCcontent varying from 35.41 to 66.4%.
Orthologousgeneclustersanalysisrevealed9346clustersand345single-copygeneclusters,albeit only 499gene
clusters(comprising6110 proteins) were sharedamongall strains. Whole genomesequenceanalysisrevealed
genespotentially associatedwith attachmentand plant colonization,growth promotion and stressprotection as
well as antifungalactivity. In detail, sets of genesfor twitching motility, chemotaxis,flagellabiosynthesis,and
ability to form biofilms(whichare relatedwith host plant colonization)were found in their genomes. Presenceof
genesassociatedto nitrogen fixation, auxin biosynthesis,siderophoreproduction or phosphorousassimilation
revealstheir potential asplant growth promoters. Furthermore,genesrequired for biosynthesisof pyoluteorin,
2,4-diacetylphloroglucinolandpyrrolnitrin underlinebacterialbiocontrolpotential againstphytopathogens. Genes
related to the productionof different moleculesand enzymesmediatingstresstolerancesuggesttheir ability to
rapidly adapt to stressful conditions. Overall, our data provide a better understandingof these endophytic
bacteria abilities and further comparativegenomic analysisprovided insight into the genomic basisof their
endophyticlifestyle,plantgrowthpromotionandantifungalactivity.

Hardoim, P.R., VanOverbeek, L.S., Berg,G., Pirttilä, A.M., Compant, S., Campisano, A. et al. (2015) Thehiddenworld within
plants: ecologicaland evolutionaryconsiderationsfor defining functioningof microbialendophytes. Microbiol Mol Biol Rev
79: 293-320.

Brígido, C., Singh,S., Menéndez,E., Tavares,M.J., Glick, B.R., Félix, M.d.R. et al. (2019a) Diversity and functionality of
culturableendophyticbacterialcommunitiesin chickpeaplants. Plants8: 42.

Brígido, C., Menéndez,E., Paço, A., Glick,B.R., Belo,A., Félix,M.R. et al. (2019b) MediterraneanNativeLeguminousPlants: A
Reservoirof EndophyticBacteriawith Potentialto EnhanceChickpeaGrowthunderStressConditions. Microorganisms7: 392.
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Siliguri, India; 3 ForestResearchCentre(CEF),Instituto Superiorde Agronomia(ISA),Universidadede Lisboa(ULisboa),
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Climatechangeis unequivocallydriving major environmentalstruggles. Togetherwith the acceleratedrate of
populationgrowth, thesechangesare imposinga substantiallossof biodiversityand arableland. In this context,
the useof pioneertreeshasbeenpointedasa powerful tool to restoredegradedlands. Amongthem, actinorhizal
treesςa group of perennialdicotyledonousangiospermsable to establishroot-nodule symbiosiswith N2-fixing
Frankiabacteria- constituteimportant elementsin plant communitiesworldwideandhavebeensuccessfullyused
in land reclamation. In the presentwork, we haveanalyzedthe transcriptomeof the photosyntheticorgansof
Casuarinaglauca (branchlets),to unravel the molecularmechanismsunderlyingstresstolerance. For that, C.
glaucaplantssuppliedeither with chemicalnitrogen(KNO3

+) or nodulatedby Frankia(NOD+) were exposedto a
gradient of salt concentrations(200, 400, and 600 mM NaCl)and RNA-Seqwas performed using an Illumina
Platform. An averageof ca. 25million cleanreadswasobtainedfor eachgroupof plants,correspondingto 86,202
unigeneswith a N50 sizeof 2,792bp and41%GCcontent. Thepatternsof differentiallyexpressedgenes(DEGs),
clearlyseparatetwo groups,(i) control and 200 mM NaCl-treated plants,and (ii) 400 and 600 mM NaCl-treated
plants. On the other hand,althoughthe numberof total transcriptswasrelativelyhigh in both plant groups,the
percentageof significantDEGswasvery low, rangingfrom 6 (200mM NaCl/NOD+) to 314(600mM NaCl/KNO3

+),
mostlyinvolvingdownregulation. Theup-regulatedgenesweremostlyrelatedto regulatoryprocesses,reinforcing
the hypothesisthat someecotypesof C. glaucahavea strongstress-responsivesystemwith an extensiveset of
constitutivedefensemechanisms,complementedby a tight mechanismof transcriptionalandpost-transcriptional
regulation. Theresultshighlight the complexityof the molecularinteractionsleadingto salinity tolerancein this
specieswhich is probablylinked to long-term ecologicaladaptationand in somecasesindependentof symbiotic
Frankia.

Thiswork was supportedby the EuropeanRegionalDevelopmentFund(FEDER)through the COMPETE2020τOperational
Programmefor CompetitivenessandInternationalisationandPortuguesenationalfundsviaFCTτFundaçãoparaa Ciênciae a
Tecnologia, I.P., under projects PTDC/AGR-FOR/4218/2012 (post-doctoral grant to IG; experimental assaysand data
analyses),andthe researchunitsUIDP/04035/2020(GeoBioTec), andUIDB/00239/2020(CEF).
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Membrane encasedstructures serve multiple biological functions in bacteria, including the formation of
intracellularcompartmentsand extracellularvesicles,which are essentialfor bacterial-bacterialcommunication
and bacterial-host interactions1. Theyalsohold potential for biotechnologicalapplications,especiallyin vaccine
production, drug delivery, and valuablechemicalproduction. Despitethe tremendousadvancesin elucidating
eukaryoticvesicleformationτendocytosisandexocytosisτandidentifyingkeyplayers,the proteinsparticipating
in thisprocessin bacteriaremainelusive2.
Althougha wide varietyof bacterialprocessescaninitiate vesicleformation, little information is availableon the
systemsthat coordinate the bacterial membrane'srestructuring. My researchgroup, in cooperationwith the
Universityof Kent (England),stumbledupon a family of uncharacterizedproteins, which are highly conserved
acrossspeciesand activelypromote both intra- and extracellularvesiclegeneration. We systematicallyproduced
recombinantproteinsof this family in Escherichiacoli from both Grampositiveand negativemicrobesobserving
by scanningandtransmissionelectronmicroscopystrikingmembranerestructuring.
Theproductionof a protein groupled to the formation of intracellularmembranouscompartmentseither tubular
or globular,whereasthe other groupboostedextracellularvesiclerelease. Both structuresindependentlyof the
cellularcompartmentaregenericallytermed asmembranevesicles. We investigatedthe impactof overproducing
theseproteins in a humanpathogen,Pseudomonasaeruginosa, whosegenomeencodesboth proteinsrevealing
the sameeffect. Thedeletion of both genesin P. aeruginosaresulted in a substantiallossof vesicleformation.
Theseresultscollectivelypinpoint thesetwo groupsof proteinsasactivemembranere-shapingeffectors,andit is
to our knowledgethe first report on activevesicleproduction in bacteria. In this project, I proposeto follow up
the groundworklaid in E. coli andP. aeruginosato harnessthe full potential of thesemembranevesiclesfor the
benefit of rhizobia-plant interactions. Firstly, we will employ the interactomicstechniquesthat are routinely
conductedin my lab,whichconsistof affinity purificationcoupledwith massspectrometryto identify the protein-
protein interactions underlying the biogenesisof these structures in different rhizobia species. Next, we will
induce the expressionof diverse interaction partners found in the interactomic studies to modulate vesicle
formation. Finally,we will tailor the proteic and metabolic cargo of these membrane vesiclesencapsulating
nodulationfactors,nitrogen-fixingenzymes,or phytopathogeninhibitorsto improvenodulation,nitrogenfixation,
andultimatelyplant growth.

[1] Toyofuku, M., Nomura, N., & Eberl, L. (2019). Typesand origins of bacterial membrane vesicles. Nature Reviews
Microbiology,17(1), 13-24.

[2] Akers,J. C., Gonda, D., Kim, R., Carter,B. S., & Chen,C. C. (2013). Biogenesisof extracellularvesicles(EV): exosomes,
microvesicles, retrovirus-likevesicles,andapoptoticbodies. Journalof neuro-oncology,113(1), 1-11.
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The Rhizobium-legumeassociationsare establishedthrough specificsignals,as those producedby the rhizobia
suchasNod factors,exopolysaccharidesand secretedproteinscalledeffectors. Theseeffectorsare translocated
by different secretion systems,and the type VI secretion system (T6SS)is one of them. Genesencoding
componentsof T6SSare present in more than 60% of rhizobia, but the relevanceof the systemis not well
understoodin these bacteria. The T6SShas been related mainly to antibacterialactivity and virulenceagainst
eukaryotes. Ourgroupstudiesthe T6SSof Rhizobiumetli, Bradyrhizobiumsp. andRhizobiumruizarguesonis. In the
first two species,a positiveeffect on symbiosisof the T6SSwasshown(Salinero-Lanzaroteet al., 2019, Tighiltet
al., 2021) andin the third one,the T6SSseemsto havea negativeor neutraleffecton symbiosiswith peas.
Ananalysisby mutagenesisof genesencodingpotential T6SS-dependenteffectorshasshownthat, in R. etli, these
effectors would haveno relevanceto beansymbiosisin contrast to what results from mutation in a structural
gene such as hcp. The potential effectors would be related to antibacterial functions, as deducedfrom the
presenceof conservedmotifs, impaired growth when expressedin E. coli, and reduced competitivenessin
nodulationcomparedto the wild type strain. In Bradyrhizobiumsp. a mutation in a methyltransferaseencodedby
its T6SShasan effect on symbiosiswith Lupinusangustifoliusthat could be related to plant recognitionof the
bacterium(Tighiltet al., 2021).
Regardingthe expressionof the T6SSsystems,we haveidentifieda promoter region(P6) wherethe orientationof
the two main T6SSgeneoperonsdiverge. This region is active in symbiosisin R. etli and Bradyrhizobiumsp.,
whereasit is not activein R. ruizarguesonis. P6 activationin free-living conditionshasbeenfound only in R. etli.
The R. ruizarguesonisP6 inactivity (deducedfrom the absenceof Hcp immunodetection)may be due to the
accumulationof mutations in this region. This is consistentwith an incompatibility between T6SSactivity and
effectivenodulationin peas.
Thesedatasuggestthat, similarlyto the presenceof the type III secretionsystemsin rhizobia,the T6SSmayhave
a positive,negativeor neutralrole in symbiosisdependingon the interactinglegumeandrhizobialspecies.

Salinero-Lanzarote,A., Pacheco-Moreno, A., Domingo-Serrano, L., Durán, D., Ormeño-Orrillo, E., MartínezRomero, E.,
Albareda, M., Palacios,J.M., Rey,L. (2019). The TypeVI secretionsystemof Rhizobiumetli Mim1 has a positive effect in
symbiosis. FEMSMicrobiolEcol12, 95(5):fiz054. doi.org/10.1093/ femsec/fiz054

Tighilt, L., Boulila, F., DeSousa,B.F.S., Giraud,E., Ruiz-Argüeso, T., Palacios,J.M., Imperial,J. andRey,L., TheBradyrhizobium
sp. LmicA16 TypeVI SecretionSystemis Requiredfor Efficient Nodulation of LupinusSpp. 2021. Microbial Ecology(DOI
10.1007/s00248-021-01892-8).
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the Ministry of HigherEducationandScientificResearchof Algeria(NationalExceptionalProgram)and the 9ǊŀǎƳǳǎ Ҍ tǊƻƎǊŀƳΣ
Project2019ς1-ES01-KA107-063778. LD-SissupportedbyaFPIscholarship(PRE2019-091327) from the MCINN,Spain.
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Glyceraldehyde-3-phosphatedehydrogenase(GAPDH)isa housekeepingprotein widelyconservedacrossall living
organisms. Its principal function is the interconversion of glyceraldehyde-3-phosphate and 1,3-
bisphosphoglyceratein the glycolyticand gluconeogenicpathways. However, it has also been describedas a
moonlightingprotein involvedin different biologicalprocesses(Seidler,2013). In plant beneficialbacteria,suchas
rhizobia, and in pathogens like Pseudomonassyringe, non-conclusive evidence that GAPDHmay have a
moonlightingfunction or be exported to the outside of the cell hasbeen reported (Emerich& Krishnan,2014;
Elkhalfiet al., 2014). Resultsfrom our laboratory indicatethat Rhizobiumetli GAPDHprotein canbe secretedto
the extracellularculturemediumundercertainconditions(Loriteet al., in preparation).
With the aim of identifyingpossiblenew rolesof GAPDHin R. etli CFN42, a mutant strain AC1D lackingthe gap
genewasconstructedandcharacterized. Weassessedits metabolismin free-livingculturesaswell asin symbiosis
with its host plant, Phaseolusvulgaris. Themutant lackingthe gap genewasunableto grow with gluconeogenic
carbon sources(i.e. succinate),and showed a very reduced growth with glycolytic C sources(i.e. glucose).
However,it wasable to grow when providedwith both typesof Csourcesat the sametime. In symbiosiswith
Phaseolusvulgaris, the Gap- mutant was only able to form small white noduleswith no capacityof nitrogen
fixation. All free-living and symbioticmutant phenotypeswere reverted after geneticcomplementationwith a
wild-type gap gene. Complementationwas not possiblewith a gap gene version carryinga singlenucleotide
mutation affectingthe Gapactivesite. TheR. etli Gap- mutant wasalsocomplementedwith P. syringaegap1 and
gap2 genes,and most of the deficient phenotypeswere improved. gap1 allowed growth of the mutant with
unique carbon sourceslike the wild-type strain, as well as recoveryof wild-type nitrogen-fixing efficiency in
symbiosiswith commonbeans. However,Ptogap2 only improvedthe ability of AC1Dto growwith gluconeogenic,
but not with glycolyticCsources. In contrastto gap1 complementation,expressionof gap2 in the rhizobialAC1D
mutantonlyallowedfor partial,yet incompleterecoveryof the wild-typenitrogenfixationlevels.
Theresultsshowthe importanceof the GAPDHenzymeactivity for R. etli for free-livingand in symbiosiswith P.
vulgaris. Thedata suggestthat both glycolyticand gluconeogenicGAPDHactivitiesare essentialfor nodulation
andnitrogenfixation.

Elkhalfi, B., Serrano,A., & Soukri, A. (2014). Identificationof an extracellularinfection-inducedglyceraldehyde-3-phosphate
dehydrogenaseof the phytopathogenicproteobacteriumPseudomonassyringaepv tomato DC3000. Advancesin Bioscience
andBiotechnology,05(03), 201-208. https://doi .org/10.4236/abb.2014.53026

Emerich, D. W., & Krishnan,H. B. (2014). Symbiosomes: Temporarymoonlightingorganelles. BiochemicalJournal,460(1), 1-
11. https://doi .org/10.1042/BJ20130271

Seidler, N. W. (2013). GAPDH: Biological Properties and Diversity (Vol. 985). Springer Netherlands.
https://doi .org/10.1007/978-94-007-4716-6
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TheTypeVI secretionsystem(T6SS)is a bacterialnanomachineinvolvedin interbacterialcompetition. Attacking
T6SS+ bacteria releasetoxins inside prey cells, inhibiting the growth and/or killing competitors in a contact-
dependentmanner,providing fitness advantages. The biocontrol agent P. putida efficiently usesthe T6SSas a
mechanismto protect plants from deleterious phytopathogens1. The strain KT2440 encodesthree type VI
secretionsystems(K1-, K2- and K3-T6SS)but only the K1-T6SShas been proved to be functional and to have
antibacterialactivity up to date1. Here,we studythe functionalityof the K2- andK3-T6SSsby testingthe capacity
of single,doubleand triple T6SSmutants to kill different preysin competitionassays. Thetriple mutant wasless
competitivethan the mutant lackingonly the K1 systembut only if the prey wasa plant pathogenand not a lab
strain. Thisdata indicatesthat the K2- and/or K3-T6SSmight be activein P. putida naturalnichesin the presence
of real competitors. An increasingnumber of studiesare showingthe relevanceof T6SSto modulate complex
polymicrobialcommunities,especiallyin the gut2. Here,we studythe role of P. putida T6SSsin shapingmicrobial
communitiesin its habitat, the rhizosphere. First, we investigatethe capacityto colonisethe rhizosphereof
tomato plantsgrowingin agriculturalsoilby the wildtype andthe T6SSmutantsaspreviouslyreported3. Secondly,
we analysedthe microbiome present in the rhizosphereof these plants inoculated with the aforementioned
strains. We observedthat all T6SSmutantshavea lower capacityto colonisethe rhizospherewhen comparedto
the wildtype strain. In accordancewith that, the Principal ComponentAnalysis(PCA)of the tomato plants
microbiotashowedtwo clearlydifferentiated groups. Onone hand,the microbiotaof plants inoculatedwith the
wildtypestrainthat it is ableto outcompetefoesin a T6SSdependent-manner; on the other hand,the microbiota
of plantsinoculatedwith the T6SSmutantsunableto do that. Theseresultssuggestthat the T6SSsof P. putidaare
functional in the rhizosphere,in the presenceof competitors,modulate this polymicrobialcommunityand are
instrumentalfor P. putidacolonizationof the plant roots.

1. BernalP,et. al., ISMEJournal,2017

2. AllsoppL. P. et. al., CellularMicrobiology,2020

3. DuránD,et. al., ScientificReports,2021

Thiswork hasbeenfundedby Ministerio de Ciencia, Innovacióny UniversidadesFEDER/EUGrantRTI2018-093991-B-I00 and
FEDER18-1264962 Junta de Andalucía/Universidadde Sevilla. David VázquezArias was granted by FPI-UAM program
(SFPI/2021-00458).
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The Type six secretion system (T6SS)has been originally described in Vibrio cholerae and Pseudomonas
aeruginosa, asa protein nanomachinesystemthat translocatesspecificproteins directly into target cells. T6SSs
arepresentin more than 25%of gram-negativebacteria,mostlyconfinedto the phylumProteobacteriaandmany
of them encodingmore than one T6SSin their genome. It hasbeen describedthat its relevanceresidesmainly
within its anti-prokaryoticactivity. The T6SSin Pseudomonashas been involved in biofilm formation and anti-
bacterialtoxinsproduction.1. Themodelorganismof this study,PseudomonasfluorescensF113wasisolatedfrom
the sugar-beet rhizosphereand containsthree T6SSin its genomicsequence2. Generally,the core genesof the
T6SSsare located in genomicclusters,which encodethe structural proteins and can includeaccessoryproteins
involvedin regulationof the T6SSs. Moreover,genesencodingT6SSeffectorsandtheir cognateEffector-immunity
(EI)pairsproteins are commonlylinked to hcp and/or vgrGgeneswithin T6SSclusters. Genesencodingorphan
VgrGproteins,not geneticallylinkedto anyT6SSstructuralclusterhavealsobeendescribedfor a longnumberof
T6SS-harbouringbacteria3. We have identified an orphan vgrG islandsin F113 (vgrG5a) associatedwith genes
encodingputative T6SS-related proteins: a possibleregulatoryTapprotein, followed by an effector, Tfe8 and an
immunityprotein,Tfi8. Thegeneticorganizationof the regionsuggeststhat tfe8 and tfi8 maybeco-transcribed. In
order to test the possibleantibacterialactivity of this region, two insertional mutants were constructed,one
affectingvgrG5a and another affectingthe tfe8 gene. A bacterialcompetition assayrevealedthat both mutants
wereaffectedin their capacityof killingE. coli. Totest whetherTfe8/Tfi8 constituteaneffector-immunitypair, the
genesencodingTfe8 andTfi8 wereclonedin the pT7-7 vector,asa result,the E. colistrainexpressingtfe8 andnot
tfi8 wasaffectedin growth. Theseresultsindicatethat Tfe8 is a bacterialkillingeffector, while Tfi8 is its cognate
immunity protein. Tfe8 may representa novel type of T6SSeffector with homologyto protein family involvedin
drugextrusion.

1. Gallique,M., et al. PloSone(2017).

2. Durán, D., et al. SciRep(2021).

3. Barret,M., et al. Microbiology(2011).

Thiswork has been funded by Ministerio de Ciencia, Innovacióny UniversidadesFEDER/EUGrant RTI2018-093991-B-I00.
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Sinorhizobiumfredii HH103 is a broadhost rangerhizobialstrain able to establishnitrogen-fixingsymbioseswith
dozensof legumegenera,includingthe relevantcrop soybean. Our researchgrouphasextensivelycharacterized
the productionof bacterialmolecularsignals(Nodfactors,type 3 secretedeffector proteins,anddifferent surface
polysaccharides)and studied their regulationat the protein-dependentgenetranscriptionlevel (Pérez-Montaño
et al. 2016; Acosta-Juradoet al. 2019,2020). Thesestudies have included different RNAseqanalysesbut are
clearly incomplete since the analysisof the role of small non-coding regulatory RNAs(sRNAs)has been
overlooked.
Recently,we havestarted the analysisof the non-codingtranscriptomeof S. fredii HH103. For that purpose,we
have mixed the total RNAobtained in 15 different conditionsand carried out Cappable-seq, which allows the
determinationof the transcriptionstart sites(TSS)that were active in thoseconditions. TSSswere associatedto
messengerRNAs(mRNAs),sense,antisense,or trans sRNAsaccordingto their location with respect to the
annotatedORFs. Thesameapproachis beingundertakenin parallelin another rhizobialstrain,Rhizobiumtropici
CIAT899, whichenabledreannotationof the two genomesto includethe non-codingRNAgenes.
In addition, we have performed strand-specificRNAseqon total RNAfrom bacteria in 6 different conditions:
minimal medium (MM, control), MM + mannitol 400 mM (osmoticstress),MM+ genistein(effective nod-gene
inducer), and bacteroids of three different HH103 host plants (Glycinemax, Lotus burttii, and Glycyrrhiza
uralensis). The analysis of these data will allow a more precise characterisationof the specific HH103
transcriptomesfor eachcondition, includingprotein-codingsequencesand sRNAs. We havecarried out similar
experimentsin R. tropici CIAT899andin the modelrhizobialstrainSinorhizobiummeliloti 1021. Thecomparisonof
the non-codingtranscriptomesof thesethree rhizobialstrainswill allow obtainingtheir cataloguesof sRNAsand
finding common and specificsRNAsthat may be relevant for symbiosis. We will also provide the preliminary
resultsof our studieson the HH103 sRNAsAbcR1 and AbcR2, widely conservedin rhizobia,and F6, unique to
sinorhizobialspeciesnodulatingsoybean.

Pérez-Montaño, F., Jiménez-Guerrero,I., Acosta-Jurado,S., Navarro-Gómez,P., Ollero, F.J., Ruiz-Sainz, J.E., López-Baena, F.J.,
Vinardell, J.M. (2016). A transcriptomic analysisof the effect of genistein on Sinorhizobiumfredii HH103 revealsnovel
rhizobialgenesputativelyinvolvedin symbiosis. Sci. Rep. 6, 31592.

Acosta-Jurado,S., Rodríguez-Navarro,D.N., Kawaharada, Y., Rodríguez-Carvajal,M.A., Gil-Serrano,A., Soria-Díaz,M.E., Pérez-
Montaño, F., Fernández-Perea, J., Yanbo, N., Alias-Villegas,C., Jiménez-Guerrero,I., Navarro-Gómez,P., López-Baena, F.J.,
Kelly,S., Sandal,N., Stougaard, J., Ruiz-Sainz, J.E., Vinardell, J.M. (2019). Sinorhizobiumfredii HH103nolRandnodD2 mutants
gaincapacityfor infectionthreadinvasionof LotusjaponicusGifuandLotusburttii. EnvironMicrobiol. 21, 1717-1739.

Acosta-Jurado,S., Alías-Villegas,C., Navarro-Gómez,P., Almozara, A., Rodríguez-Carvajal,M.A., Medina, C., Vinardell, J.M.
(2020). Sinorhizobiumfredii HH103 syrM inactivationaffectsthe expressionof a largenumber of genes,impairsnodulation
with soybean,andextendstheƘƻǎǘπǊŀƴƎŜto Lotusjaponicus. EnvironMicrobiol. 22, 1104-1124.

This work was supported by grants PID2019-107634RB-I00 funded by MCIN/AEI/10.13039/501100011033, US-1250546
funded by FEDER/Universidadde Sevillaboth to J.M.V., and P20_00185 funded by Junta de AndalucíaPAIDI/FEDER/EU,
awardedto J.I.J.-Z.
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Rhizobiaare soil proteobacteriathat can establisha symbioticrelationshipwith host legumes. This interaction
requiresa complexmoleculardialoguein whichbacterialNodDproteinsplaya very important role activatingthe
expressionof symbioticgenes,when in the presenceof appropriateflavonoids. Amongrhizobialsymbioticgenes,
nodgenesare responsiblefor the synthesisof signalsmoleculescallednodulationfactors(NF),that arecrucialfor
establishmentof symbiosis. Interestingly,in Rhizobiumtropici CIAT899, besidesflavonoids,another factors, like
osmoticor salinestress,canactivatenodgeneexpression(Pérez-Montañoet al., 2016; delCerroet al., 2019).
We haveinvestigatedwhether osmoticstresshasalsoan effect on another rhizobialstrain, Sinorhizobiumfredii
HH103(Margaretet al., 2011). In this communicationwe showthat the presenceof mannitol400mM affectsthe
expressionof hundredsof genes,asassessedby RNAseq, andaffectsdifferent bacterialtraits suchasmotility, and
productionof exopolysaccharide,NF,acylhomoserinelactonesandindoleaceticacid(IAA).

del Cerro,P., Megías, M., López-Baena, F.J., Gil-Serrano,A., Pérez-Montaño, F., Ollero, F.J. (2019). Osmoticstressactivatesnif
and fix genesand inducesthe Rhizobiumtropici CIAT899 Nod factor production via NodD2 by up-regulationof the nodA2
operonandthe nodA3 gene. PLoSONE14, e0213298.

Pérez-Montaño, F., del Cerro,P., Jiménez-Guerrero,I., López-Baena, F.J., Cubo, M.T., Hungria, M., Megías, M., Ollero, F.J.
(2016). RNA-seq analysisof the Rhizobiumtropici CIAT899 transcriptomeshowssimilarities in the activation patterns of
symbioticgenesin the presenceof apigeninandsalt. BMCGenomics. 17, 198.

Margaret, I., Becker,A., Blom, J., Bonilla,I., Goesmann, A., Göttfert, M., Lloret, J., Mittard-Runte, V., Rückert, C., Ruiz-Sainz,
J.E., Vinardell, J.M., Weidner, S. (2011). Symbioticproperties and genomic sequenceof the fast growing model strain
SinorhizobiumfrediiHH103nodulatingsoybean. J. Biotechnol. 155, 11-19.
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Sinorhizobiumfredii HH103 is a nitrogen-fixing bacterium able to nodulate a broad range of legumesthat
possessesa functionaltype 3 secretionsystem(T3SS). TheT3SSisoneof the bacterialmechanismsinvolvedin the
establishmentof the rhizobium-legumesymbiosis,together with Nodfactorsandsurfacepolysaccharides(López-
Baenaet al., 2016). TheT3SSis a specializedsecretionapparatuswhich deliversproteins,calledeffectors(T3E),
directly from the cytoplasmof the bacteriumto the cytoplasmof the hostplant cell. TheT3Einfluencenodulation
in a positive, neutral and even negative way, being involved in host-range determination and nodulation
efficiency. Moreover, the T3SSand the nodulation genesare coregulatedin rhizobia, whose transcription is
flavonoidandNodDdependent(Teuletet al., 2022).
In this work,we studieda novelT3Efrom HH103, Sfe1. Thiseffector,originallyidentified in silico, showshomology
to a family of effectorsthat hasonly beenidentified in phytopathogenicbacteria. In this work, we showthat the
gene coding this T3E is expressedin minimum medium (MM) inducedwith the flavonoid genistein. Secretion
assaysin theseinducingconditionswere performedto confirmthat this protein is secretedby the S. fredii HH103
T3SS.

López-Baena, F.J., Ruiz-Sainz, J.E., Rodríguez-Carvajal,M.A., Vinardell, J.M. (2016). Bacterial molecular signals in the
Sinorhizobiumfredii-soybeansymbiosis. Int JMol Sci17, 755.

Teulet, A., Camuel, A., Perret, A., Giraud,E. (2022). The versatile roles of type III secretion systemsin rhizobia-legume
symbioses. AnnRevMicrobiol76, 45-65.

Thiswork wassupportedby projectsPID2019-107634RB-I00of the SpanishMinistry of ScienceandInnovation,andFEDER-US
1259948and FEDER-US1250546of the Universityof Seville,supportedby FEDERfunds. IreneJiménezGuerrerois recipient
of a postdoctoralcontract(Juande la Ciervaincorporación). DiegoGarcíaRodríguezis recipientof a predoctoralcontract(VII
PPI-US)andPaulaGarcíaAyala(FPU).
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Nitrogen-fixing root nodule symbiosesbetween rhizobia and legume plants are built on a strict metabolic
cooperationbetweenthe partners. Thenitrogenstatusof both bacteriaandplant is a majormetabolicsignalthat
rewiresrhizobialgeneexpressionandmetabolismduringnodulationandsymbioticnitrogenfixation (Patriarcaet
al. 2002). To date, geneticand metabolic reprogrammingof rhizobiaduring the symbiotic transition has been
studiedalmostexclusivelyfrom the perspectiveof the transcriptionalcontrol orchestratedby proteins. However,
post-transcriptionalregulationof geneexpressionby smallRNAs(sRNAs)is expectedto play major roles in the
establishmentof these mutualistic symbioses. A large classof sRNAsare the so-called trans-sRNAsthat are
differentiallyexpressedfrom intergenicregionsandmostcommonlymodulatetranslationand/or stabilityof their
target mRNAsby short and discontinuousantisenseinteractionsand ribonucleasesrecruitment (Robledoet al.
2020).
The Nodule FormationEfficiencyRegulatorNfeR1 is the only trans-sRNAcharacterizedto date whose loss-of-
functioncompromisesnodulationkinetics,noduledevelopmentandsymbioticefficiencyof Sinorhizobiummeliloti
on alfalfa roots. However, its function has not been delineated with detail yet. This trans-sRNAshas three
unpaired anti-Shine-Dalgarno(aSD) motifs with redundant regulatory functions, which likely act as interaction
seedsfor mRNAtargetingto blocktranslation(Robledoet al. 2017).
Wehaveinvestigatedthe transcriptionalregulationof S. meliloti NfeR1 andwe havedemonstratedthat NfeR1 isa
nitrogen stress-induced sRNA,which is transcribedfrom a dual-mode promoter activated by LsrB(LysR-type
symbiotic regulator) and repressedby the master regulator of the nitrogen stressresponse(NSR),NtrC. LsrB
promotes a seeminglyconstitutive NfeR1 transcription, which is downregulatedby NtrC-mediated repression
undernitrogensurplusconditions.
TheNtrBCtwo-componentsystemisat the coreof regulationof nitrogenassimilationin free-livingrhizobia,which
is fully activeat the onsetof nodulation,i.e., noduleformation is totally inhibited by nitrogen excessin soil. We
have also demonstratedthat NfeR1 is involved in the fine-tuning of the bicistronicmRNAntrBCby direct ntrB
targeting,whichplacesthis sRNAsat the coreof the S. meliloti NSRregulation. ThisnovelRNAelementdescribed
here would guarantee the robust feed-back regulation of the NtrBC two-component system, thereby
strengtheningthe NSRby relieving the (auto)repressionof the ntrBCand helping S. meliloti to competitively
survivethe nitrogenstressof the rhizosphereenvironment.

Robledo M, García-Tomsig NI, Jiménez-Zurdo JI (2020) Riboregulation in nitrogen-fixing endosymbiotic bacteria.
Microorganisms8, 384.

RobledoM, PeregrinaA, Millán V, García-TomsigNI, Torres-QuesadaO, Mateos PF,BeckerA, Jiménez-Zurdo JI (2017) A
conservedh -proteobacterialsmallRNAcontributesto osmoadaptationandsymbioticefficiencyof rhizobiaon legumeroots.
EnvironMicrobiol19, 2661ς2680.

PatriarcaEJ,TatèR,IaccarinoM (2002) KeyRoleof BacterialNH4+ Metabolismin Rhizobium-PlantSymbiosis. Microbiol and
Mol BiolRev66, 203ς222.
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Ribonucleases(RNases)are key elements of post-transcriptional regulatory networks that are poorly
characterizedin rhizobia. Decayof mRNAupon antisenseinteraction with regulatory small non-coding RNAs
(sRNAs)commonlyinvolvesprevalentprokaryoticendoribonucleaseslike RNaseIII, which is specificto double-
strandedRNAs(dsRNA)(Robledoet al. 2020; Quenderaet al. 2020). WepreviouslycharacterizedS. meliloti RNase
III (SmRNaseIII) biochemicallyandgenetically(Saramagoet al., 2018). Here,we analyzedSmRNAseIII-dependent
alterationsof the S. meliloti transcriptomeunderoxicandmicrooxicconditions,the latter mimickingthe symbiotic
environmentwithin root nodules.
RNA-Seqrevealeda strongimpactof this RNasein the S. meliloti transcriptomeasexpectedfrom the pleiotropic
phenotypeof the knock-out mutant. Protein-codinggenesmisregulatedin the mutant with respectto the wild-
type strain (log2FC> 1 or < -1 in the combinedaerobicand microaerobictranscriptome)represent42%of ORFs
annotatedin the S. meliloti genome. We further correlatedalterationsin the steady-state levelsof mRNAswith
thoseof their correspondingantisensesRNAs(asRNAs) and comparedthe SmRNaseIII-dependenttranscriptome
with the mRNAinteractomesof the well-characterizedAbcR1 andAbcR2 trans-sRNAs.
Thisanalysisanticipatesa great impactof this endoribonulceasein the post-transcriptionalRNAsilencingof genes
relevantto both the free-livingandsymbioticrhizobiallifestyles.

Robledo,M., García-Tomsig, N. I., & Jiménez-Zurdo, J. I. (2020). Riboregulationin nitrogen-fixing endosymbioticbacteria.
Microorganisms,8(3), 384.

Quendera, A. P., Seixas, A. F., dosSantos,R. F., Santos,I., Silva,J. P. N., Arraiano, C. M., & Andrade,J. M. (2020). RNA-binding
proteinsdrivingthe regulatoryactivityof smallnon-codingRNAsin bacteria. Frontiersin MolecularBiosciences,7.

Saramago,M., Robledo,M., Matos, R. G., Jiménez-Zurdo, J. I., & Arraiano, C. M. (2018a). Sinorhizobiummeliloti RNaseIII:
CatalyticFeaturesandImpacton Symbiosis. Frontiersin Genetics,9.
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Glycinesoja (Sieboldand Zucc.) is the wild ancestorof the domesticatedsoybean(G. max). During soybean
domestication,many natural phenotypic changesaffecting plant development,seed size and protein and oil
content, among others, have occurred. In this processof domestication,traits controlling the formation of
symbioticroot nodulesby severalhost resistance(R) genes,referred to asRj/ rj genes,havebeenmaintainedin
agronomicallyimprovedsoybeancultivars. TheseRproteinsinteract with type 3 secretionsystemeffectors(T3E),
blockingnodulation. Four R geneshave been traditionally consideredin soybeanas associatedto nodulation
restriction: i) the Rfg1 gene,which restrictsnodulationwith someSinorhizobiumfredii strainssuchasUSDA257,
USDA205, and USDA193; ii) Rj2, an allelic variant of Rfg1, which restricts nodulation with Bradyrhizobium
japonicumUSDA122; iii) Rj3 soybeanscannotbe nodulatedby someB. elkaniistrainssuchasUSDA33, BLY3-8, or
BLY6-1; and iv) strainssuchasB. japonicumIs-34 or B. elkaniiUSDA61 cannotnodulateRj4 soybeans. Recently,a
new R protein, GmNNL1, has been describedto interact with the B. diazoefficiensUSDA110 NopPto inhibit
nodulationduringroot hair infection.
Previousstudiesof our researchgroup indicate that inactivationof the S. fredii T3SScan block or induce the
formation of nodulesin severalG. soja accessions. Thissuggeststhat wild soybeanscould haveR proteins that
interact with still unknown S. fredii T3E or even possessnew resistanceproteins, or R proteins with different
sequences,that couldbe the originof the cultivarspecificityphenotypein agronomicallyimprovedsoybeans.
In this work we studiedwhether the S. fredii genesinvolvedin wild soybeannodulationspecificityare associated
to the symbioticT3SSandwhether it is possibleto modulatenodulationrangeby transferringsymbioticplasmids
from S. fredii strainsable to nodulatewith soybeansand wild soybeansto strainsunableto nodulatewith these
legumes. Our final goal is to find new R proteins in wild soybeansthat interact with T3E,determine if they are
conservedin domesticatedsoybeans,andstudytheir evolutionduringsoybeandomestication.

Thiswork wassupportedby projectsPID2019-107634RB-I00of the SpanishMinistry of ScienceandInnovation,andFEDER-US
1259948of the University of Seville,supported by FEDERfunds. Irene Jiménez-Guerrero is recipient of a postdoctoral
contract(Juande la Ciervaincorporación). DiegoGarcíaRodríguezis recipientof a predoctoralcontract(VIIPPI-US).
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Bacteria can move on surfacesto colonize new environments and get more resources. Rhizobiaare soil
proteobacteriaable to establisha symbioticnitrogen-fixing interactionwith legumesrelyingon a complexsignal
interchangebetweenboth partners. Theinteractionbetweenthe flavonoidsexudedby legumesandthe bacterial
transcriptionalactivatorNodDregulatesthe transcriptionof different rhizobialgenes(the so-callednod regulon)
and,with the participationof additionalbacterialregulatoryproteins(suchasTtsI, MucRor NolR), influencethe
productionof different rhizobialmolecularsignals. In S. fredii HH103, a broadhost-rangerhizobiaableto nodulate
dozensof legumegeneraincludingsoybean,the nod-gene inducer flavonoid genisteinand NodD1 trigger the
productionof Nod Factorsas well as the type 3 secretionsystem(T3SS)assemblyand the subsequenteffector
proteins secretion,but repressthe exopolysaccharideproduction and biofilm formation (Acosta-Juradoet al.
2016; Pérez-Montaño et al. 2016). In this communication, we report that genistein promotes a surface
translocationwhich involvesboth flagella-dependentand independentmechanisms,but not affects swimming
motility. Thissurfacemotility is regulatedin a flavonoid-NodD1-TtsI-dependentmanner,relieson the assemblyof
the symbioticT3SS,and involvesthe participationof additionalmodulatorsof the nod regulon(NolRandMucR1)
(Alías-Villegaset al. 2022). To the best of our knowledge,our investigationsshowfor the first time in a rhizobial
strainthat the inducerflavonoidscanactivateboth T3SSsynthesisandsurfacemotility.
Wewill alsoshowthat the S. fredii HH103SFHH103_00346-SFHH103_00348genes,whoseexpressionisdrivenby
a previouslyunknown and not fully conservedtts box (a rhizobial promoter sequencewhere TtsI, the main
regulatorof T3SS,bindsand activatesthe geneexpression),is involvedin genistein-inducedsurfacemotility. The
inactivationof thesegenesaffectsswimmingmotility andalsopartiallyimpairsthe symbiosiswith soybean.

Acosta-Jurado,S., Navarro-Gómez,P., Murdoch,P.S., Crespo-Rivas,J.C., Jie, S., Cuesta-Berrio, L., Ruiz-Sainz, J.E., Rodríguez-
Carvajal,M.Á., Vinardell, J.M. (2016) Exopolysaccharideproductionby Sinorhizobiumfredii HH103is repressedby genisteinin
a NodD1-dependentmanner. PLoSONE11:e0160499.

Alías-Villegas,C., Fuentes-Romero,F., Cuéllar, V., Navarro-Gómez,P., Soto, M.J., Vinardell, J.M., Acosta-Jurado,S. (2022)
SurfaceMotility Regulationof Sinorhizobiumfredii HH103 by Plant Flavonoidsand the NodD1, TtsI, NolR, and MucR1
SymbioticBacterialRegulators. Int JMol Sci23:7698.

Pérez-Montaño, F., Jiménez-Guerrero,I., Acosta-Jurado,S., Navarro-Gómez,P., Ollero, F.J., Ruiz-Sainz, J.E., López-Baena, F.J.,
Vinardell, J.M. (2016). A transcriptomic analysisof the effect of genistein on Sinorhizobiumfredii HH103 revealsnovel
rhizobialgenesputativelyinvolvedin symbiosis. Sci. Rep. 6, 31592.

This work was supported by grants PID2019-107634RB-I00 funded by MCIN/AEI/10.13039/501100011033, US-1250546
fundedby FEDER/UniversidaddeSevilla.
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(CABD)UniversidadPablode Olavide.

Proteinoverexpressionsystemshavebeentraditionally usedto studythe role of a determinedprotein in diverse
cellularprocesses,asa complementto the constructionof bacterialmutants lackingsuchprotein. Thesesystems
haveproven their value in bacterialcultures,or co-culturesof bacteriaand higher eukaryotes,to increasethe
concentrationof a givenprotein over the courseof the assay. However,one of the mainchallengeslimiting their
usefulnessfor in vivoapplication,asbacterialcolonizationassays,is the protein leakagedueto basalexpressionof
the promotersused. Thismay leadto misinterpretationsof experimentswhen the protein is not expressedin an
appropriatemomentor placeduringthe infection. Moreover,the potential toxicity to bacterialhostsandthe high
costof the inducermolecule(e.g. IPTGor tetracycline)might restrict the applicationof someexpressionsystems.
Furthermore,thesesystemsare not usuallyconceivedto be usedin different bacterialspecies,andtherefore the
stability of plasmid vectors bearing regulatory elementscan be compromisedin some bacterial hosts, in the
absenceof selectivepressure. Herewe describethe redesignof a protein expressionsystemthat wasusedin the
past for heterologousprotein overexpression,alongthe progressionof diverseinfections(MedinaCet al., 2011;
MedinaCet al., 2012). We havecombinedin the sameDNAfragmentthe salicylate-induciblecascadeexpression
system,composedby a regulatory module containing the two divergent promoters Pnah/Psal that drive the
expressionof nahRand xylS2-nasRrespectively,with a constitutivelyexpresseddtomato reporter geneand an
expressionmodulecomposedby the Pmpromoter tailed by a multiple cloningsite. Thesystemis almostsilenced
by the presenceof a transcriptionalattenuator upstreamof the Pm promoter that is anti-terminated upon the
addition of the non-toxic molecularinducersalicylate. Thisconstructionhasbeenclonedin the vector pFAJ1702
that is stablein a wide backgroundof gram-negativebacteria,by the presenceof the post-segregationalkiller loci
from the symbiotic plasmid of Sinorhizobiumfredii sp. NGR234 (Dombrecht et al., 2001). This vector was
introducedin rhizobacteriasuchasAzospirillumsp, Pantoeasp, Pseudomonasputidaandseveralrhizobialstrains,
andits stabilityandinducerconditionsweretested,demonstratingits usefulnessunderlaboratoryconditions.

Medina, C, CamachoE.M. Flores,A. Mesa-Pereira, B. Santero, E. (2011). Improved ExpressionSystemsfor Regulated
Expressionin SalmonellaInfectingEukaryoticCells. PLoSONE6(8):e23055. https://doi .org/10.1371/journal.pone.0023055.

Medina,C., Santero, E., Gómez-Skarmeta, J. L., and Royo, J. L. (2012) EngineeredSalmonellaallowsreal-time heterologous
geneexpressionmonitoringwithin infectedzebrafishembryos. J. Biotechnol. 157, 413ς416.

DombrechtB, VanderleydenJ,MichielsJ. (2001). StableRK2-derivedcloningvectorsfor the analysisof geneexpressionand
genefunction in Gram-negativebacteria. Mol PlantMicrobeInteract. 14:426ς430.

Thiswork wasfundedby the Universityof Seville,supportedby FEDERfunds,grantnumberFEDER-US1259948.
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41013Seville,Spain; 3 Schoolof BiologicalSciences,Universityof EastAnglia,NorwichResearchPark,NorwichNR4 7TJ,
UnitedKingdom.

FixK2 is a CRP/FNR-type transcriptionfactor that playsa centralrole in a sophisticatedregulatorynetwork for the
anoxic,microoxicand symbioticlifestylesof the soybeanendosymbiontBradyrhizobiumdiazoefficiens(reviewed
in Salaset al., 2021). Apart of the balancedexpressionof the fixK2 geneunder microoxicconditions(inducedby
the two-component regulatory systemFixLJand negativelyauto-repressed),FixK2 activity is posttranslationally
controlled by proteolysis,and by oxidation of a singularcysteineresidue(C183) near its DNA-binding domain
(reviewedin Fernándezet al., 2016).
Tosimulatepermanentoxidationof FixK2, we replacedC183for asparticacid. Thissemi-conservativereplacement
(due to both its sizeand charge)would mimic FixK2 overoxidation(sulfenic/sulfinic acid cysteinederivatives).
PurifiedC183D FixK2 protein showedboth low DNAbindingand in vitro transcriptionalactivationfrom a genuine
FixK2 target, i.e., the promoter of the fixNOQPoperon (Cabreraet al., 2021), which is required for respiration
under symbiotic conditions. However, in a B. diazoefficiensstrain coding for C183D FixK2, expressionof a
fixNOQPΩ-ΨƭŀŎ½fusionwassimilarto that in the wild type,whenboth strainsweregrownmicrooxically. TheC183D
FixK2 encodingstrain also showeda wild-type phenotypein symbiosiswith soybeans,and increasedfixK2 gene
expressionlevels and FixK2 protein abundancein cells. Thesetwo latter observationstogether with a global
transcriptionalprofile of the microoxicallycultured C183D FixK2 encodingstrain suggestthe existenceof a finely
tunedregulatorystrategyto counterbalancethe oxidation-mediatedinactivationof FixK2 in vivo.

Cabrera,J.J., Jiménez-Leiva, A., Tomás-Gallardo,L., Parejo,S., Casado,S., Torres,M.J., Bedmar, E.J., Delgado,M.J., Mesa,S.
(2021). Dissectionof FixK2 protein-DNAinteractionunveilsnew insightsinto Bradyrhizobiumdiazoefficienslifestylescontrol.
EnvironMicrobiol23, 6194ς6209.

Fernández,N., Cabrera,J.J., Salazar,S., Parejo,S., Rodríguez,M.C., Lindemann,A., Bonnet,M., Hennecke, H., Bedmar, E.J.,
Mesa S. (2016). Molecular determinantsof negative regulation of the Bradyrhizobiumdiazoefficienstranscription factor
FixK2, in: González-Andrés, F., James,E. (Eds.), BiologicalNitrogen Fixation and BeneficialPlant-Microbe Interactions.
SpringerInternationalPublishingSwitzerland,Cham,pp 57ς72.

Salas,A., Cabrera,J.J., Jiménez-Leiva, A., Mesa,S., Bedmar, E.J., Richardson,D.J., Gates,A.J., Delgado,M.J. (2021). Bacterial
nitric oxidemetabolism: recent insightsin rhizobia. AdvMicrobPhysiol7, 259ς315.

This researchwas funded by grants AGL2015-63651-P and PID2020-114330GB-100 (Ministerio de Cienciae Innovación,
Spain). GrantsP12-AGR-1968, andP18-RT-1401andcontinuoussupportto groupBIO-275(JuntadeAndalucía,Spain)arealso
acknowledged. Work in A.J.G.Ωǎlaboratory was supported by grants BB/M00256X/1 and BB/S008942/1 (BBSRC,United
Kingdom). S.P. wassupportedby grantFPU2015/04716(Ministeriode Educación, Culturay Deporte, Spain).
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Type IV pili are long thin microbial appendages,which are formed by thousandsof proteins known as pilins.
Throughcyclesof extensionandretractionresultingfrom pilin polymerizationanddepolymerization,respectively,
pili serve different functions in bacteria includingsurfacesensing,attachment and biofilm formation, motility
acrosssurfacesandhostcolonization(Ellisonet al. 2022). Despitetheir relevantrole in diversemicrobiallifestyles,
knowledgeabouttheseappendagesin rhizobiaisstill limited.
TheS. meliloti genomeharborsseveralgenescodingfor proteinsknownto participatein the assemblyof type IVc
pili (T4cP)alsoknownasFlp(Fimbriallow-molecular-weightproteins)or Tad(Tightadhesion)pili. In the reference
strain Rm1021, T4cPgenesare organizedin two clusters: flp-1, which is locatedon the chromosomeand flp-2,
which is locatedon the pSymAmegaplasmidand seemsto be truncated. Bundle-forming pili associatedto the
chromosomalflp-1 region have been involved in competitive nodulation of alfalfa plants (Zatakiaet al. 2014).
However,no informationisavailableaboutthe role of the flp-2 regionin the biogenesisof pili andtheir function.
In the highlycompetitivestrain S. meliloti GR4, genesthat are absentin Rm1021and potentially code for pilus
assemblyproteins,havebeenidentified in its pSymAmegaplasmid. In this study,we haveinvestigatedthe role of
the flp-1 andflp-2 regionsin the productionof T4cPin GR4. Singleanddoubleflp mutantshavebeenconstructed
in the wild-type geneticbackgroundas well as in flagella-lessderivativemutant strains. Thedifferent resulting
strains have been assessedfor pili production by TransmissionElectronMicroscopyobservations. The role of
theseappendagesin surface-associatedbehaviors, plant colonizationandnodulationwill bepresented.

Ellison,C.K., Whitfield,G.B., Brun,Y.V. (2022). TypeIVPili: dynamicbacterialnanomachines. FEMSMicrobiolRev46, 1-14.

Zatakia, H.M., Nelson,C.E., Syed,U.J., Scharf,B.E. (2014) ExpRcoordinatesthe expressionof symbioticallyimportant, bundle-
formingFlppili with quorumsensingin Sinorhizobiummeliloti. ApplEnvironMicrobiol80, 2429-2439.

This work was supported by grants PGC2018-096477-B-I00 and PID2021-123540NB-I00 funded by MCIN/AEI/
10.13039/501100011033andbyά9w5CA wayof making9ǳǊƻǇŜέ.
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Experimentaldel Zaidín,CSIC. Granada,Spain.

Bacterial exopolysaccharides(EPS)are secreted biopolymers with important roles in bacterial survival,
colonizationand interaction with eukaryotichosts. Amongthe large diversity of EPSare the bacterial linear -̡
glucans,unbranchedpolysaccharidesformed by D-glucoseunits linked by -̡glycosidicbonds, which include
curdlanό1̡Ҧ3 D-glucose),celluloseό1̡Ҧ4 D-glucose)andthe more recentlydescribedMixedLinkage̡ -Glucan
(MLG; ό 1̡Ҧ3 1̡Ҧ4 D-glucose). Bis-(3 ,5 )-cyclicdimeric guanosinemonophosphate(c-di-GMP)is a universal
bacterial second messengerinvolved in the bacterial decision to attach to a surface and form a biofilm
community. C-di-GMPis a key activatorof the productionand secretionof different biofilm matrix components,
includingdiverseEPS. In this work we report the commonbeansymbiontRhizobiumetli as the first bacterium
capableto producethe -̡glucanscelluloseandMLG. Significantamountsof thesetwo -̡glucansarenot produced
in free-living laboratory conditions, but their biosynthesisis triggered when intracellular c-di-GMP levels are
elevated. Both -̡glucanscontribute to Congored (CR+) andCalcofluor(CF+)-positivecolonyphenotypes. Cellulose
appearsto be more relevant than MLGfor aggregationand biofilm formation under high c-di-GMPconditions.
Noneof thesetwo EPSare essentialfor attachmentto roots of Phaseolusvulgaris, neither for nodulationnor for
symbioticnitrogen fixation. However,they separatelycontribute to the fitnessof interactionbetweenR. etli and
its host. Overproductionof these -̡glucans,particularly cellulose, appears detrimental for symbiosis. This
indicatesthat their biosynthesismust be strictly regulatedin time and space. Althoughboth celluloseand MLG
production are activatedby c-di-GMP,it is likely that their biosynthesisis controlled by different, yet unknown
regulatorypathways.

Pérez-Mendoza,D., Sanjuán, J. (2016). Exploitingthe commons: cyclicdiguanylateregulationof bacterialexopolysaccharide
production. CurrOpinMicrobiol30, 36-43.

Thisresearchwassupportedby grantsAEIBIO2014-55075-P,BIO2017-83533-PandCSIC2021AEP136.
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GrasslandSciences,Universityof the Free State, South Africa; 3 Instituto de ƛƴǾŜǎǝƎŀŎƛƽn INDEHESA,EscuelaForestal,
UniversidaddeExtremadura,Spain.

The dehesa(Spain)and montado (Portugal)are traditional systemsin oak savannasthat sustainablyintegrate
agriculture,livestockand forestry (Plieningeret al., 2015). Thepasturesin thesesystemsare increasinglysowed
with legume-rich mixturesto increasetheir productivity and quality (Moreno et al., 2018). Recently,it hasbeen
shown that sowing legumeshas an important effect on soil microbial community structure and composition
(Moreno et al., 2021). However, if this translatesto changesin microbial functionality is not known. This is
important becausethe activity of the soil microbiome influence a large number of important ecosystem
processes,including nitrogen, phosphorus and carbon cycling. In this study, we assess,using shotgun
metagenomics,the impact of sowinglegumesόҖ5 or >10 years)on the microbial functionalpotential related to
thesethree cycles. Wefound that sowinglegumeshasa profoundimpactin both the diversityandcompositionof
N, P and C cyclinggenes. For example,the relative abundanceof nifH genesdecreasedsignificativelyin soils
plantedwith legumes. Whetheror not thesegeneticchangesaffect different ecosystemprocesses,suchascarbon
andnutrient cycling,iscurrentlybeinginvestigated.

Plieninger, T., Hartel, T., Martín-López,B., Beaufoy,G., Bergmeier, E., Kirby,K., Montero, M.J., Moreno, G., Oteros-Rozas, E.,
VanUytvanckJ. (2015). Wood-pasturesof Europe: Geographiccoverage,social-ecologicalvalues,conservationmanagement,
andpolicyimplications. BiolConserv190, 70-79.

Moreno, G., Aviron, S., Berg,S., Crous-Duran,J., Franca,A., de Jalón, S.G., Hartel, T., Mirck, J., Pantera, A., Palma,J.H.N.,
Paulo,J.A., Re,G.A., Sanna, F., Thenail, C., Varga, A., Viaud, V., Burgess,P.J. (2018). Agroforestrysystemsof high nature and
culturalvaluein Europe: provisionof commercialgoodsandother ecosystemservices. AgroforSyst92, 877-891.

Moreno, G., Hernández-Esteban,A., Rolo, V., Igual, J.M. (2021). Theenduringeffectsof sowinglegume-rich mixtureson the
soilmicrobialcommunityandsoilcarbonin semi-arid woodpastures. PlantSoil465, 563-582.

Theauthors thank VirginiaGascón(IRNASA-CSIC)for her valuabletask in laboratoryanalyses. Thiswork wasdevelopedas
part of the project ADAPT-TGA(PID2019-108313RB-C33 and PID2019-108313RB-C31) funded by the SpanishStateResearch
Agency. CristinaFradewassupportedby project ά/[¦-2019-05ςIRNASA/CSICUnit of 9ȄŎŜƭƭŜƴŎŜέΣfunded by the Juntade
Castillay Leónandco-financedby the EuropeanUnion(ERDFά9ǳǊƻǇŜdrivesourƎǊƻǿǘƘέύ.
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The gaseous hormone ethylene is a well-known inhibitor of symbiotic legume-rhizobium interactions.
Interestingly,ethylenebiosynthesishasbeenshownto occurin severallegumeshoursafter rhizobiuminoculation
in a Nod-factor dependentmanner. However,both the molecularmechanismsunderlyingthis processand the
specificIDof the enzymesresponsiblefor thisbiosynthesisremainlargelyunknown.
In plants,ethylenebiosynthesisis mediatedby the action of two consecutiveenzymes,1-aminocyclopropane1-
carboxylatesynthase(ACS)andoxidase(ACO). In contrastto other plant species,in the model legumeMedicago
truncatula these familieshave not been describedin detail. Thisleadsto misinterpretationof scientificresults
relying only on BLAST-based annotations. Furthermore, they are quoted in the literature using different
nomenclature,complicatingmatter further.
Theobjectiveof the current work is two-fold; first, we havecarriedout a comprehensiveanalysisof the latestM.
truncatula genome version (v. 5.1.8, Pecrixet al., 2018), performing a combination of reciprocalBLASTand
phylogeneticanalysisto revaluatethe annotation of all ACSand ACOgenes. In the caseof the ACSfamily, we
discoveredtwo geneswronglyannotatedasACS, whichbelongto the familyof aminotransferases,andnumerous
annotatedasACOswhichbelongto the 2-oxoglutarateand Fe(II)-dependentoxygenasesuperfamily. Thishasled
to the identificationandconsensusnamingof a total of 9 ACSsand5 ACOs. Second,we haveperformeda meta-
analysis,compilingthe existingRNA-seq transcriptomicdata for different M. truncatula tissuesand conditions,
with a special focus on symbiosis. Finally,we have confirmed the expressionof some of these genesusing
quantitativereal-time PCRandpromoter:GUSfusionanalyses.
This dataset establishesa framework upon which to propose candidate genes responsible for ethylene
biosynthesis,both during the infection process,at early symbioticstages,and in mature nitrogen-fixing nodules,
for future investigation.

Pecrix, Y., Staton, S. E., Sallet,E., Lelandais-Brière, C., Moreau,S., Carrère, S., Blein, T., Jardinaud, M.-F., Latrasse, D., Zouine,
M., Zahm, M., Kreplak, J., Mayjonade, B., Satgé, C., Perez,M., Cauet, S., Marande, W., Chantry-Darmon, C., Lopez-Roques,C.,
ΧGamas, P. (2018). Whole-genomelandscapeof Medicagotruncatulasymbioticgenes. NaturePlants4, 1017ς1025.

Thiswork hasbeenfunded by SpanishMinistry of Scienceand Innovation-EuropeanRegionalDevelopmentFund(RYC2018-
023867-I andPID2021-122740OB-I00) andthe Governmentof Navarra(PC112-113). G.G.-F. isa predoctoralfellow fundedby
the PublicUniversityof Navarra. M. I. R. is fundedby a MargaritaSalaspostdoctoralfellowship.
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Plantgrowth promotingbacteria(PGPB)-basedbiostimulantshavebeenusedasalternativeandintegrativeinputs
to minimizethe useof mineralfertilizersandpesticidesin agriculture. ThegenusAzospirillumhasshownpotential
in plant growth promotion for maizeandother crops1. However,the lackof holisticcomprehensionaboutPGPBs-
plant-native soil microbiomecan lead to inconsistencyof results in field conditions. Recentecologicaltheories
revealedthat plant microbiomesare organizedas communitieswith keystonespeciesand helpers which, in
synergism,can impact plant health and productivity2,3. Thuswe aimedto characterizethe microbialcommunity
associatedwith maizeunder influenceof a native soil (NS)microbial community abundancegradient and the
PGPBmaize inoculant A. brasilenseAb-V5. Our hypothesiswas that PGPefficiency is related to Ab-V5 niche
occupationandpersistence,andthis couldbe a proxyfor enrichmentof other beneficialsoil-plant bacteriagroups
in the rhizosphere. Aiming to understand the PGPB-plant-microbiome system, we conducted a greenhouse
experimentin which the synergisticeffect of Ab-V5 and soil nativemicrobialcommunities(NS,NSdilutions10ѐ³,
10ѐыand10ѐюΣand irradiatedsoil-IS)wasevaluatedthroughplant phenomics,monitoring16SrRNAgeneandAb-
V5 genome-equivalentabundanceby qPCR,bulk soil and rhizosphere16SrRNAmetataxonomics, metagenomics
and data integration. We constructedmicrocosmscontaining Gamma[60Co] irradiated pot soil to drastically
reducestarting microbial inoculumand a dilution-to-extinction gradientof a maizefield soil (collected5-10 cm
bellowground) was transplantedto the irradiated soil, with four replicateseach. NSand ISsoils were used as
controls. Our resultsrevealedthat synergismof NS10ѐ³ + Ab-V5 andNS10ѐы+ Ab-V5 promotedhighermeansof
shoot and root dry weights,root length and root volumecomparedto NS+ Ab-V5. The abundanceof 16SrRNA
genewasnot statisticallydifferent amongtreatmentsin bulk soil after 15 daysof sowing(DAS). In treatmentsNS
10ѐ³ and NS 10ѐы, Ab-V5 persistsdetectably in the maize rhizosphereuntil 15 DASwith higher abundances
comparedto NS. We identified potential keystonegenera in bulk soil and rhizospherecommunitiesthrough
metataxonomicsanalysis,speciallyplant-soil beneficialbacteriain NS10ѐ³ + Ab-V5. Genesinvolvedin bacterial
metabolismof carbon compounds,denitrification, tryptophan metabolismand transcriptional regulation were
more abundant in the NS10ѐ³ + Ab-V5 plant rhizosphere,indicating that these pathwayswere key for plant
growth promotion. In NS + Ab-V5, higher abundanceof Sphingomonasand Bradyrhizobiumwere positively
correlated with genes involved in degradation of xenobiotic compounds. Our results indicate that Ab-V5
abundancein microbiota is dependenton microbialinteractionsof the biostimulantwith plant-associatednative
microbialcommunities. Thismulti-omicsapproachfor the holisticviewof the complexsystemcomposedby PGPB-
plant-microbiomeopensnew perspectivesfor optimization of biostimulantsformulation and recommendation
with enhancedefficiencyfor plantgrowthpromotion.

1 Hungria, M., Campo,R.J., Souza,E.M. et al. (2010) PlantSoil331, 413ς425. doi: 10.1007/s11104-009-0262-0.

2 Banerjee,S., Schlaeppi, K. & vander Heijden,M.G.A. (2018). doi: 10.1038/s41579-018-0024-1.

3 vander Heijden,M. G. A.; Hartmann,M. (2016) PLoSBiology,v. 14(2):e1002378. doi: 10.1371/journal.pbio.1002378.

The São Paulo ResearchFoundation - FAPESP(grants 2019/25720-2 and 2019/04697-2) and The National Council for
ScientificandTechnologicalDevelopment- CNPq(grant140287/2019-1).

References

Acknowledgements

119



S6-P-17
Dissecting the role of extracellular membrane 

vesicles in the molecular dialogue between plant 
host and rhizobialstrains

Moreno-de Castro N1, Ayala-García P1, Jiménez-Guerrero I1, Pérez-Montaño F1*, 
Borrero-de Acuña JM1*

1 Departamentode Microbiología,Facultadde Biología,Universidadde Sevilla,Av. de la ReinaMercedes,no. 6, Sevilla,CP
41012, Spain. * Correspondingauthors.

Rhizobiaare a groupof -h and -̡proteobacteriathat havethe ability to establishsymbiosiswith legumes. In this
process,rhizobiainfect legumeroots and inducethe formation of a new type of organs,the nodules. Eventually,
rhizobiainvadenodulecells,where they differentiate into bacteroids, a form that expressesnitrogenasegenes,
fixing N2 into ammonia. The bacteroidsthen supply the ammoniato the plant that, in exchange,suppliesthe
bacteroidswith carbonandother nutrients (1). Theentire processis knownasnodulationandit is highlyrelevant
since it promotes plant growth having the potential to replace polluting chemical-based fertilizers, which
negativelyimpactthe environmentandcontributeto globalwarming.
This symbiosisis markedly specific, since each rhizobial strain can only nodulate with specific host legumes.
SinorhizobiumfrediiHH103isoneof the beststudiedrhizobia. Thisstrainisabroad-hostrangerhizobium,beingableto
nodulate dozensof legumes,including essentialcrops as Glycinemax, the major crop legume needed for the
productionof humanfood,animalfeed,andbiofuel,whichmakesthisstrainanagronomicalrelevantrhizobium.
Therhizobia-legumesymbiosisis establishedby a complexmoleculardialoguethat startswith root exudatesthat
includeflavonoids,phenoliccompoundsthat activatethe NodDprotein, a transcriptionalregulator that induces
the expressionof nodulatinggenes,and therefore, the Nod factorsproduction. Thesesignalmoleculesproduce
different responsesin the plant that leadto bacterialinfectionandnoduleformation(2).
In order to deepenour understandingof how this moleculardialogueworks further molecularplayersmust be
considered. Recently,attention hasbeen drawn to extracellularvesicles,as they are membranousvehiclesthat
conveyDNA,siRNA,proteins,signalmolecules,and metabolitesbetweenthe plant and the rhizobium. By these
means,extracellularmembrane vesiclesshape interkingdom interactions modulating the plant and rhizobial
responsesthroughout the different stagesof plant growth andnoduledevelopment(3). In previousstudiesit has
been observedthat extracellularvesiclescarry Nod factors. In this work we endeavorto dissectthe molecular
dialoguemediatedby extracellularmembranevesiclesemployinga holistic a multi-omic approachto determine
the vesiclecargo. In order to perform these analyses,we isolated the vesiclesfrom free-living rhizobia. We
pipelinedthe workflow to purify rhizobialvesiclesby meansof ultrafiltration and ultracentrifugationtechniques.
Wewill evaluatethe impactof flavonoidssupplyuponvesiculationratesaswell asthe differentialcargopackaging
in rhizobial strains. Subsequently,we will pinpoint important playerspresent in the cargoof suchmembrane
vesiclesduringthe nodulationprocessby generatinga set of knockoutmutants. Finally,we will assessnodulation
improvementswhen supplyingvesiclesderivedfrom flavonoid-treated and untreated strainsaswell asmutants
constructedin the previoussteponto differentiallymaturednodules.

1. Roy,S., Liu,W., Nandety, R. S., Crook,A., Mysore,K. S., Pislariu, C. I., ... & Udvardi, M. K. (2020). Celebrating20 yearsof
geneticdiscoveriesin legumenodulationandsymbioticnitrogenfixation. ThePlantCell, 32(1), 15-41.

2. Khokhani, D., CarreraCarriel, C., Vayla, S., Irving,T. B., Stonoha-Arther, C., Keller,N. P., & Ané, J. M. (2021). Deciphering
the chitin codein plant symbiosis,defense,andmicrobialnetworks. AnnualReviewof Microbiology, 75, 583-607.

3. Borrerode Acuña, J. M., & Bernal,P. (2021). Plantholobiont interactionsmediatedby the type VI secretionsystemand
the membranevesicles: promisingtools for a greeneragriculture. EnvironmentalMicrobiology, 23(4), 1830-1836.
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